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TECHNICAL DRAWING

Second Edition
By GIESECKE, MITCHELL snd SPENCER

This engineering drawing hook has taken its place as a
leading text in the field. The second edition is distin-
guished for its clear and full explanations, superb drawings
and excellent problems. There is new material on shop
practices, expanded chapters on the geometry of technical
drawing, intersections and developments, dimepsioning and
fasteners. Instruments and materials, instrumental draw-
ing, lettering, multi-view projections and pictorial drawing
are treated with unique fullness and clarity. $3.75

TECHNICAL DRAWING PROBLEMS Revised Edision
By GIESECKE, MITCHELL and SPENCER

The drawing fundamentals are covered more thoroughly and more comprehensively
in the new edition of this workbook. There are now 105 rather than 93 sheets
offering more advanced types of problems with increased emphasis on practical
drafting room problems, Complete exercises in both vertical and oblique lettering
are included in this manual in addition to probiems on the other fundamental aspects

of technical drawing.

$2.75

LETTERING EXERCISES sre also availsble separately. ser, $1.10

AIRCRAFT
DRAFTING

By

Hyman H. Katz,
Allied School of Mechan-
ical Trades, Inc. Formerly
Supervisor of Engineering
Training, Republic Avia-
tion Corporatidn .

This book includes much practical information useful to
the aircraft draftsman in addition to full training in the
essentials of technical drawing and their appllcatmn to air-
craft. Considerable information is included on aircraft
design, lofting techniques and processes, change groups,
bills of materials, and weight calculations. Pictorial draw-
ing,'now widely used in industry and particularly in aircraft
drafting, is stressed. Wherever possible, illustrations are
used in place of lengthy explanations. $5.00

THE MACMILLAN COMPANY

60 FIFTH AVENUE

THE BLUEPRINT
LANGUAGE

By Henry C, SPENCER, Chairman of the
Technical Drawing Dept Iilinois Imtttute
of Technology and

H.. E. GRANT, Associate Professor and
Chairman of the Department of Engincering
Drawing, Washington University

This new combination text and workbook provides an un-
usually complete and realistic training in the essentials of
blueprint reading for the machine industries. Over 100
major industrial companies have cooperated with the
authors in the development of problems and illustrative
material toward making The Blueprint Language meet the
practical requirements of industry. Emphasis is placed on
the visualization of machine parts and their uses. The book
contains extensive chapters on shape description, including
views of ‘objects; normal, inclined, oblique, and cylmdrlcai
surfaces and. edges; and sectional and auxiliary views.
There is 2 whole section on modern shop processes. $5.00

NEW YORK 11
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TEXAS CALLING

by

Prof. Frank A. Hescock,
Cheirmen, Division of Engineering Drawing A.S.E.E.

All teachers of enginéering drewing, descriptive
geometry and related courses are oordimlly invited to
the :Drawing Division confersnces, lunchecn and diuner
to be held during the annual A.S5.E.E. convention et the
University of Texas. June 14-18, 1948, Our Executlve
Committee hes planned & program which will be interest-
ing and worth while. It is printed on page & of this
issue of the Journel of Engineering Drawing.

Three festurees of the progrem deserve special
mention. On Mondey afterncon there will be e joint
conference of the Drawing Division wlth the Machine
Design group of the Mechanical Engingering Division.
Our colleagues in these two groups have kindred inter-
ests and 1t is essential that ws keep in olose touch
with eech other in order to coordinateour tedching
‘properly. Therefors, this jeint conference promises
to be of mutual benefit.

The Drawing Division conference on Wednesday even-
ing hes a specinl appeal for teachers who are inter-
ested in visusl aids. Professor Charles E. Rowe of the
Unitversity of Texas, whose collection of teaching

.propriate discussion.

models is regarded as one of the finest in America,will
give a demonstretion of his models at this conference.

The Teaching Clinic on Engineering Drewing and
Descriptive Geometry, scheduled for Tuesdey afternoon,
is organized primarily to benefit young instructors who
need counsel and guidance in.their teaching problems,
but it should be of interest and velue To all of us who
gtrive to improve our methods of instruction. A panel
of competent end experienced teschers will be on hend
end prepared to asnswer all questions. Teaching demon-
strations st the blackhoard will be given by an ac-
complishad bleckboard tescher. Ample time and op-
portunity will be allowed for general and specifie
questions and satisfactory answers, as well as ap-

It is our earnest hope that e
large number of our colleagues, particularly the young-
er instructors, will attend this Teaching Clinic end
take mn amotive part in the proceedings.

Let us all get together and make thiz snnual meet-
ing a big success. T am looking forward to the plea—
sure of seeing you at Austin in June.

PRELIMINARY PROGRAM

Division of Engineering Drawing
A.5.5E.E. Annual Convention
The University of Texas, Austin
June 14-18, 1948

Drawing Division Luncheon

Monday, June 14, 12:30 P.IM.

Chairmen, Frenk A. Heacock, Prineeton University

Secretary, Orrin W. Potter, University of Minnesota

Speaker, Bdward M. Griswold, The Cooper Union

Subject, "Engineering Drawing an Experience in
Engineoring®

Report of Nominating Coammittee, Justus Rising, Cheirman,
Purdue University

Elsection of Officers

Joint Conference of Drawing Division with Machlne Deslgn
Group of Mechanical Engineering Division

Monday, Jhne 14, 2:00 P.M.

Cheirman, Frank A. Heacock, Princeton University

Becretary, Brnet L. Midgette, Polytechnic Institute of
Brooklyn -

Pirst Spesker, William H. Taylor, University of Alabeme

Subjeet, "Scme Relationships between Descriptive
Gecmetry .and Mechenics and Mathematica"

Second. Speeker,. Howell N. Tyaon, Californis Institute
of Technology

Subject, "Preparing the Beginning Enginsering Student
in the Drawing Class for His Later Work in Machine
Design"

Third Spesker, Alexender W. Luce, Pratt Institute

Subjeot, "Stendard Parts and Praotices"

Fourth Speeksr, Stephen B. Elrod, Purdue University

Subject, "Modern Dimensioning Practices"

Teaghing Clinic on Engineering Drawing and Descriptive

Geometry

Tuesday, June 15, 2:00 P.M.
Cheirmen, Walter H. MeNeill, University of Texas

_ Secretary,.Orrin W. Potter, University of Minnesota

Blaokboard Demonstrator, Henry C. Spencer, Illinois
Institute of Technology
Members of Penel to be amnounced leter

Drawing Division Dimmer

Wednesdey, June 16, 6:00 P.M.
Toastmaster, Walter H. McNeill, University of Texes
Secretary, Orrin W. Potter, University of Minnesote
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Speaker, Carl L. Svensen, Secretary-Director, Texas
Stete Board of Registration for Professional
Engineers

" Bubjeet, "Drawing in Engiheering Education

Drawing Division Conference

Wednesday, June 18, 8:00 P.M.
Chaeirmen, Frenk A. Heecock, Princeton University
Seoretary, Orrin W. Potter, University of Mimmesote

Sub ject,

First Speaker, Cherles E. Rowe, University of Texas

Subject, Demonstration of Models

Second Speaksr, Paul M. Mason, A & M College of Texas

Subject, "An Adapteble Tesching Model for Orthographic
Views"

Third Speaker, -E.Q. Kirkpatrick, Purdue University

"4 Rating Scale for Grading Engineering
Drawings"

Reports of Committees

Other Business

TEXAS WELCOMES YOU

by

J&mes.D HcFarland
Assoclate Professor of Drawing
The University of Texas

To the members of the Drewing Divisicn of A.8.E.E.,
The University of Texas extends a heerty welcome. It
will be & privilege to have you as our guests, and we
hope to make your visit se enjoyable thet you will de-
¢ide to see more of our city and state after the con-
vention has ended.

Austin, "“the friendly oity", "and home of The
University of Tesxes, may be reached by eny of the well-
known modes of transportatlon. The Missouri-Eansas-
Texes Railwey gives passenger, service through the'.
"Toxas Special," and the Missouri Pacific Railwey gives
special pessenger service through the "Sunshine
Special.® These two trains have a 22-hour service to
St.Louis and 45-hour service to New York City. The
Southern Pacific Lines offer excellent passenger service
to ell Southern, Western and Eastern polnts.

The Southwsstern Greyhound Lines, Inc., Bowen Mctor
Comches, and Kerrville Bus Company, Inc., furnish motor
bus transportation in ell directions.

High-speed transportation is furnished by several
air lines which use the Robert Mueller Munieipal Airport
as & terminus. Austin is'on.the regulsr pessenger, mail
and express line betwsen San Antonic end Dallas, end has
connections with all other peints.

If you plan tc drive to the meeting then you will
have & better opportunity to view the rolling hill
country, the beesutiful lake region and other spots of -
interest in end around Austin. The following highways
pass through the city: T.S. 79, U.S. 81, U.S. 290,
Texas 2 (Ssme as U.S. 81}, Texes 20, Texas 29, Texas 43,
Texes 71, Texas 165.

Within a redius of 60 miles of Austin there are
five lekes with & combined shore line in exsess of 600
miles. Laks Austin ig within the ¢ity limits and Lake
Travis, formed by the huge Mensfield Dam, is only 17
miles from the heart of the city. ' All Texas is proud
of this chain of lakes, and the mountainous and wooded
ssctions surroundirg them c¢ombain an ebundance of deer -
and wild turkey. Fishing in the lekes is excellent.

In end immediately adjaeeﬁt to the eity you will
find recreationel facilities of most every kind. Zilker

_dispesal.

‘teke care of the heevy post-war enrollment.

hotels, tourist courts, and dormitories.

eble.

Park provides swimming, horseﬁéck-riding, picnic tables,

and several miles of roedwey in the hilly section-over=
looking the Colorado. River. Swimming is elso available
at Deep Eddy Bathing Beach. If you play golf you will .

" find accommedaticns at the Munieipal Golf Links or the

Austin Country Club Tinks. Tennis courts. are in.
abundence at the University campus and will be at your
Good fishing may be had all around Austin.

Within the city are many points of interest, .
fmeng these ore the Governor's Mension, .Elisebet Ney .
Museum, Texas Memorial Museum, Mt. Bonmell, ~the home of
O'Henry, the Treasty Oak sand others toc numerous to
mention. Austin hes the uniqua distinction of being
the only city in the world lighted by “artificial moon-
light". Thig ia smocomplished by the tower lights -
lights of 9,600 eandlepower on top of 165 ft. steel
towers - scattersd mbout the oity.

.Courses in engineering were first given at The
University of Texes in 1894. Since that time well over
3000 degrees in the various branches of the profession
have been conferred. Degress are offered in eight
brenches of engineering and in Architecture. The
current enrollment in the College of Englnesrlng is
3,681 students.

The Main Cempus of The Unifersﬁty covers about -
200 scres. We heve many fine buildings whioh we would .
be happy to show you, and some temporary woeden ones

:ereoted this pest summer that will probably remind you

of some which you, too, have had to use in order to
There are
17,343 students in attendence at the Mair Tniversity
this samester.

Houslng accqmodatlons .for you are avallable at
Most of thése
are within two miles of the cempus. T - :

Mesls, other than those scheduled ‘may be had on, S
or nser the campus or down town. Prices are resson-. .

Entertaimment hes besn provided for everyones.
Arrangements heve been made to taks canre of chlldren
if this service is desired. -

{Continued on page 14)



AMEHICAN SOLDIERS in pitch dark able to see clearly
the enemy ahead; scout cars speeding at B0 miles an hour
along blacked out roads in perfect safety; officers of the
law seeing clearly the operations of hijackers “hidden”
by night: these are some of the miracles performed with

the help of the infrared telescope. Workers in the dark
are thus aided by a light that cannot be seen.

It can be said that young lads, on the way to take their
place in the world, possessed of hungers for they know not
what, driven by innate energies they know not where. ..
are just as truly working in the dark. And se, too, educators
must illuminate the obscure face of the future for them
... using a light that cannot be seen, the light of searching
and sympathetic wisdom. Only then can a boy eéstablish
a goal that is socially useful and a personal recompense.
Only thus can stumbling feet be kept on the road.

BAnd how can the educator's responsibility be dis-
charged, how can the unseen light be effectively used, ifnot
with and through the familiar things of school routine? For
example, the drawing instruments a youngster will use
when he comes to mechanical drawing class. . . their very

Photo courtesy Radio Corporation of Americc

selection can be an opportunity which gives a momentary
glimpse into the beyond. These are tools of engineering,
and engineering is the great hero of today and tomorrow.
Shall its very instrumentality be chosen carelessly, treated
with equal disregard? Or can the fact of great achieve-
ment be reflected into the life of the youngsters by a
beautiful set, an exquisitely wrought set, a set to proudly
possess the rest of the student'slife. .. a set that may well
be a touchstone, the source of another light that may also
help to lead the lad onward and forever upward? Upon
the right selection here vital values rest.

EUGENE DIETZGEN CO.

+ New York - San Franciseo -
Philadelphia . Washington -
Dealers in All Principal Cities

EVERYTHING FOR
DRAFTING AND SURVEYING

New Orleans -

Chicago
Los Angeles -

Pittsburgh

Milwaukea
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AN APPLICATION OF ADVANCED GRAPHICS: CRYSTALLOGRAPHY 1

Howard T. Evans, Jr.
Sectlon of Graphics, Massachusetts TInstiltute of Technology

INTRODUCTION

Nowadays we are beginning to apprecilate
the value of graphles as a tool of science,
and realize that graphical mathematics 15 a
sclence itself, a well defined branch of
mathematlecs. That graphiecs has not bean
racognized as a sclence, as mathematics has
been, 1s a great pilty, for each of the
sclences has had to develop 1ts own graphical
mothods empirically. Thils 1s a process which
has generally been rather inefficient, be-
cause, under these condltions, the graphical
methods are conaidered secondary to the prob-
lems to which they are applled, and hence
have not been subjected in many cases to in-
tenalve development. This situation has been
¢lsarly pointed out, by John T. Rule® in an
article in which he urges that the science of
graphlcs be recognized and developed to serve
other sclences in the solution of préblems
for which up to now these sciences have been
using make makeshlft methods.

In the paper by Rule just mentloned,
there 1s a refersnce to erystallography as an
example of one of the aclences in need of
highly developed graphlcal methods. It so !
happens that crystallography 1s one of those
sclences which has reatized the power and in-
dispenaibllity of such methods and has indeed
developed them to a very high degree. The
sclence of crystallography might atand as a
model for the manner in which graphilcs has
been applied. On the other hand, unlike moat
other sciences, erystallography has made
rather poor use of algebraic mathematica,
preferring rather the graphics. It 1s the,
purpode of the present paper to deseribe some
of the graphical methods of crystallography
and to 1llustrate the great power of such
methods.

The cryatal, as a body bounded by plane
faces, very edrly attracted the attention of
graphleally minded men. It was not until
about 1800, however, that the naturalist Hauy
dlscovered that unllke Nature's other graphw
lcal expressiona, crystal forms are rigldly
deflined mathematlcally on the basias of a
regular internal perlodicity of structure.
Followlng this dlscovery, crude graphical and
mathematical methods were developed for
measuring and defining crystals. Since the
form of s erystal 1s characteristic of the

Substance of which it 1s compoased, drawings
of crystals were found to be very valuable in
the descriptlons of minerals and chemical
compounda. Around 1830, V. Goldschlmidt began
making his contributions to graphical methods
of crystal measurement and drawing. Gold-
sehmidt brought about a revolution wherein
mokeshift methods were replaced by fundament-
al methods. It may be said that the present
state of graphical crystallography is the re-
gult almost entirely of the work of this one’
mamn.

In 1812, it was found by von Laue that
X-rays could be diffracted by the psriodic
gtructure of a e¢rystal, Just as light ia
diffracted by a ruled grating. Physicists
and mathematicland at this point started
studying this phase of crystallography. Be-
cause of the interplay of the different )
gclences, the mathematical state of crystalw
lography has been tremendously Improved 1in
recent yesars.’ '

Crystallegraphy today thus 1z divided
iInto two broad subdivisions, which arg, of
course, ¢losely Interrslated: ecrystal
morphology, the study of the external form
of crystals; and X-ray crystallography, the
gtudy of the Internal structure of crystals.
In the former, the single crystal 1s measursd
wlth an arm protractor or by more refined

‘metheds, represented graphically by certailn

types of projectlons, snd charascterized by
the properties of these projections. In the
latter, the crystal 1s bathed in a beam of
X-rays, the diffracted beams recorded on

‘Photographlc film, and the resulting data

comblned by various graphical and mathematical
msans to yleld the structural constants of
the crystal, and ultimately, the preclze
locatlions of all the atoms 1n the crystal.
The graphical methods in the process of X-ray
analysls of cryatals are among the moat
powerful and magnificent ever developed in
any fleld, but unfortunately, thess lleo bew
yond the scope of thls paper. Here we must
conflne ocurselves to ¢rystal morphology, and
urvey the methods developed by Goldschmidt
and hils followsrz. These methods involve ths
problems, familiar to us, of measurlng angles
and lengths in space, and projecting solid
bedles orthographically onto planes.

lPresented at the Annual Conventlan of the A.S.E.E. at Minneapolis, Minnesota, June 1947.

EJohn T. Rule, "Graphics Re-examined®, J. Eng. Draw., Feb. 1947, pg. 1.
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ANALYTIC GEOMETRY OF CRYSTALS

Since crystals are bounded by plane

faces, 1t 1s natural to refer these planea to

three axes 1in space and define them by thelr
intercepts on these axes. The axes 1n gen-
eral will not be Cartesian, but may be in-

clined, and measured wilth different scales.

The cholce of axes wlll depend on the sym-
metry of the cryatal being measured; the
interaxial angles L, § and ¢, and axlal
gcales, linear in the ratlo a: b: ¢, de-
pend on the substance forming the crystal
and are characteristic of that subsatance.
When a crystal face 13 extendsd to Interassct
these three axzes, three intercepts wlll be
determined; as the crystal grows, these
intercepts wlll change, but thelr ratlo re-
mains constant. If the Interaxlal anglea and
scales are properly chosen, 1t turns out that
this ratlo may always be expressed by simple
whole numbers ("Law of Ratlonal Intercepta™).

For many decades, crystals were treated
directly in thils way, and the characterlstic
interaxlal angles and scalea were, related to
the dihedral angles between faces by brute
force spaclal trigonometry or elementary
analytic geometry. When crystal drawings

‘were made, the three axes were set up 1n

pletorial form by a method known as the
"elinographic" projlection. The intercepts of
sach plane were laid off on the projected
axes, and the intersectlions of the planes
determined from thelr traces on the axlal
plenes; thus the crystal waa bullt up edge by
edge. If the crystal was at all complex, the
trigonometry and crystal drawing by axlal
intercepts became very tedlous and trylng.
C1linographlc projection was descrlbed in the
fifth edition of Englnesring Drawlng by
Prench, but has been wilsely omltted in recent
editions. .

PROJECTION METHODS

Crystals beling solid bodlea, they are
characterized by three dimensions. The three
dimensions for any crystal face may be de~
fined as follows; the strike of the face

(azimuth angle); the dilp of the face (inclin-

atlon angle); and the dlatance of the face
from the origin. From our dlscussion, we
have seen that the 1nternal atructure of the
crystal determines the first two of these
dimensions; thus the dilhedral angles are
strictly controlled. But the last dimension
is not dependant on the c¢rystal structure,
but on the rate of growth of the face, which
varies with many factors of clrcumstance. .
Thus; the mathematlcal deflnltlon of a
crystal, as an expresslon of 1ts internal
gtructure, 1ls concerned wlth only two di=~
mensions, the first two listed above. The
dihedral angles between faces are a functlon
of these two dimensions and therefore are of
prime importance; but the shapes and slzes

of the fuces depend on the third, and have no
slgnificance for our present purpose.

These conalderations suggest that there
may be some convenlent way of representing
the two dimensions we are Interested 1n on a
two=dimensional surface, the plane of the
paper. Actually, two such graphlcal trans-
formations, the gnemonic and stereographie
projectlons, have been found very useful. We
ahall now see how.each 13 derived and what
briefly are thelr propsrtles. lMany readers
are no doubt familliar with these same pro-
jections as used in other flelds, aspeclally
cartography, but thelr applicatlon to erys=
tallography 1s particularly dramatic.

If we esatablish an origlin somewhere near
the center of the crystal, we may erect at
thia point a line normal to sach face on the
crystal. Each of these vectors wlll have
dimensions equivalent to those of the face,
angle of azimuth and angle of inclinatlon;
i1f the length of the wvector 1s not 1llmilted,
the third dimension remslns undeteimilned, in
accord with our plan. Each face on the
erystal will then have a corresponding per-
pendicular, and we may think of the crystal
in terms of these two~dimensional vectors
alone. . Now, suppose that a sphere of unlt
radlus is drawn wlth 1ts center at the origin.
As shown in Flgure 1, sach vector wlll plerce
the surface of the sphere in a polnt. The
crystal 1s thus transformed into an arrange-
ment of points on the two-dlmensicnal surface
of the sphere, each polnt psp representing a

/ st 7

Plg. 1. Constructlon for the apherilcal,
gnomonlec and stereographlc
proJectlona.

crystal face p. If a convenlent coordlinate
gystem 1s set up, the poslition of each polnt
can be measured 1ln terms of two angles cor-
responding to the longltude and latltude
angles used to measure the peosaltlon of polnts
on the eartht'a surface. The azimuth angle 1la
designated.¢, measured from 0° to 360°, and
the inclinetlon angle p, measured from 09 to.
1809. The latter, corresponding to latitude,
13 megaured from the north pole, instead from
the equatorlal plsne.

{Continued on page 21)



By JOHN T. RULE and EARLE F. WATTS,
 MASSACHUSETTS INSTITUTE OF TECHN.OLOGY

A highly teachable text that frains the s+uden1‘ to solve engmeering problems by the

: srmpiesi‘ graphical methods. Unlike texts that present 1'he 'Direct"” or the "Mongean"

~method alone, this book does net limit the student to one plan of attack. The authors

believe that all methods are part of fhe subject - - consequently the study points out the

various possibilities of attack on the basic group of problems underlying the sub|ec+
0 Emphas:s on the solution of probiems.

& Inclusion of the propertles of p!ane figuresasa proper
_part of a texthook on graphical methods.

0 Twenty-page discussion of stereoscopic drawing.

. Exceilent organization and development of
maternal : :

0 For useasa basic text in Descriptive Geo-
metry, Engmeermg Drawmg, or Graphlcs
courses. '

‘301 Pages ® &"x9"

e
PRGBLEMS IN MSQRIPTWE GEGMETRY

By EARLE F. WATTS and ARTHUR L. GOODRICH
 MASSACHUSETTS INSTITUTE OF TECHNOLOGY

This helpful set of problems is correiated many plates having as many as seven |nd|-

with DESCRIPTIVE GEOMETRY by Watfs vidual problerms.

and Rule. The problem sheets bear group -

numbers and references which refer to = As a student aid, certain problems are in-

chapters and perhnen’r paragraphs in that * cluded which require both a.graphical-and
text. an analytical solution.” A form for plotted

- There are 44 plates. Sufficient variety and problems enables the instructor toassign

‘ quanﬁfy in problem matter is achieved, . probfems of his own choice. -

o Plates s glh" xH

&mcﬂ /M ?/m gmuna&an (?apm
'PRENTICE-HALL, Inc.

T0FIFTH AVENUE NEW YORK 11
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A GRAPHICAL SOLUTION
FOR
THE REDUCTION OF TWO NON INTERSECTING NON-PARALLEL FORCES IN SPACE

by

BE.J. Marmo
Associate Professor of Engineering Mechanles
University of Nebraska

When & rigid body is subjected to the
forces which ‘are direectsd so -that they are
ailel nor intersecting, the problem in the anelysis of
exbernal force mction cen be resolved into one of four
possibilities, depending upon the magnitude, direction
and point of application of the forces. The reduction
may result into:

(1) A single force

{2) A-single torque or ccuple

{3) & system of force in.egquilibrium
(4) A force end a couple

action of
neither par-

The first three possiblilities represent ‘conditions
which will exist for speciel cases only. The fourth
possibility is one which sovers the general cases and
is to be the one whlch concerns the dlscussion which
follows.

Regardless of how cdmpliomted the force system may
be in dealing with ron-ccohourrent and non-parallel
forces in space, these forces are the eguivalent to &
‘single resultant foree .and & single resultant torgue.

" If the torgue can be mede to act et right angles to ths
direction of the forces we heve the simplest dmse in
the reduction - a wrensh.

The use of grephicel solutions has been extensive-
1y used by the designer in snalyzing the external force
actions on bodiss. It sesms that this type of & solu~
tion hes been restricted mainly to forses which lie in
& single plane. Some use has been made of graphical
gsolutions dealing with problems heving -concurrent
‘forces in space.

‘The applicetion of graphlcal solutions to problems
dealing with non-intersecting non—parallel foreces in
space hes been very much neglected. -1t is my belief
thet with a proper lmowledge of mechanics combined with
a proper knowlsdge of the principles of descriptive
geometry'con31derablé time end effort can be saved by
the engineer if he qesorts to graphical solutlons for
problems of this typbo : .

In order to more “Pylly eppreciste the possibility
of uslng the graphical’ solution in preference to the
analytical solution it might be of imtersst to briefly
outline the steps involved in a mathematical sclubtlons

The two forces AB and CD met on a rigid body as
shown by Figs 1. AB hes a magnitude of 2310 1b end
bears N54° 30'E with a slope of 289 10' below the
horizontels CD has & magrnitude of 1666 1b ard bears
N39° 15'E with a slope of 9° below the horizomtel.

1.  Seleot any convenient point such es A and
draw the x, ¥y and z axes through that point.
2. Resolve the farse CD so that it will con-

sigt of & parsllel force ADy through the

point A and a

couple'determiﬁéd.by the foreces
CD and ADg. C :

¥

‘FTig. 4.

Fi6. !

The foroe system now consists of two concur-
rent Torces AR and AD] and e couple made up of
the two equal snd opposite parallel forces CD
and ADp. The exterrnal effect on the body
caused by this new arrangement of forces re-
mains unchanged from the original condition.

Find the resultant of the twe -concurrent

forces AB and AD; by resolving each foree into
components parallel to the x, ¥y and z axes.
Then find =Fx, &Fy, =Fz. The resultant san be
determined by the equation R=|/sFy+=F24+uF,2.
Find the sngls that the resultant makes with
the x, v end z axes. :If the engles which the
resultent makes with the x, y and z axes are

respectively O, B; and ¢. The engles ere de-
rived from the egquations. :
=Fx
GOB G’”"‘”ﬁ'
so0s B:_XEF
R
- =Fg
cos § = 5

In general the couple determined by the two
equael and opposite parallel forces GD and ADs
will not ceause rotation at right angles to
the resultant force R passing through the
origin.

The direction of the planeg of the couple can
be determined by finding the angles which the
normel to this plehe, passing through the oris
gin, mskes with the x, y and z axes. The
normal to the plene is elso the vectorial rep-
resentation of the couple. Tt is explained in
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8. For the general case the vector representation
of the coupls and the resultant forcs vector R
do not make the seme anglss with the x, y and
% planes, It then becomss necessary to com-
bine the two vectors so that the couple lies
in a plane perpendicular to the force R. The
position of R has to be displaced parallel to
itself in order to meet this condition.

The procedure outlined sbove is one enalysis for
arriving at the reduction of foreses in space which are
non-concurrent and non-parallel. The condition to
which it reduces the foroes is dne in which we have
translation along one line such as F and & minimum
torque Mg in = direction at right englss to the line.
This conditicn is shown by Fig. 2. It can be seen

V
Z
A
________ Py

-1 lY
- :X
\@‘ .

M,

F16. 2

from the preceding steps that there are mumerous space
relationships which involve the use of trigonometry
and algebra. The work becomés very tedious and for
this reascn such problems can often be solved more
readily with the use of a graphical method,

GRAPHICAL SOLUTION

The mpplication of descriptive geomstry to the
soluticn of the same problem thet has been previously
mentioned is ghown by Fig. 3.

GIVEN: Two forces AB and CD acting at given dis-
tances on & rigid body. The 2310 Ib force AR ap-
plied at point A has & slope of 282 10' below the
horizontal and has a bearing of N54° 30'E. The
1655 1b forece CD applied at point C has a slope
of 3% helow the horizontal and has a bearing of
W39° 15tE.

. REQUIRED: The reduction of these two forces
which are non-parallel and non-intersesting to-
their simplest form; namely, e single resultant
foree and a single resultant torgue es shown by
Fig. 2.

ANALYSIS: {1) The two given forces AR and CD
are represented by vectors in the top and front
view of Fig. 3 according to the specified direc-
tione and to & specified scale. :

(2) Through any convenient point on AB, such as
4, draw two equal and opposite force vectors, AR
and AF, parallel to and equal to ¢D. This is

done in both the top and front views. The exterw
nel effect on the rigid body hes not changed due
to this transposition.

{3) The composite vecter forces acting on the
rigid body can now be considered to bs made up of
two concurrent vector forces AB and AR and a
couple represented by the two wectors CD and AR
which are opposite in sense and parallel to each

. other.

(4) AG the resultant of the vechor foree AB end
A 1z debermined by the use of the parallelogram
of forces shown in the top and front views.

() The suxiliary view taken sdjacent to the front!
view 1s drawn in the direction of a frontal line
CM of the plame of the couple (two parallel force
veobtors) and it shows the plene of the couple sp-
pearing as an edge. This view is lazbeled with the
subseript Aj. ‘ '

(6) The obligue view lebeled with subseript 07 is
taken from the auxiliary view (A7) in a direction
perpendicular to the plane of the couple. This
view shows the true length of the fores vectors
meking up the couple and it elsoc shows the trus
distance between the vectors. This scaled disw
tance {1.78 in.) times the magnitude of the farce
vector oy Doy or Ao, Fo, {1655 1b) gives the '
moment of the couple (2950 1b in.)

{7) The obligue view isbeled with the subseript O
is taken from the obligue view (01) in & direction
perpendicular to the resulant AOl Gol. This view
shows the plene of the couple appearing as an edge
end it also shows the trus length and true angle
that the resulent AG makes with the plane of the
couple. AOZ G02 has a magnitude of 3890 1b znd

makes an angle of 129 with the plane of the coupls

determined by the vector forces COZ D02 and AOE
Fo» '
°z

(8} The hext'step involves the represembation of w

couple by a vector. Fig. 4 shows en exemple of how
this is done. If two forees such as F1 and F5 form
& couple the magnitude of the couple is Fq or Fop

‘times y. If Fy is in pounds and y is in inches ihe

magnitude is in 1b in. The magnitude of this cou-
ple can be represented by a vector V by drawing to
a definite seale (representing 1b in.) & line which
is perpendicular to the plane of thse couple and
which is directed sc that it projects outwerd frem
the view of the plane which shows ths couple metion
appearing in a countercloclmwise direction.

(§) Relerring o Fig. 3 again, and to the oblique

wiew Oz, the couple having = magnituds of 2950 1b

in. is represented by the vector A02 Jbz.

{10} With the use of the triangle of forces, the
vector AOB Jbz is resolved into two componsnts, a

somponent AOE Hoz in & direetion collinear with the

resultant force A02 G,, 8nd the other component

o

2
HOZ Jbz in a dirsction perpendiculsar to the result.
ant. The magnitude of AH eguals 625 1b in. and the
magnitude of HJ equals 2885 1b in.
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ScALE.
fon# fe —SPACE
w100 018 —ForeE VECTOR
I = 20008 v —MosEsT VECTOR
ForeE FRom TRUE LENETH
AB= 231002

CO=/655L8
AG=1850e8
AH=625c8m
H A= 28858

AS=2850.84m.
L N=3890: 5.

RepucTion oF Two Non—NTERSECTING, NoN—-FPARALLEL FORCES TO THE SiMPLEST ForM
GRAPHICAL SoLuTIoN

A

Fic. 4

Fie.d

(11) The obligue view 05 is teken in a direction
perpendicular to the resultant AG in the obligue
view Og. In this third obligue view the result-
ant AG still eppears in its true 1ength. The
couple vector AH is elso in lts true ilength in this
view and still oollinsar with AG. The couple
vector HJ having e magnitude of 2885 1b in. is re-
solved back into two forces AOS KOS end LO3 NO5

parallel to cach other and opposite in sense. AK
is equel to end collinear with AG bubt opposite in
direction. The distence of 0.74 in. is determined
go thet the magnitude of the couple represented by
the vector HJ (2885 1b in.) could be obbtained by
two forces AEK and IN each of which is equal in
magnitude to AG. In other words the magnitude of
HJ (2885 1b in.) divided by AG (3890 1b) is equal
to 0.74 in.

(12) The conditiom which now exists in the oblique
visw Oz is one in which twe equal collinear forces
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_AG end AK cancel out becduse they are opposite in
sense. This leaves the two vectors I¥ and AH. IN,
by construetion, is equal to AG and thersfore equal
to 3890-Ibw—The-direetbion-of LN is also unchanged
from that of AG but the point of applicetion has -
changed. AH is the vector representetion of & cou-
ple and is equal to 625 1b in.. The plane of the
couple representing AH is perpendicular to ths di-
rection of the vector IN. This reduction brings
ebout the simplest form of the two original forces
AB and CD. - )

It is evident from the foregoing discussion and
the accompaning sclution that the application of
descriptive geometry offers a splendid opportunity
for arriving et e rapid solution for problems dealing
with the anelysis of force action in spasce. The
accuracy ettained will naturally depend upon the
precision in the worlmenship end also upon the se=
lection of suiteble scales. It will conform to the
same degree of accuraey that the graphicel sclution
hes to a2 mathematicel solution for problems dealing
with forees lying in one plans.

NEWS

Professor Hoelscher informs me that the menuscript
of the proceedings of the 1948 summer schocl are mow in
his hends. The material 1s to be re-edited for pos-
sible publicetion this coming fall.

4 o 2je e ol e

An institute for effective temching has beer es-
tablighed at the University of Detroit through the ef-
fort of Dean Clement J. Fround of the College of
Engineering, es a means of aiding faculty members at
giving a maximum of instruetion in the classroom.

Among the members of the faculty esked to lecture
at thiese meetings is Jasper Gerardi, Assistant Dean of
the College of Engineering and Chairman of the Departe
ment of Engineering Drawing. : .

e 3 e e o S

Fred Higbee and John Russ of Iowa suggested a
“new squipment® or "whet's new and interesting® de-
partment in the Journal of Engineering Drawing. Sub-
mit eny intereating items that you wish to bring to
the ettention of the Editor of the Journal.

e ad 2

A General Engincering Department has been organ- -
ized at the University of New Mexico. Professor J.
Humerieh is head,of the depertment. This department
teaches courses in Bnginesring Drawing, Dsseriptive
Geametry, Orientetion, and Englineering Problems.

0 e

It 1s nice to receive en oceasional word of com-
mendation from men outside your immediate field of en-
deavor. In a recent letter to the editor, Dean G.N.
Butler, of the University of Arizons, wroter )

I looked over the contents of your magazine'with
much interest and approbation. I do not see how
a drawing ihstructor can get along without it.

Professor:Paffeﬁbarger,and his commitiee on ad-
vanced credits are to be congratulated on doing e fine
Job end e big job in so short a time.

oKk

.Professor Street writes:

We have recently had two graduate courses in drawing
approved et this institution and they are as follows:

601. Advanced Industrial Drawing. (2-2)
Credit 3

B03. Advanced Machine Drawing. (1-5)
Credit 3

These courses will be given the first term of summer
gschool during 1948 which runs from June 7 to July 17,
1948. They will be repeated from July 19 to August
28, if there is sufficient demand. This mekes it
possible for people to take a minor in drawing at
Texas A.& M. College doing graduste work.

LEL ST

How many of you have requested copies of the
tests made available by the Committee cn Advanced

-Credits? .If you have not asked for copies to assist

in the validation of these tests, you should do so
seon. You can receive these tests by writing to:
The Project Office
437 W b9th Streest
New York 19, New York

ok ok g

During the past two years, Professcr Frencis
Porter of the University of Illinois has submitted
problems, and served as a committse of one in making
8 selectlion of the best solutions submitted to the
problems, in the Journel under the title of "Solve
This One." As Editor, I want to thank Professor
Porter for the fine job that he has done:

 (Continued from page 8)

Tt is particularly desirable that there be a good
attendence of the younger members in the drewing fisld.
We extend to them a specisl invitaeticen and hope that
you older members will urge -the Youngsters of your
department to attend the conventism.

The program arranged by the Drawing Division is a
good one and should be of great benefit to us sll. We
at the University of Texms are grateful for this ope
pertunity to renew old friendships and make new ones,
and to return some of the hospitality that has been
ghown us elsewhere.
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TEACHING TOLER_ANCES

) Jx‘Gerardi and E.J. Massard ‘
Deépartment of Englneering Drawlng
" -Unilversity of Detrolt : '

SPECIFICATION OF SURFACE ROUGHNESS

In the precedling articles of this. serles,
methods of 1limit dimensioning were lntroduced
in an attempt to show what can be taught to
freshman snd sophomore englneering: students.
This 18 the thlrd and flnal article of thils
gerles. i

Unfortunately, at present, there is no
accepted standard in thls country for the
designatlon of surface roughness, partlcular-
ly with reference to very close limits. -
While there has been a conslderable change in
drafting practice since the war, llttle or
nothing has been dome as.to the specifleatlon
of the quallty of a machined surfaces -A3 a
result, varlous manufacturers of machlnery
and equipment have adopted thelr own atand-
ards. Since the manufactursers are not using
the same nomenclature for surface flnish,
confiaslon and: misunderstanding exlsts. 1t la
the purpose of this paper to present  the
trend in specifying surface llmltatlons on
drawings.

It has been found desirable to specify
the requlred finlsh of critilcal surfaces on
detall drawinga 1n at least one of three ways.

1. A general note In the lower right-
hand corner of the drawlng.

2, In the blll of materlal.

3. Along the edge view of the surface
which 13 to be finished. '

Before we can visuallze the importance
of surface speclflcatlon, 1t 1g neceasary
that we have a clsar understanding of the
fundamental terms. : -

Surface Quallty or surface roughness 1s the
term used tC deslgnate characterlstics of
surface. ' o s

Nomlnal Surface is a two dlmenslonal surface
separated from a smooth shape from the sur-
rounding medlum.. For example: The optlonal
£lat 1s the nearest approach to 1ts nomilnal
surface alnce 1t can be made to approcach a
plane .o closely that departures from 1t are
not measurable by any means known at th
predent time. :

gurface Deviation is the departurs of the
actual suriface of an cobject from the nomlnal
gurface of that -object. For example: rough-
ness, waviness, and surface flaws are surface
deviatlonsa.

" of Irregularitles’ in the form of a wave.

Surface Flaw 1s the 1rregularlty of any. sort,
which occurs at only one place or: at ‘relativée-
ly frequent and wldely varylng random Inter-
vals in a surface. A surface flaw may be a
scratch, a ridge, a hole, a peak, or a crack.

Waviness 1s a surface devlatlon which conslsts
On
smooth mechine surfaces, the length between
each wave 1s ordinarilly between .04 and .10
inches and the helght of the waves ls general-
ly between .002 and .005 inches. Waviness can
be measured by conventlonal dlal lndleators.

Roughneas is the recurrence of irregularities
in a surface ranglng from .0002 to! .010 inches
between crests and from .0056 to..010 1nches in

height.

Microlnch 18 one millionth (.000001) part of
the U.5. atandard linear -lnch. . The microinch
1s a unilt of length convenlent and approprilate
to many measurements of roughness on "smooth

.machlns surfaces.Y

Theorstlcal Root Mesn Square (R.M.3.) 1s’fhe

"Bquare root ol the sum Of the squares of the

values belng averaged,dlvided by the total
number of .values. For examples, in Figure I
the root mean square value of the ordlnates of
the curve shown would be calculated as follows:

OOT RN SGILQTE Lve
Ag A Az

- Ay

T T T :
Vil

/ F oSS convis
A ALAGNIEIED MACHINED SUEFACE

7

A E = po:

Flgure I

Since 1t 1s 1mpossible, at the present
t1ime, ‘to measure the ordlnates om a smooth
surface, a profllometer 1s used to determlne
an average value of each root and crest In a.
wave. ‘A profilometer 1s a very sensitlvs
inatrument containing a small dlamond polnt
detector. This detector 1s connected to a
recelving unilt which measures amall changes in
gurrent, produced by the irregularities in the
surface. A dial callbrated 1n mlcroinches
records the approximate root mean squarse valus
of the ordinates. .

: (Gontinued on page 32)



the latest advances in
engineering drawing

eeping abreast of

made textbook history. Since 1911 this classic

text has held first place on the drawing boards of
hundreds of thousands of students in colleges, uni-
versities, and technical schools throughout this
country and abroad.
In literary style, logical arrangement, and general
teachability, it has been preeminent for over three
decades. Each edition has raised the standard of
excellence set by previous editions and the present
revision again keeps the text abreast of the very
latest advances in engineering drawing. _
This new edition adds several new chapters, many

THE career of French’s Engineering Drawing has

new illustrations, and a large number of problems -

reflecting present-day practice. A considerable
amount of the old material has been revised,
drawings have been changed where necessary to

GINEER

eliminate duplications and ambiguities, and the
fundamental chapters I to X have all been revised
to improve the order and to achieve clearer, more

logical explanations.

By Tnomas E. FRENCH, Late Professor of Engineering
Drawing, The Ohio State University, Revised by CHARLES
J' VIERCK, Professor of Engineering Drawing, The Ohic
State University. 702 pages, 6x9, 1229 fllustratfons. $3.75

Seventh Edition

RAWI

3 indispensable aids fo accompany French’s ENGINEERING DRAWING

ENGINEERING DRAWING

SHEETS — SERIES F
Heyed to the New 7th Edition
of French’s ENGINEERING DRAWING

By THOMAS E. FRENCH; and H. M. McCULLY, Late
Professor and Head of the Depariment of Drawing
and Descriptive Geometry, Carnegie Instifute of
Technology. $4.00

These sheets are designed to make the most
economical use of time allowed for drawing
courses, The careful arrangement of lesson
sequence; the time-saving layouts of prob-
lems in- projections; sections, dimensioning,
lettering, working drawings, combine to make
a course that compels student interest,

Intended te encourage thorough study of
the text, it gives the student a comprehensive
view of his subject, leading him to regard
drawing as a broad and expressive language
rather than a series of monotonous, manipu-
lative details. These study sheets require the
student to interpret a drawing from several
points of view other than those from which
the illustrations are drawn.

The sheets are printed on specially pre-
pared paper in a carefully designed format.
They constantly emphasize style and quality
to avery student.

PROBLEMS IN
ENGINEERING DRAWING

~ Series 2
Keyed to the New 7sh Edition
of French's ENGINEERING DRAWING

By A. 5. LEVENS, University of California, and
A. E. EDSTROM, University of California,  $3.00

The new series of this well-known and
widely-liked workbook is keyed to the 7th
edition of French’s Engineering Drawing,
and has been carefully revised and enlarged
from 62 to 72 worksheets,

The Workbook includes a special 48-page
supplement, American Standard DRAWINGS
AND DRAFTING ROOM PRACTICE, reprinted by
permission of the American Society of Me-
chanical Engineers.

Attention is given to the construction of
pictorial drawings directly from orthogonal

views. Problems involving the use of “ex-
ploded views™ have also been added, making
the workbook more effective as a teaching
tool, in view of the industrial use of “produc-
tion illustration.”

QUIZ QUESTIONS
T0 ACCOMPANY THE
7TH EDITION OF
FRENCH'S
ENGINEERING DRAWING

By JOHN M. RUSS, Professor of Engineering Draw-
ing, The State University of lowa. 50¢

A new edition of a particularly helpful teach-
ing aid for use with the new edition of En-
gineering Drawing. These questions can be
assigned students at various intervals and
will be found a great convenience to the in-
structor as a source of quiz and lecture, The
pattern of the previous edition has been fol-
lowed but improvements in the rearrange-
ment of the material have been made
throughout,
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TECHNICAL DESCRIPTIVE GEOMETRY

By B. LEIGHTON WELLMAN, Professor of Mechanical Engineering,
Heod of Divisien of Engineering Drawing, Worcester Polytechnic
Institute, In press.

The purpose of this book is to provide students with a compiete up-to-
date treatment of the subject, Written in simple language, the book
covers the most elementary concepts and progresses by easy stages to
the complex intersection and development problems found in modern
applications. Liberal use of clear and effective. illustrations supple-
mented by thorough discussion is an important feature of the book.

GEOMETRY OF ENGINEERING DRAWING

By GEORGE J. HOOD, Professor of Engineering Drawing, University
of Kansas. Third edition, 362 paoges, $3.00

The pioneer text in introducing the direct method of teaching descrip-
tive geometry. Adopts the methods, vocabulary and attitude of mind
used by the engineer when he visualizes and designs structures. This
three-dimensional visualization eliminates the piecemeal consideration
of an object in terms of separate, two-dimensional views and projec-
tions. The material represents a basic student aid for understanding the
subject, and should expedite his progress considerably.

| books to aid in the teaching of engineening drawing
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APPLIED DESCRIPTIVE GEOMEIRY

By FRANMK M. WARNER, University of Washington. Third edition,
252 pages, 5%x8%. $2.75

This text has been highly successful with teachers because it is easy to
teach and understand. It presents descriptive geometry from the point
of view of practical drafting-room use, emphasizes the direct view
method, and includes a wealth of illustrative problems covering all
branches of engineering.

APPLIED DESCRIPTIVE GEOMETRY
PROBLEM BOOK

By FRANK M. WARNER ond €, DOUGLASS, Department ot General
Engineering, University of Washinglon. 54 pages. $2.50

This problem book furnishes a complete and logical outline with prob-
lems for a course in descriptive geometry based on Warner’s text
described above. It suggests the most valuable problems to use at a
place in the outline when the student is able to handle them. The
large variety of problems gives a student experience in all branches of
engineering.

Send for copies of these bocks on approval
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ETTING the student to visualize three dimensions
G successfully has long been a teaching problem
in Engineering Drawing. Now, McGraw-Hill
offers a series of Text-Films — a new program of
visual aids — to help solve this difficulty, and to
increase the effectiveness of both teaching and
learning.

Seven 16mm. sound motion pictures and six silent follow-up film-

strips make up the complete series, correlated directly with
new 7th edition of French’s Engineering Drawing.

i TR P i W T e

McGRAW. ||
IEXT-Fitms |

torrelaeq
Wit
1 ENGINESRING e

P~ ¢ DRAWING

-

MOTIOM PICTURE TITLES

(Engineering Drowing Serles
18mm. Sound}

-

. According to Plan--An Introduction to Engineering
Drawing :

. Orthographic Projection

. Auxiliary Views — Single Auxiliaries

. Auxiliary Views — Double Auxiliaries

. Sections and Conventions

The Drawings and the Shop

. Selection of Dimensions

the

R RLW TR

To illustrate three-dimensional concepts, special models were
constructed and photographed in combination with animated
drawings of lines and planes. The resulting images on the screen
demonstrate clearly and simply principles of orthographic pro-
jection, auxiliary views, sectioning, and dimensioning. Filmstrips
continue the instruction, and present questions superimposed on
still pictures taken from the motion pictures for class review
and discussion.

Werite for further information

McGRAW-HILL BOOK €O., INC.

330 West 42nd Street, New York 18, N. Y.
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PROBLEM SOLUTION

by

HMelvin Hoiney
University of Texas

PROBIEM: Given any two non-parallel, non-intersecting
lines, AB and CD. To construct a line MN terminating
in them, and meking specified angles cc and # respect~
ively with them. : :

ANALYSIS: . The required line or lines will be parallel

to the common slements of two right eircular cones set
up eccording to the following conditions: 1) the cones
have & comon vertex; 2) the axis of one coné is parel-
lsl Yo AB and its elements maks the required angle with
AB; 3} the axis of the other cone is parsllel to OD and
its elements make tho required angle with GD.

CONSTRUCTION: Pass plane 120 through ¢D parallel tao AB
and cobiein & normal view of this plane. In the normel

view, the cones may be set up with their common vertex
.at any arbitrary point, such .as B, end with equal slant
Draw lines comnecting the commgn verhex to

Dy :

heights.

the points whsra the bases of the cones intersect.
These lines are elements common to both tones and have
the required directions for the solubions. The actual
connseting. lines may be obtained from an ed jacent view
which is an end view of either one of the linss, AR in
this case. C o ’ o

DISCUSSION: The drewing shows only one nappe of each -
cone, and the angles @ and ﬁ:are'such that: two solu=
tions, MN and M'N', are obtained. However, if ome or
both of the engles were greater, both neppes of the
cones should be drawn, and a nappe of one cone might
intersect both nmppes of the other. cone, which would
give four solutions. 'If’both'oc'dhdaﬂ'are'900;3there
will be one solution, the commgn perpendicular; and
the cone method would nof be indicated. Obviously, if
the angles oo end f are such that the coues do nob
intsrsect, there .is no solution.

CONE METHOD FOR FINDING THE CONNECTING LINES
BETWEEN TwO NON-PARALLEL., NON-INTERSECTING LINES
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THE NEWEST THING IN LETTERING

Prancls W. Chamberlaln and G. Ray Waddle
Lincoln, Nebraska

ALl that time i1s LoSt whica might be better employed. -fousseau

The rapldly increasing tempo of modern
industrial life accentuates the truth of this
‘eplgram. On today's drafting board, be 1t
engineers', archltects', cartographers', ad-
vertlsing artists! or others', more time 1s
logt in that Interminable task of executing’
acceptable lettering than in the phases of
deslgn and detail. . . ) .

To minimize this profligate use of tlme,
an amazlng lettering from one templet has
been perfected thru séversl yeara of davelop-
ment. With this Instrument the lettering
artist can easily do ten hours hand lettering
in one, and a lettering noviee can produce
profedslonal results almost as qulckly. Its
extreme functlonal simpliclty makes it posw
sible for anyone to letter expertly in many
alphabet styles from the very first.

The outstanding feature of this devlce
is the heretofore unknown combinetlon of’
mechanlcal movemsnts which makes it possible
for the operator to reproduce a templet
character at Infinltely variable ratlos of

helght to width. Cylindrically concave and
cylindrically convex mirrors -of varlous radll
alter the reflected image in a simllar
fashion. B oo .

. Referring to the accompanying half scale
photograph:-- : o ;

The. Varigraph lettering Instrument 13 a
small and compact mechanlcal instrument which
reasts on the work to be lettered and 1t moved.
from left to right along any stralght-edge.

A Varilgraph Lettering Templet 1s held under
apring tensilon by the Instrument between fix=
od guildeways, which maintain templst allne=
ment at all times. The engraved letter -
grooves in the templet are followed directily
by a thumb and finger controlled stylus.
Diagonally opposite the stylus the letter 1s
reproduced at the end of the letiering arm
which is raised and lowersd by a finger tlp
controlled lever. Two acale indicating knobs
are separately positionzble to govern the
height and width of the reproduced letter.
(Continued on page £0)
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HEAR YE! HEAR YE!

by

John M. Ruas
Professor of Engineering Drawing
State University of Iowa

It has just come to my attentlon that
gomg of the plastics now used as materisl for
drawlng egquipment,have the capaclty for ut-
terly destroying organic materlals stored in
thelr Immediate vicinity.

Recent experlence with one of these ma-
terials indicated that 1t hsd liberated fumes.
These fumes attacked some adjacent drawlings
and records. This situation is caused by im-
proper stabllization. '

Profeasor Ned L. Ashton of the Civil En~
glneering Department at the University of
Towa, has just discovered the total loss of ..
stme very valuable iInked tracings. They
could ot even be picked up out of the drawer.

There 1s absolutely no question about the
cause of thelr destruction.

Evidence Indlcates that some of our
gtudents' drawing instruments have been cor-
roded after being kept In the same locker
drawer wlth triangles and curves made out of
these materlals. This in apilte of the fact
that they were used and alred on the drawlng
board two or thres times a week depending on
elass schedules.

This matter 1s of serious import. I
think we should all know about 1t as soon a=s
possible. Bo far as I know, or am able to
find out, there 1s no way of telling in ad-
vance whether a plastlec 1s of thils type or
not.

(Continued from page 19)

The templet letter belng traced and the
letter being produced are fully viaible, as
well as all previously lettered work making
1t lmpossible to amear the previously letter-—
ed work. Slze changes are effected in a .
matter of ssconds by turning the height kmob
cr the wldth knob until the helight and width
desired are indicated on the reapective
gcales. These acales are graduated 1n thouw~
sandths of an inch from one hundred and fifty
to seven hundred and fifty. ILettering from
one hundred and fifty to aeven hundred and
fifty thousandths of an inch in height or
wldth can be made from a full size templet
and lettering from seventy five to three
hundred and seventy flwve thousandths of an
inch in height or width can be made from a
half slze templet. Templet and Instrument
need not be moved to effect changes in helght
or wildth of reproduced letter. Thers are no
ad justments : of any kind to ‘make at any time
in the use of the instrument. This instru~
ment 12 unique in that 1t carn be used wilth
equal ease by both the right and left handed
person. For left handed operation rotate the

instrument ninety degrees clockwise in the
accompanylng photograph and slide the templet
under from the edge nearest the operator.

It is virtually impossible for a letter-
Ing artlst to harmonlously proportion all the
elements of the letters on work comprising
varylng retlos of letter widths and heights.
These subtle varlations in the elements of
the letters are difficult to construct es~
peclally where the ratio of letter wildth to
helght varies from line to llne on the ssame
drawing. The Varigraph lettering Instrument
automatlcally effecta the correct relatione

8hip of all letter elements in all combi-

natlionas of letter height and width. It 1g

truly an emazing instrument and some thing

entirely new in mechanical lettering.

Lettering Templet Styles avallable in-
c¢lude all the standard alphabets and many
modern alphabets used today by the enginesr,
archltect, cartographer and advertising disw
play artist.
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{Continued from page 2)

In order to transform the spherical pro-
jection, consisting of array of peints des-
cribed on page 9, to a plane precjection, =
gecond operatlon is performed. The paper
plane 1s first placed tangent to the unit
aphere at the north pole. To obtaln the
Yenomonlc" projection, lines aré passsd from
the center of the sphere through the polnts
of the spherical projection and continued
until they intersect 'the tangent plane, to
determine new points, such as pg. To obtain
the "stersographic" projection, lines are
passed, not through the center of the sphere,
but through the south pols, through the
points of the spherical projectlion, and con-
tinued unt1ll they intersect the tangent plane
in points, suech as Dgt-

The complete transformation of a typleal
erystal, illustrated in Flg. 2, to a spharical

Ferrous sulfate heptahydrate
Fe504.7H0
Meonoclinic

Fig. 2. &4 typleal crystal of the monoclinie

symmetry ¢ lass.

prolection 1is shown in Fig. 3. The subsequent
transformation of thia projection to the

Fig. 3. PFormatlon of the spherieal projecw

tion of the crystal of Flg. 2.

gnomonic projectlon i1s shown In Fig. 4, and
to the stereographle projection Iin Flg. 6.

Fig. 4. Formation of the gnomonle projec-
tion from the spherical projectlon.

The true shapes of these projectiona are then
shown in Figs. 5 and 7 respectively. These

(B feilan frzi

AT

M,

iz

sinfol a2l

The gnomonic projection showing the
projection lattice and its. unlt
cell. Note: the numbers are the
"Miller symbels" of the faces {hkl)
h/1 and k/1 are the plane coord=-
inates of the face poles In terms
of the chosen lattice.

Fig. 5.

figures should aid in the understanding of the
discusailon of these projections which follow.

The gnomonic projection gives us an ar-
ray of polints on a plane, each of whleh rep-
resentd a crystal face end may be called a
"face pole". The coordinates of each pole
may be easlly measured on this plane by a
system of polar coordinates centered on the
point of tangency, called the "ecenter of
projection™. Thess coordinates are readily
expressed in tems of ¢ and p:

e =10 r= R tan p

where R 1s the scale of the projectlon

{radius of the sphere of projection). Thils



Py JOURNAL OF ENGINEERING DRAWING

Formatlon of the stereographlc pro-
Jectlon from the spherical projec=-
tion.

Fig. 6.

projectlion has many interesting properties
which strikingly“express certaln Important
propertles of crydtals. Filrst, great circles

g

~Fig. 7. The stereégraphic projection.

on the spherilcal projectlon become straight
lines on the gnomonlec projection. Thus, 1 a
gerles of faces have thelr spherlcal poles on
the game great circle, thelr gnomonic polea -
willl all 1le along a straight llne. Such a
serles of faces, all Intersecting on the
crydtal in parallel edges, has great signifi-
cance In the study of crystals, and 1s callsd
a "zone"., -

A second Important property of crystals
appears on the gnomonlc projectlon when 1t 1s
observed that face poles will always 1lle on
the points of a regular lattice which may bte:
guperimposed on the projection. Thua, face
poles 1n a zone wlll frequently appear squally
spaced along the zone line. Thils property 1is
a direct consequence of the law of Ratlonal
Inteércepts referred to earlier, but the law

takes on much more meaning when expressed
graphlecally in this way. When a sultable
lattlce 1s chosen to express most simply the
array of face poles, the fundamental block of
the lattice, called the "unit cell™, 1s then
eatabllished. Every face pcle on the projec- .
tlon may be assigned whole number or aimple
fraction c¢cordinates In terms of thils unit
cell. By thia procees, known as ¥indexing",

Flg. 8. The sterecgraphlc template.

a very compsct and elogquent symbol {called
the "Miller" aymbol} 1s derived for any face
on the crystal. It can be shown that the
coordinates obtained in thils way are inverse-
1y propertional to the axial intercept ratios
of the crystal face. The dimensions of the
unit cell have values which are character~
igtle of the substance forming the crystal,
and the mailn purpose of the projectlon 1s to
obtaln these values. They may be read
directly off the projectlon and compared with

Flg. 9.

The two-clrcle gonlometer. (C,
collimator; H, horilzontal clrcle;
T, telescope; V, vertical circle;
X, ecrystal.

values recorded for the same substgnce in
the literature. In tho general case, filve
independant characteristle constants may be
measured in thls way, but in moat cases;
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depending on the symmetry of the crystal, two
or three are obtalned. o

A thlrd property of crystalé 1s thelr
symmetry, which we will not have time to con-

sider in detall hers, but 18 really fundament~

al to the atudy of crystals. 'Superfleially,
we willl observe that if one of the symmetry
slements is perpendicular to the projectlon
plane, the projection 1tself wlll show the
gymmetry of that element. -Thus, 1f a three-
fold rotatlon axla 1s present normal to the
plane, each face pole must be accompanied by
two others equivalent to 1t at 120© positions
around the center of projection. Axes and
mirror planes freguently oceur in thls posle
tion, and are an important gulde in the proper
orientatlon of the crystal and classificatlon
of faces., In Fig: 5, a plane of symmetry ls
present on edge in a vertleal posltlon,.so
that the right side .of the projectlon la the
mirror image of the .left side. The symmetry.
elements allow the faces of the crystal to be
divided into groups; each group ls deslgnated
by a letter, 3o that each letter represents a
cortaln face on the crystal, and in addltlon,
all the other faces present symmetrieally
equivalent to 1ts These symmetry propertles

Projectlan z

Projectian 1

Fig. 10. Gnomonlc projesction and drawins
of crystal of isometric symmetry
clasa. e

are 1llustrated for various cases by Flgs. 5,
10, 12, 1% and 4.

The gnomonic projection has one great
disadvantage, and that 1s that vertleal faces
on the cryatal {¥prism" faces) project at
infinity. These faces we know have p = 9009,
30 that an arrow to indicate § 1s sufflcient;
but very dteep facea wilth p ranging from 750
to 90° are difflecult to repressnt properly on
the projectlon

The. stersographic prejection also con-
gists of point face poles, but this array has

Fig. 11." Proof of Goldschmidt's method of
erystal drawing (Seé text).

an entirely differsnt appearance from that of
the gnomonic projectlion. Zones project as
true circles on the stereographlc projectlon,
and thus are prominehntly dilsplayed. Slnce
spherical poles are projected along lines
originating at the south pole of the sphers,

Gnomonle projection and, drawlng
of crystal of hexagonal aymmetry
class.. A

Flg. 12.

the egquator projects as a finlte circle (the’
prism zone), and all faces down to.900 are
convenlently projected. But the lattlcse = .
aspect of the face poles 1s completely lost,
in this projection, and this la 1ts greatest’
drawhacik. ‘ . :

An interesting property of the stereow~
graphlc projection 1s that not only great..
clrcles, but also small clrcles on the gphere
of projectlon appear aa true clrcles on the
tangent plane. This glves rlse to three con-
venlent applications, as follows: '

{1) Dihedral anglea on the crystal = =
(interfacial angles), corresponding
to preat cilrcle angles between face
polesd on the spherical projection, -
are convenilently measured on the .
atereographlec projectlon. - o

(2) The locus of face poles eguidistant
" from a glven face pols projects as
a true clircle on the stersographic
“projection. Thus, 1f 1t 1s kmown
that an unknown face has an - -
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Interfaclal angle 220 from plotted
face A and an agle of 38C¢ from plot-
ted face B, thase two locl are readw
11y drawn with a compa=zs on the
gtereographic projection, and the
unknown face plotted at the Interw
sectlon.

(3) If it 1s desired to rotate the
crystal to a new position, the face
poles are easlly followed 1n this
opergtlion on the stersographic pro-~
Jectlon, since théy move 1n circlss.
The gnomonle projectlon 1s entirely
unsulted for this purpose, slnce the
poles move In hyberbolae. The face
poles may be plotted on a sterso-
graphle projectlon using polar co-
ordinates by the transformatlons:

o= ¢

To plot faces, and to perform the operations
dsscribed above, 1t 1z convenlent to use a
template on which the transformed angles are
permanently graduasted. The most convenient
template ls one shown in Fig. B, in which a
syatem of great circles 13 projected inter=
secting 1n a horizontal axis, and a system
of small clrcles projected normal to the
game axls. The crystal projectlon can then
be made easlly on tracing paper over the
template, arranged to rotate freely about a
pin.at the center.

P
r — 2R tan =
2

PROCEDURE FOR CRYSTAL MEASUREMENT

It appears, then, that sultable combin~
atlon of these bwoc projections in the proceass
of analyzing a2 crystall will satisfy all the
needs of the crystallographer. We may now
follow a typleal morphological analyais of a
oryetal, to see how they are applied.

The first practilcal problem 1s the meas-
urement of the crystal. The clasaical 1lnatru-
ment for thls purpose fs the simple contact
gonlometer (arm and protractor), used by Hauy,
and 3tlll used today for large, hand slzed
crystals. Thls device measures, with say +3°
aceuracy, the dihedral angles hetwsen the
faces of the crystal. A refinement of the
method was developed 1n the onewcircle gonilo-
meter, which 1s adapted to the measurement of
much smaller erystals with an accuracy of +3Z
minute of are. It conslats of a horilzontal
graduated clrcle on which the crystal 1s
mounted and rotated. A collimator and tele=-
scope are flxed to the stand supporting the
rotating clrcle, with their horizontal optic
axes Intersecting the vertlcal axls of the
clrcle. The obderver smees a signal formed
Dy a retlcle in the collimator when a crystal
fsce, acting as a plane mirror, 1s in position
to reflect 1t Into the telescope. To mesaure
the angle between two faces, 1t 1s necessary
to orlent the crystal so that both faces are
vertical. Each face 1s then brought into

reflecting position, and the angles read on
the graduated c¢lrcle at these posiltions pro-
vide by thelr difference the dihedral angle.
To measure other dlhedral angles, the crystal
must be reorlented for sach zone.

More useful data are obtalned by use of
the two-clrecle gonlometer shown in Fig. 9.
This instrument 1s based on the cne-clrcle
gonlometer, but a second, vertical, graduated
clrcle 13 mounted on the horizontal one, so
that the crystal, attached to the vertlcal
clrcle, lies at the intersection of the two
circle axes, and the optle axes of the col~
Imator and telescope. The two ecircles now
correspond to the two zpherlcal angles ¢ and
p- By proper adjustment of the two cilrcles,
any face on one hemlsphere of the crystal may
be brought Inte reflecting position, without
remounting the cryatal. When a face 13 in
thls position, 1ts angle of inclination {p)
may-be read directly on the horizontal circle,
and the angle of azimuth (¢} on the vertical
clrcle. With this instrument, 2z crystal as
small as 1/20 millimeter may be preclsely snd
completely measured 1n one setting.

. - The next step 1n the procesg 13 the
plotting of the stereographic projection of
the crystal from the data obtalned wilth thése
instruments. Where dihedral angles only are
avallable, as obtained from the one-circle
gonlometer, the projection must be conatructed
by laylng out spherlcal triangles on the
template by the use of clrele locil, untll all
the zones are located. Where spherical angles
are avallable, as obtalned from the two-clrecle
gonlometer, they may be plotted directly by
use of the transformatlion formulae suggested
above, or better by use of the template. Thia
projectlon may now be rotated 1n various ways
until 1t 1s brought into a standard position
wilth reapect to symmetry and well-established
conventiona. If thils orlentatlon 1s known
beforehand, the crystal can be aset up on the
two-circle gonlometer so that the resulting
projection wlll automatlcally have the right
crlentatlon. In this case, the face poles may
be plotted Immedlately on a gnomonic projec-
tlon wlthout using a stereographic projection.
Fortunately, this 1s the common circumstance.
But when 1t 1s not, the stereographic projscw
tion 1s used to achlsve the correct orienta-
tlon; when thils is done, the recrlented face
poles are then transferred to a gnomonlc pro=
Jection.

In any case, a gnomonilc projection of the
eryatal in 1ts proper orlentation 1s obtalned
by one route or another. On thils plot, the
baslc lattlee on which the face poles lle is
usually obvious. The cholce of lattice 1s
always somewhat amblguous, since there are
always two or three possible unlt cella, asmong
which 1t 1s 1mpoasible to choose, except
arbltrarily. As we have seen, the lattice
dimensiona, measured directly on thls projec=-
tion, are cheracterlstlec of the substance

{Continued on page 26)
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A NON-CREDIT COURSE IN DRAWING IN LIEU OF HIGH SCHOOL DRAWING
FOR STUDENTS DEFICIENT IN HIGH SCHOOL DRAWING

by
Robert R.

Irwin

Assistant Professor of Mechanicel Engineering, Oklahome 4 & M College, Stillwater, Oklahoma

Fortunately or unfortunately, not all students enter
8 college of englneering with the same background. In the
same veln, not all graduates attain the same level of
training and lmowledge. Between the minimum and maximum
levels stands the englneering instructor with his pencil
poised to outline & course of study for Engineering Draw-
ing. Which level do you choose? 8Sitting on the fence
merely makes you the terget for both sides. On one side
the student who does not know what & T-sguare looks like,
on the other, a student with four years cof high school
training.

A survey of students enrolled at present in the
School of Engineering et Oklshome A & 1M College disclosed
that 60% had not taeken a drawing course in high school,
18% had teken a single semester of drawing, end 22% had
more than one semester high school training in drawing.

Approximately 25% of Oklahoma high schools offer
¢ourses in drawing. Of course, most of the larger
schools that furnish the largest percentage of students
for the Bngineering cellege offer several courses in
drawing. It is prcbable that over half of the engineer-
ing students have an opportunity teo take drawing in high
school.

May I describe the situetion of the basic Engineer~
ing Drawing course in the Engineering college., With
variations, the situation at Oklahome A & M College is
much the ssme as at most other sngineering schools. A
two credit hour course in basic enginesring drawing is
offered end required of all engineering students except
those enrolled in the School of Architecturs. There arse
no prersquisites for the course. An advenced machine
drawing course 1s requited of students in the Departmsnt
of Mechanical Engineerings This means that the mejority
of students receive their only training in drefting from
courses in Engineering Drawing end Descripbive Geametry.

The objective and traditional -purpose of thess
courses is to give the student the ability to use and
understend the language, drawing. Courses in the oral
and written language are ubilized throughout & studermtt's
formal education. Even the most hopeless appearing
freshmen can write home for momey. (onsider the con-
trasting background of engineering students in the two
languages.

My purpose today is fo urge more adequate backgound
for students in the languapge of drewing. I agree most
heartily with Professor John Rule's statement in this
articls Graphics Re-Examined. "It is difficult to
visualize how lost the engineer would be if he had no
acquaintance whatever with the drawing board.® This ac-
gueintance must be sterted earlier than is now the gen-
eral practice if the first yeer courses in graphice are
to meke possible, the "ultimate stature of Scientific
and Engineering Graphics" envisioned for them by men who
heve contributed so much to their present stature. The
logical place to start this earlier acquaintenceship is
in the high schoel by requiring 1 credit or %—unit of
drawing as & collepe entrance regquirement.

Fram the previous discussion it is apparent that
regardless of how worthwhile the objective of requiring
drawing in high school, the engineering college will
have to help solve the problem. A non-credit course
could be set up that would emamble entering students
without high school eredit to meet the entrance require- .
ment. TUnder such a scheme, the prerequisite for the
Baslc Engineering Drawing course would be the entrance
requirement of 1 credit in high school drawing or the
elementary drawing course. The immediate benefit of an
elementary drewing course to students in Basic Enginser
ing Drawing,' is that the student will be able to start
his study at a higher level and his progress should
allow fuller attainment of the course objectives. A
secondary bemefit that might prove to be the most imw
portant, would be the introduction of drawing as a
general educetional subject. Certainly in a techno-
logical age such as ours, all members of soclety are
boginning te feel the need of a knowledge of the lan-
guage of drewing.

One objection to requiring the elementary drawing
course or its equivalent would be that the time required
for graduetion might be incremsed. This objeotiom is
not valid however, as only about 25% of graduating
students are able to obtain their degree in eight se-
mesters. Of course as the demand for a high school
drawing course inereases, the mumber of schools offering
such & course will inerease and the problem will grad-
ually become one for the high school and not the collegee

I reel that it is necsssary for the college drawing
instruetors to cooperate with the schools training high
school drewing teachers and with the teechers themselves
in order that the entire level of instruction in en-
gilneering drawing may be raised. Many high schools do
not include.drewing because due to various factors they
are able to meintain only a minimum level of courses
offered. Requiring drawing for college entrance will
serve as & device to introduce or increase training in
the graphical language.

The elementary drewing course should stress the
fundementels of drewing end leave to the Basic Engireer-
ing Drawing course the problem of composing working
drewings. The subjects that should be stressed in such
a course arg as follows:

Proper use of instruments and meterisals.
The geometry of engineering drawing
Projection.

Sectioning.

Introduction tc dimensioning.
Introduction te fasteners.

¥aturally there will be as many different groupings
of the above list as there are people discussing the
iden. The suggested time allcwed for such & course
would be the eyuivalent of one semester credit hour, or
three 'hours of class work each week., This emount of
time would probsbly be adequate to give a course equiv-
alent to a single semester of high school work.
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* - A REPORT OF THE VISUAL AIDS ‘COMMITTEE!
. . S . f v . b.y . R

H.B. Howé, Chairman
Rensselaer Polytechnlc Tnatitute
Troy, New York

The aims of tﬁéjcommiftee:

(1) .To survey the various visual ald meth-

ods. (the committee decided to 1imit
1ts survey at this time to fi1lm, film
B8trip and slides.)

(2)
'(5}:T0'investigate and'ﬁromate further

development of effectlve visusl ald
methods. o .

Tb'puﬁiiéize'a summqry of the survey.

The committee malled 335 questionalres
and recelved 158 replys, with 44 answers in-
dlcating visual aid users. The accompanying
map shows the dlstribution of the above in-
formatlion. )

-Comments and ingquirles indicate member=-
shlp consclousness of the impetus this type
of teaching ald gives to a fuller inspir-
atlonal:1ift and understanding of fundamental
and related subject matter. However, 1t 1s
obvlous that wilth the list of films avallable
(table #3), the finding of this survey does
not dmpart a finlshed plecture of the alds now
in use. We apparantly havs not contacted all
of our members who use them. In order to
glve 'n truer plcture we ask each additional,
present or new user of visual alds to. send
infermation that we may make our survey more
complete. :

: The committee appreciated the cooﬁeration
of the members 1ip conducting this survey.

~-Visual Alds

H.B:.
J.B.
H.L.

Howe, General Chalrman
MeGulre

Minkler

L.G. Pglmer

J.3. Rislng

Justus Rising

C.L. Tutt, Jr.

F.M. Warner

VISUAL AID SURVEY
Distribution Map

Key:

@ Questlonalre
+ ' reply recelved
(0= visual alds user
—GZD scheol no. (see table #2)

Cammitfeer

Hensselasr Polytechnlc Institute
A & M Gollege of Texas

Illinols Instltute of Technology
University of Minngsota

Syracuse Unilverslity

Purdue University:

General Motors Inatitute
Universlty of Washington

“{Continued from'page 24)

forming the ecrystal, and may be used to 1denw
t1fy that substance. In the case of minerals,
the lattlce constants of all specles have besen
tabulated 1n complete form,. and an unknown
erystal may usially be identified by comparing
the graphlcally determined, conatants with .

these tables. These lattlce constants are
l1dentlcal, incidentally,with those determined
unamblguously by X-ray diffractlon methods.

. Both the stereographlc and gnomonle pro-
Jjectlons may be used to determine readlly
(Continued on page 28)
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(Continued from page 26)

interfaclal and Interzonal angles, and the
geometry of any BSther vectorlal properties of
the crystal (e:g::optical properties). Theae
measurements may be refined by mathematical
and statilstlcal analysls of the orilginal data
if desired. It is & curious fact, howevsr,
that the average deviatlon of carefully made
gonlometer measurements {seldom as good as
0.1%), with rare exceptions far exceeds the
magnitude of accuracy ordinarily claimed for
lattice messureméents (0.01%). Crystals are
never perfect-creations, except by the crud-
est standards. :

CRYSTAL ‘DRAWING

Flnally, in our procedure of morpholog-
ical analysls, we find that drawings of the
crystal In orthographic projection along any
desired projectlon directlon may be made
directly and easily from the gnomonic projec-
tion. Goldschmldt's methed for doing this,
11lustrated in Fig. 10, is Ingenlous and
striking., ILet us first follow the procedure
ltself; it 1s simply stated as follows:

{1} An orthographic projection plane
(pleture plane) 1s passed through
the center of the sphere of projecw
tion, 1In any deslred ordentation.
It 15 1ldentifled by its trace on
the gnomonic projectlon plane, a
stralght line which we shall call
the "gulde 1line". The position of
thls 1line immedlastely indicatea the
orlentation of the picture plene.

(2) The plcture plane 1s rotated into
the gnomonlc plane about the gulde
“1line as an axls. The center of the
sphere 13 readily found in 1its ro-
tated position, and thils polnt is
called the "angle point®.

(3) If two faces intersect on the crys=
.tal, thelr face poles are Jolned by
a 3tralght zone llne, which 13 ex-
tended untll 1t 1ntersecta the gulde
line. ) :

{4} The Intersection polnt found In step
{3} 18 jolned by a straight line
with the angle point. The direction
of the line into which the edge
between the two facea will project
on the pieture plane 1s normal to
this lins.

By thls simple process, any deslred
pleture plane may ke immedlately established,
and the edge between any palr of faces on the
crystal may be quickly and easily constructed
upon 1t. The shape of the crystal and 1ts
faces 13 determined as the drawlng proceeds
by reference to another drawlng, or better,
the original crystal. Thus the third dimen-
slon 1s relntroduced, as 1t cannot be sup-
plied by the gnomonic projection. When 1t
ls desaired to draw a c¢rystal in 1deal form
wlth respect to 1ts symmetry, many crystal-
lographers find 1t convenlent to draw a plan
of the crystal where the axes and planes of
gymme try appear on end and on edge.: In this
case, the plcture plane 1= the gnomonic pro-
Jectlon plane, and the crystal edges are
8imply drawn mormsl to the corresponding
zone lines themselves. In thls view, the
faces of the crystal can be accurately drawn
In their proper size and shape. The usual
pletorlal orthographic 1s then drawn on a
conventional ploture plane with p = 80° gnd
¢ = 70%. The propertlions are malntained
acecurately In the plectorlal view by direct
projection from the plan view. Thus, the
pletorial {which, though strictly ortho=
graphlec, is often called "perapective" by
crystallographers) gives an attractive view
from a point of view, so to apeak, 10° above
and 20% to the right of the crystal. As a
matter of fact, in the drawing of thils ple=-
torlal, the operations of symmetry can be
followed 1n this view directly as a gulde to
the 1deal development of faces, so that the
plan view Is unnecessary, and best omitted.

It would be wortlwhile, perhaps, to
verlfy the rather extraordinary construction
Just deseribed with a simple ‘gecmetric proof.
In Filg., 11, let the face polea s and t on the
gnomonlc plane G be given, and the picturs
plane.P. All 1lines and planes wlll be drawn
through the common point 0, the center of the
projectlion sphere. The Iintersectlon line
between the crystal faces represented by
vectors Os and 0t will be parallel to 1line
Oc, which 15 perpendicular to plane Z con-
talning 1lines Os and Ot. Line Oc will be
projected orthographically onto plane P into
line Ob by plane W, perpendicular to plane
P. In the construction, the zone line st on
the gnomonic projection plane G 1s extended
to cut the trace of plane ‘P in plame G (the
gulde line} at point m. Line Ob is then cone
gtructed normal to line 0a (with the plane P
rotated Into the paper plans (). We would
like to show that Ob 1s truly perpendicular

{Continued on page 30)



Pyblished in August, 1947, the problems in this text are organized for use with any

suitable text book although designed with a view towards Professor Street's forth-
coming book TECHNICAL DESCRIPTIVE GEOMETRY. They have been selected to

emphasize descriptive geometry fundamentals applicable to all technical fields.

Methods of solution have been painstakingly correlated with industrial drawing

methods as set forth in all standard works on Engineering Drawing. It is for the gen-

erally accepted freshman course.

CONTENTS
Projections; Primary Auxiliary Views; Successive Auxiliary Views;
Revolutions; Developments; Intersections; Perspective; Shades and
Shadows; Force Diagrams and Loaded Structures. .

79 pages ‘ 82 x 11 Loose Leaf Binding
$2.50

SEND FOR AN

EXAMINATION COPY




0 ' JOURNAL OF ENGINEERING DRAWING
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to Om. Plane W willl contain line Oc, normal
to plane Z, and lire 0d, normal to plane P.
Since line Om lles in both planes Z and 7, 1t
wlll be perpendicular to both lines Oc and
.04, and therefors, perpendicular to plane W.
Therefore, line Qa wlll be perpendicular to
/1ine Ob, whkich lles In plane W.

Drawlngs can also be made very conven-
lently directly from the stersographilc pro-
Jectlon. Flg. 13 shows an example 1llus-
trating the method, which 1s similar in

Flg. 13. Btereographic projection and
drawing of crystal of ortho-
rhomble symmetry class.

principle to that used with the gnomonlc pro-
Jeetlon. The plcture plane 13 filrst eatab-
llshed in any desired posltlon by drawing ths
projected great circle in which 1t cuts the
projJectlon sphere (long-dashed clrcle in the
flgure). The zone clrcle betwsen two poles,
such as % and n, 13 extended to cut the plc~
ture plane circle. Thia point of intersec-
tlon determines a line with the center of

the sphere which corresponds to line a0 in
Flg. 11, and 1s perpendicular to the desired
projected crystal edge betwsen faces x and n.
The plcture plane 1s now rotated into the
paper plane about a horlzontal axzls, and the
normal constructed to the radlal line as
. ahowr.

Crystals often grow in pailrs called
-twlns, 1n which one 1ndivlidual 1s related to

the other so that 1t 1s the mirror image of
the other over a possible crystal face as a
twin plane. ‘Flg. 14 shows such a twin with
1ts stereographic projection. The faces of

Calamet, HgaCle |

Flg. 14. B3tereographlic projectlon and
drawing of twln crystal of
tetragonal aymmetry class.

the upright individual are projected as
clrcles, the twin plane as a dotten circle
wlth 1ts pole at e, and the faces of the twin
Individual as trilanglea. The last are read-
11y constructed from the first, as shown by %
as an exemple. 7 and 1ts twlnned counterpartg
lle 1n a zone wilth the twin plane e, and the
angle #A7 1s blsected by the twin plane. It
1s meen, then, that the Important phenomenon
of twlnnling of crystals 1s easlly handled
quantltatlvely by projectlon methods.

Crystal drawing 1s thus so highly de-
veloped that 1t 1s possible to make the most
complex crystal drawlngs by routine methods,
wlthout regard to theory. In a way, thils 1s
fortunate, for 1t 1s a curious fact that very
few crystallographers are good draftsmen or
expert 1n graphlcal methods; Goldschmidt's
methods enable such workers to carry out
drewlngs by rote. On the other hand, rote
methods are dangerous here as in any proceaa,
for in the handa of perasons who depend on
rote they lsad to unsuspected errors and in-
accuracles which occasionally are rather
serlous. 1In the hands of a crystallographer
thoroughly famlliar with the principlea be=
hind the projectilon methods and also general
descriptive geometry and drafting techniqueas,
however, the methods are very powerful, rapid
and accurate.
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The Amerlcan Standards for graphical
gymbols and abbreviations for use on draw-
ings, has proposed a symbol similar to the

-8quare root sign () to iIndicate the findish
of a surface. The addition of a numerical
symbol 1in the opening of the "V" portion would
denote the qualltative value of the roughness
permitted, measured in microlnches. When
speclfylng the roughness symbol on a aurface,
cne should remember to specify only the sur-
face requiring specilsal accuracy, because of
extra cost Involved. :

The followling table has been prepared by
the Amerlican Standards Assoclatlon and glves
the roughness symbol and the root mean aguare
values of surface irregularities for the moat
comnonly used designations for aurfece spec=
ifications: R

Root Mean Square

Rough=-
ness Helght of Irregw - i
Symbol  ularities (Inches) Microinches
63N .083 83000
1sM « 16 18000
4M Q04 4000
1M 001 1000 .
250 .00025 250
63 000083 63
52 000032 32
16 000016 _ 16
a8 .Q00008 8
4 » 000004 4
2 .000002 2
1 -000001 1
% .0000005 %
H .00000025 i

The surface roughness aymbol ss speclfied
in the first classification, (62M, 16M, 4M,
and 1M), applies to surfaces produced by rough
machining, turning, boring, and milling. This
group also applles to rough castings -that have
been thoroughly cleaned of all sand and acale.

The increasing demand for higher output
and smaller clearances in the internal com=
bustion engine, necessitates the use of. the -
second group of roughness symbols for eritical
surfaces. For example: 250, 65, 32, 16, and
8, would be used on surfaces such as platons, .
crankshaft bearings, connecting rod bearings,
and valve stems. Dilamond boering and finlsh
grinding are also included in thils seriess.

The third classification 4, 2, 1, is for
very fine finlshing operations, finish grind-
ing followed by polishing, and lapping. Cur~
rent manufacturdng processes, at the present
time, approsch thils =sériles.

The fourth classification %, %+, eto.,
applies to highly polished finisheas used
largely In experimental laboratories and on

gauges .

Although the American Standards Assoc-
latlon has proposed the placing of the rough-
nesg symbol on the surface to be controlled,
the Industrles have found 1t more convenlent
to specify 1t in the form of a note. This
can be appreclated by the fact that most draww=
Ings are very crowded without the additlon of
roughness symbols on all eritiecal surfaces;
furthermore, by placing the surface specifi-
catlon 1n g note, 1t 1s not llkely to be over~
locked. : :

Flgure II shows a valve and valve gulde
which 11lustrates a method of desgligneting
surface control without the use of symbols.

THIS S RGCE
NI TAELEY S T AA
BO /88 AT NES (4SS

KALrE GUioE

The dlemeter and a note specifying‘sur-
face roughness would be shown in a similar,

manner on the valve.

Flgure IT

It 1s interesting to note that the
variation of surface finish between B0 and
120 microinches is Important in this case to
inaure lubricetlon by the propst functioning
of the valve and the valve guilde. If the. two

-"saurfaces were held to closer limits, 10 to 50

microinches for example, theres would be a
pumpling actlion betwsen the valve gulde and the
valve stem. However, if the two surfaces were
permitted to be finlshed to wider 1limits of
roughnessg, 150 to 200 microinches, there would
be very.poor lubrilcatlon between the two parts.

- It 1s obvlously apparent that surface apecifl-

cation 4s Important and necessary in order to

‘produce specific results demanded by industry.

Roughness specifications are slso used
on the outailde dlameter of plstona, because

‘of the Increase in compressilon ratlo and Tre-

ductlon in the clearance between the platons
and cylinder walls.

These examples represent the trend In
surface quallty specification by some of the
largest industrlal plants in the country.

{Continued on page 34)
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By LEon MARR SAHAG, Professor ‘of Machine Design and Drawing,
Alabama Polytechnic Institute

experience have gone into the development

of the ideas, methods, and materials of
Professor Sahag’s book. Stress is placed on ac-
curate reasoning, solving problems unaided and
translating theory into practice. Testing it, con-
tinually rounding out and refining his material
through extensive use in drawing classes, Pro-

MANY years of both teaching and industrial

fessor Sahag has succeeded in formulating
highly efficient teaching methods, and these he
has articulated with the current standards and
procedures of industrial practice. The result is a
text which not only gives the student maximum
training in the minimum time, but thoroughly
acquaints him with the procedures he will - meet

in industry. 394 Pages $3.50
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The edvantages of having a universsl set

of stendards would be:

(1) The manufacturers and men in the
shop have definlite methods and
sasily undsratood instructions on
"the drawlhg as to the finish re-

3quired. S . :

{2) Nhere finer finishes are desired
and. ordinarily expressed by the
symbol X, they may be exactly
defined by the roughhess symbol
to Indiecate the permiagible varil-
ation on the finish.

Samples of finish do not have:fo
be submitted with requisitions.

()

{4) This method willl prevent re jec-
tions because of misunderstand-
ings as to the quality of’ work
ordersd.

It 1s our opinion that the materisl

presented 1in this serles of artlcles could

sity
lem:

" 'be, and should be, taught to students 1in
engineering drawing..

We welcome comment from

other members of the drawing division.~
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“Survey of Surface Quality Standards" ---
Harrison

'Mgchanical Engineéring:Q November, 1937

*Surface Finlgh" --- Stewart Way

Mechanical Enginpering - Harch, 1958
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Heanld Machine. Company.» Detrolt, Michigan

SOLVE THIS ONE

Professor Francis Porter of the Univerw

of Tllinols submits thse- following prob-

Given any triangle ABC, say with AB=g",
AC=6",and CA=7". It 1s required to

construct a pyramld wlth thils trlangle

as bass, and with the lateral edges
inclined specifled angles to the-plane

of the base, say 609, 65°, and 75°, at .
A, B and € respectively.

This column 1s designed for the enter-

‘telment and improvement of those who enjdy
- putting Descrlptive Geometry to work for the

thing 1t 1a credited with dolng best=~tralne "

Ing one in clear, logleal and conastructive _

v

thinking. It 1s open’ to, contribut;pns of
iprogressive professors pet perscnal. puzzling
problems. A year'!s free subseriptlion to the

Journal will be entéred for the reader who
first submits any problem accepted for pub-

lication.

A correct solution shall accompanyr

problem offered.

tion.
inic s
tion.
that

A yoarty subscription is also; presented .

'thﬁ reader who submits;’ in time for PUBw
. Mcatlon in the.. .ensuing. laaue, the beat goluw.

If a drewlng 1s required, one done 1n ;
hall accompany 1t as copy for reproduc=— .
A1l constru¢tions must be Eueclidean;

13, only.atralght edge and compass
ghould be uszed.
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