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And the owner saves at least $1,000,000.
Westinghouse has developed a computer-
controlled system for doing almost every-
thing on a cargo ship faster and better.

It can be made to load and unload cargo
faster. Control speed directly from the
bridge with no help from below. Keep the

The computer commands the ship

ship on course. Steer clear of navigational
hazards. Navigate so accurately it saves
fuel. Keep an eye on all dials and gauges.
Control valves in the engine room. Keep
records of operations. Analyze emergency
situations and take corrective action. Even
check on how the cargo is doing,

In this day of low-priced competition
from ships under foreign flags, th‘ de-
velopment can add new strength to our
Merchant

The Westinghouse computer-controlled
system significantly reduces the annual
cost of operating a ship.

You can be sure if it's Westinghouse

For information on a career at Westingho

use, an equal

write L. H. Noggle, Westinghouse Edycational Departm




'SELLING
YOUR
ENGINEERING
SKILLS

Another of your future’s many facets at Monsanto

If you like the idea of proving your ability rapidly, consider marketing for Monsanto
as a career. This worldwide company (represented in 70 nations), has quadrupled

sales in the last twelve years, is expanding rapidly.
Monsanto needs men with sales talent who also have the creative ability to antici-

and for future products. You’ll have the stimulation of pio-

pate and generate dem
d full use of your professional skills.

neering with new, exciting products that deman M t
See your Placement Director to arrange for an interview when we visit your campus Onsa“ 0
soon. Or write for our brochure, ‘‘Your Future and Monsanto,’’ to Manager, Profes- .
sional Recruiting, Department ED, Monsanto, St. Louis, Missouri 63166. \ ‘

An Equal Opportunity Employer
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WHERE ARE YOU GOING THIS VOCATION ?

Young scientists and engineers “‘going places’’ investi-
gate a variety of challenging engineering avenues
before selecting one best suited to their goals. And
they look for a professional climate with lots of indi-
vidual recognition and advancement opportunity. If
you are charting your career along this course, let
Ling-Temco-Vought be your guide.

As one of the nation's most versatile contributors to
the aerospace, military electronics and communica-
tions sciences, LTV can offer you a personalized route
to an exciting and rewarding future in such areas as
aerodynamics + avionics and instrumentation s
operations analysis * dynamics ¢ systems design -

servomechanisms e+ stress analysis * propulsion °
communications design e« reliability/maintainability
engineering * reconnaissance systems * amplifier and
computer systems * microwave components design °
electromagnetic interference control ¢ electronic sys-
tems analysis ¢ telemetry and tracking ° trajectgry
analysis * manufacturing r&d e industrial engineering
* technical administration . . . plus many others.

For a closer look at the numerous career directions
available with Ling-Temco-Vought, ask your Placement
Office for our brochure describing LTV projects and
products. Or write College Relations Office, Ling-
Temco-Vought, Inc., P. 0. Box 5907, Dallas 22, Texas.
Ling-Temco-Vought is an equal opportunity employer.

L ’ bLING-fEMCO-VOUGHT, INC.

{7 DIVISIONS AND SUBSIDIARIES: CHANCE VOUGHT CORP. / CONTINENTAL ELECTRONICS & MANUFACTURING COMPANY / LING ALTEC / LING ELECTRONICS

LTV MICHIGAN / LTV RESEARCH CENTER / ALTEC LANSING ;/ TEMCO EL

ECTRONICS & MISSILES COMPANY / ED FRIEDRICH INCORPORATED / UNIVERSITY LOUDSPEAKERS
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In just a few short months, those
new graduates spanned the dis-
tance from the classroom to the
space age. They joined with their
experienced colleagues in tack-
ling a variety of tough assign-
ments. On July 20th, 1963, their
product went off with a roar that
lasted two solid minutes, provid-
ing more than 1,000,000 pounds
of thrust on the test stand. This
was part of the USAF Titan Il C
first stage, for which United
Technology Center is the con-
tractor. Two of these rockets
will provide over 80% of all the
thrust developed by the vehicle.
Some of you now reading this
page may soon be a part of that
program...or a part of other sig-
nificant, long-range programs.
W UTC now offers career oppor-
tunities for promising graduates
at the bachelor’s, master’s, and
doctoral levels in EE, ME, AeroE,
and ChE. Positions are impor-
tant and offer personal and pro-
fessional reward in the areas of
systems analysis, instrumenta-
tion, data acquisition, prelimi-
nary design, aerothermodynam-
ics, stress analysis, structure
dynamics, testing, propellant
development and processing. B
If your idea of a career in the
space age includes joining a
young, vital, aggressive com-
pany...then get in touch with
us now! If you want to work with
men who can develop and build
a wide variety of sophisticated
propulsion systems, see your
placement officer for a campus
interview or write Mr. Jay Waste.

UNITED

TECHNOLOGY &>

CENTER

|
DVISION OF UNITED AIRCRAFT CORPORATION

=

SOME OF
THE MEN WHO
WORKED ON I

WERE IN
COLLEGES

LIKE YOURS |
AYEAR AGO

P. 0. Box 353 - Dept. E, Sunnyvale, California

U. S. Citizenship Required - Equal Opportunity Employer
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THE DIPLOMA FACTORY

Two things will determine whether or not any given college will be a
diploma factory. One of those items is the system of education that the
college uses. The more mechanical the teaching and course approach, the
greater the possibility that the mechanism will graduate pieces of paper and
not educated men. The second item that leads toward a diploma factory is
the student’s attitude. If he takes the attitude that he will eventually graduate
and will by definition of graduation know all he needs, he will find on gradua-
tion that he has been properly milled to the specifications implied in his
attitude.

The difficulty with trying to remedy either of the above faults is that
the people responsible cannot be reached. Those who manage the factory can
easily claim that the busy-work the students do has some use. Alternately, the
student can easily turn a legitimate method of education into a factory process.
He can argue, “What good is all the ‘education’? I only want to know how to
do something, not why.” No appeal to ideals and no moralistic approach can
have any effect on this complete pragmatist, since he doesn’t recognize the
necessity for even a touch of idealism.

The solution, of course, appears to be a compromise in both administrative
and student attitudes. The difficulty appears when the solution is attempted.
Like all theoretical approaches, it must be modified in practice, and the practice
lends to criticism. Ideally, “why” and “how” can be discovered simultaneously,
but the history of knowledge contradicts that idealism, since one has almost
always preceeded the other. So, the student is usually exposed to the “why”
early and left with a hint of the “how.” Or, if the “why” is too sophisticated,
the “how™ is taught and the “why” learned later. Both the student and the
teacher are caught on the horns of this dilemma.

The current method of engineering education stresses accumulation of tools,
the knowledge of “why,” during the early part of the engineering training, and
the use of those tools in the latter part with supplementary “whys” introduced
as necessary. This may seem to be an adequate compromise; in comparison to
previous systems, it is. One difficulty lies in the fact that the initial stages of
the process may be too far removed from reality. Consequently, many students
who have good potential as engineers drop out of engineering because there is
either too much busy-work or too much theory. These students’ interest must
be maintained if this country is ever to produce a sufficient number of qualified
engineers and if the engineer’s image in society is to be improved.

Some attempts have been made to stimulate this sort of interest in the
early education here at CU. Some of the simpler sophomore courses are avail-
able to freshmen as well as an opportunity to take non-technical courses earlier.
In addition, certain highly-qualified students are given an opportunity to par-
ticipate in the Superior Student Program. Some work must still be done in
certain areas, particularly in the laboratory courses, which in the past stimulated
interest in little else besides where the “cookbook™ could be obtained.

Major progress was made at CU with approval of funds for new engineering
buildings which will have more needed laboratory space. If undergraduate
research can be incorporated into the engineer’s training early, much of the
burden of millwork can be alleviated, for then the student can see what good
his tools really are. In addition it might be possible to promote greater con-
tact with the people who are applying their knowledge and skills, (graduate
students, professors, and undergraduates doing research) and the students who
are still learning the basic tools.

Perhaps this could be done by giving undergraduates one or two credit
hours to assist a researcher in his project. This has the advantage of showing
Leginning students where their knowledge can be used, and also cutting some
of the time researchers must spend. In many case, undergraduate research may
be one ol the keys to not only improving the quality of the engineers we grad-
uate, but also decreasing the number of dropouts in engineering schools.

LARRY L. HUSTON
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One of the most interesting labora-
tories in the University’s rapidly
growing scientific complex is the
Nuclear Physics Laboratory, whose
main instrument is a new 30 million
electron volt cyclotron. The labora-
tory’s staff is headed by four faculty
members, Professor David Lind,
director, and Professors ]. ]. Krau-
shaar, W. R. Smythe and Martin
Rickey. Sponsored by the Atomic
Energy Commission, the cyclotron
was dedicated by A.E.C. chairman
Glenn T. Seaborg last June, and since
then has proven to be among the
most versatile and successtul instru-
ments of its type in the country. This
article will briefly describe the prin-
ciples of operation of the cyclotron,
and discuss the application of the
cyclotron to research in negative ions,
an atomic physics problem.

In the study of physics, the cyclo-
tron is a tool; the means to an end,
not an end in itself. It is essentially
nothing more than a source of a beam
of high-energy charged particles,
which can be aimed at various tar-
gets, such as a pellet of calcium, an
aluminum strip, or a gas cell. In our
cyclotron, the charged particles may
be a proton or hydrogen nucleus, a
deuterium nucleus, a tritium nucleus,
or a helium nucleus (alpha particle) .

6

The charged particles are “created”
in the ion source which works elec-
trically much like a vacuum tube.
Hydrogen gas, for instance, is fed into
the system from a gas cylinder. The
gas flows across an arc, which 1s
simply a stream of electrons flowing
from a heated filament (cathode)
across a gap to a positively-charged
plate. The electrons collide with the
molecules of the gas, dissociating
them into H atoms and then ionizing
the H atoms into H* ions (protons)
and H— ions (proton and two elec-
trons) . The cyclotron can be tuned
to accelerate either ion, but since it
is easier for the H atom to lose an
electron than to gain one, there are
fewer negatives created in the ion
source, resulting in weaker negative
ion beam currents,
Acceleration

The ions drift out of the ion source
and for positive ions, are accelerated
during the half-cycle in which the
radio-frequency voltage being ap-
plied to the dee is negative. Inside
tl_le dee, the particles travel in a semi-
circle due to the influence of the
vertical field of the main magnet.
: The frequency of the dee voltage
is such t_hat the dee will be posi[ELve
by the time the particles again reach
the dee gap, so that they are again

NEGATIVE IONS A

accelerated. The relation expressis
this motion is the cyclotron equatiorn
mv — gBr
where m is the particle’s mass, v
velocity, q its charge, r its radius
velocity v, and B the strength of th
vertical magnetic field. The pa:
length for one cycle is 271, 50 2 ;

velocity v, the particle will ma’ !
¥
V/27 revolutions (cycles) per secon ;

Inspecting the cyclotron equation

see that
v qB 1
fe ——— — ———
2ar 27m
which is a constant for a given par !

cle and central field strength.
accelerate a given particle the
coil is tuned with the capacitanc
between the dee and ground so tha |
dee voltage oscillates at this frequenc; |
Each time the particles cross the
dee gap, they gain an amount ©
energy equivalent to the peak voltage
on the dee, which may range from
zero up to seventy-five kilovolts. Th us,
for a singly-ionized particle to reach I
an energy of 30 MEV with a dee vol- .
tage of 60 KV., it must cross the dee
gap 500 times, or make 250 revolu-
tions in the machine.
When the particles reach the de-
sired energy and Corresponding radius,

CoLorapo ENGINEER—March, 1964
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THE CYCLOTRON

JIM TOEVS

they encounter a strong, constant (in
time) electric field, produced by the
electrostatic deflector.  This field
counteracts the curving force due to
the magnetic field, so that the part-
icles stop curving and follow a
straight line out of the cyclotron.
From here on, the ions are focused
and aimed at the target by magnetic
lens, small “bending” magnets, and
slit collimators.

If the experiment being performed
does not require a large beam cur-
rent, then the electrostatic deflector
can be eliminated by using negative
ions and a thin stripping foil such as
carbon or aluminum oxide, inserted
at the desired extraction radius.
When a negative ion passes through
this foil, the two electrons are torn
off or “stripped”, leaving the proton
free to continue on its path with little
loss of energy. Since the proton 1is
positively charged, however, its path
curves in the opposite direction of the
negative ion'’s path, so that the proton
curves out of the acceleration cham-
ber and into the beam pipe.

Perhaps the most interesting single
feature of the C.U. cyclotron is the
spzcial shape of the pole faces of the
main magnet. The faces are not
smooth, but are shimmed in alternate
sectors with extra metal, making

CoLorApo ENGINEER—March, 1964

“hills” and ‘“‘valleys.” The gap be-
tween pole faces in a hill region is
about 4 inches less than the gap in a
valley region, resulting in a stronger
magnetic field in the hill region.
This configuration solves two pro-
blems of particle acceleration. First,
at high energies, the particle’s mass
is not constant, as assumed in the
cyclotron equation, but increases re-
lativistically with velocity according
to the equation,

m = m, (l-v2/c?) =%

where m, is the rest mass, v is the
velocity, and c is the speed of light.
Since energy and therefore mass in-
crease with radius, it is necessary to
increase the field strength B if the
frequency is to be kept constant. I
the tuned cyclotron frequency ditfers
from the frequency required by the
cyclotron equation  (using relativis-
tic mass), then when the particles
cross the dee gap, the dee voltage
will be in the wrong part of its cycle,
and the particles will not be further
accelerated. The width of the hill
sectors increases with radius in such
a way that the average magnetic field
also increases with radius, so that the
B/m ratio remains constant. Secon-
dary coils wound in the shims allow
“fine tuning” of the magnetic field.

The second problem is one of focus-
ing. For maximum beam power into
the target, it is necessary to keep each
pulse, or accelerating group of parti-
cles, focused, that is, the cross-sectional
area of the group perpendicu]ar to
the group’s path should be as small as
possible. Such focusing takes place
when the pulse encounters a decreas-
ing magnetic field. In the C.U. cyclo-
tron, this occurs when the pulse passes
into a valley region. A cyclotron us-
ing this principle is called a ‘“‘sector-
focusing”™ or "a[tex;nating-grudient"
cyclotron.

Prof. Smythe and the author are
presently using a low-current nega-
tive hydrogen ion beam to study the
stripping cross-sections of the nega-
tive ions with various gases at vari-
ous pressures. The cross-section for
a particular reaction is the probability
that the reaction will occur under
given conditions. The beam is
aimed with the aid of a small
“tweeker” magnet and passed through
a small brass collimator into a pyrex
cell containing the test gas at a mea-
sured pressure. The collimator is
simply a 1/32 inch thick piece of
Srass with a 1/32 inch hole in the
middle of it. Its purpose is to cut
down the beam so that all beam parti-
cles passing through it are traveling

i
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INTERIOR OF ACCELERATION CHAMBER (DEE AND R-F EQUIPMENT BACKED AWAY)

pnr;tllel to one another. When the
beam passes through the cell, the gas
molecules may knock oft or “strip”
both, one, or neither electron from
the beam ion, leaving respectively a
positive, neutral, or negative par[icle.
After passing through a second col-
limator, the beam, which now con-
tains three types of particles, is passed
through a strong magnetic field
which separate the three elements by
curving the positive particles (pro-
tons) upward, the negatives down-
ward, and not affecting the neutrals
(hydrogen atoms). Each one of the
three beams now passes through a
“window” of brass shim stock 0.001
inches thick. Counters are placed
just outside the windows to count
the number of particles passing
through each window per unit time.
The first stage of the counters is
scintillation  plastic, which, when
struck by a moving particle such as
a proton, emits a light pulse whose
intensity is proportional to the parti-
cle’s energy. The second stage is a
pho[omultiplier tube, which, using a
phmoelectz'ic cell and dynodes for
current amplification, emits an elec-
trical pulse whose current is propor-
tional to the intensity of the light
pulse from the scintillation plastic.
The current pulse is passed through a
cathode follower to match impedance
with the impedance of the coaxial
cable used to transmit the pulse to a
double-differentiating amplifier. The
amplified pulse is sent into a single
channel pulse-height analyzer which
sends out a uniform signal if the in-
coming pulse is of the proper shape
and size. The outputs of the three
analyzers are fed into a multiscalar,

3

which simply counts the number of
pulses coming from each analyzer.
Thus, if a particle passes through one
of the three brass windows, a count
is registered in the corresponding
channel of the multiscalar.

A cesium-187 source is used to cali-
brate the counter-amplifier units.
The cesium decay spectrum as seen by
the counters is monitored with a
multichannel pulse height analyzer.

The number of counts in the three
channels is added to find the total
number of particles in the beam.
This total is then divided into each
channel total to give the fractional

‘percentages rise.

percentage of each element (positive,
negative, and neutral) in the beam.
By taking measurements at various
pressures, it is possible to construct a
curve from which values may be
obtained for the stripping cross-sec-
tions for a particular gas.

So far we have worked only with
hydrogen gas, at pressures \:ut'ying
from less than 0.1 micron (10— m.m.
of Hg.) to around 100 microns. Be-
cause of loss of gas through the brass
collimators to the vacuum system, it
is necessary to supply gas to the strip-
ping cell to maintain constant pres-
sure for the experiment. This 1s ac-
complished by leaking gas into the
cell from a 4b liter reservoir through
2 special low conductance continu-
ously-variable value. The reservoir
is maintained at a pressure slightly
higher than atmospheric. The cell
pressure is measured with an alpha
particle emission gauge, which is
calibrated with a McLeod gauge. The
beam energies used so far have been
between 4 and 5 MEV.

We have not yet calculated values
for the cross-sections, but the experi-
mental results are primarily as ex-
pected-namely that at low pressures,
where few gas molecules are present,
very little stripping takes place, and
the beam consists almost entirely of
negative ions. As the pressure is in-
creased, the percentage of negatives
drops, and the neutral and positive
At high pressures,
almost every ion is stripped complete-
ly, so that the beam consists almost
entirely of positive ions.

MaGNer PoLe Face, SHOWING SHims AND SHIM CoOILS.
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Our gasoline isn’t
good enough for
some people...us

We like to think that American 0il produets are
the best you can buy. And they are. We also like
to think we can improve the quality of our prod-
uets without increasing the cost to the consumer.
And we do. Consistently.

A considerable amount of work is done in
testing catalysts and gearching for those which
will help produce the types of gasoline our cus-
tomers want at the price they can afford.

One of the people engaged in the research and
development of our manufacturing processes is
John Mitchell, 24, a graduate Chemical Engineer
from the University of Texas.

The opportunities for bright young scientists
like John Mitchell are virtually unlimited at
American Oil. American Qil offers a wide range
of new research opportunities for: Chemists—
analytical, electrochemical, physical, and organic;
Engineers—chemieal, mechanical, and metallur-
gical; Masters in Business Administration with
an engineering (preferably chemical) or science
background; Mathematicians; Physicists.

For complete information about interesting
careers in the Research and Development Depart-
ment, write: J. H. Strange, American Oil Company,
P. 0. Box 431, Whiting, Indiana.

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS,
LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS
AFFILIATE, AMOCO CHEMICALS, ARE ENGAGED IN SUCH DIVERSIFIED
RESEARCH AND DEVELOPMENT PROJECTS AS:

Organic ions under electron impact © Radiation-induced reactions o
Physiochemical nature of catalysts @ Fuel cells ® Novel separations
by gas chromatography e Application of computers to complex technical
problems e Synthesis and potential applications for aromatic acids e
Combustion phenomena e Design and economics: new uses for present
products, new products, new processes @ Corrosion mechanisms @
Development of new types of surface coatings.

STANDARD OIL DIVISION
AMERICAN OIL COMPANY
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s it true that the leading producer of oxyger
for steelmaking had a hand in preparing
Tricia McDonald's orange juicee

You'd expect that a company with 50 years’ experience in ex- For Union Carbide is also one of the world’s largest prc
tracting oxygen from the air would lead the field. You might  ducers of petrochemicals. As a leader in carbon products,
even assume—and you'd be right—that it knows a lot about  is developing revolutionary graphite molds for the continu
how oxygen can speed the making of steel. As a result, the  ous casting of steel. It is the largest producer of polyetn-

company sells oxygen by the ton o steelmakers to help them  ylene, and makes plastics for packaging, housewares, and
produce faster and more efficiently.

floor coverings. Among its consumer producis is “Prestone”
You'd also expect that a leader in cryogenics, the science  brand anti-freeze, world's largest selling brand. And it is |

of supercold, would develop an improved process for mak-  one of the world’s most diversified private enterprises in the

ing the frozen orange juice concentrate that starts Tricia  field of atomic energy.

McDonald off to a bright, good morning. In fact, few other corporations are so deeply involved in s0 5 \
But there might be some doubt that two such many different skills and activities that will affect the

ocriv_'\ries as helping to speed steel production and UNION technical and production capabilities of our next
helping to improve frozen orange juice could come MW {1 century

\
‘ i - ; L
from one company. Unless you knew Union Carbide. We're growing as fast as Tricia McDonald. ‘

Divisions: Carbon Products, Chemical onsumer Products, Internationa nde. M i Stellite and Visking
cts, Chemicals, Consumer Prod I N r n Plast nes
. 1 e, Meials, Nuclear, Olefins, Ore, Plastics, Silicones, | v

\ UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N.Y. 10017. IN CANADA: UNION CARBIDE CANADA LIMITED, TORONTO
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By far the cheapest commo ti
available in the United States to
fresh water. It is also, by far, the
greatest article in demand. On many
occasions in the history of civiliza 1,
it has been water, as a sole entity,
has been held responsible for the
losing of kingdoms and the mak
of fortunes. Today the Unite
States alone uses up 300 billion ga
lons per day. About 457 of
amount is used for crop irrig
459, is used by industry, and about
109, is reserved for the personal use
of man. For his individual water
rights man pays about twenty t
per 1,000 gallons. Farms and ind
tries pay a fraction of this amount
for their privileges.

Rainfall in the United States pro-
vides a yearly average of 5,000 billion
gallons per day. The bulk of this, of
course, is drained by such means as
surface runoff into the sea or other
regions where water is overly abun-
dant. The distribution of water to the
areas where it is needed is very much
equal to the problem of supply itsell.
With the tremendous rise of popula-
tion, and conscquemiy of industry, in
this country, it 1s not difficult to pre-
dict that within the next few decades
a wealth of problems might well e)_dst
involving the supply and distribution

COLORADO ExcINEER—March, 1964
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water. Of course, the average In the process known as distillation,

citizen will not be aware of the im-
tance of the matter until he is
| when he may or may not walter
lawn, and the soft fizz from his
OL eXpresses air, not water.
Office of Saline Water
In 1952, the United States Depart-
1ent of the Interior organized a
.cial branch, the Office of Saline
Water, to deal with what was at the
time a foreseeable possibility —a lack
of usable fresh water. The Office
was .spcci[ically designated to re-
search the idea of finding a low-cost
method of converting saline water to
fresh water. Today, twelve years
later, the problem is becoming much
more evident to all concerned.
Changing salt water to fresh is
nothing new by any means. Tt has
been done on a small scale by dis-
tillation for years. Modern ships con-
stantly make good use of this old
method. However, the Federal
government is interested in large
scale, low-cost techniques which differ
vastly from the old tried and true
processes. Thus the government is
sparing little expense in authorizing
multi-million dollar expenditures in
this field. Numerous methods are
being investigated and experimented
with.

impure water is boiled, and then the
steam, free of foul particles, is con-
densed and drained off as fresh water.
A pronounced problem in this method
is the high rate of fuel consumption
in running the apparatus, which is
complicated more by scaly deposits
of residue which form on the inner
walls of the containers, interferring
with heat conduction.

The “membrane method” makes
use of electrical power. A series of
thin membranes is set up and saline
water is forced through them by elec-
trical charge. This results in fresh
water being trapped between mem-
branes. However, due to the great
amount of polluted deposits in sea
water, this technique would only be
practical for inland brackish water
conversions. The electrical energy
needed to free sea water of salt would
be far too costly.

The freezing of water is, like dis-
tillation, a purification procedure
seasoned by vears of use. Northeast
Asian fishermen have been employ-
ing it for decades. It is obvious that
the cost would be less in simply freez-
ing water to purify it rather than
going through a more involved pro-
cess, such as distillation. In the past
few years many complications have
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THE Sax DIEGO MULTI-STAGE FLASH PLANT PRESENTLY EN ROUTE TO GuantaNamo, CUBA.

entered into this method, but con-
tinued research is showing it to be
a very promising concept.

Trials have been made with such
ideas as direct separation of salt and
water by chemical action alone.
Among other interesting innovations
showing potential is the “multiflash”
method, which combines nuclear en-
ergy with a conventional distillation
method.

Situated in various locales around
the world today are saline conversion
plants producing fresh water on a
limited basis for local inhabitants out
of sheer economic necessity. On the
Caribbean island of Aruba such a
plant exists with a capacity of 2.700.,-
000 gallons of water per day, at a cost
to the residents of two dollars per
1,000 gallons. Without this plant
fresh water would have to be shipped
in at a cost of probably three times
as much.

Experimental Plants

At present the Office of Saline Re-
search has built, or is in the process
of building, five authorized experi-
mental conversion plants around the
United States. Each plant will use
different basic method, and three of
them are to be used in seawater con-
version. The other two will con-
centrate on inland water conversion.
Each is designed for a capacity of at
least 250,000 gallons per day.

In Freeport, Texas, 1,000,000 gal-
lons of fresh water per day is the
end result of this distillation-type
plant utilizing a process known as the
long-tube twelve effect distillation
method. The plant opened in May
of 1961.

Thus far the multistage flash pro-
cess involving distillation with an
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atomic reactor seems to be the most
economical of the experimental
methods. In March of 1962 a 1,000.-
000 gallon per day capacity plant
making use of this nuclear reactor
combination began production in San
Diego, California. Atomic fuels pro-
vide a very practical way of deriving
the vast quantities of heat required
for the distillation procedure.
November, 1961, was the target date
of a Webster, South Dakota, com-
plex constructed to test electrodialysis
methods. Designed for investigation
of transformations involving inland
brackish water sources, the plant pro-
vides 250,000 fresh gallons a day. It
removes over 1000 parts of salt per
million parts of water, furnishing
potable water to the public of the
area. The United States Public
Health Service defines potable water

as having less than 500 parts of salt
per million parts of water. In this
electrodialysis method the water is
cleared of contamination to a point
well below this level. More than a
ton of salt daily is removed from the
brackish water.
Vapor Compression

Another type of distillation plan
is known as the vapor compression
method. Another 1,000,000 gallons |
per day capacity operation was com- '
pleted very recently at Roswell, New 1
Mexico. The plant was designed be- '
cause there was a severe water crisis
existing in the area. Brackish water
was continually seeping into the deep
wells which are the region’s main
water source, thus causing a great deal
of pollution. Federal officials are
hope[ul that the conversion plant
might be able to conserve the present
[resh water aquifer by pumping purc
water into the wells and directly tc
the city at the same time.

At Wrightsville Beach, North Caro
lina, a fifth plant was to have made
use of the freezing process. Som
have claimed that in this method lie:
the most potential of all. Howeve:
it was subsequently decided that the
planned operation would be toc
small to be of genuine value, and it
will be delayed until more decisive
research in this area can be attained
at smaller pilot plants.

Currently small “pilot plants” are
being set up around the country to
investigate other methods. Appara-
tus such as stills using solar energy
are being looked into, along with
other types of electrodialysis and
membrane systems. Large contracts
are being let out to universities and
industrial corporations alike in hopes
of finding newer and better tech-
niques.
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Already, through the government’s
program, the cost of fresh water puri-
fied by saline conversion has dropped
to less than one-fifth of its 1952 price.
The large 1,000,000 gallon per day
plants can deliver potable water at
a cost of about $1 per 1000 gallons.
When the program reaches its ex-
pected efficiency, it is thought that
this price will be cut in half or lower.
By the end of this century many ex-
perts in the field think it reasonable
to assume that a myriad of saline

Tue Loxc Tusk

conversion plants will dot our coast-
lines and interior lake shores, supply-
ing by pipeline vast quantities of fresh
water to even the most remote desert
region, giving cities new life and aid-
ing farmlands in the feeding of the
ever-growing population.

In a speech to the American Chem-
ical Society in 1960, the chief of the
Federal Office of Saline Water sum-
med up the matter in this fashion:

“The demonstration plant pro-
gram has captured the interest

ProCESS PLANT AT

FreerorT, TEXAS,

and imagination of the nation
and the world, but plant con-
struction is not the key to low-

cost conversion. While these
plants are being constructed,
the research and development

program will be continued—for
research is the key to progress.
One must turn to scientific and
technological research to develop
a new source ol supply that can
provide an ever-growing per-
centage of tomorrow’s water.”

VERTICAL DISTILLATION

L CIVIL ENGINEERS:

Prepare for your future in highway
engineering — get the facts about new
DEEP-STRENGTH (Asphalt-Base) pavement

Modern pavement engineering has taken a “giant step
forward” with DEEP-STRENGTH Asphalt construction for new
roads and streets. There is a growing need for engineers
with a solid background in the fundamentals of Asphalt
technology and pavement construction as new Inter-
state and other superhighways in all parts of the

country are being built with advanced design
DrEP-STRENGTH Asphalt pavement.

Your contribution—and reward—in our nation’s
vast road-building program can depend on your
knowledge of modern Asphalt technology. So
prepare for your future now. Write us today.

THE ASPHALT lNSTlTUTE, College Park, Maryland

THE ASPHALT INSTITUTE, College Park, Md. :
Gentlemen: Please send me your free student |
library on Asphalt Construction and Technology. |

1

NAME CLASS. l
ADDRESS l

|

CITY, STATE l
SCHOOL. }
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THESE GRADUATES THRIVE ON CREATIVE CHALLENGES...THEY'RE

MANUFACTURING ENGINEERING
R. A. Busby

University of Michigan—BSME—1952

DEVELOPMENT ENGINEERING
R. P. Potter
University of lllinois—BSME— 1959

PROJECT MANAGEMENT
V. H. Simson
lowa State University—BSEE—1948

There's an exciting challenge ahead for yo

- K. M. Nelson, Manager—
TIndustrial Control Sales, discusses the functioning of
Cutler-Hammer’s automation teams, and how
\ creative graduates contribute to pioneering developments.

Hammer has been a key con-
tributor in planning automatic
systems—now called automation.

To meet the pressing challenge of
rapidly expanding industrial auto-
mation, we have formed a number of
automation project teams. These
teams combine the technical and
manufacturing talents of versatile,
seasoned specialists and young, crea-
tive-minded engineering and business
administration graduates.

Their primary job: to make sure that
a customer’s automation investment
pays an adequate return.

How do they meet this challenge?
By working with customer engineers
and consultants to isolate cost prob-
lems in manufacturing and ware-
housing operations. Then, by apply-
ing their individual disciplines and
creative ingenuity to build common-

For over sixty years Cutler-
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" AUTOMATION PROBLEM SOLVERS

ANALYTICAL ACCOUNTING
D. R. King
University of Wisconsin—BBA—1957

SALES ENGINEERING
J. B. Hewitt
University of Colorado—BSME—1957

CONTROL ENGINEERING
B. O. Rae
University of Wisconsin—BSEE—1957

too,on a Cufler-Hammer automation team

sense automation proposals that can
be justified economically.

Automation teams work together in
a modern 500,000 square foot plant
specifically designed to house every
activity involved in the evolution of
a system . . . in a creative climate
that is conducive to Imaginative
planning and development.

This approach has paid off! Though

industry has barely scratched the sur-
| face of the automation potential, our
‘ credentials already are quite impres-
: sive. Jobs such as the U.S. Post Office
mail handling systems in 14 major
cities; a pallet handling system for a
mail-order firm; data accumulation
systems for large steel producers; a
number of automobile body-line
systems; bundle-handling systems for
30 major newspaper mail rooms; and
a package-handling system for a
prominent publisher are just a few
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examples of our automation planning
skill at work.

What are the advantages to the
young, creative-minded graduate?
Short range, it’s an exceptional op-
portunity for the man who responds
to the challenge of finding new solu-
tions to tough manufacturing prob-
lems. Long range, being a key
member of a Cutler-Hammer auto-
mation team is an excellent way to
get the diversified experience so
essential to steady career develop-
ment and future advancement.

WHAT'S NEW? ASK...

JT L =

Cutler-}
Uni-Bus.. Inc.: Cutler-Hammer International, C. A.

Hammer, Mexicana, S. A.

Want to know more? Write
today to T. B. Jochem,
Cutler-Hammer, Milwaukee,
Wisconsin for complete infor-
mation. And, plan to meet
with our representative when
he visits your campus.

Inc., Mil k Vi in « Divisions: AlL; Mullenbach; Thayer Scale  Subsidiaries:
tes: Cutler-Hammer Canada. Ltd.: Cutler-

CUTLER-HAMMER

AN EQUAL OPPORTUNITY EMPLOYER




With today’s strong fundamental
knowledge of the physical character-
istics of fluids, scientists are finding
that even more understanding is re-

uired. It might be termed a snow-
ball effect; the more they understand,
the more they need to know.

Professor Arnberg ol the Depart-
ment of Mechanical Engineering at
the University of Colorado is directing
research to determine accurate pri-
mary measurements of Cmnpressible
fluid flow rates. A primary measure-
ment of a derived quantity (ie. a
quantity other than mass. length, or
time) must be completely indepen-
dent of any other measurement of this
same quantity. The primary mea-
surement can then be used to cali-
brate secondary measuring devices.

In this case the primary method of
measuring mass flow rates of air,
which will be described in detail
later, will be used to calibrate Criticql
flowmeters. A critical flowmeter 15
a nozzle with a gas velocity equal to
the speed of sound at the throat.
The inlet pressure and temperature
to the nozzle can be measured and
correlated against the mass rate of
flow if the properties of the gas are
known. Advantages of the critical
flowmeter as a secondary, or transfer
standard are 1) its freedom from
moving parts which gives it reliability
and stability, 2) its dependence upon
only two operating variables—the in-
let stagnation pressure and tempera-
ture — for regulation of the flow rate
3) its believed lack of sensitivity to

disturbances in the inlet stream, such
as swirl, pulsaiions. and changes in
the inlet velocity profile, 4) the wide
flow range that can be covered, and
5) the nearly linear relationship be-
tween the mass flow rate and the in-
let pressure when the temperature is
constant. A former disadvantage, the
inadequacy of theoretical solutions
for the critical flow of gases, has been
greatly reduced by recent studies
which provide a variety of solutions
for real gases and vapors.

The advantages of critical flow-
meters make them desirable for work-
ing transducers as well as for trans-
fer standards, but the pressure loss
across the nozzle over a range of flow
rates is often too large to be tolerated,
so that, in this case, the critical flow-

COMPRESSIBLE FLUID FLOW

ELLEN HARRIS

meters will be used to calibrate ori-
fice plates, which are the most com-
monly used type of variable-head
flowmeter. The orifice plates will
then be used by the Lawrence Radia-
tion Lab on heat transfer research
for the Atomic Energy Commission,
the sponsors of the project.
Formerly gas meters were calibrated
using liquid flow primary methods in
conjunction with expansion factors.
For example, it is quite easy to mea-
sure the mass flow rate of water
simply by running it into a weight
tank and noting the change in
weight during a specified time. The
success of this method depends on
the nearly constant density (i.e. the
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incompressibility) of water. How-
ever, extending this method to com-
pressible fluids by correction with ex-
pansion factors does not give the ac-
curacy required for jet and missile
operations, and by ordnance and
other industries.

Although little has been done to
develop a primary standard for gases,
some of the methods conceptually
possible include direct ~weighing
methods such as described above for
liquids, methods measuring stagna-
tion and static pressures across the
fluid stream, and methods involving
equation of state data in conjunction
with initial and final pressure, volume
and temperature measurements.

Difficulties arise in direct weighing
methods due to the large weight of a
tank required to maintain gases at
high pressures as compared to the
small mass of gas that is discharged.
Static and stagnation pressure methods
are not good for small nozzles due to
the ten to twenty per cent uncertain-
ties in boundary layer calculations.
For these reasons an equation of state
method was chosen as the primary
method to be thoroughly investigated
in this project (preliminary in-
vestigations of other primary methods
have been made, but so far show
little promise.)

In the particular technique chosen
_the P-V-T-t method—the volume ot
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a receiver is carefully calibrated, and
changes in temperature and pressure
are measured to determine the mass
of gas discharged over a timed inter-
val. The method is quite flexible
since flow may be either to or from
the primary standard and a wide
range of flow rates may be covered
by varying the size of the receiver and
the length of the test.

The most accurate e:;uation of
state data available uses

pV — HZR'E,

where Z = f(p, T) is a compressi-
bility factor that has been tabulated
by the National Bureau of Standards.
Initial temperature and pressure mea-
surements establish the mass of gas
in the calibrated receiver. Air is first
pumped through the system from the
start-up receiver. Its temperature 1s
maintained equal to that of the air
in the calibrated receiver using the
No. | heat exchanger. This prevents
a temperature transient from occur-
ring when the flow is switched from
the start-up receiver to the calibrated
receiver.

When the pressure in the start-up
receiver has reached the pressure in
the calibrated receiver, or a slightly
different pressure as required to com-
pensate tor differences in the line
losses and inertial effects, the flow
is switched from the start-up to the
calibrated receiver using the two-way
switching valve. The switching
nperatioﬁ also starts the automatic
timer.

The throttle value and the No. 2
heat exchanger are adjusted during
the test to maintain a constant de-
sired pressure and temperature of the
air going to the flowmeter. The test
run is terminated after the pressure
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PROFESSOR ARNBERG WATCHES As HALIS ODABASI, NOW A Pu.D. CANDIDATE IN PHysics, CONTROLS
FLuip Dexsity DURING A PFRFORMANCE EVALUATION TEST OF A FLOWMETER.

in the calibrated receiver has been
reduced to approximately one-half the
initial pressure. Closing the two-
way value stops the timer, marking
the end of the test run. After a
thermal stabilization period of about
thirty minutes the final pressure and
temperature measurements are ob-
tained from the calibrated receiver.

These measurements are repeated
after several time intervals to estab-
lish the rate of leakage trom the sys-
tem. The leakage rate must be de-
termined and taken into account even
though it has been reduced to an al-
most insignificant magnitude. This

PROFESSOR ARNBERG
EXPLAINS
AR COMPRESSOR,
PURIFIER, AND DRIER
Usep 10 SUPPLY AIR
AT 3,000 prS1 TO THE
CoMPRESSIBLE FLOW

TrsT FACILITIES.

is necessary not only because of the
slight effect on the absolute accuracy,
but also to establish confidence in the
results.

Finally the average rate of mass
transfer is determined from the fol-
lowing equation:

> V — constant — mZRT/p
M=oy~ )/t — (V/RD)
(Pi/TiZi e p,-/Ter) -

The p-V-T-t method has been used
before; the most important objective
of this project is increased absolute
accuracy by refinements in instru-
mentation and techniques in order
to provide accurate data for the cali-
bration of transfer standards.

So far most of the work done has
been in refinement of technique. It
is imperative that extreme care be
taken at each step of the process.
Two of the most troublesome dil-
ficulties so far have been leakage and
the change in volume of the tanks
with pressure. A detailed error
analysis was made of all instrumenta-
tion which showed the flowrate error
to be about twice the systematic error
in the receiver pressure measurement.
Much attention was therefore given
to this measurement.

In all cases effort has been made
to secure the most reiiable instru-
ments available, and with the pains-
taking care which has gone and will
go into eliminating every source of
unnecessary error, this investigation
should yield some extremely valuable
results.




ONLY FORD-BUILT CARS MEET THE CHALLENGE WITH
TOTAL PERFORMANCE!

Something wonderful’s happened to Ford Motor
Company cars! Under the freshest styling seen in
years, there’s a new kind of durability and vigor that
more than meets the demands of today’s and tomor-
row’s high-speed turnpike driving conditions.

What's the secret? Quality engineering for total per-
formance. Quality engineering so outstanding that
Ford Motor Company received the NASCAR Achieve-

ment Award for engineering excellence which “superbly
combines the prime essentials of great automobiles— )
performance, reliability, durability, comfort and safety.”

Total performance makes a world of difference. Bodies
and frames are solid and quiet even on the roughest
roads. The ride’s so smooth, so even-keeled, it seems
to straighten the curves and shorten the miles. And
nothing matches the spirit, sparkle and stamina of
advanced Ford-built V-8's and thrifty Sixes. Total
performance is yours to enjoy in all our 1964 cars—from
the frisky Falcon to the matchless Lincoln Continental.

MOTOR COMPANY
The American Road, Dearborn, Michigan

WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER-BUILT CARS
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You have probably heard and read
about the computer revolution which
is now going on. No doubt, you also
know that applied mathematics is
playing newer and greater roles at

the frontiers of research. But are
you clear as to the twentieth century
trends in engineering and science
which are causing this? Do you know
why to some people this appears more
an “‘explosion” than a revolution?
Have you thought of the intellectual
and educational revolutions which
these trends are also causing?

Many of the advances on the fron-
tiers of mathematics are coming from
the intense trend to research in many
areas. Some basic research has been
motivated by unfamiliar demands on
classical engineering knowledge, as
man longs to try to apply what he
has but recently learned of ocean,
earth, and sky. Both engineering and
basic research are asking questions
with regard to components large and
small. Is it possible to prove this, to
design that, to do these, to build
those, and to apply this? Mathe-
matics is being called on to answer
these questions of possibili[y, and
practical interest 1s arising in the
more abstract concepts of mathe-
matics, such as modern algebra. Often
advances in theory result from the
development of these applications.

An example illustrating new needs
for mathematics can be found in some
new trends in biomathematics—the
mathematics of biology. For some
time bacteria growth has been ex-
pressed as an exponential function.
Now attempts are being made to de-
scribe the area of the living cell with
topology. A new type of algebra to
represent the thinking process 1 being
sought by neurophysiologists. Suc-
cess in these attempts will bring many
practical rewards, and perhaps new
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mathematics as well, even though the
neuruphysiologist would probably
not be called an engineer.

A New Tool

Many of the advances on the fron-
tiers of mathematics are increasingly
related to the “applied” interests ol
the social scientists, economists, sta-
tisticians, operation researchers, and
industrial and design engineers. Sub-
jects like linear programming, game
theory, network theory, Boolean alge-
bra, Markov processes, and informa-
tion theory are frequently used in
industrial and military applications.
These appear increasingly often as
topics for research and as tools of in-
vestigation in other areas besides
electrical, mechanical, and civil en-
gineering. Much of this mathe-
matics is called finite mathematics:
being concerned with problems of ar-
rangement, operation, and selection
within a finite or discrete system. In-
stead of the continuous curve of
freshman calculus, there is the curve
of separated points resembling a plot
of laboratory data. Thus today the
fields of application and the kinds of
mathematics needed and used are
vastly broader and are expanding at
a faster rate. Mathematics, like the
engineering sciences, develops through
this myriad of branchings in the mid-
twentieth century. Growth appears
to be a repeating cycle of branching
and regrafting—the new discoveries
and developments which are found
lead to new and vivid insights into
classical phenomena. Mathematics
today by means of new applications
finds itself largely in the branching
phase of the cycle.

Now, what is the direction in which
the applied mathematican’s own re-
search is going to go? Dr. H. O.
Pollak of the Bell Telephone Labora-

LIED MATHEMATICS

Tnday and

TOMORROW

CHARLES A. NELSON

tries has answered, “One of the most
significant directions which I see is
that of setting absolute standards,
absolute bounds beyond which the
user, no matter how clever he is, can-
not go . . . . If you can find the best
that you can do in a particular situa-
tion and give a specific instruction
for it, then you have an optimiza-
tion problem.” In particular, there
is optimization of large systems in
engineering.

This trend towards the engineering
of large systems is a modern trend in
comparison to the engineering prob-
lem of possibility with regard to
individual components mentioned
above. It is often fairly clear that a
system performing in the desired
way can be built, but what is the best,
most economical way? These systems,
both military and nonmilitary, are of
increasing complexity and must be
optimized with regard to such fac
tors as cost, reliability, and mainten-
ance. Thus there is interest in pro-
bability, statistics, and linear alge-
bra. Here the engineer and applied
mathematician are the middle men
between the scientists and the business-
men. Here, too, the engineering solu-
tion is not an answer, for optimiza-
tion is guidance, not the answer. One
can optimize surface to volume rela-
tions all one likes, but no one com-
plains when milk bottles turn out to
be neither spherical nor cylindrical.

Model Building

Another trend today in engineer-
ing is to represent situations by means
of models, and this requires the serv-
ices of the applied mathematician.
Of course, the representation by
means of models is understandable
when one recalls that any definition
of science and engineering recognizes
that “exact” physical laws are only
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idealizations and z:ppmxinmlinns of
reality. There are the common ap-
proxim;uions which we meet in our
courses: the ideal gas law, the ideal
mass points that Newton's laws are
;ipplied to, the continuous media of
elasticity and acoustics, and the “cir-
cuit fiction” simplifications of the
electrical engineering courses. Al
most any given physical situation is
capable of being idealized mathe-
matically, often in many different
ways. Sometimes this idealization will
only have an approximate solution
and finding the best a])proxima[ion
will require ingenuity on the part of
the engineer.

There are four criteria which ought
to be satisfied by any well-formulated
mathematical model which hopes to
represent reality: 1) the model should
possess a solution, 2) the solution
should be unique, 3) the solution
should be stable (that is, a small
change in any of the data of the pro-
blem should produce only a corres-
pondingly small change in the solu-
tion), and 4y =the solution and its
implications should agree with reality
and the solutions to related pmblems.
The first two criteria for approxima-
tion express a belief in causality or
determinism without which experi-
ments could not be repeated with the
expectation of consistent results. The
third criterion requiring a stable solu-
tion is important because the data
upon which the problem is based may
be only marginally correct. The
fourth criterion requiring agreement
with reality is extremely Important,
for the model or approximation may
have some stray properties no one
bargained for (spherical milk bot-
tles would roll all over the breakfast
table and would waste icebox space.)

Consequemly, to avoid misuse of
applied mathematics, there must be
professional understanding of both
the situation and the available mathe-
matical tools. It is important here
for the complete situation to be un-
derstood by at least one person or in
the case of a team, that the team
must have joint and individual re-
sponsibility for the whole enterprise.
It is not practical to delegate profes-
sional responsibilty. Often it is the
applied mathematician who is best
able to have this complete under-
standing, for he should have been
prepared to do the key task of ab-
straction of the problem from the
physical world into the mathematical
world.

New Trend

It has often been said that mathe-
matics is the greatest tool of engineers.
In many cases it is the working en-
gineer who has to solve the optimiza-
tion problem of an engineering sys-
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Two SCIENTISTS
rroM BrLL TELEPHONE
L.ABORATORIES LISTEN
10 A TAPE RECORDING
OF SYNTHFSIZED SPEECH
PRODUCED BY A

COMPUTER.

tem or abstract a mathematical pro-
blem from reality. These are salnple
illustrations of how engineers are
finding that they, too, need to use
new and unfamiliar mathematical
tools, and as a result they are showing
interest in more variety and depth in
mathematics. Much specific problem

solving is being done by mathemati-
cally talented and mathematically

trained people in fields other than
mathematics. The engineer also has
to realize that unless a differential
equation, oOr similar problem, is an
exercise in the textbook, he can’t pos-
sibly hope to find a closed form solu-
tion for it. Therefore, he either uses
much more powerful analytic methods
to get some information about it or
he puts it on a computing machine.
He must also realize that in applica-
tion, especially in research areas, the
engineer or anyone else can’t predict
beforehand what kind of mathe-
matics he will need. If you choose
to be an expert in the analytic theory
of continued fractions, you will not
be happy in applications.

But the major trends in engineer-
ing—today, and in our lifetime—are
due to the computer revolution.
Through the industrial revolution
people were relieved of acting like
beasts of burden, and through the
computer revolution they are being
relieved of dull, repetitive routine.
Perhaps it is better to compare the
computer revolution with the Coper-
nican revolution or the Darwinian
revolution — both of which greatly
changed man'’s idea of himself and of
the world in which he lives.

While the significance of something
presently occurring is always difficult
to judge, what is expressed by the
above comparisons with the past can
be grasped by the concept of order
of magnitude. For example, we can
speak of an automobile being 10 times
faster than a horse and wagon—one
order of magnitude faster. It is custo-
mary to recognize that a change ol
a single order of magnitude in techno-
logy often produces fundamentally
new effects. For instance, given
enough horses and time you can do
almost everything that you can with
a car, but it is not the same. Indeed,
the automobile is said to have caused
even a change in our morals!

Computers have improved in speed
by six orders of magnitude over hand
calculators—a million fold. Tt is like
first having only one dollar and then
having a million dollars. You can
readily see that in two different sit-
uations there are fundamental dif-
ferences in the view you adopt of
yourself and of the possibilities which
are open to you.

Second, computers are much more
reliable.

A third factor is that they offer a
decrease in cost per opemtion—three
orders of magnitude cheaper. It is
as if suddenly automobiles cost two
to four dollars.

So these orders of magnitude indi-
cate that this revolution will require
a gradual reorganization of man’s
concept of himself, of the man-ma-
chine combination, and of the rest of
the unijverse. But even while realiz-
ing the truth of these figures and pre-
dictions, many of us tend to look at
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the computer as a super slide rule
—faster, more accurate, and a posses-
sor of a faultless memory. When com-
puters came in fifteen to twenty
years ago, this was an accurate con-
cep[ion—but it is a poor one for to-
MOITOW.

They are not merely super slide
rules: computers have made it pos-
sible to apply more abstract tech-
niques; problems previously too big
and too difficult have been tackled.
1t had been known theoretically for a
long time that a process could be
followed to eliminate variables be-
tween polynomia[ equations, but only
the coming of the computer made
application feasible.

The distinct trend to use mathe-
matical models, which was mentioned
before, has been enhanced by the
availability of a computer. Looking
at an engineering or scientific index,
one is quickly impressed with this fact.
In engineering research the special
purpose device for trying an experi-
ment is being replaced by simulation
in a computer. One does not build
an encoder or a transmission line to
test an effect, but rather simulates it
on a computer and converts the out-
put to an audio tape to see how it
sounds. R. W. Hamming of Bell Tele-
phone Laboratories has said, “At pre-
sent I would guess that perhaps 109,
of the experiments in the Bell Tele-

phone Laboratories are done on the
computer rather than in the labora-
tory; I expect that in time the reverse
will be true, only about 109, will be
done in the laboratory.”

Of course, there is the bull session
topic of a machine with artificial in-
telligence—a thinking machine. So
far, however, computers cannot even
play good chess. It will be note-
worthy when a machine can translate
as well as a human, when a machine
proves a new theorem or is capable
of investigating all the conjectures
one has in proving a theorem, and
when a machine can beat all comers
in chess most of the time. This last
stage has been reached in checkers.

It appears that computers in the
future will work out the details and
do many of the experiments in en-
gineering. The engineer, atsithe
moment, is better able to suggest
broad lines of attack and uniform
methods [or approaching problems,
and is better at spccu]ating and con-
ceiving new ideas. It is of impor-
tance for both the engineer and the
appiled mathematician to understand
the uses, methods, and limitations of
the computer. Knowing only how to
program a problem on a computer,
an engineer can easily overlook a
significant item.

As with engineering in the past,
the results of significant mathematical

research now being initiated in the
many fields of application and the
new methods with the computer will
flow from industry back to the gradu-
ate schools and into the undergradu-

ate curricula. In response to the
trends which have been mentioned,
there are demands on the curricula
for more varied and broader mathe-
matical training for engineers so that
they can better optimize, idealize,
approximate, and program. Com-
panies and others are asking, “Stud-
ents now in college can still be ex-
pected to be working in the year 2000,
yet how is their present education pre-
paring them to live in a world full
of machines?”

For your own excitement and bene-
fit, you might ask questions, similar
to those being asked by engineers and
applied mathematicians in the field,
of mathematical concepts you are now
learning. Some of the questions for
a calculus course might be: By an
approximation to the root of the
equation f (x) =0, do you mean that
the appmximation x> 15 close to
the real “x,”’, or do you mean £ (x3)
=~ 0> How would you find maxima
or minima without differentiation?
How would you handle an improper
integral numerically if you could not
handle it analytically, and how would
you combine the two methods?
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FiGure 1

The conveyance of information via
electromagnetic radiation has become
very important at this time in history
because of radar, radio, television
and communication by telephone.
There are many methods by which
this information can be transmitted;
for example, telephone messages are
transmitted across country by means
of a series of communication towers,
each within sight of the other. This
is known as the line-of-sight method.
Radio waves are often broadcast to
distant receiving stations by reflecting
the waves off the earth’s ionosphere.
Information from radio waves or
radar can also be directed along the
contour of the surface of the earth
by means of ground propagation.

One of the problems confronted
when working with electromagnetic
waves is the loss of power associated
with the transmission of these waves
with distance.

Experimentation has shown that a
ground wave transmitted over a sur-
face such as the earth with high resis-
tive power loss (lossy medium) dies
out very rapidly. To understand this
better, a brief description of an elec-
tromagnetic wave is given.

An electromagnetic wave is com-
posed of two perpendicular vector
components; the electric field inten-
sity E, and the magnetic field inten-
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sity H. If a plane wave is transmitted
in a perfectly conducting medium
such as free space, these components
are perpendicular to the direction of
propagation. If the plane wave is
transmitted in a lossy medium, certain
phase changes of the E and H vectors
occur along with other complica-
tions.*

When a ground wave travels over
a lossy medium, the electric field
intensity vector has two components,
one normal and one tangential to the
boundry surface (see figure 1). By
considering the energy per unit area
contained in the wave or the Poynting
vector (P=ExH) , a component of the
energy P will be directed perpendicu-
lar to the plane formed by the E and
H vectors. Therefore, one compon-
ent of the energy is directed into the
lossy medium and another is in the
direction of propagation. The com-
ponent of energy directed into the
lossy medium is absorbed, causing the
total energy of the wave to decrease.
The other component of P causes the
wave to travel over the surface of the

FIGURE 2

boundary. This loss of energy into
the lossy medium causes the wave to
diminish rapidly.

If the wave is transmitted over a
conducting surface that has little re-
sistive power loss, the E vector can be
considered as being vertical, and the
energy vector will be primarily in the
direction of propagation (see figure
2) . However, all materials, even those
considered “perfect” conductors, have
resistance. Therefore, power will be
absorbed by the boundary surface. In
this instance, there is assumed to be
no power loss and the E vector is
considered as being vertical. This
ground wave will therefore diminish
slowly since there is essentially no
power absorbed by the boundary sur-
tace.

When the ground wave is transmit-
ted over a mixed path consisting of
both lossy and conducting media (see
figure 8), the energy vector is still

RICHARD LUBINSKI
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composed of two components when
the wave traverses the lossy medium,
and the wave will diminish as ex-
pected until the wave nears the
boundary. During the interval it is in
the vicinity of the boundary, teh wave
dies out more rapidly until it reaches
the boundary. The wave is then en-
hanced, and more energy is contained
by the wave behind the boundary
than was contained by the wave be-
fore it crossed the boundary. This
gain of energy (recovery effect), as
yet, is not completely understood.
Electromagnetic theory is being ap-
plied to understand this phenomenon.
As the wave continues over the con-
ducting medium, this new energy
level diminishes very slowly as ex-
plained above. If the wave is trans-
mitted over a mixed path in the op-
posite direction, from a conducting
medium to a lossy medium, this re-
covery effect is not observed because
the intensity of the wave makes a
normal transition as the wave crosses
the boundary (see figure 4). The
energy loss is very small as the wave
traverses the conducting medium.
When the wave crosses the boundary,
its intensity simply begins to diminish
rapidly as it the wave had been trans-
mitted only over a lossy medium.

A research project currently being
conducted at the University of Colo-
rado is verifying the validity of the
theory established concerning the re-
covery etfect. This experiment uti-
lizes a model of the lossy and conduct-
ing media rather than using the actual
environment. By using this model,
the experimenters eliminate the need
of extensive equipment such as mobile
antennas to detect the wave intensitics
at various locations, and the need of
numerous positions from which to
transmit the waves. Thus. the experi-
menters conserve a considerable
amount of time and expense.

To construct an operative model,
a frequency of 4 giga-cycles per second
(4x10%cps) is used, since the wave
length at this frequency is much
shorter than the wave length at lower

THE SALT WATER
Taxk Usep 1O
STUDY GROUND

ProracaTiON

OF WAVES,

[requencies of propagation. The
simulation of the lossy medium, the
earth at low frequencies, is accom-
plished by using a 16 foot square salt
water tank. The conducting medium,
the ocean at low frequencies, is simul-
lated by a large aluminum sheet.
This is done because at high frequen-
cies the salt water has high loss char-
acteristics like the earth at low fre-
quencies, and the aluminum is a near
perfect conductor similar to the salt
water of the ocean at low frequen-
cies.

This is not an actual scale model
of the environment as would be en-
countered in a practical application
of this problem. The only compon-
ents of the apparatus that are scale
models are the wave length of the
ground wave and the receiving an-
tenna. To make an actual scale
model; the permittivity, permeability,
and the conductivities of the ocean
and the earth would also have to be
duplicated in the laboratory. The
data obtained from this experiment
cannot be directly applied to an actual
problem, but the principles are ana-
logous to those problems found at
lower frequencies, and the results can
be related to a probIem that occurs
at lower frequencies.

To make measurements of the
energy carried in the wave, an un-
modulated wave of one frequency is
transmitted over the mixed path con-
sisting of the salt water and the alum-
inum. The detector consists of a
diode which 1is receiving an A.C.
signal current of 1000 cycles per sec-
ond. When the continuous wave
reaches the diode, part of this wave
is reflected back toward the wave
generator. Since the reflected wave
is scattered at a 1000 cps rate, the in-
tensity of this reflected wave can be
determined. The diode can then be
moved to any position desired in the
test area and the corresponding field
intensity can be measured.

The knowledge gained from this
experiment is expected to be useful in
such problems as the navigation of
ships and airplanes by electromag-
netic waves. An electromagnetic wave
can be transmitted from these vessels
and corresponding field strength in-
tensity can be measured. This is a
practical method of determining their
position with respect to the shore of
an ocean, if the phase and amplitude
effects of the discontinuity at the
coastline can be appropriately esti-
mated.

Fircure 3
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ON THE MOON...

Our world-recognized trademark—''the P&WA eagle'’—has been
identified with progress in flight propulsion for almost four decades,
spanning the evolution of power from yesterday’s reciprocating
engines to today's rockets. Tomorrow will find that same Pratt &
Whitney Aircraft eagle carrying men and equipment to the moon and
to even more distant reaches of outer space.

Engineering achievement of this magnitude is directly traceable to
our conviction that basic and applied research is essential to healthy
progress. Today's engineers at Pratt & Whitney Aircraft accept no
limiting criteria. They are moving ahead in many directions to advance
our programs in energy conversion for every environment.

Our progress on current programs is exciting, for it anticipates the
challenges of tomorrow. We are working, for example, in such areas
as advanced gas turbines . . . rocket engines . . . fuel cells ... nuclear
power—all opening up new avenues of exploration in every field of
aerospace, marine and industrial power application.

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech-
nical talent . . . requires ambitious young engineers and scientists who can con-
tribute to our advances of the state of the art. Your degree? It canbe a B.S., M.S.
or Ph.D. in: MECHANICAL « AERONAUTICAL ¢ ELECTRICAL ¢ CHEMICAL and
NUCLEAR ENGINEERING e PHYSICS » CHEMISTRY ¢ METALLURGY e CE-
RAMICS » MATHEMATICS « ENGINEERING SCIENCE or APPLIED MECHANICS.

Career boundaries with us can be further extended through a corpo-
ration-financed Graduate Education Program. For further information
regarding opportunities at Pratt & Whitney Aircraft, consult your col-
lege placement officer—or—write to Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut.

Pratt & Whitney Rircraft

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA

SPECIALISTS IN POWER. .. POWER FOR PROPULSION—POWER
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND IN-

DUSTRIAL APPLICATIONS.
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DIVISION OF UNITED AIRCRAFT CORPR.

An Equal Opportunity Employer
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A BETTER
CAREER OPPORTUNITY
FOR YOU AT

RESEARCH and DEVELOPMENT:

FMC offers challenging opportunities

for technical personnel to engage in work in areas of electronics, automated
controls, hydraulics, plastics, radiation, fabrication techniques and industrial
design, as well as immediate and long-range projects in organic chemicals,
including polymers and plastics, fibers and films, and inorganic chemicals.

MACHINERY: Automated machinery and allied equipment
for food preparation and processing, farming and gardening,
materials handling, packaging and paper box making, paper
and film converting, industrial, agricultural and household
pumping requirements, waste disposal, oil field operations,
fire fighting, and automotive servicing.

DEFENSE: Armored and unarmored military tracked and
wheeled vehicles, hydrofoil vehicles, amphibious landing
craft, nuclear handling equipment, remote control systems,
electric drives, gunfire simulators, propellant handling sys-
tems, missile ground support systems and equipment, and
missile and rocket propellants.

CHEMICAL: Insecticides, fungicides, and herbicides for
agriculture; concentrates for grain fumigants and household
pesticides; basic inorganic chemicals for industry; and organic
chemicals, intermediates, plasticizers and plastics for indus-
trial and specialty applications.

FIBERS AND FILMS: Rayon filament and staple fiber, and
acetate yarns for textile manufacturers and specialty products;
tire yarns; cord strapping, cellophane, cellulose bands and
casings for packaging; plastic molding powders; and micro-
crystalline cellulose for food, drug and cosmetic industries.

Putting Ideas to Work in Machinery, Chemicals, Defense, Fibers and Films

Corporate Personnel Administration
P.0. Box 760
San Jose, California

FMC CORPORATION

me

CORPORATION !

An Equal Opportunity Employer
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Labor unions for professional en-
gineers began gaining popularity
around 1942. They became stronger
in the early fifties, but about 1953
their growth rate began to show con-
siderable decline. According to one
article in an engineering union’s
journal. the total membership of
engineering unions has not increased
since 1954.1

There is one primary reason that
labor unions have not become popu-
lar with most engineers; these men
feel that professionalism and union-
ism are imcompatible, As profes-
sional employees, they do not believe
that they can join what are considered
blue-collar organizations and still re-
tain white-collar status in their com-
panies or in society.

In most companies; engineers are
treated with respect and considera-
tion. For their academic training and
their potential contribution to the
company, they are well paid and in
high demand. This is as it should be,
since in most industrial companies
much of the management is ta
from engineering ranks. Nevert
less, the management of a few com-
panies look at engineers as sin
another expense that is necessar
salesmen are to be kept well supplied
with products. In other companies

ENGINEERING'S

the engineer is so numerous, he 1s
thought of as just another employee.
Dissatisfied with their status in these
companies, engineers have sought to
gain more managerial recognition.
Opinions vary among engingers on
the best way to increase their posi-
tion, and three main strategies have
resulted. The American Federation
of Technical Employees (AFTE), an
engineering affiliate of the AFL-CIO,
believes that “Engineers . . . and . . .
technicians are subject to the
same economic conditions (e.g. labor
supply and demand) as any other
employees, regardless of the degree
of skill they may have.”? This union
favors collective bargaining for its
members, but the organization does
not disregard the effectiveness of a
strike if arbitration fails. It believes
that engineers have become so numer-
ous that they are no longer considered
professional men.

The ESA

The Engineers and Scientists of
\merica, largest of the many engi-
neering unions, Supports another
strategy. It maintains that engineers
do have professional status. The
members feel that collective bargain-
ing is the proper method of express-

ing their grievances to management,
but oppose strikes.

National engineering societies are
against all engineering unions. They
teel that unions serve no useful pur-
pose to engineers and only degrade
the profession. The National Society
of Professional Engineers issued the
following statement in 1959; “Col-
lective bargaining for professional
engineers is in conflict with the basic
principles of a professional indivi-
dual.”® NSPE feels that unioniza-
tion would, among other things, level
salaries and make engineers hostile
toward management. An article in
Chemical Engineering magazine re-
flected the same viewpoint. It stated
that “the threat of unionization to
engineers is the separation of manage-
ment and technical personnel that
unionization implies.”* The en-
gineering societies support the third
method of settling engineer’s griev-
ances: instead of unions, engineers
should form “sounding boards” which
are made up of managerial as well as
engineering members. These boards

are established on an informal basis
to discuss mutual problems of man-
agement and engineers.

These sounding boards may seem
similar to the ESA unions in that
they merely discuss problems without

MARK SHERIDAN
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an actual threat of strikes; but the
unions have a legal advantage over
the sounding boards. When the en-
gineers form a bona fide union, it is
recognized by the courts as the of-
ficial voice of its members. Manage-
ment is required by law to arbitrate
with this group, whereas sounding
boards are informal meetings estab-
lished and conducted rhrough mutual
cooperation of engineers and manage-
ment.

Ridiculous as it may seem on first
thought, no one is really sure what it
takes to be an engineer. A few men
feel that only those persons with state-
awarded, certified engineering certifi-
cates may call themselves professional
engineers. Most engineers believe
that men who have college degrees
should be called “pmfessioha]," while
some feel that anyone who is called
in an engineering capacity can claim
the title. This ambiguity has con-
fused membership requirements and
in doing so has resulted in the forma-
tion of many unions. The AFL-CIO
views the affiliation of one million
engineers in the United States as pos-
sibly the next step in unionization.
Bringing a labor force of this size
and imfmrtance into the fold would
be a tremendous :t(‘complishmenl tor

the AFL-CIO. To boost union
strength in the engineering field, the
AFL-CIO affiliations have lenient re-
quirements for membership. They
are willing to accept anyone who
works in the field of engineering,
while many unions similar to ESA
are more exclusive. Legal definition
of an engineer would clarify union
requirements for membership and
help establish the position of the
engineer in industry.
Opinion Survey

The ‘“average” engineer’s opinion
of unions was made clearer by a sur-
vey that the staff of Machine Design
m;ig;uinc conducted in 1958. They
mailed 1,000 questionnaires to en-
gineers who were not in managerial
positions, of which 337 were ac-
ceptably returned. The forms asked
three questions:

1. How do you feel about unions
or collective bargaining as-
sociations for engineers and
scientists?

2. How do you feel in regard to
sounding boards?

3. What conditions do you think
cause engineers or scientists
to join unions?

In reply to question 1, 5497 were

strongly opposed to the associations,
189, mildly opposed to them, 69
were neutral, 149, mildly favored
membership.

In reply to question 2, 369, favored,
309, were neutral, and 349, were
against the associations.

There were no predominant an-
swers to question 3. The three most
common answers were money, lack
of recognition, and poor manage-
ment.> Historically, engineer’s
unions have been much more con-
cerned with lack of recognition than
monetary rewards.

Of the one million engineers in the
United States, 40,000 are represented
by unions, but only 20,000 pay dues.
If engineering unions are to become
more popular with engineers through-
out industry, there will probably have
to be a drastic change in the manage-
ment-engineer  relationship. The
great majority of engineers have never
felt the need for unions. They seem
to believe that any difficulties which
arise with management may best be
solved by mutual agreement with
management rather than by arbitra-
tion and strikes, because by forming
a union, engineers also form an en-
tirely different concept of their place
in industry.

saves up to 60% on upkeep!

Another Interstate System highway that won’t be
wearing detour signs! Only concrete has load-bearing
strength that can be computed mathematically to match
future traffic. There are no “moving parts” in con-
crete to cause hidden wear. Concrete can’t oxidize. It
doesn’t dry out, lose strength and need expensive sur-
face build-up treatments every few years. Then, too,
concrete actually grows stronger year by year.

All this adds up to built-in thrift. Upkeep costs will
run as much as 60% lower than for asphalt.

PORTLAND CEMENT ASSOCIATION
721 Boston Building, Denver, Colorado 80202
A national organization to improve and extend the uses of concrete
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Are you ready for a multi-million-doliar responsibility?

If you are, there's a place for you on the Aerospace
Team—the U. S. Air Force.

No organization in the world gives young people a
greater opportunity to do vital, responsible work.

For example, just a short while ago a 23-year-old Air
Force lieutenant made a startling breakthrough in
metallurgy. And a recent All-America tackle is doing ad-

vanced research in nuclear weapons. " s Ail‘ Force
If you have talent, you'll have a chance s WUn
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to show it in the Air Force. Your work can put you and
your country ahead.

You can earn your commission at Air Force Officer
Training School, a three-month course open to both
men and women. To apply, you must be within 210
days of your degree.

For more information, contact the Professor of
Air Science. If your campus has no
AFROTC, see your Air Force recruiter.
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ENGINEERS

SCIENTISTS

PL.OT

YOUR

CAREER

TRAJECTORY

THROUGH

SYLVANIA

ELECTRONIC

SYSTEMS

Career mobility, based on the ability to
develop in the direction of your best
talent or interests, is made possible
for you at Sylvania Electronic Systems.

You will actively contribute to advanced work
spanning disciplines and areas such as earth/space
communications; electronic reconnaissance, detec-
tion, countermeasures; radar; information handling;
aerospace; and complex systems for military com-
mand and control.

Nineteen interrelated research and advanced de-
velopment laboratories throughout the country, as

SYLVANIA eecrronic systems

Government Systems Management

for GENERAL TELEPHONE & ELECTRON/CS

well as sites around the world, provide
an environment permitting planned
growth — personally and professionally.

Three parallel paths of advancement
offer the opportunity to progress as a technical
manager, technical specialist or program/project
manager — all with equal rewards.

Sylvania Electronic Systems is a major division
of Sylvania Electric Products Inc., supported by the
impressive technical and financial resources of the
parent company, General Telephone & Electronics
Corporation.

For further information see your college placement officer or write to Mr. Robert T. Morton
40 SYLVAN ROAD-WALTHAM 54, MASSACHUSETTS
An Equal Opportunity Employer
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It is fairly disturbing to speculate
about the number of us who will live
our lives like the little silver sphere
in a pinball machine: bouncing from
event to event, being flipped about
by the accidents of our existence, per-
haps leaving some ephemeral evidence
that we have passed through; but not
really making our capabilities meet
our opportunities, nor attempting to
establish additional dimensions to our
being. I refer in particular to the
shortcomings in our development
which are due to the lack of indi-
vidual exploration of our minds—
those structures which we, as human
beings, possess uniquely among all
animals.

I venture to say that if one were
to ask a number of people (Ameri-
cans, let’s say) to list ten of the
activities that give them the most
pleasure, you would find less than
one in twenty who would include
“sitting alone and quietly contem-
plating”, or words to that effect. . . .
In fact it is generally considered a
waste of time to simply put aside all
activity for awhile and—without any
artificial stimuli bombarding the
senses—just plain think. It seems we
must constantly be either experienc-
ing some type of entertainment, “get-
ting something done,” or getting
some sleep. ;

A portion of one’s time spent in
quiet thought could perhaps plrovgd_e
some answers as to where an md}vv
dual’s wild rush through life is taking
him, and if, in fact, that is where
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he wishes to go. Many people have
' me, and many more have given
me the impression, that they don’t
particularly care to analyze the way
they are conducting their lives at a
ven time. They simply guide them-
ves by determining what seems to
in with the current situation. I
ol that this attitude helps to ac-
it for the intellectual homo-
neity of our society: the scarcity of
eal individuals. Were there more
seople who took the time to look
more deeply inside themselves, there
Id be more people realizing, and
ssibly developing, their capabili-
There would also be more
ple discovering that some of their
- interests are more meaningful
1 others, and realizing that their
is not being directed as they
would ideally have it. For we must
keep in mind the fact that we are
virtually strangers to ourselves: the
more we find out about ourselves, the
more we realize that there is to know.

Just as the adult attitude seems to
be that “just quietly thinking™ is sort
of ridiculous, we see parents squelch-
ing tendencies in their children to-
ward wanting simply to be alone and
undisturbed. Of course the argu-
ment that goes “The unoccupied
mind of youth will discover trouble,”
cannot be completely ignored, but a
child left to himself at times instead
of being constantly provided with
gimmicks (or playmates) to occupy
him, will learn some resourcefulness.
He will also—on his own scale, of

L

course—begin to seek the answers to
some of his questions about himself
and his world.

We spend a great deal of time
loading our minds with raw facts and
concepts concerning our surroundings.
We also are exposed to the theories
of those who have lived before us,
and who have been moved enough to
tell us what they thought life was all
about. As one progresses, he must
give himself a chance to fit these items
together to help construct an outlook
and basis for living that is uniquely
his own. This opportunity for per-
sonal construction does not often
occur in a life that is constantly oc-
cupied with matters of the moment.

Naturally, we are not all potential
Bertrand Russells, just waiting to be
hewn out of the rough by our in-
trospection; but we are beings of more
depth than we normally allow our-
selves to discover

Next time you realize you have
watched two or three television pro-
grams on end, shut the set off for
awhile and go for a walk . . . or the
next time you find yourself con-
tinuously rushing from one activity
to another, make an eflort to take
some time to find a shady spot in the
garden, or under a tree somewhere—
then drain your mind of immediate
urgencies and go exploring into your
mind . . . You may find that you are
not as well acquainted with yourself
as you thought.
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The new home of the National
Center for Awmospheric Research
(NCAR) will stand on one of the

most naturally beautiful sites in the
foothills of the Colorado Rockies.
The Center will be located southwest
of Boulder on beautiful Table Moun-
tain, which stands 600 feet higher
than the center of the city. The
buildings, which will become the first
permanent home of NCAR, will in-
clude offices, laboratories, a large
computer, library, meeting rooms,
exhibit space, cafeteria, and shops.
NCAR presently occupies, under lease
or rental, four buildings of the Uni-
versity of Colorado. A major portion
of the work is presently accomplished
in two buildings which are located at
30th and ;\rapahoe in southeast
Boulder and in the observatory build-
ing on the main campus of the Uni-
versity.

NCAR was established in 1960 . . .
“to conduct and foster basic research
in the atmospheric sciences, to sup-
plement and augment the research
and educational programs of univer-
sities and research groups in the
United States and abroad, and to
work toward increasing the potency of
atmospheric research efforts as a
whole.”1" The Center’s establishment
is part of an increased national effort

in the atmospheric sciences to accele-
rate progress toward new basic know-
ledge. This can lead, for example, to
a realistic assessment of whether large-
scale weather control or modification
is possible. i

NCAR is sponsored by the National
Science Foundation (NSF) through a
contract with the University Corpora-
tion for .—\tmospheric Research. The
majority of NCAR’s financial support
comes from NSF. Additional funds
come from the Air Force Cambridge
Research Laboratories, the National
Bureau of Standards, the National
Aeronautics and Space Administra-
tion, the Office of Naval Research,
and from grants and gifts [rom private
foundations and individuals.

Increased Staff

The size of the NCAR staff will
depend on the needs of the atmos-
pheric sciences and the benefits which
are gleaned from NCAR by the
scientific community. Present esti-
mates call for a stalf of around 500
people, both permanent and visiting,
when the maximum level of opera-
tion is reached. The Center present-
ly employs about 300 full-time people.

The Center's mission is three-fold;
it includes the research program, the
facilities program, and a program of
encouragement and assistance in

planning efforts for the atmospheric
sciences. The research program is
pursued in the two operating labora-
tories of the Center, through coopera-
tive programs with scientists at other
institutions, and through the ex-
change of visits with other agencies.
The operating laboratories at NCAR
are the Laboratory for Atmospheric
Sciences (LAS) and the High Alti-
tude Observatory (HAQ).

The research effort at LLAS can be
divided into three major areas: (1)
physical meteorology, (2) dynamical
meteorology and geophysical fluid
dynamics, and (3) interactions be-
tween the atmosphere and the ground-
sea boundary beneath it. The first
category includes work in radiation
physics, cloud physics, related studies
i the physics of ice and water, and
atmospheric chemistry.

One of the projects in physical
meteorology is concerned with mea-
surement of the vertical distribution
of ozone (03) in the atmosphere.
The principal cause of atmospheric
ozone is the interaction of molecular
oxygen with ultra-violet radiation
from the sun. Ozone also returns to
oxygen through a similar interaction.
The wavelength of the radiation de-
termines whether the reactions will
occur, and the extent of the equili-
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brium between the reactions. Ozone
distribution predictirms, based on the
equilibrium condition, can be made.
Predicted distributions indicate a geo-
graphical maximum in the earth’s
equa[nrial region; seasonally the
maximum is predicted for summer.
Nevertheless, observations of actual
distributions reveal a geographical
maximum in subpolar regions and a
seasonal maximum in the early spring.
Research seeks the LllLiHlaL(,"gO;l] of
a complete space-time picmre'of the
distribution of ozone. If this is ac-
complished, atmospheric ozone can
be used as a tracer in studies of the
gencml circulation of the atmosphere.

Circulation Studies

General circulation studies are
part of the research program in
namical meteorology at LAS. I
the casual observer is aware th
mospheric conditions in o
graphical area today contribu
the condition in another area
row. Scientists at NCAR are
mathematical descriptions of
eral atmospheric circulation
will yield a more complete U
standing of the casual relatio
between conditions in different
The descriptions which are e
not have the needed reliability.

Improvements in these descr
arise from the building and tes
atmospheric models. The rel
of these models is tested
comparison of their simula
tories to actual meteorolo
tory, To obtain this comy
known conditions of a given |
of meteorological history are
and fed into a computer i
tains the mathematical mode
computer imposes the res
the model on these initial cor
and simulates the passage of
The final model conditions c:
be compared to the actual fi
tions. This comparison c:
weaknesses in the models and lead o
their improvement. O[ cour
entire effort at NCAR can cont
significantly to model improv
As new fundamental knowl
uncovered, it can be incorporat
atmospheric models.

Other rescarch at the Laboratory
for Atmospheric Sciences includes el-
fects of shock waves on cloud drop-
lets, the possible roles of lasers In
measurements of phase changes in
water, studies of vertical turbulence
caused by interaction between the at-
mosphere and its ground-sea bound-
ary, and theoretical studies of thun-
derstorms.

The High Altitude Observatory, al-
though a part of the newer NCAR,
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JuLy 20, 1963 TOTAL

I'HE LARGEST
ERUPTIONS OF THE
SUN'S SURFACE
EVER OBSERVED.
PHOTOGRAPHED
JunE 4, 1946 BY THE

HAO CORONAGRAPH.

5

ted for nearly 20 years. HAO
h concentrates on solar phy-
planetary studies, and solar-
tial relationships. The Observa-
maintains teaching connections
the University ol Colorado, and
ersity graduate students partici-
in the research work of the ob-
atory. There are also joint
ific programs with the Univer-
f Hawaii, the National Bureau
tandards, and the Sacramento
ak Observatory, where HAO keeps
mall staff.
Climax Observatory
adies of the solar atmosphere de-
heavily on observations made
¢ solar eclipses and on daily ob-
ions made with coronagraph
jues, from the Climax, Colo-
observing statiomn. A radio as-
»my station, north of Boulder,

ws other types of observations to

ade. Measurement of solar
meters is accomplished to an ex-
rough a study of the intensity
sun’s electromagnetic radia-
s a function of its wavelength.

his type of analysis is similar to the

SHOT OF THE

SoLAR ECLIPSE
MADE AT
TALKEETNA, ALASKA.
(H1GH ALTITUDE
(OBSERVATORY,

BouLbER, COLORADO)

spectral analysis used in the identi-
fication of chemical elements.

An interesting phenomenon which
is undergoing scrutiny at HAO is the
relatively high temperature of the
sun’s corona and the causes of the

sharp temperature difference be-
tween the photosphere and the cor-
ona. If the sun is pictured as a planar
disc composed of three concentric
circles, the area within the smallest
circle corresponds to the pholosphcre,
which is the principlc source of visible
solar radiation. The area between
the inner and second circles corres-
ponds to the chromosphere; the area
between the second and outer circles
corresponds to the corona. Tempera-
tures at the edge of the photosphere
are in the vicinity of 5000° Kelvin
(8550°F) and rise to appmximately
50,000°K in the chromosphere; on
the other hand, temperatures in the
corona are on the order of 1,000,
000°K (1,800,000°F) . Scientists at
HAO are seeking to determine more
exactly the coronal temperatures and
the cause of coronal heating.

A study of the corona is difficult in
view of the much higher brightness
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of the photosphere as compared to
the corona. At one time coronal ob-
servations were limited to times of
total solar eclipses when the moon
effectively blacked out the photo-
sphere. Today the coronagraph, a
device which blacks out the photo-
sphere using ingenious optical ar-
rangements, allows continuous obser-
vation of the corona within certain
limitations.

These limitations arise when ob-
servations of the outer corona are
attempted and are imposed by the
brightness of light scattered by at-
mospheric dust. HAO is attempting
to obviate these difficulties through
the use of balloons. Observatory
scientists hope to float a coronagraph
to altitudes which are above the
majority of atmospheric particles. At
these altitudes scattered light should
be negligible and more accurate ob-
servations of the entire corona pos-
sible. A flight in 1960 at an altitude
of 80,000 feet was unfruitful and de-
monstrated that higher altitudes and
improved coronagraphs were neces-
sary. A flight to 100,000 feet was
planned for February, 1964.

Other areas of research at HAOQO
include sun flare theory, sunspot
theory, solar rotation, interplanetary
space, and upper atmsophere studies.

While research at the National
Center for Atmospheric Research does
not presently encompass all major
areas of the atmospheric sciences, the
number of studies carried on there
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PREPARATION OF THE
BaLLoON CARRIAGE
10 BE USED IN THE
FeBrUARY 1964
CORONAGRAPH STUDIES.
(High ALTITUDE
OBSERVATORY,

BovLper, COLORADO)

indicates that the contributions of
NCAR research will be highly signi-
ficant in the overall effort.

The Facilities and Administration
division of NCAR was established to
carry out the second part ot the over-
all mission. This division is princi-
pally concerned with planning, estab-
lishing, and often, operating national
facility programs. Additionally, this
division provides support services for
the Laboratory for Atmospheric
Sciences and the High Altitude Ob-
servatory.

PREPARATION FOR
LAUNCHING OF
TEST FLIGHT ON
NoveMBER 2, 1963
AT THE PALESTINE

Fricar FaAciLity.

The national facilities program was
instituted to serve the needs of the
scientific community at large by de-
veloping capabilities for atmospheric
observation on all scales and by op-
erating research service activities. In
particular, facilities which cannot be
adequately provided by other agen-
cies, are the prime targets of this pro-
gram. The National Scientific Bal-
lon Flight Station, located at Pales-
tine, Texas, is the first such national
facility to be developed.

This facility lessens the need for
compromises which arise when in-
dividual agencies require balloon
flights for scientific research. Facili-
ties and services provided by the sta-
tion include: a permanent staff
trained in all facets of balloon
launching, office space, a machine
shop. photographic laboratory, a 3-
foot by 3-foot temperature and pres-
sure controlled environmental test
chamber, electronic test equipment,
launch equipment, tracking aircraft,
recovery services, and flight forecast
services. The high utilization of the
station has demonstrated its need.

Additional facilities, either under
consideration or in planning, include
a national aircraft facility; an ad-
ditional winter balloon flight station
at Page, Arizona, the site of Glen
Canyon Dam;: and a network of
meteorological observation stations
much denser than the present net-
work.

In support of the third arm of the
mission NCAR sponsors or co-spon-
sors national planning conferences
and special interest research confer-
ences.
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He’s finc

Ohio University conferred a
Huck in 1956. Tom knew of W
of manufacturing development _
our personnel development prograrm
to meet tomorrow’s deman

After graduation, Tom i

i

zed, too, that
as expanding

an to work

on the development of electron ing systems.
Then, in 1958, Tom went o th ,fz?-ﬂ,phong Lab-
oratories on a temporary ass ent to help in the

advancement of our national miliary capabilities. At
their Whippany, New Jersey, 1abs Tom worked with
the Western Electric developmel 1 on computer
circuitry for the Nike Zeus guidance system. Tom then
moved on to a new assignment at WE’s Columbus,
Ohio, Works. There, Tom is working on the develop-
ment of testing circuitry for the memory phase of elec-

tronic switching systems.

o

ng it at Western Electric

This constant challenge of the totally new, com-
bined with advanced training and education opportu-
nities, makes a Western Electric career enjoyable,
stimulating and fruitful. Thousands of young men
will realize this in the next few years. How about you?

If responsibility and the challenge of the future ap-
peal to you, and you have the qualifications we seek,
talk with us. Opportunities for fast-moving careers
exist now for electrical, mechanical and industrial
engineers, and also for physical science, liberal arts
and business majors. For more detailed information,
get your copy of the Western Electric Career Oppor-
tunities booklet from your Placement Officer. Or write
Western Electric Company, Room 6405, 222 Broad-
way, New York 38, N. Y. And be sure to arrange for
a personal interview when the Bell System recruiting
team visits your campus.

Wegfefﬂ Elecf[’ic MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM

AN EQUAL OPPORTUNITY EMPLOYER

Principal manufacturing locations in 13 cities Operating centers in many
Taletvoe Corporation, Sko

Center. Princeton. New Jersev *
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of these same cities plus 36 others throughout the U. S. -
kie. lllinois. Little Rock. Arkansas

Engineering Research
. General headquarters. 195 Broadway, New York 7. New York
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ALUMNI

WALTER W. LEWIS
Dr. Walter W. Lewis, BSEE 1907,

has been named an honorary member

of the Japanese Institute of Electrical
Engineers. This is the highest honor
awarded by the JIEE.

Dr. Lewis is a retired Union College
protessor. He pioneered in the pro-
tection of electrical power transmis-
sion against lightning. Dr. Lewis
worked for General Electric Co. from
1907 until his retirement in 1946. He
then taught electrical engineering at
Union College until 1952. After a
second retirement he was called back
to teach 1in 1955.

Dr. Lewis has written some 60 pro-
fessional papers and several texts,
two of which are well known and
widely used in Japan and The United
States. The first of these texts—"Pro-
tection of Transmission Systems
Against Lightning” — was published
in 1950 and was followed in 1958 by
“Basic Electric Circuit Theorv.” He
is credited with the “alpha, beta,
zero” concept of calculating complete
and partial short circuits in multi-
phase power systems. His calcula-
tions have enabled power companies
to design circuit breakers and other
controls that combined safety with
maximum dependability. As a re-
sult, prolonged interruptions in elec-
trical service due to temporary over-
loading of power lines—such as when
they are struck by lightning—are less
frequent today.

Dr. Lewis holds an ML.S. degree
from Union Collgee and an honory
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CHUCK HANSEN

Sc. D. from Colorado in addition to
his original degree.

DOLPH CAMPBELL

Dolph Campbell, BSCE 1934, is
sales manager of the Pacitic Coast
District of E. I. du Pont de Nemours
& Co. This district includes Alaska,
Washington, Oregon, Western Mon-
tana, Northern Idaho, Nevada, Cali-
fornia and Hawaii. He is primarily
concerned with sales of explosives in
these areas.

Campbell joined DU Pont in 1940
and he has been in technical sales
areas since that time. In 1958 he was
involved in the world’'s largest ex-
plosive job—the Ripple Rock explo-
sion in Seymour Narrow, Canada.
This one project required 2.75 mil-
lion pounds of explosives. Campbell
was appointed to his present position
in 1960,

In addition to this job, he operates
a vessel called the “Vitanic,” on which
explosives are shipped from the dyna-
mite-manufacturing plant at Fort
Lewis, Wshaington. to Alaska.

WILLIAM W, STILES

William W. Stiles, BSChemE 1930,
has been elected president of the Mili-
tary Government-Civil Affairs Public
Health Society at their annual meet-
ing in Kansas City in November.
This organization is concerned pri-
marily with the military aspects of
preventive medicine and public
health. Stiles is a professor of public
health at the University of California
in Berkley. :

NEWS

GEORGE S. PENWELL

George S. Penwell, BSME 1957, has
joined the Trane Company of Los
Angeles as a sales engineer. Trane
is a manufacturer of air condition-
ing, heating, ventilating and heat
transfer equipment for commercial,
residential and industrial applica-
tions. Prior to this assignment, Pen-
well completed the Trane specialized
graduate engineering training pro-
gram. The program consists of in-
struction on Trane products and their
specialized heat transfer theory and
])]’Il(‘[](‘(‘.

GEORGE S. PENWELL
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WHERE’S GAR/

EVERYWHERE! Here ai
by Garrett-AiResearch:

space power systems

for most of our aircraft; prime p
and hundreds of comj

aircraft and missiles; standard g
ON THE SEA— Auxiliary,

¥ the ways U.S. defense and space progress are being helped
“nvironmental control systems; auxiliary power systems, advanced
life sciences. IN THE AIR—Pressurization and air conditioning
or small aircraft; central air data systems; heat transfer equipment
nerts. ON LAND—Auxiliary power systems for ground support of

sets; cryogenic systems; ground support instrumentation and controls.
pneumatic and electrical power for ships; auxiliary power systems
and air conditioning for hydrofoil ¢

raft. UNDER THE SEA—Environmental systems for submarines
and deep diving research vehicles; pressurization systems, computers

and control systems for submarines and underwater missiles.
For further information about many interesting project areas and career
opportuni

ties at The Garrett Corporation, write to Mr. G. D. Bradley at
9851 S. SepulvedaBlvd., Los Angeles.G

arrettisan equalopportunity employer.

THE FUTURE IS BUILDING NOW AY (CARRE

Los Angeles - Phoenix
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DEAN'S
COLUMN

DEAN PETERS

At 10:35 am. on Monday, January
20, 1964. Governor John A. Love dug
the first shovelful of earth to mark
the beginning of the construction of
our new University of Colorado En-
gineering Center. Thus, we are now
started on the construction of the
major Engineering facility at the Uni-
versity toward which we have been
working for the past five years. This
project is going to be of tremendous
importance, not only to the education
of Engineers at the University but,
also, to the entire economic and
scientific future of the State of Colo-
rado.

The start of the construction of
the new Engineering Center is a clear
indication that the State of Colorado
intends to be a major center of En-
gineering education and research.
The University of Colorado has long
had a strong Engineering program,
particularly, on the undergraduate
level with the first B.S. degree in En-
gineering being awarded in 1897 and
the 10,000th B.S. Engineering degree
to be awarded in 1964. To meet the
needs of modern Engineering educa-
tion in the State, it was apparent by
the early 50's that a great expansion
of the graduate and research pro-
grams in Engineering at the Univer-
sity would be required. An increase
of 309, in the number of graduate

58

students in Engineering at the Uni-
versity during the past year, includ-
ing an increase of more than 1009
in the number of Ph.D. candidates,
shows the results that have been ob-
tained in the added emphasis on
graduate and research work in the
College of Engineering.

An emphasis equal to that in the
development of the graduate and re-
search program has been placed on
improving and modernizing the un-
dergraduate Engineering program. A
new undergraduate instrumentation
laboratory in Elecerical Engineering,
a new measurements laboratory in the
Superior Students Program, and ex-
pansion of undergraduate research
activities are typical of the develop-
ments that have been occurring in
the last year relative to the under-
graduate activities.

In addition to the modernization
of the teaching programs in Engineer-
ing and an increased emphasis on re-
search work, positive steps are being
taken to recognize the importance of
Humanities and Social Sciences in the
education of our Engineers. For the
first time, this year the College of
Engineering will give special recogni-
tion to one of its seniors who has
most successfully combined profici-
ency in his major field of study with

the Social
The new
award is designed as the Hamilton
Watch Award and will consist of a
specially engraved Hamilton electric

notable achievement in
Sciences and Humanities.

watch. Professor S. Mandel, of the
English in Engineering Deparmment
and Editor for our Graduate Research
Center, is Chairman of the committee
to choose the awardee. The purpose
of the award is to encourage a greater
understanding ol the Social Sciences
and Humanities among Engineering
students. The award will be made
at our Honors Convocation during
“E” Days. :

Our College of Enginereing thus
continues to move forward with posi-
tive steps being taken to provide ade-
quate Engineering educational facili-
ties, a determined effort to provide
the best type of modern Engineering
education on the graduate level and
undergraduate level, a realization of
the importance of research activities
in Engineering education ,and a de-
termined effort to give our students
the best education in Engineering as
well as a relization of the importance
of the Social Sciences and Humani-
CIes:

Dean
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“ngineers

In Choosing a Career,
Consider these
Advantages—

Location: Fisher is basically an “Engineering”’
company with 1,500 employees located in a
pleasant midwest community of 22,000.

It’s less than 10 minutes to the Fisher plant
from any home in Marshalltown.

Type of work: Fisher offers a rewarding
challenge to the graduate engineer whose
training and interest direct him to research
and development, sales, design, manufacturing,
and applications of control valves, pressure
regulators, liquid level controls and
instruments.

Growth: Fisher’s products are key elements
in automation which assures the company’s
growth beeause of the rapid expansion of
automation in virtually every industry.

Advancement: Your opportunity is
unlimited. It is company policy to promote
from within; and most Fisher department
heads are engineers.

Consult your placement office or write
directly to Mr. John Mullen, Employee
Relations Manager, FISHER GOVERNOR
COMPANY, Marshalltown, Iowa.

An Equal Opportunity Employer.

If it flows through pipe
anywhere in the world
chances are it’s controlled by. ..

SINCE 1880
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TuHE NEw IBM 7770 Axswers A DiaLep INQUIRY WITH A SPOKEN RESPONSE.

THIS TODAY

MAKING COMPUTERS TALK

International Business Machines
Corporation has introduced a new
system that provides information from
a computer in the form of spoken
words. The new IBM 7770 audio-
response unit makes possible immedi-
ate telephone access to millions of
facts on file in a business computer.
The 7770 1s designed for use with
any of five IBM computers.

An inquiry is telephoned to the
7770 by dialing a number identify-
ing the desired information—an in-
ventory part number for example.
The verbal answer is immediately
transmitted back to the dialing phone.
With special arrangements provide(l
by a common carrier any telephone
can be used to contact the 7770.

The 7770 audio-response system is
comprised of three sections which con-
trol performances — inquiry, digital
control, and the audio output. The
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ROBERT BARRY

o

inquiry section of the 7770 receives
the telephoned information request
and translates the digits into binary
coded form. It then stores the mes-
sage in a buffer associated with the
inquiring line. The digital control
section regulates the data flow be-
tween the 7770 and the computer.
When an inquiry has been completed
the control unit moves the informa-
tion from the 7770 buffer to the com-
putor where the inquiry is processed
and a digital response in the form of
a series of vocabulary drum word
addresses is returned to the 7770.
There, it is again stored in the buffer
associated with the line from which
the inquiry was made and is checked
for errors. From the buffer the mes-
sage is forwarded to the audio-output
section one word at a time.

The audio-output section contains
the vocabulary which has been re-
corded on a magnetic drum. It also
contains magnetic read heads to re-

trieve the vocabulary words and
equipment to arrange the words in
order. The drum, on which the vo-
cabulary is recorded is four inches
in diameter and ten inches long. It
can hold as many as 128 word tracks.
As the drum rotates the recorded
signals are picked up by the “read”
head on each track. A timing track
on the drum signals the digital con-
trol section when a word is located
and it is ready to accept the next word
address. When all the words in a
message have been selected and the
audio signals have been checked for
accuracy, the message is amplified
and transmitted as a voice message
back over the phone.

The 7770 has a voice vocabulary
of 32 words which can be expanded
to a maximum of 126 words. While
all vocabularies include digits and
the letters of the alphabet, the words
in each vocabulary can be chosen to
suit the needs of the specific user.
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The 7770 is expected to be put to
use in a number of businesses and
industries where quick access to in-
formation is necessary to the efficient
transaction of business. Applications
in the field of insurance, banking,
finance, manufacturing, and 1'et:1ili1;g
have already been projected.

PHOTOCHROMIC GLASS

In a paper recently presented to a
meeting of the American Physical
Society, Dr. S. Donald Stookey, direc-
tor of fundamental chemical research
at Corning Glass Works, announced
the invention of glass which darkens
when exposed to light and clears
when the light source is removed.

This unique product, known as
photochromic glass, is still under
laboratory development but many

proctical uses are enivisioned. Dr.
Stookey and Dr. William H. Armi-
stead, a Corning vice president, are
co-inventors of the new glass.
According to Dr. Stookey, this
the first time that a photochror
glass has been developed which d
not loose its ability to clear or darke
quickly. Earlier glasses of this type
either took a long time to ¢
color or they lost the property of re-
versibility. After more than two y
of testing, the new glass has not
any of its photochromic properties.
Near ultraviolet wavelengths
light produce the most darkening
the glass. The composition of
glass, however, determines the
of other wavelengths. A typical

€

ABove: LicHT TRANSMISSION DECREASES
DARKEN FROM EXPOSURE

RicHT: EFFECT OF INCREASING
MoMENT OF FORMATION OF

Gas IN MOLTEN POLYMER.
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\s PHOTOCHROMATIC GLASS
ro ULTRAVIOLET LIGHT.

NUMBER OF
A SUPERSATURATED SOLUTION OF

photochromic glass darkens instantly
on exposure to intense ultraviolet
light and within a few seconds in sun-
light, but will not darken under most
indoor lightning. The glass requires
anywhere from less than a minute to
several hours to recover its transpar-
ency. The clearing rate increases
when the temperature is increased.
The color of the darkened glass is
usually gray, but it may also be brown
or purple. Before darkening, the
photochromic glass is as clear as stand-
ard window glass.

The photochromic glasses are
formed by conventional glassmaking
methods. The materials are silicate
glasses which contain submicroscopic
ilver halide crystals. The crystals,
iich give the glass its photochromic
erties, are precipitated during
manufacturing process.

FOAMING PLASTICS WITH
HOT SPOTS
Or. Ralph H. Hansen of Bell Tele-
Laboratories has developed a
rechnique for foaming plastics
use as wire insulation and other
The technique is based on
that the more hot spots in a
the more bubbles created in
the better its insulating pro-
The foamed plastic not only
setter insulating properties but
is less expensive than unfoamed
since gas bubbles replace the
ely expensive plastic. The
celled plastics foamed by Dr.
asen’s hot spot technique also have

1

Hor SroTs AT THE

better dielectric properties than those
foamed by “blowing agents.”

The new technique is a modifica-
tion of the extrusion process for foam-
ing plastics which has been in use for

some time. In the past organic com-
pounds, known as biowing agents,
which release gaseous products on
decomposition have been used to
foam the plastic. However, unless
the blowing agent decomposes at a
certain rate the plastic obtained has
undersirable properties.

The modified extrusion unit used
by Dr. Hansen consists of a tubular
barrel several feet long and a few
inches in diameter with a funnel at
one end and a die at the other. A
gas injection port is located near the
middle of the barrel. Plastic pellets
are poured into the funnel and a
screw inside the barrel pushes the
plastic through the barrel where the
plastic is heated and melts. Gas in-
troduced at the injection port dissolves
in the plastic.

Dr. Hansen found that certain or-
ganic materials added to the plastic
create hot spots in solutions of gas in
the molted plastic. These hot spots
greatly increase the number and de-
crease the size of the bubbles formed
in the plastic. When the hot spot
materials are used, gases such as
nitrogen or air, which enter the bar-
rel through the injection port, expand
the plastic and take the place of a
blowing agent.

The solutions of gas in the plastic
become supersaturated and unstable
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when the pressure decreases as the
plastic emerges from the barrel of
the extruder. If the supersaturated
solution of dissolved gas is nucleated
immediately, many small bubbles are
obtained. The formation of hot spots
in the plastic as it leaves the extruder
results in such nucleation. The hot-
ter the spots and the more of them,
the more effective the nucleation and
the better the dielectric properties
of the foamed plastic.

ROCKET-NOISE SIMULATOR

MB Electronics, a division of Tex-
tron Electronics, Inc., has received
a contract from the Air Force to de-
sign and build a dynamic pressure
chamber which will simulate the
noise of rocket engines producing mil-
lions of pounds of thrust. The cham-
ber will be used to study human
tolerance of these noises.

Test subjects will feel much of the
noise rather than hear it. The hu-
man ear cannot detect sounds below
about 20 cycles per second:; the fre-
quency generated by the chamber will
range from 1 to 30 cycles per second.
In the research chamber pressure
changes ranging [rom 104 to 174 de-
cibels will be generated.

Up until now no source, which
could be used for research work, of
this low frequency, high-intensity
noise has existed. As a resul, safety
levels for working with the mammoth
boosters are unknown. Scientists will
use the chamber to determine these
human safety limits, tolerances and
psychological performance in this
environment. The results of the tests
will be used in the selection and plan-
ning of launch sites and the solution
of problems concerning the safety of
astronauts and missile site workers.

The test chamber is mounted on
trunnions so that it can be used in
either a vertical or horizontal posi-
tion. This way the test subject can
be standing, sitting, or lying down.
The pressure changes are produced
by two 20,000 pounds-of-force hydrau-
lic shakers which vibrate six foot
diameter pistons. The pressure
changes created by the movement of
the pistons are conducted to the
chamber through ducts to an air
vent in its floor. Pressure seals can
be mounted inside the chamber at
either the test subjects” waist or neck
for tests involving sections of the
body.

Elaborate safety precautions will
be taken to protect the test subject.
A control switch mounted inside the
chamber will allow the subject to ter-
minate a test at any time. The hy-
draulic shakers will be driven in such
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a way as to make it impossible to ex-
ceed a preset pressure. An electronic
circuit that senses the rate of pressure
change will cause an emergency shut-
down if this rate passes the pre-set
value.

Instruments connected to the test
subject or chamber will take physical
and physiological measurements, in-
cluding sound pressure levels, blood
pressure, pulse rate, respiratory re-
sponses, and body temperature. Motor
and mental studies will be conducted
inside the chamber ,and the subjects
will undergo medical examinations
before and after each rest.

TRIESTE PROPULSION PROBLEM

General Electric motors and oil are
key factors in the design of the popul-
sion unit of the Navy Electronics
Laboratory’s bathyscaph Trieste,
which was used to search the floor of
the Atlantic ocean for the nuclear-
attack submarine, Thresher. The
Trieste, which was built in Italy and
subsiquently modified by the U.S.
Navy, is capable of descending to any
depth and is designed for use in un-
derwater studies which are expected
to extend man’s knowledge about the
ocean’s bottom l)eyond_all present
frontiers.

The propulsion system is compris-
ed of several special submersible elec-
tric motors which are mounted on
the exterior of the vessel. Extreme
pressures and low temperatures en-
countered during the Trieste’s ex-
plorations created a difficult engi-
neering problem relating to the

SKETCH
OF
THE DyNAMIC
PRESSURE
CHAMBER
FOR
Rocker Noise

SIMELATION.

motor design. Some way had to be
found to equalize the pressure in-
side and outside the motors, water-
tight enclosure to prevent it from col-
lapsing into the spaces between it
and the motor.

The method selected to achieve this
purpose involved filling the enclosure
with an oil and sealing the motor in-
side. Protruding from the tank is a
rubber hose. Water pressure is trans-
mitted wvia the collapsible  hose
through the oil to the interior of the
enclosure to equalize the internal and
external pressures.

The required properties of the oil
included the ability to withstand pres-
sures up to 15,000 psi and remain
fluid at low temperatures. It was
also necessary that the oil be light
enough to provide some buoyancy.
The final consideration was that,
since the oil would come into con-
tact with the motor windings, it could
not have an adverse effect on insula-
tion.

Trichlorethylene, which had been
used in earlier designs, was ruled out
because of its solvent effect on insula-
tion. Other materials showed a ten-
dency to thicken at low temperatures
or had other undersirable character-
istics.

A silicone fluid developed by Gen-
eral Electric and designated SF-96 (10)
was eventually chosen. A clear, inert
liquid, it possesses the buoyancy, su-
perior resistance to compression,
stable viscosity at low temperatures,
and compatibility with insulation
that the situation called for. ;
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BOOK REVIEWS

JOANN CRAM

A great deal of diversified material
crosses my desk. I receive not only
actual books and pamphlets, but also
indexes and guides to every kind of
recent literature from technical pub-
lishers all over the United States. In
case these book lists should come in
handy, they are in a special box in
the Colorado Engineer office, Ket-
chum 20, for your use.

Individual companies also send me
stuff, some of which is interesting.
For instance, I have an extensive chart
of “pH Ranges and Color Changes”
from the Eastman Kodak Company.
This looks like it would be a valu-
able piece of paper to someone, so if
anyone wants it. . . . . .

Mariner: Mission to Venus

By the Staff of the Jet Propulsion

Laboratory as compiled by Harold

J]. Wheelock, McGraw-Hill Book

Company, 1963, $3.50, or $1.45

paperback edition.

“If intelligent life had existed on
Venus on the afternoon of the Earth’s
December 14, 1962, and if it could
have been seen through the clouds, it
might have observed Mariner IT ap-
proach from the night side, drift
down closer, cross over the daylight
face, and move away toward the Sun
to the right.” This encounter, lasting
35 minutes, climaxed a 180-million-
mile, 109-day voyage of the first
spacecraft to probe into the near-
vicinity of another planet .

Surprisingly for a major venture,
the preparations for the flight, from
drawing board to launching, were
compressed into only 11 months. The
book shows how this rapid program
was accomplished and traces the
history of U.S. spacecraft and launch
vehicles that were developed and
adapted for the Mariner II project.

Although the weight of the space-
craft was critical, the engineers
managed to pack into its 10-ft.-long
by 5-ft-wide hexagonal body a seir-
powered, navigable, scientific center
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equipped to relay data back to earth.
From this information, scientists were
able to revise their concepts of in-
terplanetary space and the planet
Venus. These findings are inter-
preted in the book. It now seems
that 1 Venus day is equal to 230
Earth days. The planet’s surface
temperature, on both the dark and
light sides, is around 800°F, and
there is no water on Venus surface.
However, there may be lakes of mol-
ten metal The cloud layer surround-
ing the planet is about 15 miles deep.

But there was more to the Mariner
II project than recording data trans-
mitted from the spacecraft. Getting
Mariner close to Venus involved a
major feat of celestial navigation.
The 447-pound spacecraft had to be
catapulted from a launching platform
moving around the Sun at 66,600
mph, and aimed so precisely that it
would intercept a planet moving
11,700 mph faster than Earth, at a
point in space some 180-million miles
away, with only one chance to correct
the trajectory by a planned midcourse
maneuver.

How this precise navigation, and
how tracking stations scattered across
the world followed Mariner’s flight
is explained in Mariner: Mission (o
Venus.

PERT and CPM are new and in-
creasingly important items in an en-
gineer’s vocabulary. They stand for
Program Evaluation and Review
Technique and Critical Path Method,
and refer to scheduling and control-
ling large projects which will take
many months or even years to com-
plete. A CPM on a project can be
done to obtain a minimum cost or a
minimum time. The mathematics
involved for these usually requires a
large computer, but after the results
are obtained, the Project Engineer
makes up a master schedule (critical
path) which he feels will do the job
best. A new book has been published
which discusses the PERT method in

particular.
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Schedule, Cost, and Profit
Control With Pert:

A Comprehensive Guide
for Program Management

by Robert W. Miller, 222

pages,

McGraw-Hill Company, 1963,
$8.50.
PERT Management Systems re-

present a revolutionary and rapidly
growing new field of management
techniques concerned with the plan-
ning and control of complex, “one-
time-through” programs. The book
describes the use of PERT techniques
not only as they apply to largescale
military and space development pro-
grams, but also as they apply to a wide
spectrum of commercial, industrial,
and other economic planning and
control activities.

There are six chapters, the first of
which—“The Modern Management
System Problem”—is an historical
treatment of earlier management
systems and background developments
PERT and CPM. The second chap-
ter, “The Fundamentals of Network
Technique,” is a comprehensive, up-
to-date treatment of CPM and PERT/
TIME methodology. There follows
a chapter titled “PERT/TIME Im-
plementation” which discusses or-
ganizational and technical problems
implementing PERT /TIME and the
areas of its application.

GChapter . four ‘covers *“PERT/
COST.” It places emphasis on the
DOD or Federal government PERT/
COST System. It also includes pro-
blems of implementation and other
PERT /COST techniques. Next comes
a chapter on “The Relationship Be-
tween PERT, Program Definition,
Systems Engineering, and Configura-
tion Management,” where an inte-
grated approach to the factors of pro-
gram performance, time, and cost is
discussed.

The final chapter, “The Relation-
ship between PERT Management
Systems, Organization, and Profits,”
covers this relationship for both com-
mercial and government - oriented
businesses. The second half of the
chapter contains a discussion of the
relation of PERT Management Sys-
tems to Incentive Contracting.

In short, Schedule, Cost, and Profit
Control with PERT covers the entire
field of PERT Management Systems
as they have evolved up to the pre-
sent.

Another handbook has made the
scene. 1 wonder il the College of
Engineering may soon be compressed
into one course entitled “How to get
the most out of your Handbook™?!

+H

Handbook of Hydraulics: For the
Solution of Hydrostatic and
Fluid-Flow Problems, Fifth Edition

By Horace Williams King and

Ernest F. Brater, 566 pages, Mc-

Graw-Hill Handbook Series, 1963,

$15.00,

This handbook provides engineers
with the [undamental concepts and
tabular data essential to the rapid
solution of hydraulics problems. In
addition to covering the applications
of hydraulics to problems encoun-
tered by engineers (with special em-
phasis on Civil Engineering aspects
of hydraulic engineering), the re-
vised Handbook contains a vast
amount of new material on fluid-
flow, oscillatory waves, high velocity
transitions, and spatially variable and
unsteady flow. The authors present
the fundamental concepts, as well as
test coefficients used in solving hy-
draulics problems, together with
tables designed to simplify and ex-
pedite solutions.

The Handbook is divided into 13
specitic sections: Section One is titled
“Fluid Properties and Hydraulic
Units.”  Section Two develops the
principles of hydrostatics and pre-
sents applications and numerical ex-
amples. Section Three includes basic
definitions and derivations of such
fundamental concepts as continuity,
energy and the Bernoulli equation
and momentum. Section Four deals
with flow through sharp-edged and
rounded orifices, including such
practical engineering structures as
gates and culverts. Derivations of
weir equations and discharge coef-
ficients for various forms of weir are
included in Section Five; Section Six
presents methods of solving pipe prob-
lems and provides roughness coeffi-
cients and tables to aid in the solution.

Methods of designing channels for
steady uniform flow, and the princi-
ples of rapidly varied and gradually
varied flow are discussed in Sections
Seven and Eight. Sections 9 and 10,
and part of 11 represent recent de-
velopment in the field of hydraulics,
giving the equations and graphs
needed to solve for conditions in con-
tracting or expanding channels and
in channel bends during super-critical
flow; the basic equation for oscillatory
and translatory waves; and selected
aspects of spatially variable flow in
open channels and water hammer in
pipes.

Section 12 discusses the methods
of measuring discharge in pipes and
open channels, and the concluding
section provides tables and logarithms
and the trigonometric functions of
angles together with illustrations of
their use.
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How To Solve Wear Problems With
Pearlitic Malleable Castings

A little known but extremely val
pearlitic Malleable iron is its e
ance. Pearlitic Malleable cast;

wear resistance and can be
ened to 60 Rockwell C. A

of hardening may be used -
or lead bath, or heat-t

Properties of Thr
Grades of Pea:

Tensile Yield

Strength — Strengtt

PS.L P.S.1
80,000 53,000
80,000 60,000
100,000 80,000

The current trend from
castings for automotis
rods demonstrates the
leable for high wear a

Here are typical comyp
of unhardened pearl:
unhardened steel cran!

property of

. wear resist-
good natural

irface hard-

on methods
1, flame, salt

sntative

.ble Tron

selectively

Hardenable
To:

ffockwell C)

55-60
55-60
55-60

¢ Malleable
-onnecting

sarlitic Mal-

resistance

-hafts with

gures are

based on 50,000 mile p: tests in 13
automobiles.
Wear Comparison:
Pearlitic Malleable Crankshz’ s. Steal Crankshafts
! T Average
| Wear
Reading
— Pearlitic
Malleable
Wear on Journal Diameter —
Manual Transmission 0004 .0002
Automatic Transmission .0003 .0001
Wear on Crankpin Diameters —
Manual Transmission .0005 .0001
Automatic Transmission .0001 .0001

MALLEABLE FOUNDER
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Other critical wear applications for pearlitic Mal-
leable castings include transmission gears, pistons,
spring hangers, chain links, rolls and rocker arms.

This pearlitic Malleable transmission gear with
induction hardened teeth replaces a through-
hardened steel gear. Important advantages of the
pearlitic Malleable are reduced distortion during
hardening, simpler method of hardening, lower
purchase cost and lower machining costs.

Excellent wear resistance, with or without hard-
ening, combined with economy, quality, strength
and machinability, place pearlitic Malleable cast-
ings at the top of the list of engineering materials
for vital parts. Get complete information on how
you can improve your products with Malleable and
pearlitic Malleable castings from any company that
displays this symbol —

MEMBER

MALELLEABLE

o <
Soel &

o
UNbers

Send for your free copy of this 16 page
““Malleable Engineering Data File.”” You
will find it is an excellent reference piece.

i

. Enginoering
j Data File

=
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PUZZLE

PAGE

LARRY

(1) TWO-DIGIT NU!I
(a) What number is twice t
uct of its digits?

(b) What number is three times t
sum of its digits?
(c) What number is the sjuar

units digit?

What number exceeds its rev
sal by 20 percent?

What numbers plus
sals sum to perfect squ

(d)
(€)

(2) THE KITCHEN LINC

Mr. Houseman wishes
linoleum on the floor o
which is exactly 12 feet squar
has a piece of linoleum just su i
for the purpose, in the form
rectangle 16 feet by 9 fe
he will have to cut this
it fit, but he doesn’t w
into any more parts tl
Fortunately, the linoleum
ly brown, without patters,
can cut it in any manner he
without spoiling its appe

What is the least nun
into which the linoleum ¢
to solve Myr. Houseman’s pic

(8) ADAM AND EVE.
der poached eggs on toast in
order lunchroom, the counte
will shout to the cook

ADAM
AND
EVE

O N
A

PN E L

What the counterman probably
does not know is that this phrase 15
really an ancient cabala invented by
the Numerian astrologers, dern_fed
from a sum in addition by replacing
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_4___

digit by the same letter through-
Working backwards, you can
| several examples of addition that
sive this same result, but there

doubt that the Numerians
e to make the raft as commodi-
as possible, so that the example
; had in mind gives the largest
sible total.

y THE TENNIS TOURNA-
FNT. If 78 players enter a tourna-
1 for a singles championship, how
.v matches have to be played to
termine the winner?

ANSWERS TO PUZZLES
'™ THE JANUARY ISSUE

ere is no way to reduce the cuts
wer than six. This is at once
arent when you focus on the fact
4 cube has six sides. The saw
straight, one side at a time. To
‘he one-inch cube at the center
one which has no exposed sur-
~5 to start with must take SIX passes
the saw.

GEOGRAPHY:

Is there any point on the globe, be-
.ides the North Pole, from which you
could walk a mile south, a mile east
and a mile north and find yourself
2t the starting point? Yes indeed;
not just one point but an infinite
number of them. You could start
from any point on a circle drawn
around the South Pole at a distance
slightly more than 1 + 4w miles
(about 1.16 miles) from the Pole—
the distance is “slightly more” to take
account the curvature of the
earth. After walking a mile south,
vour next walk of one mile east will
iake vou on a complete circle around
the Pole, and the walk one mile north

into

from there will then return you to the
starting point. Thus your starting
point could be any one of the infinite
number of points of the circle with
a radius of about 1.16 miles from the
South Pole. But this is not all. You
could also start at points close to the
Pole, so that the walk east would
carry you just twice around the Pole,
or three times, or more, toward a
limit of an infinite number of circl-
ings of the pole.

LUNARS:

The Volume of a sphere is 4m/:
times the cube of the radius. Its sur-
face is 47 times the square of the
radius. If we express the moon’s
radius in “lunars” and assume that
its surface in square lunars equals
its volume in cubic lunars, we can
determine the length of the radius
simply by equating the two formulas
and solving for the value of the
radius. Pi cancels out on both sides,
and we find that the radius is 3
lunars. The moon’s radius is 1,080
miles, so a lunar must be 560 miles.

CHESSBOARD:

It is impossible to cover the multi-
lated chesshoard (two opposite corner
squares cut off) with 31 dominoes
and the proof is easy. The two dia-
gonally opposite corners are of the
same color. Therefore their removal
leaves a board with two more squares
of one color than of the other. Each
domino covers two squares of op-
posite color, since only opposite
colors are adjacent. After you have
covered 60 squares with 30 dominoes
you are laft with two uncovered
squares of the same color. These
two cannot be adjacent, therefore
they cannot be covered by the last
domino.
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Why do elephants have flat feet?
. From jumping out of trees.

Why is it dangerous to walk in the
jungle between three and five in the
afternoon? That's when elephants
jump out of trees.

Why do alligators have flat heads?
From walking through the jungle be-
tween three and five in the afternoon.

Why do ducks have flat feet? From
stamping out forest fires.

Why do elephants have flat feet?
From stamping out flaming ducks.

How can you tell when an ele-
phant has been in your refrigerator?
By the tracks through the jello.

How can you tell when an elephant
has been in your bathroom. From
the smell of ivory.

How can you tell when that’s an
elephant in the shower with you?
You can smell the peanuts on his
breath.

Why do elephants take Rolaids? To
stop the drip drip of peanut oil in
their stomachs.

How do you carve an elephant out
of stone? Chip away everything that
doesn’t look like an elephant.

Why do elephants have long
pointed tails? To make them more
streamlined.

What's the black stuff between ele-
phants’ toes? Slow natives.

How do you get [ive elephants in
a Volkswagen? Two in front and

three in back.

Why do elephants wear green tennies?
So they can hide in the grass.

48

JOHN BEDFORD

Why do elephants wear red tennies?
So they can hide in the strawberry
patch.

Why do elephants wear pink ten-
nies? Their red and green ones are
in the wash.

Why do elephants have wrinkled
ankles? From tying their tennies too
tight.

Why do elephants have wrinkled
knees? From kneeling to tie their
tennies.

What's grey and has a tongue three
feet long? An elephant’s dirty tennis
shoe.

What did Tarzan say about ele-
phant lying in the grass? Nothing. He
didn’t notice them because they had
their green tennies on.

How do you kill a blue elephant?
With a blue elephant gun.

How do you kill a pink elephant?
Beat him until he turns blue and use
the same gun.

Why are elephants glev‘ So you can
tell them from blue jays.

What's red and white and grey in-
sidez Campbell’'s cream of elephant
soup.

What's black and white and grey?
Sister Mary Elephant .

How do you make an elephant
float? Root beer . . 1] elephant.
(Straw optional)

How do you make an elephant fly?
Go buy a zipper about two yards long.

What's the difference between ele-
phants and grapes? Grapes are purple.

What did Jane say when she saw
the elephdnts coming? “Here come
the grapes!” . . . She was color blind.

Ai/ad

What is purple and glows in the
dark? An incandescent grape.

What's purple and conquered the
world? Alexander the Grape.

What's purple and has four speeds?
A sport grape.

What's purple and stamps out for-
rest lires? Smokey the Grape.

What's Smokey the Grape’s middle
name? the.

What's purple and under 18? Statu-
tory Grape.

What's orange and clicks? A ball-
point carrot.

What's purple and hums? -\ﬂ elec-
tric plum.

Why do bees hum? They don’t

know the words.

What has 18 legs and catches flies?
A baseball team.

What's yellow and dangerous and
sits in a tree? A canary with a cannon.

Why do cows have bells? Their
horns don’t work.

What burns five gallons of gas per
minute and doesn’t go anywhere? A
Viet Namese monk.

What goes “mark, mark™? A dog

with a harelip.

What's red and black and crawls
through the forest? A charred for-
rest ranger.

Now do you know why elephants
really have flat feet?

How do you kill an elephant jokez
With sour grapes.
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WE MAKE INDUSTRIAL ENGINEERS SWEAT

Might as well scare off the ones who wouldn’t like it.
Some of the unscared will in a few years be referred to as
“they” when people say, “At Eastman Kodak, they can
afford to do it this way—"

The reason we can afford to do things the best way is
that we are successful. The success can be attributed in part
to a fear worth fearing: of failing to deliver the best possible
performance that the customer’s hard-won dollar can buy.

Sheer devotion on the part of the work force, though
beautiful to see, will not of itself deliver the goods. Some-
body must first come up with a sensible answer to the
que;tion, “Exactly what is it you want me to do, mister?”

Thus a young industrial engineer may find himself acting
as his own first subject in a study he has set up to find the
physical and psychological conditions that best favor alert-

EASTMAN KODAK COMPANY,

Business and Technical Personnel Department, Rochester, N. Y. 14650
employer offering a choice of three communities:
Rochester, N. Y., Kingsport, Tenn., and Longview, Tex.

An equal-opportunity

ness against film emulsion defects. If he saw the need, sold his
boss on his approach, and has earned the approbation alike
of the pretty psychologist who will be running the experi-
ment, the industrial physicians (who study what is humanly
possible, feasible, and healthful muscularly and percep-
tually), the cold-eyed man from the comptroller’s office, the
Testing Division chief (who has dedicated his division to
the descent of an asymptote), and the inspectors (who will
find a month after switching to the new method that at
home they are shouting at their kids less often)—then we
know ways to make him glad he chose to learn the profes-
sion of industrial engineering at the company which the
leaders of the profession often cite as its ideal home.

Naturally, industrial engineers aren’t the only technical
people we seek. Not by a long shot.
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Define Your Career Objectives!

®m An interview with W. Scott Hill, Manager—Engineering Recruiting, General Electric Co.

W. Scott Hill

Q. Mr. Hill, when is the hest time to
kegin making decisions on my career
objectives?

A. When you selected a technical
discipline, you made one of your
important career decisions. This de-
fined the general area in which you
will probably begin your professional
work, whether in a job or through
further study at the graduate level.

Q. Can you suggest some factors that
might influence my career choice?

A. By the time you have reached
your senior year in college, you know
certain things about yourself that
are going to be important. If you
have a strong technical orientation
and like problem solving, there are
many good engineering career
choices in all functions of industry:
design and development; manufac-
turing and technical marketing. If
you enjoy exploring theoretical: -con-
cepts, perhaps research—on one of

the many levels to be found in in-_

dustry—is a career choice to con-

sider. And don't think any one area

offers a great deal more opportunity
for your talent than another. They all
need top creative engineering skill
and the ability to deal successfully
with people.

Q. After I've evaluated my own abil-
ities, how do | judge realistically
what I can do with them?

A. I'm sure you're already getting
all the information you can on ca-
reer fields related to your discipline.
Don't overlook your family, friends
and acquaintances, especially re-
cent graduates, as sources of informa-
tion. Have you made full use of your
faculty and placement office for
advice? Information is available in
the technical journals and society
publications. Read them to see what
firms are contributing to advance-
ment in your field, and how. Review
the files in your placement office
for company literature. This can tell
you a great deal about openings and
programs, career areas and company
organization.

Q. Can you suggest what criteria |
can apply in relating this information
to my own career prospects?

A. In appraising opportunities, apply
criteria important to you, Is location
important? What level of income

would you like to attain? What is the
scope of opportunity of the firm
you'll select? Should you trade off
starting salary against long-term
potential? These are things you must
decide for yourself.

Q. Can companies like General Elec-
tric assure me of a correct career
choice? N

A. It costs industry a great deai of
money to hire a young engineer and
start him on a career path. So, very
selfishly, we'll be doing everything
possible to be sure at the beginning
that the choice is right for you. But
a bad mistake can cost you even
more in lost time and income. Gen-
eral Electric's concept of Person-
alized Career Planning is to recog-
nize that your decisions will be
largely determined by your individ-
ual abilities, inclinations, and am-
bitions. This Company’s unusual di-
versity offers you great flexibility
in deciding where you want to start,
how you want to start and what you
want to accomplish. You will be en-
couraged to develop to the fullest
extent of your capability—to achieve
your career objectives, or revise
them as your abilities are more fully
revealed to you. Make sure you set
your goals realistically. But be sure
you don't set your sights too low.

FOR MORE INFORMATION on G.E’s concept of Personalized Career Planning, and for
material that will help you define your opportunity at General Electric, write Mr. Hill at
this address: General Electric Co., Section 699-10, Schenectady, N. Y. 12305.
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