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, Fitth Edition

By the late Frederick E. Giesecke, the late Alva Mitchell; revised by
Henry Cecil Spencer, on leave, the Tllinois Institute of Technology, and
Ivan Leroy Hill, the Illinois Institute of Technology

Since the original publication of the First Edition, TECHNICAL DRAW-
ING has been used by more than two and a half million students. In the
painstaking process of constant revision, the authors have sought and
achieved excellence: excellence in illustration and example; excellence in
definition and explanation; and excellence in the production of a book
which includes all of the basic graphics instruction needed by the engineer,
the scientist, or the draftsman.



In this Fifth Edition, the authors have thoroughly revised all material to
accord with the current ASA Y14 American Standard Drafting Manual,
including the latest American Standard on Dimensioning and Tolerancing
for Engineering Drawings. In addition, modern trends in engineering edu-
cation have been taken into account. Leading engineers and manufacturers,
mindful of the role of TECHNICAL DRAWING in the education of future
engineers and scientists, have helped the authors incorporate the most cur-
rent industrial thinking in this new edition. One example is the emphasis
placed upon decimal dimensioning in the illustrations and problems.
Technical sketching is also emphasized. Four entirely new chapters have
been included : Electronic Diagrams, Alignment Charts, Empirical Equa-
tions, and Graphical Mathematies.

A text that has become the classic, the Fifth Edition of TECHNICAL
DRAWING eontinues to uphold the standard of excellence set and main-
tained by the previous editions.

To accompany TECHNICAL RAWING
TECHNIGAL ORAWING PROBLEMS, Series |,Third Edition

By the late Frederick E. Giesecke, the late Alva Mitchell, and
Henry Cecil Spencer; revised by Henry Cecil Spencer

Available Spring, 1967

TECHNICAL DRAWING PROBLEMS, Series I, Second Ediion

By Henry Cecil Spencer
1961, 91 sheets, paper, $5.25

TECHNICAL DRAWING PROBLEMS, Series Hi

By Henry Cecil Spencer and Ivan Leroy Hill
1960, 80 sheets, paper, $4.50

Write to the faculty service desk for examination copies.

THE MACWULLAN GOMIPANY 866 Tnird Avenue, Kew York, B.Y. 10022
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Dear Sir,

Perhaps I'm a little slow, but T cannot see how
the solution you published for ""Can You Draw The
Righthand View" can be valid unless it is allowed
to be made from paper.

A solution which can be constructed from a
solid block is shown:

Carved from styrofoarn it looks a little like a
sugar scoop.

Thank you for publishing the very interesting
discussion of Desargue's Theorem.

Sincerely yours,

M. W. 5t. Clair
Instructor, Engineering
Foothill College

T.os Altos Hills
California

Editor's Note:

It is admitted that the previous sclution pub-
lished would of necessity be made up of infinitely
thin surfaces. Please turn to the File-to-File
column for Mr, M. W. $t. Clair's solution.

&

Dear Mr. Black:
Congratulations on your fine Publication,

In the last issue for the problem '"Can youDraw
the Right End," assuming the object to be solid, I
have enclosed my solution. I have also encloseds
skeich showing necessary changes in order to make
the solution correct as published in the November
(Frall) 1966 edition of the Journal of Engineering
Graphics.

Sincerely yours,

Frederick Halsall
Lecturer: Engineering
Drawing and Descriptive
Geometry

Saint Vincent College

&

Continued on Page 40

MEDFORD, MASS. -~ Based on the conviction
that engineering deséign is central to the practice
of engineering and therefore central to engineer-
ing education, Tufts University will offer a new
graduate program leading to the Master of Science
Degree in Engineering Design beginning in
September of 1867. Thig program is intended to
educate students for private practice as well as
industridl employment. Innovative and inventive
ability, the capability to evaluate desgign ideas, and
a working knowledge of the problems in implement-
ing a design will be stressed.

Courges of gtudy include: Numerical Methods,
Inventive Design, Experimental Design, Computer
Aided Design, Seminar in Product Design, Auto-
mation, Internship in Design, Advanced Kinematics,
Fractional Horsepower Electro- Mechanical Devices
Systems Design, and Design Thesis, Creative
ability will be stressed in courses in Inventive -
Design, Seminar in Product Desgign, and the Thesis,
Courses in Numerical Methods, Computer Aided
Design, Advanced Kinematics, and Systems Design
will strengthen analytical ability in the desired
direction. The courses in Internship in Designand
Experimental Design will strengthen the -student's
ability to develop his own relationships and data
to support a solution. The engineer as an entre-
preneur will be related to many of these courses,

Applicants for the program must have a back- |
ground in physics. mathematicsa, engineering
sciences, and a B.S. degree in an engineering field.

The program Wwill be given in the Department of
Engineering Graphics and Design under the Chair-
manship of Professor Percy H. Hill. The depart-
ment has recently constructed a Design Laboratory
which will enhance the program. The laboratory
consigfs of electronic and mechanical test equip-
ment, a prototype construction area, machine tool
area, conference room, graduate asgistant's office,
and.a drafting room, :

The American Institute of Steel Construction
has published & new drafting textbook for studenis,
engineers, and draftsmen on "Structural Steel
Detailing," Tt includes numerous design examples
and combines the previous Volumes 1 and 2 ofthe
three-volume text "Structural Shop Drafting." It
reflects many technological changes and advances
that have occurred in the structural steel fabri-
cating industry and illustrates current detailing
practices. The book is listed at $10,00 per copy
through the American Institute of Steel Construc-
tion, 101 Park Avenue, New York, New York

10017, %
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EDITORIAL

PAST ~-- PRESENT -- OR FUTURE

Knowledge is the cutting edge of progress. A
list of successful people who have had little or no
formalized education and those who have, tends to
indicate that it is the personal gualities of the
individual rather than the subjects taught or the
teachers who taught them which gives success to
individuals., An old saying goes that the life of
every man is a diary in which he means to write
one story, and writes another, Also, his humblest
hour comes when he compares the volume he has
wriiten with that he vowed to write.

The fact is that schools and colleges are sup-
ported by public and private funds because the
average individual does better under an organized
program of study, under regulated hours, and with
positive objectives and requirements in mind. The
time limit imposed stimulates the student to
greater intensity of learning effort. His learning
is longer lasting.

The greatest handicap in school learning is the
mass of gubject coverage which may become
obsolete before the student has had a chance to
use his knowledge in practical application on the
job, Any school or college time spent in study,
therefore, should be a short-cut to actual experi-
ence and should reduce the time table toward
success.

The successful teacher of engineering will show
interest and enthusiasm in not only the subjecthbut
also in the personal advancement of the individual
student. Engineering courses enthusiagtically
taught by competent teachers, will help produce
engineering graduates who are interested in becom-
ing practical design engineers, Instructional cov-
erage of one course gshould become integrated with
the coverage taught in related courses.

Creativity can be developed, students may be
stimulated, but student initiative must be encour-
aged with practical judgment rather than stifled
by routine methods. The student should develop
in ability to perform progressively difficult assign-
ments, accept increasing responsibility for his
own decisions, and exercige greater initiative in
logical use of basic principles.

Engineering graphics is not only a scientific
instrument of communication and solving problems,

but it serves to force the student fo integrate his
scientific knowledge in making practical applica-
tions while golving design problems. Proper
instruction in engineering graphics will stimulate
the student to improve in understanding, visuali-
zation, and in ability to think through problems to
a satisfactory solution. He will also improve in
ability to analyze, solve, and comrmunicate answers
to the variety of three-dimensional problems that
arise in the various fields of engineering.

There is a significant trend toward a versatil-
ity in applications of fundamental principles by
using "open-end'' problems in engineering design,
Descriptive geometry may well be used as an
analytical tool. The full utilization of vectors,
graphg, and organization diagrams also come into
use in many instances. As the foundation of graph-
ical science unfolds, it can be developed into a
cogent force for good in engineering education.

The vector principle is widely used in engineer-
ing. Students in engineering should acquire a
working knowledge in both the mathematical and
graphical approach to vectors. Vector analysis
may be classified as a branch of mathematics, but
the graphic approach is often preferred.

The technigque of good drafting must he taught
before advanced graphics and design can be taught
guccessfully. The very nature of advanced design
and graphics would indicate a need for a thorough
mastery of basic principles and accuracy.
Accuracy ig not an arbitrary luxury. It is a nec-
essity because of the nature of the usual design
problem. Elimination of errors is important not
only in making of a part but also because of the
effect an engineering mistake has on the customer.
Engineering graphics may well become the basic
guide to computer design and computer program-
ming. Only time will tell.




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 *e¢”, maximum %" and on the 12 Inch
minimum %", maximum 14",

No, 2960—6 INCH
{ILLUSTRATION HALF SIZE)

Catalog on Request Covering:

Drawing Instruments Drufting Sceles
Profractors §.5. Strolghtedges
Rolling Paralle! Rules §.8. T-Squares

i1 Pt Spucing DRividers §.5. Triangles

Circuler and Linear Engraving
for the

DRAFTING ROOM—PATTERN LOFT—LAYOUT TARLE

THECQ. ALTENEDER & SONS
Mal:ers of Fine Instruments Since 1850
1217 Spring Garden Street Philadelphia 23, PPa.




The basics of engineering drawing
in light of present day requirements

FUNDAMENTALS
OF ENGINEERING DRAWING,
Fifth Edition, 1965

WORKSHEETS

IN GRAPHIC SCIENGCE
AND

CREATIVE DESIGN

BASIC
GRAPHICS

by Warren J. Luzadder, Purdue University. Requiring rio
prerequisites, the Fifth Edition of this widely-adopted
text gives a still more comprehensive coverage of the
field, with particular emphasis on basic fundamentals.
It contains over 1,200 illustrations, many with surface
shading, and incorporates ASA and SAE standards and
practices. The following chapters have been written or
revised: Tool Design and Tool Drawing; Electronic Draw-
ings, Shop Processes and Shop Terms; Multiview Draw-
ing and Conventional Practices; Auxiliary Views and
Basic Descriptive Geometry. Includes a 48-page appen-
dix. 1965, 752 pages, $10.95

by Morris O, Silberberg and Sandor T. Halasz, beth of
The City College of the City University of New York. This
vinyl case-bound kit provides sufficient material for a full
course in graphic science or engineering drawing. The
instructor may select plates best fitting his program and
objectives, and omit others, without endangering the
continuity of presentation. The 95 worksheets are keyed
to seven of the most widely used texts in the field. Uni-
fied treatment of orthographic and isometric reading and
sketching exercises enables the student to view the
problem of space visualization as 2 whole and not as a
group of isolated spots. 1965, plates 8%” x 117, vinyl case,
11%2” by 16%4”, $7.95

also by Warren J. Luzadder. The fundamentals essential
to graphical solutions and communications. Each basic
concept is discussed clearly and in detail, anticipating
difficulties commonly encountered by students. Empha-
sis is on freehand drafting and pictorial sketching, and
there are over 1,100 illustrations. All material is in full
agreement with the ASA standards. 1962, 715 pages, 7%2”
x 107, $10.50

For approval copies, write: Box 903

Prentice-Hall, Englewocod Cliffs, N.J.




V-TRACK Drafting Machine with Chalkboard Adapter for
the Instructor. At the tables, Model 3300 Drafting Machine,
with either 16", 18" or 20" arms, special disc brake, and
automatic 15° indexing, for students.

—  Add VEMCQO American-made all steel In-
| struments, guaranteed without time limit
t ...compasses, dividers, ruling pens,
‘ | Il scales...for a completely equipped

| |I"| classroom in drafting technique. Gener-
ous discounts on school orders.

Write for catalogs on V-Track;
Model 3300; Instruments.

.
-
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PROMOTING GRADUATE ENGINEERING
EDUCATION

The first year of engineering education is not
too soon for promising students to be encouraged
to acquire sound fundamentals and appropriate
grades for admiseion to graduate engineering
education which is fast becoming a prerequisite
for optimum service to, and advancement in our
1.8, industrial and governmehnt organizations.
Those of us in the engineering orientation and
praphics program should make a real effort to
discover and motivate those students who will
really benefit from graduate engineering education.

Good performance in all academic areas is
certainly desirable for success in the graduate
school. Evenmore significant, however, is ouistand-
ing performance in our graphics oriented, intro-
ductory design projects which foster originality.

Our efforts in promoting graduate engineering
education should be extended and publicized, In
particular, major engineering depariment chair-
men should be introduced to, or supplied with the
names of those promising candidates who have
demonstrated special creative talents. Since
graduate school enrollment and development is a
prime concern of our degree granting departments,
this recruitment responsibility is one we mustnot
take lightly.

The basic science and mathematic departments
are hardly reticent about promoting their speciali-
ties to the cream of the freshman engineering
class. The opportunity and responsibility to
counter balance this influence of non-engineering
departments rests with us who must provide a
stimulating initial engineering experience to that
crop of eager freshmen.

Eugene G. Pare
Vice Chairman

hd

ENGINEERING GRAPHICS DIVISION
NOMINEES, 1967-1968

For Vice Chairman:

J. N. Arnold, Purdue University
E, D, Black, General Motors Instifute

For Secretary:

A. L. Hoag, Univergity of Washington
S. M. Slaby, Princeton University

For Editor of the Journal of Engineering Graphics:

B. L. Kreimer, Northeastern Univergity
II. W. Yankee, Worcester Polytechnic Institute

For Division Editor:

G. T. Pankratz, University of Toledo
C. G. Sanders, Iowa State University

For Director:

F. Oppenheimer, Gramercy Guild Group, Inc,
R. W. Reynolds, California State Polytechnic
College

Nominating Committee

A. L. Hoag
A, P. McDonald
M. McNeary
Irwin Wladaver
. B. L. Wellman, Chairman
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FIVE 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, Isometric,
Oblique, Dimensioning, Developments, Intersections, Screw Threads and
Studies of Points, Lines, and Planes.

100 Work Sheets, 8 1/2" X 11" $4.00

DRAFTING PROBLEM LAYOUTS

SERIES C, REVISED 1964

Work sheets covering Vertical and Inclined Lettering, Sketching, Use of
Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sectional And Conventions, Dimension,
ing, Screw Threads and Bolts, Isometric, Oblique , Perspective, Develop-
ments, Intersections, Working Drawings.

95 Work Sheets, 8§1/2" X 11" $4.00

LETTERING EXERCISES

A DIRECT METHOD - NEW AND INTERESTING

Vertical and Inclined Lettering with eight sheets of extra problems.
20 Work Sheets, 81/2" X I " $1.50

VERTICAL LETTERING EXERCISES

Vertical Lettering with instructions
6 Work Sheets, §1/2"™ X1 " $0.60

|

INCLINED LETTERING EXERCISES

Inclined Lettering with Instructions
6 Work Sheets, 81/2" X 1L " $0.60

o

e ——u—r

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 quantites of 25
LOUISIANA STATE UNIVERSITY or more of each layout.

Allow 90 days for order,
BATON ROUGE, LOUISIANA 70803




CARTESIAN COORDINATES
IN ENGINEERING DRAWING

by
Ed Wilks, Associate Professor

of Engineering Graphics
Georgia Institute of Technology
Atlanta, Georgia

Abstract

This paper develops a scheme for bringing
Cartesian coordinates directly into the views of
engineering drawing and descriptive geometry.
The three dimensional rectangular coordinate
system serves as a mathematical frame of refer-
ence for graphics. It brings the main body of
freshman graphics cleoser to mathematics and
ghould help studentg in both areas. A complete
coordinate notation system is developed inparaltel
with regular descriptive geomefiry notation.system
is developed in parallel with regular descriptive
geomelry noiation. Several applications are shown.

Three dimensional Cartesian coordinate sys-
terns are classified right hand or left hand accord-
ing to the directions selected for the posgitive
portions of the X, Y, and Z axes, A right{ hand
system should be uged in graphics to conform with
the current usage of right hand systems in mathe-
matics, physics, and mechanics. If the fingers of
the right hand point from the pogitive portion of
the X axis to the positive portion of the Y axis
while the thumb points in the positive direction of
the 7 axis the system is said to be right handed.

7
!
X Y v \\/ X
¢ O
X
z
Figure 1 Trihedrals

Isometric trihedrals for three of the most com-
monly used right hand systems are shown in
Tigure 1. Tn each of thege systems the Xand Y
axes are horizonial and the Z axis is vertical.
Since the three axes are concurrent and mutually
perpendicular, they may be considered to be
intersecting edges of a child's ABC block or any
other cube, The origin of coordinates (o) is at
one corner of such a cube and three of the cube
edges coincide with positive portions of the X, Y,
and 7 axes. Figure 2 shows cubes placed within
each of the coordinate trihedrals of Figure 1.

11

Y X
0
X Y
SYSTEM A SYSTEM 8 SYSTEM C
Figure 2 Cubes Within Trihedrals

Although each of the systems shown has certain
advantages in particular areas of graphics, it was
decided that a single coordinate system should be
used consigtently in freshman graphics. System A
was chosen; it will be used exclusively in this

paper,

The plane determined by the X and Y axes is
called the XY coordinate plane or simply the XY
plane. The plane of the X and Z axes in the X7
plane and the plane of the Y and Z axes is the YZ
plane, The three visible surfaces of the System A
cube of Figure 2 are in the coordinate planes.

The three mutually perpendicular coordinaie planes
are infinite in extent; they divide space intooctants.
The octant determined by the positive portions of
the three axes is the first octant. The other
octants are numbered in Figure 3 for reference.

Octants

Figure 3

A point in space may be located with respect
to an origin of coordinates by an ordered triple of
numbers in the sequence X, Y, Z. The coordinates
of a general point P (X, Y. Z ) are distances
from the coordinate pl hes? XII,) ig the digtance
from the YZ plane to the point; the distance is
measured in the direction of the X axis. Yyp and
7., repregent similar distances meagured in the
dﬁ‘ections of the Y and Z axes, The coordinates
Xp, Yp and Zp are particular values of the vari-
ables X, Y, and Z. Figure 4 shows several
examples of points located by coordinates. Poinis



M. N, and Q are in the 5th 2nd, and 4th octants
respeciively.

Figure 4

Point Locations by Coordinates

To develop a coordinate notation gystem
guitable for general use in graphics, we begin
with principal views. The object is in the first
octant. Figure 5 shows the coordinate trihedral
and the line of sight directions for the three regu-
lar principal views. In coordinate notation, the
lop view ig to be called the Z view becauge the
line of sight for the top view has the same direc-
tion and sense ag the Z axis. For similar reasons
the front view is to be called the Y view and the
right side view the X view. Figure 6 shows regu-
lar and coordinate notation for two arrangements
of principal views. The object is a hox three units
wide, four units deep, and iwo units high, Note
that in each view, one axig is shown as a point
directed into the paper; the view designating
letter in coordinate notation is the letter corpres-
ponding to that axis. In each group of three
related views, each of the axes shows ag a point
in one of the views. Figure 7 shows the location
of the coordinate planes with respect to the object

and with respect to the image planes, The equa-~
tions for the surfaces of the box are:

Front Face . . . .. .. .Y=7Y

Rear Face .Y = Y1+4

Top Face . VAR Z1

Bottom VAR Zl+2

Right Side X o= Xy

Left Side X = X1+3

The equations for the image planes are:

Frontal Image Plane . . . Y = .Y

i1
Horizontal ImagePlane . . Z = —le
Profile Image Plane , . , X = “Xy,q

LINE  OF SIGHT
FOR
TOP VIEW

(Z VIEW

Y
~
~ T
~
LINE OF SIGHT LINE  OF sigyT
FOR FOR
FRONT  VIEW RIGHT SIDE VIEW
Y VIEW) z (x view)
Figure 5 Lines of Sight for Principal Views
Tla
. Y Y
N
H
F
]
l: Z
ARRANGEMENT A
Y
-
H
F
X‘*] ’—Y
Z z T
[ (v
ARRANGEMENT B
Figure 6 Coordinate Notation for Principal Views
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RESEARCH -- PROGRAMMED INSTRUCTION
IN DESCRIPTIVE GEOMETRY

Texas A&M University

Charles R. Cozzens

Abstract

This report briefly summarizes a doctoral
study conducted at Texas A&M University during
the spring semester of 1964.

The study tested two self-instructional tech-
niques of presenting engineering descriptive
geometry. It was found that the self-scoring
technique was a more effective method of pre-
senting six.selected principles of descriptive
geometry., Futhermore, it was found that the stu-
dents participating in this study were accurate as
a group when scoring their assignments and

reporting these scores.

A third portion of this

study indicated that the self-instructional instru-
ments could be scored by four experienced graders
in less time than could the conventional device.

Introduction

The purpose of this pape}:"'c is to summarize
the findings of a doctoral study supervised by the
Industrial Fducation Department in cooperation
with the Engineering Graphics Department at
Texas A&M University.

The study -~ prompted in part by the ASEE
Comittee on Programmed Ingtruction {1:117-123)
and a doctoral digsertation by Professor J. H,
Earle (2:101}) of the Engineering Graphics Depart-
ment at Texas A&M -- was degigned to festa
self-insiructional technigue which would allow
students to complete basic preparatory assign-
ments outside class, This process would then
allow more class time for the inculcatiion to new
ideas and graphical concepts as recommended by
Wellman (4:32).

The Purposes of the Study

The study was intended: (1) to compare experi-
mentally the effectiveness ofintroducing sixprin-
ciples of descriptive geometry with and without
self-scoring as an immediate reinforcement to
learning, (2) to determine the accuracy withwhich
students score their own work, and (3) to deter-
mine if a self-scoring device could be scored
more quickly than a conventional device.

3k .
Given at the American Society for Engineering

Education, Mid-Year Meeting, January 22-23, 1965

University of Florida, Gainegville, Florida.

The Design of the Testing Instruments

There were two types of testing instruments
uged in this study: self-scoring and conventional.
Both were composed of two sheets of paper sep-
arated by a carbon medium and bonded together on
all four edges. The top sheet of the instruments
presented & hasic descriptive geometry problem,
a listing of general instructions for the problem,
and a reference from the text used by the students
(5). In addition, necessary points were situated
on the page to assist students in locating refer-
ence lines for use in drawing auxiliary views.

The second sheet of the self-scoring instru-
ments presented a grading scale as well as the
basic problem and its solution. When solving the
problem on the first sheei, a student's solution
wag transferred by the carbon to the second sheet.
Ideally, if the student had properly placed his
reference lines, his solution was drawn directly
on the approved solution; however, allowances
were made to permit normal inaccuracies. Upon
completion, the student separated the two sheets
and scored his solution,

The second sheet of the conventional instru-

ments contained only an explanation that the stu-
dent had not been given a self-scoring instrument,

The Collection of Data

Three hundred fifty-six descriptive geometry
students at Texas A&M University during the
spring semester of 1964 were divided into iwo
groups A and B of approximately 178 students



each. These groups were equated on the basis of
having successfully completed the basic course
in engineering graphics at Texas A&M during the
fall semester of 1963, and on the scores earned
on a departmental examination administered at
the end of that semester.

In administering the six phases of the study,
the preparatory assignments in the self-scoring
and conventional forms were distributed alter-
nately to the two groups as shown in Figure 1. By
the end of the experiment, each group had completed
three out-of-clasg agsignments on conventional
ingtruments and three on self-scoring instruments.
'_I‘hose students in a group receiving self-scoring
instruments had the additional assignment of
scoring their own solutions and recording these
scores on the second sheet of the instrument,

Upon returning to class, the testing instrumentis
were collected and a second problem was distrib-
uted. This class assignment involved the same
principle as the one solved outside of class, but
it was to be completed under controlled conditions.

All assignments were returned to the experimen-
ter who scored the class assignments and noted
gtudent accuracy in reporting self-derived scores.

At the end of this portion of the study, a group
of four regularly employed graders in the Engi-
neering Graphics Department served to determine
which of the two devices could be scored in less .
time. This parti of the study was accomplished by
scoring eight replications of ten problems foreach
of the six selected principles of descriptive geom-
etry. Four of these replications involved self-
gcoring devices and four involved conventional
devices. Thelengths of time requiredto score the
192 replications were analyzed to satisfy this
portion of the study.

The Analysis of the Data

The scores earned on the clagsroom assign-
ments were analyzed to determine how well the
gelf-scoring device aids in golving subsequent

GROUPS

Principle 1
The plercing point of a llne CONV. S5
on a plane
Principle 2
The intersectlon of twe planes SS. CONV.
Princliplie 3
The true size of a plane CONV. S.S.
Principle &
The shortest distance from a S.S. CONWV.
point to a line
Principle 5
The shortest distance between CONV. S.S.
two skewed lines
Principlie 6
The true angle between a S.S. CONV,
line and a plane
FIGURE 1

THE STATISTICAL DESIGN FOR DISTRIBUTING
THE PREPARATORY ASSIGNMENTS

Continued on Page 26



GRAPHICS IN THE HIGH SCHOOLS

Lester J. Nypan

Associate Professor
School of Engineering

San Fernando Valley State College
Northridge, California

Abstract

This paper discusses the teaching of graphics
in the high schools, and describes a course given
to high school graphics teachers on the function
and use of graphics in engineering and industry.
The course grew out of concern with the prepara-
tion of high school graduates entering engineering
programs or seeking employment as draftsmen in
industry. A number of the individuals concerned
felt that the proper material was not being empha-
gsized in high school graphics classes due to a
lack of understanding of current requirements of
engineering and industry on the part of the high
school teachers. This was not an unfavorable
reflection on the teachers asg they too were much
concerned about improving their programs, but
were without the means, and unsure of the method
to accomplish this. A lecture course carrying
college credit was organized for these teachers
covering a variety of aspects of graphics, the
lectures being given by volunteers who were
interested and involved in this problem. The
course wag very well received by the highschool
teachers, and resulted in an identifiable change in
their course emphasis even before the end of the
geries of lectures.

The increasing emphasis on science and the
more sophigticated approach to engineering prob-
lems has resulted in the engineering curriculum
being compressed to the point that material once
taught in the colleges is now being taught in the
high schools., With this curriculum compression,
the time allotted {o graphics in the engineering
curriculum has decreased, and the material thai
ig taught in high school graphics classes, and the
emphagis given to it becomes of greater impor-
tance in the total preparation of future engineers.
In view of this increased importance, engineering
educators must become more concerned with the
content and emphagis of the high school graphics
coursed, and also with the preparation of the high
school graphics teachers. This concern should
take the form of an active effort to improve the
teaching of graphics in our high schools. Allies
in this activity may be discovered in organizations
employing terminal high school graduates as
draftsmen, Such organizations and individuals
usually have a considerable influence on the com-
munity and ite schools, and by working with them
engineering education can take effective action to
improve graphics ingtruction in the highschools.
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As an example of such a program, concern with
the vocational preparation of high school gradu-
ates in Ventura County, California, led to the
formation of a Vocational Resources Committee
of local industrial leaders and educators io con-
sider means of helping and advising schools. The
drafting sub-committee of this Vocational Resources
Committee has been active for over a year, work-
ing with high school teachers informally through
meetings, suggestions, materials, and vigits to
working drafting offices.

Informal work by this Drafting Sub-Committee
with high school teachers led to the idea of a for-
mal course to he offered to these teachers for
college credit so that participants could satisfy
the school board salary encouragement program
for continuing education. No suitable course
existed, but the School of Education, San Fernando
Valley State College, agreed to offer Education
486, Curriculum Construction for Adult Classes,
two units, through the College Extension Program
provided the School of Engineering of the college
would provide an instructor to work with the
Vocational Resources Committee in the develop-
ment of thig special section of the course.

In planning sessions it was decided not to
attempt to develop manual skills on the part of
the teachers, but to emphasize the desired result
of a graphics program, and o suggest methods of
achieving such a result. A series of 12 three-
hour lectures on the graphic practices, procedures,
and requirements of various areas of engineering
was scheduled, with lectures being given by those
members of the Drafiing Sub- Committee most
experienced in these areas.

Leciures scheduled were:

1. Basic Drafting
Leroy Andrews
Andrews Drafiing Service

2. The Draftsman, the Drawing, and
Drawing Technique
Leroy Andrews

3. Mechanical Drafting I
Gene Simpson
Talley Corporation

4. Mechanical Drafting II
Gene Simpson



l 5, Architectural Drafting I
Reg Crowell
Crowell and Company

6. Architectural Draffing II
Reg Crowell

7. Electronic Drafting 1
Robert Hogan
General Electric

8. Electronic Drafting II
Robert Hogan

9. Qil Field Dreafting
Bill Jones, Chuck Cushing, Ted
Hoffman
Shell Oil Company

Civil Engineering and Surveying

i0.
Bob Lewis
LLewis and Lewis
11, Graphic Arts I

Robert Nelsen
Space Technology Laboratorles

12, Graphic Arts 11
Robert Nelson

Material presented in a course of this nature
will probably be familiar to engineers, but is
summarized to convey the emphagis of the course,
and to assist in generating ideas for others who
might be interesied in developing similar courses,

The first set of lectures gave an overview of
the subject of graphics, and its function. The
general topic of graphics was classified into end-
product drawings or graphic arts, such as render-
ings, plates for publication, charts, graphs,
brochures, and non end-product drawings. Non
end-product drawings are really tools used to
produce ancther product. They transmit informa-
tion defining the article as to size, finish, toler-
ance, material, and describing an operation to be
performed such as purchage, change, assemble,
machine, or inspect. The idea was presented that
the drawing 'is frequently the only communication
between the designer or planner and the builder of
a product, and for this reason completeness and
accuracy are essential.

Attention was called to the variability in mate-
rizls, instruments, and fechniques employed insuch
diverse areas of graphics as electronics, architec-
ture, machinery, surveying, and mapping. These
differences arise from the different requirements
ag to relative permanence, accuracy, speed, and
economy of production of the drawings. Anydevice
or material will be used if it will serve the purpose
and regult'in a saving in fime. Templates, pencil

work, approximate constructions, drafting machines, .

tape, and adhégive details all have their place, The
importance of dollars and cents to indusiry was.
emphagized. The student must be made aware that
he will be paid for the amount of work he can pro-
duce in a given amount of time, that he will not be
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employed because someone feels he wishes to |
employ a draftsman, and that no matter how finea
drang he may produce it is useless to Industry

-if it is not cornpleted 1n tlme to meet the work

s chedule

The desirability of having the classroom be as
nearly identical to the industrial situation as pog-
sible was suggested. The materials and tools used
should be those of industry. Buff paper might be
traditional in the school, but is not used elsewhere,
The atmosphere of the room should be like that of
industry, and the work done should be as close to
the drawings and plans actually produced and used
by indusiry as is practicable. Samples of profes-
sional work should always be avaﬂable and promi-
nently displayed.

In the lectures. on mechanical drafting, the
qualifications that industry looks for in draftsmen
were described. These went considerably beyond
a knowledge of graphics fundamentals and.included
mathematics through trigonometry, familiarity
with materials, processes, reference materials
available such as specifications, catalogs, and
manufacturing data. The individual starting in a
typical industry might be hired as a Detailer-B,
and progress through Detailer, Desigher, Checker,
and to Engineer with progressively increasing
responsibility. A typical first assignment the
beginner might meet with may be making changes
to or redrawing existing drawings, With experi-
ence he would eventually become responsible for
a complete manufacturing project requiring a lay-
out .nd bill of material from which the detail,
sub-asgembly, and assembly drawings would be
made, checked, and released to the blue-print or
reproduction depariment.

A number of examples of such drawings that
were gurplus to the needs of local manufacturers
were distributed and discussed. The frequent use
of sectional views surprised some of the teachers,
and led to a fuller treatment of principles and
practices in sectional views.

The tools ugually uged in mechanical drafting
were enumerated as the drafting machine, tri-
angles, numerous templates, compass, almost
every conceivable pencil, pencil pointer, and
eraging machine and shield. There was some
surprise fhat an ordinary mechanical or Number 2
office pencil might be used by a professional
drafisman for lettering and other work. This led
to emphasis of the importance to indusiry of the
result and time taken rather than the means used
to achieve the result. Any instrument to technique
that saves time is used.

The lectures on architectural drafting con-
sidered its relationship to other fields of drafling,
the layout of a typical architect's office, and the
tools and materials used by the architect. Some
of thegse were: the Architectural Index, cataloging
articles on buildings recently designed by type of

Continued on Page 44



SCIENCE EDUCATION

VERSUS

ENGINEERING EDUCATION

-- A SOLUTION TO THIS DILEMMA?

By

Dr. Luisa Bonfiglicli
Visiting Post-Doctoral Research Fellow
Department of Graphics and
Engineering Drawing
School of Engineering and Applied Science
Princeton University
(On Jeave from the Technion-Israel
Institute of Technology)

1965-1986

The most peculiar property of human beings
is the need to understand the cause of every fact
that happens in his daily life and fo explain it
according to the notions known at the time of his
research.

This process prompted the development of
knowledge and enlarged its horizons, So, the
impact of knowledge, i.e, "Science" became more
and more comprehensible and today there isn't
any kind of human activity that is not related to
gcientific rules.

It is possible to assert that science governs
all the events but every event can be and must be
examined from two approaches. These two points
of view are so deeply linked that they cannot
possibly be separated but nevertheless, they are
completely distinct in their ideology and in their
purposes.

The first approach is based on the inquiry about
the cause that originated the event and on its form-
ulation according to mathematical, physical, chem-
ical, etc. . . . rules.

The second approach is aimed to finding an
application of the same event for the sake of the
welfare of mankind and its effects on mankind.

Two examples are presented to clarify the
previous statements:

Solar light hag a certain cycle -- night is
followed by day and day is followedby night.

The study of the physical laws that govern this
cycle is very old and its origin is lost in the
remoteness of history. But at the same time, in
spite of the fact that these laws were unknown,
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people began to use the regularity of the suncycle
in a particular place in order to evaluate lapses of
time by constructing the sundial.

The second example is related to the ignition
of fire in the pre-historic epoc.

People knew that by rubbing two stones

a spark could be preduced and they
developed several devices in order to
facilitate the process a long long time
before knowing what was the cause of the
phenomena of fire.

These are only two examples among aninfinity
of cages that prove that there are people whose.
"forma mentis’ is abstract and they have not much
interegt in problems involving material work and
practical solution, and there are other people that
have a deep skill and a great amount of commeon
senge and vivid imagination that apply the abgtract
achievements of science in planning and designing
all the useful things that delight mankind, orinvent
them relying on their intuition.

To define these two categories of people,
according to the modern 1anguage, we can saythat
those in the first group are "Scientists" and those
in the second group are "Engineers." It is evident
that the Scientists could noi succeed in their
investigation without the help of the Engineers and
the Engineers could not invent all their devices
without the support of the Scientists, The fantas-
tic technical development of the last few decades
is a new witness to this truth

So, the importance of the second group in the
development of Science is equal and the acknowl-
edgment due to Engineers for their achievements
must be divided into equal parts.

In our present world professional kno'wledge is



acquired through study at the University or Col-
lege and because of the equal importance between
Scientists and Engineerg the program of study
should have been adapted so that it could supply
the needs of both categories.

But recently very many universities began to
enlarge the impact of abstract disciplines at the
expense of human applicable onesg and so, little by
litile, Engineering Education is restricted to a
continuously diminishing number of subjects.

It follows that a new Engineer, at the end of
his studies, is not prepared to accomplish hig
tagk in plants or private enterprises because the
reguirements of the indusiry and civil work are
completely different from the baggage of knowl-
edge given by the university.

This causes a feeling of discomfort and sad-
ness and inferiority in the new Engineers and a
kind of contempt in the employers.

The time that is required for these young
Engineers to adapt themselves to the new condi-
iions is very long because they must fill gapg in
their engineering education and, especially because
they must revise all their knowledge from the
point of view of the reality whose aspect is com-
pletely contrasting from the aspect of abstractness.

There are large industrial firms that devote
the first three working years of a new Engineer
to his retraining towards his fuiure task.

If this situation continues much longer, the
number of the new Engineers will sharply decline
and this will have a bad influence on the economy
and future of the nation.

In what direction shall we look towards for a
solution? The simplest idea is to regtore the
program of study that was in effect before the
changes. But this ig an unrealistic sclution
because this will provoke so much discord between
the members of the universities that such a pro-
gram will never be put into practice.

A second and best golution is based on the
reorganization of the Engineering and Applied
Science Schools into two separate institutes:
School of Engineering and School of Engineering
Science,

'The iwo Schools will be administrated by the
same overall adminigstration but each one will be
sbsolutely independent and autonomous in regard
to decisions related to its program of study and
educational activity,

The task of the Dean (one for each school) is to
supervise the activities of their particular schools,
to improve the standard of the study and essential-
1y to promote and intensify mutual exchange of
ideas and knowledge between the two schools. This
means that the two schools must work in complete
harmony and on the basis of mutual physical and
intellectual cooperation, but each one hag his own
right to select the content of the disciplines
taught, evaluate their importance and decide from
what point of view they have to he taught.

Each school will lead to equivalent degrees
therefore, each one has to have undergraduaie
courses and graduate schools, whose programs
will be adequate for their requirements. This
implies a continuous mutual contact between the
two Deans under the direction and supervision of
the President of both the two schools who ig
finally the supreme authority of the two schools.

Because of the deep linkage existing between
Engineering and Engineering Science all the
teachers will depend on the administration of the
joint schools and they willteachinboth schools
according to the needs of each school and the con-
tent of the subject taught by the particular teacher,

A special board will handle the distribution of
the work between the teachers so no one will be
overloaded.

The diagram of this solution ig therefore:
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GRAPHIC CALCULUS VERIFIED BY AN ANALOG COMPUTER

by

Fryderyk E. Gorezyca

Assistant Professor
Mechanical Engineering Department
Southeastern
Massachusetts Technological Institute
North Dartmouth, Massachusetts

Graphic calculus deals with chart construction
involving two basic operations, differentiationand
integration. In differentiating a given curve, the
slope or rate of change of the given curve is deter-
mined with respect to a common abscissa where-
a8 in integraiing a given curve, the area under the
given curve is determined with respect to a com-
mon abscissa. Both of these operations can be
vividly illustrated by graphical means. As a
result, a clear interpretation of the various rela-
tionships which are composed of consecutive
differentiations or integrations emerges in terms
of curves that are graphical operations on the
given curve,

In a similar manner, the resulis of succesgsive
integrations or differentiations can be accurately
illustrated by means of an analog computer, This
is accomplished by combining the fundamental
elements of the computer; namely, resistors,
capacitors, and d-c amplifiers in such a manner
that they perform the important operations of
sign-inversion, multiplication, summation, and
integration. The input and output variables of the
computer are given in terms of voltage and cur-
rent which are calibrated to units of a specific
problem.

As an illustration of successive integrations or
differentiations on a given curve, consider the
relationships in dynamic analysis relating dis-
placement, velocity, acceleration, and jerk or
pulse ag functions of time. In this case, velocity
is defined as the rate of change of the displace-
ment with respect to time or the slope of the
displacement curve which can be written as

V= L'IMA T dt
ST=0

where t = time, s = displacement and V = velocity;
acceleration is defined as ihe rate of change of
velocity with respect to time or the slope of the
velocity curve which can be written as

A
A-LMp =9
A0

where A = acceleration; jerk or pulse is defined

as the rate of change of acceleration withrespect
to time or as the slope of the acceleration curve

which can be written as

7=LmMsE -8
A0
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where J = jerk.

In summary, the relationships can be wriiten

J :_g'éz dzv: ————dSS
t a2 aid
Since as
Vv T slope of displacement curve,
= %tiz slope of velocity curve.
_dA _ ]
Vv e slope of acceleration curve,

By subsiituting:

ag\ .2
A= d(dt =43
at dt
ay
RS
and J =—— == 3
dt dt

Tt can also be shown that gsince V =‘%S

452Vt and ais-
placement = 8 = [V di = area

under velocity-time curve. In a similar fashion

gince
.4y
ATH
dV = Adt

and velocity = V = fA dt = area under accelera-

iion-time curve.

Finally, since

:-i.A'.
J dt
dA = J dt

and acceleration = A =/ J dt =
time curve,
expressed ag

area under jerk-
Combining, the relationships can be

5= /vdit=ff Adidt=//7 Jdtdtdt



Since

S = SV dt = area under velocity-time curve
SrA dtdt = /77 Jdtdt dt.

V =/ A dt = area under acceleration-time
curve = //J 4t dt.

A =/ Jdt = area under jerk-time curve,

The operations listed above can be performed
analytically by means of mathematical handling,
But, in order to do this, an expression for the
given curve must be determined in the form ofan
equation. Herein lies the advantage of the graph-
ical golution insofar as no equation of the given
curve is necessary in order to differentiate and

integrate graphically, In addition, a visual inspec-

tion of the curves resulting from graphical inte-
gration or differentiation verifies the accuracy of
the operation,

For a graphical illustration, assume that 2
curve is given upon which the integration opera-
tions are to be performed. The problem is stated
as follows: Given Y = /(x) = 1. Find Y; = /Y dX.
YZ: ledX = S Y dXdX, AND YS = szdX =[r

Yl dXdX= J//Y dx dx dx.

Also, show that

5
ay dy, d%y
Yy I, 4T
Yoiax Y17 dx T ax? AND THAT

2 3
le_de dY3

YR X T as

The curves shown in Figure 1 gsatisfy the con-
ditions of the problein in which case successive
integrationg down the curves from Y = (x)} =1
yield Yl’ Yz, and Y3 ag functions of X whereas

successive differentiations up the curves from
YS yield Yz, Yl, and Y as functions of X,

Table No. 1 lists the values of Y, Yl’ YZ’ and

Y, for values of X ranging from 0 to 4. The
instegral or area under the given curve iz deter-
mined by breaking the area under the curve down
into small unit areas and adding these up. This
procedure enables a graphical integration of the
area under a given curve, To find the derivative
or slope of a curve graphically requires the
determination of the

-i\—Y—ratio. By setting thea X value to one unii,
the measurement of Y yields the slope or
derivative of the curve at a given point. Thig
procedure is illugtrated for the individual deriv-
atives at X = 3 on the curves shown in Figure 1.

The analog computer yields the same resulis
ag shown in Table No, 1. The computer diagram
is shown in Figure 2 where an illustration is
given of the relationship existing among the vari-

Continued on Page 37

SUCCESSIVE CURVES SHOWING THE
INTEGRAL & DERIVATIVE RELATIONSHIPS,

AS A FUNCTION OF X,
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THE GRAPHICAL
AND DIGITALIZED OUTPUT OF A DIFFERENTIAL EQUATION

by

Charles J. Baer & Steven Butner

The University of Kansas
Department of Mechanical Engineering

It is possible to solve a first-order differential X axis to xp (or Point 2) is larger.than the verti-
equation by a graphical process called "marching," cal distance height to x,,_1 by an amount equal to
It is also possible to use this process in a digital the slope times the I distance.
computer for the solution of the equation. And it
is also possible to have the solution appear in a )
graphical form if the computer is so programmed. Therefore we can write:

This has been done with the equation, x
X X +=—H

dx n (n-1) 1

TiT+ x = 20, as follows.

X

|
Xpfm — — = =— = — -
Graphical appreach
for solving the
= —— equation
X{n-1) . g /o
| |
' d
X —_
| b T FAXx=5B
| |
| H l :? X6 -1 or
|| dX =B - A
l | at = X
| -
| b
] I.t" I —
Ten-n T T
Figure 1
Figure 1 shows a curve which represents one or, writing}f—as x1
equation. A known point (1} on that curve is 1
shown by means of a dot, and the slope at that (1} x = X(n_l) + x H.
point is shown as i\& A horizontal increment of
H, greatly exaggerated, is shown on Tigure 1. This is the first step in applying the "march-

- I
If this distance is made quite small, Point 2 will ing” method.

be on the curve, for all practical purposes, Now, the general form of the equation is:

The vertical distance from the bottom of the 2Ydx+A-x=B

21



which is called the '"canonical' form, but which
can be written as,

dx

at = B-A-x
or

. . IS o bd 1
B-A X, at Point 1, and ertlng—-dT adx”.

[}

{3) xll1

It is also important to remember that A and B
are functions of x and T and therefore are evalu-
ated at x_ and T . The second step in the march-
ing method is now performed by using the approx-
imate slope at T, to obtain the value of Xin+1)-
Doing this we obtain:

(4} Xn+1) = X + le.

Now, because Equations (3) and (4) both have
the xl, we can eliminate the derivative and obtain
the following equation:

(3) x

(n+1) =X (1—H-An) + H-Bn.

TTVALUESTQF T TCuBWNTTTTT

U TURLOT oF TSOLUTIONTIREAD FROW FIDESTT

T RLUESTOF RN T(ATROSSET

Using formula (6), we can calculate discrete
values of x from selected values of T. BecauseH-
can be made quite small and the computations can
be done rapidly, this equation can be easily pro-
grammed on a digital computer with quite accur-
ate results. The following first-order differential
equation was programmed and solved on an IBM
7040 model,

(6) DX/DT + X = 20 Initial condition x (0) = 0,

We observe that in this equation A = 1 and
B = 20. Let us agsign a value of 0.05 to H. After
fitting our equation into our Marching Method
formuta, we obtain the following:

{7) x =Xy {(1-H) + 20-H H = 0.05,

n+1

Following is the computer program used to
solve this equation. The coded language used in
this program was Fortran IV. Notice statements
numbered 26, 27, and 31 where the solution funciion
is defined.

) Below is the
graphical output of an IBM 7040's solution using
the previcus program.
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Continued on Page 61
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Perspective

Editor's Note:

the Journal -- but a graphics teacher should use
a graphical presentation!

Therefore, with these "Political" cartoons, I
rest my case.

Two of the cartoons which Ernie
submitted appeared in the Journal

of Engineering Graphics, November
(Fall} 1966, Vol. 30, No. 3, Series 90.

Ernest B. Weidhaas
Prof & Head
General Engineering
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LETS TACE IT

TO TEACH ENGINEERING DESIGN CANNOT BE DEBATED

.\.\

£ RN i il

ANNOUNCINOG

the 1967 A.S5. E. E. SUMMER SCHOOL IN ENGINEERING GRAPHICS AND DESIGN will
be held on June 15, 16, 17, 1867 at Michigan State Universgity, Kellogg Center, East
Lansing, Michigan immediately prior to the Annual Meeting.

The primary objective of the summer school program will be to present engineering
graphics as a vehicle of instruction in engineering design and a method of motivating
students towards creative and inventive effort. 'The intent is to broaden the education-
al outlook of graphies teachers in the area of design education and give them some
guidance for instruction in this area. Invited lecturers will give attendees intense
coaching in curriculum planning, writing of case studies, gelection and writing of de~
gign projects, and the role of graphics in design. The school will bring recognized
authorities in design education in contact with graphics teachers. The summer school
will be conducted on a lecture-workshop basis with work assigned, and reviewed at
each morning segsion. Every effort will be made to involve attendees in actual prob-
lem solving sessions so that they may experience what their students will be required
to do in class. Attendees will gain experience in the writing of design problems to be
uged at their home institutions. Lectures will be somewhat formal in nature (entire
group in attendance). Workshops will be informal (limited to about 25), with coaches
available to answer questions and stimulate thinking on assigned work.
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problems in descriptive geometry, Six individual
analyses of variance were conducted on the data
taken from the gix in-class assignments. Thento
determine any possible difference between the two
groups of students, the data taken from two con-
secutive principles were combined to form three
"sets." These daia were analyzed as three 2 x 2
Latin squares as shown in Figure 2. TFinally, an
overall analysis of variance was conducted to
determine the effect of the self-scoring device on
student performance,

To ascertain student accuracy in self-scoring,
a student's gcore for a particular paper was
paired with a standard score for the gsame paper,
This pairing was done for all gelf-scoring devices
properly completed outside class. The differences
between the two scores were analyzed using a
paired t test.

A factorial analysis of variance was used to

determine which of the two types of instruments
could be scored in less time.

The Pregentation of the Data

Table I shows a summary of the six statistical
analyses performed after each of the six sets of
data had been gathered. The reader may observe
that for the first three principles there were no
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significant differences to be found between the two
techniques of oui-of-class preparations. Further
ingpection, however, reveals that the last three

F ratios are significant, When considered in con-
Text with the means earned on the in-class agsign-
ments, it may be concluded that the self-scoring
technique is a more efficient method of prepara-
tion outside class.

Table II presents the summary of the three
statistical analyses derived by combining the data
taken from two consecutive principles. I maybe
obgerved that no statistical difference existed
between the groups in any of the three analyses.
Closer observation will reveal that for Set I no

" statistical difference existed between the two

techniques of preparation used outside class; but
for the last two sets, the reader may see that the
gelf-scoring device was probably the more effi-
cient means of preparation.

The overall analysis accomplished by pooling
the data used for the three Latin squares is shown
in Table III. The reader may see that there are
two significant I ratios. The one of 13,47 for
Technique suggests that there existed a highly
significant difference between the average score
of 81.58 for the conventional technigue of prepara-
tion outside class as compared to the average
score of 86.56 for the self-scoring technique.

The F ratio of 4.65 for Order implies that there
was a significant difference between the principle

Continued on Page 45



A DIRECT METHOD FOR
AXONOMETRIC PROJECTION

by

Al Romeo
Assistant Professor of Engineering Graphicsg
The Ohic State University

Review of Existing Methods

The direct axonometric projection of an object
irom two principal views to produce a pictorial
view of an object on any set of axes, was f{irst
suggested by Professor 1., Eckhart in 1237 and
wag called the "method of intersections' (1),
This method of direct pictorial projection was a
significant improvement over any of the existing
axonometric drawing methods which required
special scales and, obviously, an improvement
over the multiview projection method which was
so tedious and time consuming.

The "method of intersections’ as originally
proposed required that the projection axes be pre-
gelected, to permit the geometric construction
which is used to orient the principal views for
projection. The preselection of the axes was on
an "almost" random basis, in that judgment was
made as {0 the combination of axes which would
be most pleasing or which would accent a particu-
lar surface or feature of the object. Other author-
ities {2 and 3) have followed the same tack in that
a guegs at a desirable choice of axes is required.

One authority (4) noted that the rotation of the
top view and the tilt of the other two views bears
a relationship to the axes of the axonometric pro-
jection. Both the angles of rotation and tilt which
were known or preselected, were used geomeiri-
cally to congtruct the required axes. This per-
mitted a preselection of the axes based on a pre-
determined position of the cbject in space.

A method was proposed in which the author (5)
noted the geometrical relationship between the
line-of-gight (1.OS) and the axes of projection by
identifying ceriain appropriate space measure-
ments which would he used in 2 multiview projec-
tion, A specific selection of the axes, related to
the given views and the LOS, is possible using this
system. A similar method was proposed (6), in
which a particular choice of two auxiliary planes
whose intersection produced the LLOS, could be
used along with a simple construction, to define
the axes in the axonometric view, This method
algo related the LOS to the existing principle views
and to their posgitions in the axonometric views.

Thig approach was followed by another {7) in
which it was recognized that a normal line will
appear in the projection plane of each view which
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will be perpendicular to the projectors of the
desired axonometric view., The identification and
orientation of both the axonometric axes and the
appropriate principal views for direct projection
is readily determined in this approach.

Although the above review of the current state
of the application of the "method of intersections'
in axonometric projection is not intended to be
exhaugiive, it probably reflects the current
praciices.

Introduction fo Direct Method

Rather than choosing a random set of axes,
there may be positive criteria which may be of
importance. For instance, ag one criterion, a
particular 1.OS may be chosen for which a pictorial
view ig desired. (Fig. 1.) This approach is fre-

\
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Figure 1

quently uged for a theoretical development of an
orthographic projection in which the point view of
the line-of-sight (1.0S) is the pictorial view degired.
Ag another criterion, an oblique surface which is

to appear normal in the pictorial view, may be
required (Fig. 2). Neither of these criteria can
readily be used for the preselected axis approach,
because there is no demonstrated relationship

between the principal views and the randomly chosen
axes,
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The three authorities cited (5, 6, and 7) have pro-
vided a mechanism for relating the principsl views
to the axis selection. Each of these methods is
straight-forward; however, the explanation of the
method is necessarily complex, although in all
cases, the method itself is simple to use.

The following method, hopefully, will provide a
simpler and more direct method of constructing
the axes and orienting the views so that the method
of intersections can be conveniently used for
either of the aforementioned criteria.

Theory and Procedure

The theory of this method is based on certain
geometric properties demonstrated by an oblique
plane (real or imaginary) in the principal views
of an object. If a pictorial view of the chject, in
which the oblique plane (triangle) will appear
normal, is required, then each principal side of
the plane is a normal line in both the pictorial
view and in one of the principal views. These
normal lines bear a unique relationship to the axes
of the pictorial. The edges OA, OB, and OC (Fig. 2)
will be the axes of the pictorial view and the sides
of the plane BC, AC, and AR are, respectively,
perpendicular to these axes. (The perpendicular-
ity of two lines will always show its true relation-
ship in any view where at least one of the lines
appears normal {8)) If the pictorial view is to be
a normal view of the plane, then in that view also,
each axis {QA, OB, and OC) will appear perpendi-
cular to a normal line (BC, AC, and AB). Thus,
any oblique plane that ig to appear normal in the
pictorial view is completely defined and specified
by the three normal lines that the plane cutsg inthe
principal surfaces of the object. In the pictorial
view, these lines will appear normal since they
are defining the normal view of the plane and
furthermore, they will appear perpendicular to
their respective axes. Since these linesg appear
normal in their respective prinecipal views, they
can be reconstructed independently to define the
normal view of the plane by using their true lengths
as radii (Fig. 3). (To simplify the construction of
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Figure 3

the axonometric view, note that line AB is con~
structed horizontally on the paper. However, this
is not necessary but is only for the convenience of
working with standard equipment.) Triangle ABC
is normal in this view {(Fig. 3) and, therefore, the
axes of the axonometric projection will appear
perpendicular to each of these lines in turn.
Through the three Poinis A, B, and C the axes

OA, OB, and OC can be construcied perpendicular
to their reapective opposite sides. (Since they are
altitudes of a "triangle," they will intersect atthe
common Point O.) Obviously, in this view the axes
{OA, OB, and OC) are foreshortened.

The orientation and location of the principal
views around the axes is easily accomplished.
Since AB is normal in the top view and was con-
structed normal in the axonometric view, the
apparent parallel relationship of AB in these two
views is specified by their projectors (Fig. 4).

Figure 4

Therefore, the top view can be cut out and placed
(or traced in a rotated position) to meet this

specification. The iwo adjacent views of the nor-
mal line AB are tied together by projectors which

Continued on Page 62



ASSESSMENT OF THE GOALS
OF
ENGINEERING EDUCATION IN THE UNITED STATES

Engineers Joint Council

FOREWORD

Publication of "The Preliminary Report, (Goals
of Engineering Education," by the American Society
for Engineering Education has provided a strong
incentive for valuable and theoughtful consideration
on the part of the entire engineering community of
many issues of vital concern to the engineering
profession,

Rather than add to this body of comment, the
Panel has addressed itself {o certain broadissues
and problem areas of fundamental importance to
the teaching and practice of engineering.

REASSESSMENT OF ENGINEERING EDUCATION

THE GROWING DEMANDS UPON THE PRO-
FESSION OF ENGINEERING TO ASSUME
LEADERSHIP IN THE CONSTRUCTIVE INTE-
GRATION OF TECHNOLOGICAL CHANGE AND
HUMAN FULFILLMENT IN A TIME OF ACCEL-
ERATING CHANGE REQUIRES A TOTAL
REASSESSMENT OF ENGINEERING EDUCATION.

No longer can the engineer remain a technical
adviser to others in the application of science fo
human affairs. He must, because of his special
understanding of the contributions of science and
of their effeciive implementation in industry,
government and society in general, agsume an
ever-increasing concern and hroadened obligation
in assuring the positive and consiructive integra-
tion of technological change and the improvement
of the human condition throughout the world.

This fundamental enlargement of the role of
the engineer in our society and time requires the
iotal reassessment of engineering education as a
professional preparation, in the largest sense, to
meet the demanding challenges for leadership
which the explosion of scientific knowledge has
caused.

NATIONAL GOALS

AS AN INSTRUMENT OF NATIONAL PUR-
POSE, ENGINEERING EDUCATION SHOULD

Excerpts From the

REPORT
of the
PANEL ON ENGINEERING EDUCATION

Convened at the Request of the
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PROVIDE THE FORMAL BASIS FOR PREPAR-
ING THE NATION'S ENGINEERING MANPOWER
WITH THE CAPABILITY, KNOWLEDGE, UNDER-
STANDING, AND INSIGHT TO FULFILL THE
TECHNOLOGICAL NEEDS OF SOCIETY ON A
TIMELY AND EFFECTIVE BASIS. SUCH PRE-
PARATION SHOULD INCLUDE THE FOUNDA-
TIONS FOR BREADTH OF VISION, LEADER-
SHIP, AND STATESMANSHIP WITII APPROPRI-
ATE DISCIPLINARY BALANCE AND FLEXI-
BILITY TO MEET NEW TASKS AND OPPOR-
TUNITIES.

Many of the great problems of contemporary
gociety are related to technology. In the under-
developed nations of Agia, Africa, and Latin
America, pressures are mounting for a share by
a growing number of nations in the greater well-
being and security that come with advancing
technology., Today, these aspirations are hampered
by many factors -- economic, social, and polit-
jcal -- that result in a continued widening of the
gap beiween those nations which have and those
which have noi.

Thig is a time of historic change in the rela-
tionship between man and his environment, a
consequence primarily of new technology. Whether
this potential works for the benefit of the world or
to its detriment depends in part upon the develop-
ment among all people of an understanding of the
choice which technology offers.

Domestically, science and engineering are
called upon to propose solutions tobroad problems
that have either been bypassed in the pursuit of
other goals or generated by technology itself. The
massive pollution of air and water, the congestion.
of our roads and our airways, and the mounting
demands for increasing amounts of power cries
out for new technology.

‘The time has come for the formulation of
sound judgments and policies in areas of critical
naticnal importance.

The progpect is for a future degree of complex-
ity that may well become unbearable unless we
take every step to develop the understanding, the
skill, and the determination to master it. Engi-
neering education must provide the formal basis
for preparing the engineering manpower of the
nation to meet this challenge.



Time is not on our side. Five years now isthe
equivalent of ten years in the pace of new technol-
ogy only a quarter-century ago. Looking ahead,
we can be certain only that the time scale will
grow shorier. There is an unchanging require-
ment-for competent people to initiate, develop, and
control the new products and systems of the future.

INSTITUTIONAL GOALS

THERE ARE A VARIETY OF USEFUL
PATTERNS FOR INSTITUTIONAIL RESPONSIVE-
NESS TO NATIONAL ENGINEERING EDUCA-
TIONAL GOALS, EACH INSTITUTION SHOULD
EXAMINE ITS RESOURCES AND IDENTIFY
GOALS MOST SUITED TO ITS OWN RESOURCES
AND CAPABILITIES.

Each institution should examine iis present and
future capabilities to determine a reasonable role
to play in achieving all or part of the national
goals. It is not practicable to provide in one
institution the breadth and depth of instruction to
prepare all students for all aspects of engineering
practice. Each institution should develop its own
pergonality and stress those programs best suited
to its students and faculty with consideration given
to the needs of the industries and organizations
which look to the institution for their engineering
gupport.

The strength of engineering education should
be itg flexibility. I is desirable that different
schools experiment with different programs and
that students have the choice of selecting the
program which best fits their needs.

It should not be cause for concern that institu-
tional goals may differ one from another in recog-
nition of the differences in resources, environment
students, and faculty. Institutional goals should be
innovative, flexible, and daring in the commitment
of resources aiming at excellence in the chosen
role of the institution.
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FOCUS ON THE INDIVIDUAIL,

TO PREPARE ENGINEERING STUDENTS FOR
RAPID TECHNOLOGICAL CHANGE AND FOR
GROWING RESPONSIBILITIES IN INDUSTRY
AND GOVERNMENT, THE EMPHASIS IN
INSTRUCTION MUST BE PLACED MORE UPON
THE DEVELOPMENT OF THE POTENTIAL
CAPABILITIES AND INSIGHTS IN THE INDI-
VIDUAL AND LESS UPON THE TRANSFER OF
GENERALLY PRESCRIBED CONTENT IN
STANDARDIZED COURSES.

A reassessment of engineering education
should be focused upon the process of engineering
education in developing the individual professional
engineer far more than upon the details of curricu-
lum, the precise timing of courses, and degrees,
the devices of instruction, or the standardization
of ingtitutional programs., The nub of the problem
is not content but process; not precise curriculum
but growth in motivation and understanding; not
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what the student knows so much as his tone of
attack, his precision of mind, and his creative
powers in resolving accumulating knowledge into
sound judgment and humane understanding of
means and ends.

It is how the teacher uses knowledge as a means
of drawing forth the potentialities for judgment and
wikdom in the student that counts, not what the
student knows at some precise time, It is the part
of wisdom that we not pressume to establish at this
time, or ever, a universgal schedule for this delicaie
and demanding process.

FLEXIBILITY AND DIVERSITY

SINCE ENGINEERING STUDENTS VARY
WIDELY IN PREPARATION, CAPACITY, INTER-
EST, AND POTENTIAL CONTRIBUTION, IT IS
CONTRARY TO SOUND EDUCATIONAL POLICY
TO STANDARDIZE CURRICULA, DEGREES,
METHODS, OR PERIODS OF INSTRUCTION
ACROSS INSTITUTIONS AT THE EXPENSE OF
FLESIBILITY, EXPERIMENTATION, AND
WHOLESOME DIVERSITY AMONG AND WITHIN
INSTITUTIONS.

Tt is in the nature of American higher education
that there will always be a diversity of approaches
to the educational process. Students vary in poten-
tial capacity and contribution, preparation, inter-
ests, motivaiion, and rate of development. The
educational preocess must be adjusted to the stu-
dent and not the student to the process in a rigid
pattern of predetermined courses or predetermined
time schedules to channels. The more able student
has wider and more diversified interests than the
less able. He progresses faster if instruction
parallels a growing sense of want of knowledge and
of mastery rather than a fixed pattern based upon
the highest common factor of faculty pre-judgments.

The effective teacher of professional men must
be responsive to change, There is bound to be
obgolescence in the knowledge content and the
methods of instruction of the teacher no matter
how dedicated he may be. This places grave
responsibility upon engineering educators in our
universities and schools to keep abreast not only
with changing content, but, even more important,
with the changing focus and intent of professional
engineering education. It would be most unfortun-
ate if past accumulaied knowledge were to continue
to be the major focus of teaching, rather than the
stimulation of a tone of attack in the student to
use acquired knowledge to discover what is new
both to the student and to the teacher,

The teacher of engineering today must prepare
students for a profession facing rapid change. He
must create a want for discovery and not be satis-
fied with & competent iransfer of past knowledge
and known techniques. IHe must be ready and able
to emphagize the newer contributions of higher
mathematics, advanced physics, and many cother
sciences to the golution of engineering problems.
Most of all, he must be truly sympathetic to the
needs of his students for the valuable insights



which the humanities and social sciences affordto
the student who will be seeking to put science to
work in human fulfillment,

Therefore, a statement of the goals of engi-
neering education should emphasize what are truly
goals and should not attempt standardization in
content, period of courses, degrees, or instruc-
tional method.

THE EDUCATIONAL PROCESS

THE EDUCATIONAL PROCESS DEPENDS
FOR ITS SUCCESS UPON CLOSE INTERACTION
BETWEEN TEACHER AND STUDENT. STEPS
SHOULD BE TAKEN TO INCREASE THE OPPOR-
TUNITIES FOR THIS INTERACTION TO OCCUR
TO PROVIDE THE ESSENTIAL GUIDANCE
NEEDED BY THE STUDENT IN MATURING AS
AN INDIVIDUAL, DEVELOPING A SENSE OF
RESPONSIBILITY AND A WORTHWHILE SET
OF VALUES, AND IN BECOMING COMMITTED
TO IDEALS AND A COURSE OF ACTION.

During his undergraduate years a student
faces the problems of becoming an independent
individual, develeping a sense and practice of
responsibility, establishing worthwhile and stable
values, and becoming committed to ideals and a
course of action.

In engineering education, technical ingtruction
may be well performed, butl this is not the only
commitment to be fulfilled. Engineering profes-
sors should help more effectively in establishing
the total educational climate provided the student
by the college.

The close interaction of teacher and student
has become more difficult to achieve with the
increase in total enrollments, but it is of such
fundamental importance that efforts should be
undertaken to reverse the trend.

An engineering curriculum should educate men
in society as well as in science. Understanding of
gociety is an indigpensable, essential attribuie of
a professional engineer. Courses in the humani-
ties are fundamental elements of professional
education.

The growth of the individual and not precise
content, should be the focus of all education. An
individual's coniribution to human fulfiliment is
the justification of all education, in engineering
as much as in any other profegsion.

A special need of the student of engineering is
& growing understanding of human organization,
of how organizations are led, and the complexities
which size and rapid change create in the organ-
izationg of today. It will be made real and spec-
ific by the interaction of students with professors
who themselves have had experience, to some
degree, in the organizations outside the univer-
gity in which engineering becomes an element in
a complex enterprise,
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ACCREDITATION

ACCREDITATICON OF SCHOQOLS OF ENGI-
NEERING IN THE TUTURE MUST BE RE-
EXAMINED IN LIGHT OF THE NEED FOR
FLEXIBILITY AND DIVERSITY AMONG
INSTITUTIONS AND PROGRAMS, STANDARD-
IZATION BEYOND A MARGINAL LIMIT OF
ACCEPTABILITY WILL, RETARD RATHER
THAN ENHANCE THE QUALITY AND EFFEC-
TIVENESS OF ENGINEERING EDUCATION.

The motivation of the Engineeridig Education
Goals Study would not have been necessgary had
the engineering profession been content with its
present role in relation to society or its effec-
tiveness in producing appropriately educated and
trained graduaies.

The major elements of educaticnal philosophy
gso necessary to the future of engineering seem
reasonably clear: a willingness to look upon
education as the interaction of people and thusas
the development of personalities and attitudes as
well as professional competence; a realization
that the changing nature of our society places the
danger of obsolescence more than ever before in
the forefront of cur concerns and makes manda-
tory a continuing process of education for the
professional person long after his formal educa-
tion is completed; an attitude of flexibility of
approach allowing individual institutions to deal
with current needs in many and diverse ways and
not according to prescribed patterns; a recogni-
tion of how important it is that all efforts be sur-
rounded with a climate of relevance to the society
in which we live and for which we plan.

It is unrealistic and unproductive to surround
a philasophy of breadth and flexibility with a set
of accreditation norms to which every institution
is expected to conform. Standardizaiion beyond
a marginal limit of acceptability will retard
rather than enhance the quality and effectiveness
of engineering education.

Each institution should be encouraged to seek
those paths most suitable to its own peculiar con-
ditions of existence. It should be encouraged to
be bold and daring and innovative within a frame-
work of excellence. The gpirit of an institution's
efforts is judged to be at least as important ag the
gpecific substance of that effort, when a multitude
of patiterns is zllowed to emerge, when every
unorthodox approach is locked upon as a form of
heresy, when a new willingness emerges to
evaluate the results of engineering education in
terms of what effect it has in developing people,
ag well as practitioners.

The final iest of how deep and strong a commit-
ment the leaders of the engineering profession
have io fulfilling a new and more relevant role in
society will come in ihe degree to which they show
their awareness of the shortcomings of present
accreditation procedures and their willingness to
adapt them to modern necessities,



THE LICENSING PRINCIPLE

TO THE EXTENT THAT THE LICENSING
FPRINCIPLE REPRESENTS A RESTRICTIVE
INFLUENCE ON FLEXIBILITY AND INNOVA- -
TION IN ENGINEERING EDUCATION, THE
PRINCIPLE ITSELF AND THE LAWS ON
WHICH IT IS BASED SHOULD BE REVIEWED
AND MODIFICATIONS CONSIDERED BY THE
PROFESSIONAL AND TECHNICAL SOCIETIES
CONCERNED.

The fundamental objective of the licensing
principlé and the laws which provide a legal bagis
for its achievement are the protection of both the
public and the engineer against malpraciice and
misrepresentation. A required minimuin level
of professional competence is established and
measured by standards of training, experience,
and examinations.

Today the laws have little relevance to the
design of dynamic systems and other significant
engineering developments of the past half century.
This inapplicability can be measured in part by
the lack of acceptance or endorsement by many
engineers in both industry and education.

By its established standards and minimum
requirements, licensing manifesis an incompat-
ibility with experimentation and flexibility in
engineering education. It tends to be a restrictive
influence on this creative process by encouraging .
rigidity and adherence to fixed norms.

A broad appraisal should be made of the
licensing principle and the licensing laws and their
control over schools, courses, and accreditation
procedures.

Licensing must not become a limiting influence
on the practice of engineering by the truly compe-
tent. Consideration should be given to the environ-
ment today and in the years to come,.

ROLE OF ENGINEERING SOCIETIES

ENGINEERING SOCIETIES SHOULD REVIEW
THEIR ROLE IN THE TOTAL SPECTRUM OF
ENGINEERING EDUCATION, RESEARCH, AND -
PRACTICE, AND SHOULD DEVELOP OBJEC-
TIVES AND PROGRAMS RESPONSIVE TO
ADVANCES IN TECHNOLOGY AND THE NEEDS
OF THE PROFESSION AND SOCIETY.

As advances and changes occur in engineering
and in education, it is essential that the engineer-
ing societies advance and change accordingly.

It is important that the role of engineering
societies keeps pace with advancing technology
and education. The older societies should not be
so rigid as to encourage the formation of a new
organization each time a new area of technology
emerges. The needs of 1986 or the year 2000
will be demanding and the societies must anti-
cipate their growing role.
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Each society should be encouraged to think
through its own programs and cbjectives and
congider how and in what manner it can contri-
bute to the education of its members and to the
improvement of its communications with univer-
gities, with licensing and accrediting bodies, and
with practicing engineers.

LIFETIME LEARNING

LEARNING IS A LIFETIME PROCESS,
CONTINUING THROUGH ALL OF THE FOR-
MAL PHASES AND EXTENDING THROUGH-
OUT THE YEARS OF PROFESSIONAL PRAC-
TICE. IT INCLUDES THE SUM OF ALL
EXPERIENCE OUTSIDE THE CLASSROOM AND
INSTRUCTION WITHIN. THE GOALS3 OF EDU-
CATION SHOULD GIVE RECOGNITION TO
THIS PRINCIPLE AND EMPHASIZE THE NEED
TO OPTIMIZE A LIFETIME OF LEARNING.
SUCH OPTIMIZATION SHOULD CONSIDER
BOTH THE EFFECTIVENESS OF THE PRE-
COLLEGE PREPARATION AND THE MEANS
AND METHODS OF EXTENDING THE POST-
COLLEGE EDUCATIONAIL PROCESS OVER THE
LIFE SPAN OF THE ENGINEER.

In recognition of the need for lifelong learning,
a coordinated effort must be made by all concerned
to integrate pre-college preparation, the college
period, and the vears of post-graduate practice
into a true continuum of education. Improvement
must be stimulated in the means of communication
and in the understanding of our cultural heritage,
ag well as in chemistry, physics, and mathematics.
The quality and insights of entering-college stu-
dents must be improved by developing as much
knowledge, understanding and skills as possible in
secondary education so that a broader spectrum
and a higher level of attainment can be assuredin
the college curriculum.

Programs must be established to ensure and to
facilitate the interchange of ideas betlweenteachers
of engineering and practitioners in industry.
Arrangements should be made through the cooper-
ation of universities, industry, and the government,
a8 appropriate, for the participation of practicing
engineers in university instruction and for the
furnishing of teachers with industrial experience.

Presgures today are forcing science and engi-
neering into more intimate association to speed
the output of new technology. Engineers mustkeep
abreast of developments in applied science as well
ag in engineering. Research and development now
proceeds at a pace that virtually guarantees
obsolescence of an engineering education within
the span of a decade., This time period is likely
to shorten substantially as the years pass and asg
technology enters even more pervasively into our
daily activities.

In order to maintain existing engineering talents
at top efficiency, opportunities and procedures
should exist in every technical organization for
gtaff members to keep their knowledge and under-
standing up to date. Programs of continuing
education for the practicing engineer should be
encouraged and sponsored by engineering societies,
industry, and the universities.

< o




Continued from Page 20 grations or differentiations. In turn, an analog
computer can also be programmed to yield the
same results. A problem of the form llustrated
is presented to freshman Engineering Drawing

ous components needed to program the problem
under consideration.

In conclusion, it has been shown that graphic students at Southeastern Massachuseits Technolog-
calculus can be used as an effective tool to demon- ical In_stitute as part of an assignment dealing with
strate the basic operations of successive inte- Graphic Calculus.
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13 & FORMAT(46HQTHE INITIAL VALUE OF X, X(t}, IS GIVEN AS 0.0}
) WRITE(6,8)
15 & FORMAT(44HOTHE INCREMENT USED IN THE SOLUTION WAS #.09)
14 WRITE(G,7)
i7 7 FORMAT{1H},50%,33HPLOT OF SOQLUTION {READ FROM SIDE))
20 KRITE(6.:8)
21 8 FORMAT(19HOVALUES OF T (DOWN) ,40%,23HVALUES OF X(N) (AGROSS))
22 WRITE(G, 9
23 9 FGRHAT(iHG:lOX.SHG.U.5K-3H1'0.$x;3H2!0n5X.\}H5.0.5Xa3H.4.0g5x;3H5,0.

1bx.5Hﬁ.o.5x.6H?.0,bx.SHa.ﬂ,5x,5H9.a,4x.3H10.;bx-awzl.,bx.sulz..:x.
23H23, .98, 3H14,}

24 WRITE{6:10) _

25 10 FORMAT‘J.H I7XS5H0|U *'ngHlllIDllﬂll'0!!0!!!!’lIlIl!!lllQl!!'ll!ll
3!'!0'0.'!lOtvtallll!0l¢llitvlcql|tll.!!ll'iltlll!l!"llt"!!‘v'lilf
Ql."l.l‘"llll)

T L iyswsesa [N THIS DO LOOP THE EGUATION TS SOLVED=¥u¥aamaneszs
2b 0o 14 [=1.21

27 JBel#l

30 XUJYsX(1)8 (1 D-Hea) eHeB

3 TeFLOATL])=H
G T iawsTHIS DO LGOP IS USED TO PLOT THE SOLUTION FUNCTIQN®awnass

37 po 11 Lei, 119

33 GHAR (L ) BBLANK

34 11 CONTINUE

36 MEX{J)/0,125%0,5

37 CHAR (M) =PLOT

40 HRITE(6:12)

41 WRITEL6,12)

42 12 FORMAT(13%:2H )

43 WRITE(6,13)T,CHAR

44 13 FORMAT(IX,F10,2,2H ,221941)
] 14 CONTINUE '

G asnsTHE LLAST THO STATEMENTS ARE USED TO TURN QFF THE COMPUTER##35s2
47 CALL EXIT
50 END

Continued on Page 60
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Many “on the line" teachers have ideas, suggestions, techniques, preblems, and questions they would like
to share with the society. "FILE TO FILE” provides the place for exchange of professional information.
If you have an item for exchange, submit it to "FILE TO FILE," E. D. Black, General Motors Instituge,
Flimt, Michigan.

CELLLTELETEET LT 1Y T N TG AL AN AR N IR RS R AR A AN AR AN G U SAN O R AR AN NS AR COsaN T G N OR NN ONLEAETE P D AR OREEOO TR ERE P T ED
&

Dear Prof. Black: DIHEDRAL ANGLE RY REVOLUTION

Attached is a copy of a construction that may LINE OF INTERSECTION NOT KNOWN,
be of interest to some readers of the Journal of
Engineering Graphics. The method does not seem 1, Obtain edge-view of one plane, say ABC. Carry
to be known; at any rate, it does not appear inany - other plane 123; draw line 34 in plane 123
of the current textbooks on descriptive geometry, parallel to plane ABC and draw axis perpendi-
ag far as I can see, cular to ABC at a convenient point.

Finding the DIHEDRAL ANGLE of two oblique
planes is always burdensome, especially without 2. In a second auxiliary parallel to ABC draw
having their line of intersection, even with the 123" only; revolve 123 around zxis in views "2"
normal line method, The one degcribed here and "1" such that line 34 appear in point view
seems the simplest of all. Details and proof may in view ''1"

be left to the reader.

Sincerely yours,

S. T. Halasz

The City College of
The City University of
New York

3. Measure dihedral angle in view "1" between
revolved plane (123) and plane ABC.

Cr Continued on Page 52
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Continued from Page 23

“CAN'T UNDERSTARDD AT --- | $TLL REEP wWwsina”

THE LIFE OF A BUNGLER

Date: Any Time.
Place: Any Where,
"Dear Sir,

When I got to the building, I found that the hurri-
cane had knocked some bricks off the top. Sol
rigged up a beam with a pulley at the top of the
building and hoisted up a couple of barrels full of
bricks, When I had fixed the building, there were
a lot of bricks left over. I hoisted the barrelback
up again and secured the line at the bottom. I
then went up and filled the barrel with the left
over bricks, and came down and cast off the line.

Unfortunately, the barrel of bricks was heavier
than I was and before I knew what was happening,
the barrel started down, jerking me off the ground.
I decided to hang on, and halfway up I met the
barrel coming down and received a severe blow

on the shoulder. I then continued to the top, bang-
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ing my head against the beam and getting my
finger jammed in the pulley. When the barrelhit
the ground it burst its bottom, allowing all the
bricks to spill out.

I was now heavier than the barrel and so started
down again at highspeed. Halfway down, I metthe
barrel coming up and received severe injuries to
my shins. When I hit the ground, I landed on the
bricks, getting several painful cuts from the
sharp edges. At this point I must have lost my
presence of mind,because I let go of the line. The
barrel then came down, giving me another heavy
blow on the head which put me in the hospital.

I respectfully request sick leave."

Signed: The Bungler.

Good teaching can be defined in terms of the
extent to which students are led to become
partners in their own learning.



If there isanything wrong with
theaddress as shown on your mail-
ing label, please correct it and add

the ZIP CODE, and return it to

Professor James H. Earle, Texas il
A&M University, College Station,

Texas 77840,

USE

DonE 2 A
DRiP

Better yet, why not turn to Page 67
of this issue and fill in the form

and send it to him with your check
for subscription renewal. Anyway,
no zips or incorrect zips on your

address label may mean a loss of

your magazines in the mail,

You

Continued from Page 4
CAN YOU HELP US WITH THIS REQUEST?

Dear Mr, Black,

Please forgive my presumptuousness in
applying to you, but I would be extremely grate-
ful if you would consider giving me some infor-
mation concerning a drafting publication entitled
Drawing & Design Encyclopedia, Louis D, Prior,
Ine,

I have endeavored to borrow this book through
the National Library in the United Kingdom, but
they request more details in order to trace it.
The information they require being the name of
the publisher, date of publication and current
price,

I enjoy reading "Journal of Engineering
Graphics."

Yours faithfully,

G. B. Davies
Engineering Research
Department

Dunlop Serntex Limited
Drynmawr, Breconshire
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WITTICISMS

Failure to examine and interpret ideas in terms
of the effect they will have on others is almost

criminal.
&

Today there is a teacher stirring the imagina-
tion into the fire that fights up the dreams of
youth planting the ideas of character that
btoom in great service to mankind.

&

Setting the stage for a class session usually is
easier and produces more effective results than
trying to drum learning intothe heads of students,

&

I all problems could be solved by a formula, we
could be replaced tomorrow by'a computer.,

# S



Continued from Page 12

l"xa_""'“xll“""*zu Z|*|

Figure 7 Relative Position of Coordinate Planes, Image Planes, and Object

Coordinate notation must be systematically

extendible to successive auxiliary views. For

each new auxiliary view a rotation of the coordin- ¥
ate trihedral is necessary. The axes are designated

X' Y' and Z' after one rotation; X", Y", and 2" x—)

after two successive rotations; X', and Z'"" after

three; etc. One of the characteristics of principal
view coordinate notation as seen in Figure 6 is the
sequence of view designating letters. The sequence x—~|
of view designating letters is ihe sequence of views

in coordinate notation. The sequence in Arrange-
ment A of Figure 6 is ¥, Z, X in the direction \ <
front to top to right side; it is X, Z, Y in the oppo- X

gite direction. The sequence in Arrangement B is 17
X, Y, 7 in one direction and X, ¥, X in the other, z
For successive auxiliary views emanating from

the fromt view of Arrangement A the sequence

starting with the right gside view {(View X) would

beX Z, Y, X', Z", Y, X7, ete. The corres-

ponding names of these views in regular notation

would be Right Side, Top, Front, 1st Auxiliary,

2nd Auxiliary, 3rd Auxiliary, 4th Auxiliary, ete.

Notation for the X' view in this sequence will be

developed in detail. See Figure 8. The trihedral

rotation is determined by the requirement thatthe

X' axis show ag a point directed into the paper in

the X' view., The X¥Z trihedral is rotated about

the Y axis through the angle @ into the position of : {

the X!'Y'%! trihedral. Egquations relating the X'Y'Z' B A

bt

gsystem to the XYZ system are developed on -
Calculations Set No. -1 <

Figure 9 shows a left anxiliary view corres- -
ponding to the right auxiliary of Figure 8. The ~7b
trihedral rotation angle (8) in this case is greater T
than 90 degrees and less than 180 degrees. Equa-
tions relating the rotated X'Y'Z' sysiem io the
original XYZ system are developed on Calcula-
fions Set No. IL Transgformation equations for Right Auxiliary View Notation
other arrangements of first auxiliary views could :
be derived similarly. Similar equations for any

Figure 8
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higher numbered auxiliary view could be writien
if desgired.

X, 2, *\ fe]
8 90”
Q

Z

Figure ¢

The coordinate system provides additional
language for definitions of terms, statements of
problem conditions, and explanations of theory.
The languages of solid analytic geometry and
vectors become available for uge in graphies.
Several uses of rectangular components of dis-
tance may be geen in Figure 10. Componenrts are
illustrated there in conjunction with an additicnal
view solution for true length and true slope of the
line segment AB. The use of these components
for alternate solutions by revolution or by vector
addition may be visualized. The concept of dis-
tance components is also useful in pictorial
drawing.

The coordinate system facilitates mathematical

golutions of descriptive geometry problems. A
mathematical solution of the intersection problem
shown in Figure 11 is given as an illugtration.
See Calculations Set No. III. Graphical solutions
of many engineering problems are easier than

H
F
o 'z
s X
7
z

<

jie

Left Auxiliary View Notation

TL= Jlax®(avR +(azP
(6124 (3R + (2R

=7

2
SIN 0 =5

2

TAN 8= —="
Nte)Z + (37

@I)
A

b ,5.-3)

7\! \(?\_\153 3
= i
¥

corresponding solutions using symbolic mathema-
tics only. It should be advantageous to graphics
to have standardized procedures for mathematical
golutions in addition to the well established graph-
ical procedures. If engineering students are
shown both methods they will be quick to see and
appreciate the difference between the easy way
and the hard way.

N

Figure 10

Rectangular Components of Digtance

CALCULATIONS SET NO. 1 From Figure 8: X = OB X! = AE
_ 7 = AB 7' = OF
(Referenced to Figure 8.)
Let A be a general point in the XZ plane. The From triangle ABC: AC = AB c0s 8 = Z cos 8
coordinates of Point A in the XYZ system are BC = AB sin 6 = Z sin 6
(X, ¥, 7); its coordinates in the X'Y'Z' system e
are (X', Y', Z'). Since the Y axis does not change From iriangle BDO: BD = OB cos 8 = X cos 6
= 0B sin 8 = X sin 0

position in the rotation, Y' = Y. DO
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e

FG = AF sin ¢

o
N
A
/
Figure 11 Intersectiion of Plane and Cone
Expressing X' and Z' as functions of X, Z, and 9: From triangle OHF: FH = OF cos p = Xl s @
_ HO = OF sin § = X] sin §
X'=AE =BD -BC=Xcos 8- 7 sint

21 = OF = AC <D0 = Z cos 8 +X sin 6. From triangle AFG: AG = AF cos § -z Zy g
d

Thus the transformation equations relating the
X'Y'Z' system to the original XYZ system are:

X'=Xcos8-Zsgin
Z'=Zcog 8 +Xgin 0
Y' =Y

CALCULATIONS SET NO. IL
(Referenced to Figure 9)

A is again a general point in the XZ plane, The
rotation of the XYZ trihedral will be taken in two
steps. It is first rotated about the Y axis through
909 into an intermediate position designated
Xllel The intermediate equations are: X1=—Z'

Zy =X and Y=Y, The complete angle of rotation

is 6 as before The second step rotation is through
the angle @,where § = 6 - 900, The second step
rotation is from the Xllel position to the auxil-

iary view trihedral position (X'Y'Z').

From Figure 9: X, = OF X' = AK
Zl = AF z' = KO

(For the general Point A)

Expressing X' and Z' as functions of X, Zl’ and @:

X
Z

Xl
ZI

AKX = FH - FG
KO =AG +HO

o

1cos¢-lein@
1cos¢+Xlsi_n$

Expressing X' and Z' as functions of 8 instead of g

nn

From trigonometry: Cos @ = sin (90° + ) =sin®
Sin @ = - cos (90" +¥) =-cos®

Xt=X,gin®+2Z, cos 0
7' =%, sin 8 - X cos 0
1 1
Expresaing X' and Z' as functions of X and Z
instead of Xl and Zl:

(Using the intermediate equations X, = -Z and
Zy = X)

X?

ZI

- Zs8inB +Xcos 8
X gin® + Z cos 8

Rearranging terms and adding the Y' equation:

X'=Xcos 8- Zginb
Z'=Z cos @ +Xgin 0
Y' =Y
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Note that the transformation equations for theleft
auxiliary view of Figure 9 are identical 1o those
for the corresponding right auxiliary view of
Figure 8.

CALCULATIONS SET NO. IIT
(Referenced to Figure 11)

The right circular cone has a height of three units
and a base of two units diameter.

The plane ABCD has the same slope (8) as the
right extreme element of the cone.

The plane passes through the center of the cone
base. The origin is at the vertex of the cone.

The equations for the surfaces written in terms of
the XYZ system are:

ox2 +9 Y2 = 2

Z =3 -3X%X

Cone:

Plane:

A simultaneous solution of these equations,
eliminating Z, yields the equation for ’ghe inter-
section projection in the top view (Z view).

9x% + 9Y°% = (3 - 3%)°

This simplifies to:
Y2 +2X-1:0

0 is the angle of rotation of the trihedral.

—

Y10

Cos 9 = Sin 8 =

_1_
~‘10
The transformation equations are:

X=X'cos 8- 27Z"'sinB

Z=27'cos B +X'gin®

Y v

Puiling in the pariicular value of b these equations
are:

1 I

x- B3X _ Z'
10 10
g - 32, , X

The equations for the surfaces written in terms
of the X'Y'Z' gystem are:

: L \2
Cone ¢« 9 nﬁ.}—g—l _ i
10 ‘\? 10

Xl

1
+og)? = 22

== +

2
10 '\“ﬁ;—\

This simplifies to : 8(X')° + 9(Y")?

-6X'Z' = 0.

M

Plane: X' = 3

=10

A simultaneous solution of these two equations
yields the equation for the intersection projection
in the auxiliary view (X' view).

31\° 2_of 3\,
@ )

This simplifies to:

8
10°

This is the equation of the parabala in the auxili-

ary view,

Continued from Page 16

building, local building codes and zoning ordi-
nances, blue line paper, used in this office for all
final prints in size 24 x 36 inches, blue lined grid
sketch paper, bought in 18 inch by 50 yard rolls,
T-square or parallel rules and triangles (drafting
machines were mentioned as not commonly used
in architectural work), templates for circles, hex-
heads, lettering guides, ships' curves, pencils in
H and F grades, pink pearl erasers, and stainless
steel eraging shields.

(v WTD__Z VAR

In the architect’s office the employee must
possess skill with his fools. His line work must
be clean and dark., He must be able to organize a
set of drawings as to what views are required,
where on the paper, on what sheets, and where in
the set of drawings. e should be able to produce
all of the architect's sheets such as the plot plan,
foundation plan, floor details, exterior elevations,
sections through the building, roof plan, roof
framing plan and details, interior elevation, room
finish schedule, door schedule and details, window
schedule and details, elecirical plan, and others,
all in a clear, concise, neat and accurate fashion.
This requires a knowledge of construction mate-
rials, structural elements and their identification,
a good working knowledge of construction details,
architectural perspectives done in freehand and
mechanical, reproduction processes, and some
facility in freehand sketching and ink work., He
must also be familiar with dimensions affe cting
humans such as door sizes, the appropriate height
and location of elecirical switches, and counter
heights,

It was suggested that models of typical con-
struction practices and details in framing, rafters
studs, reinforcing, and floor sections should be
available to students in the drafting rooms. They
should be encouraged to vigit actual construction

Continued on Page 54
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Cdnﬂnuedfrom Page 26

GROUPS

Principle 1 _ w
The plercing polnt of a line CONV. SS.
on a plane ' :
>SET
Principle 2 L
The Intersectlon_'o'f two SS. CONV.
planes ‘ )
Principle 3 _ A
The true slze of a plane CONV. SS
\SET
2.
Principle &
The shortest distance from SS. CONV.
a point to a liine )
Principle 5 \
The shortest distance between CONWV. s.S.
two skewed 1lnes '
\SET
' 3.
Principle &
The true angle between a 8S. CONWV,
1lne and a plane )

FIGURE 2

THE COMPOSITION OF THE THREE SETS

order 1, 3, 5 and 2, 4, 6. Since the principle
order 1, 3, 5 is associated with the higher mean
of 85,20, it is assumed that the students experi-
enced legs difficulty with these problems and that

the appropriate sequence of course offering was
observed. ‘

The analyses to determine the accuracy with
which the students scored their own work are
shown in Table IV. This table indicates that on
five of the six individual principles, the students
could be trusted to score their work and accurate-
ly report these scores.

The overall analysis of student accuracy,
shown in Table V, indicated that the students were
accurate in reporting scores.

Table VI shows the statistical results obtained
in determining which of the two technigues could
be scored in less time. The most important part
of this analysis is seen in the F ratio of 148.14
for technique, Thig ratio indicates a very highly
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significant difference between the lengths of time
required to score a replication of self-gcoring
devices and a replication of conventional devices.
Inspection of the means shows that the self-gcor-
ing device could be scored in less time. '

The F ratio of 21,76 for Graders suggests that
gome of the graders were faster than others. The
F ratio of 15,76 for Principle indicates that some
of the principles could be scored inless time
than others. The F ratio of 13.18 for Replications
implies that some of the replications required

‘more time to complete than others. The F ratio

of 4.52 for the Grader-Technique interaction sug-
gests that improvement in time due to technique
varies from one grader to another, The F ratio
of 2.75 for the Principle- Technique interaction
indicates that gains in speed due to technique
varies with the principle being scored as well as
with the grader scoring the principle.

Toward the end of the experiment, the author
became curious about how the students had



TABLE 1

THE ANALYSES OF THE SIX SETS OF DATA

Sums of Mean Mean Standard Dev. Number
Source d.f. Squares Square E Cony. S.S. Conv. ‘¢ §.%, {Conv. $.5.]
o | Total 221 194,951.36
[= W . .
TE» Technique 1 34,34 34, 34 .038 83.6 BL 4 31,70 28.01| 120 162
& | Error 220 194,917.02 885.99
(o]
o | Total 250 139,252.07
a
v | Technlque 1 906,23 906.23 1.63 78.9 82.8 | 28.53 18.82| 141 10
& | Error 249 138, 345.84 555.60
- _
2 | Total 234 130,713.02
o
o | Technique 1 290.00 290.00 518 | 82.9 85.2 25,15 22.421 103 132
a | Error 233 130,423.02 559.75
-
o | Total 224 145,816, 00
o
@ [ Technique 1 3,633.54 3,633.54 5, 70% 81.1 89.1 28.48 20,86 | 104 121
& | Error 223 1h2, 182 46 637.59
‘;‘ Total 265 103,292.65
= | Technique 1 2,402.28 | 2,402.28 | 6.28% | B83.9 91.2 | 27.06 19.45 | 132 134
[ =
= | Error 264 100,890, 37 382,16
K —=
o | Total 246 185,530.,37
= -
g Technigque 1 3,292.28 3,292,28 L 43 79.4 86.7 30.03 23.50 | 112 135
o Error 245 182,238.09 743.83

received the new idea of self-scoring descriptive
geometry problems., To ascertain student con-
sensus of the two techniques of presentation, a
five-item questiornaire was designed for and
distributed to the students for their completion,
Figure 3 shows the five items and a compilation
of the students' responses.

Summary

This study was degigned to test the effective-
ness of two self-instructicnal techniques for use
in teaching engineering descriptive geometry.
Only one of these technigues, however, offered
immediate reinforcement to learning as recom-
mended by Pressey (3:75).

It was found that the students in this study
generally benefited by using the‘self-gscoring
ingtruments ag a means of out-of-class prepara-
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tion. This beneficial effect was reflected by the
scores taken from agsignments completed by the
students in class. Further, an overall analysis
indicated that students could be trusted to score
their own assignments and report these scores
accurately. Finally, it was shown that the self-
scoring device required less time to evaluate
than did the conventional.

Recommendations

It is recommended that further work be done
to confirm or disprove the findings of this study.
If further regsearch should show that the self-
instructional technique described in this study is
not feasible or as efficient as indicated by ihe
data presented herein, it is recommended that
other methods of self-ingtruction be explored.
These methods should, however, be designed to




TABLE 11

THE ANALYSES OF THE THREE LATIN SQUARES

at

Sums of Mean Means
Source d.f. Squares Square E Conv. $.5. Prin. 1 Prin. 2 | Group A | Group B
Technique ] 651.65 651.65 .91
Principle | 1,170.85 1,170.85 | 1.63 | 81.25| 83.60 | 84,00 80.85 83.20 81.65
Group ! 283.49 283,49 .39
Error h69 7336,234.5& 717.1
Technique 1 3,050.08 3,050,08 | 5.12% Prin. 3 | Prin, &
brinciple 1 126.78 126.78 21 | 82.0 | 87.15 ] 84,05 85.10 | 86.00 83.15
Group 1 934.09 934,09 1.57
Error Ls6 271,867.8h 596.20
Technique 1 6,821.12 6,821.12 | 10.57%% Prin. 5| Prin. 6
P}incip]e 1 10,287.00 10,287.00 15,944 81,65 88.95 87.55 83.05 85.30 85.30
Group | 0 0 0 ' .
Error 509 328,427.94 A 645.20
TABLE L1
THE OVERALL ANALYSIS OF STUDENT PERFORMANCE
ANALYS IS OF VARIANCE
Source d.f.‘ Sums of Squares ' Mean Square F
Technlque 1 8,798.638 8,798,638 13.47
Group 1 777.405 777405 1.19.
Order 1 3,040,215 3,040,215 465"
Set 2 2,155.357 1,077.678 1.65
Tech-set 2 1,184,707 742,357 114
Group-Set 2 L4g9B. 177 249,088 .38
Order-Set 2 758.“22 36h. 211 .56
Error 1,430 936,620,320 653.152
Order Order
Conv. 5. 5. 1,3,5 2,46
Number 721 725 723 723
Mean 81.58 86.56 85.20 83.00




TABLE 1V

THE ANALYSIS OF STUDENT ACCURACY WHEN

SCORING THE SIX PRINCIPLES

Students’ Standard Mean Std.
Principie Mean Score Mean Score Difference Number Dev. t

I 78.41 78.23 2178 102 12.85 N

2 82.94 83.82 .888 w | 1ess | .00

3 92.36 89.93 2.431 132 9.15 | 3.08%

4 90.20 90.43 .221 157 k.39 .63

5 90.75 91.16 375 160 5.27 7 .90

6 89.27 89.84 573 153 5,63 |53

TABLE V¥
THE OVERALL ANALYSIS OF STUDENT ACCURACY
WHEN REPORTING SCORES
Students' Standard Mean Std,
Mean Score Mean Score Difference Number Dev. t
87.94 87.66 . 288 8Lt 8.81 .98
TABLE vI
THE ANALYSIS 70O DETERMINE WHICH TECHNIQUE
CAN BE SCORED IN LESS TIME

Source d.f. Sums of Squares Mean Square F
Total 191 L417.51
Grader 3 51.17 17.06 . 21, 76w
Principle 5 62.33 12.47 15, 76¥k
Technique i 16,11 116, 11 148, 1Lk
Replications 3 31,00 10,33 13, 18+
Gdr*Princ 15 16.95 1,13 1,44
Gdr#Tech 3 10.63 3.54 b, 5290
GdrRep 9 5.99 .67 .85
Princ*Tech 5 10.76 2.15 2,75%
Princ#Rep 15 10,69 .71 .91
Tech*Rep 3 .79 .26 .34
Gdr#Princ*Tech| 15 33.26 2.22 2.83%
"GdrePrinctRep | 45 23.48 .52 .67
GdriTech®Rep 9 2.78 .31 .39
Princ*Tech®Rep| 15 6.25 Az .53
Error Ls 35.27 .78
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relieve an instructor of the monotonous tasks of Station, 1963.
lecturing, drilling, and grading repetitious

exercises (6:120). 3. Press, §. L., "All About Teaching Machines In
o One Easy Filmstrip," Contempory Psychol-
Bibliography . ogy. 6:75, May, 1961,
BIBLIOGRAPHY 4, Riging, James 8., "Course Content in Basic
: Engineering Graphics,”" The Journal of
1. American Society for Engineering FEducation Engineering Graphics, 23:32-34, November,
Combined Committee on Programmed 1958.
Instruction, "A Report on Programmed
Instruction'" The 'Journa]_ of Engineering 5. Svensen, C. L. and W, E. Street, Engineering
Education. 53:118-123, October, 1962, Graphics, Princeton, New Jersey: D. Van
Nostrand Company, Tnc., 1962,
2. Earle, James H., ""An Experimental Compari
son of Three Self-Instruction Formats for 6. Williams, E. M., "Some Experiments With
Descriptive Geometry," Unpublished Doctor's Programmed Materials," The Journat of
dissertation, Texas A&M University, College Engineering Fducation, 52:557-560,
October, 1962,
. WHICH TYPE OF DRAWING DID 3086

YOU PREFER TO WORRK WITH 7 SELF - SCORING

35

CONVENTIONAL

2. WERE THE INSTRUCTIONS " YES 1308

ALWAYS CLEAR ENOUGH ?
NO|33

3.DID YOU EXPERIENCE Es 58
DIFFICULTY IN SCORI!NG YOUR
OWN WORK ? 283

v |

© 4DID THE SELF-SCORING
DRAWINGS AiD YOU iN

FINDING WHERE YOU MADE
20

MISTAKES P
NO

YES ]32|

5 WOULD YOU PREFER TO 304
WORK ALL DESCRIPTIVE SELF - SCORING
GEOMETRY PROBLEMS IN
THE SELF-SCORING FORM ]37
OF THE CONVENTIONAL CONVENTIONAL
FORM P

FIGURE 3

THE SUMMARY DF STUDENT OPINION
OF THE TWOQ TECHNIQUES

&
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Textbook

~ Instructor’s

FUNDAMENTALS OF
THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY
by STEVE M. SLABY, Princeton University

Published last Spring and already in wide use in technical institutions, colleges, engineer-
ing schools, and universities throughout the country, this textbook presents the basic con-
cepts of three-dimensional descriptive geometry and, in a logical and sequential manner,
shows their practical applications through orthographic examples and construction pro-
grams. Color is used—for the first time in a descriptive geometry text—to clarify relationships
among lines and to identify planes in constructions. Distorted labels maintain a consistent
three-dimensionality throughout the illustration program. Sample quizzes and examinations
and 135 practice problems reinforce the text presentation. “The best text on descriptive
geometry yet to be published.”—R. Kenneth Jacobs, Georgia Institute of Technology.

383 pages, $7.50

INSTRUCTOR'S MANUAL AND SOLUTIONS

Presents a course syllabus, lecture outlines, and solutions to all the problems in the textbook.
Available to instructors who have adopted FUNDAMENTALS OF THREE-DIMENSIONAE. DESCRIPTIVE
GEOMETRY for basic class use. Just published

WORKBOOK FOR FUNDAMENTALS
OF THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY

by STEVE M. SLABY and H. SANFORD GUM, College of San Mateo.

Contains problems derived from the text, with a detachable transparent sheet of grid-lined
paper bound between each page on which the student can sketch his preliminary solution.
Grid-lines are printed in the same color used in the textbook. Separate Solutions Manual in
preparation. Spiralbound. 72 sheets with 96 drawings, plus overlays. $5.95

ENGINEERING PROBLEMS FOR FUNDAMENTALS OF
THREE-DIMENSICNAL DESCRIPTIVE GEOMETRY

by H. LANE CALENDAR and W. J. BROWN, Rutgers University.
With Solutions Manual. Publication: January, 1967

APPLIED PROBLEMS FOR FUNDAMENTALS OF
THREE-DIMENSICNAL DESCRIPTIVE GEOMETRY

by ROBERT SEID, Bronx Community College of the City University
of New York,

With Solutions Manual. Publication: Spring, 1967

These new workbooks, together with the one by Professors Slaby and Gum which was pub-
lished with the text, give the instructor a wide choice of problems for use with FUNDAMENTALS
OF THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY, The ENGINEERING PROBLEMS by Professors Calen-
dar and Brown provides practical problems, including some that introduce vector notation
and operations. It also discusses some topics—topelogy, for example—that are not covered
in the text. The APPLIED PROBLEMS by Professor Seid contains simple problems illustrating
particular theories, followed by problems involving practical applications of the theory in
engineering terms. The workbook by Professors Slaby and Gum offers problems that work
out more purely theoretical concepts.

EXAMINATION COPIES ON REQUEST.

| Harcourt, Brace & World, Inc.

: New York / Chicago / San Francisco / Atlanta




/Barnes & Noble/

l Engineering Descriptive
Geometry

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

by Steve M. Slaby. ““The style is simple and wncomplica-
ted. It is 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 $2.50

Engineering Drawing

Basic Principles ond Rules with Problems & Tables

ASA Standord Drawings & Draffing Room Practice

by Lombardo, Iohnson, 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 Journal

Paperback $2.50

..2 Technical Writing

A Guide to Manuals, Reports, Proposals, Articles,

etc., in Industry & the Government

by Richard W. Smith. Written for the embryo technical wiit-
er with heavy emphasis placed on the industrial aspects
of the sabject giving broad application to the engineering
field. It includes - useful chapters on *“The Mechanics of
the Trade,”” a comprehensive hibliography; 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 whele field, which in-

cludes many areas of technical writing that most books neg-

lect.”"--James Stokley, Michigan State University
Paperback $1.25

4; Thinking With a Pencil

With 492 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-
ied. 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 Paperback $1.95

Free examination copies of paperbacks are available to instructors

Barnes & NObl@, Inc. 105 Fifth Avenue, New York 3, N.Y.
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Eclipse

Or so the experts tell us.

Lietz ellipse templates have mathematically
calculated, precision-engineered cutouts (10°
to 80° in 5° increments). Come in %" to 4"
sizes. Rate among the finest in the field. So
it's natural that the real pros —and serious
students, too — insist on Lietz to keep their
drawings sharp and accurate.

And ellipses are just part of our line. We're
also very large in circles, squares, triangles,
and dozens of others (we're not called Tem-
plate Headquarters, U.S.A. for nothing).

Day in and day out, Lietz templates set the
standard in countless industries: Civil and

mechanical engineering; processing; construc-
tion; architectural; electronics. You name it—
Lietz is there with a template.

If you're not now acquainted
with our product, we'd be
pleased to send you a copy of
our complete template line
catalog with all the facts and
figures. Write Dept. 51—EG

THE LIETZ COMPANY

330 COREY WAY-SCUTH SAN FRANCISCO, CAL. 94080
1224 SOUTH HOPE STREET, LOS ANGELES, CAL. 90015
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Jobs and to ask questions about what they observe,
Requiring each student to check another student's
completed drawings was also suggested as a
simple method of gaining experience in the check-
ing of drawings.

Prints that had resulted in the construction of
buildings were distributed for the teachers to
study and keep. While the plans were out before
the teachers, the sheets were explained as to
what is there, why if is there, and how it was
drawn,

The role of graphics in the electronics industry
wag covered in Lectures 7 and 8. Graphics was
described as the language of the industry, and an
imporiant means of communication of ideas. "The
symbols and terminology used in elecironic drafi-
ing are greatly influenced by military specifica-
tions since much of the advanced equipment pro-
duced is made for government consumption. To
work in the electronics industry a draftsman must
bave a good undergtanding of mechanical drafting,
be motivated to work in electronics, know and
undersiand symbols, components, and their func-
tion, and be familiar with military and other
standards.

Miniature electronic devices and components
were displayed and passed around while they were
identified and their function described. Some of
the components were disasembled, and drawings
that had been used in their production were digtrib-
uted and examined. Printed circuit boards in
various stages of completion were discussed, the
steps in their fabrication was explained, and the
use of black tape to make a negative for a printed
circuit board was demonstrated. References and
sources of additional information on electronic
drafting technigues were cited and displayed for
examination,

Graphics in the petrolewn indusiry was the
object of a field trip to a drafting department of
the Shell Oil Company. Here the class split up
into three smaller groups to ehcourage more
individual participation. The groups rotated
between the lecturers so as to be exposed to the
maximum possible amount of material.

To function in an oil industry drafting depart-
ment, an individual must become familiar with
oil field operations, vocabulary, equipment,
geology, and mapping. Special equipment must
often be designed, maps are frequently required,
and art work for displays or presentation may
occasionally be produced. Drawings in this office
were almogi always inked on plastic film with a
rapidograph pen. All lettering was done with
templates to ensure uniformity, and to permit
changes to be made by any draftsman without
having two styles of lettering appear on a drawing.
A portable parzllel rule was frequently used.

The tenthlecture was devoted to the function of
graphics inrecording and pre senting the results ofa
land survey. A setof prints from professionally
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drawn material was distributed to each teacher
and the steps required to produce a report of survey
were described. A survey is required whenever a
new property line is to be drawn, and the report
which is filed begins with the collection of all
existing information on the property such as old
field notes, courthouse records, old surveys, title
reports, and deeds. This material is collected
and turned over to a drafisman who transfers itto
a "hard copy'' done in pencil on vellum. Prints of
this accompany the surveyor into the field toassist
him in making his new field notes which will again
be turned over to the draftsman to prepare the
final map to be filed in the county office. The
finished map is inked with a rapidograph pen on

13 x 18 or 18 x 26 inch vellum. There are no
rigid requirements ag to how the map should look,
other than the usual requirements of neatness,
legibility, and accuracy, Map scales depend on
the area mapped and the size of the paper but are
usually in the neighborhood of 1" = 100" or 1" = 400",

Sub-division plans may also be requested of a
surveyor's office, These begin with a feasibility
study that includes a rough topographical map to
check slopes and drainage, an investigation of
present and proposed zonings of the property, a
title report of easements, incumberances, and
mineral rights, the availability of utilities, and a
geologic report on the composition and stability
of the ground. If the feasibility study is well
received, the drafisman will lay out lots on a sub-
division drawing over an aeridl topographic survey.
The finished sub-division map is then offered to
the planning commission for approval., If the
approval is given, a complete set of plans including
a plot plan, grading plan, water plan, sewer plan,
and improvement plan are produced,

'T'o be employed by an office that produces work
suchas this, an individual must have skill with the
pen, T-square and triangles, and be able to work
comftortably with mathematics throughtrigonometry
to interpret the surveyor's field notes.

Inthe final pair of lectures attention was directed
tothe importance of the graphic arts to our econeomy.
Their importance lies in the fact that before the
sale of an indugtrial item can take place, the
graphic arts have had a part in the planning, and
in the initial proposals prior to the manufactiure
and sale of the item.

Flip charis were used to demonstrate their
function and to present the five areas of the graph-
ic arts as line illustration, lettering, technical
illugtration, air brush work, and illustrative
rendering.

Line illustration accounts for the greatest
percentage of the work load in industrial art.
This consists of charts, graphs, schematics,
pasteups, and tracings. It is usually accomplighed
with colored tape, crayons, paints, or ink and
speedball pen, and requires the least amount of
education and artistic ability.

Continued on Page 59



Mr. Bruning’s
more expensive sepia paper
pays off every day at 5!

Why? Because it’s from 28 to
52 percent faster than any
other paper you can use.

And faster sepias pay off in three
ways:

1. Faster papers mean less operator
time at the machine.

2. Fasler papers mean increased pro-
duction.

3. Faster papers give your operators
much greater latitude in operating
conditions to produce perfect
prints. Wastage takes a nosedive.

Because Mr. Bruning's new sepia
paper is so much faster, your operator
can often switch from making blue-
line prints to sepias without having
to adjust machine speed.

What else do you get? Superior
drafting and eradication qualities. If
you haven't tried Mr. Bruning’s faster
sepia, yowll be surprised at its ability
to take pencil or ink revisions—and
then maintain high legibility through
various generations of prints.

Are we knocking our less costly
sepia? Not one bit. I's a top-quality
paper in its own right—just not as
fast. Moral: people interested in
profits buy value, not just price.

The Bruning man will stand behind
everything we've said. Make him
prove it—with a demonstration in your
own shop. Give him a call. By now,
you probably even know his home
phone number.

runing

qivistaN orF
ADORESSOERAPH MULTIERAFH CORP



BRAL

OCK LETTERING ANGLES

VERSATILE LETTERING TRIANGLES FOR

SYSTEMATIC ACCURATE
DIMENSIONING SPACING
UNIFORM PRECISE
LETTERING DRAWING
Style "A” S'Y'e uBu
57.60 57.60
&”-60 6"-60
7”-60 7"-60
8760 8”60
9760 9”60
445 4"-45
5".45 5745
&7-45 6"-45
7745 7745
8745 8".45

&"-45 Brd.-Rowe &6”-45 Brd.-Rowe

8"'45 S'yle Mc"

Lettering Device

LAYING OUT TITLE STRIFP

87-45 Style “B"" Brd.-Rowe

Qur Braddock Lettering Angles are designed to give a quick and easy method of making accurately
spaced guide lines for lettering drawings, etc. The simplicity of their application permits the subject

to be presented accurately and intelligently.

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH, PA.




Industrial-type drafting papers and films, used with modern drafting machines, enable students
to learn professional techniques more quickly, and fo acquire industrial-level drafting skills.

Teaching and learning are faster with
modern POST drafting media and technigques

You may be entirely satisfied with the drafting and
tracing materials you are now using. But is it possi-
ble that you are inadvertently using materials no
longer completely compatible with modern drafting
and reproduction technigues?

Many new techniques
Within the past few years, many drafting and re-
production techniques have gone through radical
changes. For example, tracing has almost become
an obsolete art in many drafting rooms. Original
drawings are made on vellum, tracing cloth or drafi-
ing film; further refinements are often made on
intermediate prints, which are then used as master
copies.
For industry-type training

After your students have mastered basic drafting
techniques on conventional drawing papers, you
may want to consider industry-type training, using
POST Blutex drafting vellum and POST Polytex
polyester drafting films. POST offers 48 varieties of
drafting media—thirteen drawing papers, five

FREDERICK POST COMPANY

P, O. Box 803, Dept. 64, Chicago, lllinois 40690

sketching sheets, six bonds, nine vellums, eleven
tracing cloths and four polyester films, each desired
for specific characterisiics and needs.

POST supplies the tools

Drawings on most of these media can be used for
making intermediate master prints, so widely used
in industry. Here, too, POST can serve you by
supplying the tools, White-printers and supplies,
from portable Rotolite diazo copiers to the POST
Diazo /Matic copiers, can be used to advantage by
drafting classes and other departments, as well.

To teach the “'professional” concept, you may be
interested in POST drafting machines and drafting
furniture—equipment which will enable your stu-
dents to acquire industrial drafting skills at the
educational level.

Free samples and literature

Write today for free sample swatches of POST
drawing papers and films, and copies of the new
School Buying Guide,

engineering and
copying producis




Reflecting the need for a broader
understanding of a powerful design tool ...........

ign an Iyi

ROBERT H. HAMMOND, United States Military 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 1o
understand basic production drawings and to provide the background for the
understanding of more complex drawings.

Emphasis is on the theory of projection 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. 534 pp., illus. $9.50

PROBLEMS — Engineering Graphies For Design And Analysis

Designed for use with ENGINEERING GRAPHICS, this
manual provides a full range of graphics problems adaptable to
meet most course requirements. The 118 problems are graduated
according to difficulty, within five parts, beginning with simple
concepts and progressing to those more thought provoking.
1965. 397 pp. $4.50
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The Ronald Press Company::--.-

.......................... .15 East 26th Streetl /NewYork, N.Y.
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Lettering artists are always in demand. They
must be able to lay out lettering, do speedball and
brush lettering, and have a complete knowledge
of roman script, old Finglish, and cther lettering
styles.

A technical illustrator reguires a thorough
knowledge of mechanical drafting, orthographic
and oblique projections, perspectives, and repro-
duction techniques. The work pays well, bui
demands a considerable talent and skill.,

An air brugh is much used in retouching
photographs, and in the preparaiion of illustra-
tions where an air of clarity and reality is desired.
The air brush requires knowledge of perspective
drawing, tonal values, the effect of color, and
reproduction methods.

To produce illustrative renderings requires a
high degree of artistic ability plus considerable
knowledge of pergpective drawing, color, tonal
values, compesition, and design.

The function of these five areds of graphic arts
was demonstrated by numerous samples of art work
and renderings preparedfor proposals and illustra-
tions. A filin depending heavily on animated tech-
nigunes was viewed, and a chronological sequénce
of stages inthe conceptionand development of a full
page advertisement that had appeared innational
magazines was presented.

The lecturer prevailed upon one of his artist
friends to bring his air brush and a COq tank to
the class to demonstrate the techniques involved
in its use, and the work that it can accomplish,

If enthugiasm on the part of the lecturers and
ieacher-students was any measure of the effective-
ness of the instruction, the course was anunre-
served success. Student evaluation and comment
was universally favorable; and the leciurers all
expressed surprise at the inferest shown through
questions, comments, and willingness to accept
suggestions by these teachers.

As the course carried college credit, a method
of formal evaluation to assign grades was neces-
sary. This was accomplished by reguiring the
teacher-students to prepare a folder of notes and
other materials acquired throughout the course
for evaluation by the lecturers. The collections of
material were rated independently by several of
the lecturers, and a composite grade was assigned
for each student, The correlation hetween inde-
pendent ratings was remarkably high, and there
were no substantial differences in opinion as to
the grades to be assigned.

The course was an extremely interesting exper-
iment in which to participate, and appears tohave
resulted ina significant iransfer of information on
industrial practices inthe various areas of graphics,
It will certainly result in better motivation onthe

part of high school students to realize that the
material they are learning is immediately vseful
to them should they go {o college or not, The
course will also result in instructional time being
more effectively used to teach the skills and tech-
nigues that are most imporiant in graphics, and
converselypermita smaller proportion of time to
be spent on those topics thatare not of suchgreat

importance.

Continued from Page 52

Dear Earl:

I have been studying the solution to the
missing view problem given in the Fall Journal
by Professor Knoblock and T am inclined to
question it. I am most likely wrong but since
no pictorial is given, I cannoci see it as a
solution.

Instead I offer my own verslon as inclosed.
Since the first two solutions are non-symmetri-
cal, their mirror image versions could be two
more answers. Anyways it is lots of fun. Hope
you have more. They are more on my level
than computers and four-dimensional geometry.

Hope to see you in Boston in March,

Yours truly
Kevin B, O'Callahan

KEVIN B. Q'CALLAHAN
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Continuéd from Page 22

Now let us consider how the golution function
is plotted once the differential equation has been
solved. Statements numbered 16 through 25 set
up the labels and axes for the plot. An arbitrary
digtance of eight spaces was alotied for a change
of 1 inx_. To make the actual plot, an array of
characters is defined and placed in the memory of
the computer. The definition of these characters
occurs in Statement 1. The characters are of two
types, blank and plot. The blank consists of a
blank space and the plot consists of an asterisk,
This array of characters is placed in memory as
the dimensicned variable CHAR. After the titles
are printed on the output paper, there are 119
spaces left. We therefore store exactly 119
characters in CHAR equal to blank. This ig the
first step in plotting the function. Next we take
first solution value of the function, x(2), and divide
itby 1/8 or 0.125. This enables us to find its
approximate location in a position a proportional
distance from 0.0. This position is expressed as
a space number ranging from 1 to 119, and there-
fore the number must be an integer. We choose
the integer variable name M to represent this
number and automatically any fractional remain-
der is truncated., In order to insure that M is the
closest possible integer, we add 0.5 to M before
it is truncated. Now we are ready for the second
step in plotting the function. We set the mMth
character of CHAR, CHAR{M), equal to a plot.
This causes an asterisk to be stored in the Mt
position. Since all of the rest of CHAR are blanks,
this character will be printed out as a plotting
gymbol, it will occur in the Mth position, a dis-

6l

tance proportional to the value of the solution
function at that time. We repeat this operation
several times by means of a Do loop to obtain
the X vs. T plot.

Because the computer can only print out the
plot in the manner previously described, we must
undergtand that the independent variable, T, 18
along the vertical axis and the dependent variable
x(n) is along the horizontal axis. For better
understanding, it is recommended to read the plot
from the side.

By the methods we have discussed, a digital'
computer can not only solve ordinary dlfferen’glal
equations, but it can digplay the solutior_l function
in graphical representation of the solution, many
of its properties can be studied.

&

A highly trained technological expert with a
good character and personality is a much better
engineer and more valuable to his companythan
a sociological freak or a misfit with the same
technical training.

&



Continued from Page 28

are perpendicular to both views of line AB. The
front and side views are tilted and located gimilar-
ly. Note that in the principal view where the axis
appears as a point, its projection will align with
the axis in the axonometric view.

There is an advantage to this property, which
will further simplify the congtruction and permit
working from a specified LOS as noted earlier. Tf
the L.OS can be identified and is located so that it
points directly at Point O, (Fig. 5} the L.OS will be
in a position so that it ig simpler to orient and
align the principal views.
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Figure 5

However, it will first be necessary to define
the particular 1.0S associated with the oblique
plane. If a normal view of the oblique plane is
required, the appropriate LOS for that normal
view must be perpendicular to the oblique plane
and every line in the plane. This L.OS is easily
identified because each of the principal views of
the object contains a normal line of the oblique
_ plane, which appears and is perpendicular to the
L.OS (TFig. 5). Therefore, the LOS is constructed
perpendicular to AB, BC, and AC in the top, right,
and front views, respectively. (If the LOS is
extended into the view as illustrated, the subse-
quent orientation and alignment of the principal
views will be more accurate.)

With the I.OS defined, the axonomeiric axes are
constructed as noted in Figure 3. The subsequent
orientation and location of the views is graphically
simpler (Fig, 4) because the line-of-gight must be
in projection with the Point O and alighed with the
respective axes of the axonometric view,

Obviously, if the LLOS is specified initially
instead of the obligque plane, the required oblique
plane can be consgtructed in the principal views by
reversing the procedure discussed above, That is,
in each of the principal views there will be a nor-
mal line that is perpendicular to the LOS. The
first of these lines can be constructed in any con-
venient location, but since they define the reauired
oblique plane, the other twolines must appropriately
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intersect withthe first and therefore, be constructed
accordingly {Fig. 5),

T
-

"Figure 8

- Figure 6 demonstrates the complete construc-
t1.0n fqr an axonometric projection. Figure 7 is a
pictorial view defining the relationship exisiing

among projection planes, the normal lines, the

lipe—of-sight, and the axes of the axonometric
view, :

Figure 7

Application

Although the illustrations demonstrated the
construction using three views, only two views are
necessary for an axonometric projection unless
there are curved features in all three of the prin-
cipal planes of the principal views. However, a
third view may be desirable as a self-checking
device and to improve the accuracy, If two views
are used, in some circumstances, a particular
combination of the two may result in poor graphic



intergections. This can be readily predicted inan
examination of the axes. The two most desirable
views should correspond with the axes that have
the sharpest intersection (Fig. 8). The two-view

TOP VIEW

<
~ I

Figure 8

RIGHT

combination involving the top and front views
would not yield an accurate solution, since the
projection lines are parallel to and intersect at
the same angle ag the axes do. Either of the other
two-view combinations (the top and right views or
the front and right views) would permit a more
accurate construction for this particular LOS,

In the event only two views are used in the
projeciion, it will still be necessary to define the
true length of the normal line in the third view,
if it is not already available. This is accomplished
simply by rotating one of the existing projections
of the missing line.

A two-view axonometric projection ig demon-
strated in Figures 9 and 10, Figure 10 demon-
strates an example of "boxing in' the views for the
construction. Figure 10 also demonstrates an
example of a situation where the right side view is
used instead of the front view, because the inter-
sections projected from the front view would be
too "shallow" to produce accurate results,

Summary of Method

The step-by-step procedure of this method is
summarized as follows:

1. Box in the object, if necessary, to large
enough portions to produce accurate
graphical constructions.

2, Identify and locate the LOS so that it is
pointing to the corner of the object
which ig to be emphasized (nearest) in
the axonometric view.

3. Construct the oblique plane perpendicular
to the LOS by congtructing intersecting
normal lines in each view perpendicular
to the 1L.OS.

4, Find the true length of the third line, if
only two views are available.
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Figure 9
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Books for Architecture Courses

by Lawton M., Patten, Professor, Department of Architecture
and Milton L. Rogness, Associate Professor, Department of Engineering Graphics
fowa State University

This text presents architectural graphics, building construction fundamentals,
and methods of drawing for a one year course in architectural drawing.
Hundreds of expertly reproduced drawings and diagrams, and numerous il-
lustrations of well-known architects’ work heighten the value of the textual
material. The chapter on Building Construction contains criteria for choosing
building materials and types of building construction. Two fundamental prin-
ciples for constructing shadows on perspective drawings are outlined and
photographs of existing buildings illustrate shades and shadows from sunlight.
Typical charts and graphs that an architect might use in presenting preliminary
studies and reports are included. '

The chapter headings are: 1. Lettering; 2. Basic Drawing Tools; 3. Types of
Projection Drawing; 4. Obligque Projection—Oblique Drawing; 6. Sections;
7. Building Construction; 8. Dimensioning; 9. Graphical Vector Analysis;
10. Geometry in Architecture; 11. Perspective Drawing; 12. Shades and Shadows;
13. Reflections; 14. Presentation Drawings; 15. Charts and Graphs.

190 Pages — 812" X 117 — Cloth Bound — $6.00

ARCHITECTURAL DRAWING PROBLEMS

by Milton L. Rogness,
and Robert I. Duncan, Assistant Professor of Engineering Graphics
lowa State University

This workbook is a collection of 109 problems which are correlated with the text-
book described above. The problems are designed to be thought provoking,
logical, and practical. The alternate assignments permit added drill when neces-
sary, and variation of assignments for different classes. In order to emphasize
the practical value of the fundamentals, special effort was made to provide
architecturally oriented problems,

112 Pages — 812" x 11" — Wire Coil Binding — $3.75

Complimentary Copies Available Upon Request
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Proven Successful |

ENGINEERING GRAPHIC

by James S. Rising, Professor and Head of Engineering Graphics Y 4
and Maurice W, Almfeldt, Professor of Engineering Graphics |
Both of Iowa State University

This text presents the basic principles and graphical theory of communication draw-
ings in a logical and integrated manner. Innovations include the initial introduction
of orthographic and multiview projection by the study of a point and its spatial
location. Experience has shown that the student can hetter visualize the principles
of projection applied to a point in space rather than to a solid object with the
complications of invisible edges and surfaces. The next logical step joins two points
to form a line, with succeeding steps to develop basic theory of the plane and the
solid.

Included are numerous illustrations and all appear on the same or facing page as the
related textual material. This third edition contains an enlarged unit on Production
Dimensioning which includes ASA cylindrical parts; Z and N charts; and concurrency
charts,

Practice problems from the several fields of engineering illustrating principles prev-
iously discussed are presented at the end of each unit. 416 pages. Cloth bound.

ENGINEERING GRAPHICS Problem Book 1

by James 8. Rising and Carl A. Arnbal, Assistant Professor of Engineering g
Graphics, Iowa State University k

This is a complete set of problems for the work of one semester of engineering

graphics covering the first 18 units of the text. This workbook contains 76 sheets
of problems; layouts for practice of graphical theory, engineering applications and
worded problems; and high quality green tinted drawing paper for all problems.

ENGINEERING GRAPHICS Problem Book 2

by Maurice W, Almfeldt, Professor of Engineering Graphics, and
Carl A, Arnbal, Towa State University

is also designed for a semester’s work. This workbook contains 88 sheets of problems;
graph paper in 10 X" 10, log and semilog for the graphical analyses found in
units 33-37; and green tinted paper for all problems.

SPECIAL EDITION PROBLEM BOOKS
LET US TAILOR-MAKE A WORKBOOK FOR YOU

Select only the problems which you need from the above workbooks or from our
stock of more than 180 additional problems and have them bound in a special
edition problem book fitting your specific needs. With a minimum vearly student
use of 250 or more, we will prepare for you books of your choice and specification.
Samples of all the problems will be furnished upon request. Write us today for
complete details,

Complimentary Copies Available Upon Request
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5. Construct a normal view of the oblique
plane (triangle)} with one side in a
horizontal position.

6. Construct through each of the vertices
of the triangle, lineg perpendicular to
the opposite sides. These are the axes,

7. Separate the two given views and orient
one of the views so that the 1.OS points
away from the intersection of the axes
and is aligned with (in "projection' with)
the corresponding axis.

8. Locate and orient the second view so that
the LOS of that view is also pointing away
from and is aligned with the appropriate
axis.

9. Construct projectors parallel to the line-
of-sight {and the corresponding axis)
from each of the two given views toward
the axes.

10. At the intersections of corresponding
projectors, identify corresponding points
in the axonometric view,
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It is easy 1o be afraid of unknown problems to be
faced, to look back to the safety of the past for
solutions, to be lulled by precedent.

&

@
ﬁm INFORMATION FOR AUTHORS‘!/ (%‘

Manuscripts. Articles or papers may be
descriptive, theoretical, documentary, tutorial in
nature, or they may be reviews. Editorial con-
siderations suggest most papers should be 2000
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professional treatment in depth. Omne or two
copies of the manuscript should be submitted.
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with typing only on one side of each sheet. Pages
should be numbered to avoid omissions. Refer-
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interest to the members of the Engineering
Graphics Division are welcomed. Please indicate
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should follow Webster's Seventh New Collegiate
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editorial style, see United States Government
Printing Office Style Manual, 1959.
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Editor.
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Flint, Michigan 48502

&






CREATIVE PRODUCT EVOLVEMENT Published 1965
by J. Liston, P. E. Stanley Price $5.00
190 pages, 844" x 11*’, —— a book which is profusely illustrated with example cases of new-product évolvement, and

contains a large number of practice problems particularly designed to stimulate imaginative thinking. Many of these
problems are based on real situations that offer the challenge which comes from koowing that a good answer might have

commeicial potential.

Unique in its field, and particulardy emphasizing the methods of synthesis, a step-by-step procedure is presented for
conceiving, describing, and proving ideas and proposals for new and better products.

Chapter titles are: 1, Preparatory Steps in Hvolving a Complex Product. 2. Conceptual Methods and Technigues in
Creative Product Evolvement. 3. Spatial Visualization. 4. Disclosures and Patents. 5, Feasibility and Optimization
Studies. 6. Feasibility and Optimization Studies with Analog Computers. 7, Feasibility and Optimization Studies with
High-Speed Digital Computers. 8. Experimental Confirmation of Feasibility. 9, Planning the Feasibility Test Facili-
ties. 10. Proposal Reporis for New Products. Appendix: Practice Problems in Creative Synthesis.

*DESCRIPTIVE GEOMETRY PROBLEMS and ~ *Published 1962
** ADDITIONAL DESCRIPTIVE GEOMETRY PROBLEMS **Pyblished 1965
by S. B. Elrod, C. H. Zacher, H. F. Gerdom Price $4.50 (for both)

*128 problem sheets, 8%* x 11°°; on good quality papes, perforaied and bound into a book.

Appropriate for an extensive course of 90—100 lab hours. Content includes: basic orthographic projection, fundamental
spatial relationships of elements; applications of descriptive geometry to design and manufacture. There is extensive
coverage of intersections and developments, including ruled surfaces; also, axonometric and perspective projection are
treated,

*% ADDITIONAL, — includes a number of problems on: Lofting, Gompound Locus Relations, - also includes improved
instruction and variations of certain problem sheels in the 1962 set.

WORKSHEETS FOR INTRODUCTORY GRAPHICS ~ FORM A Published 1958
by J. N. Armold, M. H. Bolds, S. B. Elrod, J. H. Porsch, R. P. Thompson Price $4.00
One hund;ed sheets, mostly 8%* = 11"’ with a few 11°x 17", on good quality paper, perforated and bound into a book.

Principal topics are: Lettering, Geomelry, Multiview Drawing, Pictorigl Drawing, Iniersections, Developments, Con-
toured Surfaces, Functional Design; also.a few sheets each on Vectors, Grapbical Calculus, Empirical Equations, Re-
pre sentation of Data and Equdtions. .

GRAPHIC AIDS IN ENGINEERING COMPUTATION 1963 Printing
by R. P. Hoelscher, J. N. Arnold, S. H. Pierce Pubfished 1952

Price $5.75
This well-known text of 197 pages, 6'* x 9'*, in hard covers, deals with alignment charts, empirical equations, the de-

sign of special slide rules, and the use of the standard slide rule. Examples are numerous, and there are problems
at the end of each chapter.

The seven chapters are: (1) Standard Slide Rules, (2) Empirical Equations from Brgineering Data, (3} Alignment Charls,
(4) Graphical Calculus, (5) Alignment Charts with Determinagnis, (6) Special Slide Rules, (7) Movablescale Nomographs.

Forme:ly available from McGraw-Hill; now a Balt book.

Examination copies of any of these are available upon request.
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