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" He's making sure
the tomatoes taste good

The tin coating on food cans does not have to be thick—but it
is important that it be evenly distributed to give siire protection
for the contents. But how can you measure and inspect a coating
that’s almost as thin as a shadow?

U. 8. Steel does it with the unique X-ray gage you see in the
picture. A beam of X-rays is directed at the tinplate. The rays /
penetrate the tin coating and cause the iron atoms in the steel
base to fluoresce and emit X-rays of their own. As these new
X-rays emerge from the base, they are partially absorbed by thé
tin coating. The X-rays finally leaving the tin are measured by
a geiger counter and this reveals the amount of absorption and,
therefore, the coating weight.

Research work like this is only one of the important jobs of
making, shaping and treating steel. There are many more fields
where we need trained minds—minds trained like yours.

There may well be a future for you at United States Steel.
Find out now. Write for our booklet, ‘“Paths of Opportunity.”
United States Steel, Personnel Division, Room 1619, 525 Wil-
liam Penn Place, Pittsburgh 30, Pennsylvania.

United States Steel

TRADEMAREK



“I'm m the business
and I know...”

“Nat too lang ago 1 was in the same situation you
fellows are in now. Senior year and the big de-
cisions. What am 1 going to do with my educattan?
What am I going to do for a living?

“Well, 1 wlked to a number of people and did as .
much letter writing and looking around as I could.
The way I figured it, I wanted opportunity ... a fair
chance to put my capabilities to work and to be
recognized for what I could do. Of course, I wanted
to be well paid, too. It all seemed to add up to the
aircraft industry . .. and to me it still does.

“In the space of just a few years I've worked on
quite a few pro]ects important projects that some
day may mean a great deal to this country. They
sure meant a lot to me. And I wasn't standing still ,
either. My salary and my respanszhtl;ttes have in-
creased with each promotion. That means lots of:
challenges, new and tough problems that we have to
solve, but that's the way I like it. So, if you wa
some advice from this “old grad,” choose the aircraf
industry. It's the wisest choice, I'm in the lmsmes
and I know.” ,

robably no other industry in America has grow
Pso fast and advanced so far in a short time as has
the aircraft industry. And yet there is no limit to
how far man’s inventiveness and imagination can
push the boundaries. Radical new concepts that;
would have been unthought of just a few years ago
are the drawing-board problems of today.

Truly aviation is still in the pioneering stage, and
one of the leaders is Northrop Aircraft, which
been making successful contributions to our
nation’s defense for over 18 years. Projects such as
the Snark SM-62, world’s first intercontinental
guided missile, have identified Northrop as a suc-
cessful pioneer. And new aircraft such as the super-.-—
sonic, twin-jet T-38 advanced trainer are maintain-
ing this reputation.

Let us tell you more about what Northrop can
offer you. Write now, regardless of your class, to
Manager of Engineering Industrial Relations,
Northrop Division, Northrop Aircraft, Inc., 103
East Broadway, Hawthorne, Cahforma.

NORTHROP

A Division of Northrop Aircraft, Inc.

BUILDERS OF THE FIRSTINTERCONTINENTAL GUIDED MISSILE
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STRAIGHT TALK TO ENGINEERS
from Donald W. Douglas, Jr.

President, Douglas Aircraft Company

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

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

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

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

Please write to Mr. C. C. LaVene
Douglas Aircraft Company, Box 6101-F
' ~ Santa Monica, California
Engineering|and|Science
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IN THIS ISSUE

(JN_ OUR "COVER is a graphic demon-
tration - of “what makes smog. The
hand belongs to Dr. A. J. Haagen-
Smit, Caltech professor of bio-or-
ganic chemistry. He has just applied
a stream of ozone to a mixture of
hydrocarbons cupped in his hand—
which results in a dense cloud of
smog.

Dr. Haagen-Smit has heen con-
ducting = research on smog since
1949. For-a 1958 progress report,
see page 5. ‘

“WHAT's HaPPENING to Engineering
Education,” on page 16 of this issue,
has been adapted from a talk given
by Frederick C. Lindvall at the an-
nual Alumni Seminar Day held on
the Caliech campus on April 12. Dr.
Lindvall is professor of electrical
and mechanical engineering at Cal-
tech. and chairman of the division
of civil, electrical and mechanical en-
gineering and aeronautics. He is also
urrently president of the American
Society for Engineering Education,
whose purpose is the advancement
of engineering education, research
and teaching.
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Herbert Spencer...on the genesis of science

“Without further argument it will, we think, be admitted
that the sciences are none of them separately evolved —
are none of them independent either logica“y or histori-
ca“y; Lut that all of them have, in a greater or less degree,
required aid and reciprocaied it. Indeed. it needs but to
throw aside hypotheses, and contemplate the mixed
character of sUrrounding pnenomena, to see at once that

these notions of division and succession in the kinds of

THE RAND CORPORATION,

knowledge are simply scientific fictions: good, if regarded
mere]y as aids to study; bad. if regarded as representing
realities in Nature. No facts whatever are presented to our
senses uncombined with other facts — no facts whatever
but are in some degree disguised by accompanying facts:
disguised in such a manner that all must be partially
understood before any one can be understood.”

~The Genesis of Science, 1854

SANTA MONICA, CALIFORNIA

Anonprofﬂ organization engaged in tesearch on problems related to national security and the pub]i(f interest

e~
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Progress in Smog Control

Since the war, the influx of people to California has
been ane of the greatest mass migrations in history.
Today, some 200,000 people settle in the Los Angeles
area per year. This explosive growth is noi always an
undivided pleasure when orange groves rapidly disap-
pear to make room for real estate developments and
transportation facilities begin te fail in th‘eir task of
moving people to and from work. During the pasi ten
years another unpleasant discovery was made when we
began 1o notice that something was the matter with our
supply of air.

We may tolerate conziderable self-made air pollution
in our homes and in buildings where we gather daily,
but when the outside air becomes polluted the telephone
exchanges in the police and fire departments and the
Air Pollution Control District are swamped with calls.
This happened a few times when Pasadena residents were
surprised at night by a strong odor of mercaptans.
While somewhat unpleasant, and objectionable from an
esthetic point of view, this type of pollution is rather
harmless, and is limited to areas close to the source. A
more serious situation developed during the war years
when an eye-irritating wave of pollution moved across
the valley. Tts origin was soon located and found to be
a synthetic rubber plant. After suitable measures were
taken- to eliminate air pollution from this source. the
symptoms disappeared, and the excitement died down.

A few years later, the population of this area was
again disagreeably surpri‘séd by foreign odors and eye
irritation. This time it wasn’t easy to find the culprit.
and numerous committees were formed to demand ac-
tion. This resulted in the formation of an Air Pollution
Control District. in 1948. under an enabling act which
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by A. J. Haagen-Smit

authorized the Board of Supervisors of Los Angeles
County to act as an Air Pollution Control Board in the
County of Los Angeles. At the present time, similar
control districts have been set up in the adjacent counties
of Orange, Riverside and San Bernardino. A close coop-
cration hetween these districts is, of course, necessary.
for air pollution does not recognize any city or other
administrative limits.

The Los Angeles County Air Pollution Control Dis-
trict has recently celebrated its 10th anniversary. During
this time, under the able directorships of Dr. Louis C.
McCabe, Mr. Gordon P. Larson and the present director.
Mr. S. Smith Griswold, much progress has been made
in abolishing the sources of visible smoke, as well as
sulfur dioxide.

It is perhaps typical of the early period of smog
control that the District employees gave the name, “Rin-
gelmann Club” to their newly-formed employees organi-
zation. The name “Ringelmann” iz intimately con-
nected with degrees of smoke density.  Ringelmann
invented a chart indicating by five equal steps between
white and black, varyiug shades of gray to which smoke
plumes could be compared.

Although rot the dﬂicial chart. a handy observation
card (see page 6) illustraies the principle used in smoke
measurement. Most air pollution authorities who use the
card agree that the real measure of objectionable stack
emissions has to be indicated by weight of dust per unit
as well as the distribution of the particles according to
size. This is even more true of non-black plumes, such
as steam or aerosol types from condensations of vaporons
materials, which are aependg:nt on factors such as wind,
humidity. temperature, cloud background and others.
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The Ringelmann chart is used to determine whether
emissions of smoke are within legal limits or standards
of permissibility. The card shown here, adapted from
the official Ringelmann chart, has a viewing hole in its
center, and is frequently used for quick reference,

In this eatly period many iinportant emissions were
controlled. These include the efluents from two large
steel mills, some 120 foundries and open burning dumps.
Also, while the control program was tinder way. research
was carried out which established that the eye irritation
and typical plant damage, as well as the odor observed
during smog attacks, were due to a photochemical oxida-
tioni of organic material, mostly hydrocarbons, in the
presence of oxides of nitrogen.

The acceptance of these findings led to a drastic con-
trol of hydrocarbon emissions at the refineries. Oil-
water separating tanks were covered, open-vented tanks
were converted to closed systems, and the general supet-
vision of air pollution problems in the petroleum in-
dustry is now well taken care of, day and night, by
specially appointed personnel responsible directly to
the refinery manager.

With the considerable reduction in the refinery hydro-
carboni emission, attention was directed to the major
smog source —the automobile. Studies were initiated on
the exhaust gases of the automobile—a phase of engine
sttidies which had received practically no attention in the
past. Both in Detroit and in Los Angeles the surprising
discovery was made that the automobile engine is not as
efficient as its smooth performance might lead one to
believe. Seven to eight per cent of its fuel leaves the
exhaust incompletely burned.

The study of the operation of the automobile has
shown that most of the hydrocarbouns are released duit-
ing acceleration and deceleration. Devices are being
developed which shut off the flow of gasoline during
deceleration. when no power is required anyway, and
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miuch work is being dorie on after-burners of different
types. Some work with a catalyst bed: others utilize a
spark plug to ighite the gases before they leave the
exhaust.

The most desirable way of controlling the hydrocar-
bon losses would be to have a more complete combus-
tion in the engine itself, but we may have to wait for
the introduction of the turbine engine to passenger cars
—a matter of at least ten years. Others are seeking a
cure by modification of the fuel. At present. opinions
are divided on the effectiveniess of such a change, and
research is under way to resolve these differences.

It is clear that the development of a satisfactory
conitrol device for the automobile emission is many years
away. The Air Pollution Control District, primarily an
organization charged with enforcing the law with re-
gard to objectionable emissions, has stimulated a great
deal of engineering research and development work of
this type, but it could not very well be expected to take
over the task of the automobile industry to meet this
challenge. During this waiting period, the District has
started with renewed vigor to give attention to sources
other than the automobile.

Under the efficient guidance of Captain Louis J. Ful-
ler, formerly of the Los Angeles Police Department,
some 40 inspectors are roaming the 400-mile-square Los
Angeles area. Their cars are equipped with two-way
radio, and they are at all times in touch with head-
quarters and can investigate reports of objectionable
emissions in the matter of a few minutes. Aerial observa-
tion, integrated with this system, facilitates their work.
As a result, the number of violations cited during the
past three years was about 11,000, compared to 700 for
all the eight previous years of the District’s existence.
The nature of the violation varies from the smoking atto-
mobile to stacks of industrial operations.

Now that private backyard incinerators have been
banned, there are relatively few sources of smoke left.
Among these are some municipal incinerators, the Hyper-
ion sewage disposal plant, and most of the municipal and
privately owned power plants—which include those of
industry, as well as those of utility companies.

In almost all of these cases the quantities by weight
of dust or chemicals leaving the stacks are well within
the limits prescribed by law. Nevertheless, the opacity
of the smoke plume is greater than that designated as
permissible on the basis of the Ringelmann chart.

For example. a typical analysis of the stack emission
from one of the large oil-burning plants (capacity,
350,000 kw) shows a stack gas concentration of 1,000
parts per million of sulfur dioxide, while 2,000 ppm is
the legal limit. The dust load is 0.05 grains per standard
cubic foot. as compared to the legal limit of 0.3 gr./scf.
or 770 lbs./hr., calculated to 12 percent CO, at standard
conditions (60° F., 14.7 lbs./sq.in. absolute). The ca-
pacity, on the other hand. varies from 20 to 100 percent.
depending on weather conditions, while 40 percent is
considered a violation.

On the basis of previous experience with oil-burning

Engineeringland|Seience



plants, the Air Pollution Conirol District had not much
choice in denying the Southern California Edison Com-
pany a permit to operate its newly erected El Segundo
steam station, although it was built according to specifi-
cations approved by the Control District: While-a solu-
tion could have been found by abandoning the burning
of fuel oil, the always rather critical fuel supply made
this. impossible.

The difficulty in keeping up with the demand of the
growing population for more fuel is also felt in the
necessary construction of - electric generating - stations.
Every: new plant gives a respite of only a few years, and
presently new units are being built or are on the draw-
ing board to follow the upswing in electrical demand.
It is clear that this building and operating schedule
cannot be interrupted without. serious consequences for
the commumity. - This embarrassing situation was solved
by the Air Pollution Hearing Board, a judicial body
created by the Governor of California to arbiirate mat-
ters. of air. pollution.

This hoard. consistiug of three. members—our own
R. E. Daugherty. emeritus’ professor- of mechanical and
hydraulic engineering. together with Mr. Williani A.
Sherwin and Mr. Delmas R. Richmond, both represen-
tatives of the legal profession—permitted the Southern
California Edison Company to operate under a variance
with the proviso that an Investigation be made. to. deter-
mine the possibility of reducing the opacity of the
plume. The scope of the research program. instituied
by the Edison Company was considerably broader than
just reducing the opacity of the plume to the legal
Iimits, and has considered the emission of dust,; and of
oxides of sulfur and nitrogen, as well.

These investigations, and. those conducted by other
power-generating organizations in this area, are of much
more than local importance, and have a direct bearing
on similar problems in other parts of the country. Com-
bustion of various kinds, whether in automobiles or in
industrial furnaces, is by far the largest cheinical opera-
tion, and is responsible for most of the air pollution
problems.

The amount of fuel burned in the United States is
tremendous. The total energy produced from all fuels
and water power is on the order of 100 quadrillion
Btu’s, or 300 trillion kilowatt hours per year. (It is
difficult to imagine what such a figure represents in
comparison to a man’s energy expenditures of approxi-
mately 15 kwh per day.)

In the area of southern California. approximately 3 to
4 percent of this total energy is produced in the burning
of local oil supplies and natural gas. In addition, huge
dams, such as Hoover Dam. which supply hydropower
to areas some 400 miles away, have been built. - Even
today this development continues, and one of the most
interesting  modern hydmpbwer svetems s Inour’ own
backyard-the Big' Creek  water -power praject of the
Southern California Edison Company.

Through a succession: of ‘dams interconmected - with
miles of tunnels, the water of the San Joaquin River is
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reused several times to produce electrical power before
it is finally distributed as irrigation water. In this pro-
cess it- has generated 500,000 kw of  electricity. With
the energy derived tfrom Haogver Dam, the hydropower
represents about 25 percent of the total energy need
of this: area.

Unfortunately, this cleanest source of power is limited,
and the rest has to be supplied by combustion of fossil
fuels, oil and zas. The gas is burned in kitchens and
household furnaces, and in the production of electric
power. The-utilization -of - 01l is much more complex.
It is converted at high temperatures in hydrogenation
and reforming pracesses 1o gasoline and other petroleum
products, and the residual oil is used for power produe-
tion. The ‘daily consumption of these different fuels is
as follows: '

Daily Fuel Consumption in the Los Angeles Area

Quantity Equivalent Bbls. of Oil
Gasoline oo .ol 5,500,000 gallons ... .110,0G0
O} 05,000 barrels ... 65,000
Gas o iy 1,000,000,000- cubic feet i 167,000
Hydropower i 891,000 kw 30.005

All hydropower is converted into eleciricity and, in
addition, 3,000,000 kw are produced in o1l and gas burn-
ing. chiefly by the Southern California Edison Company
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The modern process of power production doesn’t differ
much from one of the first-simple steam engines, illus-
trated above, developed after an idea of Leonardo da
Vinei. In both cases, the force of expanding steam is con-
verted into mechanical energy.

and the cities of Los Angeles, Pasadena, Burbank and
Glendale.

The El Segundo steam stalion. where most of the
Edison Company’s air pollition research is conducted,
accoiints for 350,000 kw—or about '1/12 of the total
proditction in this area.  To produce this much elec-
tricity, equivalent to ore-half million horsepower, 12,000
bartels of fuel oil are consiumed per day, When gas is
available, three million cubic feet per hour are burned
in the two units,

One must visit such a plant to really grasp the magni-
tude of these operations and the tremendous power
developed. In principal, the process of power-prodiction
is quite simaple, and doesn’t differ much from one of the
first ‘steam ‘engines {illustrated above) developed after
an idea of Leonardo da Viriei:

Fssentially, we have a boiler producing steam, which
turns & ‘tiirbine.  The process has hecome more compli-
cated, however, “as attempts have beeti made over the
vears to iticrease the efficiericy. This is one reason why the
temperature of the steam is raised to 1,000 F (538° C.)
and the pressure as high as 2.000 lbs./sq. in. (136 at-
mospheres).

&)

Thig -operating -~ steam temperatire = is -continuing - to
rise at the rate of about 127 F, per vear, and is ex-
pected to reach 1,400° F. in 1980. The same is true for
the pressure, which is doubled about every 12 years,
and should by 1980 be in the order of 7,000 pounds per
sq. it absolute.

Boiler tubes and turbine blades have to withstand the
action of this nearly red-hot water and steam. Much
engineering research went into this problem before
the efficiency of today was obtained—and the efficiency
is still going up.

The power plarit engineer is an expert in-obtaining
the maximum efficiency in the combustion of his fuel,
and tests of the stack gases reveal the virtual absence of
hydrocarbons and carbon monoxide. This is in sharp
contrast to the automobile performance, where the CO
coticenitration “dmounts to- several - thousand - parls  per
million (0 -3.6%). Unfortunately, the oil, because of
its origin from living organisms, contains ash and sul-
fur, The ash contains an -appreciable -proportion --of
vanadium, nickel and iron. It is generally held that this
vanadium has come from fossil marine organisms. Even
at the present time we find some sea animals sich as
Cionu. the sea squirt, and certain ascidia, with a vanad-
ium content of 145 to 1 gram per kilogram dry weight.
Nickel is a common though minor constituent of plants
and animals.

Compared to othet dusty operations, the -amount of
solids coming from an oil-fired burner is a hundred
times smaller.

In most dusty operations, the escaping materials are
tather ‘coarse, ‘and the ‘particle size ranges from several
microns to big ecinders. Settling chambers, baghouses
and cyclones are now extensively used in sawmills, foun-
diies and incinerators. Unfortunately, these do not fake
care of ultrafine dust, such as that produced in the
burning of oil. The particle size of this ash is in the
ordet of 0.5-2 microns, and its behavior is more like
that of cigarette smoke.

Quite effective in this-small particle field is the eleec-
trostatic precipitator. Tn this device. a charged particle
passing through an electric field will be attracted to one
of the elecirodes. The electrodes are usiially in the form
of plates or tibes, and on these the dust will accumu-
late. It can be easily removed in simple mechanical
fashion. sich as rapping or piirgirig with a blast of air.
While the particle is travelling at high speed through
the precipitator, ils sideways motion towards the plates
takes many seconds. For this reason a high voltage.
from 15,000 to 40,000 volts is used to speed up this
movement.

At-the El Sesundo steam station, 350,000 cubic feet
of 223 leaves the stack every minute, carrying with it
1.5 lbs. of “dust. The removal of this extremely small
quantity miust take place in a very short time, becatse
every tintite one is faced with the assigriment of proc-
essing a new batch of 350,000 cubic feet of gas.

The lack of previois experience on the application of
precipitators to oil-burning power plants required the

Engineeringland Science



building of pilot precipitaiors. To make intelngent de-
cisions in the extrapolation to a large-scale boiler, the
pilot installations were guite large—with capacities for
handling 1/50 and 1/200 of the total effluent.

After extensive testing, the conclusion was reached that
the plume is largely due to dust. and only during ex-
ceptional periods of unfavorable weather does the sul-
furic acid play an important role. In the 350,000 cu.
ft./min. of efluent gas from one unit, only 2 ounces of
dust will remain after passage through the precipitator,
which means a collection efficiency of greater than 90
percent. The removal of dust also results in some re-
moval of sulfuric acid, assuring an additional safety
factor.

The electrostatic precipitator to be installed hy the
Southern California Edison Company has been designed
in such a way that even the slowest particles most re-
sponsible for the plume will reach the collecting plates
While they are passing through the system. This, of
course, requires a long path, and makes the collection
apparatus guite large and expensive. The full-scale unit
which will be built this year will measure about 100
feet long, 30 feet high and 34 feet wide. With this
large chamber, approximately 20 seconds will be re-
quired for the passage of 350,000 cu. ft. of gas.

The material collected is quite corrosive, and extensive
experiments have been carried out on the addition of
neutralizing reagents snch as dolomite and ammonia.
The removal of the acid lowers the condensation point
and it is now possible to consider the release of the
stack gases at a temperature lower than the present
300 F. A further study of this potential heat is in
progress.

In our control efforts the oxides of sulfur and nitra-
gen have to be considered. The oxides of sulfur have
always stood in bad repute, and consequently conditions

in other industrial areas are often extrapolated to the

Los Angeles area without any real basisi Sulfur dioxide
does not irritate the eyes at concentrations ohserved in
our atmosphere (from 0.0-0.20 ppm} and its concen-
tration is about 100 to 200 times less than the threshold
limit value of 10 ppm adopied by industrial hygienists.

No plant damage atiributable to sulfur dioxide has
been found in recent years since oil refineries and sul-
furic acid manufacturing plants have adopted recovery
processes for most of the sulfur previously released into
the air.

Sulfur dioxide control merits consideration from a
long range point of view since the expansion of industry
will gradually raise the SO, level. Also, from a public
relations standpoint. it is expedient to give allention to
a possible reduction of sulfur dioxide. For this reason,
experiments have heen conducted with the object of
checking the economic feasibility of reducing the 50,
content of the flue gas. The low concentration of SO,
in stack gases, in the order of 1,000 ppm, makes recov-
ery extremely dificult and expensive.

The Bureau. of Mines has considered some 60 means
of removing 30, from flue gas. Ouly a few seem to
warranl laboratory investigation. In our research efforts
we have added two more processes. One cousists of an
adsorption process and subsequent release of 50,. The
other manufactures concentrated sulfuric acid by passing
the flue gas over a vanadium catalyst. The latter process,
especially, has some appeal. since the dnst itself con-
tains large quantities of vanadium.

These processes have been carried out far enough to
enable a reasonable engineering estimate to he made of
the cost of a full scale installation. The cheapest and
simplest process, which consists of scrubbing with water
and subsequent neutralization of the water washings,
costs  $3.000,000 for ome wunit, and in addition,
$1.000,000 per year for its operation and mainienance.

The results obtained are undesirable because a new

These two. pictures of the Kaiser Steel Company plant in Fontana, taken within minutes of each other, demonstrate the

effectiveness of smog control. The picture at the left was taken with all the smoke-control units temporarily shut off.
At the right, just minutes later, the equipment is back in operation against a clear sky.
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problem of disposing of the tremendous quantities of
salts formed is created. When chemical manipulations
siich as catalytic conversion or adsorption are added to
the scrubbing process, the price inereases considerably.
For example. a process iising ozone plus manganese
chloride will ‘cost initially more than the construction
of the entire power plant, and in addition, %3 - 4,000,000
per vear to operate. Any hope that the process would
pay for itself evaporates when it is realized that the
Edison Company cotild sell sulfuric acid made from
stack gas at $175/ton to compete with the usual price
of $22/ton.

The idea of removing sulfur, as well ‘as metals; from
the oil before it is burned seems quite attractive. After
all, we have in that case to deal with only 6.000 barrels
per unit, or with a volume of approximately 25,000
cubic feet per day. as compared to half a billion cubic
feet per day of stack effluent. Unfortunately, both metals
and sulfur form an integral part of the constitution of
the oil, and simple washing, unpleasant as it -ay be, is

not goitig to remove either one ‘of these components. For

a successful removal, the oil has to be cracked and
hydrogenated at higher temperatures. The total cost of
this process which, by the way, is not yet available, has
been estimated to add approximately omne dollar per
barrel of fuel, which raises the annual fuel cost by
about $2.000,000.

Ecornomic conditions would have to change consider-
ably. and also the arguments for the control of oxides
of sulfur in this area woiild have to be more convincing
before serious thought can be given to adding the cost
of the removal of SO, from flue gas, to the existing pro-
duction costs.

A more healthy solution for both dust and sulfur
problems in populated areas is the use of natural eas,

AVERAGE SMOG DURATION

PASADENA, CALIFORNIA

YEAR

83 Kis AM. — 5:30 BM. J

1984 IS A-M. — 4.30 M. ]

1933 1200 AM. — 4:30 P, 1

1958 1135 A.M. — 3:30 P l

1987] ILAS AN~ 2:30PM l

i 2 3 4 -} 8 r 8
HOURSE
The result of air pollution control measures can be seen
by the decrease in the average duration of smog in Pasa-
dena vver the past few vears. in spite of a constantly
increasing  population,
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which  contains practically no “mineral or sulfur com-
pounds, and hence can form no dust or oxides of sulfur.
The Edison Company has been diligent in obtaining the
maximum amount of gas. Research has made it quite
clear that in highly populated areas the burning of gas
is- the best remedy for air pollution nuisances, even
though it must be transported from sources as distant as
Mexico or Texas.

Up to this point we have discussed only those ingredi-
ents of the flue gas which might lead to the formation
of haze. Although this is ore of the aspects of Los
Angeles smog, neither oxides of sulfur or dust could
possibly be held responsible for the eve irritation and
plant damage typical of Los Arigeles smog, or the intense
rubber cracking ohserved during smog periods.

As mentioned earlier. it has been well established by
now that these effects are dite to the oxidation of organic
material under the influence of sunlight. Tu this reaction
the oxides of nitrogen play a dominant role. Their
origin is in a fixation of atmospheric nitrogen and oxy-
gen during high temperature combustions in automobile
engines and in burning of gas and oil. Stack gas from
power plants contains from 300-700 ppm of oxides
of nitrogen. This means that, per 175,000 kw unit, 10 -
15 tons of oxides of nitrogen are produced daily. The
total amourit produced in the Los Angeles basin is esti-
mated to be about 600 - 700 tons per day.

Many attempts have been made to reverse the reaction
by which oxides of nitrogen are formied, by trying to split
the compotind back to its original components— harm-
less nitrogeni arid oxygen. For this piirpose some 40
different catalysts were tested without significant success.
We have to realize that eveni when a catalyst is fousnd,
it would be necessary to apply engineering methods
similar to those used for the removal of oxides of sulfur,
and any one of those processes woitld tirn out to be quite
expensive.

Since the formation of the oxides of nitrogen is highly
dependent ori the temperaturé, any reduction in the com-
hiistion temperatiure would lead to -a reduction in the
oxides of nitrogen. Here a conflict of ‘interests develops
hetween those who would like to see the fiirnace as hot
as possible, and the air pollution experts who would like
to see it as cold as possible. In a systematic stidy of
burning conditions, several ways have new heen found to
reduce the temperature without too severe a curtailment
of efficiency. Joint studies with engineers of the Babeock
and Wilcox Company ate now tunder way on a two-step
burniing of the incoming fuel oil. The intake air is re-
duced at the hiirner site, and an ‘equivalent amount is
introduced throtigh the rear wall of “the fiirnace. Foiir
large ports have been constructed along the upper wall
of the firebox, and dampers permit the regulation of the
air admitted. '

Although these full-scale experiments are still in the
initial stages, it has already been shown that predictions
based on preliminiary work were correct. The infrared
anialyzer monitoring the concentration of -nitric oxide
INO) in the flue gas registered a decrease of approxi-
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mately 25 percent. This reduction. if applicable to other
0il and gas burning installations. would be equivalent
to a reduction of 75 tons of nitrogen oxides per day in
the whole basin.

Similar studies on automobiles and diesel engines
should lead to a substantial reduction in NO emissions
from these sources.

The air pollution control work hy the Edison Com-
pany has been accamplished with the cooperation of sev-
eral agencies

the Bechtel Corporation, Truesdail Lab-
oratories. Standard O3l Company of California, Babcock
and Wilcox and otheis. The technical skills and knowl-
edge of all power-generating organizations in this area.
as well as the air pollution contral districts of San Ber-
narding, Orange and Los Angeles Counties have been
made available through the formation of a Joiut Re-
search Council. Its regular meetings have been a fornm
of discussion on any progress made.

The Edison Company’s decision to change its program
from one of research lo that of predominantly engineer-
ing by building a full-scale electrostalic precipitator and
executing the recommendalions based on the research
findings iz a most significant step lowards ultimate con-

trol of Los Angeles smog. for it poisits the way for re-
duction of power stack emissions in general. of privately
owned as well as municipal plants. '

When, in addition, the plumes of city-owned incinera:
tors have disappeared. the problem of the automohile
will stand out even more clearly. The nature of “this
problem and the cures which are needed are such that
they require that all industrial sources be under control
before we can think of attaching hundred dollar muf-
flers to three million” automobiles.

In the meantime. we are enjoying improved snog con-
ditions which can anly be attributed in part to the favor-
able weather. The oxidant, the typical manifestation of
Los Angeles smog, is decreasing on the average, both in
maxima reached and in duration. When the smog rolls
in now, its duration is a few hours. compared to daylong
sieges a4 few years ‘ago; rubber cracking and dustfall
values have decreased. and visibility has improved.

It is not possible to point to the control of one source
as the cause of this improvement. Air pollution control
in a complex area can bhe achieved only by the tenacious,
step-by-step control of numerous sources. There is no
magic wand.

About
the author

Arie Jan Haagen-Smit,
professor of bioc-organic
chemistry at Caltech. is
a native of Utrecht in the Netherlands. After receiving
his PhD from the University of Utrecht in 1929 he taught
chemistry there until 1936, when he was appointed to
Harvard University as an instructor in chemistry. The
following vear he came to Caltech as an associate pro-
fessor of bio-organic chemistry and became a full pro-
fessor in 1940.

AIlhough Dr. Haagen-Smit's name is now synonvinous
with smog research, he’s known internationally for his
work in flaver chemistry and the isolation and structure
determination of various plant substances as well as
investigations of food flavors, wine and milk. Applying
the technique he had developed for flavor siudies, he
was able to identify smog in his lahoratory in 1949.

In 1950 Dr. Haagen-Smit was granted a leave of ab-
sence from Caltech to direct full-time research on smog
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for the Los Angeles County Air Pollution Control Dis-
trict. During this time. he discovered a new type of
modern air pollution formed from the photochemical
oxidation of hydrocarbons in the presence of sunlight
and oxides of nitrogen.

In 1956 Dr. Haagen-Smit received another leave of
ahsence to serve as director of research for the Sonthern
California Edison Company. His work there has been
concerned with curbing the effluents from stacks on
central power stations. By determining the composition
of the effluents. he has been able to learn about their
contribution to smog and has developed corrective pro-
cesses. His specially-designed equipment has heen used
successfully at Edison’s E]l Segundo and Etiwanda plants.
Much of the work he has been doing there is described
in the accompanying article.

On May 27 Dr. Haagen-Smit was awarded the 1958
Frank A. Chambers Award by the Air Pollution Control
Association, an international smoke-control organization.
In 1957 he won the Loz Angeles County Clean Air
Award.

This year two other Caltech professors received the
Clean Air Award—Royal W. Sorensen, emeritus pro-
fessor of electrical engineering, in recognition of his
outstanding services in the pioneering and the applica-
tion of electrostatic precipitators and the control of
particulate emissions in indusiry; and Frits W. Went.
professor of plant physiology. for his research in Cal-
tech’s Earhart Laboratory which has established a con-
nection between air pollution and plant damage.
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After receiving their degrees, 125 Bachelors of Science pose for a group picture on the steps of the Athenaeum.

The Month at Caltech

Commencement

At Caltech’s 64th annual commencement on June 13, a
total of 325 stidents received degrees—125 Bachelors of
Science, 140 Masters of Science. 10 Engineers and 50
Doctors of Philosophy.

Of the 45 men who graduated with honors. 4 re-
ceived hoth academic honor and Student Body Honor
Keys: Glen L. Converse, Michael W. Konrad, David B.
Leeson and Donald Stern. Honor Keys were awarded to
12 seniors in all.

The Frederick W. Hinrichs, Jr., Memorial Award for
the most outstanding senior this year went to Richard
L. Van Kirk. The award consists of $100. a certificate
anid a memento, The Sigma Xi Award for research of
exceptional quality by a graduate student was presented
to Peter Crawley, who received his PhD) in mathematics.

12

The commencement address. “The Challenge of
Change.” was given by Dr. Detlev W. Bronk. president
of the Rockefeller Institite for Medical Research and
president of the National Academy of Sciences.

Five buildings

Though the Caltech Development Program has just
gotten under way, President L. A. DuBridge reported at
the 1958 commencethent ceremonies on Jiine 13 that
“substantial progress” has already been made,

Of the total goal of $16,100,000, in fact, more than
$4.000,000 has been siibscribed to date.

“Of the 13 buildings in our Campus Development
plan,” said Dr. DuBridge, “‘5 have now heen assured by
specific gifts: A laboratory of molecilar biology from
Dr. Gordon Alles, a Caltech alumnus, and from the U.S.
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Albert B. Ruddock (left),
chairman of Caltech’s board
of trustees, who presided

at the ceremonies; and
commencement Speaker Detlev
W. Bronk, President

of the Rockefeller Institute
for Medical Research and
president aof the National
Academy of Sciences.

Public Health Service; a new lahoratory of plant re-
search from the Camphell Soup Company; a new student
activities center from Mr. P. G. Winnett; and twao
anonymous givers have assured a graduate house ‘and
an undergraduate house, respectively.

“In addition. other funds are coming in at such a rate
that it will be possible to begin construction this summer
of a new home for our plant maintenance department to
be located across San Pasqual Street from the present
campus.- We hope to complete this building by next
spring and begin then the long-anticipated pleasure of
tearing down the temporary buildings which now océcupy
the northeastern pa,l'tk of the campus. On this portion of
the ‘campus there will: then be erected the new under-
graduate student houses and-the new student activities
center.

“Our: goal of 16 million dollars, though large; is not
ainr: extravagant one. The needs for additional under-
graduate living facilities, for a student activities center,
for additional laboratories for teaching and research in
engineering, physics, mathematics. and hiology. the need
for a new library and a new auditorium—all these have
long heen felt, and for many years our campus planning
has envisaged the- construction of these facilities. It be-
came apparent a few years ago that only @ concentrated
drive would allow us to acquire these facilities in time
to pursue our program of education and research on the
campus without serious interruption.

“The financing of such plans means extraordinarily
generous giving on the part of the friends and supporters
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of this institution,” Dr. DuBridge said. “The campus
facilities which will be made possible by this drive will
fill our foreseeable needs, hut the $16,100,000 will by no
means be adequate to fulfill all the other needs which
we will face for annual income, to finance our program,
and to pay adequate faculty salaries during the coming
years. Our efforts to secure new income will have to be
unceasing in the future ds they have heen in the past.
The new campus facilities which we now hope to finance
will go a long way toward assuring the continuity and
excellence of our program.”

Nuclear weapons talks

Robert F. Bacher, chairman of Caltech’s division of
pliysics, mathematies and astronomy, is one of the three-
man team of U.S. nuclear scientists chosen by President
Eisenhower to discuss ways of policing a nuclear weap-
ons test ban with Russian scientists in Geneva, Switz-
erland, this month.

The other members of the U.S. delegation are Frnest
0. Lawrence, director of the University of California
Radiation Laboratory; and James Brown Fisk. executive
vice president of the Bell Telephone Laboratories. Dr.
Bacher and Dr. Fisk are members of President Eisen-
hower’s Science Advisory Committee.

Nuclear physics has been Dr. Bacher’s chief interest
throughout his career. A graduate of the Universily of
Michigan, he received his PhD there in 1930, taught at
Columbia University, then, in 1935, joined the physics
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Walter Baade, staff member of the Mount Wilson and
Palomar observalories.

department at Cornell University, where he remained
tintil 1949,

On leave of absence from Cornell from 1941 to 1943
he worked at the Radiation Laboratory, the radar proj-
ect set up at the Massachusetts Instititte of Technology
which was headed by L. A, DuBridge.

From 1943 to 1945 he worked on the atomic borib
project at Los Alamos, as head of the Experimental
Physics Division, and head of the Bomnib Division.

At the end of the war he returned to Cornell to be-
come the first director of the university’s Laboratory of
Nuelear Studies and. in 1946, dotibled as scientific advisor
to Bernard Batuch. who was then head of the United

States Atomic Erergy Commission was established in
that same year, Dr. Bacher was appointed a member of
it—the only scientist in the group. He served as an AEC
Commissioner for three years, and left in 1949 to take
his present position at Caltech.

Scientist of the Year

William A. Fowler, professor of physics, was named
co-witiner of the first annual Science Award presented
by the Califorriia Museum of Science and Industry on
June 5. He thereby shares the title of “California Scien-
tist of the Year” with Heinz Fraenkel-Conrat, hiochemist
in the Virus Laboratory at the University of California.

Dr. Fowler’s research involves the studies of nu-
clear forces. the structure of light niiclei, thermonuclear
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sotirces of stellar energy atd element synthesis in stars
(E & S—March, 1956). Specifically, he received the
Science Award “in recognition of his outstanding con-
tributions to enlarging our understanding of the nuclear
processes that take place in the stars, thereby clarifying
the manner in which the chemical elements have been
synthesized from primordial hvdrogen, revealing the
history of the birth, life and death of the stars them-
selves. and thus extending man’s knowledge of the uni-
verse in which he lives.”

Dr. Fraenkel-Conrat (with Dr. Robley Williams, a
colleague at the Virus Laboratory) achieved the first
historic reconstitution of a virus: the men separated
the tobaceo mosaic virus into its protein and niicleic
acid parts, then put the components hack together again.

Retirement

Walter Baade retires from the staff of the Mount Wil-
son and Palomar Observatories on June 30. He has been
a staff member for 27 years.

Dr. Baade introdiced the concept of popiilation types
in stars—Population I, whose most prominent features
are the blite giant stars: and Population 11, characterized
by the red giants. Studies of these two populations pro-
vided the ohservational basis for present theories of
stellar “evolution which siiggest that the difference be-
tween -the population types is primarily one of age.

After the completion of the 200.inch Hale telescope.
Baade’s studies of the cepheid variable stars (distance

William A. Fowler. professor of physics, receives award
as California Scientist of the Year from President Du-
Bridge, chairman of the award jury.
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No spring

is complete withoul

a brakedrum riot

al Caltech, when Ricketts
House freshmen and
sophomares battle for
possession of this
chrome-plated heirloom.
The cluss in possession
of the brakedrum

brings it oui of hiding
and attempts to

ring it noisily for

20 seconds—Iike

the freshman at

the right. All he

had to do after this

was outrun the
sophomores and

hide the drum.

P.S. He didw't make it.

indicators in the Andromeda Galaxy and elsewhere) led
to the discovery that all objects beyond the Milky Way
were more than twice as far from us as we had sup-
posed before—the observable universe was more than
twice as large as we had supposed.

Dr. Baade also collaborated with Rudolph Minkowski
in the identification of radio sources with optically
observed objects, and in the physical interpretation of
the nature of these sources.

A native of Schrettinghausen, Germany. Baade studied
at the University of Muenster and Geettingen—where he
received his PhD degree in 1919. He served as an assist-
ant and later as an observer at the Hamburg Observa-
tory, before joining the Mount Wilson Observatory in
1931.
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Dr. Baade is a member of the American Astronomical

Society and an associale of the Roval Astronomical
Society. In 1954 he received the Gold Medal of the
Royal Astronomical Society and, in 1955, the Bruce
Gold Medal of the Astronomical Society of the Pacific.

AEC nominee

John A. McCone, chairman of the ways and means
committee of Caltech’s board of trustees, was nominated
as a member of the Atomic Energy Commission by Presi-
dent Eisenhower on June 6. He will succeed Lewis L.
Strauss, who is resigning as chairman of the AFC. Mr.
McCone is president of the Joshua Hendy Corporation
in Los Angeles.

15



What’s Happening to

Engineering Education

by Frederick C. Lindvall

With the space age rapidly emerging from science
fiction into reality a new dimension is being added to
technology. No longer are we constrained to move and
to think within the thin confines of our earth’s atmos-
phere. Space has become the new frontier. Space ships
and space islands intrigue the imagination and challenge
our inventive genius. At the same time we find ourselves
ignorant of much basic information on which to build
ideas and to design their engineering embodiment. We
lack materials, energy sources and guidance systems to
carry us beyond the limited capabilities of current mis-
sile developments. We must expand the engineering
system concept—and with it our techniques of analysis
and synthesis—far beyond our present skills, because
space is not merely a new dimension; it is a wholly
new environment for man and his machines.

Progress into the wild blue yonder will be slow,
frustrating and expensive. The utility of such enter-
prise is certain to be questioned at every turn, and
every effort will be challenged on economic, moral and
even religious grounds. Nonetheless, man with his in-
satiable curiosity and indomitable urge to conquer the
unknown will ultimately break the technical bonds
which tie him to earth and will project himself into
outer space. Some rocket experts predict this dramatic
moment as soon as fifteen years hence!

But before the first adventuresome spacemen batten
the hatches of their ship and take off for a trial run,

step by step explorations will be made. More and more

elaborate satellites will be put in orbit to give us scien-
tific data on the environment in increasing detail.
Sounding rockets will probe to greater and greater dis-
tances beyond the point of no return, telemetering back
results of physical and biological measurement and ex-
periment. »
Engineering problems of unique character and com-
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plexity will challenge the best of our abilities, and col-
laboration with scientists and specialists in aviation med-
icine will dramatically expand engineering interests and
influence.

New knowledge, instrumentation and materials will
flow from such work, and engineering imagination will
quickly direct them into novel applications and devices
useful for more mundane purposes. In short, the en-
gineer has a key role to play in this dawning age of
space.

An exciting field which challenges engineering educa-
tion is that of computers and their application. Let us
examine the implications of this challenge in some
detail. As an example, we are being urged to offer

courses in computer fundamentals, logic, design, com-

ponents, applications and use—not to speak of complete
curricula leading to degrees in computer engineering.

Some schools have strong research interests in modern
computing and may be justified in offering such in-
struction. At the same time, other customers for our
graduates give equally convincing arguments for more
or less specialized instruction in, for example, control
systems, instrumentation, automation, system engineer-
ing, operations research, nuclear engineering and infor-
mation theory. Needless to say, we are somewhat con-
fused and bothered beyond mere professorial petulance
over these challenges to comfortable academic routines.
. Formal instruction pertinent to computing can have
specific as well as general aspects. Of general character
are computer fundamentals, including logical design;
applied mathematics that incorporates a new philosophy
and approach to problem formulation for computer solu-
tion; related mathematics, such as Boolean algebra,
probability and statistics, ‘group theory, matrix algebra;
and a mathematics “laboratory” for numeri¢al methods,
iteration procedures and relaxation methods.
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Engineering education is being pulled into new and

different directions.

Shall we concentrate on fundamental

educat@'on or go in the direction of specialized training?

More specific instruction could include computer cir-
cuitry, components, storage devices, input and output
systems, programming and coding, laboratory experi-
ence, checking routines and trouble shooting. However,
from the educational point of view, such instruction
should be watched critically lest it be too specific to
particular computers, devices, and those systems subject
to a high rate of technological obsolescence. The sig-
nificant generalizations can easily be obscured in such
instruction by a horde of details which may be only of
transient value in the hustling computer art.

The computer’s challenge to engineering education is
properly in the area of fundamentals. Fortunately,
some of the significant basic factors implicit in modern
computation underlie other developments in engineering
science as well. Probability and statistics, general con-
cepts of reliability and generalizations from information
theory, for example, permeate modern engineering—par-
ticularly instrumentation and control.

Systems study, as contrasted with component study,
is the coming approach to involved engineering prob-
lems. Computers or simulators of varying degrees of
_ sophistication are likely to be parts of such systems. The
science of decision-making may eventually become a
recognized engineering science taught in the colleges,
implemented by the power of high-speed computing,
analysis and synthesis. Engineering cybernetics (the
more generalized aspects of servos and control) also
leans heavily on concepts that are basic in modern com-
putation.

The implications of high-speed computing in our
classical engineering science subjects are a bit frighten-
ing. For example, structural design, whether applied
to bridges and buildings or to aircraft, could be com-
pletely different in approach if high-speed computing
were generally available. Rapid iterative methods, op-
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timization procedures, and even incorporation of non-
linear properties would give an engineer freedom to
explore new design concepts.

Fngineering economy could be greatly extended in
scope by computers, in that alternative choices could
be examined quickly and tested for the effect of many
parameters. In short, the whole approach to a physical
problem may be different if high-speed computing is
available. The problem formulation would be derived
directly from basic physics into machine terms, with-
out necessarily going through a mathematical formula-
tion. We would then be less inclined to warp the physi-
cal system into formal mathematics which we can solve.
This would be particularly true if nonlinearities are
involved—and most of nature is nonlinear!

Students will become aware of these new horizons in
basic thinking which modern computing suggests. How-

- ever, the great new day is only dawning and we will

fumble along for quite a while with analyses and tech-
niques that later may be displaced. Existing methods
of engineering will apply indefinitely to thousands of
unglamorous but essential problems, and these the stu-
dents must be prepared to solve realistically. So our
education in engineering won’t suddenly be coded and
programmed for the computer art, but it will eventually
include the fundamental subjects that are pertinent and
will develop those broader methods of analyses and
thinking that computers will make possible. We wel-
come the computers with their challenges, but we are
not quite ready to throw away our slide rules!
Reliability is another new factor which has come to
represent an important quality of equipment and its
performance. This quality is rapidly assuming an almost
paramount importance in many systems. The simple
and innocent-sounding reliability criterion presents some
extremely difficult problems—first; of stating sensibly
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the expected reliability, and, second, the synthesis of the
system to achieve it. Some of the methods of analysis
and synthesis resemble those of information theory.
Statistical methods have their place, also, in determining
a degree of confidence that a given system will perform
as desired.

Some engineers, whose work in weapons systems and
missiles has made them acutely conscious of the im-
portance of reliability, believe that there is a new field
of analysis and synthesis to be developed under this
term “reliability.” This new field involves concepts
and methods of thinking which are now only vaguely
understood. Here, again, for its educational implica-
tions, “reliability” appears not as a likely subject for
a course in itself, but rather as a pervading idea which
threads through many aspects of our engineering analy-
sis and design. '

Reliability, of course, is not a new thought, but the
problems of missile guidance and control give it a prom-

inence of first magnitude. Similarly, other engineering

features of design, production and performance are
brought into sharper focus for space age vehicles than
for less exotic devices and applications.

Technical sophistication

Nonetheless, these new problems are catching up with
us in many other areas as we seek improved perform-
ance, greater efficiencies and extended applications at
higher levels of technical sophistication. We must de-
sign uncomfortably close to ultimate limits in many
instances, but we can do so with more assurance because
of better instrumentation, more knowledge of material
properties and refined design methods.

Nuclear energy is another vital subject of great en-
gineering significance which can pull engineering educa-
tion into still different directions, with exciting new de-
tails to stimulate the student. The fact of radiation
itself introduces unique problems which complicate the
application of older principles of analysis, design, ma-

terials and heat transfer. Some schools have responded

with nuclear reactor engineering curricula, but others
have taken the position that, because nuclear reactors
are specialized devices which involve so many engineer-
ing fundamentals common to other applications, only a
few substitutes are required rather than a separate cur-
riculum.

In the colleges we cannot, and, 1 believe, should not
attempt to meet these challenges by detailed specializa-
tion in all the areas of current interest and importance.
We must, instead, do the more difficult job of examining
each new development for those features that are truly

basic, extracting the concepts that are new and funda-

mental, and synthesizing the important generalizations
that have lasting value. This exercise of self-discipline,
of sticking to fundamentals, is not easy. The other way
~—that of following avidly in the classroom the exciting
new developments, the intriguing applications, and the
fascinating new details—is more fun, has high enter-
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tainment value for the student, and is an easy, pleasant
way to teach. But it has the elements of a phony gold
brick—the superficial appeal and the form, but little
substance—and the values in such instruction are apt to
be transient. ‘

Thus engineering colleges must evaluate critically
the fundamental character of these new advances so that
curricula and course content of the basic sciences and
engineering sciences may be improved to serve better as
fundamental education for future professional applica-
tion. We must always be critical of that instruction which
is specialized training rather than comprehensive edu-
cation. '

On this point Alfred North Whitehead, the mathema-
tician and philosopher, has some apt remarks. “A well-
planned University course,” he says in The Aims of Edu-
cation, “is a study of the wide sweep of generality. I
do not mean that it should be abstract in the sense of

_ divorce from concrete fact, but that concrete fact should

be studied as illustrating the scope of general ideas.

“This is the aspect of University training in which
theoretical interest and practical utility coincide. What-
soever be the detail with which you cram your student,
the chance of his meeting in after-life exactly that
detail is almost infinitesimal; and if he does meet it, he
will probably have forgotten what you taught him about
it. The really useful training yields a comprehension
of a few general principles with a thorough grounding
in the way they apply to a variety of concrete details.
In subsequent practice the men will have forgotten your
particular details; but they will remember by an uncon-
scious common sense how to apply principles to imme-
diate circumstances.”

Key to success

To these remarks of Whitehead, 1 should like to add
that, from an engineering point of view, the ability to
apply fundamentals to new situations is the key to suc-
cessful professional practice. As a corollary, versatility,
or the skill in moving from one field of technology to
another, marks the outstanding practitioner, and, in fact,
such ability is virtually a tést of understanding of the
fundamentals.

These- ideas should sound familiar to alumni of Cal-
tech, where fundamental education rather than special-
ized training has been the objective for many years.
Caltech can also take pride in its' leadership in recog-
nizing early the importance of the humanities as a vital
part of science and engineering education. Now all en-
gineering schools include some, and seek to add more of
history, English and social science by displacing so-
called professional subject matter. But this change is
not coming easily and as someone has said wisely, “Re-
organizing an academic curriculum is like trying to
move a graveyard.”

This trend toward breadth is now well accepted and
moving ahead. At the same time (even before our re-
cent dramatic satellites) engineering has been chal-
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lenged in many areas—some military, some- civilian—
to new achievement in research, design, and production.
Many of these areas involve materials, techniques and
methods not presented in text books or even in public
discussion. : C

A sampling of the advertising in professional journals,
alumni magazines and college publications gives a feel-
ing for this climate of modern engineering in phrases
such as, ““A career that requires creative thinking, uti-
lizes all your skills and ‘talents, offers the chance to
learn the latest techniques” . . . “Want to grab the atom
by the tail and put it to useful work?” ... “Want to dig
in and really get down to the basies?” . . . “Start today
and plan tomorrow” . .. “Up to two years of theoretical
and practical training are offered” . .. “You will push
beyond existing limitations into new concepts and new
products” . . . “Today more and more new ideas come
from men trained to an awareness of that which is yet
to be accomplished” . . . “The door to electronic won-
ders is only slightly ajar. The greatest discoveries lie
ahead.”

The emphasis is on the new, the undiscovered ideas,
devices and systems. Creative thinking is an ideal eager-
ly sought and carefully nourished. Advanced ideas and
methods intensify the need for a basic engineering educa-
tion which has extensive scope and depth in the funda-
mental sciences and the engineering sciences. This basic
education is a foundation for professional work to be
learned in practice, and for graduate study which is
" becoming increasingly a necessity.

An imitial degree

Admittedly, a four year curriculum with this orienta-
tion must omit some of the engineering details which
we have all been accustomed to present in our teaching,
and which have some immediate value to the young
graduate if he happens to fall into work in the general
area he has studied. But if our engineers of the future
are to be identified with the highest levels of effort in
technology, the advanced designs and the new materials
and processes, we must accept the fact that a Bachelor’s
degree program is insufficient for the highest level of
professional engineering practice. In the same way, our
colleagues in physics and chemistry expect the Bachelor’s
-dégree to be an initial rather than a terminal degree.

We are all well aware of the fact that during the
war many scientists distinguished themselves in work
which was quite foreign to their professional experience,
and which they regarded as essentially engineering in
character—but a type of engineering which had never
been studied before. In fact this experience has led to a
certain arrogance among some scientists with respect to
the competence of engineers. However, this invidious
comparison overlooks the fact that at the time of World
War II very few engineers had had graduate education,
and even fewer held the Doctorate degree—whereas these
useful scientists were, for the most part, exceptionally
able people who were also PhD’s. Their additional edu-
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cation, together with maturity and research experience,
was of great value, but most important of all, it was
sufficiently fundamental and general to be applicable to
new situations and new developments.

_ Such strength should also mark the education of our
best engineers so that they may function truly as engi-
neers in advanced development, synthesis and design,

_ with no handicap of a shallow base of fundamentals or

weakness in analysis. Obviously, not all engineers will
work at this high level, but their basic education should
not exclude them  from the opportunity. Indeed, the
opportunities and challenges are unlimited in all areas
of technology. The space age with its “new dimensions”
clearly dramatizes the future for us and for the public,
and establishes a favorable climate and receptive atti-
tude which will be of enormous help in our efforts to
strengthen engineering education.

Teacher shortage

It is in the achievement of this improvement that we
are in most serious difficulty. We have not enough com-
petent teachers in our engineering colleges to meet the
needs of increased enrollment and higher quality of
instruction. Evidently, with more graduate work there
will be a greater demand for more teachers with ad-
vanced degrees.

The Caltech staff in engineering, with its very high
proportion of Doctorates, is far from typical, and
throughout the country a large number of advanced
degree men ought to enter the teaching profession. A

- special study for the American Society for Engineering

Education by its Committee for the Development of
Engineering Faculties reveals that during the next ten
years, due to the normal growth of engineering student
enrollment, faculty retirements, loss to industry and for
other reasons, about 9500 new teachers of engineering
will be needed, or some 1000 per year.

Last year a national total of 590 PhD degrees in

‘engineering was reported. A few of these new PhD’s

entered teaching, but if all of them had done so the
number would still have been too small. Next year will
not be significantly better.

Thus our problem is, first, to encoura‘ge more of the
best students to enter graduate school to prepare for
careers in engineering teaching and research; second, to
make a teaching career as attractive as possible, with
reasonable pay and good basic research opportunities;
and third, to do everything possible to assist existing
engineering faculties to develop professionally in new
technological directions and improve in effectiveness
in their teaching. For it is only from superior teachers
that we can expect to obtain superior graduates. There
is no substitute for quality, and it is the improvement of
quality that is now pertinent in engineering education.

I earnestly hope that Caltech can make a conspicuous
national contribution to this strengthening of engineer-
ing education—not only by example, but as an important
source of teachers of high quality.
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Personals

1924

E. Dale Barcus, head of the toll service
transmission engineering ‘orpanization of
the Pacific Telephone Company, was ap-
pointed chairman of the Los ‘Angeles sec-
tion..of the American Institute of Elec-
trical Engineers this month. He has been
with the telephone company for 34 years
and has been concerned with such projects
as-the “Los ‘Angeles - San Francisco micro-
wave relay system and the transcontinental
coaxial cable used for television programs
and telephone conversations. Dale lives in
San Marino.

1926
Robert W. Moodie is now siipervising
striictural engineer for the State Division
of Architecture in the Los Angeles office
of the design and planning section.

1927

W. Lavton Stanton, PhD ’31, has moved
from Arcadia, California, to the Denver
headquarters of the Unioni Oil Company,
where he is now serving as general man-
ager of the Rocky Moiintain district.

Robert B. Vaile, PhD *36, is now chair-
man of the physics department in the divi-
sioni of physical scierices at the Stanford
Hesearch Institute in Menlo Park, Califor-
nia. He has been with S.R.I. since 1948.
The Vailes have two children and live in
Palo Alto.

L. Sprague de Camp, free lance writer
and contact man for the Gray & Rogers
advertising agency, has a new novel, 4n
Elephant for Aristotle, published by
Doiibleday & Company.

Nathan D. Whitnian, Ir., MS, 32, who
is in businiess for himself as a construction
engineer in Pasadena, writes that he’s
keeping busy—last year as president of
the I.A. Section of the American Society
of Civil Engineers, and this vear with the
design of a test facility to load stritctural
iembers with similated atomic blasts.

1929

Duane E. Roller, PhD, professor of
phiysics at the Harvey Mudd College in
Claremont, is the editor of a book, Foiin-
dutions of Modern Physical Science, just
published by the Addison-Wesley Com-
pany. His son, Duane, of the Uiversity
of Oklahioma, is co-author of the textbook.

Muiitice F. Hasler, PhD 33, president
of Applied Research Laboratories, Inc., in
Glendale, received the 1958 Beckman
Award in Chemical Instrumentation last
month. The award is given for otitstanding
achievement in the development of new
instriiments for chemical analysis and in
the application of analytical instriiments
for chemical process measiirement and
control. Selection of the winner is made

by the American Chemical Society,

Maiirice ‘plans to ‘use the morey from
the "Beckman “Award -to set iip ‘a series
of annual “awards, in the name of the
Applied Research Laboratories, Inc.; to be
administered by the Southern California
Science Fair, an. annual exhibit of the sci-
entific work of high school students.

1932

Fred Foulon, in chiarge of a group hand-
ling electronic tesearch -at the  Dotuiglas
Aircraft Company in Los Angeles, is 1958.
59 vice chairman of the Amierican Tnstitute
of Electrical Engineers, Los Angeles Sec-
tion. Fred, who took office this month, has
bieen with the Douglas Aircraft Company
for 15 years.

; 1933
Moses B. Widess. MS 34, PhD °36, is
now. Division Geophysical Technical  Su-
pervisor for the North Texas-New Mexico
Division of Pan American Petroletim Cor-
poration. He is living in Fort Worth, and
has ‘two children.

o 1935

H. M. A. Rice. PhD, writes from Ottawa,
Ontario, Canada, that “shortly after getting
my PhD, 1 joined the staff of the Geolog-
ical Survey of Canada and am still with
them. T hold the rank of senior geologist in
charge of processing of maps and reports.”

“While in Pasadena T married a local
girl, Lorna MacDonnell, and we have two
boye. The elder is working at the .map
compilation - division of the Topographic
Siirvev of Canada—ind the younger starts
university in the fall. As for hiobbies, mire
are landscape painting, golf (handicap
100) and stiudying fossil insects.”

; 1938

Darrell W. Osborne, PhD, senior chemist
at “the ~ Argonne National - Laboratory - in
Lemont, 111, has received a 1958 Guggen-
heim Fellowship to conduct tesearch at
Oxford Universitv on the properties of
liguid and solid helitim-3 at a very low
temperature.  He will be accompanied to
Erigland by his wife and daiighter.

Byroin L. Hdvens, MS, is now resident
matiager of the new IBM Research Labora-
tory in Yorktown, N.Y. For the past 12
years he has been a senior staff member
of the IBM Watsoni Laboratory at Colim-
bia University, where he has led a resedrch
team working on the technology of high
speed electronie computing with particular
emphasis on very large machines.

The Havens and their three daightets
live in Clostet, New Jersey.

, 1939

Jack Goodell writes ihat, “After gradua-
tiorn I spient approximately 8 years with
the Gerieral Electric: Company and 1 with

Engineering|and|Science



Call your nearest Sturtevant Division Sales
Engineer, or write Westinghouse Electric Cor-
poration, Dept. F-25, Hyde Park, Boston 36,

Massachusetts.
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M $ outstanding design SERI

U.S. Pat. #2,772,057

saucer secret?

Whose incredible design is the flying saucer?
These - flying objects %unidentiﬁed, of “course)

marneuver at high speed, with human-crushing sud-
denness. Their unearthly behavior poses a perplexing
problem to imaginative designers: how might man
survive in them? . - i .
john C. Fischer, Jr. approached the problem with
this circular aircraft and its inique control system,
U.S. Pat. #2,972,057.
This “saticer’s secret” is a rotatably adjustable
shell (uppet) and a pilot’s compartient which pre-
rotates toward the direction to be flown. The func-
tional design “humanizes” saucers because the rotating
provisions . distribuite  g-forces laterally. on “the pilot,
minimizing blackouts, o :
‘No one can be sure which of today’s new-ideas
will become reality tomorrow. But it will be important
then, as it is fiow, to use the best of tools when pencil
and paper translate an idea into a project. And then,
as now, there will be no finer tool than Mars = from
sketch o working drawing. :

Mars has long been the standatd of professionals.
To the famous line of Mars-Technico push-button
holders and leads, Mars-Lumograph pencils, and
Tradition-Aquarell painting pencils, have recently
been added these: new: products: the Mars Pocket-
Technico for field use; the efficient Mars lead sharp-
ener and “Draftsman’s” Pencil Sharpener with the
adjustable pointlength feature; and —last but not
least —the Mars-Lumochrom, the new colored drafting
pencil which offers revolitionary drafting advantages.
The fact that it blueprints perfectly is just one of its
many important features.

The 2886 Mars-lymoaraph. drawing pencil, 19
degrees, EXEXB 1o 9H. The 1001 Mars:Technico
push-bution lead holder. 1904 Mars-lumograph
imported ledds, 18 degrees, EXB to 9H. Mars-
lumochrom colored drafting pencil, 24 colors.

J.S.| §|TAEDTLER,INC.

HACKENSACK, NEW JERSEY.

I

at all good engineering and drawing material suppliers

PQI’SOHB.]S vilelis m‘ntiﬂued

“the Essex Wire Corporation, For the past

10 years, T have been with the Bechtel
Corporation in Anaheim. T am now aasist-
ant manaper of engitieering in the power
division. My most recent responsibility
was the engineering of the Huntington
Beach and Mandalay . steam' electric gen-
erating stat Ceach 400,000 kw) for the
Southern California Edison Company. My
family inclides two bovs——15 and 13—and
a daughter 9.7

John 1. Browne, ‘assistant to: the ‘super-
intendent of the General Petroleum Cor-
poration’s production. departmient in-Taft
since 1952, has: been  transferred ~to  the
Los Angeles home office as a special: assist-
ant. He has been with the company. sifice
1939,

1940

Frederic: M. Brose writes from. Monrovid,
California, that  “I am_ now emploved by
the Datex Corporation, a subsidiary of G.
M. Giannini. & Company, Inc. 1 am assist-
ant. operations -manager and production
engineer. Datex ~produces  shaft: position
encodets and digital dats handling: equip-
ment and systems Familywise, T am speci-
alizing in girls (three daughtérs—aged 8,
6 and 114

1941

Donald: F. 1. Mclntosh, assistant super-
intendent: of “the ‘General Petroleum Cor-
poration’s: production  department at ' Ven-
tiira, - has  been “transferred to “the  San
Joaquin  division, . vith  headquaréers - in
Taft.

1942

William. T, Holser. MS 246, assistant ‘re-
search " geophvsi at - UCLA; has taken
a mewjob ‘as tesearch -mineralogist 4t “the
California- Research  Corporation, “a  sub-
sidiary -of “the Standard Oil “Comipany - of
saliforniaan - La - Habra: The . Holsers
have ‘two sons tiow—one -2 years old, and
one 2 morths,

Comdr. Forest M. Clingar: has  been
transferred from - the Naval Torpedo  Sti-
tion “at -Keyport, Washington, to Washing-
ton,  D.C.. where. he is still in industrial
control work,

Peter L. Nichols, Jr..PhD, chief of ‘the
propellants division at JPL, was appointed
4 metiber ‘of the National “Advisory Com-
mittee for ‘Aeronaiitics {NACA ) Subeom-
mittee on Rocket” Engines last December.
Recently he received another. appointment
~—to.serve on the Propulsion Subgroup of
the  Ad-Hoc Polaris Panel, which is spon-
sored by the Department of Defense.
Peter's divisioti “was responsible for the
initial - propellant development which Tled
to ‘the propiilsion. system for the Navy's
“Polaris” missile.

To top it all off, Peter's also been ap-
pointed ‘chairman of an Ad Hoc Panel on
Propellant Performarnce Caleulations and
Thermodytiamic  Data sponsored by the

Engineeringland|Science



Your professional advancement is accelerated by our
company-sponsored self-development programs: our
full-time, off-the-job Graduate Engineering Training
Program and the Tuition Refund Plan for after-hours
college study. Engineers are important to all phases
of Western Electric’s job as manufacturer, purchaser,
distributor and installer for the Bell System.

Your professional advancement

HOOSING a company with which to spend
C your professional life is one of the most
important decisions you have to make. Choose
carefully, for your professional advancement
and rewards depend to a large degree on the
opportunities presented you.

Be sure the company itself is growing on «
solid foundation ... doing important work that
has a permanent part in the nation’s economy
and future. Be sure the company offers chal-

Western Electric offers real opportunity. Some 55% of

the college graduates in our upper levels of manage- lellglng work and opportunities 1 your chosen
ment have engineering degrees. And 7,000 management field ... for you will be happiest and develop
positions must be filled by newly promoted people in the f ' . h 1 o h

next ten years. Many of these positions will be taken by faster doing what you like. Be sure the company
Western Electric engineers. you choose is “engineering-minded”. .. and has

demonstrated an active interest in the develop-
ment of its engineers.

Before you decide, look around ... ask..,
compare. You will find all these opportunities
at Western Electric.

Opportunities exist for mechanical, electrical, chemical and civil engineers,
and physical scientists. For more information pick up a copy of “Your
Opportunity at Western Electric’™ from your Placement Officer. Or write
College Relations, Room 1111D, Western Electric Co., 195 Broadway,
New York 7, N. Y. And be sure to sign up for a Western Electric interview
when the Bell System recruiting team visits your campus.

Opportunities spring from the work we do. As the Bell
System’s manufacturing unit, Western Electric is the
world’s largest maker of communications equipment, We
are equipped to produce some 65,000 different parts
which are assembled into a vast variety of apparatus and
equipment. Add to this our steady, varied defense as-
signments, and you see why engineering skill gets top
priority here at Western Electric. MANUFACTURING AND SUPPLY

UNIT OF THE BELL SYSTEM

Principal manufacturing locations at Chicago and Decatur, 1li.; Kearny, N. I.; Baitimore, Md.; Indianapoiis, ind; AHentown and Laureidaie, Pa.;
Burlington, Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, Mass.; Lincoln and Omaha, Neb.; St. Paul and Duiuth, Minn.;
Kansas City, Mo.; Columbus, Ohip; Okiahoma City, Okla. and Teletype Corporation, Chicago 14, 1. and Little Rock, Ark. Also Western Electrie
Distribution Centers in 32 cities and Installation headquarters in 16 cities. General headguarters: 195 Broadwavy. New York 7. N. Y.
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Personals . « . continued

Joint Army, Navy, Air Force (JANAF).
1943

John E. Cushing, Phl), associate profes-
sor of bacteriology 4t UC in Santa Bai-
bara, has received a Guggenhieim fellow-
ship for 1958. He plans to work at the
University of Tokyo, whete he will serve
as a visiting lectirer and also centiniie
his research-—identifying blood groups of
fish, whales and fiir seals. Only three
Amierican and three Japariese scientists are
engaged in this area of biological studies.
Among the interesting applications of such
firidings is to distinguish the origin of
salmon populations to provide information
for establishing fishing treaties with Japan.

1944

Albert T. Spaulding has announced the
formation of a new Ffrm., the Eckels-
Spainldirig Company, engineering represen-
They began
operations on March Ist, representing the
Fluot Prodicts Company of Whittier in
Northerri California and the Pacific North-
west. The Spauldings live in Moiintain
View and have two children—Anne, 5,
and Edward, 2.

tatives, in San Francizco.

- 1945
Charles W. Hunt and a partner have
opened new offices in Calgary, Alberta, as

your
best source

for
“tomorrow’s
lighting
today”

<3

2%

PROPER LAYOUT MADE
EASIER! Send for your
FREE Srioot-Holman auto-
calcufalor to compute re-
quired lamps and fixtires
for most interiors.

SMOOT-HOLMAN comeany INGLEWOOD, CALIFORNIA

consultants in petroleum exploration, The
Hunt family was increased by a ihird
child, Mary Melinda, in May, The. other
two childreni dre Licile, 7, and Malcolin,
1.

; 1947

James S. Smith is now 4 project engi-
neer (Minute Man [CBM) at the Space
Technelogy Laboratories divisionn of the
Ramo Wooldridge Corporation in Los Axn-
geles. The Smiths have three children—
twins Susan and James, 2, and foiir-inonth-
old Claire Ann. A two-year-old prize (?)
boxer completes the family.

1949

Stanley C. Pace, MS, assistant manager
of the newly-formed Tapeo Groiip  of
Thompson Prodicts, Tne., in Cleveland,
has been elected assistant secretatry of the
board of directors of the company. The
Tapco Groip was formed in March to
combine the company’s specific work in
the fields of astronautics, electronics, nu-
clear power and advanced weaponry into
a separate umnit. Stan, who was formerly
manager of the Jet Division, has been with
the comipany since 1954.

; 1950

Jerome K. Delson, MS, PhD °’53, has
received a post-doctoral Fulbright Fellow-
ship which will enable him to work at the

Weizmann Institute of Science at Rehovoth
in Israel. He writes: “1 visited. there in
1956 and ‘was impressed ‘with the many
similarities ‘to -Caltech-—the - buildings -and
grotinds are similarand . there is 4 fine
atinospliere for research.”

1953
Bruce Holloway, PhD, writes from the
department of bacteriology at the Univers-
ity of ‘Melbotrne in Victoria, Australia,
that he will be visiting Caltech-in Aiigust,
on his way to the. International Genetics
Congress in Montreal.

1954

Edward I. Gauss is president of a newly-
formed firm, the Gaiiss Development Com-
pany, with offices in Denver and Los
Angeles, which will market a kit for mak-
ing etched circuits, called the DRAW-N.
ETCH kit—a simplified process for the
making of prototypes.

| 1955

Robert 'S, Christian “writes - that “since
leaving ‘Tech ‘1 “have -been with the - Air
Force and am presently stationed at March
AFB in ¢ Riverside, Galiforiia, -where 1T
expect to remain until my discharge in
December. We riow have a second daugh-
ter, Kelly Marie, boru it April. Our first
daughter, Tracy Lynn, is now 114.”

TWIN-LUX

PERFECT
VISiON

FLUORESCENT
INDUSTRIAL

Do You Read?

Then you know VROMAN’S

... for nowhere else -are you
more likely to find the book you
want, be it best-seller or classie,
Thurber or technical tome —or
even crime, from Macheth 1o
Agatha Christie.

Aud you know, too, that Vroman's
it a convenient place to shop for
all manner of desk supplies {and
for a desk to put them in), elegant
stationery, artists’ materials, and
the very choicest of gifts.

=20\ /ROMAN'S

695 £ COLORADO ST., PASADENA
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college has sharpened
your urge to know more...

Your formula for advancement in
present day technological industry is
growth in knowledge and ability.
Applying this principle at Garrett,
engineers are achieving outstanding
reputations for excellence in the
following aircraft, missile and indus-
trial fields: air conditioning and
pressurization; heat transfer; cryo-

THE

June, 1958

genic and nuclear systems; pneun-
matic valves; controls and air
motors; system electronics; coms-
puters and flight instruments; gas
turbine engines and turbine motors;
prime engine development and
industrial turbochargers.

Upon employment, you may
choose either a direct assignment or
enter a 9 month orientation program
which permits you to survey Garrett

CORPORATION

9851 S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA

Stick-force reversal, a problem of reverse elevator response occurring
at sonic speeds, was solved by this sensitive AiResearch air data system
incorporating transducer, computer and actuator. Engineers taking part
in its development included mathematicians and specialists in analog
computatian; preliminary design, fractional hp motors and gears.

engineering activities to aid you in
selecting your field of interest. With
company financial assistance you can
continue your education at neighbor-
ing universities.

Typical project work is done in
small groups where opportunities
for learning, added responsibility
and advancement are enhanced. To
receive full information write to

Mr. G. D. Bradley

DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES wAIRESEARCH MANUFACTURING, PHOENIX »AIRSUPPLY
AIRESEARCH INDUSTRIAL »REX » AERO ENGINEERING » AIR CRUISERS » AIRESEARCH AVIATION SERVICE




Alumni News

President’s Report

During the past vear all the activities engaged in by
the Caltech ‘Alumni Association were highly successful,
due almost entirely to the help and cooperation of Insti-
tute personnel and a great niimber of alumni. We wish to
thank all those people who were so generous.

Most exciting was the Board’s decision to join the
Tustitute in its $16.100,000 Development Program, di-
rected by Dr. Arnold Beckman. Dr. Simon Raino enthu-
siastically agreed to serve as chairman of the Alumni
Committee of the Development Program, aided by Alum-
ni Association Directors Ed Fleischer, Johlin Fee, Nick
Ugrin and myself. Dr. Don Clark has been invaluable as
this Committee’s secretary and Grice Axtman was assign-
ed by the Institute to work full time as Alumni Program
Director.

Caltech and the Association suffered a great loss in
the passing of Howard B. Lewis. Howard was a past
president of the Association, was insirumerntal in the
establishment of the Caltech Alimni Fund, and at the
time of his death was making further contributions of

his time, serving as chairman of the Alumni Fund Coun-
cil. Needless to say, the benefit of his advice, based on
many years of experience in fund activities, will be
missed.

The Board of Directors, after several vears of pro and
con deliberations, unanimously voted to increase yearly
Association dues from $4 to $5 starting with the fiscal
year 1958-1959. The cost of a life membership will in-
crease from $75 to $100 effective at the close of the
annual meeting. These increases in membership fees are
to be applied directly toward more fully allaying . the
cost of publishing one of the most outstanding alumni
magazines in the country today, Engineering and Science.

Most interesting to the younger graduates is the prep-
aration of the supplement to the 1957 Alumni Directory.
This activity was under the directorship of Junior Board
Member John Fleming.

Social Program Director Frank Bumb, who was help-
ed by General Program Chairman Bill Haefliger and his
committee of six, gave alumni a change of scene and

* sound at the annual dinner dance and provided speakers

at the two dinner meetings who attracted record attend-

CONDUCTORS HYVOLT METAL

INSULATION
CONDUCTOR
SHIELDING !
by TAPE

TAPE

CRESCENT

HYVOLT SHIELDED POWER CABLE

SHIELDING

SEMI-CONDUCTING

RUBBER-
FILLED
TAPE

NEOPRENE
SHEATH

FOR MORE AMPERES PER DOLLAR OF INSTALLED COST
CRESCENT HYVOLT insulation is made from butyl rubber which is inherently resistant to
ozone, heat, moisture and aging with excellent electrical characteristics. For 5000 Volt
or higher service, HYVOLT cables are provided with shielding to protect them from surface
burning, corona, and lightning surges.

CRESCENT INSULATED WIRE & CABLE CO.
TRENTON, N. J.
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Toar out this page for YOUR BEARING NOTEBOOK ...

How to cut the chatter in a milling machine

In designing a milling machine that climb
mills both ways, the engineers had to be
sure of spindle rigidity to enable the

machine to make heavy cuts without chatter.

To hold the spindle in positive alignment,
they mounted it on two Timken® tapered

- TIMKEN

TRADE-MARK REG, U. 5. PAT. OFF.

} Ny
NOT JUST A BALL Q NOT JUST A ROLLER 0O THE TIMKEN TAPERED ROLLER 0 BEARING TAKES RADIAL @9 AND THRUST —'@}— LOADS DR ANY COMBINATION -;@'):\-

Want to learn more about job opper-
tunities? Timken bearingshelp make
better machines. Better machines
help make our lives richer in many
ways. It's what we call Better-ness.
If you want to learn more about

ROLLER BEARINGS

roller bearings (diagram above). And for
smooth power transmission, they mount the
bevel gear on two Timken bearings (dia-
gram above) and use two Timken bearings
on the bevel pinion. Result: production mill-
ing is chatterless, fast, accurate.

How Timken bearings hold shafts rigid. Timken bear-
ings have full-line contact between rollers and races
for extra load-carrying capacity. This gives shafts rigid
support over a wide area, minimizes shaft deflection.
And because of their tapered design, Timken bearings
can be set with the most desirable amount of end play
or preload to give best performance, longer life.

Better-ness and how you can help
create it, write for free brochure,
“BETTER-ness and Your Career at
the Timken Company’. The Timken
Roller Bearing Company, Canton
6, Ohio.

TAPERED




Alumnl NeWS « + « continied

ance. In addition, all arrangements for this annual meet-
ing and for the picnic later this month have been well
taken care of. I would like to think that some small
credit should go to these people for Tech’s overdie
gridiron victory over Oxy last fall, since a great many
alumni rooters witnessed this sports phenomenon as a
prelude to enjoying post-game dancing and refreshments.

The Seminar program was overhauled this year by
Director Fort Etter, General Chairman Ralph Jones, and
Program Chairman Owen Johnson. To say that their
efforts were rewarded woulld be the understatement of
the year, since attendance soared into four figures—
1,185 to be exact, an increase of some 77 perceitt over
last year’s attendance,

Senior Directors Chet Lindsay and Jack Osborn con-
vinced 3,105 annual dues-paying alumni of the benefits
in belonging to the Association, and life members num-

bered 664—making a membership total of 3,769, This

membership met the budget nicely, indicating a 4.7
percenit incredse over 1956-57. when memberships totaled
3.570. It is gratifying to report that at this time more
thari 50 members of the class of *58 have joined the
Alumni Association. :

Retiring Directors this vear are John Fee, Chet Lind-
say and Jack Osborn. On behalf of the alummni, I would
like to thank these men for their several years of service.

Mr. Joe Lewis was appointed Chairman of the Alumni
Fund Council subsequent to the death of Howard B.
Lewis.

Four capable men join the Board as junior members.
All of them have already contributed to the success of
a number of Association aclivities. They are Frank Al-
derman, Bill Haefliger, Ralph Jones and Francis Odell.

—Willis R. Donahue
President

SIT BACKAND RELAX

Let Calmec Manufacturing Company
Worry About

Your Metal Parts and Products

We have the most modern facilities and most
complete plant to give you the maximum of
service, whether it is a small part, d large part,
or a product from your ideds to the shipped article
direct to your custoniers, under your name, from

our plant.

CALMEC MANUFACTURING CO.
Robert A. Mclntyre, M.S. ’38 KImball 6204
5825 District Blvd. Los Angeles 22, Calif.

,,,,, ALUMNI ASSOCIATION OFFICERS

PRESIDENT . SECRETARY
Willis R. Donahue, ‘34 Donald 8. Clark, ‘29
VICE-PRESIDENT TREASURER
Edward P. Fleischer, ‘43 George B. Holmes, ‘38
BOARD OF DIRECTORS
1 John E. Fleming, '46
Chester W. Lindsay, '35
. John E. Osborn, ‘39
Nick T. Ugrin, ‘34

ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER ) )
Pregident ) ) Frank F. Scheck, '48
Pennie, Edmonds, Morton, Barrows & Taylor
247 Park Avenie, New York
Vice Président and Treasurer . Dudley B. Smith, 45
Cliet, Peabady & Compdny, 530 Fifth Avenue, New York

Secretary E. Morton Holland, ‘36
A. G. Edwards & Sons, 485 Lexingion Avenue, New York

WASHINGTON, D.C. CHAPTER
Presiderit

Armed Forces Special Weaporns Projest
Secretary-Treasiirer _ . . BRichard G. King, ‘49
Applied Physics Laboratory, Johns Hopkins University

Silver Springs, Maryland

SAN FRANCISCO CHAPTER

President ..

Shell 0il Comipany, Mdrtinez : )

Vice-Pregident S ; Tules. F. Mavyer, 40

Chemical Division, Standard Oil Cs.; Richmond )

Secretary-Treasurer Norman Bulman, °52

Shell Oif Company, Martinez . X

Meetings: Informal luncheons every Thiirsday

Fraternity Club, 345 Bush St., San Francisco

CHICAGO CHAPTER )

President Laurende H, Nobles, '49

Department of Geology, Northwestern University, Evarnston

Vice President Philip E. Smith, '39

1518 Washington Avenue, Wilmette

Secretary-Treasures

245 Latrobe Avenue, Northfield

SACRAMENTO CHAPTER

President .

State Division of Architecture, 1120 *'N‘* St. ) )
. Vice President = ) . Kenneth M. Fenwick, ‘78

State Division of Highways, 1120 "N* St. . -

Secretary-Treasiirér = Joseph A. Dobrowolski, ‘49

Portlanid Cement Association

Meetings:. Liinicheon first Friday of each month. )

University Club, 1319 “K'* 'St., Sacrametis

SAN DIEGO CHAPTER

Frank C. Bumb, ‘S
L. Fort Etter, ‘35
John R. Fee, 'Sl

Frank H. Sheltorn, ‘49

Doniald E. Loelfler, ‘40

Thorne J. Biitler, ‘51

Chatles M. Herd, ‘30

Chairman ) Maurice B. Hoss, ‘24
3040 Udal Street, San Diegé B, Calif.
Secretary Frank John Dore, Jr., '45

Consolidated Viiltee Rireraft Corp., Sean Diego
Program Chairman Herman S. Englander, ‘39

U. 8. Ndavy Electronics Laboratory
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PHOTOGRAPHY AT WORK
Mo. 33 inq Koqu Series

The Army’s first operational rotor-tip

propelled jet helicopter— built by Hiller.

The camera has caught the fuel spray
pattern within the rear end of the ram-
jet engine even though passing by at
about 450 miles per hour.

Project: L . ]
Inspect rotor tip jets for a whirlybird

~ Hiller Helicopters wanted facts on the fuel sprdy pattern of a ram-jet engine
whirling at speeds up to 700 feet per second. Photography got the job.

HEN HILLER HELICOPTERS of Palo Alto, Cal. - photography will play a part in improving prod-
—a pioneer in vertical take-off aircraft— ucts, aiding quality control and increasing sales.
developed a rotor-tip ram-jet engine, they knew :

the fuel spray would be subject to high air velocity RO »
and centrifugal force up to 1200 G’s. Would the B , ; —
fuel spray be deflected outward and cause the ) pr

jet to lose thrust? They wanted to know. So they
set up the camera with its fast eye to catch what
otherwise couldn’t be seen. And they learned the
right angle of air intake and nozzle to obtain the
greatest power. \

Using photography in research is an old story e ; :
with Hiller—just as familiar as using it for gAY A o PHOTOELECTRIC
improving public relations. It’s an example of : i - ST
the way photography plays many important roles
in modern-day industry.

In whatever work you do you will find that

This is all the human eye could have seen of the
whirling ram-jet engine as camera takes its picture.

CAREERS WITH KODAK

With photography and photographic processes  If you are looking for such an interesting oppor-
becoming increasingly important in the business  tunity, write for information about careers with
and industry of tomorrow, there are new and Kodak. Address: Business and Technical
challenging opportunities at Kodak in research,  Personnel Dept., Eastman Kodak Gompany,
engineering, electronics, design and production.  Rochester 4, N. Y.

EASTMAN KODAK COMPANY, Rochester 4, N. Y.



Although many surveys show that salary
is not the prime factor contributing to job
satisfaction, it is of great importance to
students weighing career opportunities.
Here, Mr. Gouldthorpe answers some
questions frequently asked by college
engineering students.

Q. Mr. Gouldthorpe, how do you deter-
mine the starting salaries you offer
graduating engineers?

A. Well, we try to evaluate the
man’s potential worth to General
Electric. This depends on his quali-
fications and our need for those
qualifications.

Q. How do you evaluate this potential?

A. We do it on the basis of demon-
strated scholarship and extra-curric-
ular performance, work experience,
and personal qualities as appraised
by interviewers, faculty, and other
references.

Of course, we’re not the only com-
pany looking for highly qualified
men. We're alert to competition and
pay competitive salaries to get the
promising engineers we need.

Q. When could | expect my first raise
at General Electric?

A. Our primary training programs
for engineers, the Engineering Pro-
gram, Manufacturing Program, and
Technical Marketing Program, gen-
erally grant raises after you’ve been
with the Company about a year.

Q. Is it an automatic raise?

A. It’s automatic only in the sense
that your salary is reviewed at that
time. Its amount, however, is not
the same for everyone. This depends
first and foremost on how well you
have performed your assignments,
but pay changes do reflect trends in
over-all salary structure brought on
by changes in the cost of living or
other factors.

One of a series

Interview with General Electric’s

Hubert W. Gouldthorpe

Manager —Engineering Personnel

Your Salary

Q. How much is your benefit program
worth, as an addition to salary?

A. A great deal. Company benefits
can be a surprisingly large part of
employee compensation. We figure
our total benefit program can be
worth as much as 1/6 of your
salary, depending on the extent to
which you participate in the many
programs available at G.E.

Q. Participation in the programs, then,
is voluntary?

A. Oh, yes. The medical and life
insurance plan, pension plan, and
savings and stock bonus plan are all
operated on a mutual contribution
basis, and you’re not obligated to
join any of them. But they are such
good values that most of our people
do participate. They’re an excellent
way to save and provide personal
and family protection.

Q. After you've been with a company
like G.E. for a few years, who decides
when a raise is given and how much it
will be? How high up does this decision
have to go?

A. We review professional salaries
at least once a year. Under our
philosophy of delegating such re-
sponsibilities, the decision regarding
your raise will be made by one man
—the man you report to; subject to
the approval of only one other man
—his manager.

Q. At present, what salaries do engi-
neers with ten years’ experience make?

A. According to a 1956 Survey of
the Engineers Joint Council®, engi-
neers with 10 years in the electrical
machinery manufacturing industry
were earning a median salary of
$8100, with salaries ranging up to
and beyond $15,000. At General
Electric more than two thirds of our
10-year, technical college graduates
are earning above this industry

median. This is because we provide
opportunity for the competent man
to develop rapidly toward the bigger
job that fits his interests and makes
full use of his capabilities. As a
natural consequence, more men have
reached the higher salaried positions
faster, and they are there because of
the high value of their contribution.

I hope this answers the question
you asked, but I want to emphasize
again that the salary you will be
earning depends on the value of
your contribution. The effect of such
considerations as years of service,
industry median salaries, etc., will be
insignificant by comparison. It is
most important for you to pick a job
that will lef you make the most of
your capabilities.

Q. Do you have one salary plan for
professional people in engineering and
a different one for those in managerial
work?

A. No, we don’t make such a
distinction between these two im-
portant kinds of work. We have an
integrated salary structure which
covers both kinds of jobs, all the way
up to the President’s. It assures pay
in accordance with actual individual
contribution, whichever avenue a
man may choose to follow.

* We have a limited number of copies of
the Engineers Joint Council report en-
titled ‘'Professional Income of Engi-
neers—1956."" If you would like a
copy, write to Engineering Personnel,
Bldg. 36, 5th Floor, General Electric
Company, Schenectady 5, N. Y. 959-7

LOOK FOR other interviews dis-
cussing: ® Advancement in Large
Companies ® Qualities We Look For
in Young Engineers ® Personal De-
velopment.

GENERAL @D ELECTRIC



