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BRADDOCK LETTERING ANGLES

6"-45" STYLE "A" LETTERING ANGLE

All Style "A" Lettering Angles have the black hair-
lines, as shown .above, which enable one to obtain angles
of 15°, 30°, 45°, 60°, 75°, and 90°, from either a 45°x45°
or a 30°x40° Lettering Angle, by setting these hair lines on
horizontal or perpendicular lines on the drawing beard.

Style "A" Lettering Angles have the heles connected
in groups of three by means of black lines, as shown above.
This grouping makes it easy for the student and draftsman
to understand the use of the holes.

BRADDOCK INSTRUMENT COMPANY
PITTSBURGH 18, PA.




Practical

DESCRIPTIVE GEOMETRY
Duollems  with ANSWER BOOKLET for Staff

® new practical applicaiions of de-

scriptive geometry

e 183 practical problems with student

appeal

& for easier problem solution, two

page sizes: 9x12 and 12x18

® copies of author's quizzes sent to

schools

Send for your copy today - . .

HIRAM E. GRANT
Deparitment of Engineering Drawing
Washington University

5t. Louis 5, Missouri

by HIRAM E. GRANT

Washington University, §t. Louis, Mo,

This new set of 289 printed problems in descriptive geometry, with
accompanying text and instructor's answer booklet, offers a wide

selection.

A variety of courses may be designed from this problems book

designed both to create student interest and to enrich your course.

The book features new practical applications of descriptive
geometry with complete coverage of fundamentals. In addition to
partially laid out problems which enable students to solve twice as
many, PRACTICAL DESCRIFTIVE GEOMETRY PROBLEMS includes a
number of problems to be set up completely by the student. With
this set of printed problems, you may use the regular edition of

the author's PRACTICAL DESCRIPTIVE GEOMETRY.



. carry it with you wherever you go!

Good news for draftsmen! New HIGGINS
AMERICAN INDIA INK Cartridge always feeds
the right amount of ink into pens and drawing
instruments. No mess, no waste!

Compact, rigid, plastic cartridge fits easily in
pocket, purse or drafting sets.
Stands on table, shelf, desk — won’t roll off

inclined drafting boards! Most convenient way
to fill pens — and so economical!

FILLS
PENS
FASTER,
EASILY,
NEATLY!

Ask your art or drafting
supply dealer for this new item.

INK GO, INC

Brookiyn 15, New Yeork

ey The basic art medium |

g

~ since 1880 |



Koh-I-Noor offers draftsmen an important new dimension
in a comprehensive line of instruments and accessories
meticulously matched to provide new high levels of
professional performance, efficiency and convenience.

MODEL NO. 3D60: The reg-
ular Koh - | - Noor Rapido-
graph “Technical”” Fountain
Pen with self-contained
automatic filling system,
and pocket clip is a standard
drafting room tool,

NOW...TWO KOH-I-NOOR

RAPIDOGRAPH

TECHNICAL FOUNTAIN PENS

il ) ) A In 7 ‘‘color-coded” precision line widths:
E?dee?urtotf:gdp:fgfteeszi::gﬂslqg Irlgt?u?::ait?;eqi?:t change of fine 00,0, 1,2, 2%, 3, 4. Uses India (or regular)
widths. Each drawing point section complete with airtight Ih'khfﬂl' rulhfng,.lliettenng. tracing or writing
refillable ink cartridge. Interchange is accomplished quickly, with equal facility.
cleanly. Comes in handy desk top container.

MODEL ND. 3065: Anew model with 7 inter-
changeable drawing point sections, each color-

(Write for cataley.)

Two Koh-l-Noor products designed to work together...for greater efficiency!

KOH-1-NOOR
EJECTOMATIC LEAD DISPENSER

Automatically feeds lead to holder without need
to touch lead. Transparent container permits
constant inventory check on fead supply.
In 17 degrees. Widest choice
of containers with 2, 6,
and 12 leads.

KOH-I-NOOR
ADAPTO-CLUTCH LEAD HOLDERS

Widest choice of holders, all metal, per-

; fectly balanced, with non-slip, turn-proof,

e : - replaceable clutch: knurled finger grip.

S : With or without pocket elip, lead degree
o indicator, Color-Coded.

KOH-I-NOOR PENGIL CO.. nc.

BLOOMSBURY 6, NEW JERSEY




FUNDAMENTALS OF ENGINEERING GRAPHICS

by Myron G. Machel, Clarkson College of Technology

FUNDAMENTALS OF ENGINEERING GRAPHICS offers a comprehen-
sive course for engineering and science students. It ilfustrates methods
for solving problems and presenting significant information graphically,
based upon principles of mathematics and orthographic projection. Text
material is arranged in its order of usefulness and in coordination with
the concurrent courses of mathematics and physics. Part |, GRAPHICAL
DEVICES, offers graphical methods for presenting data, and for making
measurements and calculations. Part I, SPATIAL ANALYSIS AND PROB-
LEM SOLVING, deals with the relationship of points, lines and planes
in space. Part lll, COMMUNICATION OF IDEAS, considers graphical
methods for communicating three-dimensional information. Part [V,
GRAPHICAL SOLUTION OF MATHEMATICAL PROBLEMS, considers
mathematical problems mast readily solvable by graphical means.

In addition, this new baok:

e uses complete concrete prajects to explain theory and methods of
applying theory, thus establishing cantinuity

e concentrates on essential theory leading to graphical demonstra-
tion of applications :

e utilizes a psychological approach emphasizing unity and related-
ness, rather than isolated topics

s encourages students to develop freehand work, although tech-
niques in themselves are considered a by-product

¢ is exceptionally well-illustrated

¢ has been successfuily class tested for the last three years




FUNDAMENTALS OF ENGINEERING GRAPHICS
TABLE OF CONTENTS

Part1 Graphical Devices

1 Graphs
2 Functional Scales
3 The Vernier
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4 Orthographic Theory—Principal Projections
5 Orthographic Theory—Auxiliary Projections
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7 Orthographic Problems—A Manufacturing Plant
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Part Hl Communication of Ideas

10 Freehand Orthographic Representation

11 Freehand Isometric Representation

12 Freehand Oblique Representation

13 An Engineering Design Problem—A Speed Changer
14 Freehand Design Problem—An Instrument Support

Part IV Graphical Solution of Mathematical Problems
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EDITORIAL PAGE

The COVER shows the present state of engineering
graphics education in the United States. The average
engineering undergraduate student is now required to
receive five semester credit hours of engineering graphics
instruction. Data were assembled from the University
of Wisconsin "Survey of Thoughts and Trends in Current
Engineering Graphies”, 1) from college catalogs, 1959-
1960, and from the A.S.E.E. annual, showing E.C.P.D.
accredited schools and enrollments, 1959,

The Wisconsin study is too voluminous to be pre-
sented here. You may write to Professor Frederick O.
Leidel, Department of Drawing and Descriptive
Geometry, University of Wisconsin, Madison, Wisconsin.
The survey is worth far more than its cost.

o (2)

The Wisconsin Survey and the Purdue study ™ are
agreed: Practicing engineers desire that engineering
undergraduates receive more drawing and descriptive
geometry than five semester credit hours.

In regard to reductions in time for graphics at
several schools during the past decade (dates, schools,
hours, ete., furnished on request) faculties of certain
degree~granting departments have apparently acted
confrary to the opinions of practicing engineers.

We have faith in the judgment and action of pro-
fessional engineers. We believe that engineers, in
person, in resolutions of their society chapters, in
state and national meetings, in expressions to E.C.P.D.,
in alumni groups, and in confacts with engineering
college offices, will provide engineering education
with the benefit of their thinking on the subject of
drawing and other professional needs.

We hope that adequate instruction in graphics will
be restored in those colleges where it has been curtailed.

We must believe that all engineers, in academic
roles and in professional practice, will act in the best
interests of our future engineers and of the work to be
done.

(1) Presented at the Mid-Winter Meeting of the
Engineering Graphics Division of A.S.E.E.,
Missouri School of Mines, Rolla, Missourt,
January 21, 1960,

(2) “A Study of the Purdue University Engineering
Graduate", Journal of Engineering Education,
pp. 930-947, Vol. 49, June, 1959. (Opinions
of undergraduate freshmen, seniors and of faculty
are added.)

APPRECIATION

We wish to express our appreciation to members
of the division and especially to the engineers from
industry who presented such useful information and
challenging ideas at the Mid-Winter Meeting. To the
hosts at Rolla, we are most grateful for the fine
arrangements. This was a most inspiring event.

SUMMER SCHOOL

A summer school is contemplated for the annual
meeting at Kentucky in 1961, The chairman for this
occasion, Irwin Wladaver, is eager to receive your
suggestions and help.

INFLATION

Although we have the strongest support of our
advertisers and subscribers, the Journal has seen its
small reserve decline due to increased costs. Therefore,
the subscription rate will be increased to $1.50 per
year after July 1, 1960. The subscription rate was
increased from $1.00 to $1.25 per year in 1949. Before
July, 1960, you may subscribe for as many years as you
wish at the present rate of $1.25 per annum,

Advertising rates will also be increased to $30.00
per page, $55.00 for two pages and remain $100.00 for
four pages. Such advertising rotes will be effective
for the November, 1940 issue.

GRAPHICS RESEARCH - PAST

The value of history has been the subject of many
essays. |F you have any doubts as to the vitality of
the men in the graphics profession, re—examine the
record of the past. What an inspiration for the work
we have befare us is the record of past progress in
graphics. It is unjust that the reward for such progress
has been deemphasis of graphics by some engineering
colleges. ‘

The Joumal of Engineering Drawing is a record
of what has been done. To young and old members of
the division, may we recommend a study of the seventy
issues of this journal. The professional devotion of past
leaders in engineering graphics deserves respect. May
we try to do as well.

GRAPHICS RESEARCH - FUTURE

Congratulations to 5. M. Slaby who has received
an NSF fellowship for graphics research in Norway.

Please give us written notice of NSF and other
grants for institutes and research in graphics, so that
they may be listed in the May issue.
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EXCERPTS FROM THE ADDRESS OF C. V. MANN
To the Mid-Winter Meeting of the Division

January 21, 1940

In June, 1925 at the annual meeting of the Society
for Promotion of Engineering Education--now the
A.S.E.E.-=| presented a report on the degrees held by
members of engineering faculties. Following this report
i was appointed to the Council of the Society.

Duting the years 1926 to 1929, our Rolla Drawing
Department offered meaty courses in drawing and de-
scriptive geometry. Along with these freshman subjects
we included a group of courses of interest to senior
students in our several engineering specialties--mining,
mechanical, civil, metallurgical, and electrical. We
had a course in City Planning. We had second, third,
and senior year courses in Bridge Drawing. The Head
of the Civil Engineering Department told us that the
DRAWING of bridge plans BELONGED in OUR
department--NOT in HIS. His work or function was
to do the mothemotical calculation of the bridge stresses
~~our part wos to delineate the bridge so designed.

We therefore ACTUALLY HAD senior civils taking our
Bridge Drawing course. One of them, | am proud to
say, is today in charge of our Missouri Highway Bridge
Design work, in the State Highway Department. He
says the drawing he did in our classes led him into that
iob.

The Foundation of the Engineering Drawing Division
On the train going to Chapel Hill (N.C.), several
of us, including Higbee, Jordan, French and myself,
discussed the idea of a Drawing Division. At that
time there were no divisions of SPEE, yet its constitu-
tion outhorized divisions. Our train discussion
motured into a petition to the SPEE Council which was
conveyed by French and myself as council members.
Who had ever heord of a division?! Happily, Dr. W. E.
Wickenden, director of the great study of engineering
education and H. P. Hammond, his ossistant, supported
our motion. The Division was approved. Back in our
meeting, French wos elected chairman, our only
officer. Qur Division is now in the middle of its
31st year--and we can say that the 1928 Chapel Hill
meeting was a leap from milepost zero to the hundredth.
(At this time, Dr. Mann osked those who attended
the Chapel Hill meeting to stand. Professor R, P.
Hoelscher was applauded.)

The 1930 Summer Schoal was onother mile post. 1t
was given over fo a most thorough review of the needs
of drawing work in the engineering curriculum, the
manner in which drawing and description were being
taught--should be taught, quolificotions of teachers,

and tests.

The entire group, in a large classroom, sat down to
take the Mann Drawing Test. |t contained 100 score
points, and had to be finished in 50 minutes. One pre-
sumably COULD flunk the test--and be forever
disgraced. Justus Rising served as test administrator.
He announced that the test would be scored right there
in the room when time was up. He wos stern and strict.
Even the mighty Dr. Wickenden was reprimanded when
he stepped into the back of the room, creoting a slight
disturbonce. The tested ended. Professor Rising picked
a teacher at random and had him come forward to score
a somple paper. Stencils and instructions for scoring
were given the feacher-~and in 3 1/2 minutes the paper
was scored. What a sigh of relief went up when all
were told that they might keep their own paper!

Qur 1934 meeting, with the main Society at
Madison, Wisconsin, was a mountain~top session. For
the main Society, the meetings were burdened with the
theme thot Science and Engineering have outstripped
progress in the humanities. The Engineers begged the
humanists to wise up, and be prepared to handle the
humanistic problems thirty years hence that might result
from scientific odvance. Half a dozen great humonists
were brought in to tell the Engineers that engineers ore
the world's greatest sinners. They barge ahead with
experiment, new godgets, without giving a care for what
will result. "Let the humanists toke care of the social
problems that result" is what engineers were accused of.

With that kind of spirit flooding the Wisconsin
University campus, we Drawing teachers felt somewhot
subdued. However, one crawning event happened when
our Journal of Engineering Drawing {you now call it
Engineering Graphics) was born. At this Modison
meeting, Highee took the floor with a motion to establish
the Journal. 1t passed, and Higbee, with Russ and Monn,
were made the first editorial sraff. Higbee led off,
then passed to Russ, who in turn passed to Monn--and he
to all you others who hove since been editors.

Establishment of the Journal of Engineering Drawing
was another milepost for the Division. It occomplished
its purpose of providing a medium for exchonge of ideos.
It stimulated writing, research, as one can learn if he
scans the volumes from 1936 to 1960. But more, this
Journal wos the very first of any written by a professional
division of the Engineering Educotion Society. Others,
like the Civil Engineering magazine, followed. We were
first both as o division, and as a publisher of a
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divisianal journal in the A.S.E.E, (S.P.E.E.).

The 1939 session was at Penn State College. Carl
Svensen was the retiring Chairman. | was deeply
involved with drawing tests and with general college
comprehensive examinations. We seemed o be getting
places in both fields. We had one of our best
divisional photographs taken=--perhaps 200 men in it.
| was elected Division Chairman at this meeting.

When time came for the usual mid-year meeting
of the Executive Cammittee, we found that its members
were scattered clear across the United States, making it
next to impossible to assemble o quorum.  After
deliberation, it was decided to arrange our first
Divisional Mid-Year meeting, and along with it call
in enough of the past members of the Executive
Committee to conduct necessary business. After some
letter writing, Armour Tech. in Chicago invited us
ta its campus, and we went. The date was in February
of 1940. Professor Seegrist of Tech did a magnificent
job of local planning. Lewis Institute and other
schools were invited ta send their drawing teachers.
Even some of the prominent high school teachers
aitended. We held our annual mid-year banquet in
the down-town loop dining hall of the Chicago
Engineers Club. Doctor Henry Heald, president af
Armour--and now Director of the great Ford Foundation
in New York--gave the address of welcome. French
was there as toastmaster, and Higbee made the formal
address. One hundred and fifteen persons were in
attendance. It was a great and inspirational meeting.
| suspect that our good friend, H. C. Spencer, who
was there to plan the ensuing San Francisco meeting,
somehow got caught in the Armour snare-~for he is
now there on the faculty, instead as then at Texas
A and M. Armour is now 1llinois Tech.

We first had a "Dean” in the person of R. P,
Hoelscher at our 1946 Summer School, held at
Washington University, St. Louls, in June of 1946. That
was a GREAT meeting--replete with technical papers

and addresses, exhibits of all kinds of drawings and
instruments, and attended by o great number of our

best drawing teachers. Dean Haelscher certainly gave
us a Good Lead! In the phoiograph then taken, | see
many of the younger men wha, since those earliest days,
have taken over the lead the veterans once had. Street,
Hill, Thomas, Aackus, Church, and so many more of you.

[ shouid like to wind up this talk with a prediction.
Through all the years the Division has existed, the
drawing teachers have felt forced to protest at the
pinching out of the time given to their courses in the
engineering curriculum. Drawing feels that it has,
somehow, to "save face" and win the approbation af
the technical departments.

Let my prediction be in this wise. Until some
towsel-headed scientist or engineer invents a magic
type of camera that will, with perfection and in totality,
take a photograph af the innermost thoughts and designs
that perambulate through the heads af scientists,
engineers, inventors, and drawing teachers—-until that
day there will be a cantinued use far ENGINEERING
DRAWINGS. New buildings won't rise--neither will
space satellites=-without complicated, detailed
drawings for the guidance af the technicians and
machinists who. fashion the multitude of parts. And until
that woozly-headed chap invents that brain camera, you
drawing teachers are going o have jobs that are not too
much different from what you now have.

And now, from the bottom of my heart, let me
thank you for inviting me fo this meeting. Let me,
through you, thank the Division for all the inspiration
it has been to me these thirty years. Let me thank
you for allowing me to mingle once again with a group
that represents what Is finest among the Men and
Women of this world. My deepest wish is that this
Division shall always be known as a group of true
gentlemen,

ANNUAL MEETING--AMERICAN SOCIETY FOR ENGINEERING EDUCATION
PURDUE UNIVERSITY--JUNE 20-24, 1960
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METHODS OF TEACHING ENGINEERING DRAWING

By Earl D. Black

General Motors Institute

ABSTRACT. Methods of teaching are oriented to
engineering drawing and set the stage for com~
bining these methods in one class operation.
Effective student learning is increased by the
combination of classroom, laboratory-project
assignments, and by warking in team groups.
The teamwork assignment impels each student
into a sincere effert and pride in his own work.
He learns to respect the suggestions of others in
the exchange of ideas. He [earns to use graphical
solutions in developing accurate layouts and
solving or analyzing engineering problems. items
of learning cease to be single and isaiated
ideas but become associated in a werking
knowledge by the student. Learning is given
special emphasis, purpose, and direction through
cooperative plant and school experience.
Individual student attainment is higher,and the
student develops an eager interest in learning.

The word "some" should be inserted at the begin-
ning of the title, because oll of us are continuously
looking for more effective methods of teaching. At
General Motors Institute, much considerotion is given
to the student's outlook on being exposed to an un-
familiar experience. The teacher displays a definite
interest in each student, and consideration is given
to making the student feel at ease in the learning
situation. Commercial prints and current preductien
parts are selected and used to provide an atmosphere
of reality. All activity on the part of the teacher is
directed toward making it easy for the student to
learn. Student-time limitation and effective use of
this time is of primary importance. Student participa-
tion and interest is encouraged at all times.

Let us examine the meaning of methods and their
use in teaching engineering drawing.

LECTURE-DEMONSTRATION CLASSROOM
PROCEDURE

During two hours of class time per week, at the
opening session of six hours scheduled, the objective
for the semester or month is thoroughly explained by
the teacher., He presents the problem assignment by
sketches, demonstrotion, prepared prints, charts or
written instruction. Visualization and understanding
is assisted by the use of slides, filmstrips, movies,
Vu-Graphs, opaque prejectors, models, mockups and
other devices which create student interest. Special
biackboard demonstrations assist in explaining particular
phases of the assignment that might otherwise be

complicated and difficult for student comprehension.
Models for demonstrating design and perception may be
constructed from heavy paper, plywood, pressed weood,
plastics or other inexpensive and suitable materials.
These are aften assigned fo students for construction.

Remedial instruction receives a major emphasis in
the clossroom. Students are assigned selected topics
and technical questians for research during bath school
and cooperative work sessions. Oral and written reports
resulting from this investigation are given by the
students. The oral report is given in the drawing class~
room; the written report is often used as an assignment
in English composition classes.

Scheduled, written or oral tests are given to
measure class progress. However, these tests are used
in the dual capacity of an evaluating and teaching
device. Individua! or class reviews are conducted over
each test given,

PROJECT-LABORATORY METHOD

Project-laboratory assignments are designed or
selected from problems, where parts are closely related
in function. These are problems which require con-
tinuous study of engineering drawing and manufacturing
processes. The student's interest is captured and he is
stimulated ta constructive thinking. Project problems
are designed to give an opportunity for making decisions
in obtaining reasonable economy of production. Studies
are made of the proposed praduct with a view to pro-
duction processes and production schedules as they
affect manufacturing considerations. Student interest,
sketching, research for standard parts, and a variety of
problem solutions is the order of the day, especially
during the early stages in each problem development.

The laboratary experience provides sufficient
practice for fearning fundamental drafting techniques
to the degree specified by course objectives. Emphasis
is placed on such fundamental points set aside for
mastery by the student. The project problems are
chosen to provide for a degree of selectivity that meets
the needs of the most capable as well as the needs of
the less apt students,

Spectacular projects receive second choice to
projects which provide valuable learmning opportunities
in fundamental engineering concepts. Assignments are
chosen which are aedequate for the lesson objective and
represent a good instructional unit. Projects must be
economical of the student's time. They must be easily
performed with the equipment, supplies, and facilities
available to the student.

The laboratory assignment and environment simulate
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actual working conditions to secure maximum transfer
of learning to actual job situations. Discussion of
individual problems with the student draw out the
student's constructive thinking and development.
Markings on checked and graded drowings of past ses-
sions are interpreted to each student individually at
the time his drawing is returned, if the drawing is not
checked in the student's presence.

The student is permitted to exercise self-initiative
in design and construction thinking {not a copy job)
within the scope of his experience. He must justify
his drawings by a display of knowledge of machine
process limitations and mastery of related subject in-
formation involved in the project problem. He is
expected to integrate all his knowledge in getting the
job done. He is held responsible for mathematics,
science, knowledge of machine shop processes, monu-
facturing methods, good speech practice, and technical
terminclogy. He must provide freehand sketches and
research data, and demonstrate his knowledge of any
course informotion which he hos had at that concurrent
time. The student Ts expected to use drafting instruments
and equipment intelligently, and wherever practical,
he is encouraged to use graphicol solutions and
accurate layouts in selving or analyzing engineering
problems.

The teacher acts as a consultant, activity director,
and general advisor during laboratory sessions. He
keeps himself available to his students throughout the
laboratory session. He mokes numerous suggestions
and aids the student to make a reasonable decision.

Each student is encouroged to select a practicol
solution fo the problem and be able to defend his
answer by a display of technical knowledge pertinent
to the problem. He is expected to use references,
drafting standards, catalogs of standard parts, and
combine his choices to secure practical interchange-
ability of parts in assembly.

The teacher confers with the student, either in
working groups or individually. In fact, we have a
special program of student-teacher conferences. This
conference fime is on the teaching schedule, During
the conference the teacher gives remedial suggestions
and special assignments when obvious laxity is en-
countered. Individual student progress is evaluated
‘by one or more visits to the student's work place
during each laborafory session. The teacher informs
the student of this evaluation and records the score
on fthe student's individual class record.

CONTRACT METHOD

The controct method involves the use of a series
of reluted assignments designed for use in individual
instruction and selectivity. Minimum essentials for
student achievement and required assignments are
ciearly indicated. An optional assortment of related
problems provides a challenge to all individual abilities.

This method may increase student interest through
providing opportunity for making decisions in self-
direction. It is also usable for mixed classes being
taught by one teacher during the same class time
schedule.

The contract method relies basically upon written
instructions posted on the bulletin board. Class
instruction is given to a small group or by individual
conferences with the students. Student drawings are
checked carefully, usually in the student's presence.
He is told of his shortcomings and given suggested
remedial iearning before the drawings are released. In
fact, the teacher acts much like the checker in the
plant drawing room.

The contract method is not recommended for large
and crowded classes. 1t depends upon individual,
student-teacher contact for effectiveness. It is quite
effective with well~chosen students, but the average
to lower-in-ability student will need more personal
guidance. The student is |eft somewhat to himself, and
without careful and frequent follow-up, may learn
faulty techniques or acquire information that is only
partially true or even completely false.

STUDENT TEAMWORK AS
A METHOD OF TEACHING

Today's emphasis on the team approoch makes it
very difficult for the lone wolf to succeed in his pro~
fession. The plan of students working together to
accomplish a learning assignment is not new to teaching
methods. The students are organized into working teams,
eoch team being held responsible for a predetermined
part of a total problem solution. One student of each
team usually acts as a group leader for the project. He
is selected either by appointment or by student group
choice. His responsibility is coordinating his group
effort with that of other groups in order to keep all
completely informed and to secure practical workability
of the final results. Each student is encouraged to pro-
pose suggested improvements in general design of the
product or fools included in the problem assignment.
He is expected to contribute especially to his own team
group. He learns how to work with others, keeping them
properly informed of his own activity as it affects the
total job. He leorns the advontage of one pictorial
method of representation over another by actual
practice in "selling" his ideas to others. He quickiy
learns to make intelligent application of graphical
communication through explaining and documenting
the total team effect.

COOPERATIVE WORK EXPERIENCE!

The cooperative plan employs an alternating
school and work-experience. These alternating periods

]Cooperative Engineering Program, General Motors
Institute, Bulletin 1022, 25M-12-5911.
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are usually of the same duration of time. As with the
academic program, the work experience is progressively
advanced, either in technical content or in level of
responsibility., Student assignments in the plant are
chosen and closely followed by the plant educational
directar who turns the student over to a work supervisor
on the job. The student is required to write a series of
industrial and technical reports, coordinoting the
instruction at the Institute with the practical experience
at the plant. The experience of the work periods is
arranged so as to supplement and complement school
instruction.

The student acquires, what is to him, new informa~
tion on products, processes, tools, and applications of
engineering fundamentals. His written or oral reports
in school also broaden the experience of his classmates
and teacher. The student is provided a chance to make
application of the fundamentals learned in school and
tests nimself on the accuracy and extent of learning
needed. The result usually is a "buckling down" to
serious work when he returns to school.

The cooperative plan provides the student with
directed purposeful experience.

The plant supervisor and educational director
follow the student's progress and give advice for his
school program. They act as counseling agents to the
student and often make direct contact with the teacher.

ENGINEERING DRAWING COMNFERENCES

Further caaperation between plants and the school
are practiced through engineering drawing and design
conferences. Each conference consists af reports by
students on various aspects of their training and ex-
perience.  The climax of each conference is a major
talk by a selected plant representative. For example,
[ast September, Mr. Thomas E. Seavey, Master Mechanic
of Pontiac Motor Division, discussed the topic
"Manufacturing Trends and Their Effect Upon Engineer-
ing Drawing and Design." This conference gave the
students practice in telling their story to top personnel.
It also demonstrated the need for mastering engineering
drawing as a scientific method of accurate communica-
tion. An exhibit of student drawings gave further
impetus to quality and pride in work well done.

MAKING A CHOICE OF METHODS

The choice of method, or methods, to use in
teaching engineering drawing is governed by the
ultimate end results to be obtained. is the objective
to make engineers, draftsmen, craftsmen, mechanics,
or tradesmen? We make a list of expected student-
learning end results. Then we decide on the specific
points for greater emphasis and choose assignments and
methods for teaching which we consider most effective
in securing the desired end results.

We consider the techniques which are fo be used
with the method of teaching chosen. '

Enthusiasm, cheerfulness, friendliness, and willing-
ness of the teacher all inspire the student to extend
himself in learning. Visit any classroom and you may
observe a general similarity in posture and attitude
between the teacher and the students in a given room.
[t is only the unusual student who dares to be different.

Student and teacher time should be used most
efficiently. This builds up confidence on the part of
the student and gives him a sense of maximum progress
and encouragement.

The drawing ¢lassroom and laboratory, its location
and accessibility, lighting, heating and ventilation,
drafting equipment, and drawing room and laboratery
arrangement definitely influence the best choice of
teaching method to use.

The teocher's personality, scholarship, attitude,
initiative, enthusiasm, understanding, versatility, and
ability to communicate (oral, written, and graphic)
greatly influence the choice of methods for maximum
effectiveness of instruction.

Many situations lend themselves to the use of
teaching aids where none exist. These are designed for
simplicity, convenience, and versatility.

USE OF A DESIGN LOG

It is the practice of indusiry to use a design log
which contains o documented description of the {ob
abjectives, design proposals, production requirements,
job progress, decisions, and authority.

Each drafting student is required to keep a design
log which contains preliminary sketches, research
information, routing sheets, worksheets, *void" sketches
and other data pertinent to the problem. The design
log documents his own activity and also shows the
group progress into the development of the problem.
Drawings, sketches, and design information are inter-
preted graphicaily and proposed solutions are explored.
Each student is expected to develop sketches and
collect design information necessary for the problem
solution. He is expected to be prepared to explain his
ideas and proposals. Drawings and sketches nat used
are marked "void."” They are included in the design
log as visible evidence and proof of the extent of work-
ability ar lack of practicality in the ideas included on
such sheets. The student uses his sketches to "sell" his
ideas to others, especially to his own team group.
Thus, the requirements of communication combine the
use of oral, written, and graphical languages with
emphasis on the fundamentals of engineering drawing.
As a result, students increase individual preduction
and raise their own standords.

COMBINING METHODS

Combining the usual methods and techniques of
teaching in one class operation is most effective.
Varlety of approach increases successful leorning
through developing interest to a point that the student
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has a desire to learn.

At General Motors Institute we successfully com-
bine classroom, laboratory, project, team, cooperative
training reports, and individual design logs inte each
week's teaching activity. New items and the project
problem are explained and demonstrated in the class-
room. Students are called upon to discuss and explore
the items of learning by individual reports of their class
experience. The design log documents their individual
progress in planning and research which gets the student
ready for full utilization of laboratory time. The
students work in teams during laboratory sessions and
further augment their experience by arguing their own
proposals and by checking individual ideas against the
team effort. The sluggard is "booted" into activity by
his teammates who learn to be critical with intelligent
diplomacy and decorum.

Especially good students become inconspicuous
assistants to the teacher through the program of team-
work assignments and group leader supervision. In
this day of specializotion, the student can not expect
to work alone. The teamwork experience tends to
make each individual student stronger in his own right,
in that it is difficult to bury even the weadkest in
small group. Smaller teams make it more difficult for
any student to depend exclusively upon his classmates,
especially when a design log is used to document
individual achievement. Each student is encouraged
to stand on his own efforts.

Teacher Activity. Successful combining of
teaching methods demands that problems and projects
be designed or chosen with a general framework,
having a variable texture in detaifs and objective.
Problems and projects should provide for adjustment
to the needs of individual students. Problems are
chosen to allow the student some latitude as well as
opportunity for using creative and constructive
thinking.

Successful classroom activity will be marked by
a diversity in teacher activity. He will:

1. Present and explain the assignment in clear
and concise language. This may be by a sketch,
prepared prints, charts, oral dictation, written copy,
or any other device that will save time, lead the
student to understand the problem, and simulate working

“conditions which the student may expect to meet on
the job.

2. Ever be willing to discuss or identify a source of
research on any question arising from the assignment --

even help the student find the source of reference.

3. Feel obligated and show evidence of willing-
ness to teach at any time a student shows a desire to
learn. He will keep himself available to his students

at least during regular hours.
4, Give blackboard demonstration of special

phases of the assignment which might otherwise be
overly difficult and complicated.

5. Conduct class reviews, give scheduled written
or oral tests, perform remedial instruction, or other
activities common to the classroom and laboratory.

6. Design and use teaching aids to augment
instruction given by the lecture and demonstration.

7. Take students on prepared field trips.

~ 8. Join and supervise student professional societies
which support instruction and student well~being.

TEACHING RESULTS

Teaching results show extra dividends derived from
combining several methods of teaching in one class
operation. The records show that the average student
has an apporent higher individual attainment. Leaming
Is given a purpose and retention is higher. Students
develop an ability fo do constructive thinking and
analyze design problems with a logical approach.

Students learn to work together in getting the job
done. They develop a sense of ebligation to the team
group, and pride in their learning attainment. They
learn how to accept responsibility and make intelligent
decisions. Course coverage is broadened and deeper
penetration into the various aspects of a problem are
explored. Students get practice in integrating all
subjects into a working knowledge that helps them
avoid frustration under unusual circumstances or debate.
Each student is provided an opportunity for practice in
"selling" his ideas to others.

Students get experience in the art of leadership.
They also learn when to follow the leadership of others.
They are providid an opportunity to collect facts and
record required data through individual research. They
report their findings to the group by combining methads
of communication in order to make others understand
their ideas. They are encouraged to exercise self-
initiative and take criticism with outward calm and
personal appreciation. Interest is developed to a high
degree and students are propelled into the general
class activity, Enthusiasm for the job to be done is
high, and students discover that learning engineering
drawing can be pleasant and rewarding.

ANNUAL MEETING--AMERICAN SOCIETY FOR ENGINEERING EDUCATION
PURDUE UNIVERSITY--JUNE 20-24, 1940



Slash the high cost of “re-draws” with ...

tracings you can wash!

“drafting film

KEUFFEL & ESSER CO.




From a functional point of view, an engineering
drawing is only as good as the prints it will produce.

This holds true whether your system of making dis-
tribution prints depends on conventional blueprints or
white prints, reduced size prints, or on a full-fledged
miniaturization program.

The life span of an original tracing can be defined as
the length of time it will produce legible prints. A lead-
ing expert in drafting and reproduction methods has
described the lifc of a drawing in terms of a “spectrum

£

of printability.” This concept is illustrated in the

diagram below.

SPECTRUM OF PRINTABILITY (Average Paper or Cloth Drawing)
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Top-notch copies are possible only when the original
is in top-notch condition — roughly the right-hand 25%
of the spectrum above. As line-background contrast
diminishes (due to revisions, smudges, processing and
filing) printability graduaily drops off through the
range of the spectrum. It finally reaches the point
where legibile prints can no longer be obtained. At
this point, some form of rehabilitation is necessary.

Because of the high cost of “re-draws” — whether
manual or photographic — leaders in the drafting and
reproduction field have constantly been working for
a better solution.

With the advent of a completely waterproof drafting
base material — Dnpont “Mylar” polyester film — a
new possibility came to light. Given the proper drafting
surface, it appeared that tracings might be made
washable with soap and water. The engineered drawing
surface of HERCULENE® Drafting Film by K&E was
designed with this long-range possibility in mind.

One further”development was needed: a washable
pencil line. Researchers from the Staedtler Pencil Com-
pany, working with K&E engineers, came up with the first
answer. It was a unique new pencil, called Duralar, made
of plastic rather than graphite, which bonded with the

HERCULENE® surface, and gave a drawing of amazing

permanence. Duralar lines were practically “smudge-

for WASHABLE TRACINGS

proof.” Seap and water could not wash the Duralar
lines away.

The two developments brought about a completely
new concept of tracing life. Now, for all practical pur-
poses, drawings on HERCULENE® can be restored to
maximum printability for an unlimited period, simply
by washing them as you would a table top.

Drawings retain their crisp, sharp printing qualities.
There is never a need for re-drawing. The table on the
facing page shows the relative printing performance
of standard graphite pencil drawings and Duralar
drawings on HERCULENE® Fiim, which have been
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restored by the washing process.

A leading electronics concern has used this system
of washing drawings with spectacular results. In the
past twelve months, this firm spent approximately
$50,000 on re-draws alone. This amount will be elim-
inated in the future by using the wash method. And, the
savings in re-draws will pay the entire cost of the film,
thus giving the concern a cost reduction of 20% over
the price differential between film and tracing paper.

A large aircraft manufacturer has used the wash
method even longer. While exact dollar savings arc
not available, they are reported to be impressive, and
are complemented by greatly improved print quality.

A note of caution: Some of the more widely pro-
moted drafting films have surface characteristics which
were developed without consideration of this new
technique. This means that plastic pencil lines are
removed by washing.

Therefore, when comparing polyester films, check
the washability of plastic pencil lines first, before mak-
ing any other evaluation. Even if you do not want to

* adopt the washing technique immediately, it would be

well to select your drafting film with this possibility in
mind. If you should decide to change to this technigque
later, meRCULENE® Drafting Film will produce the
results you want.
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Make the Hash-test yourself

1, Use the enclosed Duralar pencil and
sample of Herculene Drafting Film fo
make o test drawing.

2. Run off one or two prints of the troc-
ing by your usual method.

3. Then soil the tracing. Spill graphite
powder over it, smudge it with finger-
prints, drop it on the floor and wolk on
it. Get it really dirty.

4, Wash the drawing clean with o sponge,
using any mild soap and water. You'll see
thot background dirt washes away. The
Duralar lines are unaffected. Wipe the
drawing dry.

5. Make some additional test prints, and
compare with the first cnes made. You'll
find they're identical — no loss of line-
hackground contrast, no loss af detail.
The tracing has been restared to its origi-
nal condition.

Note: Ordinary graphite pencils or drawing inks will not pass the “wash-test.”
Only plastic pencils will produce washable tracings.

HERCULENE Drafting Film is available in the following varieties:

Cat. No. Description

T163ET e hase thickness .002 in. Mafte one side.
PBT63ET o, “ i ‘N Matte both sides.
163 i, ” 003 in. Matte one side.

o in. Matte both sides.
005 in. Maite one side.
.0075 in. Matte one side.

i

KEUFFEL & ESSER CO.

~HERCULENE FILM
{DURALAR LINES)

ORAFTING MEDIA
{ GRAPHITE LINES)




Tn: Head Engineers: Chief Draftsmen
FROM: x&E

SUB]EGT: The use of plastic pencils and Herculene® prafting Film

A completely new drafting technique, guch as the use of plastic pencils- on
Herculene Film, requires a preaking-in period. getting a8 washable tracing
system into effect may well be stymied at the outset unless this fact is
recognized, and steps taken 1o counteract ite

You will probably ancounter Sowe grumbling and complaints from your draftsmen
about the plastic Duralar pencils. They may ¢laim that the 1lines produced
are not dense enough, that the points are more apt to wreak, that they are
difficult to erase, and have & ngrayony" feel.

Agk your araftsmen Lo KEePp such gomplaints to themselves for onef month.

We have a story from oOne chief draftsman with 100 men under hime He told us
that at the peginning, not one of his men 1iked this new technique.

But after riding out the rumbles for @& month, they werse almost all in fawvor
of it. The entire drafting Trocm of this concern now WUSEes Herculene Film
ggg}usivelxi 1t takes an aVveTage draftsman aboul three full drawings —

from then on he's a convert to the new aysteu.

To smooth the paih to acceptance, NEre are a few additional suggestlonss

1. Use only the K1 and K2 grades of Duralar pencils. The hardeT degrees
do not give gufficient density.

Use a rounded point, rather than & chisel point, and turn the pencil
while drawing a line, Use a gandpaper block for the final tgouches to
the pointe. Avoid a needle-sharp point — rather, blunt the end slightly
on the sandpaper after sharpening.

Dust off the drawing frequently with a brush to remove any small Duralarl
pencil particles which may accumilate. 1f not removed, these particles
pay <ause surface marks which will not wash off.

Suggest that your araftsmen follow the prescribed erasing method:

do not use electric erasing machines —= pest results are obtained with
stick erasers which have a protective paper wrapping that can be peeled
of f as needed. After erasing, use pounce ou the erased areas pefore
re=drawing; this will increase the density of the re-drawn line.

Folliowing these few suggestlons, you should be able to get the waShable
tracing technigque into operation in short orders

KEUFFEL & ESSER CO.

New York « oken, N. 1, « . * .
go
kea St. Loy . + Del + 8 - * -
¥ Ho Da Chica, Milwalke s Dailas Denve an Francisco Los Angeles Seattle Montrea
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EFFECTIVE PROGRAMS IN ENGINEERING GRAPHICS
HOW SHALL THEY BE TAUGHT?

By R. P. Hoelscher

. Objectives

The first consideration in setting up or in revising
a program in Engineering Graphics is the objective to
be attained. It should be noted that the title "effective
programs" does not imply that there can be only one
"effective program.” Same may be more effective than
others, but radically different situations may certainly
require a variation in the program of studies
recommended.

This discussion Is limited to the training in graphics
for the education of engineers where a reasonable time
allotment is provided. The following objectives seem
to be generally accepted. The over-all objective could
be stated In one phrase, namely: To develop the
ability to communicate to others accurately and pre-
cisely the engineers concept of any project for which
he may be respansible. 5o far as the two basic courses
in engineering drawing are concerned this will involve:

1. A thorough knowledge of orthographic pro-
jection, including first and second auxiliary projections,
taught upon a sound and rigerous geometric basis for
the purpose of describing accurately and precisely the
shape of any part or project.

2. The ability to solve the more difficult relation-
ships in problems invalving points, lines, planes,
curved and warped surfaces.

3. A knowledge of conventicnal signs, symbols
and practices.

4. A rudimentary knowledge of shop operations
and constructian methods,

5. A knowledge of simple diagrams which the
student will be called upon to make in his [aboratory
courses in physics, strength of materials and other
courses.

6. Same knowledge of the elementary forms of
pictorial drawing. :

7. The ability to make a legible freehand sketch
in either multi-view or pictorial form.

B. A working knowledge of standard dimensioning
practice, including simple limit dimensioning.

The program presented will be regarded as con-
servative, but it is also progressive. lt represents
the program which has been developed at the
Unijversity of llinois by a staff of from 10 to 30 men
over a period of more than 60 years of overlapping
experiences. While our total program comprises many
courses, we are most concerned with the two basic
courses, engineering or technical drawing, and
engineering geometry.

fl. The Consecutive Pragram

The program presented may be called the consecu-
tive approach to these twa subjects and to the entire
program as compared with the combined or integrated
approach. One program is to be compared with anather
not opposed to another. Comments concerning the
consecutive program should not be regarded as criticism
of the combined approach. Each methad has its merits
and advantages.

The University of Illinois has adhered to the con-
secutive course program as many schools have done, for
reasons which may be stated as follows:

1. With the exception of the pure projection
theory which is the same In both courses, engineering
drawing involves many conventional practices which
have praved to be sound through long usage and are
standard practice today. These are nat at all involved
in descriptive geometry. Conventional lines, sectional
views, symbals of all kinds are just a few af these.

2. Handling one type of wark in a course permits
greater concentration by both students and staff. While
the theoretical aspects of the two courses can readily
be combined, the practical and conventional must be
interjected rather frequently, somewhat disturbing
continuity if both courses are combined.

3. Drawing is given first because students can
understand plain solid objects, which they can see and
handle, better than they ¢an abstract points, lines and
planes. The foundation for advanced work in ortho~
graphic projection can best be laid in this manner.
Exact geometric theory of orthographic projection is
emphasized in laying this ground work.

4, We believe the continuous uninterrupted
study of the theory of descriptive geometry permits
and promotes greater understanding and progress. In
this way descriptive geometry is not restricted to
theories which have a practical application any more
than analytical geometry or other mathematics, a large
part of which is relatively useless so far as engineering
practice is concerned.

5. We believe the consecutive program is more
simple to plan, teach, and administer.

ill. Selection of Content and Teaching

A great deal more goes into the selection of a
program than the foregoing five points, Through the
years, we have considered many changes and proposals
for alterations of cur total program, both as to the
individual course content, and our teaching methods



20 ' JOURNAL OF ENGINEERING GRAPHICS

and techniques. Such proposals have always been
considered by the staff. They have never been imposed
from the outside nor by one dominant individual.
Sometimes these considerations have extended over «
considerable period of time. Usually, if a project
seemed promising, and it was of such a nature that
experiment was feasible, a frial run would be made
with from one to six sections. If the proposal proved
effective it was usually adopted.

Just to indicate our procedure | would like to
mention a few cases.

A, Segregation of Drawing classes on the
basis of previous experience. About thirty years
ago high schools offered as much as four years of
mechanical drawing. We had many students
coming fo us from the larger schools with three
and four years of high school drawing, but we had
only one beginning course. These boys were a
real problem in our classes.

We met this be setting up an advanced course
for these students. Each boy at registration, if
he had three or more years of high school or
industrial drawing, was personally interviewed.
if his experience was satisfactory he was given
his choice of taking a proficiency exomination
or the advanced course.

We would get as high as 125 for proficiency

~exams and five or six sections of students in the
advanced course. Of the proficiency exams about

10 percent would pass. Those who failed would
be put in the advanced course or the beginning
course depending upon the score they made.

A few years ago this program had to be
dropped because of the lack of candidates. The
number of students having even two years of
drawing has dropped to about 5 percent.

B. Segregation of Descriptive Geometry
Classes on a basis of ability. We have fried this
twice. The first trial many years ago was con~
sidered by the staff to be a failure and was dis-
continued. The second attempt was more successful
due to more careful planning and a better program
of study. It was tried for two years with six
sections each time.

Advanced classes were held to an enrollment
of 15 students each while regular sections were
about 25 each. Even so the instructors of the
advanced classes got a real workout because the
students had special and different problems. This
experiment was carried on for the past two years
and is being repeated again this year.

C. The "Lookie method". | think you
recognize the method even though the misleading
advertizing slogan used to promete it is not
mentioned. You may remember that this method
throws away the planes of projection entirely and
is in no sense equivalent to the auxiliary method

which many of you use. Without planes of pro-
jection there can be no quadrants and the relative
position of views must be based on rule of thumb.
This takes away whatever mathematical basls there
may be for drawing. We felt that in our teaching
we should adhere strictly to rigorous third quadrant
projection with a sound mathematical basis for
projection. This involves two fundamental prin-
ciples in addition to right angle or orthogonal
projection,
1. The plane of projection is always between
the object and the observer. ‘
2. The plane is always rotated away from the
object. Both of these principles are specified in
the Amerlcan Standard Y 14.3-1957. '
These principles are adhered to through the
first and second auxiliary views in our teaching,
and we believe them to be simple and effective.
True enough, after our students are thoroughly
indoctrinated so that they know what they are
doing, other reference planes such os a plane of
symmetry parallel to one of the planes of projection
may be used. We do use them, where it may
definitely save time in moking drawings. We do not
place them behind the object or below if just to be
different and confusing.

We think that subsequent history has proved our
declsion to have been right. Third quadrant projection
is now the busis for not only the American Standard
but the Canadian and British Standards as well and was
the basis for unification of these three Standards in
the ABC Conference on Drawing Standards, October,
1957 at Toronto, Canada. Without planes of projection
one cannot intelligently discuss first and third quadrant
projection, conic, and axonometric projection.

D. Simplified Drafting. This scheme for
cutting the costs of drafting was also considered
carefully and the radical portions rejected. We
have accepted only the portions of simplification
authorized in the American Drafting Standards
Manual. These are not insignificant. The mast
prominent proponents of Simplified Drafting, do
not advocate the use of their practices in the
classroom. They agree that an understonding of
correct theory and standard conventions are
essential before short cuts are begun. By analogy
stenographers learn correct English before they
learn shorthand. So it should be with the Graphic
language.

E. Graphics. The content of this term, in
the frame of reference which this Division uses
could be outlined as follows:

1. Engineering Communication or Graphics

a. Engineering Drawing -~ or Technical
Drawing
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b. Engineering Geometry
1. Descriptive geometry
2. Vector geometry
3. Graphic statics
¢. Graphical Computation or Mathematics
1. Nomography
2. Curve rectification and empirical
equations
3. Graphical caleulus

We have been thinking in terms of these subjects a
iong time. Our experience goes back to 1939 when
Professor J. Norman Arnold was an exchange professor
with us, and we gave a course involving the first two
items--Nomography and Empirical Equations. It was
and still is an elective course requiring analytical
geometry as a prerequisite. |t wos taken largely by
junlors and seniors. You will note that we are still
following the consecutive pattern. We have not
attempted to merge or introduce any of this material
in the beginning Drawing Course. We do not believe
it belongs there for the following reason:
if this material is put into a beginning
Drawing Course we then have a survey course
with not enough time to learn anything well. |
need not remind you that survey courses are not
popular in engineering circles, and a hodge-podge
survey course seems to be a sure way for elimina-
tion of the work. Three semester credit hours is
below the minimum required to teach Engineering
Drawing effectively, and courses shouid not be
diluted to such superficial content.

V. The Total Program

With this background we can now present a program
which has been carefully worked out and tested through
the years, and which we think is good. - This is not to
imply that many other programs may not be equally
good for the situations which others must meet.

1. Required Courses

A. G.E. 101 Engineering Communication.

3 credit hours. This course is basic drawing, 6 lob.
hours, 3 hours home work. A twenty minute
lecture is included in this time for each new
topic.

B. G. E. 102 Engineering Geometry
(Descriptive Geometry) 3 credit hours, 6 hours
lab., 3 hours homework. This includes a twenty-
minute lecture each period.

C. G.E. 111 Advanced Drafting for Civil
Engineers. 2 hours credit. {Dropped this year to
make room for more undergraduate research work
and socio-humanistics)

D. G.E. 112 Engineering Technology for
Mechanical Engineers (Dropped this year for
reasons above in item C.)

E. G.E. 221 Introduction to Engineering

Design. 3 hours. A combination of G.E. 111 and
112 for general engineers.

2. Elective Courses

A. G.E. 212 Graphical Computation.

1 credit hour. Nomography, Empirical Equations.

B. G.E. 210 Industrial Production Iliustration.
3 credit hours. Theory of all types of pictorial
drawing plus methods of rendering.

C. G.E. 313 Advanced Methods in
Engineering Graphical Computation. 2 credit
hours or 1/2 unit.

D. G.E. 393 Special Problems-Graduate
level- 1/2 to 1 unit.

E. G.E. 330 Industrial Standardization - not
drawing only.

3. Other Courses

A. G.E. 106 Elements of Drawing for
students in chemical engineering. 3 credit hours.

B. G.E. 107 Architectural Projection.
Orthographic projection, intersections, shades and
shadows-perspective. 2 credit hours.

C. G.E. 108 Shades and Shadows, lsometric,
oblique, and perspective drawing. A continuation
of G.E. 107. 2 credit hours. (Over seventy semester
credit hours of drawing are required of all
architects.)

D. G.E. 205 Applied Descriptive Geometry
in Geological Problems. A required course for
students majoring in geology. 3 credit hours.

V. Drawing Course Content

Of this program, | believe we are primarily
interested in the first two basic courses which almost
everyone gives in some form or another,

Basic Drawing Course. QOur G.E. 101 Engineering
Communication is a basic drawing course. 1t encompasses
the following topics, not necessarily in the order named
or of equal importance:

Lettering

Freehand Sketching

Geometrical Construction (limited amount)

Use of Instruments (almost entirely pencil work)

Orthographic Projection

Sectional views

Shop Processes ond Terms

Auxiliary views (first quxiliary only)

Fasteners (a limited amount)

Dimensioning (basic)

Limit Dimensioning (basic hole method)

Complete working drawings

Charts and Diagrams (simple kinds a student would

use in a physics or mechanics report)

tsometric (theory emphasized)

Oblique (theory emphasized)
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It will be observed that this caurse covers
the essential tools far engineering communication;
namely, shape and size descriptian plus the con-
ventional practices and graphical idiamatic
expressions necessary for describing and specifying
an engineering project. Note again that while
we were among the first to offer u graphical
computation course in the Drawing Department
we have not diluted our basic drawing caurse.

VI. Engineering Geomeiry (Descriptive Geomeiry).

Qur Engineering Geometry is af present straight-
farward descriptive geomeiry, though the title provides
raam for other types of geametry. In this program we
have tried far a weli balanced theory course with as
many practical applications as possible. The following
major topics are covered: :

Lines; parallel; perpendicular; intersecting.
Vector diagrams as an epplication of
parallel lines.

Lines; True length; point projection; Angle
between lines.

Planes; Position of; parallel; perpendicular;
intersections of; angle between; edgeview;
true shape.

Lines and Planes; piercing points; angles
between.

Skew lines; shortest distance; shortest
horizontal distance, etc,

Construction cones.

Intersections; cones, cylinders, spheres,
prisms, pyramids, etc.

Development, transition pieces.

Warped surfaces .

Shades and Shadows, orthegrophic,

Oblique projection theory.

Perspective; one point and two point

Shadows and Reflectians in Perspective

As | have indicated previously, we try to observe
what is going on in industry and in engineering
education. We try constantly to evaluate what we

are doing, to eliminate the less useful and do a
better job of teaching on what remains.

Thus in our drawing course lettering has been
reduced almost to the vanishing point, ink work is
aimost nil, fasteners has been reduced mostly to the
methods of specification on drawings.

We have placed increased emphasis on the theory
of orthographic projection, dimensioning and most of
all on freehand sketching,

Likewise, in our engineering geometry course,

* we have changed from the classical Mongean Geometry
to a strictly third quadrant and auxiliary view system
of solution. Rotation methods are used only where
they provide more simple solutions.

Currently, we are seriousiy studying the content

of the descriptive geometry course, and we are
questioning seriousiy the value to the engineer of the
time spent on intersections and developments, par-
ficularly the latter.

One year ago, we experimented with six sections
{aut of about 36) by deleting most of the wark in
develapments and a part of the work in intersections
and substituting lectures and problems in nomagraphy.
Student reactions were favorable, and many have been
asking to get inta these sections. We are, therefare,
for this year devating the last six periods of the
semester to nomography for all classes in engineering
geometry. Intersections supply an excellent basis
for thinking and reasoning in three dimensions, but
the student shauld also be introduced ta the functions
of nomography. Time daes not permit extensive
caverage of all worthwhile topics.

If we are forced to make o change to hold our
time allotment in the curriculum, we believe this is
one area where the adjustment can be made with the
ieast damage.  was with ideas of this kind in the
background that we changed the name of our course
from Descriptive Geometry to Engineering Geametry
a few years ago, thus permitting greater flexibility.

Vil. How shall they be taught?

The second phase of our topic is "Haw shall these
programs be taught?". While planning the program,
which we have just discussed, is an essential part of
teaching, the following five topics bear more directly
upon the subject. :

1. Incentives for Study.

2. The Class Discussion.

3. Keeping the Class fogether.

4, Choice of Problem material.

5. The human element.

1. Incentives for Study. It can be safely assumed
that students will not read their drawing text unless
they have a compelling reason. This is particulorly
true of those who have had a little drawing in high
school.

A, A well organized schedule. We should
make it easy to study by providing each student
with a well planned, well organized assignment
schedule for the semester or quarter. From this
schedule without reference to any other document
he should be able to tell: 1. What text material
he is to study, and, 2. What problems he is to
solve and exactly when both are due. With such
a schedule he can open his book and go to work.
This simplifies work for the instructor too.

B. Home problems. Many of the topics
which we all commonly assign may cover more
than one days work. A home plate is helpful with
a problem covering the material to be studied and
due at the beginning of the first class period for
that subject. The student may need to refer to the
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text to solve the problem. It should be corrected
and graded. Since the student may receive help
at home the weight of this work in computing the
final grade should be relatively small.

C. Short Quizzes. Short quizzes of approxi=~
mately fifteen minutes in length may be given on
the first class day when a new topic is assigned.

A variety of questions may be used which may
cause a reading of the text. The following types
are currently used.
1. True-false

Multiple choice
Fill in blanks
Simple sketches
Identification of sketches
Meaning of terms.

These quizzes are easy to grade and if

ten are given during the term the average is

easily determined. This is work simplification

for the staff.

D. Unit text assignment. The fourth is a
unit fext assignment found in one place in the
text and covering one subject. This permits
rapid concentration an the material to be studied.
The course is then based upon a sound text program,
and ¢lass problems should be chosen to illustrate
the text and not the reverse.

2, The cluss discussion. When all of the fore going
things have been done there still remalns a very real
need for a brief, pointed discussion of the principles
involved and emphasis upon the points which the
instructor knows from classroom experience that students
will not understand or perhaps may overlock. The
discussion periad permits student porticipation which
is essential to hold interest.

A. Need for emphasis. For example, in
sectional views many students will omit the visible
lines behind the cutting plane or reverse the
section lining on oppasite sides of a full sectional
view.

cLAaLN

Students read but do not comprehend. They
loak at illustrations but do not see them. Repetition
and emphasis by the instructor are necessary.

B. Use of slides to save time. The class
discussion must be kept short. Time can sometimes
be saved by the judicious use of slides. if the
student is to make one or more drawings to obtain
a third view from two given views, for example,
he can be given o problem on a single sheet ond
the instructer can have a slide throwing this
problem on the board so that he can at once begin
the solution while the class follows him an their
sheets.

In descriptive geometry when the more
tedious and difficult portions are reached, a series
of slides showing a step by step construction will
be a greaf time saver and produce better and clearer

results. As much time as necessary can be taken

and the student can ask questions.

C. Movies. We have tried movies but found
them time consuming. They are excellent, however,
for shop processes. In other areas they usurp the
functions and prerogatives of the instructor.

D. View-graph. This instrument can also be
used to get work on the board quickly for class
discussion.

3. Keeping the class together. This is almost
axiomatic in descriptive geometry and in fact in afl
other subjects. In drawing, however, students are some~
times permitted to fall behind even though they are
present everyday. Brilliant students are sometimes
permitted to work ahead. Neither situgtian is conducive
to the best teaching and learning process.

Keeping the class together simplifies instruction
and makes it more effective. The problem is how to do
it,

The first step is to assign problems of the proper
length and difficulty. This can be done only by one's
experience or by relying upon the experience of others
in selecting problems of suitable length,

For the better students who get done early an
incentive may be provided by excusing them when their
work has been satisfactorily completed.

A second method may be found in the use of bonus
problems which may be solved to insure a better grade.
The one difficulty with both schemes is the tendency of
brilliant students to hurry and thus turn in sloppy work.
Only good class discipline can correct this.

For the slower than average student the method is
simple. The problems are taken up finished or unfinished
at the end of the period at which they are due. This
system is very effective. It prevents dawdling and
emphasizes the necessity for speed and a well organized
approach to problems acquired by careful study of the
text. With a reasonable exercise of good judgment, it
does not unfairly penalize the student, once he knows
that the instructor means what he says.

If one instructor Is handling three sections with a
total of from 60 to 75 men, this is the only way to keep
his work load within reasonable limits.

4. Choice of problem material. With the plethora
of workbooks on the market and the superabundance of
problem material in many textbooks, it would scarcely
seem necessary to say anything about this subject.
There are, however, a few gulding principles which it
would be well to note.

A. Problems should be an application or
illustration of the text moterial assigned. They
should not include extraneous material except
that of a review character.

B. Problems should be of reasonoble difficulty
for a beginner permitting him to apply the principles
he is studying. Problems which can be solved only
by a half dozen intuitive guesses bring only
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frustration, not learning, to the student.

C. A machine part which actually exists in
an industrial product while desirable for motiva-
tion is not necessarily o good feaching device.
Such parts usually contain too many items which
cannot be covered in a reasonable assignment or
¢class discussion unless the part has been simplified
to eliminate them.

Even when problems have been [imited
carefully to one area, say orthographic projection,
the first ones should be simple with those following
more difficult, but never the puzzle type either
in drawing or descriptive geometry. We are
employed to teach--not to show the student how
smart we are.

D. Variety. The fourth principle which i
would set up is that problems should provide
variety and interest. If, in teaching erthographic
projection ond ouxiliary views, we always find
the third view from two given views this becomes
mentally nauseating. There are other types of
problems which ore equally good.

Some instructors seem to think that making
two or three views from a picterial is foo easy.
This is not true. The concepts of showing plane
surfaces in true shape foreshortened or edgewise
are new and difficult to the beginner even from
a pictorial view.

Some of the problem types which can be
used are:

1. Given two views, draw the third.

2. Given two or three views, draw

missing lines.

3. Given a pictorial, draw the necessary

one, two or three views. This requires
an exercise of good judgment.

4. A combination of o drawing and
verbal description. :

5. Make freehand pictorial sketches from
two or three view drawings.

VII. The human element

Our students are human beings and like all of us
they have emotions, ambitions and desires for ochieve~
ment.

While engineering ond science have chonged very
much, the human leorning process has not changed.
Learning new concepts still requires time for assimila-
tion, practice in its application and enough repetition
to fix the idea.

If we con so design our courses that the student
gets a sense of achievement, a feeling of hoving
leorned something new, we can build in him a sense
of confidence which makes him eager to try the more
difficult.

if, along with the criticisms which must be made,
we can give a word of praise for good work, this olso
builds morale. The poor student needs this encouroge-
ment more than others.

The instructor is olso a humon being and his work-
load in groding should not be excessive. The student,
at some point, should learn that instructors are people
and that late work and requests for special considera-
tion add to their workload.

Finally, if each instructor treots his students as he
would like to hove his own son treated by some other
teacher, this will go a long way toward better teaching.

Drawing is a profession in much the same sense as surgery or dentistry. In each
of these the major content is factual or scientific material which the individual must
know. In each case also, a certain amouni of high calibre manual skill is required
to give expression to the knowledge. The surgeon or dentist must have a skilled hand,
but manual skill would scarcely be recognized as the major portion of his training.

Drawing is also more analogous to mathematics than it is to the trades. [ts
content is almost entirely geometrical. In addition it contains many conventions
which have become standard practice. It is these things which must be emphasized

rather than manual skills.

R. P. Hoelscher
Journal of Engineering Drawing, May, 1943
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GRAPHICS PROGRAM AT KANSAS STATE UNIVERSITY

By A. E. Messenheimer

In 1956, our Machine Design Department was made
a part of Mechanical Engineering and was immediately
informed that the Department was not in agreement
with the way in which Drawing was being presented.
Almost the first directive that we received was to
delete Descriptive Geometry as a course from our
curriculum and to embody its principles in their
properly related places when teaching orthographic
projectians. |t was agreed that we should aim ta design
a sequence of courses that would prepare a student to
be capable of making and reading complete working
drawings with a definite knowledge of the functional
relationships of mating parts; to be able ta do o re-
spectable job in pictoral sketching; to be able to
prepare data and show proper relationships on graphs
and to have some training in the use of vectors. This
above undertaking would require six semester credit
hours, being taught three terms of twa credit hours
each. The courses are Graphics 1, Graphics 2 and
Graphics 3. Our present program was started in the
Fall Term of 1957 with Agricultural, Chemical,
Industrial and Mechanical Engineering taking the
entire package; however, the other departments did
not apparently see fit ta use that much of their one
hundred forty-twe hours, thus taking o lesser amount.

In our era of Science Education and Scientific
Engineering, the courses are requiring more and more
of the student. Beginning this fall, September 1960,
our universities in Kansas that are teaching engineering
are not allewing credit foward graduation in
engineering for the courses of College Algebra and
Trigonometry; the student starts his college mathematics
with Analytics and Calculus. Engineering Graphics is
a science, and when taught by first presenting the
theory in advance of the application problems does
not use the process of memorizing how to do a thing.

At Kansas Sate, all students that take Engineering
Graphics are engineers except those students in Milling
Technology who do take the full six hours. Since
development of ability to visualize in three dimensions
is paramount to the one who may succeed in the
Engineering School, many students learn during the
first semester that they may have chosen the wrong
profession, ‘

Since initiating our program in Graphics, Fall of
1957, dbout 70 percent of the beginning students
successfully complete Graphics 1. With relatively
few exceptions, where a grade is literally given to a
weak student, they complete the remainder of our
sequence and progress with enthusiasm. | do not infer
that the 30 percent of fall outs were failures in
graphics alone. Students have other difficulties, such as

mathematics and chemistry, or they may have found aut
early that they did not have the ability, the aptitude
and the interest to further pursue engineering education.

Each instructor is supplied with a syllabus of the
course, as is attached in this report, and he is expected
to follow it closely as ta subject content. The problems
which are suggested are only helpful to the new
instructor and allow him academic freedom. But the
student is protected in having all materials cavered, and
he will be prepared for the final examination which is
given to all students af one time. We have not been
concerned abaut changing warkbooks nor student
copying because of the small amount of grade ailotted
to daily plate work.

Since each Engineering Graphics student has been
informed during registratian to have his equipment at
the first class meeting we start immediately with o
lettering exercise. The attached sheet of instructions
tells the students exactly how the class operates.

Wha can say what an effective program in anything
might be? In our opinien, we believe that we have
developed a rather sound sequences of material and
course outline, but after aur examination in the
Engineering Schoal by the ECPD group, we find that,
according to the examining professor, the Departments
of Chemical Engineering and Industrial Engineering
are spending toe much time in the laboratories. Thus,
they will reduce graphics to four credit hours,
beginning September, 1960, Our Graphics Committee
is in the process of rewriting the syllabus for each
course, Graphics 2 and Graphics 3.

ENGINEERING GRAPHICS

Faculty Instructions

Do not over-extend the use of sheets from the workbooks
so that important problems suitable for Graphics Il and
Il are used. Do not forget the possikility of the use of
sketching for daily work. It is the responsibility of the
instructor to plan definite test, ciassroom ond homework
assignments.

SC refers to the Engineering Drawing

workbook, Series C

52 refers to the Geometry Workbook, Series 2

Y refers to the yellow sheets of Series 2

W refers to the white sheets of Series 2
This worksheet represents a weekly guide and it is
expected that each instructor will moke the necessary
adjustments to keep on the weekly schedule. At least
five short quizzes, at random times, of 10-20 minute
iength, covering reading assignments should ke given to
each class to encourage the text study. Final grades
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should be determined by rating the daily work 20%,
quizzes 20%, exams 30%, and final exam 30%. A
uniform final exam will be given to all sections at a
scheduled period during final exam week. Course
assignments and presentations are left up to the dis-
cretion of the instructor, but it is expected in all
classes that the prescribed text and course content
area be covered during the prescribed time, Homework
assignments should consist of both reading and graphical
exercises, with careful consideration as to appro-
priateness.

ENGINEERING GRAPHICS

Student Instructions

Prerequisite to Engineering Graphics | is Plane
Geometry.

The course consists of two, one-hour and fifty
minute periods of class work, and two hours of reading
or homework per week. A ten to twenty minute lecture
or shotgun quiz, covering the assigned reading material,
may precede laborafory work except when the period
is used for a scheduled examination. Problem sheets
will be assigned during the period and will be collected
at the end of each period, and all hemework sheets will
be due at the beginning of the next class meeting unless
otherwise instructed. Each student will be assigned a
desk for his use and will be expected to do individual
work without the assistance of other students. The student
shali not leave his desk without instructor's permission.
The final grede will be determined as follows:

20% - daily class and homework

20% - shotgun quizzes (5 minimum)

30% - one and two hour examinations {5 minimum)
30% - final examinafion

10056

Smaoking is not permitted on the third floor of this
wing in the class room, hall or rest room. '

(Editor's Note: On the following worksheets
specific text and workbook assignments have been
deleted.)

Instrucior’s Worksheet for M.E. 211,
Engineering Graphics |, Fall 1959-60

Week Course Content Area

1 Organization; leftering, sketching

2 Lettering; technique; tangencies; use of
instruments

3 Geometric constructions; one-~hour exam

4 Theory of projection; notations, locating
points and lines; true length of lines

5 Bearings; slope; cone methods; relationship
of lines, parallel and intersecting

6 Perpendicular Lines; one~haur exam

7 Properties of planes; polnts and lines in

plane; strike

Week Course Content Area
8 Point of projection of line; line projection
of a plane; dip; true size of plane
@ Orthographic views; two-hour exam (9 wks)
10 and 11 Isometrics and erthographics
12 Review; oblique projection
13 Auxiliaries
14 Auxiliaries; two-hour exam
15 Sectional views
16 Sectional views
17 Review; one-hour exam (sections)
18 Final exam week

Instructor's Worksheet for M.E. 216,
Engineering Graphics 11, Fall 1959-60

Week Course Content Area
] Plane in true size
2 Plane figure on plane; test
3 Point where line pierces a plane
4 Test
] Intersection of planes and locus
6 Test
7 and 8 Infersection of salids
9 Test
T0 and 1T  Perspective
12 Test
13 Angle line makes with plane; skew lines
14 Cone constructions
15 Test
16 and 17 Analysis ond application problems
furnished by the department
18 Final exam week

instructor's Worksheet for M. E. 310,
Engineering Graphics 1, Fali 1959-60

All work in this course will be done by freehand sketch-
ing except for center-line as assigned by instructor.

Week Course Content Area
1 and 2  Pipe drawings
3 Shop terms and processes
4 Theory of dimensioning; tolerances and
allowance
5 Dimensioning and fasteners
6 Test _
7and 8  Detailed working drawing
?and 10 Pictorial sketching and dimensioning of -
parts from assembly; drawings furnished
1T and 12 Orthagraphic detail
13 and 14  Charts-diagrams
15and 16 Vectors
17 Review application problems
18 Final exam week
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STUDENT WORK AND QUIZZES DISPLAY

Engineering Graphics Division - ASEE
Purdue University

June 20-24, 1960

The committee is eager to have on hand, at Purdue, a good display of student work and
quizzes for examinotion by Graphics Division members. This year we would particularly like
to have on display:

1. Student work and quizzes from Engineering Graphics courses of all types.

2. Examples of courses taught for non-engineering curricula such as light building,

forestry, ete.

3. Material used in Junior=Senior courses in advanced graphics and graphical analysis.

4. Several graphics departments teach graduate level courses for industrial education

departments. Also, we know there are graduate courses which provide teacher
training for college level instructors. We want exhibits of this kind too.

To facilitate handling and prevent possible loss, display material should be in bound or
assembled form. The exhibitor should transport it to Purdue. However, packages may be sent
prepaid to Professor Satferley, Graphics Department, Purdue University, Lafayette, Indiana.

Please include a statement on or inside the cover indicating the number of hours per
week, credits, and other pertinent data.

Co~chairmen: E. T. Ratledge - University of Wisconsin-Milwaukee
W. O. Safterley ~ Purdue University



FIVE NEW AND TESTED TEACHING AIDS
FOR ENGINEERING DRAWING

BY CARL L. SVENSEN AND WILLIAM E. STREET

FOR USE WITH ANY TEXT OR NO TEXT

DRAFTING PROBLEM LAYOUTS

SERIES D

Work sheets covering Vertical and Inclined Lettering, Sketching, Use
of Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sections, Isometric, Oblique, Dim=-
ensioning, Developments, Intersections, Screw Threads and Bolts, Per-
spective, and Working Drawings for a2 Complete Course.

95 Work Sheets, 82" x 11" $3.50

DRAFTING PROBLEM LAYOUTS

SERIES C

Work sheets covering Sketching, Use of Instruments, Engineering Geo-
metry, Sclaes, Orthographic Projection, Revolution, Auxiliary Projec-
tion, Sectional Views, Dimensioning, Screw Threads and Bolts, Isomet-
ric, Oblique, Perspective, Developments, Intersections, Working Draw-
ings. SERIES C and LETTERING EXERCISES cover a Complete Course.

69 Work Sheets, 83" x 11" ' $2.50

LETTERING EXERCISES

‘A DIRECT METHOD =--= NEW AND INTERESTING

Vertical and Inclined Lettering with eight sheets of extra problems.
LETTERING EXERCISES AND SERIES C cover a Complete Course.
20 Work Sheets 85" x 11" $1,00

VERTICAL LETTERING EXERCISES

Vertical Lettering with instructions
& Work Sheets, 83" x 11" $0.50

INCLINED LETTERING EXERCISES

Inclined Lettering with instructions
6 Work Sheets, 83" x 11" , $0.50

WRITE FOR EXAMINATION COPY OR ORDER FROM

W. E. STREET

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




Limits of graphical errors have become much narrower
in many fields of industrial drafting and designing, and
drawings and diagrams have increased in size. Dimen-
sionally stable drawing surfaces of plastic and metal and
improved reproduction processes have virtually eliminated
distortion in reproductions, Accordingly, the require-
ments presented to a drafting triangle have often been
beyond these satisfied by commercially available triangles
or even obtainable in plastic drafting triangles made by
conventional methods and equipment, in many instances
common woodworking machines. Substantial changes in
drafting friangles have been in the offing for a number of
years,

Extensive tests of the properties of new materials
became the first task for our engineers. Next, redesigning
each specific size friangle was done on the basis of the
properties of the new materials o aveid the pitfalls
involved in merely reproducing in new materials +he old
designs developed over many years for the use of cellulose
nitrate, a material of different properties. Thicknesses,
construction and finish of quiding edges, corners, sizes
and outlines of recesses, and other features of design had

(C) 1958 by D. Mfg. Co.

DE DOLGORUKOV
D DETROIT

Drafting Instruments
that are

Better Engineered and
Better Made . . .

e Mk Better

We now manufacture the most. com-
plete line of drafting triangles commer-
cially available. Our stock friangles range
in sizes from 4" to 24", by intervais in
some cases as small as only 14", and
include many sizes, thicknesses, colors,
and improved constructions not available

from other manufacturers.

to be changed in order, first, to realize fully the advant-
ages of the new materials and, second, to avoid problems
resulting from different properties of the new materials.

The increased degree of accuracy dssired in the triangles
could be ensured, only by designing and building specia!
machines, a sizable project by itself.

As a result of such work of nearly seven vyears, we
have made available for the profession its basic tool, the
drafting iriangle, that is better engineered and better
made and at prices that are reasonahble and fair and that
even a student can afford.

Many students fake with them io industrial drafting
rooms, after graduation or on summer jobs, the drafting
‘nstruments they used in school. Those who bring well
selected improved instruments rapidly gain not orly
personal prestige but also recognition of their better
preparation for the job.

A "Dolgorukov triangle’ is a small but worthwhile
investment not only for a professional designer but for
an engineering student as well. We recommend for the
student a set of twa triangles: 12" — 30°/60° and 10" —
45°/90°, light green.

Write for further information,

Gl

DOLGORUKOY MANUFACTURING CO. - 407 FISHER BLDG. - DETROET 2, MICH.




GIESECHK

Fourth Edition

By Henry Cecil Spencer, Director of the Department of
Technical Drawing, lllinois Institute of Technology

1958, 844 pages, $7.50
TECHNICAL DRAWING PROBLEMS,

Third Edition

Prepared by Henry Cecil Spencer
Geared to the Fourth Edition of GMS: Tech-
nical Drawing, this new workbook contains:

e Approximately 100 problem sheets,
featuring a number on tracing papers

* Representative problems in graphical
solutions

¢ An instructor’s manual containing solu-
tions to all problems (free)

Published September, 1959

Stili available: the Second Edition of
TECHNICAL DRAWING PROBLEMS
By Frederick E. Giesecke, Alva Mitchell, and
Henry C. Spencer
1947, 105 problem sheets, paper, $4.80




» Finest design: by one of West Germany’s oldest
and largest manufacturers

® Automatic parallel opening of both legs

¢ Pencil, pen or needle point always perpendicular
to paper

¢ Micrometric adjustment up to .001”

e Absolute rigidity

¢ Lifefime guarantee

Send for illustrated circular and prices.

CHARVOZ-ROOS Corp.

A complete line for engineering and architectural students
B0 Colfax Avenue, Clifton, MN.dJ.
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Here's the most ingenious twelve inches in engineering today. POsST's
Chem-Rule delivers nine different kinds of calculations quickly, directly,
with less need for conversion tables and charts. In addition to the standard
fog log scales on its face, you'll find all nine of the following scales: Ch, M1,
Mz, Xw, X, T, F(1}, P and tw. With these unigue and razor-accurate scales,
in one setting, you can . ..

Now...One fast setting
of this POST Chem-Rule
solves temperature,
pressure and solution

@ obiain the atomic weights of 52 elements and melecular weights of 18 groups

@ convert simultaneously in operations within centigrade, fahrenheit, Kelvin (and/or
Rankin} temperature scales

@ convert pressure values from ibs/in2 to atm. and Kg/cm?

& obtain pressure temperature rafationships for saturated steam in terms of Kg/
cmZ, atm. and lbs/in2

@ find vapor pressure of water at various temperatures
. @ translate concentration units, such as wt. % to mol. % or wt. % to vol. %
hiems @ compute liquid-vapor equilibrium relationships
cﬂncentratiﬂﬁ Erg @ get relationship between temperature and adiabatic expansion and compression
of a given gas
@ see immediately from reference marks on the Chem-Rule molecular gas constants,

standard molecufar volume of ideal gases, Faraday constant, correction factor for
volume of ideal gases and the mechanical equivaient of heat.

spametann

This remarkably versatile slide rule is No. 1491 in the POST catalog. it
comes complete with detailed instruction booklet and leather case.

For complete information write Bob Jones, Manager, Educational Sales
Division, Frederick Post Company, 3664 North Avondale Ave,, Chicago
18, Hlinois.

BAMBOO CONSTRUCTION GIVES LIFETIME
AGCURACY. Only laminated bamboo {exclusive with ’
all PosT rules) resists warping and sweiling in even §
the most humid wheather. gives; such unfai!inlgfaccu- ]
racy, offers smooth cperation for an entire lifetime
without artificial lubricants. This slide requires a mini- ¥ FRE@ERECK P@ST CGMPANY

mum of adjustment, moves effortlessly and smoothly.




Going Like Sixty in ’
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Yes, four each Drawing and Descriptive Geometry workbooks from
which to choose, by Hoelscher and Springer etal. You can
change every semester if you like. Solutions available upon

adoption. NOW - 130 adoptions!

Drawing Workbooks $3.00 - Geometry Workbooks $2.75
Worksheets included

Gn on out Workbooks for 60

Use the popular Walraven: Quiz and Study Material.
$1.25
A real student “help”. Used both semesters.

€T1irEs PusLisHING CO.

10-12 Chester St. « Champaign, lllinois



THE SPACING DIVIDER

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
bhetween points on the 6 Inch Instrument is min-
imum #s”, maximum %" and on the 12 Inch
minimum %", maximum 1%".

No. 2960—6 INCH
{ILLUSTRATION HALF 51ZE)

Catalog on Request Covering:

Drawing Instruments Drafting Scales
Protractors S.5. Straightedges
Rolling Parallel Rules 5.5. T-Squares

11 Pt. Spacing Dividers 5.S. Triangles

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

THEO. ALTENEDER & SONS
Makers of Fine Instruments Since 1850

1217 Spring Garden Streel Philadelphia 23, Pa.




by Hugh Barr and James G. Holburn
MacGibbon’s School of Marine Engineering

This volume explains the rudiments of Engineering Drawing and of geometrical projection
for the student and for the practicing engineer who has had no drawing office experience.
It will be of special use in courses given in the subject in educational institutions, and will

also be of value to anyone secking to increase his proficiency in this particular field.

This book was originally prepared in connection with the educational program of MacGib-
bon’s School of Marine Engineering, and has been used for many years in preparing students
for certificate examinations abroad. The success of the volume is apparent from the fact that
this is now the sixth edition of this work, and the publishers have been prompted to make
this new edition available in America inasmuch as it will eprich available materials in the

Engineering Drawing field as it has special application in marine engineering. $5.50

Simmons-Boardman Publishing Corporation

30 Church Street, New York 7, New York -



Drafting Machines and
Drawing Instruments

Features of YEMCO standard drafting machines include automatic
15-degree setting and free rotafion, tighi sieel bands for accurate
parallel motion, resitient scale chucks to insure firm grip, flexible
and speedy free movement, a completely reversible elbow, cenfrally
positioned skid button, and the exclusive VEMCO Versatilt to provide
easy floating motion on tilted boards. Arm lengths are 24" (board
size 36" x 60"}, 30" (board size 42" x 84"}, and 36" {board size
48" x 967,

American made YEMCO compasses are produced by modern manu-
facturing processes, which permit the use of durable steels not found
in hand-made instruments. YEMCQO Open-Truss construciion gives
strength, rigidify and light weight. The YEMCO guaraniee is the
strongest and best guarantee offered by any drawing instrument
manufacturer.

The VEMCO “3300"” Drafting Machine
A smaller drafting machine, with big draffer features
Automatic indexing, with cenvenient operation, and full circle Buse ling setting are
featured en the YEMCO '330C". This smaller drafting machine is ideal for stydent
vse, or for detail wark. It will accept standard scales, ond has a full size handle,

steel band cavers, and the YEMCO coin-slatted brake, Suitable for beards up to
24" x 36", Length of arm is 16" List price, $66.00.

White for

V. & E. Manufacturing Co.
Department JD
P.O. Box 950-M Pasadena, Calif.

ILLUSTRATED

YEMCO standard
drafting machine
with Versatilt far
easy flocting mation
on inclined boards,

VEMCO Compasses
Passthe “TwistTest”

Here is a simple, effective test to
show whether or not a compass has
the strength and rigidity necessary
for the “heavy-duty” demands of
modern drafting-room practice. Draw
black circles one-haif inch in diame-
ter with hard lead in ecompass, apply-
ing heavy twisting pressure. The legs
must not twist. Precision made VEMCO
compasses pass this fest perfectly,
because of their welded sieel con-
struction, and unique “OPEN-TRUSS"
design,




A GRID SURVEY




At the drawing board, at the reproduction machine,
at the files . . . look how you can save hundreds of
man hours of work with modern Bruning products.

Save DRAFTING Man Hours!

Over conventional equipment, Bruning drafiers
speed drafting up to 40%. Wide range of models
inciude Counterbalanced and Track Drafters.
Unique design of Hamilton drafting tables lets
draftsman work on any part of the board, reach
reference tablc and drawers without leaving his seat,
Put six Hamilton Auto-Shift tables where you now
have four boards with desks. Draw easier and faster,
get sharper prints with Bruning’s new, improved
drawing mediums unsurpassed for translucency,
pencii-and-ink taking qualities, workability, perma-
nence. Bruning’s wide selection of drafting aids
includes many special work savers such as dotting
pens, proportional dividers, planimeters, special
purpose templates, and Bruning electric erasing
machines.

Save REPRODYCTION Man Heurs!

New, advanced Copyflex machines bring you faster
reproduction speed and a host of operator conven-
tences such as fast return of originals, automatic
separation, front or rear delivery. You get all the
benefits of diazotype black-on-white reproduction,
plus Copyflex problem.free operation and installa-
tion, No fumes, no exhaust ducts. From table top
models to 54" printing width models, there’s a
machine to meet your need and budget. Copyflex
sensitized malterials work together with Copyflex
machines to speed reproduction, give you premium
results. Improved Bruning intermediates slash re-
drafting time for design changes and restoring old
drawings.

Save FILING Man Hours'!

Hamilton UnitSystem Files let you file drawings and
records, {aster and easier, by size and [requency of
use. Interlecking feature lets you combine exactly
the units you need in higher stacks. Spring-loaded,
clamp-style Plan Hold binders save time, space, and
damage in filing large active plans,

Researcher, manufacturer, and supplier . .
Bruning saves you many man hours by providing a
single, convenient, dependable source for every
drafting room need. You simplify ordering and
stocking, assure consistently high quality, get the
product and service you need when you need it.
To get full information about Bruning products
and service, call your local Bruning sales hranch,
today, or write:

CHARLES BRUNING COMPANY, INC.
1800 Central Rd., Mt. Progpect, Ill.



