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T h e Engineer's Show

This tiny device is an ultra-reliable Westinghouse TV amplifier

It can replace all these wires and electronic parts
" W i t h f e w e r p a r t s and c o n n e c t i o n s , "
Westinghouse scientists decided, "we'd
have a much more reliable amplifier."
So they developed a new kind, using
techniques called "molecular electronics."
The device is a functional electronic block,
one quarter-inch square. (That's the cap-

sule. Actually, the electronics are on a bit
of specially-treated silicon the size of a
chip diamond.)
Other W e s t i n g h o u s e f u n c t i o n a l electronic blocks are just as small. They're
used in e x p e r i m e n t a l p r o d u c t s like a
pocket-size TV camera and a radio receiver

that's half an inch square and an inch long.
Today, Westinghouse makes these ultrareliable little devices mostly for military
applications.
One day, you'll find them in electronic
products everywhere.

You can be sure if it's Westinghouse

For information on a career at Westinghouse, an equal opportunity employer,
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa. 15221.

Your life at Du Pont

one of a series for technical graduates

How to tell a career from a job
A job is a job. A career is a place to grow. A career has a future.
A job lives from day to day. In a job you get what you can, do
what you must. In a career, rewards parallel your contributions.
We're a career company. More than a third of our 90,000
employees have been with us at least 15 years; 10,000 for more
than 25 years. There are reasons for this. To assure growth we
invest over $90 million a year in research. Fifty percent of last
year's sales ($2.4 billion) came from products unheard of just
28 years ago. Because customers [ike these products, we've
grown 750% since 1937.
Our career men share in this growth because we fill virtually
all responsible positions from within. Our young men work in
several areas to develop their capabilities. This way they can
change positions without leaving the company.
There are job men and career men. If you seek a career, we'd
like to tell you about an interesting and rewarding one at
DuPont. Write us a letter or clip and mail our coupon today.

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '65
Chemists

Mechanical Engineers

Chemical Engineers

Industrial Engineers

E. I. du Pont de Nemours & Co. (Inc.)
2519-A Nemours Building
Wilmington, Delaware 19898
When I'm graduated, I'll be a_
(List profession)
Please rush me more information about how I might fit
in at Du Pont.
Name_
Class

JjJPOB
M*.u.l.W.OfK

Major

Deeree expected

College
Mv address

BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY

An equal opportunity employer

City
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State

Men on the move
at Bethlehem

Steel

JIM ANTHONY, I.E., JOHNS HOPKINS
'60—An operations research man at
our Sparrows Point, Md., Plant, Jim
applies techniques such as linear programming, regression analysis, exponential smoothing, CPM, and PERT
to complex production problems.

TOM FREE, MET.E., CASE INSTITUTE
'60—After experience in both mills and
laboratories, Tom became a Lackawanna Plant metallurgical service engineer. His job is to solve problems in
customers' plants.

DICK PEOPLES, C.E., NORTHEASTERN '60—Dick helped build our new,
$20-million continuous galvanizing
mill at the Lackawanna Plant, near
Buffalo, N.Y. Now he's foreman of the
mill's production line.

JIM BULLOCK, E.E., BROWN ' 5 8 Jim is an electrical engineer at our
Bethlehem, Pa., Plant. His broadranging duties include instructing
technicians in the intricacies of electronics.

SAM COLEMAN '62, DOUG HATCHER
'61, BOTH M.E., SOUTH CAROLINA
—Sam and Doug are salesmen in
our Atlanta District. Their technical
training is a valuable asset in selling
steel products.

JOHN O'BRIEN, CH.E., NOTRE DAME
'60, AND DICK HOSTETTER, M.E.,
PENN STATE '58—Production engineer O'Brien and research engineer
Hostetter worked together on an automatic gage-control system for a mill
at our Sparrows Point, Md., Plant.

These alert young men are a few of the many recent graduates who joined the
Bethlehem Loop Course, one of industry's best-known management development
programs. Want more information? We suggest you read our booklet, "Careers
with Bethlehem Steel and the Loop Course." Pick up a copy at your Placement
Office, or write to our Manager of Personnel, Bethlehem, Pa.
An equal opportunity employer

NEWS TRAVELS
FASTER ON
TIMKEN BEARINGS

"NEITHER RAIN NOR . . . "
In snow country, the mail goes
through on a Ski-Doo Bombardier power-sled, made by
Bombardier Snowmobile Ltd.,
Quebec. It is also used on trap
lines, for sports and for hauling supplies. Timken® bearings in the clutch give it extra
capacity in a small space.

WHEELS AND SHAFTS. Whatever you build—wheelbarrows
to steel rolling mills—Timken
tapered roller bearings can
help it perform better, longer.
T h e y ' r e precision-made of
n i c k e l - r i c h steel b y : The
Timken Roller Bearing Company, Canton, Ohio. Also
makers of Fine Alloy Steel and
Rock Bits.

WORLD-WIDE CABLES. The
C.S. Long Lines, new Bell System cable-laying ship, is on
the high seas. In its wake,
thousands of miles of cable,
paid out at eight knots. 2,816
Timken bearings keep the
ship's linear cable engine
operating.

EXTRA! EXTRA! This Goss
Headliner Mark II press runs
70,000 newspapers an hour.
It prints in color. It folds. It
delivers the papers to the loading dock. Not one T i m k e n
bearing has required premature replacement.

QUALITY TURNS ON

TIMKEN
TAPERED ROLLER

BEARINGS
Learn More About the Timken Company, an Equal Opportunity Employer. Send for Career Booklet.

Why become an engineer at
Garrett-AiResearch? You'll have to
work harder and use more of
your knowledge than engineers
at most other companies.

I f you're our kind of engineer,
you have some very definite ideas
about your career.
For example:
You've worked h a r d to get a
good education. Now you want to
p u t it to work in t h e best way
possible.
You will never be satisfied with
run-of-the-mill assignments. You
demand exciting,
challenging projects.
You not only accept
individual responsibility — you insist upon it.
Does that sound like
you? Then AiResearch
is your cup of tea.
Our business is
mainly in sophisticated aerospace
systems and subsystems.
Here, research, design, and development lead to production of

actual hardware.
T h a t means you
have the opportunity to start with
a customer's problem
and see it through to a
system that will get the job done.
The product lines at AiResearch,
Los Angeles Division, are environmental systems, flight information
and controls systems, heat transfer
systems, secondary
power generator
systems for missiles
and space, electrical systems, and
specialized industrial systems.
In the Phoenix Division there are
gas t u r b i n e s for propulsion and
secondary power, valves and control systems, air turbine starters
a n d m o t o r s , solar a n d nuclear
power systems.
I n each category AiResearch
employs three kinds of engineers.
Preliminary design engineers do
the analytical and theoretical
work, then write proposals.
Design engineers do t h e layouts; turn an idea into a product.
Developmental engineers are
responsible for making hardware
out of concepts.
Whichever field fits you best, we
can guarantee you this: you can
go as far and fast as your talents

can carry you. You can make as
much money as any engineer in a
comparable spot — anywhere. And
of course, a t AiResearch, you'll
get all the plus benefits a top company offers.
Our engineering staff is smaller
than comparable companies. This
spells opportunity. I t gives a man
who wants to make a mark plenty
of elbow room t o e x p a n d . A n d
while he's doing it he's working
with, and learning from, some of
the real pros in the field.
If the AiResearch story sounds
like opportunity speaking to y o u don't fail to contact AiResearch,
Los Angeles, or Phoenix, or see our
representative when he comes to
your campus.
An equal opportunity employer

AiResearch
is challenge
Los Angeles • Phoenix

College graduates do key work right away on the Aerospace Team.
Lt. Gregory Risen, aeronautical engineer from Notre Dame, varsity swimmer, missile test expert,
tells how you can be part of it.

(Lt. Risch, B.S. '62, did extensive undergraduate work in aerodynamics,
helping to construct one of the country's largest and most successful smoke
tunnels. He has played an important
part in the operations of the test range
at Cape Kennedy.)

What's the
best way to become an
Ah* Force officer?
I wouldn't want to call any one way
the "best" way. We count on getting
top-quality officers from all our sources.
First, there's the Air Force Academy.
I received my commission through Air
Force ROTC. Many colleges and universities will soon be providing twoyear AFROTC programs that you can
apply for during your sophomore year.
Then, for the college graduate, there's
Air Force Officer Training School—OTS.
Who's eligible
for Air Force OTS?
Any college graduate, male or female,
or a college student within 210 days
of graduation, is eligible to apply. Who

the Air Force will take depends on what
the particular needs are at the time.
Those with scientific or engineering degrees can usually count on receiving the
first openings.
Does the Air Force have
jobs for nonscience majors?
There are quite a few jobs in nontechnical fields such as administration
and personnel. And it is not essential
that prospective pilots or navigators
have backgrounds in the sciences. However, since the Air Force is one of the
world's leading technological organizations, a keen regard for science is important.
What sort of work
do young Air Force officers do?
Important work. An Air Force career
gives young people the opportunity to
do meaningful work right from the start.
That's the thing I like best about it.
I'm only a couple of years out of college, but already I'm working on a vital
project in an area that really interests
me. In other words, I'm getting to use

the things I studied in college. My education is paying off, both for me and
for the United States.
What are the
possibilities for advancement?
They're plenty good. The Air Force believes in giving its young officers all the
responsibility they can handle. That's
not only good for you, it's good for the
Air Force. It gets the best-qualified
people into the top jobs where they can
contribute most to our defense effort.
How long am I committed to serve?
Four years from the time you receive
your commission. If you go on to flight
school, four years from the time you're
awarded your pilot, or navigator wings.
Where can I find out more?
If there's an Air Force ROTC unit on
your campus, see the Professor of Aerospace Studies. If not, contact the nearest Air Force recruiting office. It's listed
in the white pages of the telephone
book under "U.S. Government".

United States Air Force.
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Randy Repass presents his paper on " A
Three Dimensional Electrical Field Analysis by Analog Methods." Randy won the
I E E E Student Paper Contest at Duke and
the right to present his work at the regional
I E E E meeting in Miami.
"The Engineer and Social Responsibility" by Jim Parsley makes us aware of
the responsibility of an engineer to society.
The Engineer's Show in all its glory
is summarized by the wing chairmen.
The first part of a series on "Project
LP IV, an-Experiment in Rocket Telemetry," the engineer's show project of Mike
Manes and Tom Furness is presented for
your enjoyment.
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DEAN'S MESSAGE
(Editor's Note: The Dean's Message of this issue is
written by Dr. Charles R. Vail, Associate Dean for
Graduate Study and Research, who is serving as Acting
Dean during a six-month absence-on-leave of Dean J. L.
Meriam.)
For many years it has been popular to contrast the
education of the engineering student with that of a
student in the liberal arts. It may seem strange, therefore, that I choose to address my present remarks to
the subject of the Liberal Engineer.
The function of the engineer—like that of the physician, the philosopher, the soldier, and the politician—
can be traced back to the very dawn of human history.
Engineering is " a n ancient and honorable profession"
which has continually interacted with the rest of human
society in a highly determinative way. Its influence
is evident in the very fabric of our culture.
Too often in the past the engineer tended to be to
the world of culture what the catalyst is to a chemical
process: an agent capable of accelerating the process
without itself being altered by it. Through the years
the engineer has been busily providing new means of
releasing men's energies and time from physical drudgery and from the deadening slavery of routine mental
effort. He has been providing tools of new scientific
discovery and of new art forms. He has been providing
the means for bringing to mankind everywhere the
products of the great artists, writers, scientists, and
philosophers of both ancient and modern times. Yet,
until recently, the engineer himself has too often been
prone to remain culturally semiliterate—a mere "cultural catalyst."
However, this situation is changing. To an increasing degree the modern engineer is personally concerning
himself not only with the means of man's cultural
advancement, but also with the advancement itself.
His growing personal involvement is transforming him
from a mere catalyst into one of the components of the
cultural process. Far from being " t h e barbarian of
modern society," as a critic once somewhat intemperately expressed it, the engineer is emerging as a partner
in the truly civilizing process. Let me illustrate my
point.
It is becoming apparent to even the man on the street
that the great dilemmas which confront mankind today
stem from our relative ignorance of man himself. We
lack even a beginning understanding of man as an
individual; as a social creature; as an artist; as a poet,
thinker, or philosopher; as a scientist—exploring the
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universe from the core of the atom to the cosmos. Now
that the possible consequences of human error place in
doubt the continued existence of mankind, we are finally
beginning to appreciate the terrible truth behind the
admonition: "Know thyself." We do not know ourselves. And yet, our libraries and museums, our photographs and our recordings, contain staggering amounts
of information concerning man. The accumulated knowledge and wisdom of the ages is ours to use in seeking
self-understanding, yet the vastness of the accumulation defeats us before we start. This need not be so.
Engineering technique—involving computer technology
—now offers a means of tackling the problem of sorting
out this information into meaningful associations and
patterns, through which we can hope ultimately
(Jacques Barzun notwithstanding) to understand
more fully the many dimensions of man. Small-scale
nibbling at small parts of the task has been most encouraging. Why not an all-out attack? A full-scale partnership between the engineer and the devotees of other
disciplines could yield results of incalculable value to
the human race.
As both a science, involving mathematics and the
natural sciences, and as an art, involving human imagination and judgment, engineering is interdisciplinary
and invokes both the processes of analysis and creative
synthesis. The engineer, as distinguished from the
technician, works at the level of principles and concepts.
His efforts are directed toward the well-being of mankind, both collectively and individually, and he seeks
to understand his fellow men in order to meet those
needs. The modern engineer must be broad, as well as
deep, in his knowledge and interests, and his education
must reflect this fact.
Thus it is that we find a great revolution currently
under way in engineering education. There is a noticeable trend toward the inclusion in the undergraduate
curriculum of more of the humanities, social studies,
and the basic and engineering sciences. There is a
corresponding trend toward deferring until graduate
years some of the more highly specialized types of
engineering courses. Furthermore, the previous nearly
exclusive emphasis on analysis in engineering courses is
being balanced with a new emphasis on the process of
synthesis: on achieving an optimum combination of
basic concepts from many disciplines to yield imaginative new solutions to problems.
The result of all this ferment and change in engi(Continued on page 34)
DUKENGINEER

Another of your future's many facets at Monsanto
If you like the idea of proving your ability rapidly, consider marketing for Monsanto
as a career. This worldwide company (represented in 70 nations), has quadrupled
sales in the last twelve years, is expanding rapidly.
Monsanto needs men with sales talent who also have the creative ability to anticipate and generate demand for future products. You'll have the stimulation of pioneering with new, exciting products that demand full use of your professional skills.
See your Placement Director to arrange for an interview when we visit your campus
soon. Or write for our brochure, "Your Future and Monsanto," to Manager, Professional Recruiting, Department 960, Monsanto, St. Louis, Missouri 63166.
An Equal Opportunity

Employer

i in loirs VIEWS
Nearly everyone considered the Engineer's Show a
success again this year. The attendance, at least, was
high and all of the visitors appeared to enjoy the show.
But the problem never has been with the visitors. The
problem concerns our own students in Engineering.
How many "engineers" do you know that never bothered to look at the projects their classmates had spent
many hours building? How many were even willing
to help by spending a couple of hours operating a project? Very few, apparently, because most of the small
group of engineers who worked to prepare exhibits had
to spend the entire 16 hours of the show operating their
own projects.
This apathy does not belong to any single class or
single department and it is not limited to the Engineer's
Show. The whole Engineering school exhibits a lackadaisical attitude in regard to extracurricular activities.
How many of you have ever entered a project in the
Engineer's Show, or written an article for the Duk-

Engineer, or joined one of the professional societies—
or having joined, how many meetings have you attended? If you are not interested in the Engineering
School, how many of you have served on committees or
in one of the many other positions on the hill? If we
could take a survey using the above questions, I'm sure
the results would shock some people.
Of course there are some people who say that extracurricular activities are a meaningless waste of time. We
are in college to acquire an education, they say, and
we need all of our working time for study and our free
time for beer. To these people I would say that you
can never learn how to work with people by reading a
book. Even if you are the best engineer in the world,
you can accomplish very little by working alone. Why
not gain experience working on projects and dealing
with people here in college, where the mistakes you are
bound to make won't matter as much?

JZ.&M
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Special agent plots overthrow of hidden enemy.
The hidden enemy is vapor in automobile fuel lines.
Causes vapor-lock that stalls cars on warm days.
Our special agent is Dr. John O. Becker, University of
Illinois, '64. Here he plots a temperature-pressure-fuel
relationship as he specializes in fuel volatility at our
Whiting, Ind., Research & Development lab. One of his
theories has already been proven. The next step—a
practical application useful in re-blending gasoline. To
make it less prone to vapor-lock.
In his spare time, Dr. Becker is boning-up on car

engines of the future. Maybe someday he'll help us
formulate a new kind of fuel for a yet-unknown engine.
How about you? Looking for a challenge—and a
chance to contribute to the exciting new technologies
shaping tomorrow's world? Your opportunity may be
here at American Oil. Whether you're a mechanical
engineer, as Dr. Becker is, or a chemist, metallurgist,
mathematician or physicist.
For more information, write J. H. Strange, American
Oil Company, P.O. Box 431, Whiting, Indiana.

AMERICAN OIL COMPANY

A Three Dimensional Electrical
Field Analysis by Analog
Methods
By RANDOLPH REPASS
Electrical E n g i n e e r i n g 1966
In the study of ventricular fibrillation with electrodes
placed directly on the heart, it is desirable to know the
electric field pattern in the heart, and the relation between electrode size and resistance of the heart-electrode
configuration. Also of interest are current densities and
field intensities at various locations in the heart when
it is excited by external electrodes.
Fibrillation is the incoherent, disorganized beating
of the heart. An essential part of heart surgery is the
control of fibrillation. To prepare the heart for surgery,
it is fibrillated (to stop its motion) by passing a current through it. Upon completion of the operation, the
heart is defibrillated (started beating), in the same
manner it was fibrillated.1 Ventricular fibrillation, fibrillation of the heart, is a vital part of heart surgery.
The study of ventricular fibrillation has produced
much data, some of which is the cause of this investigation. Some fibrillation experiments were carried out
using dogs as subjects, while other experiments involved
human subjects. The following phenomena were observed in experiments conducted at the Duke Hospital
by Starmer: 2 fibrillation voltage remains essentially
constant while the fibrillation current varies greatly.
Specifically, the fibrillation current rises quite markedly
with increasing electrode size. To accurately explain
these results, the actual electric configuration in the
heart must be analyzed.
In making a first approximation of this configuration,
it has been assumed that the heart is composed of a
homogeneous material spherical in shape. This problem
provides the motivation for the investigation reported
here. The object of this study is not to verify, disprove,
or formulate any medical theory but to determine the
electrical field in a sphere caused by the application of
a voltage to a pair of circular cap electrodes on opposite
sides of the sphere. This configuration is seen in Figure
1 (a).
Although simple looking, this three dimensional
field configuration is rather difficult to solve analytically
because of the mixed boundary conditions. There is
no published analytical solution of this problem. However, the problem has been solved by Starmer 3 using
numerical methods since the completion of this study.
The problem is solved here with the use of an analog
field mapping technique devised by the author.
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Figure I

METHOD

OF

SOLUTION

The field between two circular electrodes on opposite
sides of a semiconducting sphere is to be studied. Because of the difficulty encountered in analytical and
numerical methods, it is desirable to develop analog
techniques to solve the problem. There are analog
methods available for the solution of one and two dimensional field configurations; however, unless modified,
these methods are of little help in solving three dimensional problems.
The analog method to be considered here is field
mapping on conducting sheets of teledeltos paper. To
(Continued on page 14
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Who's helping
make water
come clean
again?
The same Union Carbide that
helped develop a new stainless
steel used in subway cars.

Streams and rivers in many parts
of the country were being plagued
with foam, partly due to detergents. In some areas foam even
came through the faucets . . . because old detergents kept on
foaming after they went down
the drain.
Now things are changing—the
result of ten years' work by detergent manufacturers. We've
helped by being the first to come
up with new kinds of detergent
chemicals that let the suds do
their work in the wash and yet
allow foam to be broken down
quickly after use.
We've been busy improving
many things. Our research work

on stainless steel helped develop
a new grade of steel that has recently been used to reduce the
weight and cost of subway cars.
We came up with new kinds of
corrosion-resistant alloys for use
in the chemical industry. And
recently we introduced a plastic
drinking straw that won't turn
soggy.
To keep bringing you these and
many other new and improved
products, we'll be investing half a
billion dollars on new plant construction during the next two
years.

Union Carbide Corporation, 2 7 0 Park Avenue, New York, N.Y. 1 0 0 1 7 . In Canada: Union Carbide Canada L i m i t e d , Toronto • Divisions: Carbon Products,
Chemicals, Consumer Products, Fibers & Fabrics, Food Products, International, Linde, Mining & Metals, Nuclear, Olefins, Plastics, Silicones, Stellite

UNION
CARBIDE

Analog

Methods
(Continued from page 12)

apply this conventional two dimensional analog technique to the three dimensional problem, the conductance
of a region of the paper must be varied to simulate the
third dimension. Of the few known ways of varying
the conductance of teledeltos paper, only one, the hole
method, was initially considered feasible. However,
the method that was finally used, the radius simulation
method, was developed by the author in the process of
experimentation with the hole method.
To simplify the solution, the field in a circular crosssection, seen in Figure 1 (b), was determined. The
three dimensional field is described by rotating the
circular cross-sectional field pattern about the axis of
symmetry, line AB in Figure 1 (b). The conductance
also varies with respect to line AB in Figure 1 (b).
In the hole method, the conductance of a region of
the paper is varied by punching holes in the paper.
This may be described by considering the following:
YpAp
Gp —

YPtpw„

4

1„

where Gp is the conductance of a region of teledeltos
paper, A p is the area of the paper perpendicular to the
current flow (A p equals the thickness of the paper, t p ,
times the paper width, w p ), Yp is the conductivity of the
paper, and l p is the length the current flows in the paper.
I t can be seen that the presence of holes in the paper
will decrease the effective paper width and likewise the
conductance of the region of paper considered. The
conductance of the paper should decrease as a function
of the number of holes in the paper. This was the case;
however, the conductance of a region could not be decreased by the desired factor of ten without mutilating
the paper. Because the conductance could not be decreased by the desired amount, the hole method was not
used.
The second method, which was developed because of
the failure of the hole method, is the radius simulation
or expansion method. This method applies to three dimensional field configurations in homogeneous material
with an axis of rotational symmetry. With this technique the radius is scaled to correspond to the desired
conductance. The scaling is accomplished in the following manner. Referring to Figure 2, we write:
Gt =

Ya27cRtl,
12

= Y.2*Bt

*

(2)

where Gt is the conductance of the toroid, ys is the
conductivity of the sphere material, Rt is the average
radius of the toroid, li is the thickness of the toroid,
and 1 2 is the toroid width. When 1, is set equal to 1 2 ,
these terms cancel. From Equation (2), the conductance
of a toroid of radius R, in a sphere of constant conductivity, is ten times the conductance of a toroid of
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Figure 2

radius one tenth R in the same sphere. Therefore the
simulated conductance of the model at radius R has
to be ten times the simulated conductance at radius one
tenth R for the model.
It is noted here that the number of divisions of the
radius is completely arbitrary. Ten divisions are used
here because it seemed that ten would accomplish the
desired goal. A greater number of divisions could be
used to make the scaling more accurate. However, in
this case, ten divisions of radius provides adequate accuracy.
In Equation (1), when YP, tp, and l p are held constant, the only way to vary Gp is by changing AVP. AS
shown in Figure 3 (a), w p for the outer tenth of the
model is ten times wp for the inner tenth of the model.
In similar manner, the radius CD in Figure 1 (b) is
scaled to correspond to the varying conductance of the
sphere. When this is done, a model similar to that in
Figure 3 (b) is obtained. Appendix I shows a graph of
the relation between the actual radius of the sphere
and the expanded radius.
From symmetry, only a quarter of the model need
be studied. Also from symmetry, the direction lines are
parallel to the minor axis of the model, so the bottom
half of the model can be cut off. Again from symmetry,
it is obvious that the direction lines are perpendicular
to the major axis of the model; thus this axis is an
equipotential surface and for this reason a conducting
strip can be painted along it. The working model is
seen in Figure 3 (c).
Electrodes of various sizes are simulated by conducting strips of varying length on the model. A known
voltage is applied to the model by connecting a battery
of known voltage across the conducting strips. With the
use of an oscilliscope equipotential surfaces are plotted.
With six volts across the model, one-half volt increments are taken for the equipotential surfaces. Once the
equipotential surfaces are drawn, the direction lines are
DUKENGINEER

drawn in with the use of curvilinear squares as seen in
Figure 4. Knowing the voltages and distances between
the equipotential surfaces, the average electric field
intensities, E, at various positions in the model can be
calculated from the relation:
E =

v
~d

(3)

where v is the voltage between the equipotential surfaces, and d is the distance between the surfaces (1 is
a unit vector denoting the direction of E ) . From the
field intensity and Ys> the conductivity of the sphere,
the average current density, J, at various places on the
model can be calculated from the equation:
J = Ys E

4

(4)

The current per square, I sq , equals the current
density, J, times the area perpendicular to the current
flow in the square. 4 Having found the current per
square, and knowing the voltage across each square, the
resistance of the model, Rm, can be calculated. To
calculate the resistance of the model, we write:
Rsq

=

Isn

H,

(5)

where N s is the number of squares in series and N p is
the number of squares in parallel.

w
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RESULTS AND
CONCLUSIONS
It has been assumed in a letter from the Journal of
Applied Physiology5 that the resistance of the sphereelectrode configuration varies as the reciprocal of the
radius of the electrode. The radius of the electrode is
defined in Figure 7. This relation, between the radius
and resistance of the sphere, was attained from the assumption that the field in an electrode-sphere configuration approximated the field between a circular disc
source on a semi-infinite slab of nonconducting material
and a planar sink an infinite distance away. The field
due to the disc source, planar sink, has been solved by
Mason and Weaver on page 242 of The Electromagnetic
Field? The assumption seems to be a rather crude
approximation. However, as can be seen from Figure 5
(a), this approximation appears valid when the radius
of the electrode, Re, is less than R s /2, one half the
radius of the sphere. When R0 is greater than R s /2, it
appears from the graph, the resistance drops off faster
than the superimposed 1/R plot indicates. This seems
logical, because, due to the curvature of the sphere, some
current will have a shorter path to the other electrode
when R„ is large than when Re is small. This results
in a smaller effective resistance for the sphere-electrode
configuration. Also, the resistance when Re equals R s
must be zero because the electrodes will be short circuited.
It is noted that in the scaled version of the crosssection, seen in Figure 6, the field intensity from A to
B seems to first increase in intensity and then decrease
in intensity near B. The most intense region is between
C and D. This may be because the direction lines
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*-R
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&K-T
10
io R

Figure 3

By varying the electrode size and making the above
calculations, a Radius of Electrode versus Resistance of
Sphere curve for the model is plotted as shown in
Figure 5 (a).
Once the field has been mapped in a quarter section
of the model and direction lines are drawn in, the model
can be scaled back to a quarter section of the sphere.
This will give a configuration which is an approximation to the field in the quarter cross section of the sphere
as seen in Figure 6. The cross section can be rotated
about its axis of symmetry to give a picture of the
field in a sphere.
April 1965

Direct tan

•Simulated

Lints

Elect rod*
Caul

Angle of EltctroJ*
-30*
Radios
Ctf El*<Trodc
Eauq/s Radius ofi Sphtrl

potential

Curvilinear

Surfaces

Squar&s

z
Figure 4

page 15

compromise between a short, straight path (EAF) and
a path of high conductance (near the edge of the
sphere). Thus more direction lines are concentrated between (' and 1) than anywhere else between A and B.
It also should be noted in Figure 6 that each area
between adjacent direction lines (this area is a flux
tube) is of equal conductance. This is because every
flux tube carries the same amount of current and has
tlie same voltage across it.
It is of significance that with increasing electrode
size the field between the caps becomes more uniform.
This is because the current becomes more evenly distributed throughout the volume of the sphere with increasing electrode size.
The solution presented here agrees in ;i preliminary
comparison with the recently obtained numerical solution. Similar to both solutions is the plot of Electrode
Radius versus Resistance of Sphere. Also, the field
configuration mapped in Figure 6 agrees with a field
configuration mapped from the numerical solution. The
similarity of the solutions is encouraging as it indicates
a check of the method employed here.
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SUMMARY
To obtain a first approximation of the field in a
heart-electrode configuration, the heart was assumed to
approximate a sphere of homogeneous material. The
analvtical analysis of the electric field configuration in

of

Electrode

this sphere electrode unit becomes very difficult because of the mixed boundary conditions. The numerical
solution of the problem is likewise complicated and has
only recently been attained. Therefore, it is necessary
to attempt an approach to the configuration using analog
methods. A two dimensional analog technique, the
teledeltos paper method, was modified by the author and
use.l to analyze the electric field. This modified technique, the radius simulation method, gave some results
which seem plausible. Among these, of particular interest are the Radius versus the Resistance curve, and
the field distribution through the cross-section of the
sphere between the electrodes. The results presented
here seem to agree with a numerical solution of the
problem. With this information the data obtained from
fibrillation experiments may be more precisely analyzed.
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The Engineer and Social
Responsibility
By J A M E S M . A. P A R S L E Y
There was a time when life was simple. Man had
but to feed, clothe, shelter, and protect himself and his
family. His power to affect others was limited by the
strength of his muscles, the power of his voice, and
the collective strength of his friends. Man's capability
for good or for evil rested in the strength in his hands
or in the muscle power of his animals. The power of
the individual to affect society was generally very small.
That day has ended, and with the dawn has come the
" m o d e r n " world, the world of today.
What has made the difference? The answer must be
technology. Man has applied his feeble energy to the
creation of machines to amplify his muscle power, devices to communicate with societies over all the globe,
vehicles to speed his travel to all parts of the world, and
weapons so destructive that their use might mean the
end of the human race itself. Man has entered the Age
of Technology, and may consider his chances of survival to be doubtful.
One of the most basic problems that man faces in
this new age is responsibility. This is particularly a
problem for two men, the scientist and the engineer.
The scientist has discovered the innermost secrets of
nature, and the engineer has fashioned them into the
tools of man. Neither of these men have, however, effectively accepted the responsibility for the proper use
of these marvelous tools. Instead, the scientist and the
engineer have allowed the control of these tools to fall
into the hands of those who are unfamiliar with their
awesome potential. The results of this lack of responsibility have at times been frightening.
Foremost of examples would be the evolution of
nuclear explosives. Here we have seen how a work of
science, a feat of engineering genius, has been placed
in the hands of political and military figures. These
men are only now becoming aware of the awesome nature of these devices. Only after close confrontation
with the fate offered to those who would dare to make
use of such devices in war have the political and military figures reached the conclusion that scientists and
engineers reached twenty years ago—that the use of such
devices in war would lead to a fate worse than defeat
itself. Yet the responsibility for these devices rested
with the scientist and the engineer at first, and this
responsibility was not accepted.
Today we see all about us the fruits of technology.
A year passes, and where there was wasteland there is
now a broad superhighway. On the highway travel
automobiles, marvels of engineering genius. Above the
April 1965

highway fly aircraft of enormous size and complexity.
Beside the highway, a farmer produces his crops with
technological aids that make him the most efficient
of his kind in the world. At the end of the highway stands a large city whose slum areas, products of
earlier technological abuses, are being crushed and
rebuilt as shining examples of the cities of the future.
These and more are but a few examples of the work of
new technology.
But who caused these works to be carried out ? Who
caused the highway to be built when and where it was?
Who caused the airplane to fly to its destination, and
why? How and by whom was the farmer made prosperous? Who started and guided the Urban Renewal
projects? Who is the guiding and controlling force
behind the new technology that is sweeping over the
land? Who accepts the responsibility for carrying out
this revolution in the most bloodless manner as is possible? Who watches to see that technology is applied
to do the most good with the least number of unfortunate consequences?
Far too often, the scientist and the engineer are not
on the list. They have been the founders and the builders of the new technology, but they have had too little
to say about its application. When the city dweller
suffers from archaic building codes, does the engineer
take the lead in rectifying the situation? When high
prices place drugs out of the range of the needy, does
the scientist who developed the drug speak up ? When
city councils prepare to administer vast public funds
to restore and revitalize metropolitan areas, how many
engineers and scientists step forward to provide a
skilled, guiding hand?
Perhaps the scientist may be excused somewhat, for
he must live in a world of his own. History has shown
that scientific genius reaches its heights when left to
itself. The scientist is often too out of touch with the
real world to be of much help to the ordinary man.
But the engineer may find no such excuse. As the
bridge between the scientific world of research and the
everyday world of practicality, the engineer must keep
in working contact with both worlds. The scientist's
theories and findings are of no value until the engineer
translates them into practical applications in the lives
of everyday man. The engineer has accepted the responsibility for the practical application of science, but
he has yet to take full responsibility for the wise and
(Continued on page 24)
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The Engineer s Show
Civil Engineering

Wing
by R a l p h Brown 1965

The Civil E n g i n e e r i n g wing had a successful show
this year despite a serious shortage in personnel to m a n
labs and displays. Our plan was to let the hyperboloid
service for the entrance-boy enabling a greater effort
to be spent on building new displays and developing
better demonstrations in the labs. This plan succeeded
to some extent for we had new displays and innovations
t h a t greatly increased the effestiveness of the ('. E . wing
and helped make the whole show more interesting.
There are several students who deserve special recognition for their generous contributions of time and
effort which made the show a success.
Craig Volland served as J u n i o r C. E. Chairman and
worked very hard in organizing the labs. In addition
he built a display of his own and helped in erecting the
hyperboloid.
Bill Simpson was in charge of the new analog comp u t e r and demonstrated its use and versatility by building a bed s p r i n g system and programming its behavior
on the computer.
Steve Simon and Tommy Helms each worked all 16
hours of the show in the materials lab, d e m o n s t r a t i n g the
theory of pre-stressed concrete with a concrete-block
beam that they built and explaining the other equipment in the lab.
Bob Campbell WHS in charge of a group of seniors
who built a septic tank display for the s a n i t a r y lab.
Sam Walker and Cam Penfield worked in the Soils
lab a n d gave the Quicksand demonstration a face-lifting
by a d d i n g a hydraulic hoist to the set-up.
Nina Major did a great deal of work in setting u p
the tie-axial lab and explaining the testing a p p a r a t u s .
I would like to express my thanks to these students
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a n d the many other students a n d faculty members who
helped make the show a success.

Electrical Engineering

Wing

b y T o m P r i c e 1965
The Electrical Engineering wing again enjoyed a
very good response to its presentation in the 1965 E n g i n e e r ' s Show. This y e a r there was a better response from
all of the classes t h a n in years past. Normally, one or
two classes h a d taken most of the b u r d e n for supplying
projects and manpower. This year was different. I n dividuals from all four classes " c h i p p e d i n " to help.
The object of the wing this year was to have somet h i n g of interest for all ages a n d educational backgrounds. Some audience participation displays included
a r i n g toss ( r i g g e d ! ) , car racing ( r i g g e d ! ) , a n d shooti n g gallery ( l e g i t i m a t e ! ! ) . Excellent displays were provided by a magneto-spherics demonstration (2nd prize—
Nick B r i e n z a ) , a fluid-mopper, and a demonstration of
sound transfer by light.
The new feedback a n d solid state laboratories gave
more t h a n t h e i r share of s u p p o r t to the show. The
feedback laboratory group demonstrated the use of control systems by building and operating a $5,000 egg
(& n u t ! ) cracker. The solid state laboratory h a d a
n u m b e r of displays d e m o n s t r a t i n g the construction of
t h e i r films a n d their analysis.
The top prize given by the I E E E went to Tom
F u r n e s s a n d Mike Manes who coordinated construction
a n d demonstration of a r a t h e r sophisticated rocket a n d
associated telemetry system.
Some practical displays included a uniquely simple
(Continued on page 23)
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Tom Huck sought scientific excitement

He's finding it at Western Electric
Ohio University conferred a B.S.E.E. degree on C. T.
Huck in 1956. Tom knew of Western Electric's history
of manufacturing development. He realized, too, that
our personnel development program was expanding
to meet tomorrow's demands.
After graduation, Tom immediately began to work
on the development of electronic switching systems.
Then, in 1958, Tom went to Bell Telephone Laboratories on a temporary assignment to help in the
advancement of our national military capabilities. At
their Whippany, New Jersey, labs, Tom worked with
the Western Electric development team on computer
circuitry for the Nike Zeus guidance system. Tom then
moved on to a new assignment at Western Electric's
Columbus, Ohio, Works. There, Tom is working on the
development of testing circuitry for the memory phase

Western Electric MANUFACTURING

of electronic switching systems.
This constant challenge of the totally new, combined with advanced training and education opportunities, make a Western Electric career enjoyable,
stimulating and fruitful. Thousands of young men will
realize this in the next few years. How about you?
If responsibility and the challenge of the future
appeal to you, and you have the qualifications we are
looking for, talk with us. Opportunities for fast-moving
careers exist now for electrical, mechanical and industrial engineers, and also for physical science,
liberal arts and business majors. For more detailed
information, get your copy of the Western Electric
Career Opportunities booklet from your Placement
Officer. And be sure to arrange for an interview when
the Bell System recruiting team visits your campus.
AND

SUPPLY

UNIT OP THE BELL

SYSTEM

AN EQUAL OPPORTUNITY EMPLOYER

Principal manufacturing locations in 13 cities •
engineering Research Center, Princeton, N. J. •

Operating centers in many of these same cities plus 36 others thmnohn,,* « , „ , , < Teletype Corp., Skokie, III., Little Rock, Ark. D General Headquarter^^ New York City

Engineer's Girls of the Year

Miss Barbara Jan Albers, a senior in Pegram House, a member of Kappa
Gamma sororitj-, and a cheerleader was our Miss February Engineer.
page 20
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Miss December Engineer
Gracing the pages of our December issue was Miss
Linda Brown from Riviera Beach, Florida. Her interests
include swimming, water sports, and mainly just having
a good time. Miss Brown is a junior and lives in Pegram
House.

Miss Barbara J a n Albers
April 1965
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Miss October Engineer

Miss Barbara Collins from Silver Spring, Maryland,
graced our pages in the October DukEngineer. Her
interests include water sports, sports cars, and mechanical engineers (Bob Graham). Measurements: Bob
wouldn't tell—mavbe he doesn't know!
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Engineer's Show
(Continued from page 18)

variable voltage supply which consumes no power, a
display of the practical aspects of electric machinery
(including spinning a beer can at 1600 rpm!), and a
demonstration of the speed of sound through air.
Two displays of interest to people in specialized
fields were an electric field configuration representation
of the heart using three-dimensional fluid mapping, and
a resistance simulation of some of the major body
organs.
It was felt by most students and faculty in the E E
wing that the show WAS a success. In general the student participation was good and the faculty support
was excellent. In fact, without the all out enthusiasm
and support of the faculty in all phases of the show,
no show would have been possible. To them a great
deal is owed.
With the success of the show (and the EE wing in
particular) in the past few years, it is the general
feeling of the wing that there is much to be gained
from such a function. It is only hoped that this feeling
will continue in the future.
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Mechanical Engineering

Wing

by David M i n n o t t e 1965
The Mechanical Engineering wing was supported
this year, as usual, by a small spirited group of individuals. This small spirited group applies not only to
the students, but also to the faculty. I often wonder how
a student can be expected to contribute any substantial
effort when classes continue at their normal pace. The
entire situation, of course, is a result of a lack of enthusiasm on anyone's part toward the show. Any sport
generated must be shared by both faculty and students
and therefore increased during the preparation for the
show by mutual cooperation.
The projects which were produced, however, displayed a great deal of ingenuity and effort. The new
Materials Laboratory contained very interesting apparatus which appealed both to the general public and
also to many of the students of the EE and CE wing.
The vibrations laboratory, although a repeating item,
offered the same intellectual excitement to the public
as in previous years.

One of the more ingenious displays was the mechanical "monkey" which climbed a pole with a falling
weight as its only motive power. This display by Bob
Hubbard could only be fully appreciated by a thorough
study of the intricate mechanical details involved. Regardless of this aspect it was ;i marvel to the younger
set. Also along this line of appealing displays was the
mystery box which moved without any observable external force.
For the more scientific minds, the analog room contained a ballistic missile experiment. The flight of this
missile could be varied by spectators which is a major
audience attracting device. Another excellent display
was the rotary orbital by Casey Norris and Bill Howard.
This display contained all of the planets moving around
the sun at their appropriate speeds. The apparatus was
(Continued on page 34)
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Social

Responsibility
(Continued from page 17)

p r o p e r use of the products of his engineering skill. Of
all men, the engineer is the only one t r a i n e d to live with
technology, to u n d e r s t a n d it, a n d to a p p l y it. Because
of this training, this u n d e r s t a n d i n g , the engineer alone
is able to cope with all the phases of the technological
revolution. H e knows the benefits which m a y accrue
from the use of some new device, a n d he is able to forsee the d a n g e r s inherent in its use. H e knows t h a t
technology m a y often be a blessing in disguise, a lion
disguised as a lamb.
The engineer has well fulfilled his avowed purpose
of m a k i n g useful the discoveries of science, b u t he has
too often left the decision of when, where, a n d how to
use this technology u p to those who are not so well
equipped to cope with its potential. This must come to
an end. The power of new technology is so great that
one mistake m a y affect thousands of lives and cost
millions of dollars. The engineer, because he is equipped
to u n d e r s t a n d the power of technology, faces a need as
g r e a t or greater than the need for his actual engineering
work. The engineer is needed to take on the responsibilitv for guiding his society t h r o u g h the Age of Tech-

nology. Civic groups, government, i n d u s t r i a l organizations, p r i v a t e foundations, all need the engineer's help.
H e must leave his drawing-board, leave his p l a n t , a n d
enter the " o u t s i d e " world to lead as well as to serve.
The engineer must better equip himself for this task
both today a n d tomorrow. H e must be able to communicate, to speak the language of his fellow men in nontechnical fields. Only in this way will he be able to
assume positions of a u t h o r i t y and be able to use his
knowledge to help guide society. Besides an engineer,
he must also be a salesman, a philosopher, a humanist,
a writer, a n d a teacher. H e must make himself versatile
a n d proficient in all these fields if he is to be fully accepted by the nontechnically oriented members of society. Then, when he has been accepted by society as a
person who has a full range of abilities, he must act.
The engineer m u s t take part in community projects and
contribute his advice a n d services wherever they m a y be
of help to his society. H e must set aside his calculator
when necessary a n d take u p his pen. H e must do all
these if he is to a t t a i n a more r e w a r d i n g life, if his profession is to be recognized for its full importance, and if
his society is to continue to grow and prosper in the
years to come.

WILL YOU BE ABLE TO
MEET THE CHALLENGE
OF THE HIGHWAYS
OF TOMORROW?
Prepare now for your future in highway engineering
by sending for The Asphalt Institute's free library
of Asphalt construction and technology.
Each year, more and more states are turning to modern DeepStrength* Asphalt pavement for their new heavy-duty highways, county and local roads. Your contribution—and reward
—in future roadbuilding programs will depend in large part on
your knowledge of Asphalt construction and technology.
The latest information in this field, including The Asphalt
Institute's new computer-derived Thickness Design Method, is
contained in an extensive portfolio now offered by The Asphalt
Institute. To obtain this valuable free library, fill in and mail
the coupon below today.
* Asphalt surface on Asphalt base

THE ASPHALT INSTITUTE
College Park, Maryland
Free Offer to Civil Engineering Students and Professors!
THE ASPHALT INSTITUTE, College Park, Maryland
',
Gentlemen: Please send me your free library on Asphalt Con- *
struction and Technology.
.
_CLASS OR R A N K .
SCHOOL.
ADDRESS.
CITY
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THE NEW BREED
By LEWIS B R O D N A X
Electrical E n g i n e e r i n g 1967

This summer Duke University will be host to the
Junior Engineers' and Scientists' Summer Institutes.
For the first time in its 10 year history, JESSI—as the
institutes are known to high school juniors and seniors
—will meet on the campus of a school in North Carolina.
Prof. Paul Harrawood of the civil engineering department will conduct the institute, which is expected to attract 100 to 150 young people from June 13 to 26.
The purpose of the institutes is to familiarize rising
college students with the basic principles of engineering
and scientific occupations. They will learn the importance of a mastery of math, the physical sciences,
and social sciences in modern college and occupational
work. Besides studying these subjects, the students will
have informal "bull-sessions" with various faculty
members to discuss current and future aspects of engineering and science.

April 1965

J E S S ! is sponsored by "Scientists of Tomorrow,"
a non-profit organization endorsed by public school
officials and the National Society of Professional Engineers. This year 12 institutes will be held at the same
number of colleges and universities throughout the
country.
The experience and knowledge offered by J E S S ! is
invaluable in introducing the high school student to
the "New Breed" of engineer. The summer sessions
stress the same objectives that the modern engineering
curriculum stresses. A first-hand knowledge of scientific and mathematical principles is essential to progressive engineering. And yet, the New Breed engineer
must understand people in order to realize the impact
of his developments on society. Because J E S S I emphasizes all these fundamentals, the lucky students attending the summer meetings will be well on their way
to being members of the "New Breed."

page 25

Ford Motor
Company is:
stimulation
W h a t does it t a k e t o " s p a r k " a m a n t o his very
best . . . t o bring out t h e fullest expression of his
ability and training? At Ford Motor C o m p a n y
we are convinced t h a t a n invigorating business
and professional climate is one essential. A prime
ingredient of this climate is the stimulation t h a t
comes from working with t h e t o p people in a
field . . . such as Dr. James Mercereau.
J i m Mercereau joined our Scientific Laboratory
in 1962. Recently, he headed a t e a m of physicists
who verified aspects of t h e Q u a n t u m Theory b y
James E. Mercereau
B.A., Physics, Pomona College
creating a giant, observable q u a n t u m effect in
M. A., Physics, Univ. of III.
Ph.D., Calif. Institute of Tech.
superconductors. This outstanding achievement
was t h e major reason t h e U. S. Junior Chamber of Commerce selected
D r . Mercereau as one of "America's T e n Outstanding Young M e n of 1964."
Your area of interest m a y be far different from D r . Mercereau's; however,
you will come in contact with outstanding m e n in all fields a t Ford
M o t o r Company.
W e believe the coupling of top experience and talent with y o u t h and
enthusiasm is stimulating t o all concerned. College graduates who join
Ford M o t o r Company find themselves very much a part of this kind of
team. If you are interested in a career t h a t provides the stimulation of
working with t h e best, see our representative when he visits your campus.
We think you'll be impressed b y t h e things he can tell you about working
a t Ford M o t o r C o m p a n y .

THERE'S A FUTURE FOR YOU WITH.

owd

MOTOR COMPANY

The American Road, Dearborn, Michigan

An equal opportunity employe?

PROJECT LP-IV
An Experiment in Rocket Telemetry
By T O M F A R N E S S
Electrical Engineering 1966
In the future realm of manned space flight, much
research must be accomplished in the area of human
physiological reactions to flight environment. It is
known that man will experience unnatural forces, temperatures, and other physical and psychological factors
while in flight. In space medicine research, methods
have been devised to simulate and test these unnatural
physical and psychological factors on man. One such
method is to subject lower animals to a space flight environment and note their responses to actual flight
stimuli. By analyzing this data it is possible to draw
conclusions as to the human responses under the same
set of stimuli.
By applying this method of research, it is desired
to obtain physiological reactions of small animals while
in a flight environment. In order to adequately test
the animal's responses a rocket must be designed to
subject the animal to flight environmental stimuli with
a telemetry system which accurately monitors and trans-

mits the characteristic physiological data to a ground
receiving station. The receiving station records this
information and deciphers its meaning in order to give
the data scientific meaning.
The first step in accomplishing this research program is to design and develop a rocket telemetry system
capable of achieving the above objectives. Having designed the system, it will then be necessary to test the
system in a static situation and in actual flight, with
the desired flight parameters being monitored and transmitted by the telemetry system. Accomplishing this
first objective is the mission of Project LP-IV.
PROCEDURE
It is first determined that several environmental and
systems parameters must be monitored by the telemetry
system in order that the maximum scientific research
value will be obtained by the Project.
(Continued on page 29)
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Figure 1: LP-IV Rocket Telemetry System

April 1965

page 27

Playing a big
supporting
role...
Industrial piping runs big . . . up to 30" in
diameter and more. And its weight is measured in tons.
Piping like this poses critical stress problems . . . especially where there are high temperatures and high pressures.
Grinnell Pipe Hangers and Supports, engineered to keep stress within safe limits, are
industry's answer to pipe support problems.
They compensate for heat expansion, and for
pressure surge, vibration and a variety of other
complex service conditions. It's another reason
why industry looks to Grinnell when piping is
involved.
Grinnell is piping . . . from hangers that
support pipe to prefabricated systems for
power and process plants and sprinklers for
fire protection.
Grinnell offers industry the engineering
(from basic metallurgy to piping systems
design and prefabrication); the production
facilities (eight large plants in the U. S. and
Canada); the product line (everything in piping) ; the experience (over 100 years of leadership in the field) to solve the toughest piping
problems.
Worth remembering — against the day you
may have piping problems to solve. And worth
investigating now if you're looking for the unusual in an engineering career! Write Grinnell
Company, Inc., 277 West Exchange Street,
Providence 1, Rhode Island.

GRINNELL
WHENEVER PIPING IS INVOLVED

Grinnell Company, Inc., Providence, R. I. Warehouses and distributors coast to coast. Representatives throughout the Free World.
pipe and tube fittings
.
welding fittings
•
engineered pipe hangers and supports
.
Thermolier unit heaters
.
valves
Grinnell-Saunders diaphragm valves
.
prefabricated piping
.
plumbing and heating specialties
.
industrial supplies
water works supplies
•
Grinnell automatic sprinkler fire protection systems
•
Amco air conditioning systems

Project LP-IV
(Continued from page 27)
PARAMETERS TO BE MEASURED
Environmental:
temperature ( nose cone )
50-130°F
acceleration (g-forces)
min 10 (i 8 sec max 30 G 3 sec.
altitude (barometric press.) (oxygen content of air)
max. 30,000 ft.
centripetal acceleration (roll)
approx. 13 dev./sec.
vibrations (lateral and longitudinal)
radiation (beta, gamma)
Systems:
temperature (rocket boosters)
300-800°F
acceleration (thrust)
300#/engine
strain (rocket booster material)
vibrations (aerodynamic)
roll rate (stabilization)
approx 13 rev./sec.
humidity
altitude
max. 30,000 ft.
velocity
subsonic «= 900 ft./sec. max.

Environmental Parameters
Environmental parameters are those flight parameters which will affect an animal passenger. The rocket
system, while designed to accomplish the research objectives, must not exceed certain parameter limitations
which, when experienced in the flight environment,
might destroy the animal. For example, the acceleration of the rocket system must not exceed 30 g's for .5
seconds in the vertical plane. An acceleration greater
than the above limitation can prove harmful or even
fatal to an animal passenger. Therefore, the missile
system must be designed with the limitations listed on
page 2 in mind.
Systems Parameters
The systems parameters are factors which indicate
the overall performance of the rocket-telemetry and
booster systems. These parameters assert the degree to
which the system is performing its objectives. These
parameters must be known in order to further the development of the rocket telemetry and propulsion systems.
The Overall System
Basically, the missile-telemetry system is comprised
of two subsystems—a propulsion system and a telemetry
system. The propulsion system contains the rocket
boosters and propulsion fuel while the telemetry system contains the electronic instrumentation necessary
to monitor and transmit the required data. The telemetry system is housed in the nose cone section of the
rocket system.
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Figure 2: LP-IV Propulsion System
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6)
7)
8)
9)

UOK.-

electrical power requirements
limitations of propulsion fuels
booster material restraints
compatibility of components

Propulsion System
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Plot of Thermosistor Resistance Vs. Temp.

The total missile system must be designed from the
"total system" concept. All subsystems must function
properly together while still achieving their individual
objectives.
Many factors must be considered in the design of
the total system:
1) Availability of components
2) Weight of components
3) Size of components
4) Cost of components
5) performance characteristics
—accuracy
—reliability

The propulsion system consists of the rocket engines
and propellant which propel the rocket complex. This
system must be designed according to the requirements
of the mission objective and the design factors listed
above.
The weight and size of the nose cone telemetry
system is first estimated and minimized by design; then,
the propulsion system is built around these specifications. The weight of the total system is limited for
system efficiency and safety precautions by the fuel
and material limitations.
The propulsion design problem is stated initially
according to the desired mission functions then by
manipulating the design equations, thrust function,
weight to fuel ratios, and nozzle design criterial, the
total design of the propulsion system is achieved. Neglecting aerodynamic drag and frictional effects, the design problem basic is to construct a rocket booster
system capable of propelling a nose cone of weight
25 lbs. to an altitude exceeding 17,000 feet. The design criteria are summarized in Appendix.
The propulsion system fulfilling the above objectives
consists of a cluster of four booster engines, each producing a thrust of 300 lbs.
The booster configuration is indicated in Figure 2.
The propellants used in the LP-IV system are zinc
dust, sulfur, potassium chlorate, potassium nitrate,
sucrose, strontium nitrate, and asphalt. The fuels are
blended in proportions relative to the altitude, and
burning times at which they will function. The grain
configurations for the boosters are two types—soid and
round core.
Each of the two diametrically opposite pairs of
boosters burn simultaneously; the two solid core engines are ignited electrically and burn upward, while the
opposite engines are ignited at the bulkhead end and
burn downward with the exhaust gases escaping through
the propellant core.
The problems of aerodynamic stabilization in the
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The telemetry system is composed of five sub-system
and component units:
1)
2)
3)
4)
5)
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rocket system must also be considered. The two methods
of stabilization are spin and fin stabilization. Spin
stabilization is achieved by rotating the rocket axially
while in flight using either a thrust vector deflector in
the nozzles, vernier rockets, or aerodynamic spin inducement by pitched fins on the rocket fuselage. The fin
stabilization technique uses aerodynamic surfaces on the
rocket for stability. The booster configuration employed in the LP-IV system requires a combination of
fin and spin stabilization.
Telemetry System
The term "telemeter" means " t o measure from a
distance." The LP-IV telemetry system is a self-contained unit which while in flight, functions as a measuring device for the stated parameters and a transmitting
device for sending the measured parameter data to a
ground receiving station.

transducers
telemetry modulator
telemetry multiplexing system
telemetry transmitter
transmitting antenna

Transducers
The transducer is a parameter sensor. It changes a
specific physical quantity existing in its environment
into a mechanical or electrical analog. The transducers
employed in the LP-IV system are either voltage or
resistance analog devices; that is, the voltage or resistance of the transducer varies relative to the particular physical quantity the device is measuring.
Temperature.
The temperature transducer is a
thermistor, a resistance device whose resistance changes
as a function of temperature. The typical thermistor
is a semiconductor made of a mixture of manganese,
iron, nickel, cobalt or copper oxides. Characteristic
curves for the thermistors employed in the LP-IV telemetry system are plotted in Figure 3. It can be seen from
Figure 3 that as the temperature of the thermistor increases, the resistance decreases.
Temperature measurements in the rocket system are
necessary in both the telemetry capsule and propulsion
unit. The environmental temperature in the nose cone
will not only affect an animal passenger but the telemetering instruments. Since many of the electronic
components in the telemetering system are semiconductors, varying the temperature of these components
will affect their circuit characteristics. These changes
must be compensated by a very accurate measure of
nose cone temperature.
Heat is generated in the nose cone by two sources:
1) aerodynamic frictional heating due to high velocity
air flow around the nose cone surfaces; 2) heat conduction through the metal members of the rocket fuselage resulting from high temperatures created in the
(Continued on page 33)
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Figure 6: Altitude Transducer and Thermistor Relay
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WHAT'S NEW
By ROBIN GOULD
M e c h a n i c a l E n g i n e e r i n g 1967
The world's most powerful research microscope—
the first that enables scientists to see atoms—was introduced by Materials Research Corporation, of Orangeburg, New York, at the 13th Annual Physics Show of
the American Institute of Physics.
This microscope, which can discern objects as small
as one-hundred millionths of an inch, will provide a
whole new spectrum of information for physicists, metallurgists, chemists, and many other scientists, possibly
even biologists and medical researchers. For example,
scientists may be able to learn why metals rupture in
missiles and underwater vehicles, and more about the
atomic structure of living matter.
More specifically, they will be able to study surface
phenomena such as adsorption, catalysis, initial stages
of oxidation, as well as surface irregularities, including
grain boundaries, dislocations and vacancy complexes.
By successively removing layers of the specimen, it will
be possible to study long and short-range ordering,
clustering, vacancy-interstitial complexing, and radiation damage.
These applications, however, are only the most obvious uses for a microscope as powerful as this one.
Other applications, which can only be imagined at this
time, may develop as the new research tool is put to
work.
The only limitation for use of the microscope now
appears to be that the specimen under study must be
able to withstand intense electric fields, in the order of
100,000 kilovolts per centimeter. However, an improved
version of the new microscope may be able to handle
materials which ordinarily would not be thought of as
capable of withstanding such an intense field. Materials Research Corporation, sometimes called MRC,
has been awarded a contract by the National Institutes
of Health to determine the feasibility of using the microscope for biological specimens.
A New Type of Microscopy
The MRC microscope is the first commercially available research microscope that employs the field ion
principle. Microscopes used reflected light as the basic
principle of operation for many years. Then, electron
microscopes replaced these as the tool for researchers to
gain increased magnifications. Today, in practice, electron microscopes can discern images as small as five to
ten angstroms (an angstrom is one-hundred millionth
of a centimeter.)
The field ion concept for microscopy first was introduced in 1955 and has now brought image resolution
down to two or three angstroms. For the past ten years,
researchers at six or seven universities and corporations
page 32

The New MRC Microscope

have built their own field ion microscopes. And in 1962,
a demonstration model was offered. But these were all
glass systems with limited flexibility, while the MRC
unit is a research tool adaptable for most research applications.
How It Works
The MRC field ion microscope works in much the
same way that a conventional television picture tube
does. A picture representing the edge of a needle-point
specimen is formed on a flourescent screen. The picture
can then be photographed.
To prepare the sample for this microscope, a wire
two-thousandths of an inch thick is etched down to an
ultra-thin needle point. The temperature of this sample
is reduced to the temperature of liquid hydrogen (minus
258F.) to reduce atomic motion.
This cold specimen is then put in a high electric field
so that charged particles aimed at the specimen will reflect from it. An inert carrier gas, such as helium or
neon, is transformed to positively charged ions which
are brought into the electric field. These ions are repelled by the atoms on the surface of the specimen.
Thus the ions are thrown back at the flourescent screen,
(Continued on page 34)
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Figure 7: Acceleration Transducer

propulsion system. The temperature within the nose
cone is measured by a single thermistor located in the
cabin area as indicated below.
The operating temperature of the booster engines is
an indication of the performance of the engines and the
heat transients involved in the rocket engine material.
If the temperature characteristics of the fuselage material are exceeded then a danger of fuselage rupture
exists. Temperature measurements in the propulsion
system are also helpful in selecting materials to be used
in the system. The booster temperature is measured by
a single thermistor located near the nozzles as indicated
in Figure 2.
The thermistor location near the nozzles is necessary
because in this region the temperature has the most
critical effect. Figure 5 indicates some of the thermodynamic factors existing in the nozzle region.
If the temperature within the nozzle region is known
the other thermodynamic factors can be calculated.
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These factors can also be used to calculate thrust and
velocity vectors.
Altitude. The barometric pressure (altitude) transducer is a specially designed aneroid barometer.
As the ambient pressure decreases (with increasing
altitude) the pressures on the inside wall of the bellows
force the bellows outward causing the contact arm to
slide across the contact strip. The contact arm alternately makes and breaks contact with the narrow7
printed circuit paths etched in the contact strip, causing the relay to open and close. The relay switches
between the two thermistors mentioned previously. The
net affect is having two temperature measurements
monitored as a function of the rocket climb rate. By
integrating the switching rate of the pressure transducer altitude is determined.
The altitude is an important environmental parameter and systems parameter. Since the oxygen content
of the ambient atmosphere is a function of altitude, a
measure of the respiration rate of an animal as related
to the oxygen content will be important. The oxygen
content of the ambient air will also determine the burning characteristics of the rocket propellant. Since the
rocket propulsion system must supply its own oxidizer,
the oxidiser miture in the propulsive fuel must be varied
as a function of the altitude. Measurements of atmospheric pressure are further needed to calculate the
thrust of the propulsion system determined from the
fundamental thrust equation:
F = mv + ( P e - P a ) A e

An interesting phenomenon called flow separation also
occurs with decreased atmospheric. Flow separation
has an important affect upon the fluid dynamics of air
flow around the missile fuselage.
Acceleration. The moving mass system below serves
as an accelerometer. When the missile system is acted
upon by an impulse force by the rocket boosters, inertia
forces tend to keep the system at rest; consequently the
mass mounted upon the spring, will depress the spring.
The displacement of the mass corresponds to the acceleration and is measured by the intensity of light
from the lamp the shutter allows to impinge upon the
photo resistive cell. The resistance of the cell varies
inversely with the intensity of light. The varying resistance from the photo cell modulates the telemetry
signal.
Acceleration forces have critical effects not only
upon living organism but the telemetry equipment as
well. There are limitations to g-forces which an animal
can withstand before damage to his internal organs result. Some human limitations to these forces are shown
in the figure on the next page. The telemetry equipment must be constructed to withstand the g-forces
sustained in flight requiring that all components be
shock mounted.
(Continued on page 34)
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What's New
(Continued from page 32)
where they depict the sample. A vacuum is maintained
in this system so that no extraneous atoms will interfere with a true reflective path.
Research Features
Of primary importance to the wide spread application of the MRC microscope is its price. The total
system, including a power supply, the vacuum system
and the operating " h e a d , " varies between $14,000 and
$25,000 depending upon choice of optional equipment.
Since an electron microscope generally sells for about
$30,000, this unit is well within a justifiable price range.
The MRC field ion microscope has a fibre optic window backed by a removable throw-away phosphor screen.
This permits direct contact photographs of images, or
the coupling of the unit to an image intensifier. With
the intensifier, it is possible to video-tape record atomic
phenomena or show the image over television.
The head has extra ports for accessory equipment
such as sources of radiation.
It operates as either a field ion or field emission
microscope, utilizing reversible polarity and a highly
regulated, high voltage power supply.
I t has an all-metal head and a bakeable vacuum
system for vacuum levels up to 10~ 10 torr. The built-in
cryostat allows the use of various liquid gases for cooling the sample.
The system is capable of using various image gases
such as helium and neon. . . . It is a dynamic system
in which gas pressures are accurately controlled with a
micrometer leak valve.

• • •
Engineer's Show
(Continued from page 22)
powered by small washing machine motors geared to
the necessary speed
Bob Graham had his senior project on display which
proved to be very beneficial to the show. It was a crystal
generating furnace which w7as a totally new concept to
most people. All of the engines were being operated at
various time intervals. The air compressor was used
as a "skirt blower" which always raises many eyebrows, especially from the male spectators. The inertia
car was kept running at a fast pace during the entire
show. Scott Salter made use of a great deal of expensive hi-fi equipment to demonstrate various sound
phenomena. A mechanical fish, which went through
the motions but never actually swam was another good
example of engineering design. A lessajous generator
gained much public interest.
In the final analysis, I am very proud of those individuals who participated in the show. I want to express
my sincere appreciation to the Freshman class especially,
which displayed a very gratifying engineering school
spirit. I refrain from mentioning the names of many of
page 34

those who put more than their share of effort toward the
show. These people held up the otherwise sagging
spirit of the ME Wing.
In the future, drastic changes must be made if the
Engineering show is to continue. I would like to suggest
faculty-student meetings to discuss the various aspects
of the show. Many more suggestions need be made if
the show is expected to be a success. Engineering
school spirit is declining but I hope it is not yet dead.

Dean's Message
(Continued from page 8)
neering education is that engineering students are beginning to think in new terms as compared with those
employed by their predecessors. To an increasing degree, engineering students should be able not only to
talk expertly in their chosen field, but also to hold their
own with liberal arts students in discussions of cultural
influences on contemporary life. From their special
vantage point they should even be able to cast the light
of clearer understanding on the multidisciplinary problems of this technological age. They should be increasingly able to express opinions and render valid value
judgments in important areas of cultural and social
decision and action. In short, the "new breed" of
engineer will be no mere cultural catalyst: he will be a
Liberal Engineer!

c.&v.
Project LP-IV
(Continued from page 33)
Radiation. Gamma and Beta radiation are measured
by a CK 1026 geiger tube. The tube usually contains
an inert gas—in this case neon. The two electrodes of
the tube are maintained at a potential difference of 1000
volts. When an incident gamma ray or beta particle
impinges through the inert gas, ionization occurs causing a small leakage current in the tube circuit. The
leakage current is measured by a load and consists of
voltage pulses, where the pulses correspond to radiation counts. These pulses modulate the telemetry signal.
Changes in radiation levels at low altitudes are not
expected to be great. The normal background count
will gradually increase with altitude.
Axial Roll Rate. The roll rate is determined by the
rotation of the nose cone relative to the sun. A selenium
solar cell is employed to measure the intensity of sunlight impinging on the nose cone surface; consequently,
as the nose cone rotated the voltage output of the solar
cell varies in magnitude in relation to the time rate
one side of the nose cone faces the sun (Figure 8).
Since the rocket is spin stabilized, valuable aerodynamic data can be derived from the measured roll
rate. The roll rate should then be indicative of the
velocities sustained in flight. Combined with the data
(Continued on page 36)
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A scientist dreamed up a serum
that would bring inanimate objects
to life. He tried it out on the statue
of the great general in Central Park.
Sure enough, the statue gave a
quiver and a moment later the general, creaking a bit in the joints,
climbed down from the pedestal. The
scientist was overjoyed. " I have given you life," he exulted. "Now tell
me, General, what is the first thing
you are going to do?
" T h a t ' s easy," rasped the general,
ripping his revolver from his side
holster. " I ' m going to shoot about
two million pigeons!"

stood up and shouted "HOYA,
HOYA!"
When he finished the speech he
toured the reservation. When they
were taking a short cut across a pasture the guide warned him, " I t ' s all
right, but be careful, we pasture our
cows and horses here. Don't step in
the hoya."
*

* *

A group of prohibitionists looking
for evidence of the advantages of
total abstinence were told of an old
man of 102 who had never touched a
drop of liquor. So they rushed to his
home to get a statement. After prop# # *
ping him up in bed and guiding his
feeble hand along the dotted line,
E.E.: "Gosh, but I'd like to make
they heard a violent disturbance
your dreams come t r u e . "
coming from another room—furniCoed: " I ' l l slap your face if you
ture, dishes and glasses being
try i t . "
smashed, and the shuffling of feet.
# * #
"Good heavens, what's t h a t ? "
Mrs. Worthmore and
French gasped a committeeman.
poodle were shopping one day, when
" O h , " whispered the old man as
she noticed an E.E. standing next to he sank exhaustedly into his pillows,
her who was looking fearfully at the " t h a t ' s Pa, he's drunk again."
puppy frisking about his legs. "My,
* # *
m y , " she said, " d o n ' t be afraid of
They've got a name for constipaFelix; he won't bite you." "Mation in China: " H u n g Chow."
dame," said the man, " I wasn't
* * *
afraid he'd bite, but I noticed him
lifting his hind leg and I thought he
'' You got that medal for gunnery ?
was going to kick me.''
Shucks, I had it and they only sent
me to the hospital!"
# # #
* * *
A politician was campaigning for
Indian votes in one of our western
states. He promised schools for the
Indians, lie promised colleges for the
Indians. The crowd stood up and all
yelled " H O Y A ! " Heartened by the
response he laved aside his prepared
speech and promised better roads,
hospitals for each tribe, and low
taxes. Again and again the Indians
April 1965

King Cole, I just look like him.
Actually I'm the minister of the
church down the street and I'd like
you to come to church next Sunday."
The man quickly agreed to come, so
the preacher proceeded to the next
house where he was again asked to
come in. As he walked in, the elderly
couple who lived there stammered,
" N a t King Cole!" whereupon the
minister had to again explain that
he wasn't actually the famous singer.
At the third house his knock was
answered by a soft feminine voice
asking him to come in. He walked
into the living room and looked
around but couldn't see anyone.
After a few seconds he heard the
voice again. " I ' m in h e r e " came
the voice from an adjoining bedroom. As the preacher walked into
the bedroom he was confronted with
the most beautiful woman he had
ever seen stretched out on the bed in
a thin neglige. When she saw him
she exclaimed, " N a t King Cole!" to
which the preacher replied, "Rambling Rose. . . . "

The milkman came out and the
little boy told him "You'll never
make it hack to the dairy. Your
horse just spilled his gasoline."

The old man was always chasing
A colored preacher decided that his girls hut his wife said, " W h o cares?
congregation needed some new blood, Dogs are always chasing cars, but if
so he went out one night on a cam- they catch one they can't drive."
paign to enlist new members. He
knocked on the first door and heard
Dedicated to East Campus.
the reply, "Come i n . " As he entered
The curves men view with such dethe house the man watching T.V.
exclaimed, " N a t King Cole!" The light are often kept in drawers at
preacher said, "No, no I'm not Nat ni<rht.
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rocket system. When in flight, the vibrations will have
a critical effect upon living organism, the telemetry
equipment, and the overall flight performance of the
rocket.
Vibrations arc induced into the rocket system by
several sources, all aerodynamic. The booster engines in
the propulsion system cause vibrations due to the burning of the engines and the impulse forces resulting in
propulsion. The drag and lift properties of the missile
cause vibrations. Since the rocket will be traveling at
near sonic velocities, shock waves cause dangerous
problems.
Vibrations must be minimized within the system.
By determining the causes of these vibrations, at least
partial elimination is possible.

(Continued from page 34)
from the vibration sensor, the aerodynamic properties
of the rocket are calculated. The amount of pitch
in the stabilizing fins required to maintain aerodynamic
stability and minimize vibrations are determined.
Vibrations. The vibrations occurring within the rocket system are measured by a crystal contact element.
When the element is vibrated, the piezioelectric properties of the crystal cause voltages to be produced by the
element. The voltages modulate a single FM-2 transmitter.
The magnitude and frequency of the vibrations are
also indicative of the aerodynamic properties of the
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This is
one of our
mechanical
engineers
making a
mistake

They are to wed in June, and the
guy had better shut up before she
gets miffed. A gal has every right
to resent the implication t h a t the
betrothed outpoints her in understanding of sewing and fabrics and
w h a t ' s good or bad about t h e m .
Even if it's true. Which it is. We
have made him a pro at it.
I t is our crafty i n t e n t to stop
at nothing in our efforts to make
g a r m e n t s or fabric furnishings
t h a t carry our identification tag
(as for K O D E L Fiber) so pleasing to t h e u l t i m a t e b u y e r in
every way t h a t she will attribute
t h e satisfaction all to t h e fiber
and look for t h a t t a g evermore.

T h i s m e a n s we p u t m e c h a n i c a l
engineers, chemical engineers,
chemists and—yes—physicists to
work freshening u p t h e t e c h nology of dyeing, knitting, weaving, sewing, and the other elderly
a r t s practiced n o t by us b u t by
our customers' customers.
As in all t h e o t h e r i n d u s t r i e s
in which we p a r t i c i p a t e and for
w h i c h we seek scientific a n d
engineering r e c r u i t s — p h o t o g raphy, information retrieval, aerospace, plastics, graphic arts, x-ray,
chemicals—there is much to challenge the intellectually ambitious
in satisfying t h e common yearnings of m a n k i n d for a d o r n m e n t

of the person and the home. Past
t e c h n i c a l a c c o m p l i s h m e n t s in
fibers and fabrics, weak by comparison with w h a t can be anticipated when fresh, better informed
m i n d s pitch in, h a v e sufficed
nonetheless to create the present
affluence w h e r e t h e r e is p l e n t y
of money on h a n d to do w h a t
s m a r t people will tell us to do.
All we need are more smart people.
Drop us a line. From polymer
theory to workable yarn and from
workable yarn to clothes on t h e
back, rugs on t h e floor, and curtains on t h e windows e x t e n d s a
long row of assorted disciplines
and aptitudes.

EASTMAN KODAK COMPANY,
Business and Technical Personnel Department, Rochester, N.Y. 14650
An equal-opportunity employer offering a choice of three communities:
Rochester, N.Y., Kingsport, Tenn., and Longview, Tex.

Kodak

Should You W o r k for a Big C o m p a n y ?

An interview with General Electric's S. W. Corbin, Vice President and General Manager, Industrial Sales Division.
ances for consumers; to satellites
and other complex systems for aerospace and defense.
Q. How about attaining positions of
responsibility?

S. W. CORBIN

• Wells Corbin heads what is probably
the world's largest industrial sales organization, employing more than 8000 persons
and selling hundreds of thousands of diverse products. He joined General Electric
in 1930 as a student engineer after graduation from Union College with a BSEE. After
moving through several assignments in industrial engineering and sales management,
he assumed his present position in 1960.
He was elected a General Electric vice
president in 1963.

Q. Mr. Corbin, why should I work for
a big company? Are there some
special advantages?
A. Just for a minute, consider what
the scope of product mix often found
in a big company means to you. A
broad range of products and services
gives you a variety of starting places
now. It widens tremendously your opportunity for growth. Engineers and
scientists at General Electric research, design, manufacture and sell
thousands of products from microminiature electronic components and
computer-controlled steel-mill systems for industry; to the world's
largest turbine-generators for utilities! to radios, TV sets and appli-

A. How much responsibility do you
want? If you'd like to contribute to
the design of tomorrow's atomic reactors—or work on the installation
of complex industrial systems—or
take part in supervising the manufacture of exotic machine-tool controls—or design new hardware or
software for G-E computers—or direct
a million dollars in annual sales
through distributors—you can do it,
in a big company like General Electric, if you show you have the ability.
There's no limit to responsibility . . .
except your own talent and desire.
Q. Can big companies offer advantages in training and career development programs?
A. Yes. We employ large numbers of
people each year so we can often set
up specialized training programs
that are hard to duplicate elsewhere.
Our Technical Marketing Program,
for example, has specialized assignments both for initial training and
career development that vary depending on whether you want a
future in sales, application engineering or installation and service engineering. In the Manufacturing Program, assignments are given in manufacturing engineering, factory supervision, quality control, materials man-

agement or plant engineering. Other
specialized programs exist, like the
Product Engineering Program for you
prospective creative design engineers,
and the highly selective Research
Training Program.
Q. Doesn't that mean there will be
more competition for the top jobs?

A. You'll always find competition
for a good job, no matter where
you go! But in a company like G.E.
where there are 150 product operations, with broad research and sales
organizations to back them up, you'll
have less chance for your ambition to
be stalemated. Why? Simply because
there are more top jobs to compete
for.

Q. How can a big company help me
fight technological obsolescence?
A. Wherever you are in General Electric, you'll be helping create a rapid
pace of product development to
serve highly competitive markets. As
a member of the G-E team, you'll
be on the leading edge of the wave
of advancement—by adapting new research findings to product designs,
by keeping your customers informed
of new product developments that
can improve or even revolutionize
their operations, and by developing
new
machines,
processes
and
methods to manufacture these new
products. And there will be classwork too. There's too much to be
done to let you get out of date!

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write
Personalized Career Planning, General Electric, Section 699-12, Schenectady, N. Y. 12305
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