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Westinghouse desalting plants can make the sea an endiess source of fresh W il
Where can the earth’s expanding pop-  most practical solutions to the problem. Westinghouse is prepare
ulation get the fresh water it needs?

mioe 10
. fa(‘,ll![les y
o n |
Since 1951, 57 Westinghouse de-  building Wate"ge?s:litén%ies forqoasla_
We can get it from the en salting units have been installed around help solve water de
in the sea,

in
: ro o a__anywheré
the world. They are desalting millions cities of any size—any
Desalting plants offer one of the of gallons of water a day. world.

You can be sure if it's Westinghouse

dless supply




If you still think glass is just glass,
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inction to pr
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n‘i?n;'hbﬂ't ?eemls ’can't. Add sharpness and dis-
W ‘) X\_)gl'dph_y and simplify the whole
Flexography i ‘h I)our printer.
ible materia]&yst?clh o printing with rubber plates on flex-
ing, ConVCntibn-‘uwa,Sht,hc paper, film and foil used for packag-
egraving Troubics e rubber plate is prepared from a metal
W o rubber tends to exaggerate the tiny irreg-
Then Corn d in etched metal. v i
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& World glass was developed by Corning. It opens up
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ask your printer.

a major new basic material. Yet it is only part of the enormous

promise in glass.

Today, glass can be made six times stronger than steel. Or
as soft as silk. It can bend or not bend. Break or not break.
Melt or not melt. It can be molded, cast, machined, drawn and

pressed. In short, it possesses more useful capabilities than any

other known material.

For solutions to their materials problems, industry and gov-
ernment are coming to Corning. Because Corning is the glass-
master. It's a broad, international company, with one of the
, expert and imaginative research and engineering

world. Plus a marketing principle that commits
sroducts only in arcas where a need exists

most daring
staffs in the
them to developing |
and no product does.

Young engineers seeking challenge, opportunity and ad-
vancement are invited to write to Career Development Man-
ager, Corning Glass Works, Corning, New York.

CORNING

CORNING GLASS WORKS

AN EQUAL-OPPORTUNITY EMPLOYER




Your career
at Boeing began

It started, in fact, the day you
decided to become an engineer or
scientist. Along the way, you've
developed and learned many of the
things you'll need to accomplish
the challenging assignments await-
ing you at Boeing.

Why Boeing? Boeing is one of the
nation’s leaders in acrospace. A
substantial backlog of firm con-
tracts and orders—more than $3
billion as of December 31, 1965—
assures a high degree of career
stability. Boeing activities range
from commercial jetliners and
helicopters through military pro-
grams 1o space flight contracts,
offering a broadly diversified spec-
trum of long-term assignments. It's
a good combination. Initiative and
ability can get you to the top fast.

This year Boeing celebrates its 50th
Anniversary. From a small shop

2

years ago

in 1916, it has expanded into an
aggressive, eminently successful
and still growing organization,
with sales over $2 billion in 1965.
The power behind this remarkable
growth has been a forward-striding
attitude, an orientation toward the
future which, over the years, has
produced a steady succession

of pioneering, years-ahead
achievements,

It’s a propitious moment, perhaps,
to consider a Boeing career. For
further information about career
opportunities, write directly to:
Mr. T. J. Johnston, The Boeing
Company, P.O. Box 3707, Seattle,
Washington 98124, Boeing is an
equal opportunity employer,

BOEING

Divisions: Commercial Airplane «  Missile &
Information Systems o Space « Supersonic
Transport « Vertol « Wichita . Also, Boeing
Scientific Research Laboratories, )
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EE, ME, ChE, Physics and Chemistry Graduates

An exciting growth curve can
be a tantalizing inducement

for you to consider a
company like Xerox.

What's behind the curve is even more important.

The first thing that you will find is that it's made up of
more than a single line...more than a product line of the
world-famous office copiers that continue to provide so
much growth impetus.

But the closer you look, the more you'll see of the story
behind our growth, and the opening chapters of the new
growth stories ahead for Xerox and its people,

Now you're getting to the real reasons why we're look-
ing for more new graduates than ever in the history of
Xerox —more than 400 from the classes of '66 alone.,

In the near term, we forecast an ever lengthening list
of products and systems for offices, schools and govern-
ments, on a global scale. Not exclusively new copying ma-
chines, but also document Mmanagement systems which
reduce, consolidate and distribute information, making it
more readily accessible to the man who needs it. As fast
as he needs it. These are in our R&D pipelines today.

In the longer view, the answers will come from our
deepening studies of graphic communications which em-
brace the entire spectrum of communications in a graphic
sense: the formulation, reception, transmission, recording,

storing, retrieving, processing, copying and presentation of
any meaningful images.

S ; ell as
It all adds up to growth. But it's honzont:\;pT: xalize.
vertical. More interdisciplinary than most p

rtuni-
We think it's the kind of growth that mai‘:: ﬁzi.ogra :
ties like these take on real meaning for

S or
FUNDAMENTAL AND APPLIED RESEARCH (P:r?c'u gmw_
BS in the fields of Physics, Chemistry, OPt'CiSS e 15 00
graphic, and Engineering Sciences.) Emphaiving.
experimentation and imaginative problem so

enings
ENGINEERING (BS, MS in ME, EE, ChE. Also. %
for majors in optics, photographic sciences, r;l hare is 01
physics and engineering physics.) Emphasi
Creativity and imaginative problem solving.

hysics
MANUFACTURING (BS, MS in ME: EE, IE'hS;]SE;nZiﬁeer-
or Chemistry. Involves instrumentation, met cost and pro
ing, time study and chemical engineering:
duction control; quality control.)

t Directo”
For further information, contact your PlaC:r&e;ox Corp®
or write directly to Mr. Stephen G. Crawafk' 14603.
ration, P.0. Box 1540, Rochester, New Yor

XEROX

An Equal Opportunity Employer (M &F)

P
Spartan Engin®®



NEWS TRAVELS
FASTER ON
TIMKEN' BEARINGS

:.NE'THER RAIN NOR . . .
rsonow country, the mail goes
ardl!h on a Ski-Doo Bom-
ornwr Power-sled, made by
iy ardier Snowmobile Ltd.,
e efc. Itis also used on trap
i Or sports and for haul-
ings?:::ghesl. Timken® bear-
1 tNe clutch give |

Capacity in a smal?spealzte?x"a

MQY: ]966

WHEELS AND SHAFTS. What-
ever you build—wheelbarrows
to steel rolling mills—Timken
tapered roller bearings can
help it perform better, longer.
They're precision-made of
nickel-rich steel by: The
Timken Roller Bearing Com-
pany, Canton, Ohio. Also
makers of Fine Alloy Steel and
Rock Bits.

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

| —
=
(—
—
]

EXTRA! EXTRA! This Goss
Headliner Mark Il press runs
70,000 newspapers an hour.
It prints in color. It folds. It
delivers the papers to the load-
ing dock. Not one Timken
bearing has required prema-

ture replacement.

QUALITY TURNS ON

TIMKEN

TAPERED ROLLER

BEARINGS

2 _ it
™ More About the Timken Company, an Equal Opportunity Employer. Send for Career Booklet.



NEW PROGRAM IN THE ENGINEERING SCIENCES

AT MICHIGAN STATE UNIVERSITY

Educational programs in the
new Engineering Sciences such
as Computer Science, Systems
Science or Materials Science will
be provided through a new cur-
riculum pattern for the Bachelor
of Science degree just established
by the College of Engineering,
Michigan State University, The
new pattern permits the individ-
ual student to select study areas
not previously brought together in
the curriculums of the profes-
slonal engineering fields, and will
also allow easy combination of the
new fields with supporting studies
from other engineering areas or
in business management, medi-
cine, the social sciences, or the
physical sciences, It ig antici-
pated that additional major areas
in the Engineering Sciences will
be developed,

The new MsU program calls
for normal academic loads of 15
credits per term, adding to 180
quarter credits (120 semester
hours) for the four-year B.S.
degree, The student will under-
take a core program comprising
47 percent of the total in basic
mathematics, chemistry, phy-
sics, Introductory computer pro-
gramming, and general education
courses in the MSU Universlty
College, This core area will oc-

cupy most of the first two years
of study, and will not require the
student’s decision on a major
career area until he can form a
mature judgment, This plan also
makes entrance into the program
easy for students transferring
into engineering education from
liberal arts or community col-
leges at the Junior year,

Late in the second year, the
student will work with his ad-
visor to develop his individual
program. This program will as-
sure capability in a major en-
gineering area; the major will
Tequire a minimum of 42 quarter
credits, comprising 23 percent
of the curriculum,

The student’s choice of major
study area will be broadened by
the addition of minor programs
in two academic fields, each
chosen to complement and sup-
port the major area; these min-
ors will require a minimum of
40 credits, or 22 percent of the
total time. Only one minor may
be selected from an engineering
field, but when suitable both min-
ors may be taken in areas of work
outside of the College of Engi-
neering, Possible minor areas

might include the Engineering
Sciences, or be chosen from
mathematics,

statistics, phy-

ed-
emistry, business, m
?é?r?é, c(?r the sgcial or biological
ces, !
SCi’f}crllditional credits (about sll;ge
cent of the total) are zwaif oL
for further development 0
am in any area,
pr%gh];s new cgrriculum pz;tte::_,
combined with the MSU engingers
ing plan which permits en%: e
to carry normal credit loa eérlng
provide a College of Engi{rjl et
student at Michigan5tate ﬁactloﬂ
sity with opportunity for giom q
of a study program suite g
ern needs of business an ide
try, and which w.111 a.ISO l;n s
supporting proficxepmes it
sical or social sc1encers.appm.
ness, medicine, ozilothe
iate areas as well, a4
pr’ll"his new curriqulum fI();I;m_
is immediately available o ding
dents reaching Junior Srring 2
For those students prefenal v
major in the pmfesmﬁege oi
gineering fields, the Co e
continue to offer curric s
Agricultural Enginee_rlré%,gmeer_
ical Engineering, C?Vll o Me-
ing, Electrical Engmeen ,\ﬁetal-
chanical Engineering, aavailabl‘f
lurgy, Graduate workis e new
in these fields and In
fields, as well. Al 2, 1966
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until you read the fine p

MRCRAFT, MISSILES, GEMS

VERTICAL FLIGHT SYSTEMS — Exceptional back-
ground in V/STOL jet fighter/bomber and ducted-
popeller transport development.

GUIDED MISSILES — First complete weapon
wystem contractor respansible for management,
dasign and production of air/ground systems.
TARGET MISSILE SYSTEMS — Fifteen years ex-
perience in design, development and production
of target missile systems.

AR LAUNCH SYSTEMS — System design and
fabrication.

HEAT PROTECTION — Double-wall construction,
successfully tested answer to re-entry heating.
Retractory materials far re-entry.

GROUND SERVICING EQUIPMENT — Design and
fabneation of complete GSE for aircraft, missiles,
g rocket engines.

GROUND EFFECT MACHINES — Winning con-
tractor for largest U.S. ACV — Navy's 2214-ton
Hydroskimmer,

AIRCAAFT DESIGN — From first American jet
Weplane through “X™* series and proven V/STOL
concapts.

STRUCTURES — Lightweight heat protection and
compact design.

SPACE SYSTEMS

FECOVERABLE SPACE VEHICLES — Design, test
ind fabrication of manned and unmanned space
“thicles for controlled landings on earth or maoon.
EmeERRESTRIAL WORKERS — Development,
':nclnan and evaluation of equipment for extra-
iular manned operatio
e y 1Ons in a space or lunar
SPACE VEHICLES — Design, fabricati
. fab
i i g‘ rication and test
nd rendezvuus.
:’:’Eﬂ STAGES — Design, fabrication and test
i pace stages involving integration of structure,
e hage and propulsion system.
w:uuTDRs—.F&xud base simulation of manned
# Systems for evaluation and training,

"8 ¥ : ing

POCKET OPERATIONS

U

H'OGU:::::::KU PROPULSION — Rocket engines

ki t;.f;:w’ﬂpel(an‘\l tanks, positive expuision

l’rﬂoml‘ ne pumps and Pressurization

H

".'G‘:i‘ Emnemv SOLID PROPELLANTS — syn.

tompaunds fo i

:';::Im mbie r solid propellant

- :iilu ROCKEY PROPULSION — Research
D'."Dwrmﬂ N new propellant combina-

—;nmb:“'mmn“ Concepts, thrust chambers,

teting ""In:on tempetatures, and materiais in.

= ine-oxidized propulsion system

Low-thrust propulsion

mnn CONTROLS —
velocity adjustment,

* Providing vernier

Propel
ltant setlling and attitude orientation,

Don’t sign up

PRODUCTS & SERVICES OF BELL AEROSYSTEMS

PROPULSION SYSTEM GROUND HANDLING
EQUIPMENT — Designed and fabricated to pro-
vide check-out, functional test. and servicing of
propulsion systems.

CRYOGENIC PUMPS — Fifteen years experience
in design and development of pumps for liquid
nitrogen, helium, oxygen, hydrogen and fluorine.
ENVIRONMENTAL TESTING OF PROPULSION
SYSTEMS — Facilities for system and component
testing at simulated aititude, pressure and tem-
perature conditions from sea level to 10—32 Torr
and cryogenic to +20,000°F.

SMALL ROCKET LIFT DEVICE — A new dimen-
sion in mobility, the optimized rocket belt is a
complete one man personal propulsion system,

ADVANCED RESEARCH

PROPULSION AND POWER:
Chemical Propellants — Study and selection of
new and promising propellants and fuel blends
for high energy liquid propellant rocket engines.
Performance Calculations — New computer pro:
grams for evaluating performance characteristics
of propellant and oxidizer combinations.

AUTOMATIC CHECKOUT EQUIPMENT — A com
plete automatic checkout system developed for
US Air Force missiles.
AIR TRAFFIC CONTROL BEACON EQUIPMENT —
Adds selective identification feature (SIF) to
Mark X IFF equipment operating in conjunction
with ground radar sets.
RADAR SYSTEMS — Developed for both ground
based and airborne applications including search.
tracking, and seeker types.
BATTLEFIELD SURVEILLANCE SYSTEMS — For
target focation, observation of troop movements
and damage assessment utilizing reliable air-
barne sensors, positive position-reference equip
ment, data links, and precise ground sensor.
MISSILE AND DRONE RECOVERY SYSTEMS —
Successfully used for Regulus recovery combines
features of the automatic landing system with
Bell's secure command system.
SECURE TRANSMISSION SYSTEMS — Designed
for control, navigation, coded communication,
and data transmission to offset countermeasures
in electronic warfare.
AUTOMATIC FLIGHT CONTROLS — An unique
tant-altitud ing autopilot for Navy

Nuclear Propulsion — Emphasis on non lear
components involving new material and control
techniques for nuclear rocket engines.

Electric Propulsion — Basic studies of electric
fieid theory and propulsion devices involving
electrostatic forces.

Propellant Flame—Radiation studies to measure
flame radiation temperatures and heat trans.
mission

MATERIALS RESEARCH:

High Ti Materials — Ri
temperature material for rockel engines.
Space Environment Effects on Materials —
Vacuum and radiation effects an polymeric
materials.

MNUCLEAR SCIENCES:

Radiation Testing of rocket engine components.
Nuclear Mass Flow Device — to measure mass
flow rates.

SPACE DYNAMICS:

Orbital transfer and rendezvous.

Interplanetary mission studies.

Perturbation studies.

in high

AVIONICS

HIGH PERFORMANCE NAVIGATION SYSTEM
(HIPERNAS 1l) — Complete guidance and navi-
gation systems for strategic and tactical missiles,
aircraft and aerospace vehicles, ship and sub
marine navigation and drone recovery.
ACCELEROMETERS AND DIGITAL VELOCITY
METERS — The BAC |II-B Linear Accelerometer
has a range of +45g and weight of 0.7 Ibs. Com-
bined with the external Digital Velocity Meter it
yields a precision digital system whose pulse rate
s propartional to the instantaneous acceleration.
RADIO RECEIVERS — Bell's 406- and 550-
megacycles receivers meet the exacting require:
ments of missiles and guidance systems.

anti-submarine helicopters with special hydraulic
servo valves, antenna drives and power systems.
AUTOMATIC LANDING SYSTEMS — Available in
either land or carnier-based versions — the only
ground-derived system available that atlords pre
cise and reliable aircraft control.

GYROSCOPES — The Brig Il gyroscope is a two-
degree-ol-freedom, floaled instrument designed
for aerospace applications where accuracy. small
size, and light weight are essential,

Recevers, Transmitters, Coders. Beacons. Power
Supplies, Electromagnetic and Electrostatic Re
search, RF Circuit and Microwaye Equipment
Development, Counter-measure and Counter:
counter measure Research, Analog and Digital
Computation, and Data Processing Technigues.

ELECTRONICS RESEARCH:

Non-linear circuit theory: sell adaptive filters; in
farmation theory and determination ol optimum
codes for pulse communication; polyphase fre
quency iers, multiple f pumping
of parametric amplifiers, electromagnetic pro-
pagation in the atmosphere of the planels, con:
sultation

RADIO FREQUENCY INTERFERENCE

RFI analysis of electronic systems, eg. voice
interference detection, measurement and analy-
sis of commumications systems. Detection, mea
surement and analysis of interference in RTT,
pulse or radar systems.

Automalic frequency measunng and monitoring

equipment

rint.

Spectrum Signature Data Collection and Analysis
Theoretical RFI prediction techniques and Mathe
matical modeling

SERVICES:

Human factors analysis. studies and electromic
simulation of man-machine interrelationships
Electronic Range Operation, Data Collection,
Data Reduction and Analysis.

SPECIAL PRODUCTS AND SERVICES

HIGH-SPEED DATA PROCESSING — I1BM 7090
computer and complete 1401 computer system
MANUFACTURING RESEARCH - Matenals and
processes modified and developed to meel spe
cific and unusual requirements

PRECISION MACHINING AND FABRICATION —
Manutacture and assembly of complex aifframe
and missile components

TITANIUM FABRICATION—Machining, hot form
ing and assembly of titamum parts
MANUFACTURING SUBCONTRACTING — Aur
frame and missile components including com
plete design, test and qualification

HYPERSPEED PUMPS — The design, manufac
ture and test of hipressure centrifugal pumps
AIR CONVEYOR — Provides Irictionless platiorm
for matenal handling

PERSONALIZED LOAD CARRYING DEVICES —
Enables man to carry heavier loads with less
fatigue over extended time penods.

LABORATORY CAPABILITIES

PROCESSES:
Process Development and Specilications
Vacuum Furnace
CHEMISTRY:
Inorganic, Organic, Physical and Analytical
Solid and Liquid Propellants
INSTRUMENTATION
Standards and Calibration
Measurements
Instrument Development and Evaluation
Data Acquisition and Analysis
Human Factors
EQUIPMENT
Shock and Vibration
Electromechanics
Hydraulics
Static, Acoustic and Emaronmental Test
Electramc Noise
FLIGHT PERFORMANCE
Flight Test and Vehicle Technology
MATERIALS, METALLIC AND NONMETALLIC
Ablative Test and Development
Bonding Evaluation and D P

Mechanical and Thermal Properties at —453 to

S000F
Electron Beam Welding Development
Coating Evaluat

Elect pr tion theory d
and field experimentation, antenna system de
velopment

High (- S00OF.) Temperature Oxidation Tests
Cerarmic Matenal Development

POSITIONS ARE IMMEDIATELY AVAILABLE IN INTEGRATED SYSTEMS ENGINEERING ® STRUCTURAL SYSTEMS ENGINEER-

ING = ELECTROMECHANICAL / ELECTRONIC SYSTEMS ENGINEERING ® MANUFACTURING RESEARCH & DEVELOPMENT.

Mt T. C. Fritschi

() Please send literature describing your job oppartunities in
greater detail.

Bell Aerosystems Company

P.O. Box =1
Buffalo, New York 14240

Name

{ ) My resume enclosed. Let me know which openingls) will offer
me an immediate step up, based on my qualifications and

what I’'m now doing.

Address

City

State

Zip Code

When & Where Received

Major Professional field(s) of interest:

Present job title

|
|
I
|
|
|
|
|
|
| Degree(s)
|
|
|
|
|
|
|
1

BELL AEROSYSTE

An Equal Opporiunity Employer —
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LAY THAT SLIDE Rl!RLE DOWN,
“Woing The Gearos Between the Eal’

PART FOUR

FUN WITH APPROXIMATIONS
Year Wesses e Too”

The Circle Function,f: The ratio of the
circumference of a circle to its diameter,
is clearly defined in mathematics as being a
transcendental number, By being transcendental
it is meant that the number may not be ex-
pressed exactly by any finite succession of
integers expressing a decimal fraction, For-
tunately, however, may be approximated by
any of several infinite series arrays, One of the
simplest of these insofar a8 appearances are
concerned is due to Leibniz, simultaneous in-
ventor of the calculus with Newton,

7 wgld Lol 1,10 ¢<pnT

o R e A5 s (2n-1))
This series has the unpleasant feature of con-
verging very slowly upon the ultimate value
of . It is apparent from FUN WITH RECIP-
ROCALS that after 45 many as 10,000 terms
the series continues to fluctuate €xasperatingly
in the fifth decimal place. Moreover, there is
very little additional accuracy to be gained
in adding 1/19,999 ang then subtracting 1/20,001,
The net adjustment to the approximation of T by
the inclusion of these two terms is precisel
2/399,999,099 or approximately 0.000000005! You
can see, therefore, that thig particular infinite
series is working on the ninth decimal place
while trying to effect an improvement in the ac-
curacy of the fifth decimal place, Fortunately,
other series have been developed that result

in a much more rapid convergence upon the
value of 7t

Early history records values of 3, V10, and
3 1/3 as being used for this ratio, In our earliest
encounters with ¢ we were taught to exXpress it
simply as 22/7, or 3 /7. It is interestmg to
apply a technique from FUNWITH RECIPROCALS

hods
for extracting the square root of 'll“oh fgemiesthi&
explained therein, /10 ¥ 3 1/7. /10 and 3177
torical evidence to indicate that and. more-
were once thought to be synorltymoust the circle
over, both were thought to represen
function exactly, were
ré)cther intere{-.*ting algebraic nur}’lb?’gt:h(fm :
once thought to represent J{ inc ue  ctailt
(7/92 , and 113/355, Note thfi‘ rseqbookwas
integers in the last example. A la sz than that
once written with no greater thesi
T = (4/3)4 = 256/81 = 3.16. . . rem in the
The invention of the decimal lsysto express
fifteenth century made it possib ewithoutsee-
T to any desired number of p}ace‘sn of fractions
ing a particularly clever c:ombmatlf0 the earliest
for the purpose, In fact, one o tion was by
recorded uses of the decimal fr,ac.an in ex-
a little known Arabian mathen‘lﬂtm;he first
pressing ywto 17 decimal places, ¥
of which were correct, sophis-
Common practice today in reasqna:llyfragiﬂﬂ-
ticated circles is to use the ~:iec:1“f;icaI mathé-
3.1416, as being a logical and praiheless. this
matical equivalent for YT . Ne\’ler adds unrée
latter-day approximation probab ¥ great many
sonably to the labor involved in o 92/
simple problems, The differenced to be less
or 3.1429 and 3.1416 is observe than 1 part
than 13 parts in 31,400, or less indiscretio?
in 2,400. To draw an analogy, the;(-is gimild
in using 22/7 rather than 3,1416 for T barhing sul
to flattering a young lady attired in ions as beiné
by estimating "the critical d1menslhan being
a well-rounded 36-26-36 rgther ton 35,085 -
Scientific prude and insisting ui) Moreoveh
25.990 - 35.985 inches, respectively.

g
| PAGE
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The Rain in Maine is Plainly

SNR _ t/Tsys

D=SNR.

gttlt]antion to detail is an old
dell System habit, Or maybe you call

it thoroughness. Or follow-through.

A

d:ty:fy' We attended to an interesting

i recently—the effect of rain

. e m_lcroyvave link between a
YMMunications satellite and our

Et'Onee, Eround station antenna
Andover, Maine.

If w
eﬁeitc‘wld but mleasure the rain’s
e sat'eu'e could improve the design
h ite ground stations
® question was how. -

Well, yoy ofte

n
abOratory i have to take your

Is where you find them,

*The

®Qradation dy, i
e to rainf. i
echnical Journ infall, may be found in the

able in mosgt s

h" System T,
Which ig ayqi

avail, :
ientific and enginearing libraries.

t.,/Tsys,

=1

and in this case we found ours in
Cassiopeia A, a strong and stable
radio star that is always visible from
Andover. We measured the noise
power from Cassiopeia A during dry
periods, and then measured the
reduction during rainy periods. The
result could be expressed as a
formula and employed accurately in
designing future ground stations.

The initial success of our Telstar®
satellites proved the feasibility
of communicating via space.

But it also opened the door—or the
heavens—to a whole new technology
which we are now busily

exploring in every detail.

efinition,
s $ and derivat
Yansmisgign d derivation, plus further information on satellite

al, Vol. XLIV, No. 7, Sept., 1965, p. 1528,

Tsys, _
*Tsys

AT
JAS |

In space, on land or beneath the sea
—wherever we operate—we go into
things thoroughly.

Sometimes we know when not
to come in out of the rain.

Ed * *

You may well find a rewarding career
in the Bell System, where people
find solutions to unusual problems.
Bell System Companies are equal
opportunity employers. Arrange

for an on-campus interview

through your Placement Office, or talk
to a local Bell System Company.

ny
Bell System
American Telephone & Telegraph
and Associated Companies
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a beauty contest judge is neither ethical nor
discrete if he pursues the determination of the
fundamental dimensions to such a high degree of
recision,

: It may be that you are all but offended by the
previous illustration, Then consider an example
that offers an opportunity to cancel a seven from
the numerator where JU is a multiplier, Problems
of this kind beg of use of 22/7 as a substitute
for . For instance, the circumference of a
pipe or duct with a seven-inch outside diameter
is quite obviously 22 inches; well not exactly,
but 21.99 inches, The latter dimension might be
significant in very precise work, but it would
seldom affect the outcome of ordinary measure-
ments since the actual circumference of the
seven-inch pipe or duct will vary with the temper-
ature, the internal pressure, the degree of
concentricity, and the external finish,

When precision requires that 3,1416 be used
for X, we happen to be blessed with a very
fortunate combination of integers, That particular
sequence of five digits contains no less than
seven prime factors:

(2x2x2)x3x7x11x17 = 31,416 = 10,0003€
These several prime factors, in turn, lead to an
imposing array of over 60 integer divisors with
zero remainder, Some of these divisors appear
below:

Table I, Partial List of Fxact Divisors of 31,-
416, or 10,0007t

2 3 4 6 i 8 11 12
14 17 21 22 24 28 33 34
42 46 51 56 66 68 77 84
88 102 119 132 136 154 168 187

The product of the last two divisors appearing
in the table above is expressed: 168 x 187
231,416, Other factors of 31,416, some 30 in
all, may be found by dividing the near equivalent
of 10,000y by each of the remaining values
reported above,

Many of the 60 possible exact divisors of
31,416 are commonly arrayed against T across
the line of division in problems from mathe-
matics, physics, and courses in engineering
For instance, the brake horsepower equations:

BHP = BLAN', 4 pip .2 YONT
' 33,000 33,000
contain many common factors in both the de-

nominator and the numerator, In gene
!e-ngth. of stroke is L inches, the cyg]indzi],bétxl':
is D inches, the brake mean effective pressure
is P pounds per Square inch, and the number
of POwWer strokes per minute is one-half the
revolutions per minute for the four-stroke cycle
m] the typical internal combustion engine, or
N1- N/2. The former equation given above ;na
be reduced to very much simpler terms for thi
brake horsepower per engine cylinder
BHP/cyl =BLAN® _ Pl p2y

33,000 33,000(4)2

~ —3L416PLD2N
10,000(33,000)4(2)

But we note f
4, and 2, aj, are faoorE L above thar 33,

are factors of 31,416, There-

10

fore the expression at right above reduces
to the simpler form:

BHP/cyl = 1.1I9PLD?N
100,000

where the three significant figures, 11931416
divided by 33 x 4 x 2. The number 100,000
in the denominator merely serves to locate the
decimal place properly.

The right-hand equation above may bereduced
to

19,04NT
BHP ~
100,000

where N is measured in revolutions per minute
and the torque, T, is expressed in pound-feet,

Such devices are convenient in developing
brake horsepower relationships for agiven engine
where additional design variables are known
and may be worked into the constants expressed
above,

Combining the two equations,

19,04NT/cyl - 1.19PLD2N

BHP/eyl = 140,000 100,000
The pound-feet of brake torque per cylinder may
be expressed in terms of the brake rqean ef-
fective pressure and the engine dimensions for
any four-stroke, single-acting engine by solving
for the torque, T, in the pair of expressions
above:

T/cyl - LL9PLD?N 100,000 _PLD?p; 04 fee

100,000 19.04N 16 i

The preceding is an exact expression, wherle
1.19/19.04 is precisely 1/16, The same resul
could have been obtained by cancelling YT from
the two original BHP equations and reducing
each of them to the simpler form in termz
of a single numerical constant as We 1:!3"{
done above, However, a typical group of studen
engineers given the task of deriving the_deslrm
constants will introduce a standard deviation
their answers of at least three per centlsﬂ
stand fast in their opinion that what has evo
is simply an unavoidable slide rule error. i
Irigonometric Functions: We would like H
recall the statement of a fundamental trigon
metric proof:

sin® = 8 = tang d
as g approaches zero, il
providing the angle

is expressed in radian
measure,

; dian
Figure 1, Comparison of the Sine, theilﬂjngle
Measure, and the Tangent of a Sma

- cff
sin® = a/r ;8- b/r ; tand /

zero.
where a ~ b . ¢, as @approaches Gt
CONTINUED ON PA
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RESEARCH OPPORTUNITIES
IN HIGHWAY ENGINEERING

The Asphalt Institute Suggests Projects in 5 Vital Areas

Phem_Jmenal advances in roadbuilding
techmgues during the past decade have
made it clear that continued highway
research is a must. )

Here are five important areas of
hlghwpy design and construction that
America’s roadbuilders need to know
more about,

m;fyog or your department are plan-
. § research studies, you can make
[\J‘ﬁonam contributions to highway
tchnology through projects in one or

more of these areas:
Rational Thickness Design

n and Materials Evaluation.

Kisn .

n:]g:nhe;fm?!ns to be done in the re-
5 asplm(]}[ thickness design concepts
S e pa_vemgm structures. Re-
rheﬂlog‘y beqﬁllrf:‘d In areas of asphalt
fivide ] .and avior mechanisms of in-
Mt o combined layers of the
i 5 Hvructure, stage construc-
-'\?hah OF\)f'erleaI;:_m strengthening by
imﬁ‘l‘elcdzv‘aluatior}. essential for
ment Ot'ﬂim Srlgn: requires the develop-
:jfiﬂg lﬂadin?.wd procedures for uti-
data, Thege DEEFGI’ and other_ traffic
L‘C]umely erw vprocedur_cs will more
traffic |OadE : nlm convermgn of mixed
ingle-ax]e llondo terms o! 18,000-1b.
SEN guideg o]‘als as rcq_u1red by de-
tion of §yqe }316 American Associa-
Asphal s ighway Officials, The
Needeq are.bl ute and others. Also
icting fumre;'ff' F}}-‘thods for pre-
.iaaracicriuics_ raffic volumes and

May, 1966

Materials Specifications and
Construction Quality-Control.

Needed are more scientific methods
of writing specifications, particularly
for determining rejection and accept-
ance criteria. Also urgently needed
are speedier methods for quality con-
trol tests at construction sites, such as
improved air- or water-permeability
procedures for controlling pavement
density.

Better and more positive methods are
needed in this area. Suggested are ex-
periments with two-layer systems and
investigations of differing roadbed

cross sections.
n Traditional Lifts and

Thicker Lifts.
Rolling procedures, compaction equip-
ment and compaction testing-methods
for traditional thin lifts of asphalt

Drainage of Pavement
Structures.

Compaction of Pavements,

pavements need further study. The re-
cent use of much thicker lifts in as-
phalt pavement construction suggests
the need for new studies to develop
and refine techniques of compaction
to obtain the densities desired.
n Conservation and Beneficia-
tion of Aggregates.

In light of greatly increased road and
street construction, in which high-
grade materials are being used in
abundance, the conservation of ag-
gregates has become a pressing re-
quirement. A study of the use of As-
phalt in membrane form to envelop
low-quality base courses and soils
would be helpful. Other procedures
utilizing Asphalt also could be studied.

For basic background information on
Asphalt construction and technology
at no cost, fill in and mail the coupon.
:”;ﬁ'rihe
i \! THE ASPHALT INSTITUTE
T 0‘9:

College Park, Maryland 20740

g1 15

OFFER OPEN TO CIVIL ENGINEERING STUDENTS AND PROFESSORS

THE ASPHALT INSTITUTE, College Park, Maryl

and 20740

Gentlemen: Please send me your free library
on Asphalt Construction and Technology.

CLASS OR RANK

NAME

SCHOOL

ADDRESS

STATEfoo— ————————

CITY

ZIP CODE——————

11



CONTINUED FROM PAGE 10

Or, Interpreting the same information into
the more conventional form of angular measure-
ment In degrees:

180 degrees = JU radians ,

1 degree - 31-81(;'—“5 radians -§7.—3radian3
| degree « 001745 radians

The decimal equivalent of an angle of one
degree, when expressed in radian measure,
agrees very closely with both the sine and'the
tangent of one degree as reported in five-
place tables of trigonometric functions, Within
certain  limits, therefore, we may determine
either sin® or tan® where Bis a small angle
measured in degrees, by finding the product:

8inB 2= 001745, and tan® 2 0.017456

The method is hardly more than one percent
in error if used for either the sine or the tangent
of 10 degrees, It is somewhat closer for approxi-
mating the sine function

than it is for the < 2
tangent, It is i 3.5000 I(B}-U.Dli‘ﬁa/ "
interesting to note 4000 Sing
that this approx- & 03000

imation serves & 0,200

closely for either = 0.1000

the sine or the ,;E, -

tangent by yielding @ 0.0000 0 ZO )
an intermediate > 8 - Degrees

value that represents _. :
either the slrFe and  Figure 2. Straight-Line Approximation
the tangent of Sine and Tangent of Small Angles

sufficiently well through the recommended range
of 10 degrees, In fact, there is less than five
per cent error if sin 30% is determined by
the same approximation formula:

sin 30° =% 30(0.01745) = 0.5235
We know better of course; sin 30° being ex-
actly 0.5. Yet the example serves to demon-
strate the magnitude of the error in this in-
stance, Furthermore, there is no denying the
utility of the method in the expression of:

sin 10° « 10(0.01745) =~ 0.1745 vs

0.1736, or 0.52% error

sin 6° « 6(0.01745) « 0.1047 vs

0.1045, or 0.19% error

@

sin 30" « 1/2(0.01745) = 0.00873 vs
' 0.00873, I

sin 30+ 0.01745/120 = 0.000145vs
0.000145 "

Applying the method to the tangent of the
angles shown above leads to the same approximate
snlutjons with respective errors of 1.03% and
0.38% in the first two instances, There gs no
apparent error through the three significant
figures of the last two examples whether the
sm“l?hor the tangent function is expressed

€ approximation method is str s
mended for determination of the Stlnc;ngi)é I;Zﬁog;\:c
for angles smaller than 60 » Where the fl.mc:tg
range from 0.0000 through a 000,
Although the sine and tang
are generally expressed si
2T scale En slide rules, t

€mains a hazard it not a m
Slldt’. rule mechanic, Furth?rt:'lgéo EEZIZV?:age
Provision on most ST scales for r:eading an Ino
smaller than the angle whose sine ig OO%O%S

12

Thus, all angles smaller than 34.4 minutes of
arc have to be treated in a special manner gg
most slide rules, The methods presented above
are suitable for such purposes, ]

We may draw upon any one of several trigong-
metric identities to speed us along our path
least resistance in determining further usefy
trigonometric functions of angles,

It would appear we work most often wit
cosine components which are but slightly skew
with respect to the plane of reference or to the
line of motion, We may approximate the cosine
by application of the above correspondence be-
tween radian measure and the sine function fo
small angles along with the use of a familia
identity:

cos 26 = 1 - 2 sin2@
This reduces to a more useful form for ex:
amples where 26 = X,
cos x = 1 - 2 sin2x/2 !

If the angle x is small, we may substitute tie
actual radian measure of the angle for it

sine functlon; | 0.01745)()2
cosx = 1-2 )
cos x ¥ 1 -0,0015x2
Applying this simple approximation for find
ing the cosine of various small angles produc
excellent results, The error at 20 degr
is 0.032 per cent, the error at 30 degre
but 0.115 per cent, and the example
shows that the error at 40 degrees is
than one per cent:

cos 40° £ 1 - 0,00015(40)2
< 1 - 0.00015(1600)
€ 1 - 00,2400
= (0,7600,
Whereas cos 40° = 0.76604

The physical interpretation of the MEU
for approximating cosine values is the substl_ _
of the first quadrant segment of a parabo ™
the actual cosine curve, The parabola cr0SS
the y-axis where y = 1,000 and crosses &
x-axis where x = 81.1, The obvious €rT
that the curve of y = cos x does not int
the x-axis until x = 90 in degree med .

1,000+

0.8004

0.600-

0.4004

cos %K

0.2004

0.000

x- Degrees

e
Figure 3, Comparison of Actual Cosin€ cu
and Its Substitute

a

4
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CONTINUED FROM PAGE 12

Cosines of angles, say between 0° and 30° ,
by the foregoing approximation are also prac-
tical sine values for the angles between 90°
and 60°, A similar statement may be made
about the earlier sine functiondevelopment where
cosines of angles between 80° and 90° may
be found by evaluating the sine over the recom-

ded ten-degree range.
mesl:rangcly, tl%ese approximations are about the
only practical tool for expressing the functions
of extremely small angles such as are encountered
in the most exacting of sc‘iienﬁes, aistron;’)r'zx;lg';e

hus the sine or tangent and the cosine o
:econd of arc begcome 0,000004848137 and
0,999999999988, respectively.

The sun and the moon alternately dominate the
appearance of the heavens, The full moon and
the sun each subtend approximately 30 minutes
of arc, This may be classed as a small angle
suitable to these approximations as we have
seen above, On the other hand, the apparent
positions of even the closest stars as viewed
from opposite sides of the earth’s orbit -- at
six months’ intervals -- change in the approxi-
mate magnitude of one second of arc due to this
parallax, We therefore see that a science as
precise as astronomy is forced to use the ap-
proximation methods we have derived above.

Another useful application of these approxima-
tion methods is the elimination of sine and cosine
functions from a great many emprical equations
where the range of angles are appropriately
limited,

Trade-offs, Defense industries practice and,
for all of that matter, the very art of engineering
design consists of a technique called trade-
offs. Examples of trade-offs are compromises
between weight and reliability for space vehicles,
between efficiency and cost for electric motors,
between style and utility for automobiles, between
comfort “and wear for clothes, ete, Economists
speak of a law of diminishing returns. This rule
applies generally to a single objective, which
very often yields less and less incremental
return as one pursues the objective with greater
and greater investment of time, material, effort
Or money. Sophisticated techniques in the handling
of trade-offs require that one deal with two or
more returns or yields simultaneously and ar-
rive at the optimum expenditure in terms of the
ratio of input to yield, Thus we see life is
made up of a succession of trade-offs in which
judgment, common sense, tradition or social
pressure enter into the decisions one makes,
Needless to say, whether defenge industry, or-
dinary engineering design, or the conduct of
fe, the ability to handle trade-
m and dispatch hag a great in-
€ satisfactions one derives from

offs with wisdo
fluence upon th
life,

Now we PTropose to apply th
rpaking trade-offs a i b byl e of

S an aid to mental com -
ton. Assume the following problem exam%lissls:
012 . pLL2 .
1) TG i Doy etetts
c) 18.447? =
—
14

trade-offs among numbers in 2

Each of the problems contains two known parts
and an unknown answer., The technique to pe
introduced here is that of trading increments he-
tween the two parts so that, while the basic
problem remains unchanged, an approximate
answer becomes apparent by inspection,
In Example a), above, we increase each term
by 5 per cent:
120 . 120 (+5%) » 126
a) 9 95 (45%) 100
¥ 1,26 (estimated) vs 1.26315 (actual).

In the second example, we decrease each term
by 5 per cent

17,9 . 17.9 (-5%) « %
10~ 2,10 (-5%)
o 38(.)5 (estimated) vs 8.524 (actual),

In the third example, we chose to increase
one term by 5 per cent and decrease the other
term by the same fraction

18,445 = (18.44) (45%) (y) (-30)
? T e [18.44 0.952] 3.1416 -
0.1416]

(19.36) (3] = 58 (estimated)
vs 57.93 (actual).

The basic principal illustrated above is tfle;t!g
given factor in a problem can be c:_hzmgan hi
any nearby round number by introducing i
cremental increase or decrease of a‘few F:ent
cent, Then a compensating mental adJUStg“lem
must be made in some other factor of the pro ity
to restore the fundamental mathema[:malllange
lationship. The nature and amount of the C ek
to be effected must be learned by ef‘Perrlfer[,;
In general, it makes more sense (O com io8
the denominator to an integer as in exs (?ffa
a) and b) above rather than to roul rould
numerator, The amount of the change <an5 of
be kept as small as possible for re’?lsimiziﬂﬂ
simplicity as well as for purposes of mi e |
the error that enters the problem by ‘; o
the small inaccuracies of number and 0
that are introduced by these technlquesa 0 shov

The following examples are 1nter}d.ed by ap-
how a given number can be mod}flelem A
proximation methods to yield an equiva
number, %
6 units or about t

Given 144;  add

to yield 150, 8

Given 1728; deduct 28 units or abou 11/

to yield 1700; q
or 1728; add 72 units or about /

to yield 1800, 21/2?

Given 3413; deduct 80 units or about

to yield 3333; 5
or 3413; add 187 units or about 51/

to yield 3600, [ 2

Given 2545; deduct 45 units or abou

to yield 2500, ize
ecogn!

After a time, you will be able t0 Ty

in 2545 coF

problems, For example, 45 parts 1i 25 3413,

A in
responds, more or less, with 63 Par:tss in 144
with 31 parts in 1728, with 3 p2

2
) AGE?
coNTINUED TO L
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Where will you stand 10 years
from today, when half of what you now
know hecomes obsolete?

Right '
:m;._n:c;w,you re steeped in the latest
half of thicm]}:' But 10 years from now
And hojg gf Vt}ciwtledQB will be obsolete.
isn’ At you will need to k

o ne g
1 teven available today seo fnow
lokee '
@n ine

Dre
Profes;
™

IJ;;JS. you'll have to spend

* INg amount of your time in
Slonal study,

Lat's o

Bl WZ“OC;;}TET good reason for joining
education, ?l" You abroad choice of
training toq Programs—from on-job
Wporieg grﬂduute study programs
Y the company.

A

'8 want
o help yoy grow because

May, 1966

we've found it's the best way for
IBM to grow.

Today IBM is a leader in science

and technology. A dynamic company
whose people and systems are at
work on almost everything new in the
world today. The discovery of new
knowledge. The design of new
products. The development of new
solutions to a host of preblems. 1BM

is an exciting company that enables
you to stay technolegically "hot”
throughout your career—and provides
you with real opportunity for
advancement.

Your first opportunity with IBM starts
with your placement officer. And with
the IBM interviewers when they come
to your campus. See them—and learn
why you won't stand still at IBM.

For more information, or if
you missed our interviewers, write to:

Manager of College Relations
IBM Corperate Headquarters
Armonk, New York 10504

1BM is an Equal Opportunity Employer.

IBM.
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Expanding military and commercial business
has created even more openings.

Asyou contemplate one of the most important decisions
you have yet had to make, we suggest you consider
joining us at Pratt & Whitney Aircraft. Like most every-
one el_se, we offer all of the usual ‘‘fringe’ benefits,
grciudmg our Corporation-financed Graduate Education
m&gf;arril. tBhu’(, f_ar more important to you and your
grcwth' $ the wide-open opportunity for professional

Wwith a company that enjoys an enviable record of

stability. You will be worki i
orking on challe i
lems of propulsion. ; i

And ;
feeﬁnmakfe no mistake about it...you'll get a solid
g of satisfaction from your contribution to our

ﬂatiOl‘l'S economi " .
25 well mic growth and to its national defense

Your degree ca
n be a BS, MS or PhD in:
' AE ) in: MECHANICAL
GlNE’;gm\éJTICAL * ELECTRICAL  CHEMICAL EN-
* PHYSICS o CHEMISTRY e METALLURGY

* CE
RAMICS o MATHEMATICS  ENGINEERING SCI-

ENCE oR APPLIED MECHANICS.

For mo merl

cqncer;;gszec'flc information (and immediate action)

today (or yse career with Pratt & Whitney Aircraft, write

ing Buiding io:ng:)::gfl‘r. William L. Stoner, Engineer-
aal) a i 1

%, Connectiout 06108, 1> oo East Hart

CONNEg
Ticur op
FLoRipy OPERAT| ERATIONS East HARTFORD, CONNECTICUT

IONS west PALM BEACH, FLORIDA

Moy, 1964

NAME

STREET ADDRESS

CITY & STATE

SCHOOL

DEGREE(S) —___ GRADUATION DATE

N |

|
|
|
|
|
|
I
|
I
|
|
1
I
I
|
I
|
|
|
—

SPECIALISTS IN POWER . . . POWER FOR PROPULSION—
POWER FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS
INCLUDE MILITARY AND COMMERCIAL AIRCRAFT, MISSILES,
SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS.

P &
"att & Whitney Rircraft oo« H

An Equal Opportunity Employer, M&F
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COMPUTER PREVENTIVE

MAINTENANCE SCHEDULING

ABSTRACT

Computer programming for
preventive maintenance schedul-
ing is the most operational
method of complete scheduling
available, It has been wholly ac-
cepted and utilized at the Mich-
igan Gas Storage Freedom Com-
pressor Station,

PREVENTIVE
MAINTENANCE SCHEDULING

Preventive maintenance
scheduling can be improved
through the use of a computer,
It is an economical, quick and
dccurate method of scheduling all
maintenance functions with ver
little work involved, A flexible,
low input program can easily be
written,

IMPORTANCE OF GOOD
SCHEDULING, The actual say-
ings will be hard to calculate,
but the uniformity of preventive
maintenance man-hours and the
distribution of oil, grease and
replacement parts throughout the
year will emphasize the impor-
tance of good scheduling, The
reduction in shut down time, be-
cause of improved machine care,
will improve total production,
thus adding to the importance of
complete preventive maintenance
scheduling, Engine or machine

20

life should be improved because
of a decrease in missed main-
tenance functions. All in all,
good care of machinery through
preventive maintenance will lead
to increased profits, Also, good
scheduling will give the preven-
tive maintenance crews more
confidence in the work they per-
form. Good scheduling helps to
show the interest management
places upon its machinery, thus
acknowledging tothe maintenance

crews that their work is not in
vain,

COMPUTER USAGE, Consum-
ers Power Company has de-
veloped such a computer pro-
gram for their compressor sta-
tions, It is presently being used
at Michigan Gas Storage’s Free-
dom Compressor Station, At this
station there are 291 pPreventive
maintenance functions to be per-
formed at specific intervals,
Some of these necessary func-
tions depend on calendar date
while others depend on engine
running hours, i.e., some main-
ténance operations are per-
formed every few months, while
others are performed after a

Specific number of hours run by
an engine,

by Gary A. Pniewski

The program has been wrfiltzif_‘
such that it is completely e
ible for compressor statiolr:3 ndaf
The input depends on Cahours
date and engine running pis 0;
although it could relate tc-) ol
many variables, such ?S}unnihﬂ
X(time), percentage O e %
time, (load or horsepo 't can
(time), etc. Thus, the inp i
easily be adapted to aﬂ)’ry -
deemed necessary with v:l o
tle deviation in the acwfmaln-
gram, Also, the number l?ich o
tenance functions, ‘;‘J’ easily
stored on tape, can echang
increased, decreased or il
completely. If, for inst:témav
engine is added to OT - entive
from a station, its Pre Sasily
maintenance functions a;’ﬁo
added to or removed
stored tape by rerunnltﬂ  h the
iginal functions’ dec A coBt 0
incorporated changfes.er eek 18
approximately $5.30 P lon takes
incurred as the stat his PO
weekly advantage of t
gram,

can

This computer progra;-rleven-
also be used for futurenipng. g
tive maintenance Pla? months
input can be up-dated (81X ;

E#*
PAG
CONTINUED ON
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Here are 7 knotty problems facing the
Air Force: can you help us solve one?

.Repuirs in space. If something goes
Yrong with a vehicle in orbit, how can it
* lixed? Answers must be found, if large-
''¢ space operations are to become a
ality. For this and other assignments Air

' scientists and engineers will be

"edonto answer in the next few years,
nNeed the best brains available.

- Lunar landing. The =
c ~

)

“XOct composition of
- lunar surface, as

. enter into

le s

W em. |Important study remains to

* dOne—an .

S ‘.t"d' as an Air Force officer,
7 COUlg bi} T?‘e one to dO T‘

3. Life. 5
"::.“:t;scure[:;zrslolizltgy. The filling of
o of fimg 1 q ry extended peri-
space is cne of the most
fascinating subjects that
Air Force scientists are in-
vestigating. The results
promise to have vital ram-
ifications for our life on

earth, as well as in outer
Space.

.‘v‘Uy' T966

Qs structural 9
pulsion char- »

Cs Ow‘ﬂ"‘e space hd
-~

4. Space orientation. The orbital prob-
lems of a spacecraft, including its ability
to maneuver over selected points on the
earth, are of vital importance fo the mili-
tary utilization of space. There are plenty
of assignments for young Air Force physi-
cists in this area.

end of turn -,
-

LNES P
-

initiatien of turn

ariginl arbit

5. Synergeticplane changing. The abil-

ity of a spacecraft to change altitude can
also be crucial to space operations. Where

but in the Air Force could Sc.B.'s get the
g proj-

chance to work on such fascinatir
ects right at the start of their CCI?ES?

6. Space propulsion. As our
space flights cover greater
and greater distances, pro-
pulsion—more than any-

thing else—will become the
limiting factor. New fuels *
and new propulsion tech-
niques must be found, if we
are to keep on exploring
the mysteries of space. And
it may well be an Air Force
scientist on his first assign-
ment who makes the big
breakthrough!

7. Pilot performance.
Important tests must still be
made to determine how the
pilots of manned aero-
spacecraft will react to
long periods away from
the earth. Of course
not every new Air
Force officer be-
comes involved in research and develop-

ment right away. But where the most ex-

citing advances are
taking place, young
Air Force scientists,
administrators,
pilots, and engineers

are on the scene.

Want to find out how you fit into the
Air Force picture? Contact your nearest
Air Force representative, or mail the cou-
pon today.

1
: UNITED STATES AIR FORCE .
L Box A, Dept. ICP 64 H
: I 78148 !
‘ :
I Name 4
‘[ Please pr i
I College Class ¢ !
i i
I
: Add :
; I
; i
; I
1

BE PART OF IT—
AMERICA’S AEROSPACE TEAM
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CONTINUED FROM PAGE 20 .

one year, etc,), by estimating the
number of engine hours run over
the desired time span, so as to
gee what preventive maintenace
operations will have to be per-
formed during this period, Ma jor
overhauls are included among
the preventive maintenance func-
tions, therfore, advance notice of
six months or a year can help
considerably to alleviate many
maintenance planning problems,
If an engine is due for an over-
haul during this time, arrange-
ments can be made well enough in
advance so0 as to lessen pumping
problems during the actualover-
hauling operations,

ing in the engines’ hours. This
48 hour delay is small in com-
parison to the maintenance func-
tion intervals,

GENERAL PROGRAM DES-
CRIPTION, With this program,
scheduled maintenace of equip-
ment is maintained, At specific
intervals (usually weekly) the
hours which each engine has run
during the interval and the cur-
rent date is fed into the program
on data cards; one card per
engine plus a current date card,
The program checks each of the
numerous maintenance functions,
which are stored on tapes, to
see if any is duetobeperformed,
The program does this by adding

APPENDIX A

DATA INPUT

TAPE INPUT
(STORED INFO)

COMPARE FUNCTIONS
TO SCHEDULING RE-
QUIREMENTS

PRINT NEW
UP-DATE

PRINT OUT-

INPUT TAPE

PUT SHEET

Fig. 1. The Simplicity of Com-
puter Preventive Maintenance

Scheduling,

This program has been opera-
tional at the Freedom Com-
pressor Station for four months
and everyone, presently, has only
the highest regards for it, It has
accomplished everything it set
out to do: ease of handling, low
cost, speed, accuracy and also
scheduling only 5-15 functions
per week, The scheduling of only
5-15 preventive maintenance
:)unctiofns pel;i week allows them to

€ performed on s i
gulltng Dl chedule without

Each week the engine hours
are phoned into the Jackson
Michigan, office. Here they are
Put on computer cards and the
Program is run, The output sheet
wh1_ch describes the Preventive
Mmaintenance functions to be per-
formed is mailed to the station
The station usually receiveg thé
output sheet two days after phon-

22

up the total engine hours run
since the last time the function

was performed and comparing it

to the frequency of the function,

If the total hours are less than
the frequency number (ex: 3500
hrs, in less than a 4400hrs, fre-

quency for sleeve clearance
cttl'neck) the computer just stores
t

h

out on the output sheet. The out-

put sheet contains the machine
cription, the

number and deg
maintenance description, lubri-

cant (if any), fre uency, h
last scheduleq q 1 enpine

hours (if related to hours and
not date). The date frequency
functions are such things »gs:
change oi] ip lake water purﬁp
chec!c oil in ajr compressor’
Service air cleaner for auiniars;

€ information, but if the total
ours exceed the frequency, a
maintenance request ig printed

and total engine

generator, etc, I hope thig i
lustrates the fact that this pro.
gram can schedule all the pre-
ventive maintenance for the con.
plete plant or station very easily,

On any computer run, the ey
gine hours for any individual ey
gine function can be changed o
the tape. This is done with sig-
nal card telling how many func-
tion engine hours are to he
changed and then a card which
designates the numerical loca-
tion from the first engine func-
tion and the new engine hours
for the numerical location, This
program also contains many er-
ror messages which are printed
on the output sheet at the ap-
propriate time,

The adaptation of this program
to any preventive maintenance
industrial use is easily foreseen,
It can be used anywhere equip-
ment is run at changing intervals,
thus making it a very feasible
program for use in almost any
industrial situation,

Any additional information ré-
garding this computer progran
of preventive maintenance sched-
uling can be obtained from Con-
sumers Power Company, Gas
Production and Transmission
Department, Jackson, Michigan.

APPENDIX B

GENERAL COST
BREAKDOWN

(APPROXIMATION)

Receive data for input

§ .10
(by phone)

Technician’s wages
a), Phones and mails
output to the station
b). Punches data c_:ardsr
c). General coordinato 200

2.0
Computer; at $100/hr. 7
Computer set-up "%
Mailing to station i

$5.30

for
Table I — Cost Distributiof

Weekly Use.

Spartan Engineé’



WHAT IS A PROJECT ENGINEER?
at UNIVAC...

...a typical PROJECT ENGINEEER is about 28 years old, has completed two or
three design assignments, and this is the first firm he’s worked for. He works in
an Engineering Department which has about 100 personnel. He is responsible for
all facets of a development. He will have direct responsibility over two to five other
engineers, and from five to ten technicians, he will be responsible for other func-
tions related to design such as reliability, design drafting, prototype construction,
documentation and manuals. On smaller programs he will be indirectly responsible
for the fabrication, checkout, environmental testing and delivery of all production
units. His administrative tasks will include planning, scheduling, performing merit
reviews on the personnel assigned to him. He will have to coordinate with Con-
tracts Personnel the basic contract, changes in scope and all fiscal project re-
porting. With Marketing he will have to cooperate in selling additional business
to the same and other customers. This will require that he generate technical
proposals, perform cost estimates and make presentations to management so they
can determine if further use can be made of this development.

DEAN MORGAN

BS (ELECTRICAL ENGINEERING)
UNIVERSITY OF UTAH

fdypicat example of a PROJECT ENGINEER
s Dean Morgan. He joined UNIVAC upon
his graduation in 1960, and was assigned to
the Memory Engineering Department. For
'Wo years he was engaged in the circuit and
logic design of a thin film control memory
for the UNIVAG 1107 computer, and a com-
Puter developed for the U. S. Navy. During
the Iagt assignment, Dean was given the re-
299nsnb|||ty of Proposal Manager for devel-
Srﬂlgﬁl Ia Proposal and cost estimate for a
sher OW power data buffer memory to be
o lc? a deep space experiment to be con-

ed by Jet Propulsion Laboratories. This
Was the Mariner v Program,

:0‘;”:'!:9 the proposal Dean became the
S I:Iy candidate to head up the pro-
UNIVAE ould we win. As it turned out,

Was awarded the contract for the

:]?c',%;‘s aevelopment and fabrication of fiight DATA BUFFER MEMORY...

ata buffer memory system. k o
is ti i i inch thick, weighe
This tiny memory was approximately 6 inches square, .1 inc ;
ounces,yoperated on less than 14 watt of power. It gontamed 2,640 bits of stcc;rage‘!:i
function was to store the video picture each time the _!ens was opened, an
o oy NEARINER 1 t':lsenur; |’(he slower rate required by a tape recorder, the information was n_'a_ns-
ferre'd to tape for subsequent playback to earth. The picture shown on television
and in print here indicates it worked perfectly.

The task of developing this highly reliable device o':om_bined with the Erobremsfof
manufacturing it to extreme environmental spemﬂca'nons were Dga_n_s lafsks or
over 12 years. Such cases are typical. Every day pnngs the possibility of a new
request for proposal and the possibility of a new assignment.

i invi i R. K. Patterson, Em-
Interested candidates are invited to submit resumes to Mr. i
ployment Manager, UNIVAC Defense Systems Division, UNIVAC Park, St. Paul,

Minnesota. Dept. 62. UN IVAC

DIVISION OF SPERAY RAND CORPOAATION
DEFENSE SYSTEMS DIVISION
2750 WEST SEVENTH BLVD.

ST. PAUL, MINN. 55116
AN EQUAL OPPORTUNITY EMPLOYER (MEF)

FRAME —
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A NEW APPROACH
TO STUDENT EMPLOYEES

College students are becoming
less interested in working for our
colleges and universities which is
causing serious problems for un-
iversity departments which em-
ploy students, The Distribution
Services Division of the Instruc-
tional Media Center at Michigan
State University has formulated
a new policy concerning student
employees which has proved very
successful,

If university departments are
to continue to give top quality
service, a new and positive ap-
proach to student employees must
be found,

With seldom exception, depart-
ments in our universities and col-
leges which employ students as
part-time employees are being
confronted with a serious prob-
lem; the inability to attract
enough students to fill necessary
Job openings, University food
service and residence hallg
maintenance are constantly
hampered by this problem,

Another field which had asim-
ilar problem was the department
of audio-visual instruction, The
Distribution Services Division of
the Instructional Media Center at
Michigan State University em-
ploys approximately 60 students
for the purpose of operating au-
dio-visual equipment and provid-
ing classroom assistance to in-
Structors on the campus, Three
years ago, this same organization
employed only 45 students for
this same purpose, In this same
three year period, service re-
quests doubled, Ag a result, five
requests a day had to be refused

due to a lack of students to take
the assignments,

Today the
ices Division
this proble
plished by
student em

Distribution Serv-
has all byt solved
m. This wag accom-

making the job of the
p]oyeemoreattractive
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which in turn has caused more
students to seek employment at
this organization,

By giving a higher starting
wage to new employees the at-
traction to this organization be-
came greater, Regularraises and
merit wage increases to deserv-
ing students are also given. The
starting wage now paid is higher
than wages paid by other depart-
ments which also have no policy
of giving raises to student em-
ployes, Students have also been
given the opportunity to hold
supervisory positions, Students
are permitted to work as their
class schedule allows and are
never asked to miss a class per-
lod to accept an assignment,

The student employee is en-
couraged to use his own initi-
ative and judgement when the need
arises, This has given the stu-
dent a feeling of greater inde-
pendence while on an assignment.

As a result of this policy, stu-
dent employees are staying with
the organization longer periods of
time and their operating effici-
ency has greatly increased. A
study of these student employees
was recently completed and the
results are very encouraging,
The great majority of these stu-
dents are completely satisfied
with wages, working conditions,
and working hours, and feel that
the organization is doing an ex-
cellent job, The need to recruit
new students tg replace those
lost through norma turnover and
to increase the number of em-
Ployees when requests increase
has been cut back considerably,
Most new employees come to the
Center seeking employment after
talking to a present employee,

Many students seek employ-
ment at the DistributionServices
Division because of the excellent
working conditions, Students

by Thomas G. Corneil

come here from other depart-
ments within the university
strictly because of these working
conditions, The job of thestudent
employee is a great challenge
Seldom are two assignments car-
ried outunder similar conditions,
The student must use his own
judgement and be able to ymrk
for people under all copditxonsd.
Seldom is this opportunity foun
in other university departments,

In connection with the study
made of student employees &
random sample of the studeit
body was also studiegi. A great
number of students said thatthiy
would rather use a loanor scl:?né
arship than to hold a part-t )
job while in college, With thf;l |
creased availability of es'
loans and scholarships morele;n
dents sre going to use.thf:mev-
preference to a job. This IBWhﬂ
idence that those studentsﬂm.
are employed at the Dist T
tion Services Division are twor
because they enjoy their1 e
and as a result, are ded ction
employees to this organizatitt

. da
This organization has foun

workable solution to its Pfl‘igy
lem in developing 2 new](]));ees.
concerning student _eme o8-
The need to recruit ne'nimum
dents has dropped to 2 m\;ork 5
and the quality of the ety
the student employee has ganiza'
increased, Today this Orﬁumbef
tion handles twice th%at it did
of service requests'; only 3
three years ago wit mber
small increase msthe

tudent employees. i
5 1?1 view of what has 2,?225dm'
by the Distribution Ser e edt
vision of the Instruction ni-
Center at Michigan 5
versity it would 'seem ‘artmems
for other university depanizatio"
to follow suit, This 01”%1“:y will
is proof that such 2 P
work,

Spartan Engineer
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THlN K POWE R Think diesel power to drive

alruck as big as

carry a house. Think power for the fun of it, to

jus
ep;vs\g':) ?ﬁi‘]p}je and their camping gear. Think gas
tirid farrﬁ eqj_ marine power. Think rockets and mis-
f—areer With Tnten ltprnent and earthmovers. Think about a
nd technicians ara lonal Harvester. Our 4,000 engineers
rocket thryst cambe th~mkm9 power for every purpose from
nd trucks, e ustion chambers to gas turbine tractors
duty trucks g re .the world’s largest producer of heavy-
Equipmem_’an;”alo,r producer of farm and construction
we're doing very nicely in steel. Gas tur-

Wrbin
':ileg'

International Harvester puts the future in your hands

Moy, 1964

!. _____ SO T NSRS R A
- JRPECIY O S ey S S S
B e o™ Ve P e T e e e =
T, IR IR L

bines and aerospace equipment also are important parts of
our POWER complex. At IH, POWER is a 2-billion-dollar-a-
year plus business, with research and engineering one of
our biggest budget items. We need engineers! We espe-
cially need mechanical, industrial, agricultural, metallurgi-
cal, general and civil engineers. If you're an engineering
graduate who is intrigued by POWER and its unlimited
applications, you should find yourself right at home with us.

Interested? Contact your Placement Officer now for a date to see an IH
representative when he visits your campus. Or if interviews are not sched-
uled, write directly to the Supervisor of College Relations, International
Harvester Company, 401 North Michigan Avenue, Chicago, llinois 60611.

H,
.ﬁ
£
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The Saxon flunky reported,
“‘Sire, Lady Godiva rides with-
out,"”’

Glancing outside, his master
said, ‘“‘Very tactfully put, my
man,”’

Some girls just can’t take a
Joke, but others prefer one to no
date at all,

Se

The civil engineer said that he
didn’t know what you call what
he and his girl did in the park,
but so far as he’s concerned,

baseball and tennis have had it —
from now on,

Se

Mother (on entering the room
unexpectedly) “Well 1
never,,."”

Daughter — “‘Oh, Mother, you
must have|”’

Two old maids went for atramp
in the woods, He got away,

Jack and Jill went up ahill
Upon a moonlight ride;
When Jack came back,
One eye was black,
His pal, you see, had lied,

Se

A M,E, was speeding across
the M,S,U, campus when he was
stopped by a Kampus Kop.

““Let’'s see your license,”
mumbled the K K,

The M, E, said nothing,

““What's your name?’’

Still without a reply, the ML,E,
casually reached inside the glove
compartment, and pulled out a
stick of gum, Upon unwrapping
it he rolled the tinfoil into a ball
and handed it to the bewildered
K.K,

‘““Here,”” he said, ““this silver
bullet should explain who I am.,”’

Se

After a shipwreck a parrot and
an old maid found themselves the
only survivors. They floated on
the raft together for two days in
absolute silence, until finally the
parrot said, ‘‘Bawk, how’s your
old fanny?’’

““Oh, shut up,”” scowled the old
maid,

““Mine, too,”” remarked the
parrot, ‘““Must be the salt water."’

Se

Love — the delusion that one
woman differs from another,

Se

On the tombstone of an atheist:

““All dressed up andno placeto
gO."

No doubt the saying ‘“‘come
across’ was originated shortly
after the invention of twin beds.

Se

We hear some freshman eng@r
neers think that a neckerchief is
the president of a sorority.

Anyone can play bridge, but
it takes a cannibal to throw up
a really good hand.

S

The leader of the new_Whize
Muslim movement, now beingor-
- ganized will be known as Talcum

X, "
Se

An LE, was discovered by Eis
wife one night standing owrhlz
baby’s crib, Silently she watche
him, As he stood looking dov;n
at the sleeping infant, she sayvns
his face a mixture of emonou
that she had never seen befoszsr
rapture, admiration, douht,l.w
pair, ecstacy, incredu.kll 4
Touched and wondering alé atand
his unusual parental attitu twife
the conflicting emotions, his rost"
with her eyes glistening, da iy
and slipped her arm aroun o

‘““A penny for your thougmc,c.
she said in a tremulous Vr e

He blurted them out: Foam?
life of me, I don’t see hq: it
body can make a crib liké
for $3.491”’

- 2
Se Se '
CONTINUED FROM PAGE 18 .

with 4.5 parts in
3.1416, etc,

becoming unduly concern
fourth significant figures,
In the fina

applied them, are analogous to

(Republication
rights reserved)
Madison, Wisconsin
May 5, 1964
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1 analysis trade-offs,

4s we have

term by 25
the process g

0.500.

X X X x

) ‘ ) iven C

of factoring identical terms from a glbeing

mon fraction, We recognize 4/8 2as

or 0.500 by virtue of having cancelle

mon factor of i
. ] asin

arrive at the same result by increasl g

: ~hai
Professor Paul J, Grogan, Cb

om-
1/2
the com-
e coul
oach
= 5/10"

per cent to yield 4/8 H

4 from each term.

rmél

Department of Engincelf”’;gsion

University Extension Du[:sin

The University of Wisco _
Spartan Engi?




necking
problem

= MILITARY ELECTRONICS * AUTOMOTIVE PRODUCTS = CONTROL SYSTEMS

To build a rectangular color TV tube with more of a picture than the
earlier round tube type, and then squeeze it into a dimensionally
attractive cabinet— you face almost insurmountable challenges.

Just to build a conventional color tube, you must. . .

1.—with absolute precision, lay more than a million red, blue,
and green phosphor dots in a perfect triad pattern over the entire
surface of the picture screen. Why so tough? —because the light
source for the dots is a single ray coming through a pinhole. And it
must be bent by a correction lens with precise mathematical cal-
culation (different for each dot) to pass through over a third-of-
a-million pinholes and fall exactly at a given spot on the screen.

2.—0Once you've figured out the phosphor dots, you must the.n
bend the electron beam broadcast by the TV station so that it
too passes through the third-of-a-million pinholes.

These are just some of the feats you must perform. But after
going through all this, you wind up with a tube with a neck so
long it requires a cabinet nearly a yard deep to hold it. To'shor‘Fen
the neck requires mathematical calculations and engineering
techniques so demanding they fall beyond any brief description.

The complexity of the 23-inch rectangular color tube de_verop-
ment is considered by some of our consumer products engineers
even more of a technological challenge than designing some of
the sophisticated command systems required for space flights.

CONSUMER PRODUCTS * COMMUNICATIONS = SEMICONDUCTOR PRODUCTS

Motorola military engineers tend to disagree.
But now that we've brought it up, Motorola has accomplished both.

TRUST THis EMSsIGNIA WHEREVER YOU FIND IT

MOTOROLA

Mﬂy' ]966
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STRENGTH

One of the outstanding properties
of Malleable Iron Castings

One of the first considerations in design-

ing a metal part is its strength to perform
a given function,

In most instances, the second question
is always how to provide the necessary
strength . .. at the lowest possible fin-
ished cost. On both counts, Malleable

iron castings offer exceptional advan-
tages. Here is why:

Malleable castings are available in two
general types (ferritic and pearlitic) and
in 9 ASTM grades that range in tensile
strength from 50,000 to 100,000 Ps|.
Tensile strength figures represent the
load at which materials fail. Yield strength
and fatigue strength are amongthe more
important engineering yardsticks.,

Yield strength represents the point at

MALLEABLE FOUNDERS SOCIETY . UN

which materials exceed the elastic limit.
Fatigue strength is the greatest stress
which can be sustained when the load is
applied repeatedly. As indicated by the
table below, Malleable has an advantage
over steel in fatigue strength and yield
strength when grades of identical tensile
strength are com pared.

TENSILE  YIELD FATIGUE

1020 Steel 75,000 PSI 48,000 PSI 34,000 PSI

50007 Pearlitic 75,000 ps| 50,000 PSI 37,000 PSI
Malleable Iron

-_—
Strength and Cost — Malleable iron has
been described as providing more strengh
per dollar than any other metal. There
are many factors which contribute to this

CLEVELAND, OHI0 44115

28

ION COMMERCE BUILDING

reputation. Malleable can be.cast cllf;se-
to finish shape, thereby reducing or elim
inating machining operations. What m;
chining must be done can be a‘cﬂ:”s
plished quickly because Malleable iro :
the most easily machined of all ferro
metals of comparable hardness.

—

versd
. mvel'Sa
This is a pearlitic Malleable iron U

5 iected
joint yoke for an automobile. S:;:L,rseﬁ-
to repeated torque as the Ca;hese high
speeds up and slows down. ble recotd
strength parts have an envia stomake
for reliability and service. One2 vhis pot
reports no warranty claims o -
for the past seven years!

f
A
" L

o ot
UYNoers S
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Reprint from DUPONT MAGAZINE, March - April 1966
“Detaclad”’ explosion-bonded clad metals make a jingling debut in dimes
and quarters as the Treasury Department institutes a

Big Change
in Small Change

he nostalgic crowd that wistfully

regards the products of the Sixties—

be they automobiles, houses or wash-
oy machines—and laments with plaintive
¢hs that “they don't make 'em the way
ey used to” can now apply the assess-
nent to a trio of U1.S. coins.

Last November, Federal Reserve and
ember banks received shipments of 263
nllion freshly minted quarters. The coins
sirred commentary. “They look just a little
ifferent,” said some, eyeing the reddish-
own tint that circles the coin’s milled
cdge. “Sound different, too,” remarked
hers, noting the quarter’s slightly off-key
tnk rather than clink against a metal
sk top. Reason for the differences: The
Wpment was the initial distribution of
mposite or clad coinage — “sandwich
uarters” as some are phrasing the new
and, in point of fact, thev're not
making them the way they used t(;.

: ?n the first major alteration in the me-
. ceontent of subsidiary coin since 1792

ngress enacted ]('}_gis]u'tin11 l':tm'c 1/9_‘!
*moving silver from dimes it
" b b i(;, s 1 imes and quarters

§ 1ts content in the half-dollar

ttom 9() .
hates in r{|' 40 per cent. Silverless substi-
"5 In the

Ns—

I.(]- and 25-cent denomina-
i ¢ t'a pure copper core bonded
twee o | e~ |

hween face layers of 75-25 per cent cop-
tnicke] allgy,

KeWise,

1ong consist g

: The new four-bit piece,
. 154 “sandwich” ¢
0 i . ¥
=Y per cent silyer
921 I

oin—facings of
and copper on a core
olla P u\;lu?]d. recipe for the silver

s unchanged:

i 1 an academic
l'_,\mu. -\lint

iy, presses haven't punched
* Cartwheel singe 1935 )
€ Treg s

surv De T
timeggh .. Ur‘\_ Department s distribution
Ble calls for 3.5 bil
MPosite ot i
e “OIns to be

lion of the new

o5s In circulation by

oot 6. During fiscal vear 1966

L g = i b

0; and \j\ '”l may be maised to seven bil
i

le, they. thin three years it will be pos

o hough peh

] \UI)Bidiu

N CoIng,

ine 30 1

S Not necessary, to meet
IV coingge i i
7 tomage needs with silver
Wi
iy the oy :
there . CXtraction of sjlyerd

3 “Because
* 4 worldwide

shortage of the pre-

Hay, 196¢

cious metal,” answers Miss Eva Adams,
Director of the United States Mint. “Over
the last decade, consumption of silver in
the free world has steadily outpaced pro-
duction. Between 1960 and 1964, for ex-
ample, consumption rose nearly 190 per
cent; production was up only 3.5 per cent.”

During that period industrial consump-
most notably in the pho-

tion of silver
tography, electronics and Hatware indus-
tries—increased by more than 60 million
ounces. But the biggest drain by far on sup-
ply is the increasing U.S. coin production.

In 1960 the Treasury used 46 million
ounces of silver in the minting of new
coins. By 1964 that figure had rocketed
to 203 million ounces as they stepped up
operations to meet the coin shortage.

The shortage, Miss Adams comments,
was not a problem of an insufficient sup-
ply of coin but the unavailability of the
coin in existence. Coin movements are
seasonal. The demand for coins begins to
build in the fall, peaks in the Christmas
season, and “flowback” (coin returned to
Federal Reserve banks and branches by
commercial banks and others) starts in
January. However, flowback in 1964 was
seriously subnormal.

Reasons cited for the scarcity of free-
flowing coins included the voracious ap-
petites of coin-fed machines, speculative
hoarding in expectation of a price rise in
silver, “holdback” by businessmen in fear
of a lack of coin to meet their own needs,
and the swelling ranks of coin collectors,
now estimated to number 8-10 million.
The solution to the problem, maintained
the Treasury, was to beef up coin produc-
tion—Hood the country with coin and thus
negate the fear and profit motives causing
the shortage.

That brought coinmakers face to-face
with the dwindling silver supply. “It pre
sented,” says Miss Adams, “the choice of
depriving coin of silver or depriving the
economy of enough coins to keep it func-
tioning properly.” The Treasury recom-
mended the formerand Congress concurred.

New clad coins are bagged at
for shipment to Federal

The decision to mint a cladded coin
rather than a single metal or alloy picce,
such as the present minor coins (pennies
and nickels), was necessitated by the re
quirements of the vending machine, Ex
plains the U.S. Mint Director: “Only a
composite type of coin could be engi
neered to duplicate the electrical proper
ties of the former 90 per cent silver coins,
And these properties had to be preserved
to forestall the need of retooling the na-
tion's coin-operated machines.

(There are roughly 12 million such ma
chines and devices in the ULS,—from pay
telephones to toll highway hoppers to dis
pensers of candy, cigarettes, cosmetics and
countless other items. Half of these ma
chines, at least, have sophisticated sensing
devices and the process of revamping them
would take three vears to complete.)

In its 174-year history the Mint has
traditionally produced its own coin, from
ingot to end. But with the new coinage
system, private industry has been con-
tracted to provide—temporarily at least—
laminated strip from which the “sand
wich” coins will be stamped. Du Pont, for
one, is supplying the Philadelphia Mint
with a two-metal laminate in the form of
“Detaclad” explosion-bonded clad metals.

A Blast That Bonds

In commercial production since 1964,
“Detaclad” metals are created by the force
of precisely controlled explosions which

produce metallurgical marriages that are
strong, uniform in quality and casily adapt
able to conventional fabrication processes.
Briefly, the two metals to be joined are
placv(.l within a few thousandths of an inch
of one another, an explosive is placed on

he Philadelphia Mint

Reserve and member banks.
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Explosion-bonded clads await furnace-softening prior to hot-rolling.

top, then detonated, and the resulting ex-
plosion drives the metals together in a firmly
welded bond withoutany significant change
in the properties of the respective metals.

“Thus far the patented process has been
most widely applied in producing corro-
sion-resistant clad plate for the chemical pro-
cessing industries,” pointsout Dr. Marshall
Acken, Du Pont clad products sales man-
ager. " 'Detaclad’ metals in a variety of
combinations, from stainless steel on cop-
per to titanium on carbon steel, have been
used with great success in such things as
pressure vessels and heat exchangers.”

The measure of success is reflected in
an expansion program now under way that
will bring a fivefold increase in the com-
pany’sexplosion-bonding facilities at Pomp-
ton | .ILl'\_ \l

I'he assignment of furnishing composite
strip for coins has introduced a new aspect
to Du Pont’s technology of “bonding with
a bang,” according to Acken. Says he:
"Our commercial work has been largely
hnal gauge cladding; that is, cladding di-
rectly at the specified thickness. Under the
coin contract, however, we're cladding first,
then conversion-rolling the clad to the
thickness required for the coins.”

The metals used come from the Govern-

Rolling results in coiled cnmposte strip for
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ment's metal stockpile through refiners who
cast the pure copper and nickel into prop-
erly dimensioned “cakes” of copper and
copper-nickel. With its explosion-bonding
process, Du Pont produces a cladded com-
posite that's over five inches thick in a layer
to core to layer ratio of 1:4:1.

The clad is next reduced by hot-rolling
and precision cold-rolling to the thickness
of quarters (.054 inch) or dimes (.041
inch). The rolling facilities, identical to
those used in producing strip for pennies
and nickels, produce coils of composite strip
that may vield as many as 5,000 quarters
or 12,500 dimes per 100 pounds of strip.

Delivered to the Mint, the coil strip is
fed into blanking presses where circles of
metal are punched out in coin size. The
blanks are annealed, ie.. heat-softened,
and run through stamping presses where
the coin design is imprinted. The finished
coins then pass across reviewing tables
where each is examined, front and back,
to guard against production misprints that
might be coveted by collectors.

"We're taking every step to see that the
new and old coins circulate freely, side by
side in the economy,” asserts Miss Adams.
Further, she doesn't feel that the new coin-
age is apt to stumble over Gresham’s law

» .,

the Mint’s cuin;b]anking presses.

Hot- and cold-rolling mills flatten five-inch clads to coin thickness

which hypothesizes that “poor money
drives good money out of circulation.

Continues Miss Adams: “There'll s
be billions of both old and new cons i
existence, so neither will have the quali
of rarity to make them of any numismat
value. What's more, by removing [|ufwl!‘-
age drain from its silver supply the Treas
ury can keep the price of the metal \\<L
below the $1.38 an ounce price at whict
it would become profitable for .\'p:m\.u-‘r-
to melt down the old silver coins.
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Your home furnace would
be this small...if it had

an Allison combustor.

Or...in ai
-+« aircraft termi ' "
}\-Jrng out four timerzlrt]r?logy' the new Allison Combustor Even greater advances are on the way—for turbojet and
.mgiuction engines. Yet ae heat release of combustors in  turbofan engines. With 30:1 thrust /weight ratios forecast.
engine can be hel | combustor for a 10,000 Ib. thrust ~ Shorter compressors. More efficient combustors. For lift or
It's an Allisonebcrjemkone hand, cruise engines.
akthrough in lightweight engine tech- Advanced lightweight technology is another demonstra-

nology. Immegi

) - IMmediate icati : : .

Signed to prope| tOrsng;“CE"tlf_m: Allison Lift engines. De- tion of Allison’s broad capabilities in research, engineer-
ow's jet aircraft straight up. ing, and production. Capabilities that help keep defense,

So far, Al
" » Allison Lj : .
fatios over ¢ ift engines have attained thrust/weight  aerospace and nuclear projects on target.”

g,
Other factol:; lees those of production engines.

Pressor blag ave contributed: Like new com- AU 44
Advancedef the_at raise pressure 50%. ;

higher inlet ¢ urbine cooling techniques allow

blag €mperatures. Greater power. Lower

ade
temperatures.
The Energy Conversion Division of General Motors, Indianapolis, Indiana.

reative climate at Allison for the young,
hen he visits your campus. Or, send for
R. C. Martz, Personnel Director, Allison
ana. An equal opportunity employer.

*
;th.,.got know about opportunities here inthec
ot bro E; Englneer?_T_alkto our representative w
Divisi Cm\redescnbmgtheoppmtunities:Mr.

ion, General Motors, Indianapolis, Indi
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DENNY DAVIS, METALLURGICAL ENQINEER
Met.E., '64, California State Polytechnic College

LARRY ARENDAS, SALESMAN
C.E,, '63, Carnegie Institute of Technology

Have you heard abour all the opportunities for mg.mecm,]ﬁ
and other technical graduates at Bethlehem Stecli You.
find a great deal more information in our booklet, Carctlrh
with Bethlehem Steel and the Loop Course.” You can 0:
tain a copy at your Placement Office, or drop a poSt(-J“
to Manager of Personnel, Bethlehem Steel Corporation,
Bethlehem, Pa. 18016.

i ! g § ngmﬂ.’,
LEE ROCKWOOD, MECHANICAL ENGINEER An equal opportunity employer in the Plans for Progres
M.E.,'6 3, University of Massachusetts

L
BILL EURLE, RESEARCH ENGINEER

ILLE JIM XAVIER, PRODUCTION ENGINEER
E.E., 64, Massachusetts Institute of Technology Ch.E, 62, Villanova University

DAVE SPARKS, ASSISTANT TO SUPER]NTENDENT, COAL MINE
Min.E., 60, Ohio State University
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University of Rochester Library Tower as seen by the famed photographer Ansel Adams

Have your cake and eat it

Suggestion to Ch.E.s, M.E.s, and other engineers:

Ihk U”i\'Ci‘Si[
Mitted itself ¢
lence

y of Rochester has long com-
hig ]on,gtljlc pL{rsui_t of academic excel-
ik Likcwise‘%:' I‘:ttamcd success in that
Onception of hi,ghen-. a sgmcwhnt different
estr Insttute oo Tr education, has the Roch-
8. The g | -eclynoiogy carned high re-
1 €ach ofyor Opsttltutl‘ons are quite unrelated
lunate Sfone inORub: except that their for-
tanity for fhogs: 3 Ugh.cstcr provides oppor-
Calauretes 1o i © join us with fresh bac-
"Xt form] Stzozcced right on course with the
Meparatio, ]n: Kf)f professional or business
offeregd by the U .lrlgslport arrangements are
e Sehooy o Ennersny of Tennessee Gradu-

ast Tennessee State University.

As ’ ' .
B k us about the details of our incentive plans for post-baccalaure
astm: o1 ; i ; s
tman Kodak Company, Business and Technical Personnel Department,

Rochester, N.Y. 14650,

Two big factors make such plans attractive:

1. Money. It can be a great comfort when supplied regularly by a

prosperous firm well aware that its fate depends on the intelligence

and devotion of the people it can lure into its fold.

2. Direct personal involvement in the realities. The realities en-

countered in a company that leans as heavily as we do on engineer-
ing, science, and scholarship can be nothing but helpful to one
whose motivation toward education is genuine and deep.

There is also a rough side:
ard when you work and study

You have to drive yourself pretty h
as a candidate for tough

at the same time. This shows you up

assignments.

ate education.

Kodak

An equal-oppo rtunity employer



A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC

ELECTRIC UTILITY—Built by G.E,

the Dresden Station pro-
duces commercial electric power from the atom.

PRI ot
i i ies for cordless pr
UMER—Nickel-cadmium batteries s,
Sgt':sw;rde created by G.E. for new business denjii_ﬂ

___‘ﬁ*-_‘\; |

o auter

: ibuted t
INDUSTRIAL—G-E knowledge and skills contribute
mation of new Bethlehem Steel mill.

Only G.E. offers you three routes
to four business areas

ENGINEERING, MANUFACTURING AND TECHNICAL MAR-
KETING—these are the career routes open to you at General
Electric. G.E's activities in the defense, electric utility,
industrial and consumer business areas demand experts
skilled in these three fields. At GE, you'll be part of a
uniquely decentralized organization with more than one
hundred departments that design, manufacture and sell
thousands of products, Whether it's automating a complete
steel mill, achieving thrust for Mach 3, producing power
from the atom, or Creating new growth businesses, this is
the fast-paced challenge you'll find at General Electric. To

. lacement
define your career interest with G.E. see yglézti%n ;
officer or write: General Electric Company,
Schenectady, N. Y. 12305.

Progress s Ovr Most Important Produvct

GENERAL @B ELECTRIC

An equal opportunity employer



