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Did you ever hear
atoms move?

"The physicist positions a single crystal of age-hardened

steel under the sharp diamond penetrator. He touches
a pedal, and the pyramidal tip of the diamond squeezes into
the polished surface of the steel.

The instant that it touches, things begin to happen inside
the crystal. Atoms begin to slip and slide, in layers. Some
layers abruptly wrinkle and corrugate. If you listen hard when
this happens, you hear a faint, sharp "click." This is the
sound of atoms suddenly shifting within the crystal.

You can see the action, too — or, rather, the results of it.
The photomicrograph above shows the characteristic ridges
and ripples. The black diamond in the center is the depres-
sion made by the penetrator.

By studying these patterns, and correlating the information
with other data, scientists at U. S. Steel are trying to learn
what happens atomically when a steel is bent, flexed or
broken. Secrets thus learned are helping us to develop new
and better steels not only for everyday products, but also for
missiles, rockets, submarines, and other intricate machines
to explore the universe above and the world below us.
"Tomorrow" is an exciting word today— and never more so
than at United States Steel where we are accepting the chal-
lenge of the future with energy, resourcefulness and con-
fidence. : :

USS is a registered trademark

United States Steel



The Enrico Fermi Atomic Power Plant under con-

struction near Monroe, Michigan, will have the
world's largest breeder reactor for the production
of electric power.

To the young engineers of America's eectric power
systems, the hope and promise of the peaceful atom
grows clearer day by day. In laboratories and on
congtruction projects these young men are serving
our nation's new atomic-electric power industry.

Research and design, development and testing of
new equipment, building of specia structures and
operation of reactor plants—for the more efficient
production of electric power — offer opportunities

Into
the
atomic
era
of
new
engineering

opportunities

for doing things that have never been done before.

A Detroit Edison representative will vist your cam-
pus in the near future to tell you of the job oppor-
tunities in the electric power industry. Check your
placement dffice for appointments.

DETROIT EDISON

Detroit 26, Michigan
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FRONTISPIECE: An engineer checks the temperature inside the hot

press at the Westinghouse ceramcis development
laboratory. Forming and sintering are performed
simultaneously on this press which has a 60-ton
capacity., (See page 57.)

COVER: To avoid expensive and hazardous landing of supply ships

on the moon, a cargo drop technique can be used to de-
liver food and material to lunar bases. Vehicle in fore-
ground is approaching moon tail first, so that rocket thrust
pushes against weak lunar gravity. Supplies are carried
in a case at top, protected by pair of inflated dome-shaped
tubes. In background, ship has dropped the supply package
from height of several hundred feet; it bounces and rolls
toward buildings housing lunar base at edge of mountains.
This method of lunar logistic supply is possible because
moon gravity is only a sixth that of the earth.

(Courtesy, Convair)
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Ernst Macl‘x...on al')solutes

"No one is competent to assert things about abso-
lute space and absolute motion; they are pure
matters oF thought that cannot be produced in
experience. All our principles of mechanics, aswe
have shown in detail, are experienced knowledge
concerning the relative positions and motions of
bodies. They could not be. and were not. admitted

THE RAND CORPORATION,

SANTA

in the areas in which they are now recognized as
valid, without previous testing. No one is war-
ranted in extending these principles beyond the
boundaries of experience. In fact, such an exten-
sion is meaningless, as no one would possess the
knowledge to make use of it.”

~~Die Meclxanik in ihrer Entwicklung, 1912

MONICA, CALIFORNIA

A lluh[-tuhl erganization cnua‘:--d in research on ]il‘nhlvnn related to national security and the -|.uHu interest

Spartan Engineer



WE WANT MEN TO CREATE TOMORROW'S HEADLINES!

The new, dynamic and diversified Northrop Aircraft, Inc.,
creates an ideal work climate for forward-thinking scientists
and engineers. Our three autonomous divisions are al in
Southern California- are all headed by progressive manage-
ment eager to examine and try new ideas.

Let's assume that you are a man who can qualify for one of
our engineering teams- a man who can create history!

Yau'll earn what you're worth, get increases as often as you
earn them - b on your own individual achievements. Our
salary structure is unique in the industry; our vacation
policy extra-liberal, as are all of our other fringe benefits.

You'll learn while you earn, with no-cost and low-cost educa
tion opportunities at leading Southern California institu-
tions - earn advanced degrees and keep abreast of the latest
technological advances in your own chosen field.

You'll WOk with men who are acknowledged leaders in their
fields - men chosen for their own capabilities and for skills
in guiding and developing the creative talents of younger
men. And, these are men who delegate authority, assuring
your fair share of credit for engineering triumphs.

Youll be flexible - able to apply your talents to the work you
enjoy, in the field best suited to your own inclination and
ability. Northrop Aircraft and its divisions offer wide diver-
sity, with over 30 operational fields to choose from. All offer
challenge aplenty - opportunity unlimited!

Now choose! See what each division of Northrop Aircraft
has done and is doing. Then choose the division that offers
you the most challenge. Write today to reserve your spot
where news is happening - for your own chance to create
tomorrow's headlines!

...NEWS IS HAPPENING AT NORTHROP
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NORTRONICS DIVISION
&5 Pioneers in celestial and inertial guidance. At
‘;"f Hawthorne: exploring infrared applications,

airborne digital computers and interplan-
etary navigation. At Anaheim: developing
ground support, optical and electro-mechani-
cal equipment, and data processing devices.
Write: Engineering Personnel Mgr., Nortronics Division,
222 North Prairie Ave., Hawthorne, California
or: 500 East Orangethorpe Ave., Anaheim, Calif.

NORTHROP DIVISION
P Creators of the USAF Snark SM.62, now
operational with SAC. Currently active in
programs for the ballistic recovery of orbit-
ing man; readying the USAF-Northrop T-38
supersonic twin-jet trainer and the Northrop
N-156F counterair fighter for flight tests.
Write: Engineering Personnel Mgr., Northrop Division,
1001 East Broadway, Hawthorne, California

RADIOPLANE DIVISION

Creator of the world's first drone family; has
produced and delivered tens of thousands

of drones for all the U.S. Armed Forces.
Now developing ultra-advanced target drone

systems for weapon evaluation, surveillance
drone systems, and guided missile systems

Write: Engineering Personnel Mgr., Radioplane Division,
8000 Woodley Avenue, Van Nuys, California

NORTHROP AIRCRAFT, INC,, Beverly Hills, California



™ ™ TEAMMATES —Young engineer Warren Conner—B.S.M.E. 1956—teams up

with Armand J. Bilitzke of GM Engineering Staff’s Transmission Develop-

n q u I rl n g ment Group to test blade-shape models for torque converters, Mr. Bilitzke
helped design flow table which is unique to the automotive industry.

Minds

No matter where your interestsliein the vast field of
engineering, there's a better-than-good chance you'll
find your placein the sun with one of the 35 Divisons
of Generd Motors.

For these GM Divisons run the gamut of virtually
evary fidd of engineering and sdence—from engi-
neering, designing and producing automobiles,
trucks and hundreds of important industrial products
to helping to solve the unknown chalenges of the
Space Age:

Choosing an engineering career with GM means

’ \ \
r N
- 4 \
— -

teaming up with some of the world's finest engineer-
ing and scientific brains. It means working in pleas-
ant, modern surroundings such as GM's fabulous
Technicad Center near Detroit, equipped with every
conceivable research facility.

Best of al, it means a future as big as you want to
make it a& GM's 35 Divisons and 126 plants in 71
cities and 19 states. A future in which your training,
your inventive ability, your inquiring mind, your
desire to get ahead will receive quick recognition and
unlimited opportunities.

Yau owe it to yoursdlf to investigate the kind of future
Generd Motorsis offering young engineers. Make an
appointment with the GM Representative next time
he visits your campus or write: Genera Motors
Corporation, Personnd S&f, Detroit 2, Michigan.

GENERAL MOTORS

Personnel Staff, Detroit 2, Michigan

EM positions now available in these fields for men

holding Bachelors’, Masters’ and Doctors’ degrees: ::"'F”'

* Industrial Engineering

¢ | nginecring



You're on
the right
road...

The biggest construction job in history is under way
It's the building of a vast new network of Interstate
Highways. Miles and miles of highway. For trucking.
For travel. For defense. Some 41,000 miles in dl. In
addition, many thousands of miles of primary and
secondary roads are being built in a greatly expanded
"ABC" Highway Program.

With these new highways will come new industries
... New communities ... a greater share in national
life for everyone.

It's a big Job . .. an Important |ob!

And you're on the right road when you study asphalt
technology . . . asphalt's characteristics and its appli-
cations in pavement construction.

Asphalt pavement is playing a leading role in the
construction of the Interstate System.

It now surfaces 81% of State Primary and Munici-
pal Extensions— the nation's most heavily traveled

.....

é PETROLEUM ASPHALT FLOW CHART
s i

= W= Beml = g o
o S

BN T postsjosis

MATIMIALY

This simplified grophic chort
h 1 shows the inter-relationships of
L4 petroleum products, with gere-
line, oil and eiphelt lawing
from the same oil well

ASPHALT CEMENTS
PAVING ASPRALT

roads—and 85% of all paved roads and streets
in the country.

b4 Your contribution — and reward — will de-

pend in part on how much you know about it.

Do you know, for example, how Asphalt

fits into the over-all petroleum family? This chart

illustrates the inter-relationship of Asphalt with other
refined petroleum products.

The semi-solid form —Asphat cement —is the basic
paving material. It is used in hot-mix Asphaltic pave-
ments for roads, airfields, parking lots and thousands
of construction and industrial applications.

Liquid Asphalt materials— road oils, emulsions and
cutbacks — are used extensively for a variety of con-
struction and specialty applications.

Special Student Kit on Asphalt Technology Free!
Literature included gives you a broad concept of
Asphalt products—its sources, production, characteris-

tics and uses. Put yourself on the right road by send-
ing for your kit today. A postcard will do.

THE ASPHALT INSTITUTE

taphalt Institute Building,

ASPHALT paved Int



The huge Convair-Fort Worth plant is lo-
cated on the western edge of Fort Werth,
and is connected to all parts of the city by
a system of limited access freeways.

Vital statistics for the engineer and
scientist interested in a postion afording
a high potential for professond growth:

Americas largest and most
complete ar craft manufactur-
Nearing completion at Convair- Ing faclllty located in the na-
Fort Worth — the world’s largest tion's 12th market area

Altitude Chamber of its kind.

Nearly hdf-ahundred highly
advanced Air Force contracts
now on hand

Extengve research and de_ DAEAC — newest ond most ad-

P vanced facility — permits static,
Velopment eqUIpment and dynamic, flutter and steady-state
fadilities areoelastic testing of the complete

airplane by means of direct elec-

Broad educational and em- trical analog.

ployee benefits

Firg to employ the weapons
Bonded sandwich paneling- System management concept
pioneered by Convair-Fort Worth ) i
- i::u;rimred oinv:'n :Ir:wn ou:h Laeg: z?chlevement AL A
limited variety of shapes and sizes. ericas first supersonic bomber

... the dl new B-58

A resume of your training and experience
will be evduaed by engineers in the
department best suited to your particular
qudifications.

CONVAIR
PreE——  ~ORT WORTH

wi?h special 50-ton refrigeration FORT
umdt to cool electronic equipment, WoRTH, TEXAS Full scale mock-up and test stand
and an electric- power generator. CONVAIR IS A DIVISION O F for 558 hydvenlic s
GENERAL DYNAMICS CORPORATION S -




Meet the man who

from

Michigan Avenue 3

Jacob G. Tolpin, expert in the field of foreign scientific deveiopmentsf often is
consulted by leaders in academie, government and industrial enterprises.

He keeps tab on Russian scientific moves

WHAT are Russian scientists up to
now?

Few people in America are better
able to answer this question than a
mild-mannered, unobtrusive man
dressed like other business executives
on Chicago's Michigan Avenue.

There is no cloak-and-dagger
atmosphere surrounding Jacob G.
Tolpin.

It has been the daily job of Mr.
Tolpin since 1937 to keep track of
Russian scientific advances. He is a
key man on the staff of specialists at
Standard Oil who analyze foreign
technical journals and patents.

The primary J)ur ose of this work
is to keep Standard Oil research sci-
entists informed of developments
throughout the world. But the work
has broader significance. Standard Oil
furnishes important foreign technical
data to nationally important bodies
and to libraries, such as the Library
of Congress. The knowledge gained
from the foreign periodicals thus is
made available to all.

Even the Russians admit, says Mr.
Tolpin, that American knowledge of

petroleum technology is superior to
their own. Standard's research at
Whiting and other centers has re-
sulted In many important discoveries
which have heIPerf to make America
supreme in the field of petroleum and
to strengthen its defenses. In the last
few years alone, Standard scientists
have made outstanding contributions
that have advanced America's missile
program and its jet air defense.

Since our first |aboratory opened 68
years ago, we have spent hundreds of
millions of dollars to learn more about
oil—how to find it, produce it, refine
it and make it more useful to more
people than ever before.

Wha makes a company a good citizen?
One measure is the contribution a
company makes to the economic and
physical strength of its country.
Through constant and intensive re-
search, we at Standard have tried to
make oail yield its maximum useful-
ness—both for civilian and military
purposes. Steadily mounting efficiency
also has helped to keep the price of ail
and gasoline down.

STANDARD OIL COMPANY
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watches Moscow

?M

To make oil more useful
to more people than ever
before, Standard Qil con-
ducts extensive research
work. This advertisement
was published in Midwest-
ern and Rocky Mountain
newspapers to keep the
public informed about the
work Standard is doing in
its laboratories.

— ———— —’—'j 4

NEW SMOKELESS
STARTING METHOD

America's jets now have a new, improved smoke-
less starter cartridge (being used in the engine
above, left) as the result of a Standard Oil research
development. The old method, on the right, was so
smoky it made concealment impossible and also
blocked fliers’ views of the field.

Radiation-resistant lubricants for atomic power
plants are under study in Standard’s research lab-
oratories. Seymour Meyerson, above, is engaged in
pioneering work in this new field. He isan authority
on the controlled shattering of molecules by eloc-
tron bombardment.

STANDARD |
-
THE SIGN OF PROGRESS...
THROUGH RESEARCH



Freezing water
Pﬁcl)?;iosslliZi;RT I- = o to MU o ST IIIVE

Inco shows a king-size operation
that helps mine more Nickel

The bigger the mine, the more men at work,
the more air they need. Gales of air. Warmed
in winter. Cooled in summer. That's the rea-
son for this mammoth "air conditioner” in
an Inco-Canada mine.

In winter it raises the temperature of cold
air from outside by making ice. In summer
it uses theice to codl air that's too hot! (See
diagram below)

e —

In winter, cold air is blown through sprays of
warmer water. The water loses its heat, freezes
into mountains of solid ice. In the process, the latent
heat of freezing is transferred to the air, warms it up
for use inside the mine.

At full capacity in a winter season, this
system aone can generate as much heat as
350,000 gallons of fuel oil. During this
period, 150,000 tons of ice may form. (See
photo at left)

Installations like this are expensive in
time and money. Such outlays are typical of
many made by Inco-Canada. Their cost adds
up to millions. Results are-to continue the
increased production of Nickel.

Mining tor Nickel is a 45-minute color film
loaned to high schoal science groups, college
engineering classes and technical societies.
Write to Educational Service, Development
and Research Division,

The International Nickel Company, Ino.
New York S, N. Y.

A\
IIN (o]

International

A mountain of ice, huil
mine “air conditioner




Why L ockheed-

Lockheed's leadership in aircraft is continuing in missiles. The Missile [ ?
Systems Division is one of the largest in the industry and its reputation [T y
is attested by the number of high-priority, long-term projects it holds: '
the Polaris IRBM, Earth Satellite, Kingfisher (Q-5) and the X-7.

To carry out such complex projects, the frontiers of technology in al
areas must be expanded. Lockheed's laboratories at Sunnyvale and

Palo Alto, California, provide the most advanced equipment for research
and development, including complete test facilities and one of the

most up-to-date computing centers in the nation. Employee benefits

are among the best in the industry.

For those who qualify and desire to continue their education, the
Graduate Study Program enables them to obtain M.S. or Ph.D degrees
at Stanford or the University of California, while employed in their
chosen fields at Lockheed.

Lockheed Missile Systems Division was recently honored at the first
National Missile Industry Conference as "the organization that
contributed most in the past year to the development of the art of
missiles and astronautics!'

For additional information, write Mr. R. C. Beverstock, College
Relations Director, Lockheed Missile Systems Division,

Sunnyvale , California.

Lockheed  \iissiiE sysTEMS DIVISION

SUNNYVALE, PA



Now you can see whyon
leadsé& pencilsgiveyou perfect

CLAY LIKE THIS

GRAPHITE LIKE THIS +

YOU ALWAYS GET PROVEN QUALITY FROM TURQUOISE DRAWING LEADS AND PENCI

PROVEN GRADING-17 different formulae make sure you get exactly the line you expect-
from every pencil, every time.
PROVEN DURABILITY—Because compact lead structure gives off no chunks of useless "dust"
to blow away, Turquoise wears down more slowly.
PROVEN NEEDLE-POINT STRENGTH —as electron photomicrograph shows, Turquoise lead struc-
ture is finer—and therefore stronger. It holds a needle point under
drawing pressures for long lines of unchanging width.

EAGLE PENCIL COMPANY NEW YOR
V * NE K + LONDON « TORONTO « ME
r F * MEXICO - SYDNEY » BOGOT
it GOTA

Spartan Engineer

yEagle Turquoise
y sharp drawings

* TURQUOISE DRAWING PENCILS: *"Electronic’” graphite. 1

This Electron Microscope takes per-
fect pictures 7,500 times actual size
—lets you ses the startling difference
between Eagle's "Electronic” Tur-
quoise Lead and the lead in the
usual quality drafting pencil.

Photogrophs courtesy ol
ladd Research Industries, Inc

Relatively large, irregular particles
of graphite make a rough-edged
line. Drawings will be inferior.

.. AND MARKS LIKE THIS

Tiny, more uniform particles deposit as
a clean-edged, solid line. Drawings
will be perfectly sharp, clearly defined.

WRITE FOR FREE SAMPLE DEMONSTRATION KIT
tincluding Turguoise wood pencil, Turguoise lead, and
Turguoise “skeleton” lead) naming this magazine. Eagle
Pencil Company, 703 East 13th Street, New York, N. Y.

.. AND MARKS LIKE THIS

7 grades 6B through 9H MGLE@

8 * TURQUOIS
CLEANTEX
] ERASER: i

Super-soft, |
non-abrasive \'\
§ rubber. S
UOISE DRAWING LEADS:
o holder. Grades 5B through 9H

Fit any standard lead hol

PENCILS AND LEADS

are the largest-selling
in the United States!

® TURQUOISE LEAD 1IOLDERS: Hold any grade of Turquoise lead.

November, 1958

TURQUOISE'
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I:ed

l hemical

At Allied Chemical, you could be working on one of our
more than 3.000 products . . . perhaps in chemicals,
plagticis or libers. You could be located a one of our 12
research laboratories, over 100 plants, or many sdes
offices throughout the country.

At Allied, there are assignments with a future for
chemists, chemistry majors, engineers (chemical,

What will your first assignment be like ?

mechanical, electrical). We have prepared a new book,
"Allied Chemical and Y our Future," which suggests what
your first assignment might be like. Why not write us for
a copy today? The Allied interviewer can aso answer
your questions. Your placement office can tell you when
he will next vist your campus.

Allied Chemical, Dept. C-3, 61 Broadway, New York 6, N.Y.

Spartan Engineer



Dean’'s
Letter

Our Greetings to our new students! Those transferring from other institutions
will become acquainted with us rapidly, but to the Freshmen we can only say: do
a good job in that mathematics and we will look forward to seeing you in engineering

classes next year.

To other students we would like aso to point out the importance of mathematics.
It provides the tools with which you are going to work in your more advanced courses,
and a good workman has good tools. Being friends with your mathematics book is a
necessity in the more advanced engineering courses such as dynamics, hydraulics,
thermodynamics, or electric circuit theory.

All engineering curricula are composed of sequence courses, courses which in turn
depend on one or more earlier subjects, as well as on mathematics. This in part ex-
plains why it is not often possible to double up or accelerate an engineering program-
first we wait for completion of the mathematics sequence and then the engineering

sequence must follow.

Good work is thus required in all elementary areas if it is to be possible to do
good work in the advanced subjects. In this connection may we point out the falacy
of high school thinking which regards "C" as an average grade—in college "C" happens
to be the lowest passing grade; a "C" average is the lowest grade with which you can

graduate.

May we aso mention our advisor system for upper classmen. Each student is
alphabetically assigned to an advisor in his mgor department and these advisors are
available for counseling in regard to scholarship and curricular problems. You should
get acquainted if you have not aready done so since these men can be of ad in
selecting courses suited to your particular need, although the maintenance of a good
point average is your best ally since preference is given to good students. By now
you may have drawn the impression that we like our good students. This conclusion
is excellent engineering deduction—we do like them!

John D. Ruyder

Dean, College of Engineering

November, 1958



Here is a reply to . . .

Three

Challenging

Questions

by Robert W. Slade, E.L., 59

about a frontier which is captivating the imagination of mil-

lions of people throughout the world.

North of the Lake of Dreams and
et of the Sea of Serenity desolate
mountains rise three and one-half
miles to dominate a windless world.
Silence is total; and only shadows
move, spreading like black, frigid
death over the barren land. But death
has no meaning here, for there is no
life. ..

Such a scene is not a fantasy. The
mountains are as rea as the Roekies,
and the shadows are deeper than
any on earth. The land described has

been charted in minute detail for
centuries, and maps are ill being
drawn and redrawn. Y& no man has
climbed the stark pesks or navigated
the waterless seas.

The land is 239,000 miles away
from any place on earth. We will be
traveling there sooner than many
realize. It is the surface of the moon.

The questions posed by such a pro-
ject are not lightly or briefly an-
swered. Basically, these are "How?"
"Why?' and "When?'

The question, "How?" has been
amost entirely answered. In fact,
more has been written on this than
on any other aspect of man's pro-
jected penetration into outer space.

The idea of space travel has ap-
peared in fiction with increasing fre-
quency since the last century. As
might be expected, the first of these
fanciful adventures were far more
imaginative than scientific. Edgar
Allan Poe, for instance, had one of
his heroes fly to the moon in a bal-
loon. As the years passed, however,
writers and readers of science fiction
became more sophisticated. True,
many inconsistencies and doubtful
devices appeared in their stories, but
the basic concept of a sealed space-
ship traveling through the vacuum
of space by rocket propulsion was
used, and could successfully meet
the challenge of "impossible!" S$till,
the segment of the general public
imaginative enough to study and ac-
cept the idea was small.

When the first German V-2 rocket
crashed into the heart of bomb-bat-
tered London near the end of World

Sunlight captured by the large
plastic sphere of this solar ship 18
used to heat liquid hydrogen carried
in the three tanks at the center of
the structure. The gaseous hydrogen
is expelled through two rockets be-
fween the sphere and the tanks. One
half of the sphere—the half facing
the sun—is transparent. The other
half is coated with silver or aluminum
to form a mirror-like surface which
collects solar radiation and concen-
trates it on a heat exchanger along
the foeal line of the reflector. A crew
gondola with attached radar anten-
nas is shown at the opposite end of
the vehicle,

(Courtesy-Convair)

Spartan Engineer



War 11, public indifference vanished.
The rocket was no longer confined
to pulp magazine pages. It had burst
into dramatic reality and few could
ignore the implications of the event.

The German scientist primarily re-
sponsible for the V-2's development
was Dr. Wernher Von Braun. In
1945 the U. S. Government brought
Dr. Von Braun to this county, and
the American rocket and missile pro-
gram began in earnest.

In 1951 Dr. Von Braun together
with a group of prominent scientists
and laymen contributed to a series
of scientific articles entitled "Will
Man Conquer Space Soon?' It was
here that, for the first time, a broad
general public was informed of the
principles and problems, the "how?"
of space flight.

As a firg step to the moon, the
group proposed the construction in
space of an artificial, manned satellite
circling the earth every two hours
a a distance of 1,075 miles. Unlike
Sputnik and Explorer, which were
launched in one piece, this satellite
would be carried up to its orbit in
parts by manned rockets, and con-
structed there. With such a base of
operation the moon rocket could be
built in space and launched from
there to its destination. Recent find-
ings from our satellites now in orbit
indicate that due to intense radiation
present, 1,075 miles may not be the
best distance for a manned space sta-
tion. This, however, is a minor detail,
since an orbit of greater or less dis-
tance can be as easily achieved.

The question most often asked re-
garding artificial satellites is "What
keeps them up?" This is a complex
problem, and some confusion is un-
derstandable. Perhaps the best way
to approach the problem without
actually mastering the difficult dy-
namic system involved is to think
of the satellite as a ball thrown at
unusually high speed. All of us know
that the faster we throw a ball paral-
ld to the earth, the farther it will
go before striking the ground. Nor-
mally, because of the relatively short
distance covered, the curvature of
the earth may be neglected. But if
we think of a ball thrown much fas
ter, and therefore, covering a far
greater distance, this curvature be-
comes significant.

Just as an object thrown from a
hilltop must fal farther before hitting
the ground, and, therefore, travels a
greater distance than if it were thrown
on level ground, so must our high-
speed ball go farther because of the
earth's curve than if the earth were
flat. If the speed is great enough.

November, 1958

Sunlight captured in two cylindrical plastic “collectors” would drive this
spaceship. Each solar collector would be made of polyethylene 0.001 inches
thick. and would retain its shape under a pressure of (.01 pounds per square
inch. The half of each cylinder nearest the sun would be transparent, the other
half coated with silver or aluminum to provide a reflecting surface. Solar energy
captured by the cylinders would be used to heat liquid hydrogen, which in turn
would be expelled through a nozzle to produce thrust. A crew gondola and

radar antenna are attached to the tank carrying liquid hydrogen,

the arc of our faling ball will match
the earth's curvature, and it will never
strike the ground. Instead it will fdll
around the earth indefinitely. The
orbiting body is now a satellite. A
thrown ball will never stop in its
course and drop abruptly to the
ground. It would be just as unlikely
for a satellite to drop from its orbit.

There are two main advantages to
building a manned satellite first, rather
than launching the moon rocket di-
rectly from the earth. The first is
that the satellite would function as
a frontier laboratory where the rigors
of space travel could be closely
studied, and both men and materials
tested. The second is that the satel-
lite, traveling at great speed, would
furnish most of the 25,000 mph veloc-
ity necessary for a moon rocket to
escape the earth's gravity. This would
reduce greatly the amount of fud
needed, and correspondingly increase
the ship's payload of men and equip-
ment.

The problem of fud has been one
of the most difficult for rocket engi-
neers. Rocket fud of the type now
used in balistic missiles consists of
two main ingredients. These are a
highly combustible substance and an
agent to furnish the oxygen for com-
bustion. Such chemical fues are used
in both solid and liquid form. Solid
fuds are often difficult to control.

—(Courtesy-Convair)

since once they begin to burn, they
cannot be stopped. The burning of
liquid fuels, on the other hand, can
be controlled through the use of in-
jection devices, but here the prob-
lems of storage and possible corrosion
may arise. In spite of these problems
and others, practical fuds have been
developed, and both fueds and fud
systems are continually being im-
proved. On top of this, research is
now being done on a new system of
propulsion, which utilizes ions,
charged atoms, rather than the pro-
ducts of chemical combustion. Such
a system may be used on the first
manned moon rocket, but rockets of
the immediate future will probably
till depend on chemical fuel.

The concept of a rocket motor,
which can use such fuels, is as old
as fireworks. Operating on the funda-
mental physical law that every action
results in an equal and opposite re-
action, the rocket engine simply forces
hot gases in one direction, and, as a
result, moves itsdf in the opposite
direction. This is not unlike the recoil
of arifle, a reaction force of the same
kind, but one which results from the
firing of a bullet, rather than hot
gas molecules. Because this reaction
is completely independent of its sur-
roundings, a rifle or a rocket ship
would have no difficulty moving in
the vacuum of space.

(Continued on Page 61)
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A.M. Labs
Vacate Olds

., D it A. Tatro is shown at the right
eated, adjusting a calibration fixture.
' are shown testing a piece of reinforcing steel.

with his research
In the background, students Sam De-

by Dr. C. O. Harris,
Head, Dept. of Appl. Mech.

- - to expand facilities in the light, roomy MEL spaces

J UST east of Olds Hall is MEL. The
initids stand for Mechanical Engi-
neering Laboratories, although at the
present time part of the building is
used for other purposes.

In June of 1958, the department
of Applied Mechanics moved al of
its laboratory equipment into the
large front room on the ground floor
of MEL—oom 110. This room had
been used for many years as a pattern

18

and sheet metal shop in the depart-
ment of Mechanica Engineering, but
this work was abandoned due to the
progressive tendency of MSU engi-
neering currieulums to prepare stu-
dents for scientific engineering. The
College of Education took over the
spaces for manual arts training, until
the new education building was com-
pleted this year. When MEL was
vacated, the fecilities became avail-

able to the department of Applied
Mechanics.

The room was cleaned and decor-
ated. Miss Agnes McCann, assistant
to the Dean of Engineering, served
as the color consultant, and pastel
colors were used on the walls. Now
as a visitor enters the room, heis
conscious of the area's spaciousness
and light.

Spartan Engineer



The equipment which was moved
into 1 10 MEL had been crowded into
one-third as much space in Olds Hall.
Mogt of it had been in three small lab-
oratories and sonic had had to be
crowded into faculty offices in order

to permit important research to be
carried on.
Smaller rooms inside 110 MEL

now provide office space for 15 fl
members.

The entrance to 1K) MEL is from
the north, at the center of the room.
To the east of the entrance is the
Strength of Materials Ilaboratory.
Along the right hand side of this area
are the five universal testing machines,
and on the left are sSx straining
frames, which were designed and
built a& MSU. About haf of the
experiments are performed on the
testing machines, and haf on the
straining frames. Sx parallel experi-
ments will be underway simultane-
ously with the class divided into sx
groups. Another testing machine is
badly needed.

(Continued on Next Page)
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Dr. Samuel Mercer answers a question about the i
Maurice Rich, while Dick Larder is preparing another problem on

corner of the computing lab.

November, 1958

Dr. William A. Bradley and Mr. B. Basava Raju are posing with the
apparatus which they built for studying the behavior of plates by an optical
interference method.

components in the problem board of the analog computer for
a second plug-in problem hoard. The scene is in one
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Jean Dalrymple, part-time instructor and graduate student, is shown with
the equipment which he and Dr. John T. MeCall are using for their research
in the fatigue of concrete.

Dr. Ta E
Tatro and John Campbell study and work in Dy

Next to the Strength of Materials
laboratory is the Experimental Stress
Anaysis lab. Experimental Stress
Analysis began as a field of knowl-
edge in 1938 with the invention of
the SR-4 electric resistance wire strain
gage, and has since been carried to
a high point of development. It is a
field which has become of tremendous
interest to industry.

The west end of 110 MEL is usd
for research by the faculty and grad-
uate students in Applied Mechanics.
Typically, a faculty member acts as
the leader of a research team with
one or more graduate students to
help him. The equipment used in
several of the research projects is
shown in the pictures on these pages.
Other research projects which might
be mentioned are the work of Dr.
Karl Brenkert and Mr. Kuang Min
Lin in turbulence in fluid flow, Dr.
George Mase and Mr. Richard Larder
in the study of visco-elastic plates,
and my own work with Mr. Rao in
studies of birefringence.

i3 Tatro's combination office laboratory

Spartan Engineéf
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Dr. Lawrence E. Malvern is at the control cabinet of the Hygee shock loader and Ulric Lindholm is checking a con-
nection. Their research is into the propagation of plastic waves,

The department of Applied Me-
chanics was established in December
of 1951 by action of the State Board
of Agriculture, the governing body
of MSU. Before that time, some work
in Mechanics had been given in the
Department of Civil Engineering and
some in the Department of Mechan-
icd Engineering. Since then, there
has been a considerable correlation
and expansion, especialy in graduate
work and research. A Master's pro-
gram was started in September of
1952 and a Doctor's program in
September of 1956. Most of the grad-
uates of these programs have entered
work in research and development.

The department offers undergradu-
ate courses in Statics, Dynamics,
Strength of Materials, and Fluid Me-
chanics, and every undergraduate stu-
dent must take two or more of these
courses in order to complete degree
requirements. With our expanded
facilities, we are now able to con-
tinue instructing the growing engi-
neering student body in the concepts

many research programs. oscilloscope

November, 1958

. . Just inside the front door is a small Sonntag fatigue machine. A strain
of Applied Mechanics, and carry on gage is mounted on the
via the amplifier adjusted by T.V. Kameswara Rao of India.

fatigue specimen, and the gage output is fed to an
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Publications

Engineer?

by Herb Harman, E.E.,

5349

Don't discount the unlimited opportunities available to you in this
rapidly growing profession.

&)
STRIVING to keep pace with the
increasing complexity of modern re-
search and development, industry to-
day has recognized the necessity of
a new type of engineer. This gradu-
ate must have the ability to cope
with the problems of translating pro-
ductive thoughts and technical ad-
vancements into various levels of
comprehension, most of which are
on the level of the ordinary layman.
This unending task has been assigned
to a technica writer or publications
engineer-one with the ability to ex-
press what the scientist has designed
or developed.

Without a true translation or record
of productive research, there would
be little progress in the field of sci-
ence or engineering. How often does
the engineer today use the Laws of
Newton or Maxwell's equations?
Would our civilization today be mak-
ing its present advances had not some-
one taken the time to record these
achievements? Translation of these
laws and principles into basic terms
that the common man could under-
stand, was perhaps as great an
achievement as the discovery itself.
Our progress can be traced back to
such discoveries through various writ-
ings. Technical progress can be in-
terpreted in terms of what is recog-
nized as being the true results of
scientific research and technical ad-
vancement, only after such advance-
ments have been thoroughly defined
by a technical author.

22

In addition to general writing skills,
a technical writer must have ability
as an engineer in his particular field.
He must have a thorough knowledge
and understanding of this field in
order that he might recognize the
significance of a new development.
His facility as a writer is equally im-
portant, for he must be able to handle
words and express ideas clearly and
concisely. In order for his explana-
tions to be logical, he must put him-
«f in the reader's place as well as
that of the research scientist.

Personality and salesmanship abil-
ities play an important role in the
career of a publications engineer, as
he is frequently in contact with fel-
low engineers and the public. The
engineer-writer must sdl his ideas
and himsdf to gain confidence and
respect for this new profession.

One of the qualifications of a tech-
nical writer which must be stressed
most heavily is the desire to be a
good writer. Without desire, the en-
gineer-writer will soon find that he
is not able to express himsdf prop-
erly, and not capable of benig a
success in this field.

Where a good engineer will fit
into the wide area covering technical
writing depends mainly upon the in-
terest of the writer and his particular
employer's objectives.

The engineer with visions of suc-
cess in editing a technical publica-
tion within industry itsef, may find

himself within training programs with
such large corporations as Westing-
house, General Electric, International
Business Machines, and Sperry-Rand.
There are 1,500 periodicals published
by industry to broaden the scope of
customer service, and to interest vari-
ous industrial employees and business
readers. Excellent community rela
tions are sometimes established
through these publications.

Nearly 2,000 different periodicals
are published annually in this country-
covering a range of 150 different
fields of business. All are related to
technical writing. Included in this por-
tion of the field is technical adver-
tising, scientific reports and surveys.
Editorships and management pos-
tions await publication engineers who

want high salaries and responsibil-
ities.
Script  writing opportunities for

technical and industrial movies is
rapidly growing. In cooperation with
Public Relation Divisions, technical
writers are called in as advisors to
help communicate scientific concepts
to the layman.

The United States government d-
fers unlimited opportunities to writers
of technical manuals and instruction
handbooks. These publications are
produced for the armed forces train-
ing programs and maintainance divi-
sions. Since approximately 20 per cent
of the armed forces members have
not graduated from high schools, and

Spartan Engineer
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only 3 per cent have graduated from chinery, Product Engineering, and ate engineers interested in technical

accredited colleges and universities,
the presentation level of these man-
uals must be reduced in complexity.
This is a challenge to any technical
writer.

The specification writer must be
adept in his field, therefore his knowl-
edge must be on par with that of
the research engineer to accurately
describe the subject. These men are
needed in all stages of our industry.
One must consider that every pro-
duct, especialy concerning our na-
tional defense, must have these spe-
cifications for future modifications and
development of the product.

~ The technical writer is not limited
in his field for he may assist in the
presentation of symposiums and dem-
onstrations for technical and non-
technical personnel. His responsibil-
ities often put him in the role as a
coordinator between various depart-
ments of industry, and help to bridge
the gap between research and pro-
duction. The publications engineer,
or technical writer often is the idead
choice for executive duties due to his
versatility.

The demand for technical writing
abilities can be found in amost any
newspaper want-ad today. Industry
and commercia publishing companies
such as McGraw-Hill, the Heyden
Publishing Company, and the Penton
publishing Company constitute the
largest group hiring technical writers,
some of the magazines in need of
writers are Electronic Design, Ma-

Novem ber, 1958

Electronics, and magazines such as
Mechanics Illustrated, Scientific
American, and Popular Mechanics
have a very large circulation and
wide appeal. Various handbooks and
publications edited by engineering
societies-A.l.E.E., ASM.E., I.RE.,
A.S.C.E., etlc—are rated tops as spe-
cidized publications. These articles
are written mainly by engineers, and
must be edited accurately by person-
nel familiar with technical terms—
the publications' engineers.

The demand for engineers with
the required abilities have been recog-
nized by many universities through-
out the country. Graduate and under-
graduate programs have been estab-
lished in many colleges. Rensselaer
Polytechnic Institute established the
first such curriculum in 1953 award-
ing a graduate degree in technica
writing to engineers. The results have
proved very satisfactory for these en-
gineers are placed in the field long
before they graduate. Purdue Uni-
versity now offers a Bachelor of Sci-
ence Degree in which various options
such as chemistry, physics and the
biological sciences are included. Pro-
grams of varied length, but similar in
nature, are now established at Mas-
sachusetts Institute of Technology,
University of Pennsylvania, and Penn
State. These are leaders in this rela-
tively new field, and the trend is

rapidly growing.

Probably the most common ques-
tion which arises from undergradu-

writing is how they can prepare them-
selves for such a career. This de-
pends mainly upon the individua's
personal initiative and his college cur-
riculum. Perhaps one of the best
methods is to become proficient in
English. Proficiency can be accom-
plished by taking various courses, and
constantly practicing learned tech-
niques. Some of these methods in-
clude the careful gathering of in-
formation and specific data, with a
complete outline of the subject be-
fore starting to write. This will save
precious minutes and minimize the
time spent rewriting. Every technical
author must be as brief as possible
without sacrificing clarity of the sub-
ject, and consideration must be taken
to insure that the reader is not going
to be insulted through various defini-
tions which would be expected to be
known. Care and good judgment
must be taken when mathematical
formulas and technical terms are in-
volved, especialy to the non-technical
reader.

Experience is the best method of
attaining good writing methods. There
are generaly technical publications
on every campus which the under-
graduate engineer will find to be
most helpful in preparing himsalf,
for technical writing and publications
procedures. Any creative writing will
be to the writers advantage and is
an aid in gaining experience. Many
engineering societies sponsor annual

(Continued on Page 53)
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Digits

Ar

e Your
Tools

by Robert W. Slade, E.E., '59

In the first of three parts, the author presents the background and

the significance of the

Pat 1: A Matter of Digits
What is the 16th power of 8?

In the year 1812 Zerah Colburn,
a boy of 8 years and the son of a
Vemont tanner, worked out the QOr-
red answer in only a few seconds be-
fore an amazed London audience.
Amazed response to such a feat is
of course, no surprise to any of us.
So rare is such a taent that were a

numbers evolution.

Zerah Colburn to appear on our tele-
vison sets today, few of us would
turn him off.

Yet countless problems of even
greater difficulty are solved daily al
over the world by persons who have
no more and perhaps less mathemati-
cal ability than you and I. The equal-
izer between them and the incredible
Vermont farm boy is nothing more

As opposed to the ten digits of the decimal or denary scale, binary notation

emplovs onlv two, 1 and 0

Translation from one system to the other is a

relatively simple matter, A study of the table below reveals an interesting
correlation between the two scales. In the binary system the number 2 ap-
pears as 1-0, just as does 10 in the denary system. Going further, 2 squared,

or 4,

appears as 1-0-0, and 2 cubed, or 8, as 1-0-0-0,

A general statement of

this characteristic says that in a scale based on any integer the respective powers

of that integer will be expressed as 1-0,

Binary Denary

1-0-0, 1-0-0-0, and so on, Thus if we

Binary Denary Binary Denary
0 0 1011 11 10110 22
1 1 1100 12 10111 23
10 2 1101 13 1 1000 24
11 3 1110 14 11001 25
100 4 1111 15 11010 26
101 5 10000 16 11011 27
110 6 10001 17 11100 28
111 7 10010 18 11101 29
1000 8 10011 19 11110 30
1001 9 10100 20 11111 31
1010 10 10101 21 100000 32
see the number 100,000 in a binary notation we recognize it immediatelv as
2 to the fifth power, or 32, in the de nary scale. By way of example, the denary

number 1254 can be translated into its
by breaking it down into powers of 2, ¢
then adding them up

1024 210
128 27
G4 2
32 5
4 5-
] 3

1254 (denary

24

binary equivalent, 10, 011, 100, 110,

xpressing these powers in binary form,

10,000.000.000

LO,000.000

1.000,000

100,000

100)

10
10,011,100,110 ( binary)

than a machine capable of extremely
rapid counting: a common desk cal-
culator.

Counting was man's fir¢ form of
computation, and his first calculator
came ready-made; it was his fingers.
Even today the word "digit" can
mean either a finger or an integer
from 0 to 9, and our system of tens,
or denary system, is directly related
to our number of fingers.

An interesting side light to this
evolution of numbers is found in
several primitive Brazilian Indian
tribes. These people, rather than
count on separate fingers, make their
tallies on their finger joints. As a re-
sult, they have developed a system
of threes, or ternary system, for
counting.

It is only by a whim of nature,
then, and a prehistoric penchant for
counting on our fingers that we have
our scale of tens, a notation which
is by no means the easiest or best,
but one which, because of its amost
universal use, is probably impossible
to change.

With the beginnings of civiliza-
tion finger counting soon became in-
adequate and substitutes appeared in
the manipulation of sticks, pebbles,
and piles of sand. These devices
eventually evolved into the abacus,
a counter developed over 3000 years
ago and still widely used today.?

1. 8i«=281,474,976,710,656

2. The abacus is dso caled the soro-
ban (Japanese), the suan pan
(Chinese), the’ sSchoty (Russian)
and the coulba (Turklsgt). All or
these may take somewhat different
forms from one another, but they
are operated in the same way.

Spartan Engineer
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I'he slide rule above multiplies 2 x 4 for the answer 8. Vertical lines on both scales represent the logarithmie
values of numbers but are marked by the numbers themselves. In this way transition of a number to or from its

logarithm is done without notation of the logarithm itself.

In fact, contests between an abacus
and a modern adding machine, both
in the hands of a skilled operator,
are amost always won by the abacus.

The abacus remained the only im-
portant mechanical aid to computa-
tion until the middle of the 17th
century. In 1642 the great French
mathematician, Blaise Pascal, though
not yet 20, invented the first modern
adding machine. This device con-
sisted of numbered wheels and gears
not unlike those found in today's
machines. Its most distinctive feature
was that it automatically carried tens
to the next highest decimal place.
Less than 30 years later the German
mathematician and philosopher, Gott-
fried Wilhelm von Leibniz, invented
a more versatile machine capable of
multiplication and division through
rapid addition and subtraction.

The inventions of both Pascal and
Leibniz were limited, not only by
the crude machine tooling of their
day, but by the fact that both ma-
chines were hand-powered. Today,
however, the same principles em-
bodied in these early computers are
used in the skilled construction of our
modern, electrically-driven adding ma-
chines and desk calculators.

Limitations imposed by relatively
crude tooling were felt even more
strongly in 1812, when Charles Bab-
bage conceived his "analytica en-
gine." Though financed by the British
government far beyond the cost or-
iginally expected, Babbage's machine
was never completed. Even with
greater financial support, it probably
never could have been, for, although
Babbage's planning and design were
sound, the tools of his day apparently
were not.

In spite of its falure in construc-
tion, the analytic engine itsdf was
no folly. Had it been completed, it
would have been the first digital com-
puter, or, as better known in popular
lore, the firs "mechanical brain."

The basic principle behind all such
"brains® from Babbage's engine to
the massive digital computers of to-
day lies in each machine's "memory."
Each such computer has storage de-
vices, either electronic or mechanical,
which contain information upon which
it can draw in the solution of a prob-
lem. They are also capable of storing
temporarily the answers to interim
calculations in the process of the
solution, and using them when needed
later. Because of this capacity the

computer can be given complete in-
structions for the solution of a com-
plex problem before hand, and the
operator need do no more before
receiving his answer. This procedure
is called "programming.”

An analogy to this kind of prob-
lem-solving might be found in a
mother's shopping instructions to her
son.

"When you get to the store,” she
might say, "price the apples. If they're
ten cents a pound or less, get a dozen,
but if they're more, only get eight.
If they haven't got them al out yet,
do the rest of the shopping first, then
come back later for a better choice."

With these instructions the boy's
mother has finished her part in the
problem of the apples. The boy has
been "programmed,” and, like a com-
puter, is equipped to solve the prob-
lem on his own. Of course, should
the boy deviate in any way from his
specific instruction, for instance, buy
peaches instead of apples, or go to
another store, the analogy would no
longer hold. Machines capable ot
original thought «ill only exist in
theory.

(Continued on Page 55)
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The abacus pictured above shows the number 21349501
a4 successive decimal order. That is, the right hand :
and so on. The one head on top of each column represents

répresent one unit in the order.

No vember, 1958

A Japanese Soroban

Each column of beads from right to left represents
and column is units, the next column tens, the next hundreds,
five units in its order, while the five beads below each
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In a speech to the MSU engineer-
ing aumni, Chrysler Vice-President
James Zeder, said that missile de-
velopment is providing a strong stim-
ulus to engineering creativeness and
accomplishment.

"l am convinced that scientific and
engineering brainpower will be the
force that propels us into a brighter
future. In the long run, the great
thrust of technical creativity will be
far more exciting and far more sg-
nificant than the thrust which takes
a missile of the launching pad."

The facilities of a mgor television
network have been turned into a
three million square mile classroom
for a full credit college course in
atomic age physics.

The course is being offered for
credit by more than 300 colleges and
universities and will cover two semes-
ters of physics review—from a dis-
cussion of experimenta method to a
lecture on inertial guidance systems.

It is the first time in the history
of television that a full year course
in any field of education has been
offered to the general public on a
nation-wide basis.

Conducted by Dr. Harvey E.
White, Professor of Physics a the
University of Cdlifornia a Berkeley
and consultant to the Atomic Energy
Commission, the course started Octo-
ber 6 and will run through June 5,
1959. Occasiondly during the class
year guest experts, drawn from the
ranks of the nation's leading physi-
cists, will conduct specia lectures.
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CONGRATULATIONS - Robert
Joseph Warrick, 302 Fulton St.,
Homer, Michigan, has been named
as one of eight 1958 recipients of
Wheelabrator Corporation Fellow-
ships by the Foundry Educational
Foundation.

Warrick, a 1958 graduate of Michi-
gan State University will continue his
studies here in the field of metallurgi-
cal engineering. As an undergraduate,
he was awarded five scholarships.

The fellowships are valued at
$1,500 each. During the ten-year pe-
riod of the program, fifty awards will
be made.

B. C. Ringo of the Civil Engineer-
ing Dept. is studying for his doctorate
at the University of Michigan.

J. Hemmye, Mechanical Engineer-
ing, left for Saigon this month to
spend two years with the MSU dele-
gation working on the Viet Nam
Project.

W. P. Smith, Mechanical Engineer-
ing, is studying for his doctorate at
the Case School of Applied Science.

Engineering alumni were welcome
guests at the Engineer's editoria of-
fice last month. We hope to see more
of "ye grads' when you are on the
campus.

The new facilities of the Place-
ment Center are the finest in the
country according to interviewing
employers. Eight hundred different
companies will set up 1,600 inter-

viewing schedules. Fifty to 60 per-
cent of the senior class is expected
to take advantage of the Placement
Center services. Between 7,500 and
8,000 interviews will take place this
year. The overal demand for col-
lege seniors is much higher than a
year ago. Salaries paid to engineers
and scientific persons will be higher
than a year ago.

In spite of talk of recession, de-
pression, and layoffs, there has been
no material change in industry's de-
mand for qualified engineers holding
a bachelor's degree.

Companies are becoming more and
more selective. They want engineers
who suit their needs—whether or not
the graduates are draft-exempt or in
the top quarter of their class.

College recruiting still remains the
most effective way for American in-
dustry to secure much-needed engi-
neering personnel.

The loss of engineering talent at
the senior level in college has reached
serious proportion according to Pres-
ident John T. Rettaliata of Illinois
Institute of Technology.

He expressed alarm over the fact
that in 1957 on a national basis less
than 85 per cent of senior engineer-
ing students received degrees. "This
is a loss the nation can ill afford, par-
ticularly in engineering and science,"
Rettaliata said, "for our very survival
in future years will depend upon our
scientific and technological com-
petence.”

Engineering student apathy for
campus activities has been charged
by many on the campus. However,
let's list a few "active" engineers. Our
list is not exhausted here.

John Drabelle, E.E., '59

V-Pres., AIEE

Pres., Knights of St. Patrick
Pres., Engineering Council
Pledge, Eta Kappa Nu
Pledge, Sigma Phi Delta
Asst. Editor, Spartan Engineer

Fran Weihl, E.E., '59

Business Manager, Spartan
Engineer

Pledge, Eta Kappa Nu

Secretary, Engineering Council

V-Pres.,'Knights of St. Patrick

Pledge, Theta Sigma Phi

Lowell Brigham, E.E., '59
Tau Beta Pi
Eta Kappa Nu
V-Pres., Student Govt.
Phi Kappa Phi

Let's hear
"actives."

from more of you

Spartan Engineer
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Courtesy Wonder Bldg, Corp.

The *“moon building” will be a permanent structure to house living quarters for moon explorers, laboratories for

scientific research, maintenance shops for space vehicles and stations for earth-moon communications. Plastic bubble
observatory in foreground is protected by sliding metal doors from intense ultra-violet radiation. Upper section over
structure is a protective meteoric shield, designed to ward off gnatlike rain of interplanetary meteoric dust which de-
scends with great velocity on the barren surface of the moon.

"At Home On
The Moon"

A truss-less building has been designed to house visitors to the

moon.

PLANS ae being made for a
permanent "moon building" to house
living quarters for moon explorers,
laboratories  for  scientific  research,
maintenance shops for space vehicles
and stations for earth-moon com-
munications.

_A detailed 5 by 6 foot scale model
of the structure-a cigar shaped cor-
rugated metal cylinder covered by a
Protective metal "meteoric shield"-
was recently unveiled to military and
federal government officids at a pre-
sentation in Washington, D.C.

November, 1958

Because of the present lack of
knowledge and great divergence of
opinion concerning the moon's sur-
face, the moon building has been
designed for the worst condition an-
ticipated—a sea of dust upon which
the building would float, anchored by
heavy weights suspended by cables
from the body of the structure. If
the moon's surface proves to be auf-
ficiently solid, it could then provide
normal support for the building.

In actual size, the moon building
would be 340 feet long, 160 feet wide

and 65 feet high. Including air lock
and plastic observation bubble, it
would measure 520 feet in length.
The building would be fabricated of
aluminum alloys which combine high
strength and low weight with ease
of fabrication. Aluminum aso pro-
vides a good reflecting surface which
aids cooling problems.

Above and separated from the roof
of the building is a dightly curved
umbrella-shaped protective meteoric
shield, designed to ward of the gnat-

(Continued on Page 56)
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Finagle's Laws. . ...

Ever since the firg scientific experiment, men have been plagued
by the unceasing antagonism of Nature. Only his patience, adaptability
and Eorebearance have permited the scientist to learn a few minor facts
about the operation of the universe.

We dill do not redly know why this should be so. It's only natural
that Nature should he logical and neat—but it isn't, and the best teacher
of al, Experience, turns out to be just the gradual acceptance of Nature's
pigheadedness.

Over the years a series of laws have evolved. The laws actually
represent a distillation of experience of thousands of experimenters, but

(until Dr. Finagle came aong) they were never recorded for the study |

and edification of younger members of our profession because they had
no derivation—no proof. They are true because they have aways been
true. Look into your own experience and see if this is not so.

We are grateful to John W. Campbell, editor of Astounding Sci-
ence fiction and the IRE Sudent Quarterly, for bringing this work to
our attention, and to the many readers of these magazines who collected
and contributed samples so that others might share in their experience.

ON EXPERIMENTS

The first four laws arc the only ones dignified by number. Note the
beauty and simplicity of the First Law. Also note that the remaining three laws
refer to men's reactions to Nature—not to Nature itself.

First Law: If anything can go wrong with an experiment, it will.
Second Law: No matter what result is anticipated, there is always someone
willing to fake it.

Third Law: No matter what the result, there is always someone eager to
misinterpret it.

Fourth Law: No matter what occurs, there is aways someone who believes
it happened according to his pet theory.
The Law of the Too Solid Goof:

In any collection of data, the figure that is most obviously correct—be-

yond al need of checking—is the mistake.

Corollary —No one whom you ask for help will see it, either.

Corollary [I—Everyone who stops by with unsought advice will see it
immediately.

A further series of rules—or really adviee to experimenters—has been
formulated. They are a natural conseguence of the first four laws reduced to
day-to-day practice.

Experiments must be reproducible—they should al fail in the same way.

First draw your curves—then plot the readings.

Experience is directly proportional to equipment ruined.
A record of data is useful—it indicates you've been working.

To study a subject best, understand it thoroughly before you start.
In case of doubt, make it sound convincing.

Do not believe in miracles—rely on them.
Always leave room to add an explanation when it doesn't work. (This
open door policy is dso known as the Rule of the Way Out.)

HUMAN FOIBLES

The remaining rules outline the human problems that follow from the
above. To some extent they represent man's reaction to Nature and, even more
aptly, man's reaction to man.

Laws of Revison (Often lumped into the Now They Tell Usl Law)
First Law: Information necessitating a change of design will be conveyed to
the designer after-and only after-the plans are complete.

Corollary I-In simple cases, where one obvious right way is opposed to

one obv
ious wrong way, it is often wiser to choose the wrong way

(Continued on Page 42)
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“"Make The
Most OF It"

Ly Harry M. Gag
[}J-"\'ll:ll!' |II'II
Co \(.HN('_:-' . lowa
H;:\t- il business .=.1i:| r|||||r| vour
own business. College is vour main
business
JII “I,!1[l'|"\ U| i -"H'“-\l\lli-- \||i-

chant to His Son” old Gorgon Gra-

ham wrote, “Boy, go after vour job
just like 1T went after vour ma when
I was a-courtin’ her—go early, stay
late, and set close.”

[F e ilil]_ i _‘_:'.HJ\'! student in w»H--u_-
then decide

gO after it

is not vour main ijob,

what your main job is,

and get on it, College life is life. not
just preparation for life. Youw
business does not rule out other busi-

miin

nesses and interests related to college
life and work,

('n”l'_‘_’.l' to give
It is an organized opportunity to get
something, After awhile vou will have
to organize yvour own |ul\|\:n!||;|j1\ and
get along without teachers.

has nothing VOLL

Be ftree. You cannot be free from
debt but vou can be free from debts
or obligations yvou cannot or will not

discharge. Be responsible. The free

man incurs debts 1}1'1'5} on his own
responsibility and pays his debts in
the same wav. This is clear evidence

that one is truly free.

Give all you have to your main
job here and now, not after awhile.
Then vou will get much in return.
Don't be a sponger, a leach, a para
site. Don’t try to get something for
nothing.

K:'l]: your record \'Il'.ll. It is
file permanently and available for in-

spection in registrar’s, treasurer’s and

personmel offices. Mavbe in futur
vears vour record in the treasurer’s
office will be as important as vour
].""“]{l l']\t'\\|'1'|l_

Considering the cost of vour edu
cation, including monev cost to the
college l'l"‘ the monev value of vour
time, how much in dollars and cents
does loafing cost vou each dav? Each
'-1'.-.1.2’

ll.:|i\\._|)\. tactories, and businesses

run on schedule. What is vour pro

schedule?

|]|il".lll|l

Learn to live 24 hours a dav. Time

is the stuff of which life is made.

Continued on Page 57
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Power

On The

Moon

(Courtesy 0f Westinghouse)

To be self-sufficient on the moon, a lunar base must provide

ample electric power.

-

ELEMENTS of an electric power
dation designed for use on the moon
have been demonstrated recently by
scientists of the newly-formed Astro-
nautics Institute.

A working model of the moon
power station was operated to show-
how the revolutionary generating unit
would be powered by light from the
sun. A modified vacuum tube, con-
taining the same elements that would
be used in a full scale station on the
moon, absorbed a beam of light from
a nearby sun lamp generating enough
power to drive a small motor.

Guiding the space technology work
is the newly formed Astronautics In-
stitute, headed by Dr. Peter Castrue-
cio.

Magor Genera Albert Boyd (USAF,
Ret.), vice-president of Westinghouse
and general manager of its defense
products divisions, sad the lunar elec-
tric power plant is just one of severd
space projects for which scientists
have developed plans. He said work
aso is being done in the fidds of
space propulsion, communications,
and guidance.

BASIC REQUIREMENTS FOR SELF-
SUPPORTING STRATEGIC LUNAR BASE
* OXYGEN*STRUCTURAL METALS OR CONCRETE ® WATER
* FOOD *ELECTRIC POWER®OTHER BASIC RAW MATERIALS
* ADEQUATE GAPITAL EQUIPMENT # U235 ¢ ROCKET FUEL

-AC0% + HE TR v
O3 +HEAT=+C00+C+[05]
=

ES+HEAT=RADICAL+ [Fio]

0 == [HaD)

November, 1958

Boyd said the importance of the
lunar electric power plant project is
dictated by the fact that a United
States space base on the moon must,
firg of al, be sdf-sufficient.

"Electric power is a must for sf-
aufficency on the moon," he stated,
"and to subsequent technological ex-
ploitation of not only the moon itself
but later to its use as a jumping-off
point for exploration of our solar
system.”

Top-level Westinghouse scientists
and consultants from divisions
throughout the company make up the
Astronautics Institute. The group is
located in Batimore, but members
have access to all corporate activities
touching on the space effort, and can
draw on the talents of main special-
ists.

Scientists at the applied research
laboratory of the electronic tube di-
vidon were responsible for the suc-
cessful work in the theory, design
and congtruction of the operating
model of the moon station.

While demonstrating the model,
Dr. Castruccio, an authority in space
guidance and communications prob-
lems, explained the construction and
operation of the moon power station.
First, he pointed out that the sun at
zenith pours upon the lunar surface
something like 6000 kw of power
per acre, and that the proposed lunar
power station would use this light or
radiant energy to generate electrical
power.

Basc components of the actua
power station consist only of wire
mesh and a chemically coated plastic.
Giant sheets of a thin plastic material

(Continued on Page 59)
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Engineer's
Girl For
November

CLAUDIA JEAN LEMKE
Home town: Cedar River, Mich.
Age: 20
Sorority: Delta Delta Delta
Specs: 5' 2"

Green eyes

Brown hair
34-23-34

Major: Radio & Television

Campus Activities: Union Board Chorus Line
MSU Rifle Club

Hobbies:. Dancing
Sketching
Sports
Hunting

Status: Single

(Photos i'.l!f Al Hu;ﬁ:




M.E. Labs Use
Miniature Equipment

]. H. Price

H'i'lf'fmm'{'rnl f'_'n-'_:fum‘:'."nu .‘.’e'lrJrH'fHu'Jr.f
Michigan State University

Hemmye and L. C

Although the equipment is scaled down with accompanying ef-

ficiency loss, the same physical laws apply.

INCREASED enrdlment in engi-
neering colleges across the country
has forced administrators to search tor
means of providing adequate ingtruc-
tional facilities within the present
physical plant. This pressure has been
fdt keenly in the mechanica labora-
tory where groups oi students were
expected to peform experiments on
mechanical equipment, It became
necessary ether to increase the size
of the testing groups or to duplicate
equipment. Large groups would mean
that only a lew students would be
able tO participate in the experiment
while the rest observed and copied
data. The only feasible solution to
this dilemma was to provide more
equipment  without increasing the
Boor space required—in other words
to miniaturize.

The trend to smaller equipment has
emphasized once more the necessity
of selecting and sticking to a philoso-
phy of lab ingruction—equipment
versus fundamentals. In the past when
tests were made on a large machine,
lack of flexibility led naturally to em-
phasis on the specia features of that
machine, rather than to the presenta-
tion of fundamena physica laws. For
instance, the student became familiar
with the operation of one type of
turbine governor, but was poorly in-
formed on the thermodynamic phen-
omena which are common to al tur-
bines.

Other advantages are to be found
in smal laboratory test set-ups. Cost
is an important factor in the selec-
tion of educational laboratory equip-
ment. In most cases the use of small
units will permit the construction of
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two, three, or more units for less than
it would cost for one large one. There
is another aspect to the matter of
cost. The most expensive part of a
large installation usually lies in the
origind equipment and its erection;
not much is left for instrumentation.
This situation is usually reversed in
going from large to small equipment.
Fractional horsepower motors, small
blowers, pumps, compressors, and tur-
bines, etc., are relatively inexpensive.
Installation costs aso are greatly re-
duced. Instrumentation then becomes
a sizeable percentage of the tota
cost and therefore received the care-
ful evaluation it deserves.

Space, or rather the lack of space
has led to this discussion. It is evident
that a number of 10 gallon-per-min-
ute centrifugal pump sets could be
installed in the space required for
one 500 gallon-per-minute system.
This economy of space can be further
exploited by taking advantage of
small and light components to build
portable units which when not in
use may be stored in areas not suit-
able for instructional purposes. The
ultimate may be a series of units
mounted on pallets so that they may
be stacked on top of each other and
conveniently stored out of the way
until needed.

The efficiencies determined from
miniaturized equipment are generally
lower than those obtained from large
scale equipment, but the same physi-
cal laws apply. Small installations also
tend to be more flexible than are
their large scale counterparts. For
example, one feds definitely ill at
ease running excessive back pressure

on a 250 psi, 150 horsepower turbine,
while this sort of test can be run
easily and safely on a 90 psi, 25
horsepower turbine. In essence then,
one has a great deal more freedom
to do more worthwhile things with
small pieces of test equipment.

In the M. E. laboratory at Michi-
gan State several pieces of equip-
ment have been assembled lately
which might be regarded as examples
of miniaturization. The principal ones
thus far are two blowers, a cen-
trifugal pump, and two diesel en-
gines. Brief descriptions follow:

(1) Low speed, low pressure blower.
This blower has a ten-inch discharge
pipe, a nine-inch wheel, and a three-
quarter horsepower motor direct con-
nected. The motor is driven through
a variator which alows a wide varia-
tion in speed. The torque is measured
by a spring coupling having a scale
on its periphery which can be read
by means of a stroboscopic light. The
whole setup is mounted on casters
and is complete with monometers,
transducer, and electronic speed meas-
uring equipment.

(2 High speed high pressure
blower. This equipment was gotten
together when we had to duplicate
the blower setup. It was designed to
be able to perform the same kind
of experiments as with blower num-
ber one, but with the idea of pro-
viding a variety of equipment. The
blower has a six-inch discharge pipe,
a ten and a half inch wheel and is
driven by a three horsepower motor
which runs at constant speed. Varia

(Continued on Page 62)
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As an aid to students, THE SPARTAN ENGINEER presents:

FUDGE FACTORS

A Complete conversion table for your notebook

THESE EIGHT PAGES MAY BE REMOVED AS A
BOOKLET AND KEPT FOR READY REFERENCE.
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MULTIPLY

Abamperes ..
Abamperes
abamperes per sq. em.
abampere-turng ... .ceeccaea
abampere-turng ... .cceacen
nbampere-turng per em, ...
abeoulombs oo
abeoulombs ...
abeoulombs per ng. em,
abfurads
abfarnds .
abfarads ..
abhenries

abhenries

abhenrien wa
abmhos per om. cube .
abmhos per em, cube ...
abohma
abohms .
abohma .
abahma -
abohma per em, cube ...
abohms per em. cube ...

nere-feet
nere-feet ..
amperes .
AMPETeS e cnnnnnn
amperes per sg. cm, ke
amperes per aq inch ..
amperes per sq inch
Aamperes per ag inch
ampere-turna
ampere-turng

ampere-turns per ineh ..
ampere-turns per ineh ..
areas
ArERS ...

atmospheres
ant

res

atmospheres
at

r

nt
h
at res

Bars
Bars
Bars
Bars
Bars

British thermal units .
British thermal units _
British thermal units
British thermal units
British thermal units __
British thermal units _
B.tu.
B.tu,
B.tu,
B.tu.

per min. . ____ iy

B.t.u. per sq. ft. per min __

Centares oo Ll
centigrams ___
eentiliters

centimeters _
£l
centimeter-dynes
centimeter-dynes __
centimeter-dynes ________.._
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Fudge Factors

BY

10
ax1010
64.52
10
12.87
25.40
10
Axloro
64.52
10

ote
Ox10%@
10-#

-8
1/0x10-50
1.662x10%

102

-»
1/9x10-20
100
6.016x10+2
1/3x10-10
10-#

1.562x10-2
664508
4540
44,560
3.250x108
1/10
dxl100

6.452

0,1550
4.650x10%
1/10
1.257
2.540
0.03947
0.3987
0.4950
0.02471
100
76.0
20.92
13.90
10,333
14.70
1.068

9.8 TD‘x 10-7

0.01020
2.080x10-3
1.450x10-5

144 sq. in.x1 in,

Ti7.6
3.927x10~4
10564
107.5
2.928x10-4
12.98
0.02356
0.01757
17.57
0.1220
1.244
2150
0.03524
4

64
a2

1.020x10-3
1.020x10-#
7.376x10-8

TO OBTAIN

amperes.
statamperens.

amperes per sq. inch.

nmpere-turns
rilberts

ampere-turns per inch

eoulombs.
stateoulombs

coulombs per sq. inch.

farads
mierofarads.
statfarads,

henries
millihenries,
stathenries

mhos per mil foot,
megmhos per em. cube.
megohms
microhoma,

ahms,

statohms,

mierohms per em, eube.
uhms per mil foot,
statvolts,

volts.

square feet,

sguare meters,
sguare miles, =
HOUATE VATAS,
sguare yards,
cuhie-feet,

gallons,

abamperes,
statamperes.

amperes per s5q. inch.
abamperes per sq. em.
AMperss per sq. em.
statamperes per sq, cm
abampere-turns,
gilberts.

ampere-turns per in.

abampere-turns per em.
nmpere-turns per cm.
gilberts per em,
neres,

square meters.

ems. of mercury.
inches of mercury.
feet of water,

kgs. per sq. meter.
pounds per sq. inch,
tons per sq. foot,

atmospheres,

dynes per sq. em.
kgs. per square meter
pounds per sq, foot,
pounds per sq. inch.
cubic inches,

kilogram-calories.
foot-pounds,
horse-power-hours,
joules,
kilogram-meters,
kilowatt-hours,
foot-pounds per sec,
horse-power,
kilowatts,

watts,

watts per square inch.
cubic feet.

cubie inches,

cubie meters,

pecks.

pints (dry).

quarts (dry)

square meters,
grams,

liters,

inches.

meters.

mils.

millimeters,
centimeter-grams,
meter-kilograms,

pound-feet,

MULTIPLY

centimeter-grams
centimeter-grams -
centimeter-grams
eentimeters of mercury
ecentimeters of mercury
centimeters of mercury
centimeters of mercury
centimeters of mercury
centimeters per
centimeters per
centimeters per
centimiters per
centimeters per
centimeters per
cms, per sec, per sec. —.
Cms. per Ecc. per sec. ..
C€ms. Per Hec. per 5ec. .-
circular. mils
cireular mils _
circular mils _
cord-Teet ..
cords ___
coulombs
coulombs ... -
coulombs per sq. inc
coulombs per sq inch
eoulombs per sq. inch -
cubie centimeters ____
cuble centimeters
cubie centimeters
cubic centimeters
cubie ecentimeters
cubic eentimeters
cubie centimeters
cubic centimeters
cubic feet ______
cubic feet _
cubic feet
cubic feet _
cubie feet .
cubic feet _
cubic feet _
cubic feet
cubie feet per
cubic feet per minute __
cubic feet per minute __
cubic feet per minute
cubie inches _.__.__
cuble inches
cubic inches
cubie inches
cubic inches
cubie inches
eubic inches
cubie inches
cubic meters
cubie meters
cubic meters
cubie raeters
cubic meters
cubie meters
cubie meters
cubie meters,
cubic yards -
ecubie yards -
cubic yards _
cubie yards _

eubie yards
ecubie yards
cubie yards
cubie yards ________ ___
cubie yards per minute
cubie yards per minute

per second _
dekagrams
dekaliters

0.4461
136.0
27.85
0.1934
1.969
0.03281
0.036
0.6
0.02237
3.728x10-4
0.03281
0.036
0.02237
5.067x10-%
TAB4x10-7
0.7854

4 ftxd ft.x1 ft,
B ft.x4 ft.x4 ft.

1/10
ax10%

0.1550
4.650x10%
3.531x10-"
6.102x10-%
10-¢
1.308x10-9

2.113x10-2
1.067x10-2
2.832x104

1.639x10-
2.143x10-%
4.329x10-3
L630x10-2
0.03463
0.01732
107
35.31
61,023
1.308

0.0625
1.020x10-%
7.233x10-8

TO OBTAIN

centimeter-dynes.
meter-kilograms,
pound-feet.
atmospheres,

feet of water.

kgs, per square meter.
pounds per sq. foot.
pounds per sq. inch.
feet per minute.
feet per second.
kilometers per_hour.
meters per minute.
miles per hour.
miles per minute.
feet per sec. per sec.
kms. per hour per sec
miles per hour per sec
square centimeters.
square inches.
square mils.

cubic feet.

cubie feet.
abeoulombs.
statcoulombs.
abeoulombs per sq. em
coulombs per sq. em.
stateouls. per sq. em.
cubic feet.

cubie inches,

cubic meters,

cubic yards.

gallons,

liters.

pints  (liq.).

quarts  (lig.).

cubic ems.

cubie inches,

oubic meters.

cubie yards.

gallons.

liters,

pints (lig.).

quarts  (lig.).

cubic ems. per sec,
gallons per sec.
liters per second

Ibs, of water per min.
cubic centimeters.
cubic feet.

cubic meters.

cubic yards.

gallons.

liters.

pints  (lig.).

quarts (lig.).

cubic centimeters
cubic feet.

cubic inches.

cubic yards.

gallons.

liters.

pints (liqu-

quarts (hg.).
cubie centimeters.
cubic feet.

cubie inches.

cubiec meters.
gallons.

liters,

pints (lig.).

quarts (lig.).

cubic feet per second.
gallons per second.
liters per second.

hours.

minutes,

seconds,

grams.

liters.

meters.

minutes.

radians,

seconds,

radians per second.
revolutions per min.
revolutions per sec.
grams,

liters.

meters.

f":f: }Prmeﬁ]-

ma German),
pounds sterling (Brit.)
lhil?inn. (British)
grams,

ounces.

grams.
poundals.
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BY
2.2481110"

9.486x10-11

E
7.376x10-8
1.u¢ao:;u-=

10
2,390x10-112
1.020x10-8
5.692x10-*
4.426x10-0
T.876x10-#
1.341x10-10
1.434x10-*
10-10

10-®
10°
9x10-11

1.356x107
5.050x10-7

1.286x10-3

0.01667
o-5

A17x10-2
118x10-3

3.785x10-%
4.951x10-3
786

4
2.228x10-3

0.07093
2.206x10-2
3.968x10-3
9.302x10-%

980.7
7.233x10-%

TO OBTAIN
pounds,
bars

British thermal units.
dyne-centimeters.
foot-pounds.
gram-centimeters.
joules.
kilogram-calories.
kilogram-meters.

B.t. units per minute.
foot-pounds per min.
foot-pounds per sec.
horse-power.
kg.-calories per min.
kilowatts.

abfarads.
microfarads.
statfarads.

feet.

centimeters.

inches.

meters,

Varas.

yards.

atmospheres.

inches of mercury.
kgs. per square meter,
poun per sq. ft.
pounds per sq. inch.
centimeters per sec.
feet per sec.
kilometers per hour.
meters per minute,
miles per hour.
centimeters per see.
kilometers per hour.

knots per hour.
meters per minute.
miles per hour.

miles per minute.

per cent grade.

cms. per sec. per sec.
kms. per hr. per sec.
meters per sec, per sec.
miles per hr. per sec.
British thermal units,

ergs.
horse-power-hours.

Jjoules.
Horam et
m-me

kilowatt-hours.
B.t. units per minute.
foot-pounds per see.
horse-power,
kg.~calories per minute.
kilowatts. g
B.t. units per minute.

rse-power.,
kg.-calories per min.
kilowatts.
dollars (U.8.).
marks (German).
pounds sterling (Brit.).

cubie centimeters.
cubie feet.

cubie inches.
cubie meters.
cubic yards.

liters.

pints (lig.).
quarts (lig.). "
cubic feet per

MULTIPLY

hemispheres (sol. angle) ___
hemispheres (sol. angle) ...
hemispheres (sol. angle) ___

horse-power __
horse-power ____ EAi=
horse-power __
horse-power .. AP
harse-power __
NOTBE-DOWEr e
horse-| r (boiler) ———____
horse-power (boiler) —._____
horse-power-hours
horse-power-hours
horse-power-hours
horse-power-hours
P ours

kilogram-calories

kilogram-calories —————o—-oo

kg.-calories per min. .-

kg.-calories per min. _.

kg.-calories per min. .

kgs.-cms. squared
5, ~CINS.

liters per second.
lines per square inch.
abampere-turns.
ampere-furns. .
ampere-turns per inch.
liters.

pints (lig.).

grains (av.).
pennyweights (troy).
dymnes.

grains (troy).
kilograms.
milligrams.

ounces.

ounces (troy).
poundals.

pounds.
British thermal units.
British thermal units.

ergs.
foot-pounds.

ki
ki
ki
kil

5E

§agees

per meter
per squate meter _
per square meter -

3

g5
1
g
F
:

8
%
é
%
|
1

:
|
|
|

i

L

BY

9.807x10-5
2.044x EO -8

0.03613
3.405x10-7

2.471
1.076x10%
100

2
1.98x10°%
2.684x109
641.7
2.737x10%
0.7457

9.486x10-¢
107

0.7376
2.390x10-4
0.1020
2.778x104

980,665
10
70.93
2.2046
1.102x10-2
3.068
3086
1,568x10-8
4183

426.6
1.162x10-2
A3

9.807
2.344x10-3
2.724x10-0

10-2
0.06243
3.613x10-3
8.405x10-19

0.6720
9,678x10-%

98.07
3.281x10-2

TO OBTAIN

joules,

ilogram-ealories,
kilogram-metors,
pounds per inch,
pounds per cubic foot.
pounds per eubic inch.
pounds per mil-foot.

acres,
square feet,

sphere,

spherical right angles.
sterndinns,

abhenries,
millihenries,
stathenries.
B.t. , units per min.
foot-pounds per min,
oot-pounds per see,
horse-power (metric)
kg.-calories per min.
kilowatts,

watts,

B.t.u. per hour.
kilowatts.

British thermal unita,
foot-pounds.

Joules,
kilogram-calories.
kilogram-meters.
kilowatt-hours.
minutes,

seconds.

centimeters.

mils,

varas.

atmospheres.

feet of water.

kgs. per square meter,
pounds per square ft.
pounds per square in,
atmospheres.

inches of mercury.
kgs. per square meter,
ounces per square in.
pounds per square ft.
pounds per aquare in,

British thermal units.

ergs.
foot-pounds.
kilogram-calories.
kilogram-meters
watt-hours.

dynes.
grams,
mun::ls.
unds.
g:ng (short).
British thermal units.
foot-pounds,
horse-power-hours.
joules,
kilogram meters.
kilowatt-hours.
foot-pounds per seec.
horse-power.
kilowatts.
pounds-feet squared.
unds-inches
tish thermal units.

ergs,
!'ootppound!.

joules.
kilogram-ealories,
kilowatt-hours.

grams per cubic em.
pounds per cubie foot.
pounds per cubie inch.
pounds per mil. foot.
pounds per foot.
atmospheres.

bars.

feet of water.

inches of mercury.

pounds per square ft.
unds per square in.
gs. peér square meter.

maxwells.

v - ST

centimeters,

feet.

meters,

(Continued on Page 38)
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ISOLATION—Ten square miles comprise the site of
Pratt & Whitney Aircraft's new Florida Research and

Development Center. Experimental shops and offices
covering some 17 acres are in the foreground, while the
tests areas, barely visble in upper I€ft, lie four miles in
the background.

LOCATION—The new Center is located at United,
Flonda, midway between West Palm Beach and Lake
Okeechobeg, in the upper Everglades area. It is dmost
surrounded by a wildlife sanctuary. Most employees live
m the cities and towns along the east coast of Florida,
driving to the Center on excellent new highways.

Future aircraft and missiles may require propulsion
sydems far different from those in wide use today
— different in size, power output, appearance, and
perhaps even in the basic method of utilizing energy.

To probe the propulsion future . . . and to build
ad test greatly advanced propulsion systems for
coming generations of flight vehicles, Pratt &

Whitney Aircraft is now operating its new Florida

Rexzarch and Development Center. This facility
supplements Pratt & Whitney's main research and
deveopment installations in Connecticuit.

. _ The new Florida Center, financed and built by

Pratt & Whitney Aircraft, is unique in Americas
4" industry. Here a completely air-conditioned
plant with 17 acres under roof is specialy designed
evelopment of new power

Another Unmatched Engineering Facility to
Advance Propulsion Systems of the Future

plants of virtually any type. Testing is handled in
specid isolated areas;, the nearest is four miles
from the plant and many miles from any inhabited
area. The new Center can be greatly expanded on
its 10-square-mile site. Continued isolation is in-
sured by a vast wildife sanctuary in which the
Center is located.

Of the many people employed at the Center to-
day, about hdf are scientists, engineers and highly
trained technicians. By late next year, the total
number is expected to be almost doubled.

The new Florida Research and Development
Center is one more reason why Pratt & Whitney
Aircraft is able to continue producing the world's
best aircraft propulson systems ... in whatever
form they take.

For further information regarding an engineering career at
Pratt & Whitney Aircraft, contact your college placement officer.

PRATT & WHITNEY AIRCRAFT

Division of United Aircraft Corporation

CONNECTICUT OPERATIONS — East Hartford

FLORIDA RESEARCH AND DEVELOPMENT CENTER — United, Florida



FUDGE FACTORS

(Continued from Page 35)

MULTIPLY
flometary s =
1 M
per hour ————-—--
k ters per hour - .e.---
! per hour —.---
per hour —ceeeeeo

per hour
knots per hour weoeeeoeeoan
knota per hour __
knots per hour — e

Lines per square em. ......
ines per square inch ..

logvo Nor g N cceoemeeee
lumens per sq. fi.

Marks (German) - il
Marks (German) weeeeeeeo
Marks ( ) (IR
nuxn:flll e e i e

megmhos per em. cube ___.
megmhos per em. cube ____

megm| per ¢m, cu
megmhos per inch cube —___

WelerS e

microfarads . _____
microfarads ____________

mieroliters . ________ .
microhms

cube ____

microhms per cm. cube ____

10-3
1.308x10-3
0.2642

5.855x10-4
4.403x10-2
2.308

0.4343

3.8
2,337
6.015x10-2
6.015
16.28
10-18
10-#
9x10%
10-8
10-0
108
1“—1'
10-0
1/9x10-37
(1L

1
0.3837

TO OBTAIN

miles.
yards.
centimeters per sec.
feet per minute.
feet per second.
knots per hour.
meters per minute.
miles per hour.
cms. per sec. per sec.
ft. per sec. per sec.
meters per sec. per gec,
miles per hr. per sec.
5 per r.

B.t.u. units per min.

t-pounds per min.
- ds per sec.
horse-power.
kg.-calories per min.
watts,
British thermal units.
foot-pounds.
horse-power-hours.
joules,
kilogram-calories,
kilogram-meters,
feet.
kilometers.
miles.

yards.

centimeters per sec,
eet per sec.
kilometers per hour.
miles per hour.

gausses.

Rausses.

inches.

inches.

cubie ecentimeters.
cubic feet.

cubic inches,

cubic meters.

cubic yards,
gallons

pints (lig.).

quarts (lia.).

cubic feet per second.
wallons per second,
logio N or [y N.
logio N.
foot-candles.

dollars (U.8.).

funz tl"‘::neh}. 5
pounds sterling it.).
"kilolines. ; ?
maxwells.

abmhos per em. cube,
megmhos per in. cube.
mhos mil foot.
megm per em, cube,

ohms,
centimeters,
feet.

inches,

kilometers,
millimeters.

yards.
centimeter-dynes.
centimeter-grams,
pound-feet,

second.
kilometers per hour.
kilometers per min,
miles per rl'n!ur
miles per minute,
feet per sec. per sec.
kms. per hour per see.
miles per hour per sec.
abmhos per em. cube,
mﬂﬂlm per l:;n. mbb'é.
megm| n. eu
abfarads, e
farnds,
statfarads,
grams,
liters.
abohms.
megohms,
ohm.
statohma.
abohms per em. cube.

microhms p, in. cube.

MULTIPLY

microhins per cm. cube ____
microhms per inch cube .-

miles per minute __
miles per minute ______ ——
miles per minute — oo

milli
millihenri
millihenri

miner’s inches . ______
minutes (angle) -
minutes (angle) —eooeeao .
months' _________

montln e e e
months . oo
myriagrams ____________ Sl

myriawatts .o _______ i

ounces (Auid) oo
ounces (fluid) ______ L e
(troy)
(troy)
{tmr)
troy)
ounces per square inch ____

Pennyweights (troy) —....
Pennyweights (troy) —..
Pennyweights (troy) ..
perc MASONTY) oo

pints (Ar¥) e
Dinhl_‘ (lliquidl (E S e T
dals
3.1

pounds-feet EG;;;E-: ------
poum_u-'{n& squared ________

pounds-inches squared ._____
pounds of water .. _._____
pounds of water ___________
pounds of water ___________
pounds of water per min. __
pounds per cubic {00t weue_.
pounds per cubic foot —._
pounds per cubie foot -
pounds per cubie foot
pounds per eubiec inch
pounds

pounds
pounds per
poundas B —

per foot
pounds per inch _._.______

1.5
2.909x10-+
60
30.42
T30
43,600
2.628x10°
10
10
10

6.
B6.767x10-¢
5.466x10-*

27.68
2.768x104
1728
9.425x10-%

TO OBTAIN

ohms per mil foot.
microhoms p. cm, eube,
meters.

centimeters.

feat.

kilometers.

yards.

VAras.

centimeters per sec.
feet per minute,
feet per second.
kilometers per hour,
knots per hour.
meters per minute,
cms. per sec. per sec.
feet per sec. per sec.
kms. per hour per sec.
M. per sec. per sec.
centimeters per sec.
feet per second.
kilometers per min.
knots per minute,
miles per hour.

grams.
abhenries.
henvries.
stathenries.
liters.
centimeters.
inches.

inches.

cubic feet per min.

radians.

;zcomh (angle).
ays.

hours.

minutes.

seconds.

kilograms.

kilometers.

kilowatts.

abohmas.

megchms.

microhms.,

statohms,

abohms per em. cube.
microhms per cm. cube,
microhms per in. cube
drams.

grains,

grams,

pounds.

f'ubic inches.

ters.
grains (troy).

gramas.,
pennd'mfigrl;tn] (troy).
poun ¥)-
pounds per sq. inch.

grains (troy).

cubic inches.
cubie inches.
dynes.

pounds.

dynes.

grains.

ETams.

wﬂﬁ:llk

poundals.

pounds (av.).

centimeter-dynes.

centimeter-grams.

rur-kilugrlnu.
g5.~cms. squared.
unds-ins. squared.

~ems, squared.

pounds-feet squared.

cubic feet.

cubie inches.

gallona,

cubie feet per sec.

grama per cuble em.

kgs. r cubjc meter.

pounds per cublldfiﬂ"h‘

nds per mi

:‘::m p;:r cubie em.

kgs. per cubic w"_

pounds per cubic f

:unmh per mil foot.

Spartan Enginee’



MULTIPLY

pounds per mil foot ...

pounds per square
pounds per square
pounds per square
pounds per square
pounds per square
pounds per square
pounds per square
pounds per square

Quadrants (angle)
Quadrants (angle)
Quadrants (angle)

quarts (dry) _____
quarts (lig.)
quintals ___

foot

inch
inch ____
inch .___
inch ____
inch ____

radians p-er second
radians per second
radians per second

radians per sec. per sec.
radians per sec. per sec,
radians per sec. per sec.

Yeams ______
revolutions _
revolutions
revolutions

revolutions per minute

revolutions per minute _
revolutions per minute _
Tevs. per min. per min.
Tevs. per min, per min.
Tevs. per min. per min

revolutions per seco
revolutions per seco

revolutions per second
Tevs. per sec. per sec.
TEVS. per sec. per sec,
TeVS. per sec. per sec.

rods
Seconds (angle)

spheres (solid angle)
spherical right lnzlee!
spherical right angles
spherical right angles

Square centimeters
Bquare centimeters
Bquare centimeters
Square centimeters

Muare centimeters _

5Q. ems..ems, gqd,

Square feet__
- teet-feet
square inches "~
8quare inches
Uare inches
square inches
Bquare inches _

5. inches-inches sad
Q. inches-inches nd: -
Bquare kilometers _
Square kilometers __
Square kilometers _

Bquare kilomet

Suare llnmer,::-:
EQare metery

3qQuare meters _
Square Meters
Square metors
Suare mijleg
Suare miles
Square mjjeg
:gﬁ:" Miles

re
square miles

Lravde e drdd

nd
nd

BY

2.306x10
0.01602
4.582
6.944x10-3
0.06804
2.307
2.036

0.1047
0.01667
1.746x10-2
0.01667
2. 778104

1.571
1.973x10%
1.076x10-3
0.1550
10-%

100
0.02402
2.296x10-%
929.0

1/9
2.074x104
1.273x10%

6.452
6.944x10-7
10°
645.2
41.62
4.823x10-%
247.1
10.76x10°
100
0.3861
1.196x10°
2.471x10-4
10.764
3.861x10-7
1.186
640
27.88x10%
2.500
3,613,040.45

3.098x10°
1.973x102

TO OBTAIN

grams per cubic em.
feet of water.

kgs. per square meter.
pounds per sq. inch.
atmospheres.

feet of water.

inches of mercury,
kgs. per square meter.
pounds per sq. foot.

degrees.
minutes.
radians.
cubie inches,
cubic inches.
pounds,
sheets.

degrees.

minutes,

quadrants.

degrees per seecond.
revolutions per second.
revolutions per min.

revs, per min. per min.

revs. per min. per seec.
revs. per sec, per sec.
sheets.

degrees.

quadrants.

radians.

degrees per second.
radians per second.
revolutions per seec.
rads. per src. per sec,
revs. per min. per sec.
revs. per sec, per sec
degrees per second.
radians per second.
revs. per min,

rads, per sec. per sec.
revs. per min, per min.
revs, per min. per sec.
feet.

radians.
steradians.
hemispheres.
spheres.
steradians.
circular mils.
square feet.
square inches,
square meters.
square millimeters.
sq. inches-inches sad.
acres.

square centimeters,
square inches.
square meters.
square miles.
square varas.
square yards.

sq. inches-inches sqd.
circular mils.
square centimeters.
square feet.
square mils,
square millimeters.
#q. cms.-cms. sqd.
sq. ft.-feet sqd.
acres.

square feet
square meters,
square miles.
square ¥

acres.

square feet,
square miles.
square yards.
acres.

square feet.
square kilometers.
SQUATE VArASs.
square yards.
circular mils.

MULTIPLY

square millimeters _________
square millimeters _
square mils ___:_
square mils __
square mils __
square varas
square varas ______________

square varas
square yards
square yards
square yards
squnre yards
square yards
stat =
statamperes, ..
statcoulombs  _
statcoulombs _

steradians
steradians
steradians
steres o o e

Temp. (degs. C.) 4278 ____
Temp. (degs. C.) +17.8

tons (short) per sq. ft,
tons (short) per sq. ft.
tons (short) per sq. in. -
tons (short) per sq. in. ..

volts pe
volts per inch

Watts oo
Watts
Watts
Watts
Watts
Watts
Watts -
watt-hours
watt-hours .
watt-hours ..
watt-hours ..
watt-hours -
watt-hours

Yards -

years (com
years (common) —-
years (leap) -
years (leap) —ccmmeoccaaaas

BY

0.01
1.550x10-2
1.273
6.452x10-0
10-%
0001771
T.716049

0000002765

857839
2.066x10-4
9 -

0.8361
3.228x10-7
1.1664
1/3x10-10
1/8x10-®
1/8x10-10
1/3x10-°
1/9x10-20
1/9x10-11
1/9x10-5
9x1020
9x101
9x 1014
9x1030
9x10%
9x1017
ax101!
3x101°
300
0.1592
0.07958
0.6366
102

1 /300
3.937x107
1.312x10-3

0.05692
107
44.26
0.7376
1.341x10-3
0.01434
10-3
3.415

2665
1.341x10-3
0.8606

square
square

TO OBTAIN

centimeters.
inches.

circular mils.

square
square
acres.

square
square
SquATE
Acres.

square
square
square
sQuare

centimeters.
inches.

feet.
miles,
yards,

feet.
meters.
miles,
varas,

abamperes.
amperes,
abeoulombs,
coulombs.
abfarads,

farads.

microfarads,
abhenries,
henries,
millihenries.
abohms.
megohms.
microhms.

ohms.
abvolts,

volts,

hemispheres.

spheres.

spherical right angles,
lite

TS,

abs. temp. (degs. C.).
temp. (degs Fahr.).
abs. temp. (degs. F.}.
temp. (degs. Cent.),
kilograms,

unds.

logramas,

pounds.

kilograms,

unds.

¥5. per square meter,

pounds

per sq. inch.

kgs. per square meter.
pounds per sq inch.

feet.
inches,
miles.
yards.

abvolts,

statvolts,

abvolts

per cm,

statvolts per em.

B.t.u. units per min.
ergs per second.
foot-pounds per min.
foot-pounds per sec.
Enrse‘}mv_ur. ;
g.-calories min.
kilowatts. il
British thermal units.
foot-pounds.
horse-power-hours.
kilogram-calories.
kilegram-meters,
kilowatt-hours,
maxwells.

hours,

minutes.
seconds.

centimeters.

feet.
inches,

meters,

VAras.
days.
hours,
days.
hours.

These conversion factors first appeared in the November'54and Jan-
uary '55 issues of the CITY COLLEGE VECTOR.
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The night Before Finals

“‘a
h 'TWAS the night before finds and al ME's i
{ Were down at the "Gables" busy as bees. i
li When out in the street there arose such a clatter ii
g We found it disturbed our intellectual chatter. ".*'f[
}5 With a flourish of dide rules and delirious yells, i’
e We egtimated its magnitude at ten decibels. it
li With a Hey! and a Ho! we displaced toward the door; ;1:
lz Bardy aware of the stress in the floor. r}l
. It was snowing outside and had gotten quite frisky— “
E} We dreamed of a glass of BTU'S (whiskey); (“
“ There in the moonlight stood, what do you think? "i‘;
‘iI The whole MSU  sdf, | shudder to think! i
l‘ They stood in two rows, al bridies and reins. 51*
2% Their heads looked too large for their miniature brains. m
ti The whole ugly lot was hitched to a deigh, ;:'f;
*". The dean had long ears; we could hear him bray. {‘f
“ Up in the seat sat a strange-looking df, )‘5
! He smoked a cigar and seemed pleased with himself. ?li
Ei He looked at us al, then chuckled, then laughed. 3;‘
‘{g In a twinkling we knew we were getting the shaft. :ii
gi We knew on the morrow we'd be beat to submission, ﬂg
M So we started throwing bottles at that wild apparition. éﬁﬁ
]]? The old df sa up and we heard him cryin', tlll
N "On Ebert, on Rotty, on Wood and Ryan, i
lt On Hedges, on Smith, on Cooper and Jack." i
i "Tomorrow," he shouted, "We'll get them back." ﬁ
!;j Upward they rose; disappeared in the gloom 3"n
A We displaced back again into the room.
312: We thought of the df; it seemed every year *
i They make finds tougher. We shouted "More beer!" i
| %'i?'
%%a
i i
§
40
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t takes all kinds
of engineers to do
Western Electric's job

It is Western Electric's job in the Bdl System to manufacture some 65,000 different
parts which are assembled into a vast variety of telephone apparatus and equipment.
This job, coupled with our other responsibilities as part of the System, requires the
assistance of engineers in every fidd.

Their skills and talents are needed to develop new manufacturing techniques, solve
quality control problems, determine machine and tool requirements, devise testing
facilities and methods. They work on new applications for metals and aloys, calculate
raw material needs, seek manufacturing cost reductions.

In helping meet the Bel System's need for more and better telephone equipment,
Western Electric engineers have assignments in the other areas of our job—installation,

distribution and purchasing.

Our engineers are aso deeply involved in defense projects entrusted to us by the
government. Because of our specialized experience as part of the Bel System we are
well equipped to handle the job. Among these projects: the Nike guided missile system
and the White Alice communications network in Alaska.

Of course, Western Electric engineers are encouraged and assisted in developing
professionally... in expanding their technical know-how. Company-sponsored pro-
grams — like the full-time Graduate Engineering Training Program and the Tuition
Refund Plan-help them aong.

Promotion from within-a Western Electric policy-helps many of our engineers
move into positions of prime responsibility. Today, 55% of the college graduates in our
upper levels of management have engineering degrees. In
the next ten years, 7,000 key jobs must be filled by newly
promoted people—engineers included.

Western Electric technical fidds include mechanical,
eectrical, chemical and civil engineering, plus the physi-
ca sciences. For more information pick up a copy of
"Consider a Career at Western Electric" from your
Placement Officer. Or write College Relations, Room
1111D, Western Electric Company, 195 Broadway, New
York 7, N. Y. And sign up for a Western Electric inter-
view when the Bdl System Interviewing Team visits your
campus.

UNIT OF THE BELL SYSTEM

MANUFACTURING AND SUPPLY

; Kearny, N. ).; Baltimore, Md.: Indianapolls, Ind,; Allentown and Laureldale, Pa;

Principal manufa locat hicago, Il
ﬁllleRtm L,I,_ Sing e ‘.ZPF:L: S;-IU:‘ IN C uffalo, N. Y.; North Andover, Mass.; Lincoln and Omar‘;aii Nf\tl’ Kansetn Ci 'E.« I\:ol
m 4, Il and Little Rock, Ar so Western Electric
-0lumbus, Ohio; i Okla.. and Teletype Corporation, Chicago 1
D.st:-nm-on cltie .: aL,_ Installati L:rcajqdarters in 16 cities. General headguarters: 195 Broadway, MNew York 7. N. Y.
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Finagle's Laws
(Continued from Page 28)

right off. This is one step ahead of choosing the right way, which
turns out to be a wrong way, which has to become a right way.
Second Law: The more innoc.....is the revision appears to be at first, the further
its influence will extend and more plans will have to be redrawn.
Third Law: If, when the completion of a design is imminent, field dimensions
are finally supplied as they actually are-instead of as they were meant to
be it is always simpler to start al over.
Fourth Law: Even If it is impossible to assemble a part incorrectly, still a
way will be found to do it wrong.
Cordllary 1-1t is usually unpractical to worry beforehand about interfer-
ences--if you have none, someone will make one for yon.
The Law of the Logt Inch:
In designing any type of construction, DO over-all dimension can be totaled
correctly after 4 p.m. Friday.
Corollary |- Under the same conditions, if any minor dimensions are given
to /16 of an inch, they cannot be totaled at all.
Corollary 11-The correct total will be self-evident at 9:01 Monday
morning.
Deliveries that normally take one day will take five when you are waiting.
When adjusting (or drawing or computing, etc.) remember that the eye
of the chief inspector (engineer, draftsman, etc.) is more accurate than the
fines Ingrument.
Alter adding two weeks to a schedule for unexpected delays, add two
more weeks lor unexpected delays.
In any problem, if you find yourself doing an unending amount of work,
the answer may be obtained by inspection.
Finagle's Creed:
Science is Truth—don't be mided by facts.
Finagle's Motto:
Smile—tomorrow it will be worse.

ENGINEERS DICTIONARY
REVISED ENGINEERING VOCABULARY
I'T 1S IN PROCESS: So wrapped up in red tape that the situation is almost
hr']“'ll"\.\.
WE WILL LOOK INTO IT: By the time the wheel makes a full turn, we
assume vou will have forgotten about it, too.
\ PROGRAM: Any assignment that can’t be completed by one telephone call,
EXPEDITE: To confound confusion with commotion.
CHANNELS: The trail left by interoffice memos.
COORDINATOR: The guy who has a desk between two expediters
CONSULTANT (or expert): Any ordinary guy more than fifty miles from home
TO ACTIVATE: To make carbons and add more names to the memo.
TO IMPLEMENT A PROGRAM: Hire more people and expand the office.
UNDER CONSIDERATION: Never heard of it.
UNDER ACTIVE CONSIDERATION: We're looking in the files for it.
A MEETING: A mass mulling by master-minds,
A CONFERENCE: A place where conversation is substituted
of labor and the loneliness of thought.
TO NEGOTIATE: To seek a meeting of minds without knocking together of
heads.
RE-ORIENTATION: Cetting used to working again.
RELIABLE SOURCE: The guv vou just met.
INFORMED SOURCE: The guy who told the guv vou just met
UNIMPEACHABLE SOURCE: The guy who started the rumon tr‘l!‘"!‘llil”\
\ CLARIFICATION: To fill in the background with so mans |]:-I.:F|\; that the
toreground goes underground. ‘ .
WE ARE MAKING A SURVEY: We need more time to think of an answe;
IO NOTE AND INITIAL: Let's spread the re sponsibility for thl\I ! .
SEE ME, OR LET’S DISCUSS: Come down to my office :
LET'S GET TOGETHER ON THIS :

for the dreariness

J.III ’l!lll'\li”ll'

I'S C I'm assuming vou're as confused as [ :

GIVE US THE BENEFIT OF YOUR I’I’.l‘“.b[".\"lh'l.'}i[\I\'I.\(.',- I\\I'rl-'il ‘|li;r:-|luullul
what you have to say as long as it doesn’t interfere with what we've al
1'1-;1([\ r|r-r'l.l'|:-1] to r]l] I - ; ™
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from
Deep space to
Ocean floor

Vought offers this range
to the young engineer

At Chance Vought the engineer's assign-
ments range from the depths of the ocean to
the farthest reaches of space. . . from hard-
ware operating aboard the Navy's nuclear-
armed submarines to space research vehicles
till on the boards.

Here the engineer contributes to projects
such as the record-smashing Crusader jet
fighter series . . . the Regulus missiles. . .
and advanced weapons, details of which are
il dassified.

Under the guidance of the Vought engi-
neer, such weapons take shape. He super-
vises critical tests, and he introduces the
weapons to the men with whom they
will serve.

Engineers with many specidties share these
experiences. Today, for example, Vought is
at work on important projects involving:

SPACECRAFT AND ASTRONAUTICS
ADVANCED PROPULSION METHODS
ELECTRONICS DESIGN AND MANUFACTURE
ANTISUBMARINE WARFARE

Vought's excellent R&D facilities help the
engineer through unexplored areas. And by
teaming up with other specialists againgt
mutual challenges, the Vought engineer
learns new fields while advancing in his own.

Would you like to know what men with
your training are doing a Vought. . . what
you can expect of a Vought career?

For full information, see our representative
during his next campus visit.

Or write directly to:
C. A. Besio

Supervisor, Engineering Personnel
|)t.'pl. CM-9

COUGHEHT ATRCRAFT

Spartan Engineer



Vought Vocabulary

° , .
ml S S 1 l e o I'y . its pioneers are young ...

its future big at Vought

Young engineers find in missiles the fast-breaking,
pace-setting assignments they like. At Chance Vought,
missles also offer the added environmental challenges
of sea and space.

Vought's first space research vehicles— missiles of
avery high order — are in preliminary design. Nuclear-
propelled pilotless weapons are under study. And
Regulus 11, Vought's nuclear-armed supersonic sharp-
shooter is aboard Fleet submarines, demonstrating its

N°"’9mher. 1958

rifle accuracy at bomber ranges.

Behind these weapons is a rich store of thirteen
years missile knowledge... an unmatched history of
missile hardware. Vought's Regulus |, now on duty
with both Fleets, has been operational with the Navy
since 1955.

CcCHAaANCE | — S
T OUGHT AIRCRAFT

TEXAS

INCORPORATED DA i
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Wak with the G A S industry...
the nation's sixth largest

H. BROWN BALDWIN
B. S. Mech. Eng., U. of Vermont, 1949,
Began as Cadet Engineer, Boston Gas
Co., 1950. Became Staff Engineer in
Dus_trlbullnn Development Section
1952; Staff Engineer in charge of De-
velopment, i'::s'.";‘:;i',Dlstri!)urinn,:jl,;r'-nlr*,'
Engineer, 1956. Worked closely with
company’'s natural Eas conversion pro
grams. Now advisor to Distribution
Department charged ing

25, machines, spe
management in preparir
estimates, job analyses, other projacts

%

W. C. DAHLMAN
B. S. Gas Eng., Texas A. & l., 1938,
Began as Engineer trainee with Lone
Star Gas Company after grad
from Texas A. & I, with first
Gas Engir
Institution, Jc
Company in 194
Engineerin Tex
Manager in Be e
Dahiman s currently
with full engine

throughout

offered by
ston Natural Gas
i nme District

ering r
the twenty counti the

Company’'s Texas Guif Coast System.

The Gas industry—the sixth largest in the
nation—has a total investment of over
$15 hillion. Last year the industry set a
new al-time record in number of cus
tomers, volume of Gas sold, and dollar
revenue. In fact, Gas contributed 25% of
the total energy needs of the nation as
compared with 11.3% in 1940. The Gas
industry is a maor force in the growth
development and economic health of this
country.

There are many opportunities for you
in the Gas industry. The industry needs
engineers, and does not over-hire. You
won't be regimented. There's always room
for advancement. With utility companies
and with manufacturers of Gas equip-
ment, there's a future for you as an
engineer. Cal your nearest Gas Utility.
They'll be glad to talk with you about
your opportunity in the Gas industry.
*American Gas Association.



Energy conversion is our business

-

LLISON

A match burning?
A solar flare?

Is energy really conserved or were
Joule, Helmholtz, Mayer and Max-
well only partly right?

Is the Phoenix concept of cyclical
energy valid?

An accurate definition of energy
is important to Allison because
energy conversion is our business-
and we have adeep and continuing
interest in energy in all its forms.

Basicto our businessis an intimate
knowledge of every form of energy
-solar, nuclear, thermal, chemical,
mass, magnetic, electrical, mechan-
ical and radiant. We search for
this knowledge to increase the
effectiveness with which we accom-
plish our mission-exploring the
needs of present and future flight
and space propulsion systems.

Division of General Motors,
Indianapolis, Indiana
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) |~ 4
ﬂ, /JW/JI - -+ TARGET: 100 MILES UP! On a day surprisingly soon 45,000

feet above Wendover, Utah, North American’'s rocket-powered
plane will be released from a modified B-52 to take man
Throughout the flight trajectory,

X-15 research

100 miles into outer space.
i radio contact between the X-15, the mother ship, chase planes and the
o ai 4 i h

ground will be maintained by custom-designed units from a Collins CNI (communication, navigation, iden-
tification) system, 7 & e

similar to the electronic packages Collins is providing for the new military jet aircraft.

At Collins you receive professional recognition, un-

limited opportunity, the most completely equipped L. R. Nuss

research and development facilities, the opportunity

to work on the most challenging developments in Company 5 Coinr <
electronics. Your placement office will tell you when I G o Ty o Company

a representative will be on campus. Or write for R i (90 W. Olive Ave. 30 Hi-Line Drive

illustrated brochure "Career with Collins." et
COLLINS
"

Spartan Engineer




Engineering leadership—a bench mark at Alcoa

In exciting new architectural developments ... in the automotive in-
“dustry'sdrive for the all-aluminum engine ... in super conductors to
meet the nation's insatiable power demands, you'll find Aluminum
Company of America in the forefront of technological advances.
“'Alcoa Produces and sells nearly one-half of the nation's aluminum
--- conducts about three-quarters of all basic research on aluminum
“applications. . . maintains the world's largest and most completely

equipped ligh metals research center at New Kensington. Pennsyl-

:'!'lof‘r’naintain this type of leadership, we need outstanding men.
men with top backgrounds in both academics and extra-curricular
activities. Men who are trained in the nation's top schools . . . who
understand and glory in the Challenge of engineering ... who know
that therein lies the basis of a better tomorrow. Today, aluminum

serves virtually every area of our industrial, commercial and day-to-

G nbieeSs ax%nd}%egseﬁlega\f% t|ngln|u neweggppllcauons po”%?mg}(l%%r

.aluminum toitsfun potential as a servant of mankind.
Whatever your specialty-—metallurgical, mechanical, electrical.
industrial,. or any other type of engineering -whatever your interest
engineering, Production, research, development or sales—there s
a clear-cut future for you at Alcoa. Write us today—just fill out the

November, 1955

coupon—for your copy of A4 Career For You With Alcoa. Or

contact vour campus placement director

Your Guide to the Best in Aluminum Value

! arcoa 6 -
A ; ™

\LHMIHUM

HALCOA THEATRE"™

For You With Alcoa

Please send a copy of A Career

vany of America

ennsylvania

DATE OF GRADUATION SR r
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STRAIGHT TALK TO ENGINEERS

fromDonaldW. Douglas, Jr.

President, DouglasAircraft Company

I'm sure you've heard about Douglas projectslike
Thor, Nike-Ajax, Nike-Hercules, Nike-Zeus,
Honest John, Genie and Sparrow. While these
are among the most important defense programs
in our nation today, future planning is moving
into even more stimulating areas.

Working as we are on the problems of space
flight and at the very borderline of the unknown,
engineering excelence in all fidds is essential.

For you engineers who can help us move forward,
opportunities are aimost as limitless as space
itself.

If you thrive on tough problems- and there
are many-we'd like to discuss a future at
Douglas with you.

Please writeto Mr. C. C. LaVene
Douglas Aircraft Company, Box 6102-J
Santa Monica, Cdifornia



Raytheon Graduate Program

| FOR STUDY AT HARVARD,
- M.I.T. AND CALTECH
IN 1959-60

The Raytheon Graduate Program has been established
to contribute to the technical development of scientists
and engineers at Raytheon. It provides the opportunity
to selected persons employed by Raytheon, who are
accepted as graduate students by Harvard University,
Massachusetts Institute of Technology and California

e 1
4

- —nﬂ'-im##l_hl h.Jﬁer—; Institute of Technology, to pursue at Raytheon's ex-
TERT T ~Yy>, pense, regular courses of study leading to a master's
=t or doctor's degreein science or engineering in theinstitu-

HARVARD tion of their choice.

The Program requires, in general, two or three semesters
of study, depending on circumstances, with the summer
months spent in the Company's research, engineering, or
manufacturing divisions. It includes full tuition, fees
book alowances and a salary while at school. Students
are eigible for health, accident, retirement and life insur-
ance benefits, annual vacation and other privileges of
full-time Raytheon employees.

To be considered for the Program, applicants must have
a bachelor's degree in science or engineering, and should
have outstanding student records, show technical prom-
ise, and possess mature persona characteristics. They
may apply for admission to the Program in anticipation
of becoming employees of Raytheon.

YOU ARE INVITED TO ADDRESS YOUR INQUIRY
to Dr. Ivan A. Getting, Vice President, Engineering
and Research, outlining your technical background,
academic record, school preference, and field of interest,
prior to December 1, 1958.

RAYTHEON MANUFA CTURING COMPANY, Waltham 54, Mass.
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NEWS
VIEWS

(Courtesy  of  Westinghouse)

. (Right) Seen through a set of cool-
ing_coils,” a canned motor-pump, rated
a 300 horsepower, with its own wrap-
ping . of coils is made ready for the
atomic power plant. These units will
circulate 6,250 gallons of water per
minute through the primary loop_of
the reactor to extract its 'heat. The
ﬁumped flud tills fhe motor cavity
ut is excluded from the rotor and
stator windings . hecause both the
rotating and stationary parts of the
pump are “"canned" in_corrosion-re-
Sistant jackets. The cooling cail.s ki
motor ‘temperature! at Satisfactory
operating levels.

~ Uranium oxide pellets are loaded
into stainless steel tubes approxi-
mately four feet in length a the
Westinghouse Electric Corporation's
atomic power department where the
fud elements are being prepared for
Belgium's first atomic” power plant.
Ninety of these pellets are sealed
inside each tube. The core of the
nuclear power reactor—first ever ex-
ported by an American company—uwill
consist of 32 tube bundles each with
a total of 132 tubes bringing together
a critical mass of more than 557,000
pellets.

(Continued on Page 54)

Spartan Engineer



This electronic centralized air data
computing system, pioneered by
AiRes=arch engineers, now enables
arcraft to operate a maximum «fi-
dency continuously. By sensing air
conditions surrounding the airplane,
it automatically makes in-flight
adjustments and feeds vital informa-
tion to the pilot. This centralized
combination of transducers, com-
puters and indicators is the most
complete air data computing system
ever Produced by any manufacturer.

Many such pioneering develop-

conponn"o" e For full information write to Mr. G.

f MANUFACTL

TTAL » REX » AERC

———

ﬁ{ﬁ =

CREATIVE ENGINEERING

ments are underway in challenging,
important work at AiResearch in
missile, electronic, nuclear, aircraft
and industrial fieds.

Specific opportunities exist in
system electronics and servo control
units; computers and flight instru-
ments; missile auxiliary power
units; gas turbine engines, turbine
and air motors; cryogenic and
nuclear systems; pneumatic valves;
industrial turbochargers; air condi-
tioning and pressurization; and heat
transfer,including e ectronic cooling.

9851 S. SEPULVEDA 8sLVD

RING

ENGINEERINGATCARRETT

OFFERSYOUTHESEADVANTAGES

 Intensified engineering is con-
ducted by small groups where
individual effort and accomplish-
ment is quickly recognized provid-
ing opportunity for rapid growth
and advancement.

e An eight-month orientation
program is offered prior to perma-
nent assignment to help determine
your placement in a variety of
analytical or development projects.

» Advanced education is available
through company financia assist-
ance at nearby universities.

D. Bradley

LOS ANGELES 45. CALIFORNIA



NEWS
VIEWS

(Continued from Page 50)

Steam from this heat exchanger
\\III -|nn the turbine generator of
Be!gium's first atomic power plant.
Pictured while under construction at
the Westinghouse steam division
plant, the heat exchanger will carry
within its tubes pressurized waler
which hai been heated to a high tem-
perature by the uranium fuel in the
reactor. A secondary flow of water
passing around the outside of the
tubes will absorb this heat I:mrl pro-
vide the steam for the turbine.

START TODAY TO
PLAN TOMORROW

By knowing about some of the projects underway at the
Babcock & Wilcox Company, an engineer may see his
personal avenues of growth and advancement. For today
B&W dands poised & a new era of expanson and
devel opment.

Here's an indication of what's going on a& B&W, with
the consequent opportunities that are opening up for
engineers. The Boller Divison is building the world's
largest sleam generator. The Tubular Products Divison
recently introduced extruded seamless titanium tubing,
one result of its metallurgical research. The Refractories
Divison developed the first refractory concrete that will
withstand temperatures up to 3200 F. The Atomic Energy
Divison is under contract by the AEC to desgn and
build the propulsion unit of the world's first nuclear-
powered cargo vess.

These are but a few of the projects— not in the plan-
ning stage, but in the actua design and manufacturing
phases — upon which B&W engineers are now engaged.
The continuing, integrated growth of the company offers
engineers an assured future of leadership.

How is the company doing right now ? Let's look at one
line from the Annual Stockholders Report.

CONSOLIDATED STATEMENT OF INCOME
(Statistics Section)
(in thousands of dollars)
1954 1955 1956—UNFILLED ORDERS

k
$129,464 $213,456  $427,208 \°ocKlo9)

54

1=l mmml

B&W engineers discuss developments
in the Universal Pressure Boiler.

Ask your placement officer for a copy of "Opportunities
with Babcock & Wilcox" when you arrange your inter-
view with B&W representatives on your campus. Or
write, The Babcock & Wilcox Company, Student Train-
ing Department, 161 East 42nd Street, New York 17,N. Y.

BABCOCK
2 WILCOXC

MN-220

Spartan Engineer



Digits Are Your Tools
(Continued from Page 25)

One very important type of modern
cdculator, the binary digital com-
puter, owes its existence, in part, to
work done by Leibniz that was of
even greater importance than his
multiplying machine. The binary com-
puter operates with a system of
counting based on a scale of twos
which has many advantages over our
common decimal scale. It was Leibniz
who fird noted these advantages. The
basic electronic elements of a modern
binary computer exist in one of two
states, df or on. It is easily seen, then,
how a counting system of only two
digits, one for each state, is applied.

Up until the end of the 16th cen-
tury, methods of computation had
followed a single line of development,
that of digita counting. Even the
"pencil and paper" short cuts of di-
rect multiplication and long division,
perfected during the 15th century and
ill used today, are simply abbrevi-
ated forms of such counting. But in
1590 a new concept in computation
was conceived.

In that year John Napier, a Scotish
baron and one of the greatest mathe-
maticians of his day, discovered
logarithms. Through the use of this
revolutionary device it became pos-
shle to replace tedious multlpllcatlon
with simple addition.* Twenty-five
years later and two years before his
death he published the first logarithm
tables. It was soon found that a line
scde representing logarithms by dis-
tances could be used much faster
then Napier tables. It was not long
before the idea of using two equal
waes appeared, and by 1654 the
first dide rule was invented.

The second major development in
the evolution of the slide rule came
in1815 when Dr. Peter M. Roget

(Continued on Page .58)
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WESTINGHOUSE DEVELOPS MOBILE RADAR TO PROTECT FRONT LINE TROOPS

Inside this inflated balloon-like housing is a full-size transportable radar
station that can be brought up behind front lines or dropped by parachute.
It can be erected in less than two hours. Its antenna is of inflated fiberglass
cloth that looks like a giant lollipop. Major General Stuart P. Wright of the
ARDC's Rome Air Development Center which sponsored this development,
says this is “a major break-through in ground electronic equipment.”

YOU CAN 8 SURE...1F 1T's Wcstinghouse

WESTINGHOUSE DEVELOPS NEW METALS TO HELP CRACK HEAT BARRIER IN JET ENGINES

gines cause loss in me

ratures encountered in jet eng
estinghouse scientists are deve !np”

esigned to push back this
ph to a jet's top speed

Tremendous tempe
chanical strength of engine parts. W
new high-stre n_th high-temperature metals d
“heat barrier.” These new alloys may add 100 m

IF 1T s“utnmhousc

YOU CAN BE SURE




Thousands of
ITT engineers are
"space men"

NOT literally, of course, but they are
engaged in so many electronic activ-
ities associated with the vast air
world above us that they might well
be broadly identified as "space men."

Many have achieved a high record
of success in research, design, pro-
duction, testing, and field engineer-
ing of air navigation and traffic con-
trol systems... including ILS, Tacan,
Vortac, Data Link, VOR, DME, Nava-
screen, Navarho, and automatic
"typewriters" serving the Narcast sys-
tem for in-flight weather reporting.

~ Other ITT "space men" are mak-
ing important contributions to air
reconnaissance, inertial navigation,
infrared, missile guidance and con-
trol, electronic countermeasures, ra-
dio communications, radar, scatter
communications, and other catego-
ries vital to national defense.

These are only a few of the many
activities at ITT laboratory and
production centers — coast to coast
— where challe_ngingh problems are
constantly opening the way to top
careers.

Consult your College Placement Officer
for interview date, or write to ITT
Technical Placement Office, 67 Broad
Street, New York 4, New York.

INTERNATIONAL
TELEPHONE AND TELEGRAPH
CORPORATION

M

67 Broad Street « New York
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“At Home On the Moon”

(Continued from Page 27)

like rain of interplanetary meteoric
dust which descends with great veloc-
ity on the barren surface of the moon.
The shield would be 460 feet long,
380 feet wide and 83 feet high.

The entire shell of the building,
and the protective barrier, would be
fabricated of pre-engineered metal
sheets secured by simple nut and bolt
fasteners and welded structural con-
nections. A unigue "truss-skin" design
provides completely useable inter-
iors, without internal supports of any
kind.

With space at a premium inside
the moon building, the truss-less con-
cept would eliminate space wasted
by ordinary structural supports, while
the pre-engineered design would per-
mit quick erection with minimum
labor and tools.

Inside the moon building are: liv-
ing quarters, including rooms for
dleeping, cooking, eating, and recrea-
tion, physics, chemistry and biological
|aboratories, a control tower for com-
munication, meteorological studies,
earth observations, astronomical ob-
servations, traffic control, etc.

Air conditioning, heating, power
and refrigeration plants, oxygen pro-
ducing units, extreme-temperature

regulating devices, water supply ad
sewage processing plants are aso in
cluded along with machine shop ad
equipment maintenance areas.

Entrance to the moon building is
made through an air-lock at one end,
adjacent to which would be oon
structed a rocket landing area. Com-
plete internal pressurization of the
hermetically-sealed building provides
an ar pressure of at least 10 pounds
per square inch, close to earth's nor-
mal atmospheric pressure of 147
pounds, the same as pressure used in
high altitude airliners.

Special refrigerating and heating
plants cope with the extreme tempera-
tures and tremendous temperature
gradients which abound on the moon.
Day and night on the moon are about
two weeks long, with temperatures
at lunar midday reaching 214 de-
grees F; at sunset, 32 degrees F,
and at midnight, —243 degrees F.

There are no windows in the moon
building, since ultraviolet radiation,
normally absorbed by the earth's a-
mosphere, would be sufficiently in
tense to render panes of glass or
plastic useless through discoloration.
Metal shutters protect the plactic ob-
servation bubbles.

—SIDETRACKED —

(Continued from Page 52)

He, as he poured the beer: Say
when.

She: Okay, right after the next
drink,

°

“Do vou smoke?”

“No.”

“Do you drink?”

“No.”

“Do vou neck?”

“No.”

".\\'(-H what do vou do for fun?®”
T tell lies.,”

And then there was the rather for-
lorn engineer who. on seeing a pigeon
_I‘i.\_"-“.l-i directly overhead, exclaimed
Go ahead. everyone else does!”

o

He: “"Have you heard about the
new atomic bra?”

She: “No."

He: “Forty per cent fall out!”

Lecturer: If 1 talk too long, its
because I forgot my watch and there's
no clock in this hall. i

Voice from the audience: Theres
a calendar behind you.

Doctor: “How's the engineering pa-
tient this morning?”

Nurse: “I think he’s regaining con-
sciousness. He tried to blow the foam
off his medicine.”

Don't be afraid to use your hrain:
It's the little things that count.

ol
are

It seems to me that a lot
enterprising voung engineers
spending much of their valuable timé
ri"l'-""”lL'. with misses in their motors.

Spartan Enginee’



"Make the Most of It?
(Continued from Page 28)

What kind of time are you having in
college?

Choose your intimate friends care-
fully. Deal with them generously; not
jedoudy. Do not monopolize your
friends If you discover a "good egg"
pess him around.

Avoid cliques and factions. Create
a community of friends.

Guard your health. To do so is
Chrigian; is patriotic; is common
;e

The idea of Socrates was "not to
live long but to live well." One lives
wdl and a one's best when in the
best of health.

It is easy to be democratic here.
This is a friendly campus. But in
being democratic, be yourself. Join
in some expressive activity.

Beng democratic doesn't mean be-
ing dovenly in dress and vulgar in
language. Respect al people includ-
ing yoursdf. Life is a perpetual strug-
de for the preservation of self-esteem.
In being democratic you may restore
«df-respect to one who has lost it.

There is an essential and precious
londiness in life. In solitude life may
be at its very best, its transcendent
highest.

Memory of those deep and solitary
experiences of "deep mid-silence,”
dear vison and firm resolution will
srengthen you in the "maddening
throng,” will comfort disappointed
spirits.

Sixty Degrees C Below
To 2,000 Degrees C Above

[ See }-'nmr.'\l.'!.'. ce)
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Westinghouse and the Pennsylvania Power & Light Company are jointly
developing the engineering information required to design and operate a
“homogeneous” nuclear reactor plant for the generation of electricity. If
successful, the companies anticipate the reactor will largely fuel itself by
converting thorium into fissionable fuel after an initial charge of enriched
uranium. Dr. W. E. Johnson, manager of the project, studies a transparent
model of the reactor vessel.

YOU CAN BE SURE...1F n-s“%stinghouse

w‘ _‘f-.. 4
NIGHT-FLYING PILOTS SEE GROUND WITH DAYLIGHT BRIGHTNESS
ON SUPER-TV PERFECTED BY WESTINGHOUSE

The “Cateye” system is so sensitive that it ‘u_'i!l “.WL with I;~:t;1q m:(:
willionth of the illumination used in i}u'- Ee_‘-!i-\'mn:} studio. It wi | !'l.ul..::',:l']-.__..-\..n-
flving safer for pilots and passengers. 1"11‘14 remarkable image 1t1t-.\-\,ln.-l1ljr,}:r “\\..a
-:.:i‘l-i\.\.l by the _-'\prpﬂ;u:f'h'.-:_Hv'w-;ir-.':] I.(I.hl-!‘.".'[l]']’]l_'n' of {l;L : tr[,, it Air
l]_:-‘_-“-}u-l.l;r-..-:-.[ Center ...and W estinghouse was asked to perfect 1t.

YOU CAN BE SURE ... IF n-s“i-:stinghousc
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VARI-VAC

HEATING SYSTEMS

ﬁf/ FACTORIES - STORES - HOSPITALS
» SCHOOLS - CHURCHES - OFFICES - APARTMENT BUILDINGS

¥ The vacuum system which automatically varies the steam temperature

Selector, Determines de-
mand for heat by meas-
uring the effect of oulside
weather conditions and in-
side building temperalures.

Room Resistance Thermom- Contral Valve. Regulates
admission of steam into
heating system, as called
for by outomatic temper-
ature control equipment.

eler. Serves oy lemperoture
limit control to prevent aver-
heating and underheating

Control Panel, Centralized .
operating station for all ".' -
adjustments, settings ond %t~ °
remole contral readings,

Differential Controller. Con-
trols vacuum pump to main-
tain difference in pressure
between steam and return
piping 0 as to assure cir-
culation of steam,

Vacuum Pump. The séurce of varying inches of vacuum which
assures steam in warying temperalures as required. Also
produces necessary pressure differential between supply
and return piping to assure quick, complete steam circulation
ond returns condensate from system to boilers.

Heat Baloncer. Measures
rate of steam flow to sys-
tem 1o bolonce heat input
with heat demand.

You'l! find Dunham Bush Vur_i-Vuc, a precision temperature control system,
in many well known buildings such as the New York City Housing Authority and
Rockefeller Center's RCA Building.
Steam flows through Dunham-Bush Vari-Vac mains continuously
vacuum, at :
vacuum to 218°

and insi

generally under
pressures and temperatures that vary automatically (133° at 25" of

at 2 |b. pressure) and instantly with outside weather changes

de heat losses. Vari-Vac effects many advantages including

L fuel saving and efficient operation.

Specifiers of heating, air conditioning, refrigeration and heat transfer products de d
Dunham-Bush for complete product lines and "one source—one responsibili::rﬁn =

AIR CONDITIONING

REFRIGERATION

HEATING
HEAT TRANSFER

Dunham-Bush, inc.
WEST HARTFORD 10, » CONNECTICUT, .

SALES OFFICES LOCATED IN PRINCIPAL CITIES

U. S, A,
58

Digits Are Your Tools
(Continued from Page 55)

developed the log-log scale. This
scale made it possible to find any
power or root of a number on a
dide rule

Today slide rules have been de
vised for a large number of secific
uses in fields ranging from printing
to electrical engineering. Though
limited in their degree of accuracy,
they are more than adequate for
their purposes.®

Another distinction claimed by the
slide rule is that it was the first cd-
culator built on the analogy prin-
ciple. All such machines differ from
digital calculators in one maor re-
spect. Instead of using numbers in
their computations, they use physical
quantities. In the dlide rule the
quantity is a magnitude of length;
in a modern electronic analog com-
puter it may be a magnitude of cur-
rent or resistance.

Speculation on the possible uses
and future applications of computers
is almost limitless. Already psycholo-
gists and economists have exploited
calculators once used amost exclu-
sively in the physical sciences. Com-
puters have been developed which
can run an assembly line, predict the
weather, and render a monthly bank
statement.

The accomplishments of our com-
puters are at least clever and are
often awesome. Indeed, even our
amazing Vermont farm boy, Zerah
Colbum, seems dwarfed before our
more advanced creations of steel and
electricity. But is he? For that matter,
is any human being?

Anything man invents is nothing
more than an extension of his own
powers, be it lever or digita com-
puter. This may not always be true,
but it certainly is now. Whatever
the capacity of a calculator, it dill
takes a man with his ten gifted digits
to operate it.

4. The logarithm of any power of

number is simply the numbers
logarithm multiplied by the num-
ber's exponent. For instance, the
logarithm of 5 to the 12th power
is equal to 12 times the logarithm
of 5 (log 512=12 x log 5). The
log-log scale represents the loga-
rithms of logarithms. Through "-:
use 12 times log 5 becomes log 1=
plus log-log 5, and addition once®
more replaces multiplication

\} slide rule answer is usually 0
three significant fgures. For €%
ample, the product, 723 x 846
multiplied on a ten inch rule will
be read 612,000 rather than H“I
completely answer 0!
611,658,

accurate

Spartan Engineer



Power On the Moon
(Continued from Page 29)

will be stretched and supported over
sverd acres of the moon's surface.
Coated on these sheets would be an
extremely thin layer (about one
micron thick) of photosensitive ma-
terial.

A thin wire mesh will then be
placed parallel to, but slightly sep-
arated from the plastic sheet and
insulated from it. The photoelectric
generator would then be ready to pro-
duce €electric power.

As the sun's rays strike the plastic
sheet, the coated surface will emit
electrons. These electrons will strike
the wire mesh generating a voltage.
Upon closing the circuit between the
wire grid and the coated surface
through a suitable load, current will
flow.

This type of electric power plant
is the lightest known to man. The
tota weight of required material
would amount to about three pounds
per kilowatt.

. "In practice," said Dr. Castruccio,
since the voltage generated by each
cdl is only a few volts, several cells
nead be connected in series. This can
be done quite easily by separating
the sheets into several sections by
insulating strips, and connecting the
sections in series. Doing this, prac-
ticdly any voltage, including 110
valts dc, can be obtained."

A key factor in the operation of
such a power supply is that a vacuum
mus exisg as in an electronic tube.
Sincethe surface of the moon is not
surrounded by an atmosphere, this
condition is present.

Ancther road block to practica
generation of photoelectric power is
the internal impedance of the unit,
Photoelectric cells constructed in the
past hadinternal impedance in the
order of one megohm. Work at the
Astronautics Institute of Westinghouse
has yielded cells with impedances of
about 3000 ohms. Dr. Castruccio
+'said, and new structures have been
.developed which promise in the near

fa%tglrJ 6913%.|mpedances of only

As to solar conversion efficiencies,
Dr. Castruccio pointed out that in-
sight gained into the Photoelectric
phenomenon now shows promise of

generatorshaving up to 25 percent

efficiency. This compares with about
35 percent for the conventional earth-
bound generating station. Achieve-
ment of this 25 percent would mean

Nove.m,g}ltiqqus on Page 61)

Project Y . &
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WESTINGHOUSE OPERATES “FLYING LABORATORIES” TO DEVELOP
ELECTRONIC EQUIPMENT FOR THE ARMED FORCES

More than 1,100 in-flight hours were logged in 1957 by the Westinghouse
Air Arm Division Flight Test Center in the development of military air-
borne electronic systems. To carry out the numerous flight development
programs, the Air Arm Division employs 35 professional personnel, includ-
ing five engineering pilots, and 55 technicians.

YOU CAN BE SURE...IF IT's Westinghouse

WESTINGHOUSE “BRAIN" CAN RUN A FACTORY

This Westinghouse industrial control unit called Cypak® thinks, decides
and remembers. It is as small as a ca{u'ly bar, but in C{amhmatmn with
53 .'hr Cypak units, it can run a machine, an assembly line, or an -311!11-1-
F;llr:tlo‘r\'_ f‘\';)ak has no moving parts to wear f;yt--:mrl thus, ‘fulr ‘tho_ first
time, makes it practical to hook up whole lines of automated machines.

YOU CAN BE SURE ... IF |r's“}éstillghOllSC




EENY

MEENY MINY

Where will
the '59 Graduate

go?

Industry's demand for capable graduates in the fields of science and
engineering is still exceeding the supply produced by American colleges o5
and universities. As a result, the most promising members of this year's

class may well wind up with a number of openings to consider.

In such circumstances, who would blame a bright young man for at
least letting the phrase "eeny, meeny, miny, mo" slip through his mind!

Of course, there is one inescapable conclusion to be considered: open-

ings are one thing, genuine opportunities quite another. Thoughtful
examination of such factors as potential growth, challenge, advance-
ment policy, facilities, degree of self-direction, permanence, and

benefits often indicates that real opportunity does not yet grow
on trees.

Moreover, the great majority of personal success stories are
still being written by those who win positions with the
most successful companies.

For factual and detailed information about careers
with the world's pioneer helicopter manufac-
turer, please write to Mr. Richard L. Auten,
Personnel Department.

SIKORSKY AIRCRAFT

iV 0 One of the Divisions of United Aircraft Corporation

@ Bridgeport-Stratford, Connecticut

60 Spartan Engineer



Power On the Moon
(Continued from Page 59)

powve yields of about 1500 kw per
are on the moon with the sun at
zenith.

Once the power station is con-
dructed, it would operate for 14 days
at a time since there are 14 days of
aunshine followed by 14 nights. Sci-
entigs envision construction and in-
terconnection of a number of these
powve stations all around the surface
of the moon. With this type of lunar
eectrical network, continuous power
woud be assured to any point on
the moon.

Dr. Castruccio said some of the
materids needed to construct the
lunar power station may be found
on the moon itself though no way is
presently  available for on-the-moon
converson of such raw materials into
ussble products. He added, however,
that scientists are investigating ways
of determining the presence and prop-
erties of the moon's materials through
the use of unmanned lunar probes or
sadlites.

Boyd, referring to the Astronautics
Indtitute, said the organization is con-
centrating its efforts on the solution
of problems directly related to space
technology.

Ventures into space can be divided
into two distinct phases,” Boyd con-
tinued. "There are, of course, the
Pregtige exploits for psychological and
propaganda warfare purposes. But
more important, there are the solid,
gradud and methodical advances to-
wad the conquest of space with a
minmum economic burden to the
country.

In supporting this latter phase, he
sd much time has been spent in-
vedigating space problems over the
Pt few years with the certain ex-
pectation that one day these scientific
hopes will become realities
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WESTINGHOUSE RESEARCH WILL LEAD TO LARGER, CLEARER TV SCREENS
Big TV screens magnify distracting black and white horizontal lines. West-
inghouse engineers have developed a new technique to reduce the black
lines and clarify white lines which give picture information. When available,
the new process will make possible bigger TV screens, more and clearer
picture detail.

YOU CAN BE SURE ... IF n*s“’f:stinghouse
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E DESIGNED MUTDRS AHD GOMPRESSORS
FOR WORLD'S MOST POWERFUL WIND TUNNEL

WESTINGHOUS

n wind tunnel will test jet engines, a1rcraf_t and gi.ll(']ﬁdhmlllit-
to 38 times hurricane force. Largest of its type ever built,
Force Arnold Engineering Development
The synchronous motors and compressors
n the world . . . designed

This pmpulsm
siles in winds up
it is located at the U.S. Air

Tennessee.
Center,* Tullahoma,
ti:;t produce this gig antic air flow are the largest i

and built by Westinghouse.

ool you CAN B8 SURE ...IF1T'S estmghouse



Imported CASTELL
“"BLACK GOLD”

Graphrte

adds skill to your hand

Horizontal opportunities are
plentiful for graduate engineers
— but how about verti-
cal opportunities? How
high will you grow in
5 years?

That will depend on
your native talent, hard
work and such profes-
sional habits as the use
of imported A.W.FABER
CasTeELL. “black gold”
graphite — the best na-
tural graphite testing
out at more than 99%
pure carbon — makes
Castell the world's
finest drawing pencil, It
will add skill to your
hand as it does to sea-
soned Pros the world
over. Color-graded for
instant identification in
most of the 20 scienti-
fically-accurate degrees,
8B to 10H.

If you prefer a
Holder, try LockTiTE
Tel-A-Grade 9800
which shows your de-
gree in a flash — plus
imported “black gold™
CAsTELL 9030 Lead.
Shop in your college
store and insist on
CASTELL across the
board,

52 AW.FABER = CASTELL =0 5V: D

Jil

PENCIL CO.,INC, NEWARK 3, N. J
62

A.W.FABER-CASTELL

M. E. Labs Use
Miniature Equipment
(Continued from Page 32)

tion of the blower speed is accom-
plished by a Reeves variable speed
drive between motor and blower. In
this case the torque is measured by
means of an electric strain guage
torque meter. As in the first case,
the whole assembly is mounted on
casters and is self-contained.

(3) Centrifuga pump. A smal cen-
trifugd pump will illustrate the laws
of such a pump just as well as a

. large one. Therefore, this new pump
has only a half-inch pipe connection
* for discharge, a three-quarter inch
pipe connection for suction, and is
driven by a onethird horsepower
" motor. The motor is directly con-
" nected to the pump, and the speed
| is measured by means of a transducer
~and an electronic counter. As in the
{,cae of the low speed blower, the
Etorque is measured by means of a
Espring coupling and a stroboscopic
{ light. A Flowrator measures the rate
¢+ at which water is being pumped, and
E'its accuracy is checked by means of
a weighing tank. Suction and dis-
_charge pressures may be measured
either by monometers or by the usual
pressure gauges. The sump tank for
£ this equipment is two feet nine inches
iwide, seven feet nine inches long,
tand two feet deep. The tank is
t mounted on casters and the rest of
‘the equipment at the two ends of
i the tank, pump and motor at one end
fland weighing tank and scales at the
jother end.

Two small Diesel engines are now
& being mounted in somewhat the same

r: way except that they with their dy-
s namometers are a little too heavy to
imount on casters. They are so

‘mounted that they can be skidded

they have, of course much less mobil-
gity than the fans and pump. The
Msmaller of them is one cylinder four
Zcycle engine which drives a small

i rent for excitation by having its own
itransformer and rectifier so that the

&dynamometer field circuit can be ex-

cited from the regular 110 volt out-
:lets.

(2) It has a pressure pickup in the
combustion chamber now. We plan
soon to have two pressure pickups in
different parts of the combustion
ichamber, either by putting a second
ipickup in the present cylinder head

or, if that should be impracticable,
we shall make a new cylinder head
out of welded plate so that we can
have two pressure connections. By
the use of a double-beam oscilloscope,
speed of pressure travels across the
combustion chamber.

(3) The cam drive mechanism is be-
ing altered now so that the injection
timing can be varied while the engine
is running, over a maximum of per-
haps 45 degrees of crank shaft travel.

(4) The governor has been discon-
nected; and the amount of fud in
jected will be controlled by a hand
lever similar to the throttle in a
gasoline engine.

The second of these two diesel en
gines is two-cylinder four-cycle and
probably not subject to many dtera
tions.

These diesel engines are taking the
place of a large two-cycle one-cylinder
slow speed diesel which formerly oc-
cupied more laboratory space than
the two small ones will occupy.

If these things can be called min
iaturization, then we are finding them
extremely satisfactory.

(1) The apparatus is relatively in
expensive, and several pieces of smdl
sized equipment can be had for the
price of one large piece.

(2) Alterations can be made rather
inexpensively in the equipment which
make it much more valuable from
the standpoint of emphasizing funda-
mental principles rather than routine
tests on commercial equipment.

(3) The space saving features of
such equipment are valuable not only
because of the smaller size but be
cause a piece of equipment which is
not in use can be shoved aside tem-
porarily.

(4) The student is much better ale
to study the whole process and to
see the functioning of the equipment
as a whole than he is in the case of
large apparatus.

(5) By making it economically pos
sible to have duplication of apparatus,
the student is able to use data which
he himself took.

Our experiences in carryingout
this philosophy have so far been ex-
tremely satisfactory, and we expect
to continue aong this same line
wherever possible.

Spartan Engineel



Three Challenging
Questions
(Continued from Page 61)

tor acoounts for the restrictive stream-
lined congtruction of jet aircraft and
bdligic missiles. As altitude in-
aexes the atmosphere of the earth
diminishes gradually until, at 120
miles the air is so thin that the finest
vaouum created on earth cannot equal
it. By the time the altitude of the
marad satellite is reached the atmos-
phere will have long since vanished.
At its destination the moon rocket
will encounter no air for the moon
isvad of atmosphere. Therefore, be-
care it need not be streamlined, the
mom rocket can be built in any
shepe considered practical for its pur-

pos2

The problem of crew safety has
dreedy been studied in depth. Some
anwves have been found; others will
cdl for much more research. This is
bang conducted by both the U. S.
Air Force and the U. S. Navy, and
oovas such knotty problems as the
dimingion and disposa of body
wades the dangers of cosmic radia-
ion and psychological pressures of
confinemet in the total isolation of
gece These problems will not be
quiddyor easily solved, but the men
rov working on them seem confident

a they eventually will be.

P most of us the second question.
"Why?' comes normally before
.How?' Whether we are building a
babecue pit, or buying a new car.
we know our reasons before we go
aed with the details. For the sci-
atig, "Why?' goes without saying.
He dready has his answer. He is
sxking knowledge for its own sake.
May o v my shudde ad moum
the loss of our tax dollars to such
ivory tower goings on, but we cannot

escape the fact that such pure re-
search isbascally responsible for most
of the technological wonders we en-
joy today. There is little reason to
believe that the exploration of space
will be any less fruitful. One antici-
pated dividend of a successful flight
to the moon is world-wide weather.

observation on a scale never before
possible. Thiswould be a major step

toward the obvious benefits of com-
plete weather control.

Thereisanother answer tothe

question, "Why?" which, if less prac-

tical, is perhaps equally as compel-
ling. Few will deny the value of
meetingandmasteringchallenge.

" W428-3

WESTINGHOUSE BUILT WORLD'S LARGEST ELEVATORS

The U.S.S. Forrestal's four deck-edge elevators can deliver four 70,000-1b.
jet bombers from | angar deck to flight deck in seconds . . . smoothly
without even a jar. Deck-edge elevators were pioneered by Westinghouse.

YOU CAN BE SURE ... IF n-s“'i:stinghouse

AN SELECT
USE BUILDS BOMBER DEFENSE SYSTEM THAT C
ERUUS MT#EKER ﬁIM AND FIRE AUTOMATICALLY

neghouse developed electror 1ic system

\ WY'S -\ 3D. A radar scanner spots
| A er determines its speed
ms the guns and signals the gunner to fire
s then instantly swing to the next target.

yOU CAN BE SURE ... IF .r-s\\-cstlngllouse

WESTINGHO
MOST DANG




Three Challenging
Questions

(Continued from Page 63)

alue, if only in terms of human
v, would be immeasurable
ild mankind meet the challenge
Pouter space and reach the moon.

The third, final and certainly most
seful question is “When?” In
answer to this the President’s
ice Advisory Committee has re-
y prepared a  ten-page space
er, which was commended by
Eisenhower “to all the peoples
e world,” According to this docu-
t the first vehicle to reach the
pon will be an unmanned probe
gt which will measure more pre-
il the moon’s mass and gravity.

Pioneer, fired by the Air Force
v last month, was intended to ac-
this probe, and give us our
iew of the moon’s mysterious
e s well.

next step, still an unmanned
will actually land on the
It will contain several pounds
sitive scientific equipment de-
to measure precisely the nature
moon’s surface and determine
conditions to be anticipated by
dorew of the first manned ship.

Siice each successive step will de-
e to some degree the amount
fime before the next, it becomes
ively difficult to predict with
ty when each will take place.
ms probable, however, that we
see the first man on the moon
the next twenty years, and
gertain that he will make it
e the end of this century,

’ challenge of the moon is being
The first attempt by the United
to unleash the moon-bound
¢ on October 11, 1958, was
ably successtul, Although the
did not follow the planned
fetory, it did transmit back to
2 its important data on cosmic
Jand established a distance ree-
to space of 79.800 miles for a
made projectile.

e question, “How?” seems nearly
fwered. The question, “Why?” has
fady been answered for many ol
Mor some, unfortunately, it can
8 be answered, but even these
it find their lives affected by the
déniable reply of “soon” to the
Bstion, “VWhen?”

svember, 1958

WESTINGHOUSE
IS THE BEST PLACE
FOR TALENTED ENGINEERS

There's a wide variety of engineering and scientific work for the able
engineer at Westinghouse. The brief stories told in the preceding
advertisements only scratch the surface. A hundred or more other
activities, each as interesting, aso demand the services of really
talented engineers. This diversity of opportunity is one of the biggest
reasons for choosing Westinghouse.

There's still another factor to be considered. At Westinghouse,
you'll find the right kind of climate for solid professional growth. The
only limits to how much a man can add to his knowledge and stature
are his own ability, ambition, and determination. The creativeindivid-
ual can benefit substantially from one of industry's most liberal inven-
tion award programs, and the man who seeks more knowledge will
find the opportunity to do so. Since 1927, Westinghouse has recog-
nized the positive value of encouraging self-development.

Incoming college graduates are enrolled in the Student Training
Course, a well-integrated program providing assignments in many
operating divisions, each man finds the type of work best suited for
him. Thereafter, the opportunities for further study are dependent
upon the kind of career you want.

For those desiring a TECHNICAL career:

GRADUATE STUDY PROGRAM—For graduates of engineering
or the e%tz;/sical sciences, Westinghouse offers a Graduate Study pro-
gram leading to M.S. or Ph. D. degrees. This plan offers the qualified
individual an opportunity to pursue further graduate work in con-
junction with his regular job.

ADVANCED DESIGN COURSE—This full-time four-month
Westinghouse program, held at the University of Pittsburgh, is
offered to selected engineering and physical science graduates who
demlé)nstrate unusual aptitude in research, design, or development
work.

ADVANCED MECHANICS PROGRAM—For selected mechanical
engineers, Westinghouse, each year, offas a full-time fifteen-month
graduate program in advanced mechanics at the Research L aboratory
in Pittsburgh. Classsoom work is held at the University of Pitts-
burgh, and all of it is creditable toward an M.S. degree.

HONORS GRADUATE PROGRAM—For a limited number of
selected men, Westinghouse has a released-time graduate study
program aimed at the fulfillment of requirements for Ph. D. degrees.

B. G. LAMME FELLOWSHIPS—Based upon a yearly competition
among outstanding men who are under 35 but who have been with
the Corporation at least fiveyears, Westinghouse awards B. G. Lamme
Fellowships for one year's full-time graduate work on stipend and
salary alowance with all tuition and transportation expenses paid.

For those desiring a MANAGEMENT career:

BUSINESS & MANAGEMENT PROGRAMS—These are pro-
grams of business courses a nine different universities for mature
men in business, particularly graduates in engineering and the
sciences, who have not majored in business administration.

MANAGEMENT DEVELOPMENT PROGRAM—This program
provides position rotation for more breadth of experience, participa-
tion in advanced management schools for more senior professiona
employees, and in-company specialized courses for the development
of executive talents.

If you're interested in more information about these programs at
Westinghouse, write to Mr. L. H. Noggle, Westinghouse Educational
Department, Ardmore and Brinton Roads, Pittsburgh 21, Pa.

You cAN BE SURE...IFITS

Westinghouse

WATCH "WESTINGHOUSE LUCILLE BALL-DES| ARNAZ SHOWS"
CBS TV MONDAYS




TILITIES...

Where the Engineer Designs His Own Career

Here's an industry that started big after thewar . . . surged ahead in every direction . . . keeps
on growing today when others are tapering off . . . and still has its biggest years ahead. The
electric utilities business is basically an engineering business. Many of its top executives come
from engineering ranks; from systems planning, design, operations, research, or saes; and
with backgrounds ranging from electronics and nucleonics to older branches of scientific
learning. If you want a career in an expanding industry that is based on engineering look to
our electric public utilities. We know you'll like working with them. We have been doing it for
many years in supplying this great industry with Kerite quality insulated wire and cable.
See your placement officer, or write us at 30 Church Street, New York 7, N. Y.

KERITE CABLE

o The KERITE Thal nakes The dyferesce

“m\lun\.
PN
R 1 I}



o EIE L . i = =

T we sl 4i %

66

Which of the following are practical applications
ol COPPER or COPPER ALLOYS 2

. Ship fittings.
Television antennae.
Heat sinks for missile nose cones.

Architectural extrusions.

Sl A

Prefabricated plumbing lines.
Pipelines for sodium hydroxide.

Collector vanes for solar heating,

® = ;

Resistance heating elements.

). Resistance-welding electrodes,
10. Gold-plated jewelry,

&2 -8-500.0 0 068 00

Y es. Copper, and many of itsalloys, have
excdlent resistance to salt water corro-
son.

. No. The important properties of copper

are not needed and lighter, cheaper
metals are usualy used.

. Yes. Copper's high heat conductivity

protects the delicate instruments inside
by quickly dissipating the surface heat
of re-entry.

. 'Y es. Architectural bronzeextrudesread-

ily and is used for a wide variety of ar-
chitectural shapes.

. 'Y es. Because copper tubing can beeasly

Now try your hand at these
True-False Selections:

O 11. Proved copper reserves have decreased
in the last 20 years. OT, OF.

O 12. On the machinability rating scale, Free-
Cutting Brass rates 100. OT, OF.

O 13. The green patina of copper can be
developed artificially. OT, OF.

0O 14. Copper and copper alloy parts should be
joined only by riveting. 0T, OF.

O 15. Nickel Silver is an alloy of nickel and
silver. OT, OF.

and firmly soldered, it lends itsdf well
to prefabrication. The few unassembled
joints are soldered on the site, eiminat-
ing the use of threaded fittings.

6. Yes. Copper-nickel aloys have good re-
sistance to many akalies and are often
used in contact with them.

7. Yes. Large vanes of copper are black-
ened and mounted on a roof to collect
the sun's rays. The high thermal con-
ductivity of copper makesit very efficient
for this use. The copper carries the heat
to a circulating water system.

8. No. The conductivity of copper and its
dloys is too high for this purpose.
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9. Yes. Here the current is introduced
through the electrodes to the parts to
be welded. Severa copper dloys are
wdl suited for this use because of their
high strength at elevated temperatures.

10. Yes. The low-zinc brasses are easly
worked and are readily plated for high-
quality costume jewelry. Most copper
dloyslend themselves well to polishing
and plating.

11. False. Reserves have increased. Pub-
lished figures are no indication of long
run availability or total mineral de-
posits. Theindustry lists only those re-
serves which have been "proved" for
immediate devel opment. Since the cop-
per industry has grown in these years,
90, too, have the proved reserves. Fu-
ture copper supplies are vastly greater
than any known "reserve" figureswould
indicate.

12 True. Free-Cutting Brass usually can
be turned at maximum spindle speed
and many other copper aloys at high
speeds. A large number of copper dloys
are available for easy machining.

13 True. The Copper & Brass Research
Association has developed a spray
process which has been successfully
usd to give architectural and orna-
mental parts an attractive green patina
Much fagter than nature would do it.

N“”"‘bﬂ, 1958

14. False. Good joints between copper or
copper dloy parts can be made by sol-
dering, brazing or welding.

False. The Nickd Slvers are copper
aloys. They derive their name from
their slver-like color. A typical com-
position is65% copper, 18% nicke, 176
zinc, and no Slver at all.

The copper dloys, of whichthereare
more than forty that are standard and
many more that are specid in current
use, have many properties just as
unique as this "slver” that isn't dlver.
If you'd like to learn more about them,
or if you redly flunked this quiz, send
for your copy of "A Guide to Copper
and its Alloys." The Copper & Brass
Research Association, 420 Lexington
Avenue, New York 17, N. Y., will be

happy to supply it.

15.

“A GUIDE TO

COPPER
AND ITS
ALLOYS”

28-page booklet issued by the Copper
& Brass Research Asscciation covers
the Coppers, Brasses, Bronzes, Nick-

el Silvers and special alloys. The
histories, properties and applications

of each class of metals are reviewed
in the illustrated text and tables.
Write for your copy. Address Copper

& Brass Research Association, 420
Lexington Avenue, New York17,N.Y.
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Here in the West, where sweeping plains and towering
mountains once challenged the conquistador es of New Spain,
Sandia Laboratory now explores new frontiers of science
and engineering—seeking the answers to vital questions in
many areas of knowledge.

Sandia Corporation was established in 1949 to perform
research and development in the ordnance phases of hudear
weapons for the Atomic Energy Commission. This is il
our main task, but in doing it we have learned much in the
way of theory and advanced technique that has application
outside the field of weaponry. For example, Sandia Corpora-
tion, working in support of the AEC's nuclear physics labo-
ratories, is currently studying problems concerned with the
non-military uses of nuclear energy and with techniques
involved in the control of thermonuclear reactions.

We employ over 7,500 people, of whom 1,800 are engi-

neersand scientists, at our laboratoriesin Albuquerque, New

Mexico, and Livermore, California. These laboratories are

modern in design and equipment, with permanent facilities

valued at $65,000,000. Equipment available, or in the process

of ingtallation, includes an electron and positive ion Van de

Graff accelerator, a 5-megawatt tank-type heterogeneous

nuclear reactor, a wind tunnel operating in subsonic through

hypersonic ranges, digital and analogue computers, and vari-
C (1 Lnﬂ ous devices developed for specialized uses— as well as

general laboratory equipment. Extensive test facilities are

available to the research and development engineer for prov-

ing design theories and concepts.
TO leYS If you are a graduating engineer, mathematician, or phys
icist, Sandia offers exceptional opportunities in the fidds

of fundamental and applied research; design and develop-
ment; aeronautical, manufacturing, reliability, and test en-
gineering; and quality assurance.

Sandia's liberal employee benefits include our graduate
educational aid program, life insurance, sickness benefits,
retirement plan, and generous vacations. These combine
with excellent working conditions to make Sandia an ex-
ceptionally attractive place to work.

Albuquerque is a modern city of about 225,000 people,
known for its excellent recreational attractions and its mild,
dry, sunny climate. Livermore, located in the San Francdsco
Bay area, offers suburban living close to all the metropolitan
advantages of San Francisco. Both are fine places in which
to live.

We'd like to tell you more about Sandia Corporation and
the opportunities it offers. Arrange for an interview with
our representative through your Placement Officer, or write
to Staff Employment Section CMC for a copy of our new
illustrated brochure.

SANDIA

CORPORATION

SANDIA LABORATORY RECRUITS WITH THE BELL SYSTEM TEAM

ALBUQUERQUE. NEW MEXICO



Aeronav

Claude, Parks College of Aero Tech-
nelegy, BS Aero Eng. '50, engineers
compressors for wind tunnels

Sales and promotion man lrving

Fisk, Clark
with |orge
equipment,

Allis-Chalmers

tical engineer Robert

Technology, BSEE, "47.

Application engineering con large
power transformers is handled by
Michael Waterman, Case Institute of

raining Course has

Sale of large centrifugal pumps to
a wide range of industries is direc-
ted by Howard Godfrey, Oregon

State College, ME '48. lege, Dublin, BSE '53.

pruved excellen spnnghoard

son College, EE '52, works
power circuit breaking
Clemson College, BME '49.

Sales manager of large steam fur-
bine generator units is interesting
specialty of John M. Crawford,

Sales engineering of high voltage
electrical control is specialty of Ernest
Horne, graduate of Alabama Poly-
technic Institute, EE 49,

sign of nuclear reactors.

Interesting and varied caregrs

OU get of to the right start in your career

at AllisChamers—even though, at gradu-
ation time, you may not know exactly what
you want to do.

Because of the diversity of products, a wide
selection of training locations is possible. Fi-
nally, the course itsdf is designed to provide
up to two years of theoretical and practical
training . . . help in finding the type of work
and fied to which you are best suited.

The course, incidentally, was started in

1904, and most of the A-C management team
are graduates of it.

Your choice includes research, design, manu-
facturing, application and sales of hundreds of
products in practically every industry ... a
wide range of fidds from nucleonics to elec-
tronics to stress analysis.

Learn more about Allis-Chalmers. Contact
the A-C district manager in your area or write
Allis-Chalmers, Graduate Training Section,
Milwaukee 1, Wisconsin.

ALLIS-CHALMERS

November, 1958

Field sales of America’s widest range
of industrial equipment is choice of
Michael A, Mooney, University Col:

Nuclear engineer Roymond W.
Klecker, University of Southern Cali
fornio, EE '49, is supervisor of de

A-5601
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HUGHES
MASTER
FELLOWSHIPS

THE MASTER'S FELLOWSHIP PROGRAM
offers direct exposure to a potential professond field
combined with academic training leading to aMaster's degree.

One hundred and thirty-five awards are open to gpplicants
receiving their Bachdlor's degree during the coming year in
Aeronautical Engineering, Electrical Engineering,

Industrid Engineering, Mechanicad Engineering or Physcs.

You will pursue a two-year schedule of laboratory work and
graduate study. During the summer, you will have the opportunity to
work under the guidance of experienced scientists and engineers.

Y ou may dect assgnments based on your interest and technical
experience in Radar Systems, Servomechanisms, Computers, Sysems
Andyss, Information Theory, Automatic Controls, Physicd
Andyss Microwave Tubes, Pulse Circuitry, Semiconductor Physics,
Photo Devices, Test Equipment Design, Miniaturization, Electro-
mechanical Design, Gyros, Hydraulics, Subminiaturization, Mechanicd
Design, Instrumentation, Telemetering, Antennas and Wave Guides.

You may request your graduate school from the following seven
inditutions: University of Southern California, Stanford University,
UCLA, Univerdsty of Arizona, Purdue University,

Cdifornia Ingtitute of Technology, and University of West Virginia

Ffteen awards are open to gpplicants receiving their Bachelor's
degree in Budness Administration during the coming year.
The work program will involve interesting assgnments in the
adminigtrative aress of the company and graduate study

will be a UCLA or University of Southern California

Sday is commensurate with your ahility and experience and all
company benefits are extended to those participating in

the program. Tuition, fees books and thed's preparation and
reproduction expenses are provided and travel

expensss outside of the Southern California area are paid.

Upon attainment of Master's degree, Fellows may apply
for the Hughes Stff Doctoral Fellowship Program.

Consult your College Placement Officer for interview information.
Or, write to the Office of Advanced Studies at the address at right.
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HOWARD HUGHES
DOCTORAL
FELLOWSHIPS

Ifyou are interested in studies leading to a Doctor's degree or in
post-doctoral research, you are invited to apply for one
of the ten awards in the Howard Hughes Fellowship Program.

This unique program offers the doctoral candidate the optimum
combination of high-level academic study at California Institute of
Technology, and practical industrial experience in Hughes laboratories.

The Howard Hughes Doctoral Fellowship provides an annual
award of approximately S7200, of which S1800 is for tuition, books,
fees, thesis and research expenses. The remainderis

the award of a cash stipend and salary earned by the Fellow.

Y ou should plan to pursue research in the fields of Electronics
Engineering, Microwave Physics, Mechanical Engineering,
Electron Dynamics, Electronic Computing, Physical Electronics,
Propulsion Engineering, Salid State Physics, Aerodynamics,
Analytical Mechanics or Information Theory.

The Fellowships are open to students qualified for admission to
graduate standing. A Master's Degree or equivalent graduate work
must have been completed before beginning the Fellowship Program.

Application closing date: January 15, 1959

HOW TO APPLY: Forinformation concerning either

of the Hughes programsdescribed, write, specifying programof your
interest, to: Office oj Advanced Sudies—P.G.O., Building 6,
Hughes Aircraft Company, Culver City, California.

The classified nature o] Hughes
work makesability to obtain security clearancearequirement.

the West's leader in advanced el

ectronics

©1958.H. A.C.
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PHOTOGRAPHY AT WORK—No. 35 in a Kodak Series

For Jets

more thrust, more range,
more payload

I'he motion picture camera is seeing into a turbo-
jet combustion chamber operating on a new fuel.

With photography as a tool, the N.A.C.A. Lewis Flight Propulsion Laboratory studies jet

engine combustion chambers, and compounds that can result in new high-energy jet fuels

*How much faster and farther our aircraft
and missiles can go seems now to depend on
developing new high-energy fuds. Thisis a
job of the Lewis Laboratory of the National
Advisory Committee for Aeronautics.

And asin all kinds of industry, photography
is playing an important role in this work.
Motion pictures are taken of the interior of
jet engine chambers through transparent walls.
From the pictures the scientist learns the
behavior of the fud, the flame and exhaust
through the engine turbine and tail pipe.

The use of photography in research and
the development of new or better products is
but one of the ways it is helping all kinds of
businesses, large and small aike.

EASTMAN KODAK COMPANY, Rochester 4, N.Y.

CAREERS WITH KODAK

With photography and photographic
processes becoming increasingly
important in the business and
industry of tomorrow, there are new
and challenging LII)}le_)l'lttllitit‘S at
Kodak in research, engineering, elec-
tronics, desiegn and production.

If you are looking for such an
interesting opportunity, write for
information about careers with
Kodak. Address: Business and Tech-
nical Personnel Dept., Eastman
Kodak Company, Rochester 4, NY. &




The United States is now doubling its use
of electrical energy every eight years.
In order to maintain its position as the
leading manufacturer in this fast-growing

electrical industry, General Electric is
vitally interested in the development of
young engineers. Here,Mr. Lewis answers
some questions concerning your personal
development.

Q. Mr. Lewis, do you think, on entering
industry, it's best to specialize immedi-
ately, or get broad experience first?

A. Let me give you somewhat of a
double-barreled answer. We at Gen-
eral Electric think it's best to get
broad experience in a specialized
field. By that, I mean our training
programs alow you to select the
special kind of work which meets
your interests—manufacturing, en-
gineering, or technical marketing—
and then rotate assignments to give
you broad experience within that
area.

Q. Are training assignments of a pre-
determined length and type or does the
individual have some influence in deter-
mining them?

A. Traning pro%rams, by virtue of
being programs, have outlined as-
signments but still provide real op-
portunities for self-development. We
try our best to tailor assignments to
the individual's desires and demon-
strated abilities.

Q. Do you mean, then, that | could just
stay on a job if | like it?

A. That's right. Our programs are
both to train you and help you find
your place. If you find it somewhere
aong the way, to your satisfaction
and ours, fine.

Michigan State University
Library
Periodicals Dept.

Campus

Interview with General Electric’s

Frank T. Lewis

Mgr., Manufacturing Personnel Development

The Next Four Years:
Your Most Important

Q. What types of study courses are in-
cluded in the training programs and
when are the courses taken?

A. Each of our programs has
graduate-level courses conducted by
experienced G-E engineers. These
courses supplement your college
training and tie it in with required
industrial  techniques. Some are
taken on Company time, some on
your own.

Q. What kind of help do you offer em-
ployees in getting graduate schooling?

A. G.E.''s two principal programs
of graduate study aid are the Honors
Program and the Tuition Refund
Program. If accepted on the Honors
Program you can obtain a mas-
ter'sdegree, tuition free, in 18 months
while earning up to 75% of full-time
salary. The Tuition Refund Program
offers you up to 100% refund of
tuition and related fees when you
complete graduate courses approved
by your department manager. These
courses are taken outside normal
working hours and must be related
to your field of work.

Q. What are the benefits of joining a
company first, then going into military
service if necessary.

A. Wework it thisway. If you are
hired and are only with the Company
a week before reporting to military
service, you are considered to be
performing continuous service while
you are away and you will have your
Job when you return. In determining
your starting salary again, due con-
sideration is given experienceyou've

gained and changes in salary struct-
ure made in your absence. In addi-
tion, you accrue pension and paid-
vacation rights.

Q. Do you advise getting a professional
engineer's license?What's itworth tome?

A. Thereareonly afew cases where
a license is required at G.E., but
we certainly encourage al engineers
to strive for one. At present, nearly
a quarter of our engineers are li-
censed and the percentage is con-
stantly increasing. What's it worth?
A license gives you professiona
status and the recognition and pres-
tige that go with it. You may find,
in years to come, that a license will
be required in more and more in-
stances. Now, while your studies are
fresh in your mind, is the best time
to undertake the requirements.

Your next four years are most impor-
tant. During that period you'll undoubt-
edly make your important career de-
cisions, select and complete training
programs to supplement your academic
training, and pursue graduate schooling,
if you choose. These are the years for
personal development — for shaping
yourself to the needs of the future. If
you have questions still unanswered,
write to me at Section 959-6, General
Electric Co., Schenectady 5, N. Y.

LOOK FOR other interviews dis-
cussing: ® Salary ® Advancement
in Large Companies ® Quaolities We
Look for in Young Engineers.
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