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After nearly ten years of development, here are simple,
functional templates to draw accurate ellipses larger
than 4 inches! Compact and easy to handle, these
guides start at 4 inches on the long axis and in-
crease by 14-inch increments to 12 inches. They
are made of transparent, tinted plastic with ac-
curate concentric ellipses printed on the surface,
thereby enabling the user to see the ellipse in
position before drawing it.

Eleven guides are available for ellipses 15°
through 60° as well as isometric. Ruling
edges are beveled, permitting the use of ink
as well as pencil.

Popularly priced, this new jumbo ellipse series
will fill a real need. Please write for complete
information and prices.

For the
first time,

a compact, easy-to-use
ellipse template—4 to 12 inches—
in a set of ten sizes 15° through 60°
plus an isometric guide.

A. Lietz Company

840 Post Street, San Francisco 9
1224 5. Hope Street, Los Angeles 15
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This issue of the Jowrnal agaln brings you an article on curriculum. We also print an article
on advanced Nomography by Professor Levens which sssumes you have studied the basic notions pre-
sented by Professor Arncld in the 1963 Winbter lssue. A4lso printed is a report of nomographic -!
electronic computetion by Professor Douglas P. Adams who has pioneered in this field, His def-
inition of a graphics process as the correlation of space position with a numerical valus is
indsed 2 modern one to your editor who still hankers after a pencilled line and such notions as
visualization end conceptuslization in the mental processes underlying engineering graphics,
Between Doug Adams and Steve Coons at M.I.T. we can glimpse the future of engineering graphics.

All engineering colleges will be visited this year by the national ASEE Committee on "Goals
of Engineering Bducation."” One might hypolhesize that the primsry goal of Engineering Educabion
is still "to teach our students to think", Don't wince at this hackneyed phrase. The engin-
goring style of thinking is different from the scientist or the mathematicisn, He is character-
ized by the ability to unify and simplify a vast emount of informaticn into a workeble solution
of a real problem. The engineering style, because the solution must be simpls even though based
on deep understending, requires intuitive invention. Maurice Biot says the engineer's thought
is characterized as "cubtbing through scientific red tape™.

The Nat'l ASEE encourages you to take an active part in the study group in your school con-
cerning GOALS. Cur engineering graphics courses can be the foundations of design, reguiring
practice in the engineering style of thinking, exeroises in conjeoture, insight, synthesis, and
invention,

For the Spring (May) 1964 issue we would like to have your articles on "Goals of Engineering
Education in Graphics." This Journal has not heard from some of the most vecal members of the
graphics engineering educators. Write us an articlel
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FIVE NEW AND TESTED TEACHING AIDS
FOR ENGINEERING DRAWING

BY CARL L. SVENSEN AND WILLIAM E, STREET

FOR USE WITH ANY TEXT OR NO TEXT

DRAFTING PROBLEM LAYOUTS

SERIES D, REVISED 1962

Work sheets covering Vertical and Inclined Lettering, Sketching, Use
of Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sections and Conventions, Dimension-
ing, Isometric, Obligue, Developments, Intersections, Screw Threads
and Bolts, and Studies of Points, Lines, and Planes.

100 Work Sheets, 85" x 11" $3.50

DRAFTING PROBLEM LAYOUTS

SERIES C

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

ings. SERIES C and LETTERING EXERCISES cover a Complete Course.
69 Work Sheets, 83" x 11" $2.50

LETTERING EXERCISES

A DIRECT METHOD == NEW AND INTERESTING

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

20 Work Sheets 84"ex 11" $1.00

VERTICAL LETTERING EXERCISES

Vertical Letterlng with instructions
6 Work Sheets, 84" x 11"

$0.20

INCLINED LETTERING EXERCISES

Inclined Lettering with instructions
6 Work Sheets, 8%" x 11°

$0.50
WRITE FOR EXAMINATION COPY OR ORDER FROM
PREPARE YOUR OWN PROBLEM BOOK
W. E. STREET BY SELECTING YOUR DRAWINGS FROM
ENGINEERING GRAPHICS DEPARTMENT THESE BOOKS IN QUANTITIES OF 30
TEXAS A & M UNIVERSITY OR MORE COPIES OF EACH LAYOUT.
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No. 91 Small Ellipse Template

110 Accurate Ellipses — Sizes %5” to %"
15-20-25-30-35-40-45-50-55 and 60 degree
projection. The tiny ellipses are perfecily aligned
to nest together as template is moved along a

straight-edge. Slide-easy lower edge strip.
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No. 91 price §1.75

Price $2.50
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RQOF PITCH TIMELY PRODUCTS COMPANY, U.5.A.

Mo, 3% Timely Professional Modet House Plan Template $2.50

| Professional Templates
Architectural ¢ Engineering.

Smooth Exact die-cut tracing edges guide your pencil with
precise, unvarying accuracy. And, as they are cut from thin,
optical stock, no shadows fool the eye; no needless pencil
dusting smudges your work. Ask your dealer, or write for
Timely’s catalog showing others.

TIMELY PRODUCTS COMPANY Baltimore, Ohm
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MNO. 82-A Ellipse Templates e
Set of 10 $9,50 Mo, 88 Pin-Point Circles




McGRAW-HILL ANNOUNCES THE ESTABLISHMENT OF THE

ENGINEERING GRAPHICS
MONOGRAPH NERIES

UNDER THE COORDINATING EDITORSHIP OF
STEVE M. SLABY, PRINCETON UNIVERSITY

a paperback series of technical monographs designed to make readily available to students
and educators new and challenging concepts in the field of engineering graphics

This series evolved from the ENGINEERING GRAPHICS COURSE CONTENT
DEVELOPMENT STUDY, a project supported by leading educators in the field. The
books are designed to provide supplementary instructional material that will help enrich
the educational experience of engineering students enrolled in graphics or design courses.
Through a consideration of modern engineering topics, these books are intended to give to
students a broader perspective and a better appreciation of the versatility and usefulness
of graphics. The authors and the editorial committee have made a conscious effort to
include only material that does not appear in standard textbooks. The first seven books
in the series will soon be available. Other pertinent topics are being investigated for
probable development and publication.

GRAPHICS IN SPACE FLIGHT
By FRANK A. HEACOCK, Princeton University. Available in the Spring.

GRAPHIC PROBLEMS FOR NUMERICAL CONTROL
By ROBERT B. THORNHILL, Wayne State University

ENGINEERING GRAPHICS IN CONCEPTUAL DESIGN

By STEVEN COONS, Massachusetts Institute of Technology; and
MATTHEW McNEARY, University of Maine

GRAPHIC APPROACH TO ANALOG SIMULATION
By JAMES R. BURNETT, Michigan State University; and EARL C. ZULAUF,
University of Detroit

GRAPHICAL COMPUTER INPUT OF DESIGN CONCEPTS
By STEVEN COONS, Massachusetts Institute of Technology

NEW METHODS OF GRAPHICAL COMMUNICATION
By LEWIS G, PALMER, University of Minnesota

COMPUTER GRAPHICS IN COMMUNICATION
By WILLIAM A. FETTER, The Boeing Company, Wichita, Kansas




ﬂxt@oolﬁzs manuals and problem

?)oolzs i Engineering Graphics . . .

ENGINEERING DRAWING

A MANUAL OF ENGINEERING DRAWING
FOR STUDENTS AND DRAFTSMEN,
Ninth Edition

By TIIOMAS E. FRENCH and
CHARLES ]. VIERCK. 593 pages, $8.95.
FUNDAMENTALS OF ENGINEERING
DRAWING

By THOMAS E. FRENCH and
CHARLES J. VIERCK. 522 pages, 87.50.
ENGINEERING DRAWING, Second Edition
By FRANK ZOZZORA. 391 pages, $7.75.
ENGINEERING DRAWING. Combined
Textbook and Workbook

By HIRAM E. GRANT. 192 pages, $9.75.

ENGINEERING DRAWING
PROBLEMS BOOKS

ENGINEERING DRAWING PROBLEMS

By CHARLES J. VIERCK and RICHARD |

HANG (to be used with A MANUAL OF
ENGINEERING DRAWING FOR
STUDENTS AND DRAFTSMEN,

by French and Vierck). 109 pages. $5.50.

FUNDAMENTAL ENGINEERING
DRAWING PROBLEMS

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

78 pages, $4.50.

ENGINEERING DRAWING PROBLEMS,
Second Edition

By FRANK ZOZZORA (to be used with
ENGINEERING DRAWING,

Second Edition, By Zozzora).

192 pages, $4.75.

ENGINEERING DRAWING PROBLEMS,
Series 1

By HIRAM E. GRANT. 60 shects, $5.50.

PROBLEMS IN ENGINEERING DRAWING,
Series V

By A. S. LEVENS and

A.E. EDSTROM. 136 pages, $3.50.

ENGINEERING AND ARCHITECTURAL
LETTERING
By HIRAM E. GRANT. 192 pages, $1.50.

ENGINEERING DRAWING BASIC
PROBLEMS, Series A

By VIERCK, COOPER, and
MACHOVINA. 72 pages, $4.50.

CREATIVE PROBLEMS FOR BASIC
ENGINEERING DRAWING

By MATTHEW McNEARY, ELIZABETH
A. KELSO, and ERNEST R. WEIDHAAS.
52 pages, $4.95.

ENGINEERING GRAPHICS

GRAPHICS

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

A MANUAL OF ENGINEERING GEOMETRY
AND GRAPHICS FOR STUDENTS

AND DRAFTSMEN

By HOLLIE W. SHUPE and PAUL A.
MAGHOVINA. 859 pages, $6.50.

GRAPHICS PROBLEMS
BOOKS

CREATIVE PROBLEMS IN ENGINEERING
GRAPHICS

By ERNEST R. WEIDHAAS.

290 pages, $4.95.

B RESERVE YOUR ON APPROVAL COPIES NOW

CREATIVE PROBLEMS [N ENGINEERING
GRAPHICS, Alternate Edition

By ERNEST R. WEIDHAAS.
120 pages, $5.95.

PROBLEMS IN GRAPHICAL ANALYSIS
By PERCY H. HILL. 162 pages, $5.50.

DESCRIPTIVE GEOMETRY

APPLIED DESCRIPTIVE GEOMETRY,
Fifth Edition

By FRANK M. WARNER and
MATTHEW McNEARY. 236 pages, $5.95.

TECHNICAL DESCRIPTIVE GEOMETRY,
Second Edition

By B. LEIGHTON WELLMAN.
640 pages, $6.95.

PRACTICAL DESCRIPTIVE GEOMETRY,
Without Problems

By HIRAM E. GRANT, 253 pages, $5.50.

DESCRIPTIVE GEOMETRY
PROBLEMS

PRACTICAL DESCRIPTIVE GEOMETRY
PROBLEMS, Second Edition

By HIRAM E. GRANT, 72 sheets, $4.95.

PROBLEMS IN APPLIED DESCRIPTIVE
GEOMETRY

By MATTHEW McNEARY {to be used
with APPLIED DESCRIFTIVE
GEOMETRY, by Warner and McNeary).
136 pages, $4.25.

L cGraw-Hill Book Company

330 WEST 42nd STREET / NEW YORK, N. Y. 10036



WORKSHOP ON NOMOGRAPHY - June 15 & 16, 1962+
Conducted by A, S, Levens, Prof, Of Mechanical
Engineering, Universlty of California at Berkeley

The follewing paper was presented as part of an advanoced Nomography Workshop, and follows
Profegsor Armold's paper, printed in the Fall 1963 Issue of the Journal., The following
nomograms and methods are discussed: -

Svmmary

Nomographic Method for Testing the Validity of a Family of
Data Curves,®* {by slides)

Nomogrems for eguations of the form:

I.l] Equations of the form: fl(u) + fE(V) fa(w) = f)_;(w)

£,(a) + £5(v) £5(0) = T,(0)

(a) Development of theory. Fig. 1
(b} Application to selected problem, y
(c) Points to be stressed in teaching. TT ‘/ W:Z v
g’
(d) Workshop exercises. /f/z— ]J:Z_
f Y,
" . Y 2
Nomograms for egquations of the form:
e (a) - f3(v) fégwi - fhév; fS(W) forreo
2 - t(v) - T.(w Iy
3 5 fcigreo P X p //
(a) Development of theory. T
{b) Application to selected problem,
(¢} Points to be stressed in teaching. Prom the similar triangles shown shaded in Fig., 1
(d) Workshop exercises, it follows that:
(IIi! Nomograms for equations of the f : YU- - YW XW
o & 4 ns o e ltorm: 7 ¥ = gy— from which
U "
NOREXS
fe(v)' "T‘jfh q Y, (K-X))+ Y, X, =K, (1)
Y‘V XW K YW
(a} Development of theory, Y o+ =y = ¥X (2)
(v) Application to selected problem, v o
{¢) Poimts to be stressed in teaching. m, fl(u) rm fE(v) KYX = K_;C"_;
(d) wWorkshop exercises. W w
(since ¥ =m f (u) end ¥ =m_ £, (v))
[iV.] The Method of Determinants in the wooud v 2 (3)
£ N ams ,
Design of Nomograms X n ()
When e = ~3 £_{v), and
{a} The substitution approach. K—Xw - m, "3 ; ’
tehi .
(b) The matching approach XY, 5)
{c) Examples related to several type forms, EX, =n £, (w),

6 SPRING 1964



then fl(u) + fa(v) fS(W) = fh(w)

Fram Eq. (4), X e °)
om Eq. » Ay S m, f3(w) tom (
m m f,(w)
. ) - v T
and from Eg. (5), ¥, m f3(w) + o, (1
EXAMPLE:
v = 0.5236 (3% + 1°) D A Ejé by ig:%

V = vol. in c.f.

v of a spherical segment

il

1.57 A2 D+ 0.5236 DO

or Vv - 1.57 A2 D = 0.5236 D°, which
places the equation in type form.

Now, { m, = %0%6 = .005 (where V___ = 2000 +)
Y, = .005V
10:
{mﬁ. = TEr IR - -
¥, = .06 x 1.57 A% = .ogke A% (from 4 = 0)
_{20) {.005 D) _ 0.1 D
{XD‘ S005 D ¥ 06 - .005 D+ .06
y - £:.005) (.06) (.5236 p°) _ 000157 D3
D~ 605 D+ .06 605 D+ .06

The table shows a few values of D and the

corresponding values of XD and YD

D 1. 5 - 10
XD 1.5+| 6- tes O+
YD 003 .23 cee 1.+

.A sketch of the solution is shown in Fig. 2

V. Votums v cr

Zooo —|

1500 o
1000

500

1
4
A Fr

*#Part of the Summer School program of the Engineering Graphics Division

of the American Society for Engineering Education, June 1h-16, 1962, at

the U.S. Air Force Acadery, Colorado Springs, Colorado

##Interested readers can find the material in "Nomography," 2nd Edition,

1959, by A, 5. Levens,

THE JOURNAL OF ENGINEERING GRAPHICS
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Tig. 3

mu fl(u) = O

o' fa(u)
m, 53(v)

mv‘ fh(v)

m, fS(W)

11. | Bquations of the form:
gy B Bl - 8 209
2 is(v) - fS(W)
L,
w,
. [
Yu
Y
Yw
KXo
Xv

X
{ u

Y
u

X
{ v
e

X
{ W
Ly

m ' fé(w)



Fig. b When k = 3 and e

2, d= 2.6

- i W
Y -Y "X -X (1)
W v v W
Ty (Xv - Xw) R (2)
X, X, _'Yv X, :
1= X - X (3) (1)
v W _
. m, f3(v) m,' f(w) - m ' fh(v) m fs(w)
orm ' f.{u} =
u 2 m f3(v) - m fs(w)
When mv = mW ; and mu' = mv‘ = mw' , then
£ (a) - fs(v) f6(w) - fk(v) fS(W) .
2 RO KRR
e 2
I —rwy—— e + K
EXAMPLE: d = TR
e(- 1) - k)
d = -
L 1
-5-3

The parameirie equations for each curve are:

SR

: AT
d=0
d X

B D)y »
#dr a YK = mk' k

Y

e

Workshop Problems:

ol

1. §@=3.33 (B~ 0.2H) H

I

B = width of weir (0 to 5')
H = head over crest (0 to 5')
Q

caleulated values

2

2. ¥ yzrr_h+y6wﬁ

(vol. of spherical segment with one base)

= alt. (0 to 10")

h
r = rad, of sphere (0 to 107)

Workshop Problems:

AL, - AT
1 Iogmtd=_ L Te
ge 4 1

A’PE

= temperature difference st inlet (5° to 100° F)

= temperature difference at outlet (5° to 100° F)

ognt d (5° to 4° F)

3/ 3/
hl 2 - h2 2

v
2. = )
5.34 hl - h2
where hl = head to lower edge of
orifice (0.5' to 5.0')
h2 = head to upper edge of

orifice {0.k' to 4.5%)

V = vel. in ft. per sec. (5 to 12)

SPRING 1964



£,(u) faw)

 "Ili;lequations'bf'the form:

RONEXON
X
P
!
A
I J-' X Xu = By fl(u)
——— B _L
] R Xv =m fe(v)
X /
1 / X, =m, f3(w)
|
xw
Fig. 5
o N
. "®’> T K
v a4
EE i EE " ™, fl(u) } T fs(w)
Xv Xg o, 12(vj Ty fh(q)
f 'y | 10
When fg = EY ; then l(u) = 3(W)
? EW mq ? ’ i‘eivi fhiqj

EAPLE: =15 (V- v) (1+55),

Since v = V x R.H., where
R.H. = monthly mean rel. hum (30 to 90%)
Now, E = 1,5 V (1-R.H.) (w+ 10)
B 1,5 (1-R.H.)
YT IoC 1
T{t)
where V is a function of %
where E = evaporation {0 to 10%)
V = saturated vapor 5,
pressure corresponding
to monthly mean temp.,
= temp (30° to 90° F).
v = actual vepor pressure
w = monthly mean wind
vel. (O to 3C mph)

THE JOURNAL OF ENGINEERING GRAPHICS

RO
NOW’mE"'iﬁ“l’ XE«E
10 )
B S T30 - 25 5 X = .25 {w + 10)
& 1
=1 — =15 X = FEy
0. 160
[ £(t) varies from 0.16h to 1.408 |
g "r.u, 1 TR.H. i
TR T TE Lo Tpg, <
W t :
S (W) (1.5) (L - R.H.) = 6 (L - R.H.)
The nomographic solution is shown in Fig, 6.
30 35 4o 45 50 607080 90
I N R W
g t, Monthly mean temp., °p
b
§
~ &
¥ ore
13 g
1o 5L 5
B &
i =
4 o 1
g 8 o
E: 5
b : gi —
- <
4 = =
A 20
. E‘ ;
B B |,
48 i) 5
S|
H =30
. T
90 86 o 6o 5o o 3o
R.E. - Monthly mean rel, hum.,
T . i
Fig. 6 E=15 (V-v) (L+ 10
Question: How could we improve the horizontal scales?



Workshop Exercises:

Wy {Conversion of weight fraction to mole fraction)

lig
i, N =2 .
sy 3t 2. X, = "
AT W (1~wz X, = mole fraction of A (0.01L to 1)
N = specific speed of a Eﬁ +
centrifugal pumg. A My W, = welght fraction of A (0.01 to 1)
G = flow rate (1000 to 400G gpm) M, and My = molecular weights of A and B
N = speed (100 to 2000 rpm) (1 to 100}
H = head (25 to 15C f%.)

IV. || The Method of Determinants in the Design of Nomograms,

Y
Let us consider the three colinear points shown in the sketch,
It is easlly seen that
I, -X Y, - ¥
3 2 2 1 or XK. Y, + X, Y + X Y. -X Y - X_ Y% L. ¥ =
z b 1 e 273 3 71 13 o - =0
T,-%, % -X% 3 "1 o X
Xl Yl 1
or in determinant
Porm X2 Ya 1 =0
X, ¥ 1
373
o u = 0
T = £ {w
{A) Now suppose fl(u) + E(V) 3( ) i,e., U+ v = w. The determinant 1 z
I
2 3

expresses the equation in determinant form. How is the determinant obtained?

Suppose X = u (1)
and y = v {2)
then, X + ¥y = w. (3}

Winen the above equations are consistent, then the determinant made up
from the coefficients of x and y and the constant term must vanish. This
is shown in the determinant 1 0 u

0 1 v|=0
This determinent cen be reduced, guite easily,

1 1
to the constructional form o] u 1| =90
1 v 1
W
F o5 1

from which the nomogram can be constructed.

10 SPRING 1964



w’klen..moduli.are....i.ncluded.’ We - can Wlte: FR P T X < T L . . -(IO .
X = mu (4)
y=ny (5) a 40 C &
I A 5 1
m - m, W (6) + 5
u v 1
These equations, considered to be o4 Lo 1} o
consistant, must satisfy the relation; -FT—__ 58
1 ¢ mu =0 Now suppose “a varies from 4 to 10 and "b" from 3 to 10.
Q i m.v 10 L
1 1 P 7100 - 16 °
= e W
m m
“ v _lof = .11
=100 -9 :
This determinant can be reduced The determinant becomes:
to the constructional form, o 5
0o .12 (a? - %) 1= |o a2 (2 - ) 1=
= 2 2
° 0 i=0 1 1 (68 -39 SN A1 (° -39 1
2 2
. v L 212 (1) (28) (67 - 57) ) |22 06 (2 - 5% 1
.23 AL T .12 a3
mn mom
w1
T from which the nomogram is constructed,
(B). Consider the form fl(u) = fe(v) fa(w). i.e., u=vw
Example 1:
Let X = B (1) 1 0 nu =0
a° + b2 = o° a and b (0 to 10) w u
y=my (2) and |O 1 m v
=20 . -1 _ X ¥ 1 -W
Ma = 300 = O+t ARy, = g < Ot then, &~ ~m ¥ =0 &) m o ©
u v u v
2
.1la 1] =0
° ° The determinant can be reduced to
Now, | 1 ().lb2 1
o o muu 1 = Q
3 0.05¢ 1
1 -0V 1
v
From which the nomogram can be m v
constructed. See Fig, 8, -—-———muw TE 0 i

THE JOURNAL OF ENGINEERING GRAPHICS ' 11



Suppose moo= 1l and o= 2, then

(D) Consider the form: fl(u) + fa(v) fs(w) = fh(w)

l.e. u + vw = W2
0 u 1 =0
| et x=mu
1 -2V 1 \ u (2) + ° T =0
L ‘ =m Y —
W+ 2 0 1 \ ¥ v (2) 0 1 v
\ x ¥y 2 1 w 2
‘ \ g Tg =V (3) = = W
from which the nomogram is comstructed, \vou v " m
\
1 1 1 N\
(C} Consider the form, 3 ORENCI RN \ 0 i) 1 = g
1 2 3 N\
\
1011 \ 1 mv 1
i.e. S+ =2
u v oW N\ 5
\ m w mm W
\ = LA 1
1 + :
Let x = & 1 1 % = lu o 1| =0) mow mowWm
dy =2 > 1 1 ‘l
and y = < 0 1 = o} r | Suppose m = 2 and m, = 5, then,
1 =
then, x + ¥y =% 11 "1],'; v W 1 : 0 2u 1 0
i 1 5v 1
When moduli are used, [ ow 10w2
X = mu (Tl) ;;T 0 1 =0 /
) /
1
Y=m (-;,) Ea 0 ';T' 1 // This determinant is used to
v
congtruct the nomogram.
X ¥ _1 L S ! .
m, o Tow n, m /
A
= 1 and = 2, then 4
Suppose m . = 1 and m = <, ’ . < (E) Consider the equation, a sin @ + bcos @ - 1L = 0
0 u 1{ =0 Pad
g 1
v s letx=a 1 1 0 a =3 0 10
0 1 A
2 4 r4 N
{ y==» 0 1 b 0 3 1
v 1 { then, y sin @ +y cos =2 |ging coso 1 £in @ cos @ 1
\
Iy RN
54 W S~
~ from which the nomogram is constructed.
4 from which the nomogrsm ~
4 L .
structed, See fig. 9\
8 con ___.E_ 9 \ (F) Two Releted Equations. i.e. B = IR and P = %R
a4 s Fig. 9 \ /
: (1
21 2 ‘ log I + log R = log E; 4
f | Let x = log T 0 log I 1] =¢
T i
v | and y = log R - 1 log R 1
: : : | then x + y = log E i e B 1
o 5 1o /5 ; ¥ 8 2 =)
12 SPRING 1964



__From the relation P = I9R -

7 P = P S—
73— — — . =
2 log I+ log R = log P ™ e B
8 ~_ ~ &
~
. ~
let x = log I 0 log I 11=0 ool
= 1 log R 1 4 ~ — 4
= log R -
y % 1 log P (2) > =Je
2x+y=1og P 3 3 + : ™
2] =] ~ |,
™~
The nomogram is constructed from determinants (1) and () s
'S
] L y g
_ 2
Fig, 10, E=IRand P = I'R.
Example: When I = 10 and R = 1;P = 10C and E = 10
{G) The Matching Method
We know that
= - - - = 0
X Yl i Xl Y2 + X2 I3 + X3 Yl X3 1'2 Xl YB XE Yl
XE Y2 1
X ¥ 1
3 3
a2 h2
1. Comnsider the equation L = - --b 2 o
Now, Ie - fb - a + Db~ =0
Let Xl YE = L a
Xl Y3 =L b L 0 11 =0
XB Ya =ag p+|b & 1
(Note this determinant
is not in constructional
X, ¥y =00 a b 1 pom)
7 Lnmit However, L. 0 1 = L 0 11=0
P a 1 -%
a b 1 3 1| (Which is in constructional
Torm)
‘ \ L This nomogrephic solution is shown in Fig. 11
o / 2 3 4 5

Fig, 11
Ex: a=3; p=1; then L =&

2 2

Note: This is an initerest? solutlon to the given equation, L = &~ b

" glven equation, L= g%

Another solution, perhaps more practical, could be designed since
L=a+ b,

THE TOURNAL OF ENGINEERING GRAPHICS 13



2, Consider the form: fl(u) -+ fe(v) f3(w) = fh(w)

i.e. u+ vw:w2

I.etXlY2=lu 1 W | = 1 W ol = ©
XBYl-vw e W u 2 w u 1
X2Yl=ww v ? 7 v 0 1
1
1 W 0| = 1 a 0| = n 1 0= 0 u ly=
W u 1l W —3—; 1 w2 1 W W w2 1
v 3] 1 v 0 1 v 0 1 1 v 0
1 u 1| = 1 1 = u ha 1| =0
2
2 W 1 W 1
(W+l) w 1 1 w+ 1 w+ 1 w+ 1 w+ 1 1
1 v 0 1 ¢ 0 1

from which the nomogram can be constructed.

Workshop exercises

Write the following equations in constructicnal determinant form:

(a) 85, + 85, = 28, 8

2 172

sin ( o B )
sin 4 +sin(5

(v) sino =

M-on

() W= 15—

() tan o = sin p tane

Suggestion: Try the substitution method first,
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...V...".The..Valida‘ti.on....of...a_.. Fomily of Data Curves for Wnich There BT - « WO

Implicit Relation,

{a) Test for Bilineality
(v) Graphical Ansmorphosis
(¢) Application of the Law of Duality.

(d) Exemples shown by slides,
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Dear Editor:

I am writing you concerning a new development
in our states As you may have noticed by the let-
terhead, we are in the process of ferming a state
assocciation of Engineering Graphies. Our primary
purposes in this endeavor is to see if we can do
some grass roots consideration of mutual problems
that have beer plaguing the national division for
quite some time.

follie Shupe of Ohio State, has arranged for
a reebing of the group in their Faculty Club, April
18, 1984, At this meeting we hope %o get under way
with the organization of the group if need ig be-
lieved to exist. The only formal progrsm at the
meebing will be; intrcductien of sponsors, regis-
tration, introduction of industrial representatives,
lunchecn, and business meeting. We have found that

THE JOURNAL OF ENGINEERING GRAPHICS

there ars approximately 100 people at the college
level who teach Engineering Graphics in Ohio, We
are therefore locking forward to a most interesting
session.

If you can use thisz information in any effective
mamner feel free to do scs You of course realize
thet we hope this group will affiliate ir some man-
ner with the division of Engineering Graphics.

Sincersly yours,
Charles W, Keith
Co-ordinator
Industrial Technology
Kent State University
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It is possible to bring together graphical
work and modern electronic techniques so as to
present time-honored graphical procedures withe
in a modern technical freamework. We describe
s graphical computing technique which is fast,
sfficient and not subject te the conventional
limitations on accuracy of the old-fashioned
graphical methed. To do this, we use a defin-
ition of "graphies" which states that wherever

numerical valus is correlated with space posi-
tion, & graphical process has occurred. For

this compubing technique, it haes been figured
that before long for many relationships 10,000
solutions per second could be cbiained with
thres figurs accuracy--a goal far below a the~
oretical limit of 50,000 solufions per second.
Such rates would be useful, for instance, in
solving systems of partial differential equa-
tiens. For oppositely moving satellites tra-
velling about 100 miles above the earth’s sure
faca, a ten thousandth of a second can repre-
sent a relative displacement of a few feet so
as to be useful in proximity problems. Pre-
sent investigebing rates are abt sbout 500 so-
lutions per sesond. Beth graphical and nomo-
graphic techniques are used in conjunction
with electronica.

The notien at the heart of the NOEL (NOmo-
graphianLactronic) eomputer is a simple one,
first, that an equation or relationship hard
o solve in its original variables {let us call
them the blue variables) can be changed into
one (in what we may eall the red variables)
which is sasy to selve. When the red answer
is known, the blue one can be found by an ine
verse correlation, 4 seoond and vital part of
the technique is that there are many equabiozns
in blue variables which can all become changed
under this technique into one and the same equa-
fion in red variables (namely, a linear equa-
tion).

It is the simplifying change from the blue
varigbles to the red variables and how to =seb
up this correlation graphically thet first
concerns us., Imagine s scale in U, a curved
lins on the page graduated and calibrated in
valuss of U, seo that for each value of U it is
sasy to read off the X and Y coordinates U,
and U_ for each value and conversely easy to
ascer%ain the value of U that corresponds to
overy U ., U defining s point on the scale.
This i= olezfly a graphical device within the
definition we set up earlier. Now the poten-
tialities of the alipnment disgram suddenly
become olear. An equation or relationship
7(U,V,W) = 0 in the blue values U, V, and W is
placed in such s form, Figure 1, as to define

Douglas P. Adams
Department of Mechenical Enginesring
Massachusetts Institute of Techunology

a pair of coordinates (red values) U_, U_ fer
U (similarly for V and W) so that ths original
blue eguabion F{U,V,W} = 0 is replaced by a red
linear eguation in Ux,Uy,Vk,V ,ﬁk,wy. If Uand ¥
ars sgpecified in blue, the c&grespcnding Fad
pairs Uyx,U, ,V.,V,, are now known, We could now
run through a table of red Wi,Wy, pairs and find
one such that it satisfied with the former a
linear relationshipe

T -V W -V
¥ Y ¥ ¥ @
= g

T -V, W% p vx

The blue W-value corresponding inversely %o that
rod Wepair just found (Figure 1 (b)} is the W=
value corresponding to the given U, V walues in
the equation F(U,V,W) = 0. For our pains, we
heve 2 system whers the red equation has bsen
easy to solve and it has led back to the blue
answsr value.

In the oldefashioned nomogram, the cerrsla-
tion between a blue U value and a red U-position
peir Ux‘Uy is shown by drawing a blus scals in
U defined” by red coordinates, Figure 1 (d). We
now show this same correlation correspondence
between blue value &nd red position pair - but
in a different way,

We set up the same correlation, Figure 1 (e),
of the value of ¥ with U, U_, V with V;, Vo, W

] ) v
with W,W,, by representing eagh of the nine quan-
titles by & column of countable bits--a vertieal
column of bits for each of the quantities we have
mentioned. We physically place the vertical co-
lumns U, Uy, Uj’ V, Vg, V., togethsr with a c¢lock
tract en a memdry film so’ that an eptical image
of the columms ef bits is passed scross six pho-
toelectric cells as the memory is moved. A% any
instent the ocumilative count of the bits in =
given column is taken to be the valus of that
variable in the respective column at that instant
If we know the valus of the independent varilable
U and the independent varigble V, we can cause
counting to stop when the prearranged known va-

e r———
Figure 1 (a) T4y
The squation nas beén

placed in nomograrhic
deberminant form.

U2+V2

= W § can be written

2, ) 1

i
g, W By - T B - v ol a0

____—
o <R

W 1
Hue Varisbles
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lue is this cumulative count . At the seme time
we then know Uy and Uy values through their sim-
ultaneous ocumulative coumts. If we now, in a
"second pass", treat thres W columns W, Wy and
W (plus g clock track) tc the same counting pro-
cess, Lrying oub cumulative counts of Wy and Wy
for a linear relationship 1) with the known Ug,
Uips Vs Vy‘counts, there will come an instant
wgen they will satisfy this linear relation.
we arreange to shut off the W counting at that
instant, we will then have trapped in the cumu-
lative W-count the wvalue of W satisfying F(U,V,W,
= 0 for the specified values of U and V intro-
duced at ths oubset,

The functional behavier F(U,V,W) = 0 is thus
brought about solely by the uss of funmny little
black marks called countable bits together with
the relative placement of these in their respec-
tive columns, This is ths purest form of graph-
ical proecess, fortunately amensble %o speedy el-
eoctrenic counting devices and achieved today at
the rate of 1 million bits per second using com-
paratively inexpensive eguipment.

If

Example:

A simple case will bring together mest of
these ideas, which later can be extended. In
Figure 2, the equation F(U,V,W) = O appsars at
the lower left. It is assumed that an alignment
diagram of the form shown there can be drawn to
represent this eguation. The alignment diagram
is shown embedded in an XY axis system and the
squation of the straight line of colineation apw
pears bslow the diagram. The blue variables are
U, V, W and the red variables are X;, Y1 (X3 ¥ 0)3
Xo, Yo (Xp T G); and X3, Yz, In the lower cen=
ter of the diagrasm thers is a typical example of
a piece of film with "first pass™ columns V:Vy =
Gy, Voo @Yy and V3 Uz U ®C, Uy 2 Yy and U and
"second pass" columns W:W, ¥ Xz and W, & Yz and
W, The constancy of V, and Uy ends the nesd of
thelr belng present 1n this representation.

We now carry out the above mentioned sgchems
in the following way. Values of V come from the
tape (upper left), are cumulatively stored in the
binary pulse counter (1) until their negative
sum equals the present input positive sum in V,
leaving a zerc count in this counter and causing
two things %o happen, ls The S, gate opens, in-
terrupting the flow of the Y, count to the binary
pulse counter (2) in the upper right. 2. The
switch 0 is activated causing the assimilated Yg
count in the pulse counter (1) to be deposited
in the Accumulaetor (5}, Corresponding events in
the lower left counter (3) have happened to in-
put T and Yj, causing a ~¥; count to be termin-
abed by switch 87 when the U ocumulative count
reached 0. This count was taken from the rever-
sible counter (4) and placed in the Accumulabor

(5)a

THE JOURNAL OF ENGINEERING GRAPHICS

Figure 1 (b!

The nomographic interpretation of
the detorminant form on the left

iz the diagram on the right.

T

LA o, 1
v Vo1 -0 B ,mx'w’)
G (U, U, Y,
e Wy i (Uye ¥ =7
Red Variables
e —— P ——
e TR Tttt

Fipure 1 (c)

Here we corralate the two determinant

forms

or:

JLUEE S &R
u =& ; v o= T 1
) x T ¥ (c) obaving the ralations E' (—V) ’ o "('V')
Ve ¥ e ¥
%—' v ! ¥ ' 0 -7 RN or
W =0 W oW T L"w m va?
* L4 x " 'x x " % T ev
Red  Hlue; Fed  Blue Sed Variablses Blus Varinbles
R o e R R X O I
Fipure 1 (d)
Interpreting {(a), (b) and {(c)
we +then have this diapgram
TWV
o T T
o Fa-9
5
F(uj,vj,wj) =0
ey
T 7
v
1]
!
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Fi&ure 1 Sez

Heore simultaneous cumulative counts
of bits in the columns sxpress the
relations (¢} l. and an elactronic
circuit effectuates (c) 2.

PASS ONE |

T A I
y TRENINI

(MR |§| W
NIV 0y Al

AT T

AL
vy L1

UG 110 T
AL LI

|
i
LWL N
i

ah

LRI TR
HEEERI e

L)

CUlALLATIVE
COLMNT

Preser 70 ¥ Aop BPC. To Ace.

TANIEZL S

As the film moves upward, by the time the
reacing gets to the dotted linc separabing pass
1l from pass 2, the final result in the Accumu~
lator (5) reads Yp - ¥ and the reversible count-
ar (4) reads ~Y1. Pass 2 is now ready to begin.
On the first Xz pulse (and not again) the upper
right binary pulse counter (2} is cleared and the
Accumulator (5) is placed in that counter leaving
there the eount Y3 -~ ¥1. On every subsequent Xz
pulse acting through gate 0 the value of the bi-~
nary pulse ccunter Yz ~ Y7 is dumped into the
Accumulator (5) ereating the product Xz(Ys - ¥ ).
Bach Yz pulse enters the reversible counter (4}
after & short delay establishing there the sum
Y5 ~ ¥;. At the seme time the lower right binary
pulse counter (7) is collecting the cumzlative
pulse valus of the W count. Meanwhile there is
& steady comparison going on through the coinci-
dence circuit {8) of the valuses existing 1) in
the Accuwnulator (5) and 2) in the Reversible count
er (4). Assuring for simplicity that G = 1, the
red equation shown in Fipure 2 will be satisfied
when the coincidence clrouit (6) detects identi-
ty in the megritude of the Accumulator (5) and
the Reversible Counter (4%. When this occours,
the Accumulator (4) opens the switch Sz and the
answer value, the cumuletive blue W-value, appears
trapped in the lower right binary pulse counter

! ou Zero TOUNT
(7)s
B&ﬁ,’; ® Orens S,
Taee{ ¥ 7 CouNTER on Zlero CounT
= Sy
4 | r Cnu:l'rm®
EN -
] A A r
: S
ul] C. T
Preser 0T Soo R A — =HAccunmiaTor B.RC.
on Zero Count CE -
ol A
Brosry Orens. - K X
TAPE {_: P&jf-rm @ Z Puee #1 Ka=1 Fi EU.I'G 2 gaz
POLSES Co Srror_or . B .
o7 - meWC)Lﬁﬂg' 4 simple circuit te carry thru
e - . 7 computation by countabls bit.
g s FOVW=C % BLNA;E
e i S e
e ¥
% = I For Nex
aflptyl - Gty - h W oarans
Tare Puses

A pertion of a nom-
ogram prepared for
nomographic-elsctron-
ie (NOEL) countable-
bit computatione
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It will be seen right away that masny problems
- arise in implemertingthe sbove scheme. We have
referred glibly %o the transformetion of film
menory of countable bits into a pulse patbern re-
ceivable by the arithmetic element. This requires
a form of scanning or reading, introducing a wide
variety of mechanical and electronic problems.

For this pattern to be "read", the bit pattern
has to be transformed inte a pattern of pulses as
described sbove on which the arithmetic element
can work. For this purpose various types of read-
ing devioces can easily be imagined and some have
been developed. In Figures 3 - € it will be easy
tc see that in some cases the memory is fixed and
a system cf mechanical-optical scanning is employ-
od. In others, optical elements remailn fixed and
the memory moves so as to bring raster after ras-
ter of bits inte contact with the cptical elements
which, in turn, bring their images %tc the photo-
electric cells., It is even possible to concelve
of reading devices in which there are no mechan-
iesl optical moving parts, for instance, that a
cathode~ray-tuce moving electron bsam could read
this memory pattern and register it on photoeleoc-
tric tubes to yleld the desired pulse pattern
used by the arithmetic slement.

SCHEMATIC

COMPONENT ARRANGEMENT

SOLID AREAS  INDICATE
BEARINGS

RING GEAR

PLANET GEAR
SET

S
/7Y S S _TRANSLATING  IMAGE
!ty s 7
| SCANNING HEAD
£ DOVE PRISM HOLDER AND
MOUNT

Fizure 3 Eaz.

This shows a fixed-memory, mov-
ing-optics type of bit-memory
reader, Details of the light
path appear in Figurs 3 (b).

PLANET GEAR

THE JOURNAL OF ENGINEERING GRAPHICS

Fieure 3 (b)a

Hough schematics of optical
path of light in the flxed-
memory, moving-optics reader
shown in Figure 3 (a).

ILLUMINATING  LENS

ILLUMINATING  PRISM

SCANMING  PRISM

ROTATING LENS

SLISHTLY  DIFFUSING
PLEXIBLAS CONICAL

REFLECTORS
DOVE  PRISM
FIXED LENS
IMAGE
SGHEMATIC OF OPTICS
e XD

5%i11 other helpful simplifications can be

broadly envisaged. Let us imegine the bit pat-
tern replaced by an identical pattern of tiny
charged ferrite cells, one for every bhit. Im-
agine that each column of cells can bs unluaded
in seguence to s "delay” column, which changes
each eleatric pulse tc a mechenical disturbance
passing down the column, then reveriting in turn
to an electric pulse at the end of the colum.
The letter is conveyed to the top of the colum
by a clesed circuit, so that the pattern runs

. repeatedly thru the cycle--a device in recent ex-

tensive use., If we conceive that all the columns
can be mede to do this at a uniform rete, we have
the picture of the memery pattern moving repeat-
ediy down the delay lines, instead of around on
a film. Counting and erithmetic can be done as
before, and here we have achieved the desirsd end
of "no moving parts" for reading the bit memory.
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Figure 4.

Film is held in film-holder 3
in this fixed=optics, moving-
memory type of reader.

I, CASING 8. PHOTODIODE HOLDER
2. ROTATING DISK 3. PHOTODIODE

3 FILM HOLDER 0. LENS Lp

4. LIGHT SOURCE HOUSING \, | pvc yoi pER

5. LIGHT SOURCE 12, ARM

6. LENS L, /3. BEARINGS

7. GUIDE _

20

Fiﬁure 5.

Schematic of the elements of a
disc-memory reading system. The
optics are fixed and the disc
turns, carrying the bit-pattern
of the memory.

FILM DISC SCANNING SYSTEM

=

oy

.o -
f’/,(//x’z — T — l:/ FITTTIITITL 7.'17?_1{?

v ’
}:;/k\\ AT T P T T IOV AL AR A

Fiaure 6.

Bit pattern generated on a ro-
tating dise, 400 bit/inch densi=-
ty, on a 3" radius, enlarged 16
times .
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Limiting ourselves to photographic memory, be-
fore such pulses can be read they must have been
written inte the memory, that is, they must have
been inscribed by the thousands and with complste
acouracy. The solution developed et the Engin-
eering Projects laboratory at M.I.T. required that
bits should never appear in the memory exocept up~
on certain evenly spaced rulings called rasters.
In & given columa of bits it then becomss the
question whether or not, on the cumulative count-
ing of these bits, one should or should not be in-
serted in order that the cumulative count of that

varigble should be in sufficiently close step with

the cumuletive count of the other variables in
their respective columns. There can slsc be no
escape from the conclusien that the value or in-
trinsic worth of a bit may well have to changs
from time Lo time as progress occurs up a column
of bits representing a non-uniform funotion. The
signalling required to do this is fairly extensive
but doss not pose any problems beycend those of ba-
sic electronic circuitry.

A lew, or algeritlm, for determing whether or
not & bit should be written in for a given raster
for proper representation of the function is now
assumed to have been worked out, leaving the ques-
tion of how a bit is "written” once -the commsnd
is piven to draw it. One way is to use the oscile
loscope output of the IBM 7084 which computed the
yes=or-nc decision for the bit in the first place.
A subroubine can be prepered and called inte play
for each bit to be writbten. This subroutine soin-
tillates & dot pabtbtern, Figure 7, over the desired
bit area.

Figure Te

Bit-patterns generated by scin-
tillabtion technigues as a URT
output of the 7094. A subrou-
tine of the scinbtillatlons es-
tablishes the bit whenever the
bit-or-no-bit 7084 program calls
for one. X~20
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A second type of writing technique employs an
enlarged raster pattern of bits, {that is, a line
of bits perpendicular to the column direction}.
Each bit "window" is the end of a chamber contain-
ing a well diffused strobotac flash tube of one
miorosecond durstion. Thess are then "fired"
from the same IBM 7094 tape cutput that would have
besn used to "write" the bits by oscilloseope.
sointillation. The.large raster is then photo-
graphed into a small rester in a radial position
on a steadily roteting disc. Figure € ghows an
enlarged pattern of these at 400 bits per inch on
& three inch radius.

Changing the memory is all that is required to
adapt the computer to any other equation for which
a memory has been prepared--es matter of microse-
conds. The same arithmetic element will be used
in all cases, expressing each time Tthe linear re-
lationship in terms of the "red" varisbles as pre-
viouglydescribed. The hoped~for solution~times
previcusly referred to indicate that fast or slow
cheap control can be had by this device. One im-
agines that all of the processes in a glven plant
could perhaps be conbtrolled by a single central
unit of this nature,

Use in connestion with differential equations
has been mentioned and can perhaps best be illus~
trated by showing first how nomography can be used
in the normal wey to help solve such a problem:

We employ a technique by Professors Morita and
Simckewa, Kenazawse University, Japan which itil-
izes a well~lmown Runge-Kutta serlies development
of fourth order accuracy in such a way thet nomo-
graphic techniques are effective. Briefly, a sow
lution is developed for an ordinary differential
eguation

g(x.‘:ysy‘) = 0 (l:

from point (x,, y,) to point (xn+1€ yﬁ%l)’ in which

Xpel = 5B _ (2)

by = Yoo (1/8)(k+ 2K 4 2k k) (3)
whore

kl = h'f(InsYn)

k, = hef(x, +(3/2)b,y 4 (1/2)k,)
ky = heo(xpt (1200, 5,4 (1/2)k,)  (4)

hef(x & b,y + k:s)

=
il

and where the original relationship g(x,y,y') is
also soluble in the form

¥ o= Plx,y)
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The latter restriction upon form will be found
not to be binding in the nomogrephic case we uge,
Equation (1) must be able to be put inte canon-
icel nomographic form or else a series of such
forms. As a matter of practice, differential
equations tend to have a reletively simple aspect,
which, while they may be very hard to wring for-
mal solutions from, nevertheless frequently in-
geed can be put into the required nomographic

orm.

Bxample; Figure 8
& (B)
_yt y‘
Boe 4+ (x - y)e = 10x
& nomogrephic form of this equabtion is:
x/s0  y/so eV S0 | € (6)
g(x,y,y') B0 & G« oY /10| =0
1 1 1

Where G is the width of the chart and yielding
parametric equatiocns

= x/503 Y=0 for the x—stoale‘_(’?)
- y/50; Y= G for the y-scale
- o~V f0; ¥Y.G eV /10 for the y'-socale

Figure 8 shows the old-fashioned use of the chart
for the followlng values, with answers, as requir-
ed by the formulas (4}, in extending a solution
from x = 1.5, y = 2,0 by steps of h = (.5,

X =« 1.5; Y& 2.0; ' = f =

X = 1.540.25 = 1,75; ¥y = 2.4 0.2775 = 2.278
X = 1,75; ¥ = 2.245;

X = 2,03 ¥ = 2.480;

Yoy1 = yn'l' 1/6 (0,554 0.98+ 0498+ 0,430) = 2.49

1.5:C4 o 5.0_"_
x jo 1 | y T
4.5 151
[ 3% 2 J
1 4o 40t
0-3 = m ¥
1 50C 1+ (X~-Y2C 1=[0X 5
135 0. . 3.5‘.___
0.5 1
130 o 3.0
! O ;
r 0.1 1
1 2.5 0‘1' ¢ part #4) 2.5 e
2 (part ¥ 2) >
J 2o % o cPart#3/ 20L-

] XL cparc#® 1)
3 A 151
- \. * E
AN 6 1

A IN

1, h .01
T"° My T oo i
LN B

1os Vb, N 051
1o ot

Figure 8.

Home-mads nomogram for the soluw

tion of the differential equation
shown, using Runge-Kutta develop-
ments.

2Ky = 1.11; ky = 0.55

2Ky = 0.98; kp 20.49

k".
5..0490

k = 0.430
4 =

The nomegram of Figure 8 is, of course, never re-
produced in the form shown but is presented only
in permanent memocry form as columns of countable
bits.

SPRING 1964



Emele 2_ . [T R P PP TP PSPPI TN e

A second ordinary differential equation
yf+ y:ex - eX¥ = 0 is shown in Figure 92, together DIFFERENTIAL EQUATION: ¥'4 ¥ eX - gX = 0
with its cenonical form and the nomogram expres-
sing this equation. A solution also appears,
practically identical with a classical solution,
though separated in the drawing.

INITIAL CONDITIONS: x =0 y =2

- X
ANALTTICAL SOLUTTON: ym 14 o 1 = %)

Example 3. X Y Y ERROR
. . (NOMO) (ANALYT)
-Figures 10a and 10b. A non-linesr differen-

tial squation y' + xya = x with its nomogram and 0.00 2,0000 20000 0 .0000
golubion shown. The nomographic, Runge-Kutta so- el 1.900 1.9001 0.0000
lution cannot be distinguished from the classi- 0.0 1,8008 1.8013 0,.0004
cal solution even though an increment as large G.EC 1.7037 1.7047 00010
ag x = 0.1 was used. Under an Euler method, modw- 0.40 1.6109 1.6115 0.0006
ified Euler method, or Runge~Kutta tschnigues, 0.50 1.5221 1.65227 0 .0008
the nomographic s%lution differs from the class- 0.60 1.4376 1.4395 0.0019
ical by about 1077, 0.70 1.3607 1.3628 0.0021

It is worth mentioning that many problems of 0.80 1.2915 1.2936 0.0021
the required circultry can be simplified by us- 0,90 11,2302 1.2323 0.0021
ing the projective geometry or central projection 1.00 1.1773 1.1794 0.0021
(a modern graphical subject,) since this gives a 1.10 1.1527 1.1348 0.0021
nomogrem great flexibility in shape and hence 1:20 1.0960 1.0982 3.0022
flexibllity in tThe nature end needs of the var- 1,30 1.0868 1.0693 0.0027
icus columns of countable blts. ‘ 1.40 1,0450 1.0471 0,0021

The examples have shown non-linear ordinary 1.50 1.0298 1.,0308 0.0012
differential equations of the first degree and
order, but those of higher degree or order can be e

represented by systems of equations whose members
are all of first order.

The case of psrtial differential equations, as
well as systems of them, is much more difficult
but shows promise. Here is the point where the
teaming of such a fast, special-purpose computer
with a fast general-purpose computer of relatively
small memory could be especially helpful. Many
forms of attack on this problem along nomographic
lines are currently under investigation because
of its importance in modern technologya

Fiﬁure Fa

An ordinary differential aquation
and its solution by nomographic
techniques based upen Runge-Kubtta
developmenbs «
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Figure 10 {a)

A home-made nomogram for the non-
linear ordinary differential equea-
ticn shown.

In resume, we view the nomographio technigue as
an organization of a compubation conducive to a
correlation of the old varlables with new ones,
The new wvariables satisfy a linear relation.

This ocan be deone for o large class of eguations,
making it worthwhile to put the correlation in

a countable bit form and have the linear relation
worked out by circuitry.

Computation and writing of the thousands of bits
in memory can be dene very quickly by IBM 7094
with oscilloscope oubput, and other methods.

Reading can be dene in a variety of optical-me-~
chanical and other ways.

Speed and cheapness are the reward.

This article draws in part from portions of mat-

‘grial presented in such scurces as Enginesring

Graphics Seminar, Princeton University, Depart-
ment of CGraphics and Engineering Drawing, "Count-
able-Bit, Nomographic Electronic Computation",
February 11, 1983 and "Workshop on Compuber Or-
ganization", Bdited by Alan 4. Barnum and Mor-
rig A. Koapp, Sperten Books, Inc., Washington,
D.C,, 1963, pgs. 1-65.

5

c=9

C =0.000

\TE

N q|+ xgiz =X

0.6 1

Fizurs 10 (b). T

Solubtions tec the non=linsar or- I

dinary differsntial equation in Gz
Figure 10 (a). The classical "_‘,,,zf’
and nomographlc sclution curves ]

cannot be distinguished in the
region shown, T

24
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Solution to the Winter *63 Tantalizer

Professor Wm. Chalk of the University of Washing-
ton gives the feollowing scolution; he says he us-

ed an overlay bechnigue which he uses in sclving ﬂ/
linkage problemss

/

o

QVERLAY

I ,,.»-w-----u_‘\\

..*\H — ]
[

— o

COURSE ' -

DWG NO. V

UNIVERSITY of WASHINGTON—SEATTLE, WASH.

DR BY W5 CHALK CK BY SCALE

{
ez

DATE 2-\3-L 4
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HIGELIGHTS OF THE MID-WINTER MEETING

T R e T S R R bl

Bdsel J. Burkhart in his talk on "Graphics as
Viewed by a Consulting Engineer":

Inspire the student to visualize the problems
in a manner that will convey the solutlon to others

in a form whieh will reguire no further explanation.

Eob Lakue, Professor of Mechanical Engineering
,at Colorado State University, in his paper HSim-
ulete to Stimulate", said that: =

Graphical simulation of a system enables an in-
dividual to more easily recognize basic principles
that are involved in the system and to react sc as
to properly apply his knowledge of these fundamen-
tals to problems which arise during the design or
operation of the system.

Jo Hse Venema of the Ford Motor Co. in his talk on
"Engineering Communications™:

"Engineering Communicetions constitute a large part
of engineering effort in terms of manpower and mon-
ey, without contributing to the technical excellence
of the enginesring job. Still, the most brilliant
enginesring is followed by confusion, high cost and
errntic product performance if the engineering meg-
sags is not acourately conveyed to those who must
manufacture the product. These two opposing condi-
tions create, concurrently, a desire to reduce the
communications cost burden and a reluctance to take

action which could impeir the dissemination of infor-

Texas A & M University, January 1964

nation. This dilemma is most severe in large,
diverse industries where recipients of the in-
formation have varied technical background and
thus, diverse bases for jinterpretation - and
there is always interpretation,"

Brnest C, Schamehorn, Professor of Mechanical En-
gincering, West Virginia Institute of Technology,
presented a 32 page report on Engineering Graphios
Course Comtent.

Clarence B, Hall and William E, Lambert did some
graphic and mental gymnasties in their demonstra-
tions in duplicating a cube and biseeting an angle.

Error]- Pege 27, Fall Issus, 1963

Professor Arnold's reference in the footnote should
read "Graphic Aids in Bngineering Computation" by
Hoelscher, Arnold and Pierce published by Balt Pub-
lishers, 308 State Street, West Lafayette, Indiana.

(This was formerly published by MeGraw-Hill,)

Fipure this ocub}

U

Submitted By:
Robert Meir

U

The Cooper Union
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Report of the Wominabing Committee
ENGINEERING GRAPHICS DIVISION - ASEE
(Revised January 16, 1864)

The Nomiﬁating Comnittee of thé.Division of Engineering
Graphios of ASEE has selected the following slate of nominationus
for the offices indicated for 1964-65: (listed alphabetically)

Vice~Chairmen
Je 5. Dobrovolny = University of Illinois
Js Howard Porsch = Purdue University

Sscretary
Mary F, Blads = The Cooper Unlon

Frank M. Hrachevsky ~ Illinols Institute of Technology

Director - Bxecutive Committee (4 years, to f£ill the unexpired
Term of Ao ds Philby, elected in 1963)
Re &. Kliphardt - Northwestern University
R. B. Worsencroft - University of Wisconsin

Director = Executive Committes (5 years)
M, We Almfeldt = lows State University
€. Cs Perrymen - Texas Technologiocal College

Division Bditor (ASEE Journal) Respectfully submitted
As S. Palmeriee = University of Kansas Nomineting Committee:
Se M. Sleby - Princebon University Js S. Blackman
E. M, Griswold
Editer of Journal of Bagineering Graphics R, E. Lewis
E. D. Black = General Motors Institute I, Wladaver
K. E, Botkin - Purdue University Je 8. Rising, Chairman

INTERESTING READING

for your spring vacation reeding sdventures, here are three titles which will
lead you to new ideas and pleasures:

"ove and Joy About Letters" by Bexn Shahn
Grossman Publications, 1983 (about letters and lettering).

"Logic Mechines and Diagrams" by Martin Gardner
McGraw-Hill, 1958.

"The Inventor and Eis World" by H, Stafford Hetfield,
Pglican Press - Pirst published 1933, and reprined continuously,

GraEhics Tentalizer

TS y— T TSR TT R Y
A problem from Polya:
Find the triangle, given the lengths of three altitudes.

THE JOURNAL OF ENGINEERING GRAPHICS
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At Arizona State University, in the Division
of Industrial Design and Technology, there is a
Technical Design - four year college curriculum.
At present there are 50 students majoring in this
progrem and about 200 students are taking at lesst
one Technical Degign course.
Kaufman, who hes fostered this program since its

CURRIC?EQM IN TECHNICAL DESIGN

Professor Lucile B.

inception 14 years ago is presently in charge of

it.

She reports that one of the most important

features is thet students now have the experience

tured and put to use.
sequence. )

of designing a product and then having it manufac-
(This is the TD 450 and 451
The curriculum outline is presented

here for Bngineering Graphics readers.

GENERAL EDUCATION Hrs.) In | Grade [ TECHNICAL DESIGHN Hrs.: In ;Grac
REQUIREMENTS (40 Sem. Hrs.) iCr. [Pro {REQUIRED) Cr. | Prog
COMMUNICATIONS 6 Sem. Hrs. #TD 111  Tech., Drawing 2
1-EN 101 English 3 TD 112 Descrip., Geom. 2
1 1-EN 102 English 3 TD 121 Prod. Language 2
TD 200 Machine Drafting 2
HUMANITIES 8 Sem. Hrs. {(Upper Division) TD 302 Tech. Drawing 3
TD 303 Descrip. Geom, 3
T 305 Precision Design 2
Th 310 Product Design 3
E_ TD 315 Materials ] 3
] TD 330 Electro-Mech. Design {2
SOCIAL SCIENCES 8 Sem. Hrs. | TD 340 _Fluids 3
GB 101 Intro, to Business |3 TD 350 Design Lab 3
| TD 402 Structural Degail 2
! TD 406 Mech. Design 4
ID 407 Mech., Design &
SCIENCES 35 Sem. Hvs, TD 408 lomographics 2
Group 1 (Physical Science) TD 450 Experimental Tech. 1
#L-CH 111 or 1i3 FElem, Chemnm. 4 TD 451 Experimental Tech. 1
*1-CH 114 General Chemistry 4 .
: | REQUIRED SUPPORTIHG FIELD
Group 3 (Mathematics) b #ME 102 Eng. Prob, Analysis |2
#A 116 or 117 Algebra i 3 ME 230 Mats., & Ind. Proc. 2
1-MA 120 Analvt, Geom, & Cal. |4
HEALTH ANDARJUSTMENT 1 Sem. Hr. 1-¥A 121 Analvt., Geom, & Cal, |4
PE 101 10.5] TE 200 Elec. & Eiectronics |3
PE 102 1051 TE 330 Transistors 3
E KE 320 Metallurgy 3
GENERAL EDUCATION ELECTIVES ™ 366 Ind. Inspection 3
#1-PH 111 General Physics [
*MA 118 Trigonometry 3 |
*ES 400 Tech. Cormunications 3! © SUGGESTED ELECTIVES
: 7D 160 Tech. Illustration 2
GRAND TOTAL GENERAL EDUCATION TD 250 Tech, Illustration 2
™ 370 Tool Design 2
AIR OR MILITARY SCIENCE (6 Sem. Hrs.) TD 371 Tool Desion 2
TD 380 Aero, Draw. & Design |2
TE 340 Elect, Measurements |3
MF, 280 Appl. Thermodypamics |3
AME 102 Eng, Problems 2 . GL 311 Engineering Geology |3
CE 241 Surveving 3
Minimum of 120 hrs, for graduation (exclu- GE 211 Elem. Cartography
sive of Military) & Graphics 2
GB 301 Mech. Data Proc. 3
#“Denotes required in Technological Core (ME GB 302 Electronic Data Proc.}l
102 replaced IA 109 for Techniczl Design). GB 305 Businesg Law 3
AC 332 Acct, for Engt. 4
MG 301 Prin, of Management |3
IE 439g Supervis. & Labor 2
IE 322 Work Anal. & Design 3

Qther ;ndustrial Design & Tech. courses

28
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DIVISION OF

Arizona State University

TECHNICAL DESIGN

Suggested Pattern

FRESHMAN

INDUSTRIAL DESIGN AND TECHNOLOGY

1963-65

Catalog

First Semester Hrs. Second Semester Hrs,
1-EN 101 First Year English 3 1-EN 102 First Year English 3
1-MA 117 College Algebra 3 1-MA 118 Trigononetry 3
i-CH 113 General Chenmistry 4 1-CH 114 General Chemistry 4
D 111 Technical Drawing 2 ™ 112 Descriptive Geometry 2
3-G8 101 Intro, to Business 3 D0 121 Production Language 2
1-PE 101 Freshman Physical Educ. 0.5 1-pE 102 Freshman Physical Educ. 0.5
1-A8/MS 101 Basic Aixr/Mil. Science 0.5 1-AS/MS 102 Basic Air/Mil, Science L5
or 1,5 or 0.5
16 oxr 17 15 or 16
SOPHOMORE
1-MA 120 Analytic Geom. & Calculus 4 1-MA 121 Analytic Geom. & Calculus &
1-PH 111 General Physics & ME 230 Materials and Iud. Proc. 2
ME 102 Engineering Prob. Analysis 2 TD 303 Descriptive Geometry 3
D 200 Machine Drafting 2 TE 200 Elect, & Electronics 3
TD 302 Technical Drawing 3 Approved Elective 3
1-AS/MS Aixr/Mil, Science 1.5 1-~AS/MS Air/Mil, Science 0.5
16.5 or _1.5
15.5 or 16.5
JUNIOR
TD 310 Product Design 3 ™ 315 Materials 3
TD 305 recision Design 2 KE 320 Metallurgy 3
TE 330 Transistors 3 TD 340 Fluids 3
™ 330 Electro-Mech, Design 2 ™ 366 Industrial Inspection 3
1-PY 100 Psychology 3 ME 300 Man and Machinpe 2
Approved Elective 3 ™D 350 Design Laboratory 3
16 17
SENIOR
TD 406 Mechanical Design 4 TD 407 Mechanical Design 4
TD 408 Nomographics 2 ES 400 Technical Communications K]
TD 450 Exzperimental Techniques 1 TD 402 Structural Detailing 2
1-HU Humanities (Upper Divigion) 4 D 451 Experimental Technique I
Approved Electives 5 1-HU Humanities (Upper Division) &
16 Approved Elective 2
16
SUGGESTED ELECTIVES
D 160 Technical Illustration 2 GE 211 Elem. Cart, & Graphics 2
™D 260 Technical Illustration 2 GB 301 Mech, Pata Processing 3
TD 370 Tool Design 2 GB 302 Electronic Data Processing 3
D 371 Tool Design 2 GB 305 Business Law 3
TD 380 Aero, Drawing & Design 2 AC 322 Accounting for Engr. 4
TE 340 Elect. Measurements 3 MG 301 Principles of Management 3
ME 280 Applied Thermodynamics 3 IE 4393  Supervision and Labor 2
GL 311 Engineering Geology 3 IE 322 Work Analysis and Design 3
CE 241 Suxveylng 3

Other Industrial Design & Technology

courses.

THE JOURNAL OF ENGINEERING GRAPHICS
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{ILLUSTRATION HALF SIZE)

This instrument consists of eleven points so
adjusted that they divide their variable setting
into ten or less equal parts. It can also be used
inversely to give multiples up to ten and in
graphic solution of ratios. Adjustable distance
between points on the 6 Inch Instrument is min-
imum #s”, maximum %" and on the 12 Inch
minimum %", maximum 134",

Cataleg on Request Covering:

Drawing Instruments
Protractors

Rolling Parallel Rules
11 Pt. Spacing Dividers

Drafting Scales
$.5. Straightedges
$.5. T-Squares
5.5, Triangles

Circular and Linear Engraving

for the

DRAFTING ROOM~PATTERN LOFT—LAYOUT TABLE

THECG. ALTENEDER & SONS
Makers of Fine Instruments Since 1850

1217 Spring Garden Street Philadetphia 23, Pa.
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nes & Noble/

l Engineering Descriptive
Geometry

78 Examples with Complete Solutions, 139 Problems including
Answers or Suggestions. Diagrams Drawn to Scale on Cross-
Section Paper.

by Steve M, Slaby. “The style is simple and uncomplica-
ted. Itis geared to the needs of the average college student
and is well organized. Drawings are unusually clear, unclut-
tered, and admirable in every way. . . .It would make a wel-
come addition to the shelves of the high school teacher of
solid geometry.”’ ~Mathematics Teacher

*Presenting the basic principles of descriptive geometry
in clear, annotated pictorial representations followed by
graphic examples.’’-=Science News L etter

Paperback $2.25

2 Engineering Drawing

Basic Principles and Rules with Probiems & Tables

ASA Stondard Drawings & Drafting Room Practice

by Lombardo, [oknson, Short and Lombardo. ““The purpose
of this text is to provide a comprehensive, practical guide
that will aid the student to master the essentials of engi-
neering drawing, The text is designed to introduce him to
develop working skill and efficiency.””-Design News

““Should prove useful not only to the student, but also to
the engineer wishing to refresh his memory on a particular
point.’’--Engineering lournal

Paperback $2.50

..12 Technical Writing

A Guide to Manuals, Reports, Proposals, Articles,

ete,, in Industry & the Government

by Richard W. Smith. Written for the embryo technical writ-
er with heavy emphasis placed on the industrial aspects
of the subject giving broad application to the engineering
field. It includes -- useful chapters on *“The Mechanics of
the Trade,”” a comprehensive bibliography; an appendix
entitled ““Are You Ready to Write” offering review exam-
ination that covers basic grammar rules and skill in ex-
pository writing, with answers and explanations.

“It’s an excellent summary of the whole field, which in-
cludes many areas of technical writing that most books neg-
lect.”’--James Stokley, Michigan State University

Cloth $3.50; Paperback $1.25

%Thinking With a Pencil

With 692 lllustrations Showing Easy Ways to Make and Use
Drawings in Your Work and in Your Hobbies

by Henning Nelms. This work begins with drawings which
are so simple that they require no skill at all. Each chap-
ter prepares the reader for the next and at the same time
provides an effortless review of the material already stud-
ted. The reader learns to draw by making drawings that he
can use. The formal practice required by other approaches
todrawing is almost entirely eliminated.

“In my opinion your book would definitely be a valuable
addition to any engineering student’s library. Any medium
whichhelps an engineer to convey his ideas to another per-
son is without question a vital and necessary part of an
engineer’s education.”” -Steve M, Slaby, Princeton

University Cloth $4.95; Paperback $1.95

Free examinafion copies of paperbacks are available fo instructors

Barnes & NObZQ, Inc. 105 Fifth Avenve, New York 3, N.Y.



Just PublishedD'00000..0D...GO'OO.D..O'00.'.‘...0..0..0...‘.00'.0..0...‘.0..

GRAPHICS:
ANALYSH

ROBERT H. HAMMOND, United States Miliiary Academy
CARSON P. BUCK, Syracuse University
WILLIAM B. ROGERS, United States Military Academy
GERALD W, WALSH, Jr., Jefferson Community College
HUGH P. ACKERT, University of Notre Dame

THIS CLASS-TESTED TEXT BOOK reflects the growing need for a broad
comprehension of graphics as a powerful tool in the design process. Its prime
purpose is to provide the student with a complete understanding of the role the
graphic language plays in the conception, analysis, and communication of ideas.
At the same time, the book presents sufficient material to enable the student to
understand basic production drawings and to provide the background for the
understanding of more complex drawings.

Emphasis is on the theory of pro;ectlon and on analysis rather than on the
techniques and skills required in preparing a production drawing. The develop-
ment of skill is emphasized as it affects the concepts of accuracy in the use of
graphics for analysis. Spatial relationships required for the analysis of three-
dimensional problems are presented so that the student can develop his own solu-
tion for any particular problem. Numerous step-by-step illustrations supplement
the text, and no concept is applied until its theory has been developed for the
general case.

A wide range of student problems offer abundant exercises in both repre-
sentation and analysis. 1964. 502 pp., illus.

ments. Graphical Mathematies: Graphs
and Diagrams. Graphical Arithmetic and
Algebra. Graphical Calculus. Nomo-

CONTENTS: Introduction. Equipment
and Techniques: Drawing with Instru-
ments. Skefching. Lettering. Projection

Drawing: Projection Theory. Ortho-
graphic View Construction. Conventions
in Drawing. Pictorial Representation. Spa-
tial Analysis: Basic Spatial Relations.
Angular Spatial Relations. Special Prob-
lems Involving Spatial Relations. Vector
Geometry. Intersections and Develop-

The Ronald Press Company........

graphs—Graphic Analog Computers.
Empirical Equations. Applications: Draw-

ings for Design and Production. Addi-

tional Applications. Appendices:
Mathematical tables; boit and nut sizes;
tables of screw, washer, key, and taper
pin sizes.

........................... 15 East 26tk Street /NewYork, NY.
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BRADDOCK

Style “A"

5"-60
6"-60
77-60
- 8"-60
9760
47-45
5"-45
6"-45
77-45
g~-as

&"-45 Brd.-Rowe
87-45 Style “C”

These combination lettering guides and tri-
angles make it easy and simple to draw ac.
curately spaced guide lines for lettering uni-
formly spaced parallel lines and systematic
dimensioning.

87-45 Style “B” Brd.-Rowe

Style “B”
57-60
5"-60
7°-60
8"-60
960
a".45
5"-45
6"-45
7°-45
8745

&"-45 Brd.-Rowe

Lettering Device

CLEAR - TRANSPARENT - FLAT - NON-INFLAMMABLE - DIMENSIONNALLY STABLE

FOR FRESHMAN ENGINEERING STUDENTS and PROFESSIONAL DRAFTSMEN & DESIGNERS

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH 18, PA.




ENGINEERING GRAPHICS

"The magazine Of Engineering Communication" BExitends
a cordial invitaticn to authors
to submit articles for publication

ENGINEERING GRAPHICS is a comprehensive publication with a unique aim:
to report trends, developments, and applications of the communication
lines of general sngineering--the measursment, computation, design,
drafting and reproduction technologies on which the modern economy in-
creasingly depends.

It has a monthly circulation of over 67,000, A cross section includes
engineering professors and professional enginesrs; registered architects
and industrial desipgners; draftsmen and reproduction engineers; sur-
veyors and bechnicians; and students of engineering and technology.

The edltors of BENGINEERING GRAPHICS would be pleased te receive and
review fsature-length technical papers on practical applications of
engineering techniques; articles on instructional devices and training
methodology; and "how-to-do=it" and "reason-why" stories that would be
of timely and pertinent interest to practitioners and trainees in the
above categories.

Articlss should be between 900 and 1500 words in length, illustrated by
appropriate photographs or drawings wherever possible. Outlines eof
proposed stories, submitted for approval, will alsc be welcome.

Authors will be paid at our regular rates upon publication.

Manuscripts should be submitted in duplicate-~original and carbon copy--
double~space typed on standard 81/% x 11" sheets, together with a self-
addressed envelope. All submittals, oublines and inquiries will be
acknowledged.

Send material to: The Editor
ENGINEERING GRAPHICS
25 West 46th Street
MNew York, N.Y. 10036



GRAPHIC AIDS IN ENGINEERING COMPUTATION 1983 printing

by R. P. Hoslscher, J. N. Arnold, 5. H. Pierce FPublished 1952
Price $5.75
This well-known text of 197 pages, 6" X 8", in hard covers, deals with align-
ment charts, empirical equations, the design of gpecial slide rules, and the
use of the standard slide rule, Exanoples are numerous, and there are prob-
lems at the end of each chapter,

The seven chapters are: (1) Standard Slide Rules, (2) Empirical Equations
from Engineering Data, (3) Allgnment Charts, (4) Graphical Calculus,

(5} Alignment Charts with Determinants, (6) Specizl Slide Ruleg, {7) Movable-
scale Nomographs,

Formerly available from MeGraw-Hill; now a Balt book.

SLIDE RULE PROBLEMS AMD SOLUTIONS

Puablished 1952,
by J. N. Arnold

Price $1,75

44 lists of problems, on perforated pages, §' X 9", along with 70 pages of
descriptions of slide rule operations and numerical answers for the more
than 500 preblems; operaticns are varied to fit a number of the popular
makes of loglog slide rules,

Designed for individual study, group self-instruction, or class use.
‘Principal problem groups are; Division and Multiplication, Simple Powers
and Roots, Trigenometry, Logarithme and Powers in General.

DESCRIPTIVE GEOMETRY PROBLEMS

Published 1862,
by 5. B. Elrod, €. H. Zacher, H. F. Gerdem

Price $3. 50

128 problem sheets, 8-1/2" X 11", on good quality paper, perforated and
bound into a book.

Appropriate for an extensive course of 80-100 lab hours, Content includes:
bagic orthographic projection, fundamental spatial relationships of elements;
applications of descriptive geometry tc design and manufacture, There is
extengive coverage of intersections and developments, including ruled sur-
faces; also, axonomelric and perspective projection are treated.

DESCRIPTIVE GEOMETRY WORK SHEETS Revised edition, 1957,
hy J. H. Porsch, S, B. Elrod, R. H. Hammend Frice $3.00

56 problem sheets, 8-1/2" X 11", on good quality paper, perforated and
bound into a book,

Designed for a brief course of 35-40 lab hours, Covers basic spatial re-
lationships of points, lines, and planes; includes typical problems on inter-
section of surfaces, Third angle projection.

WORKSHEETS FOR INTRODUCTORY GRAPHICS - FORM A Published 1958,

by J. N. Arncld, M. H. Bolds, $. B. Elrod, J. H, Porsch, R. P. Thompsen Price $4.00

One hundred sheets, mostly 8-1/2" X 11" with 2 few 11" X 17", on good
quality paper, perforated and bound into a book,

Principal topics are: Lettering, Geometry, Multiview Drawing, Plctorial
Drawing, Intersections, Developments, Contoured Surfaces, Functicpal
Design; also a few sheets each on Vectors, Graphical Calculus, Empirical
Equations, Representation of Data and Equations,

PROBLEMS IN ENGINEERING DRAWING - ABRIDGED Fourth edition, 1956,

by W. J. Luzadder, J. N. Arnold, ¥. H. Thompson Price $1.70

A brief set of 40 sheets, 8-1/2" X 11" page size, in an envelope.
Among the topics included: Lettering, Use of Instruments, Geometrical

Consgtructions, Freehand Sketching, Multiview Drawing, Auxiliary Views,
Sections, Detail Drawing,

Appropriate for a brief course, particularly for some groups of technical
Institute students who are not pointing toward drafting or design,

Examination coples of any of these are available upon request,

BALT PUBLISHERS
308 STATE STREET WEST LAFAYETTE, INDIANA,




VEMCO
Drafting Equipment of the Highest Quality
SYMBOL OF DEPENDABILITY, RELIABILITY
AND HONEST VALUE

Made in the United States of America




