


Somewhere east of Laramie, on one of Wyoming's 

The U. S. A rmy Corps of Engineers is con
structing this operational intercontinental 
missile base in Wyoming . In front of the 
partially completed Launch and Service Build
ings are Col. Sidney T . Martin, in charge of 
construction, and Maurice K. Graber, a con
struction engineer for the Corps. 

This is the inside of the b last pit of one of the 
launcher buildings. In all six of these build
ings there are 1,040 tons of structural steel , 
1,950 tons of reinforcing stee l, over 48,000tons 
of concrete aggregate, blocks and cement, 
and 8,040 tons of mechanical stee l items. 

Fuel lines and process piping are Stain less 
Steel and operate at pressures up to 15,000 
psi. The pipes are kept almost surgically clean 
to prevent contam ination of fuel and subse
quent malfunction. Vapor degreasing and 
chemica l c leaning processes are used on 
the pipes. 

plains, you'll find the strangest 
government housing project ever 
built. Six concrete and steel build· 
ings are being constructed to house 
Atlas missiles. The site is one of the 
operational intercontinental missile 
bases to be operated by the Strate• 
gicAirCommand. This base is being 
constructed on the surface. Others 
will burrow deep into the earth. 

Generally, the missiles are all 
you ever hear or read about. Ac- . 
tually, they're only a small part of 
the missile program. Most of the 
manpower and material go into 
ground support e·quipment. There 
are over 11,000 tons of steel and 
over 48,000 tons of concrete aggre
gate, blocks and cement in the six 
launching service buildings at this 
site alone. 

United States Steel can supply 
virtually all of the material for a 
missile program - carbon steels, 
high-strength low-alloy steels, ultra
high-strength alloy steels, Stain
less Steel, steel fence, electrical 
cable, cement and wire rope. 

The success of our whole missile 
program depends upon these ma
terials. And upon manpower. Here's 
where you fit in: it takes trained en
gineers and men of many other pro
fessions, such as those interested 
in financial analysis or sales to 
research, develop and produce 
these steels. If you would like to 
have information about the many 
career possibilities at U.S. Steel, 
send the coupon. 

~ United States Steel 
TRADEMARK 

The Atlas Is powered 
by a cluster of liquid 
propellant rocket en
gines that burn liquid 
oxygen and RP-1, a 
kerosene-like hydro
carbon fuel. 192 pres
sure tanks fabricated 
from alloy or Stainless 
Steel plate at th is site 
store liquid and gases 
-liquid oxygen and ni
trogen and helium 
gases which are used 
to inject the fuels into 
the missiles. 

United States Steel Corporation 
Room 6071, 525 WIiiiam Penn Place 
Pittsburgh 30, Pennsylvania 

Please send me the free booklet, " Paths of Opportunity." 

Name _____ _ ______ _ _ _________ _ 

School, ____ _ _____ ________ _____ _ 

Address _ _______ _ _ _____ _ _ _ _ ___ _ 

City _ ______ _ _ _ _ Zone _ _ State ________ _ 



Set your sights for 
world-wide job opportunities 

Phillips offers outstanding career 
opportunities in your chosen field. 
The sun never sets on Phillips world-wide operations. 
And because Phillips is one of America's largest and 
most diversified companies producing and marketing 
petroleum, natural gas, natural gas liquids and petro
chemicals, you can select a career that matches your 
interests and your education. 

You may be interested in research and development 
concerned with atomic energy ... exotic fuels ... syn
thetic rubber ... plastics ... fertilizers. Or in processes 
for improved motor fuels, lubricants and other petroleum 
products. There are many other career opportunities, 
too, in geology, geophysics, computer programming, 
marketing, production and transportation. 

Promotion from within. Phillips policy of moving 
people up all along the line ... transferring them from 
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within the organization ... -provides plenty of room to 
grow. It creates a favorable climate and incentive for 
ambitious, competent, young engineers and scientists to 
become the key men of tomorrow. 

Aggressive new expansion by Phillips in three 
major growth industries-oil, natural gas and chemicals 
-has contributed to a unique stability which offers 
broad opportunities for future development. 

Arrange for an interview, through your Placement 
Office, when the Phillips representative visits your cam
pus. And write today to our Technical Manpower Divi
sion for the latest brochure describing career oppor
tunities at Phillips. 

PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 
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IMPOR.TANT DEVELOPMENTS AT JPL 

THE CRYOGENIC GYRO 

A fundamentally new type of gyroscope with the possi• 
bility of exceptionally low drift rates is currently under 
development. The design techniques used in conventional 
electro- mechanical gyros appear to have been largely 
exploited. A break-through is needed, and the cryogenic 
gyro may well provide it. 

The cryogenic (liquid helium temperatures, in the range of 
4°K) gyro consists of a superconducting sphere supported 
by a magnetic field. The resulting configuration is capable 
of support in this manner as a result of a unique property 

of a superconductor. Exceptionally low drift rates should 
be possible. This cryogenic gyro has performance potential 
unlimited by the constraints of conventional electro• 
mechanical gyros. 

This is just one example of the intriguing solid state con• 
cepts which are being pioneered at JPL for meeting the 
challenge of space exploration. In addition to gyro applica
tions, superconducting elements are providing computer 
advances and frictionless bearings. The day of the all-solid• 
state space probe may be nearer than one realizes . 

• CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the Nationol Aeronautics and Spoce Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields : 
INFRA-RED• OPTICS• MICROWAVE• SERVOMECHANISMS• COMPUTERS • LIQUID AND SOLID PROPULSION• STRUCTURES• CHEMISTRY 

INSTRUMENTATION• MATHEMATICS• AND SOLID STATE PHYSICS• ENGINEERING MECHANICS• TRANSISTOR CIRCUITRY 

Send resume, with full qualifications and experience, for our immediate consideration 
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Well, "It's another opening of another show," as the words from the hit 
musical, "Kiss Me Kate" go. But this show is not a Broadway array of glitter 
and gilt, not a composition of fact and fable, not a satire of life; this show is 
life. 

The life we live is an extremely competitive one. We must meet not 
only competition from our friends - but also from our enemies. Day-by-day 
this competition from our enemies spreads into every area of our existence . 
We are literally engaged in a fight for the survival of our civilization. 

One of the most crucial areas of competition is the struggle for tech
nological supremacy in science and engineering. Already the Sino-Soviet 
Block has clearly wrested the lead from us in many areas of nuclear and 
space developments, despite our protests to the contrary. 

There are other signs that we are losing the battle in technology. Today, 
approximately eleven years after it became apparent that the difference in 
the political ideologies of the United States and the Soviet Union were too 
distant to be reconciled; today, after eleven years of warning; the Soviets 
are still producing two engineers for every one produced in this country. 

How are we to meet this competition? How are we to survive? In this 
writer's opinion three steps must be taken. 

l. The people must be aroused to meet this competition. The spirit 
of featherbedism and get-the-most-pay-for-the-least-work, which now is 
fostered by many of our workers, must be replaced by the old and familiar 
axiom; a fair day's pay for a fair day's work. 

2. The educational system in our secondary schools must be revised. 
The need for this revision is obvious when one considers that freshman engi
neering enrollments are actually decreasing each year. This decrease in en
rollments can be traced to improper orientation of the students in the basic 
science courses in secondary schools. 

3. A more adequate system of scholarships for talented students must 
be provided. Each year, almost 200,000 of our nation's most talented high 
school graduates do not go on to college. This waste of manpower must be 
stopped. 

The above are the steps which should be taken, and in this writer's 
opinion must be taken if our country is to survive in these crucial times. 

FRONTISPIECE 

A production line vacuum arc-melting furnace at the West
inghouse metals plant at Blairsville, Pa., has been adapted 
with a transducer assembly for ultrasonic grain refinement 
in large ingots. This photo was taken before removal of the 
ultrasonic unit and withdrawal from the furnace of a 5-foot 
long, 12-inch diameter, 316 stainless steel ingot. The ingot 
weighs about 2000 pounds and is removed from the bottom of 
the furnace which is s)lown here. Previously, rotor steel 
ingots of this size and smaller heats of Refractoloy and 
Discaloy alloys and 316 stainless have been successfully re
fined using ulltrasonics. The power input to the vacuum arc 
furnace is about six kilowatts and it operates at pressures 
from 10 to 40 microns. 

-Photo Courtesy Westinghouse 
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Taum Sauk Pumped-Storage Project 

HAROLD E. GOVE, E.E. '29 
Eng. & Const. Dept., Union Electric Co. 

I N the scenic Ozark Highlands, 
90 miles southwest of St. 

Louis, Union Electric Company is 
undertaking, subject to regulatory 
authority, a huge and novel hy
droelectric power development. 
Scheduled for completion in June, 
1963, the $50 million project will 
add 350,000 kilowatts to system 
capability of 2,387,000 kilowatts. 

The Taum Sauk project, named 
for an Indian Chieftan, is located 
near Lesterville, Missouri, in Rey
nolds County and some 5 miles 
southwest of Taum Sauk Moun
tain whose elevation of 1,772 feet, 
as many Missourians know, marks 
the highest point in the State. 

Taum Sauk will operate on the 
"Pumped-Storage Principle" in 
contrast to the usual hydroelec
tric power development which de
pends for energy upon a fall of 
water secured by damming a 
stream. Basically, the project en
tails construction of two small 
reservoirs at differing elevations 
together with a combination 
pumping and generating station, 
which is connected with the upper 
reservoir by means of a 25 foot 
diameter conduit 6700 feet long 
and with the lower reservoir by a 
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1500 foot open-cut tailrace some 
65 feet in width. Vital to the op
eration is the avilability of an 
independent source of low cost 
power for pumping water from 
the lower to the upper reservoir 
where it can be held in storage for 
release as needed, generating 
power as it flows back down the 
conduit and through the turbines 
on its return to the lower pool. 

Merit of the pumped-storage 
principle rests on the fact that 
"peak" use of electricity occurs in 
the daytime while during the 
night or "off-peak" hours a sub
stantial portion of system steam 
capacity necessarily remains idle. 
Such idle capacity can in effect be 
stored for subsequent use by 
utilizing it to pump water from 
the lower to the upper Taum 
Sauk Reservoir. The net result is 
that Taum Sauk transforms sur
plus nighttime steam capacity into 
valuable daytime peak capacity. 

Decision to build Taum Sauk 
followed six years of intensive 
study by Union Electric engineers 
seeking the most economical type 
plant for serving the continually 
increasing short-time daily peak 
loads characteristic of a large and 
growing power demand. 

Pumped-storage received con
sideration early in these studies, 
as several applications to peak 
load service in this country and 
abroad had proved successful. 
Moreover, there had become 
available a reversible pump-tur
bine unit which served either for 
pumping or power ge·neration by 
merely changing the direction of 
machine rotation, so that separate 
installations for these dual func
tions were avoided and invest
ment costs reduced. There was the 
difficulty, however, that · system 
expansion plans necessitated a 
capacity increment of 350,000 kilo
watts-an unprecedented rating 
for a plant of this character. But 
in virtue of the many benefits 
associated with pumped storage, it 
was accorded full scale investiga
tion as a possible alternate to a 
conventional steam installation. 

The search for suitable terrain 
centered first of all on finding 
reservoir sites widely separated 
vertically yet not too distant later
ally. The greater the difference in 
elevation the more the energy 
yield per pound of falling water, 
permitting corresponding reduc
tion in size and cost of all plant 
elements-reservoirs, conduit and 
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rotating machinery-for a given 
project capacity and energy capa
bility. On the other hand reser
voirs could not be widely sepa
rated laterally, for the cost of 
tunnelling out a long connecting 
conduit would be prohibitive. 
Rock structures were also a criti
cal factor since loosely bedded or 
highly fractured formations could 
present insurmountable problems 
in tunnel construction and seep
age control. Finally, the admis
sible radial distance of the project 
from the St. Louis Area was limit
ed by transmission costs including 
both the investment charges on 
the connecting power lines and 
the cost of electrical energy losses 
incurred in the two-way transmis
sion of large blocks of power. 

Despite these stringent limita
tions a site having potential merit 
was located on Establishment 
Creek near Ste. Genevieve, Mis
souri, early in 1955. Not all the 
desired features were present, the 
head of water which could be de
veloped was rather low and relo
cation of a major highway inter
secting the lower reservoir area 
would add to costs. Nevertheless 
in view of the convenient trans
mission distance of the site from 
the system high voltage network it 
was attractive enough to warrant 
field investigation. But test bor
ings soon disclosed unsatisfactory 
rock conditions and hopes for this 
site were abandoned. 

It became necessary to press the 
search deeper southward into the 
more rugged hill country, adopt
ing a philosophy of trading dis
tance for head, that is, the en
deavor would be to offset increas
ing transmission distance and 
corresponding costs with the more 
compact less expensive plant af
forded° by a site permitting a high 
head or fall of water. This ap
proach led to the selection of 
Taum Sauk site which proved to 
offer closely optimum terrain 
features and geology. 

Here, the East Fork of the 
Black River provides a con
venient site for the lower reser-
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voir which will be formed by 
erecting a concrete gravity type 
dam 60 feet high by 360 feet long 
across the stream just below the 
confluence with Taum Sauk 
Creek. The dam will impound 
approximately 6,000 acre feet of 
water while inundating a surface 
area of but 370 acres extending 
along the East Fork of the Black 
River and Taum Sauk Creek 
water courses. Only some 4,300 
acre feet of its storage capacity 
will be utilized in normal opera
tion with a resultant maximum 
fluctuation of 15 feet in level. In 
this hydro project the water is 
merely made to circulate between 
the upper and the lower reser
voirs, and therefore no continuing 
diversion from the steam is in
volved. Thus although the mini
mum flow of the East Fork of the 
Black River may get as low as 
only a few cubic feet per second 
(3.19 cfs was measured by USGS 
on August 29, 1960), the stream is 
entirely adequate for the water 
supply. 

The combination pumping and 
generating station will have two 
175,000 kilowatt reversible pump
turbine units and will be situated 
2.5 miles from the dam forming 
the lower pool. The power sta
tion will be a typical reinforced 
concrete structure similar to hy
droelectric plants of this general 
design using semi-outdoor con
struction. 

The Francis type reversible 
pump-turbine runner of cast steel 
material is to be about 21.5 feet 
in diameter and to have seven 
vanes. The runner will weigh 160 
tons and will be manufactured in 
two diametral sections to facili
tate shipping. The two sections 
are to be bolted together at the 
site. Operating as a pump a single 
unit will absorb as much as 273,-
000 hp to deliver 2,650 CFS 
against 764 ft. total dynamic head. 
(If the pump were operated at 
this rate for 24 hrs. it would sup
ply roughly 10 times the average 
daily water usage of the City of 
St. Louis a head some 10 times 
as great.) Operating as a turbine 

a unit produces 338,000 hp with 
835 ft. total dynamic head and 
3,800 CFS flowing. 

Each unit will be provided with 
a spherical valve having a 9 ft. in
side diameter or water passage 
way. Its weight of 173 tons ex
ceeds that of a runner by 13 tons. 
The control cylinder has a 30 inch 
bore and a 6 ft. stroke and is op
erated by oil at 1000 PSI. 

Each of the two main vertical 
generator / motor units is specified 
as 3 phase, 60 cycle, 13.8 kv, 200 
rpm, 36 pole: generator rating 
204,000 kva, 1.0 pf; motor rating 
240,200 hp, 0.90 pf. They will 
have the largest electrical rating 
of any hydro-electric machines in 
the world, although there are 
some others that are more mas
sive. The machine shafts will be 
approximately 64 feet in overall 
length with a diameter of 46 
inches in the section between the 
generator / motor and the Francis 
type runner. The thrust bearings 
will be designed for a load of more 
than 2 million pounds, which will 
include both the weight and the 
hydraulic thrust loading. 

On the shaft of each unit just 
above the main generator/ motor 
will be mounted a 3 phase, 60 
cycle, 4,000 volt, 225 rpm, 32 pole, 
12,000 hp wou·nd-rotor induction 
starting motor. The starting motor 
is used to bring the unit up to 
synchronous speed for pumping, 
or when it is scheduled for spin
ning reserve. A single liquid 
rheostat will be provided for the 
two starting motors. The wound 
rotor starting motor and liquid 
rheostat will provide smooth auto
matic control during starting, the 
runner having first been unwater
ed by means of compressed air. 
When a unit is scheduled as spin
ning reserve the main unit will, of 
course, take over after the start
ing motor has brought the unit up 
to synchronous speed. 

The upper reservoir is to have a · 
storage capacity of 4,300 acre feet 
and will be formed on the crest of 
a nearby mountain, which rises 
more than 800 feet above the val-

( Continued on page 14) 
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A History of Color Photograp!JJ 

D URING the winter of 1861, 
in these United States, Gen

eral McClellan groomed his Army 
of the Potomac for an assault on 
Richmond, while an enthusiastic 
South assured itself that those 
"damn Yankees" would be handi
ly bested by midsummer. 

At the same time, in London, 
England, the first attempt in the 
history of photography was being 
made to see pictures in color. 
James Clark Maxwell, of London's 
Royal Institute, was presenting a 
magic lantern show to a very dis
tinguished and breathless audi
ence. He had made three lantern 
slides from three photographs of 
a piece of colored ribbon-one red, 
one green, and one blue. By 
means of three projectors, each 
with a filter of the same color as 
that used in taking the negative 
that he had in the projector, he 
showed a colored picture of the 
piece of ribbon. 

Maxwell's demonstration form
ed the basis of what is today 
known as the "additive" process 
of color photography, a process 
which utilizes a simple black and 
white print, and places appro

. priate filters between the film and 
the screen, virtually adding color 
to the shadow of the black and 
white image. 

But, as one observer noted, 
"even if the crude projectors were 
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carefully adjusted for brightness, 
and the filters prepared as ac
curately as the state of the art 
would allow, color rendition was 
far from perfect. Emulsions of the 
day were much more sensitive to 
higher-energy blue light than to 
red, giving the pictures a pro
nounced cast, and of course no 
o·ne had ever heard of a color-cor
rected lens." 

However, eight years later, in 
1869, a Frenchman, Louis Ducos 
du Hauron, published a most ex
traordinary book, "Les Couleurs 
En Photographie", which outlined 
practically every process of color 
photography that had been used 
up to that time. 

Then, in 1873, Vogel and others 
began paving the way for modern 
photography, both black and 
white and color, by developing of 
panchromatic emulsions. Sensi
tized with dyes and intricate pro
cesses, these emulsions responded 
to the various wave lengths of 
light in much the same manner as 
the human eye. This type of 
emulsion is vital to most color pro
cesses as we know them today. 

However, the next color process 
to appear did not require pan
chromatic emulsions for success. 
It is doubtful, though, if any 
method has ever produced colors 
of such perfect faithfullness as 
George Lippman's Interference 

Photographs. In the Lippman pro
cess, the image is produced on an 
emulsion backed with some high
ly reflective surface, such as mer
cury. Light passing through the 
emulsion is reflected by the back
ing, and the resultant interference 
pattern in the developed plate pro
duces brilliant color when viewed 
under direct light. (Random inter
ference colors are often seen in 
soap films or oil films on water.) 

The technical problems of pro
ducing perfectly backed films 
made the Lippman process im
practical and it remained for the 
Frenchman, Lumiere, to introduce 
the first successful commercial 
color film in 1907. 

Until that time, all color pro
cesses had been merely schemes 
for coloring the output of a regu
lar black and white image. As 
early as 1905, Schnizel had pro
posed a substractive color process 
in which oxidized developer near 
the reduced grains of silver in a·n 
emulsion would react with dye 
couplers, actually producing a 
colored image. He also designed 
the first tri-pack, with a three 
layer emulsion and self-contained 
filters. Unfortunately, neither 
Schnizel nor his successor Fischer 
could make their process work
the dye couplers that they emloy
ed would tend to "wander" among 
the layers of the emulsion, giving 
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results that may have been artis
tically interesting but totally in
accurate. 

In 1907, Lumiere produced a 
color emulsion using grains of 
starch. These grains, as fine as 
dust, were separately dyed red, 
green, and blue, mixed in equal 
proportions, and coated thinly 
upon a panchromatic emulsion. 
By an artful scheme, lampblack of 
the common variety was used to 
fill the microscopic spaces be
tween the starch particles. The 
films were exposed through the 
starch lattice and yielded color 
negatives. For display, reversal 
processing could be used, or prints 
could be made as in black and 
white photography. 

Thus 'Lumiere's Autochromes', 
as they were called, received fair
ly wide acceptance and many may 
be seen today in the pages of the 
National Geographic Magazine. 

But this was not to be the end 
of development, in 1908 Berthon 
developed a color film which made 
use of a lenticulated backing. 
Lenticulations are tiny, rectangu
lar convex lenses, often seen in 
small advertising gimmicks such 
as the luscious model on the 
change tray that moves as the 
viewer's position changes. In Ber
thon's camera, a three-color strip 
filter was placed over the lens. 
Pictures were exposed through 
the lenticulations, and thus con
sisted of myriad images of the 
filter's colors. When projected 
through another strip filter, the 
shots yielded very acceptable 
color. The Eastman Kodak com
pany liked the result well enough 
to use the method for the first 
color home movies and to distri
bute the products as the first ver
sion of Kodacolor. This process, 
however, has since been entirely 
abandoned. 

In 1921 two New York men, 
Leopold Mannes and Leopold 
Godowsky, Jr., conceived the 
idea for a novel color process. 
These young inventors were mu
sicians and their names were well 
known to the musical world when 
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they commenced the study of 
color photography as a hobby. 
(As a result of the collaboration 
with the Kodak Research Labora
tories, they joined the Kodak staff 
in 1931.) While working with 
organic chemists, emulsion mak
ers, dye specialists, photographic 
chemists, and men skilled in pho
tographic operations, they began 
to get results that opened new 
horizons in color photography. 

Color at · the movies was more 
bizarre of method than still pho
tography. The first showing of 
the Kinemacolor a n d Frieze
Green processes used a two-color 
base produced by a color wheel 
rotating in synchronization with 
the frames. In 1912 Gaumont de
vised a three-lensed monster, and 
we have already mentioned Ber
thon's lenticulated method. 

These first productions used a 
two color system, with a dyed 
emulsion on each side of the sup
porting celluloid. In 1927 both 
images were placed on one side, 
with thinner emulsions, and pro
jectionists everywhere breathed a 
hearty prayer of thanks. Cellulose 
film is problem enough to splice 
without having to worry with 
emulsions on both sides of it. 
Moreover, as the two components 
of each color frame were separat
ed slightly, it was necessary to 
refocus for color projection-not 
at all a trifling job on some early 
machines. In 1932 the Kodak 
company changed to a tri-color 
process, using a special camera 
which photographed two strips of 
film, a bi-pack and a single layer, 
simultaneously. This rather 
clumsy operation was finally dis
continued in 1944 for a tri-pack 
process. 

Since the development of color 
films from this point is rather 
complicated and sometimes con
fusing we will now insert a def
inition of color film. The struc
ture of the sensitive lining of the 
eye is such that there are two 
types of nerve terminals, the rods 
and the cones. The rods are not 
specifically sensitive to color, but 
the cones are. Although alike in 

form, the cones are divided into 
three types depending upon the 
color group to which each is sensi
tive. These groups of color are 
approximately the same as the 
tri-part division of the spectrum 
used in color photography, name
ly, blue-violet, green and red
orange. If all three groups are 
equally excited, we have the sen
sation of white, but as soon as the 
response of any one or two of 
these groups is lowered, we have 
a sensation of color. Thus, color 
vision is actually a three-color 
process, and if we make color 
record negatives, using filters 
corresponding to the visual color 
divisions and then print these 
negatives, each in the color com
plementary to the filter used, we 
shall be able to make photo
graphs in colors which bear a 
close similarity to the original. 

Since a motion picture is pro
jected by transmitted light it can 
readily be understood that there 
are two ways of getting a colored 
picture on the screen. The first 
is to recombine our three pri
mary-color images in a fully 
colored print, so that, starting 
with the white light of the pro
jector, the print itself removes 
from the beam all of the color 
frequencies not desired to make 
up any given portion of the pic
ture. This is known as the "sub
tractive" method of viewing. 

The second method utilizes a 
simple black and white print, and 
places appropriate filters between 
the film and the screen, virtually 
adding color to the shadow of the 
black and white image. As de
fined before, this is the additive 
method. 

In the subtractive color-pro
cesses, the formation of colors de
pends on the principle followed 
by nature. Naturally occurring 
substances are those which absorb 
part of the white light falling 
upon them. Thus a red substance 
is one which absorbs blue and 
green, so that when it is illumi
nated by white light, everything 

(Continued on page 20) 
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Some Aspects of Redundancy 

REDUNDANCY as used by 
the engineering profession 

is the quality of system, sub
system, or part duplication. Its 
use to achieve greater mission 
reliability is widely applicable and 
should be understood by electri
cal, civil, mechanical, . chemical 
and industrial engineers alike. 
This short article attempts to 
acquaint the reader with the 
subject of redundancy and to 
present some of its possibilities 
and limitations. 

Perspective 

If it is desired to increase the 
reliability of a system designed to 
perform a given task, four meth
ods offer themselves as possible 
solutions: 

1. Simplify the system. This is 
always an obvious solution. In
tuitively it can be seen that the 
fewer parts there are to fail, the 
fewer failures there will be. In
troduce reasoning and mathe
matics into the picture and we 
have the product rule by which 
the probability of system success 
is the product of the probabilities 
of the successful functioning of the 
necessary system components. 

2. Amplify the system. Essen
tially this is the use of redun
dancy or the supplementing of 
components, groups of compo-
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nents, or whole systems by others 
such that if the first fails, the task 
will still be performed. The 
thought used here does not con
tradict either the intuition or the 
reasoning used in the first solu
tion, system simplification. It 
recognizes the fact that more com
ponent and system failures will 
occur and in doing so, assures us 
of a greater probability of task 
completion. 

3. Increase component reliabili
ly. This solution is certainly a 
desirable one as it requires no re
d~sign of the system. There are 
stumbling blocks, however. One is 
the economy of the situation. In
creased component reliability costs 
dearly with the ratio of cost to 
reliability being an exponential 
function. The second stumbling 
block is the state of the arts. No 
matter how much we are willing 
to pay we can only get so much 
reliability because science has not 
optimized the part performance. 

4. Increase the margin of safety 
associated with each component. 
This is probably the most uni
versally applied method of in
creasing system reliability and is 
used in conjunction with any of 
the others. Its use is so obvious 
that we often do not recognize 
it until the margin becomes un
reasonably large. Restrictions on 

GEORGE HUBER, M.S.I.E. '6 l 

the tendency to increase the mar
gin are size, weight, and accuracy. 

It can be seen from the above 
discussion that redundancy or 
system amplification is one of a 
number of tools, and its use in any 
form must be determined by com
parison with the other tools avail
able. Often system simplification 
is impossible because human in
telligence sees no simpler way to 
perform the task, and we are left 
with the last three methods. Com
ponent reliability cannot proceed 
past the state of the arts as pointed 
out previously, and margin of 
safety increases, in addition to 
the restrictions discussed, mini
mize only failures due to inade
quate design or quality control 
and not those caused by unfore
seen or inpredictable occurrences. 

After we have exhausted or 
eliminated the practical use of the 
reliability tools just mentioned, 
we are left with redundancy as 
the tool with which to increase 
our system reliability. This is not 
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to say that its consideration should 
be held to last, but the point is 
made that its use can be extended 
farther than that of the others, at 
least in all but a few special cases 
which will be discussed later. 

The Realm of Redundancy 
Consider the following situa

tion. An order specifies that a 
plane must have a 99% chance of 
carrying fifty diplomats from one 
country to another. We could do 
this by sending two planes, each 
with fifty diplomats and o·nly re
quire a 90 % reliability from each 
plane. This could be termed gross 
redundancy and can be seen to 
be useless at times. 

The preferred solution to the 
problem is to seek out the unreli
able component of the plane and 
duplicate it rather than the whole 
aircraft. This might be termed 
minute redundancy and is usually 
the most economical but not 
necessarily the most practical. 
Perhaps the location of the weak 
member is not known or worse 
still, its existence not even sus..:
pected per se. The offending part 
might be in an inaccessible place, 
or perhaps there are many un
reliable components, the complete 
duplication of which is not fea
sible. So we see that there are 
degrees of redundancy, and these 
must be weighed against each 
other as the method itself is 
weighed against the other meth
ods. 

Problems in Application 
Switching-If components of a 

system are to be duplicated and 
only one is to be used at a time, a 
switching device must be em
ployed; and this device must be 
actuated either by a timer if the 
failure can be predicted or by a 
sensing device if the alternate 
mode is not to be used until the 
primary mode has failed. Each of 
these items has a reliability or 
rather an unreliability, and since 
they are necessarily in series the 
total switching reliability is equal 
to their product and smaller than 
either. Thus, we are upon the 
fact that with a complex sub
system of this type we may 
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actually lower our overall system 
success probability. 

Maintenance-Gross redundan
cy obviously requires the main
tenance of twice the amount of 
equipment. Minute redundancy 
raises its own problems: "When 
should a component be re
placed?"; or for that matter, 
"What component should be re
placed?" A detailed system of 
accounts and records must be kept 
to provide the right number of 
spares at the right time. The 
question might arise, "Has the 
primary part failed?", this in the 
case of a self-switching or in
ternally redundant device. So we 
can see that redundancy adds to 
maintenance probably as much 
or more than any of the other 
methods for increasing reliability. 

Cost or weight - Redundancy 
involves the duplication of parts 
and consequently at least the 
duplication of cost. The additional 
costs of mountings, switches, and 
sensing devices must be consider
-ed. In the case of missiles and 
rockets the additional fuel re
quirements may take the weight 
factor from two to nearly ten. 

Profitable Use 
There are times when redun

dancy is a particularly applicable 
tool to use for increasing system 
reliability: 

When a component is vulner
able-If a necessary system com
ponent is subject to failure caus
ing environment, especially a ran
dom or unpredictable failure caus
ing environment, component du
plication is often the best method 
by far with which to increase sys
tem reliability. This is why the 
automatic pistol has had such a 
difficult time in gaining accept
ance among fighting men. The 
assurance of "another chance" 
with a revolver is very reassuring 
to the man who needs it. 

When a chain has a weak link
Suppose an assembly of ten parts 
is in series. The first nine have a 
combined reliability of .99 and the 
tenth has a reliability of .91. We 
have a resultant reliability of .90. 
Duplication of the eleventh part 

would raise the probability from 
.90 to .98. 

Pitfalls to Avoid 
It must be remembered that 

there is often more than one type 
of failure. Suppose we have a 
parallel valve system with which 
to drain a swimming pool. If one 
valve sticks shut, we resort to 
the other. This is fine, but what 
if one of the valves sticks open or 
is corroded through? In this case 
our redundancy is useless. 

Sometimes early and late fail
ures or damaging and nondamag
ing failures and their respective 
probabilities will dictate that a 
wholly parallel redundancy is not 
as advisable as one in which some 
components are used in series and 
some in parallel. This is par
ticularly true in the case of relays 
and switches. 

The situation will occasionally 
exist where the load is greater 
than the individual resistances of 
the components and independent 
of them, e. g. a fat man on a weak 
ladder. Each rung breaks in suc
cession, and the fact that there 
are many rungs does not at all 
enhance the chances of the fat 
man getting to the top. 

Summary 
Redundancy is a useful tool for 

increasing system reliability, but 
it should be used judiciously for 
there to be any efficient gain. It 
should be compared with the 
other reliability tools for each 
situation and the degree of its 
application considered in making 
this comparison. Cost increases, 
maintenance problems, and 
switching complications are part 
of the problem area to be con
sidered. The versatility of its pos
sible uses, however, dictates that 
even after the above factors have 
been weighed, it will often be 
found that redundancy is the most 
practical method of increasing the 
reliability of a given system. 

References 
1. Block, A. C., "A Redundancy 

Analog". 
2. Howard, W. J., "Some Physical 

Qualifications for Reliability Formulas". 
3. Black, G., "On Optimal Redun

dancy". 
4. Karmoil, E. D., "Design Ap

proaches for Greater Reliability". 

11 



Meet Your Faculty 

EDITOR'S NoTE: This is the first 
in a series of eight articles de
signed to bring a closed liaison 
between faculty and students. 

OUR faculty personality for 
this month is Professor Milo 

Bolstad, Chairman of the Me
chanical Engineering Department 
here at the University of Mis
souri. 

Dr. Bolstad was born on July 
17, 1915, in the town of Dawson, 
Minnesota. During his younger 
days he found otttdom- sports 
much to his liking. The numer
ous lakes of Northern Minnesota 
provided ample natural resources 
for the development of ice-skat
ing, canoeing, and fishing. 

The Professor showed an in
terest in engineering early in life 
when he and a high school friend 
built a large, pilotable glider and 
flew it on an airfield near Daw
son. The plans for the aircraft 
were taken from a semi-technical 
magazine and most of the parts 
were built in Bolstad's attic. The 
final assembly took place in the 
back yard of the Bolstad home. 
The boys launched the glider by 
pulling it behind a Model A Ford 
until sufficient speed and altitude 
was reached for airborn opera
tions; then the tow rope was 
d r o p p e d and the craft was 
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JOHN P. STEWART, C.E. '63 

Dr. Bolstad in a familiar pose; explaining the complex functions of ME 230. 

on her own. The plane han
dled very well, and the young 
aeronauts were justifiably proud 
of their accomplishments. 

In 1932, after graduating from 
high school, Dr. Bolstad left Daw
son and entered the University of 
Minnesota to study Mechanical 
Engineering. He received his 
B.S. in Mechanical Engineering 
in 1936. Still anxious to learn 
more about his field , he entered 
the Minnesota Institute of Tech
nology on a co-op plan with The 
General Electric Company. This 
arrangement allowed him to gain 

practical experience while study
ing for his Master's Degree. 

Professor Bolstad came to the 
University of Missouri in 1938, 
after receiving his M.S. Degree 
at M.I.T. He began his career 
here as an instructor in the Me
chanical Engineering power lab
oratory. As the years passed he 
went from laboratory to class
room instructions and all-in-all 
has taught about one-half of the 
courses offered in the Mechanical 
Engineering Department. 

The professor was called away 
(Continued on page 24) 
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Is there a future for you in a chemical company? 
At Monsanto, definitely yes. Mechanical and electrical 
engineers carry key responsibilities in Monsanto en
gineering and management. You will have unique 
opportunities for broad application of your profes
sional skills as well as opportunities for specialization 
in engineering, plant operations, research and 
development. 

Mechanical Engineers ... 
• Plant design and layout 
• Equipment selection 
• Materials specification 
• Design of new and unique equipment 
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• Plant engineering 
• Construction 
• Specialization in the fields of fluid 

mechanics, stress analysis, heat 
transfer, etc. 

Electrical Engineers ... 
• Design of electrical systems • Power distribution and substation design 
• Process control instrumentation • Automated process systems engineering 
• Applied research • Equipment evaluation and selection 

Want to hear more? We hope you will arrange through 
your Placement Director to 
see our representative when 
he visits your campus, or write 
Professional Employment 
Manager, EM-1, Monsanto 
Chemical Company, St. Louis 
66, Missouri. e 
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Progress in sanitation 

• 

Even today's corrosive wastes 
can't allect Dickey Clay Pipe 

Your sanitary sewers serve for gen
erations when you build them with 
Dickey Vitrified SalVG1azed Clay 
Pipe. Immune to acids, alkalis and 
sewer gas, Dickey Pipe can't rust, 
rot, corrode or in any way disinte-

grate, no matter how corrosive 
the wastes become. Dickey Pipe 
laid 75 years ago is still giving 
excellent service. For countless 
years of economy, specify Dickey 
Clay Pipe by name. 

Providing improved sanitation for better living 

ICKEV 
sanitary salt-glazed clay pipe 

VV. S. DICKEY CLAY MFG-. CO. 
Birmingham, Ala. Chattanooga, Tenn. Kansas City, Mo. Meridian, Miss. 

St. Louis, Mo. San Antonio, Tex. Texarkana, Tex.-Ark. 

0288 If it's made of clay it's good . .. if it's made by Dickey it's better 

R.O.T.C. Instructor: And there 
we were on top of that shell-torn 
hill fighting for our very lives. 
The odds were more than 200 to 
one. 

Cadet: Boy, that must have 
b~~n i:o:ugh. 

R.O. T.c: Instructor: y OU said 
.it! That was ,the _meanest China
man we ever''saw. 
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Newton was an early maker of 
scientific instruments. He invent
ed the reflecting telescope, and 
cast and ground the first mirror 
with his own hands. ... 

Galileo recognized the value of 
scientific instruments. He discov
ered the principle of the pendu
lum, and suggested its application 
to the escapement of clocks. 

TAUM SAUK 
(Continued from page 7) 

ley floor . A fifty acre basin 
approximately 90 feet deep will 
be created by leveling off the cen
tral portion of the peak and 
dumping the quarried material on 
the undisturbed bordering rock to 
form the retaining embankment, 
atop which will be an eight foot 
high concrete parapet wall. The 
dumped rock on the inner wall 
slopes will be faced with about 18 
inches of reinforced concrete to 
form a water seal. Areas of the 
basin floor which might give rise 
to seepage will be treated by suit
able material to render it imper
vious. 

The solid granite underlying the 
mountain is an ideal material .in 
which to drive the 6,700 foot tun
nel connecting the upper reser
voir and power station. Starting 
at the upper pool, the tunnel con
sists of a 27 foot diameter vertical 
shaft about 330 feet long, followed 
by a horseshoe shaped section 25.5 
feet by 25.5 feet and 4,840 feet long 
at 8% grade, then an 18.5 foot dia
meter steel lined section 1,530 feet 
long running horizontally. The 
steel liner in the lower section is 
necessitated because the rock 
cover is inadequate to withstand 
the 400 pound per square inch hy
drostatic pressure existing at this 
depth below the upper reservoir. 
With the possible exception of the 
330 foot long vertical shaft, the 
tunnel will be driven from the 
lower end to facilitate removal 
and disposal of the excavated 
rock. 

Connection to the Union Elec
tric system will be via a double
circuit, 138 kv transmission line 
31.5 miles long to Rivermines, 
Missouri. In addition, certain 
other portions of the transmission 
system will have to be strengthen
ed, but a large part of these aug
menting facilities were already 
planned for future system de
velopment. 

The main economic justification 
for Taum Sauk is based on its 
cost of only about $115 per kilo

(Continued on page 18) 
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8,000 Management Opportunities! 
That's right. There will be 8,000 supervisory jobs filled 
from within the Western Elech·ic Company by college 
graduates in just the next ten years! How come? Because 
there's the kind of upward movement at Western 
Electric that spells executive opportunity. Young men 
in engineering and other professional work can choose 
between two paths of advancement-one within their 
own technical field and one within over-all management. 

Your progress up-the-ladder to executive positions 
will be aided by a number of special programs. The 
annual company-wide personnel survey helps select 
management prospects. This ties in with planned rota
tional development, including transfers between Bell 
Companies and experience in a wide variety of fields. 
Western Electric maintains its own full-time graduate 
engineering training program, seven formal manage
ment courses, and a tuition refund plan for college study. 

After joining Western Electric, you'll be planning 
production of a steady stream of communications 
products-electronic switching, carrier, microwave and 

missile guidance systems and components such as tran
sistors, diodes, ferrites, etc. Every day, engineers at our 
manufacturing plants are working to bring new devel
opments of our associates at Bell Telephone Labora
tories into practical reality. In short, "the sky's your 
limit" at Western Electric. 

Opportunities exist for electrical, mechanical, industrial, 
civil and chemical engineers, as well as physical science, 
liberal arts, and business majors. For more information, 
get your copy of Consider a Career at Western Electric 
from your Placement Officer. Or write College Relations, 
Room 6105, Western Electric Company, 195 Broadway, 
New York 7, N. Y. Be sure to arrange for a Western 
Electric interview when the Bell System team visits 
your campus. 

western Electric 
MANUFACTURING AND SUPl'LY@UNIT OF THE IELL SYSTEM 

Principal manufacturing locations at Chicago, Ill. ; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Winston-Salem, N, C.; Buffalo, N. Y.; North Andover, 
Mass.: Omaha, Neb. ; Kansas Cily, Mo.; Columbus, Ohio; Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation, Skokie, Ill., and 
Little Rock, Ark. Also Western Electric distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7, N. Y. 
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Proud of your Sebo~/? 
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A.W.FABER 
CASTE·li£~ 

helps the hand that 
shapes the future 

#9000 CASTELL Pencil 
with world's finest 
natural graphite that 
tests out at more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opac~ty. Extra 
strong to take needle
point sharpness without 
breaking or feathering. 
Smooth, 100% grit
free, consistently 
uniform, SB to lOH. 
#9800 SG LOCKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 

#9030 imported Refill 
Leads, matching 
exactly,#9000 pencil 
in quality and grading, 
7B to lOH, packed in 
reusable plastic tube 
with gold cap. 
A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world's finest 
drawing pencil. You'll 
be wise to begin now. 

A. W .FABER -CASTELL 
Pencil Co., Inc., Newark 3, N. J. 

TAUM SAUK 
(Continued from page 14) 

watt, excluding transmission. ln 
addition to the advantage of low 
carrying charges the project will 
also offer substantial manning cost 
credits as compared to equivalent 
steam capacity. 

On the other hand, a new steam 
unit being more efficient than 
existing system steam units would 
produce fuel savings. This results 
from the fact that it would be base 
loaded i.e., operated at full load 
around the clock, thus displacing 
older less efficient units "higher 
into the system peaks" where 
they need to generate fewer hours 
or even serve only as reserve: 
Conversely, these fuel savings 
constitute a penalty against the 
pumped-storage plant, but this 
penalty diminishes with decreas
ing use of the alternate steam 
unit as it is progressively dis
placed by still more efficient 
steam units, becoming negligible 
after some 15 years. Another im
portant' difference is the longer 
expected service life of Taum 
Sauk, ,70 years versus 40 years for 
steam, and its consequently lower 
depreciation expense. Further
more, maintenance costs are sig
nificantly lower than for steam 

, equipment which must work at 
high temperature and speeds. 
Taum Sauk offered additional 
benefits, some not easily evalu
ated though nonetheless real; thus 
because pumped-storage power is 
quickly available steam plant 
spinning reserves could be re
duced, with resultant fuel savings 
during periods Taum Sauk is not 
scheduled for peak service; pump
ing would smooth out the load on 
system steam plants, reducing 
maintenance costs; by permitting 
deferral of a steam unit for two 
years or more, a better unit would 
be available since large boilers 
and turbo-generator equipment 
are rapidly being improved. 

Projecting the step by step cost 
comparison as far into the future 
as reliable estimating permitted, 
brought convincing evidence that 

Taum Sauk could be integrated 
into system operations with re
sultant over-all economic advan
tage. 

The project is scheduled to be 
available for operation on the 
summer peak of 1963. At that 
time the project will be required 
to furnish approximately 2,200,000 
kilowatt hours of energy daily at 
rates up to 350,000 kilowatts. Ac
tually the design permits genera
tion of 2,750,000 kilowatt hours 
on complete downdraw of the res
ervoir with delivery at 350,000 
kilowatts at this maximum draw
down. The 25 % margin in stored 
energy assures operating flexi
bility and provides a convenient 
source of emergency reserve for 
covering outages of other system 
generating equipment. A typical 
night pumping cycle will range 
over a period of 9.5 hours and 
absorb power at rates up to 400,-
000 kilowatts. The work which 
must be done by the pumps 
in a complete filling of the upper 
reservoir is equivalent to raising 
a mass of 5 million tons through a 
vertical distance of 800 feet. 

The project will deliver two 
valuable peak load kilowatt hours 
for every three off-peak pumping 
kilowatt hours supplied to it by 
Company power plants and by 
purchase of economy power from 
interconnected systems. Pump 
kilowatt hours are obtained at 
essentially fuel cost; no invest
ment charges are involved since 
the pumping energy is furnished 
only during times surplus plant 
capacity is available; only minor 
additional operating labor costs 
are incurred because the supply
ing plants must be kept continual
ly manned and ready for service 
on the system peak in any event. 
Relatedly, and reduction in sys
tem fuel costs such as may be 
brought about, for example, by 
addition of more efficient steam 
units or by the development of 
new fuels or methods of power 
generation will be reflected in 
lower pumped-storage costs and in 
this sense Taum Sauk may be de
scribed as "self-modernizing." 
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Talking Shop. These photographs were taken at 
the 18th Annual Joint Technical Meeting, 
St.andard Oil Company and its affiliates, May 
9-13, French Lick, Indiana. More than 350 oil 
men attended formal sessions and enjoyed infor
mal discussions with other scientists. 

"SHOP-TALK" SESSION FOR SCIENTISTS 
In a company where scientific research 
ranges all the way from palynology to 
metal stress, the need for an exchange of 
information is imperative. Much of this 
ca11 be accomplished with written reports. 
However, Standard Oil has found that a 
"Shop-Talk" conference once each year 
accomplishes a meeting of scientific minds 
that is even more satisfactory. 

This year, at Standard's 18th Annual 
Joint Technical Meeting more than 80 
technical papers were presented to 350 
technical experts and representatives of 
other departments. Discussed were such 
subjects as the potential use of atomic 
energy as a commercial fuel source, elec
tronic computer controls, and the use of 
$80-an-ounce platinum in making higher 
octane gasolines. In addition to these 
formal meetings, small discussion groups 
and conversations between individuals 
contributed to the exchange of ideas. The 
result was a stimulating five-day period 
that saw new ideas take shape. The meet
ing benefited everyone-scientists, the 
company, and consumers. 

This type of meeting, which Standard 
pioneered, is another example of scientific 
leadership by Standard, and another rea
son why men with technical training find 
a Standard Oil career offers unusual cre
ative encouragements. 

STANDARD OIL COMPANY 
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS 
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THE SIGN OF PROGRESS ... 
THROUGH RESEARCH 
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PROG~AMMl~G DEVELOPMENT MANUFACTUR1NG 

Subsequent advertisements will define the roles played by these young engineers in the creation of data systems at IBM. 



\ 

RESEARCH MARKETING & SALES 

IDEAS CAN COME FROM ANYWHERE AT IBM 
The expansion of data systems technology at 
IBM continues at a dynamic pace. To maintain 
this pace requires the continual infusion and 
cross-pollination of new and highly original 
ideas. These ideas must come from all fields 
including programming, research, manufactur
ing, development and marketing. 

Thus, creativity is the key word at IBM. It is the 
prime mover and accelerator of the technologi
cal cycle. Out of this cycle come all the new and 
dramatic developments in the many areas of 
data systems. These developments, in turn, gen-

erate still newer developments. There is virtu
ally unlimited potential, then, in good ideas put 
to work at the right time and in the right place. 

The IBM representative will be visiting your 
campus soon. He will be glad to discuss with 
you the many fields at IBM, where ideas receive 
a warm welcome. Your placement office can 
arrange an interview. 

IBM 
© 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

Or for information about opportunities at IBM, write, outlin
ing your background and interests, to: Manager of Technical 
Employment, Dept. 889, IBM Corporation, 590 Madison Ave. , 
New York 22, N. Y. 
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but the red is absorbed. A sub
stance which is blue-green in 
color absorbs the red light. Blue
green is said to be complementary 
of red because when added to
gether they make white. It is 
customary to speak of the com
pound complementary as a "mi
nus-red", as this is a more exact 
term than "blue-green" because 
in this case "red" is the more 
definite term. A minus color is 
made up of the entire spectrum 
minus one specific color. 

It is possible to find three dyes 
of these colors: namely, minus 
blue, minus green, and minus red. 
A mixture of any two will result 
in the formation of a primary 
color. For instance, where minus 
blue and minus green are over
lapped, blue and green will be 
absorbed and only red will re
main and the area appears red. 
Where the minus colors overlap, 
each dye subtracts one of the pri
mary colors and, ideally, all light 
is absorbed and the area appear s 
black. 

Other less saturated colors can 
be obtained by suitable combina
tions and the whole range met 
with in nature can be simulated. 
When a mixture is made of the 
three minus colors, each diluted 
so as to give only a partial absorp
tion of the corresponding primary 
(if the degree of absorbtion is 
equal f~r all three) the result will 
be the formation of gray. 

Dufaycolor is based on the ad
ditive principle of color photogra
phy. To briefly . summarize its 
rather involved properties-the 
additive principle states that if a 
colored subject is photographed 
through filters which appropri
ately divide up the spectrum, the 
sensitized material will be ex
posed in accordance with the 
colors of the original subject. 
This is the principle used in "one 
shot" cameras where light from 
the subject is made to fall simul
taneously on three pieces of film 
through appropriate filters. Thus 
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three negatives are secured each 
of which carries, in terms of black 
and white, an impression of one 
of the primary colors of the ori
ginal subject. If now these nega
tives are either reversed or have 
positives made ~rom them, and 
these in turn dyed with the 
complementary color, the three 
positives when superimposed and 
viewed through transmitted light 
will show the original subject in 
all its colors. 

Dufaycolor possesses a unique 
principle, instead of utilizing 
three separate films screened by 
filters or dyes, it utilizes a single 
emulsion which has an infinite 
number of tiny filters imbedded 
in it. In some films these filters 
take the form of transparent par
ticles of the three primary colors. 
These particles are mixed thor
oughly and spread over the emul
sion. Each particle passes only 
light of its own color as would 
a large filter. However, the in
finite repetition of the particles 
and their even distribution gives 
the effect of a color image, after 
development and viewing by 
transmitted light. If a section of 
such a plate were to be viewed 
by powerful magnification the 
eye would see only isolated specks 
of color. In normal viewing, how
ever, the specks are so close to
gether that the effect of a 
coherent image is created. 

Agfacolor is an additive pro
cess which has been on the 
market for some years in plate 
form. As in the earlier Dufay
color the color screen, while not 
visible in the course of ordinary 
viewing, is too coarse to permit 
the making of separation nega
tives. Its use is therefore con
fined to lantern slides. Agfacolor's 
chief advantage is its ease of 
processing. Briefly, the processin3 
consists of development in dark
ness, followed by bleaching, ex
posure to light, redevelopment in 
the same developer as before, 
washing and drying. 

The Chromatone Process was 
the one color film best suited to 
amateur needs of 1936. This pro-

cess utilizes three thin stripping 
films which are ultimately super
imposed to form the final print; 
it may be seen that very precise 
register is seldom .possible. There 
is a slight softening of the image 
which is rather pleasing in an 
exhibition print that is to be 
viewed from a slight distance but 
usually undesirable for prints in
tended for reproduction. Chroma
tone offers great advantages to 
the amateur worker in relation to 
other color emulsions of the pe
riod up to 1936. If the worker 
knows enough to make a satisfac
tory black and white print he can 
make a satisfactory print in color 
via Chromatone. Variations in 
room temperature, humidity, etc., 
do not appreciatively alter the 
quality of the print. 

The most difficult color printing 
process of the 1930's, Trichrome 
Carbro, was also the one gener
ally preferred by most profession
al workers. One advantage, from 
the professional point of view, is 
that the process does not depend 
on the mixing of dyes so that 
color values are always constant. 
Unquestionably, too, the prints 
produced by this method, when 
successfully handled, are of su
perlative quality both as concerns 
color and precision of register. 
The completed carbro further 
permits of considerable correction 
after the print has been made, 
a factor of great value to the pro
fessional whose picture is intend
ed for commercial reproduction. 

From the amateur view the 
greatest disadvantages of the 
Carbro process are its dependence 
on proper room temperatures and 
humidity, both of which may 
cause considerable variation in 
r esults. Carbro must be carried 
out in a cool room with low hu
midity content. If there are not 
means of controlling these condi
tions, amateur workers are re
stricted to working at times of 
the year when they are not likely 
to find excessive warmth or hu
midity. Working room tempera-

(Continued on page 30) 
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Boron-IO vs. brain tulllors 
Physicians and scientists working in 
cancer research at Brookhaven National 
Laboratory, Upton, N. Y., are probing 
the use of Boron-IO isotope in treating 
a common type of brain tumor ( glio
blastoma multiforme). 

Results of this therapy are so encour
aging that Brookhaven and at least two 
other institutions are constructing addi
tional nuclear reactors used in this 
therapeutic venture. 

The method. In a technique known as 
Neutron Capture Therapy, the patient 
receives an injection of a Boron-IO com
pound. Cancerous tissue absorbs most 
of the neutrons. 

In the split second that the Boron-IO 
becomes radioactive, it produces short
ranged alpha particles which destroy 
cancerous tissue with a minimum of 
damage to healthy tissue. 

Producing the isotope. The plant fur
nishing Boron-IO to Brookhaven ordi-

OCTOBER, 1960 

narily turns out about three pounds 
during a 24-hour work day. Separation 
of the isotope takes place in what is 
described as "the world's most efficient 
fractionating system." In 350 feet of 
total height, six series-connected Monel·)f 
nickel-copper alloy columns enrich a 
complex containing I8.8% Boron-IO iso
tope to one containing 92% Boron-IO. 

Purification. To purify the 92% con
centrate, a whole series of complicated 
processing steps are needed .. . includ
ing deep freeze. Columns, reboilers, 
condensers, vessels, pumps, and piping 
abound - each a constant challenge ... 
both to the metal and to those concerned 
with equipment design and operation. 

How would you meet such chal
lenges? Some problems, of course, were 
unique and demanded ingenuity of a 
high order. But answers to most, 90% 
or more, could be found in the vast 
"experience bank" maintained by lnco 
... some 300,000 indexed and cross
referenced reports of metal perform
ance under all manner of conditions. 

Make a mental note: (1) that The 
International Nickel Company is a rich 
source of information on high-tempera
ture and corrosion-resisting alloys; (2) 
that lnco makes this experience avail
able to you. © 1960, lnco 

The International Nickel Company, Inc. 
:('lew York 5, N. Y. 

~ International Nickel 
The International Nickel Company, Inc., is the U. S. Affiliate of the International Nickel Company 
of Canada, Limited - producer of loco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, 
Sulfur, and Platinum, Palladium and Other Precious Metals. 
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Engineering News 

"TRACE" 
A new testing device which 

automatically guides a radio serv
iceman in pinpointing faulty cir
cuits and components in a tran
sistor radio has been perfected 
by the Service Division of Philco 
Corporation. 

The device is a rigid plastic 
panel, a facsimile of the actual 
radio circuitry, that aligns with 
the radio printed circuit chassis 
panel and diagrams a complete 
test procedure for quick, fool
proof servicing of transistor ra
dios. It is so designed that even 
s e r v i c e technicians unfamiliar 
with transistor circuits can locate 
and determine faults in a few 
minutes. 

The device has been named 
TRACE (patent pending) for 
Transistor Radio Automatic Cir
cuit Evaluator. 

Trace panels contain color-cod
ed circuit paths and printed lo
cations of major components that 
match the various chassis in the 
transistor radio line. 

Further visual identification is 
made of the R-F, I-F, and audio 
signal paths proceeding from the 
antenna to the speaker. Voltages, 
signal types, component identifi
cation and other pertinent infor
mation is included. 

Small holes are punched in the 
panel at each signal or voltage 
test point. When the panel is po-
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TRACE IN ACTION 

sitioned over the circuit side of 
the radio's printed circuit chassis, 
these holes fall directly over cor
responding terminals. Guides are 
provided on the Trace panel to 
assure exact alignment with the 
radio circuit, while the panel is 
held in place during test proce
dures. 

With the Trace panel in place, 
the technician simply uses a sig
nal generator to inject a signal 
of correct frequency at the test 
points indicated. This is done by 
inserting the generator probe in 

the appropriate holes identified 
on the panel. The colors of the 
signal paths show exactly what 
frequency and type of signal to 
use. 

By working along the signal 
path from the speaker to the an
tenna, the technician can deter
mine when a faulty stage is 
reached by the change in sound 
emitting from the speaker. The 
stage in question is then checked 
by a voltmeter. This is easily ac
complished since the Trace panel 
has holes located at the terminals 
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of each major stage which are 
labeled with the correct voltage. 

A chart supplied with the Trace 
unit lists the defect and/ or com
ponent to suspect when the volt
age varies either above or below 
the correct values. The techni
cian then can replace or repair 
the faulty stage. 

WORLD'S FIRST 
SHOP-ASSEMBLED CO BOILER 

TO URUGUAY REFINERY 

The Babcock & Wilcox Company 
today reported shipment of the 
world's first shop-assembled boil
er fired by carbon monoxide. 
Named the "PAC-CO" Boiler by 
the manufacturer, the new untt 
permits reduced erection costs 
and faster installation time, 
among other advantages. 

The 64-ton "package unit" was 
lifted aboard the vessel "Cap 
Bona Vista" for her voyage to 
Montevideo, Uruguay, from the 
port of Wilmington, North Caro
lina. 

Scheduled to go "on stream" 
shortly after arrival, the "PAC
CO" Boiler, which is also the 
first carbon monoxide-fired boiler 
in the southern hemisphere, will 
be part of a refinery extension in 
Montevideo, Uruguay, of the Ad
ministration N acional de Combus
tibles, Alcohol y Portland. 

Babcock & Wilcox officials 
said, "this unit signals what may 
well be the beginning of an im
portant trend for the smaller for
eign refineries. For many years, 
smaller refineries have made ef
forts to equal the heat balances 
and operating efficiencies of the 
larger American refineries which 
use the CO Boiler, developed by 
Babcock & Wilcox as standard 
equipment." 

Designed for a pressure of 725 
pounds per square inch, the unit 
will operate at a steam pressure 
of 600 psi and a temperature of 
750 degrees Fahrenheit. During 
normal operation, it will generate 
30,000 pounds of steam per hour 
while burning both oil and carbon 
monoxide, with 23,000 pounds of 
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steam being generated from the 
otherwise waste regenerator gas
es. When firing oil alone, the 
unit will produce 43,000 pounds 
of steam per hour. 

PROJECTION IN BROAD 
DAYLIGHT POSSIBLE WITH 

KODAK SURFACING MATERIAL 

Military pilots will be able to 
watch radar screens in bright day
light right in the cockpit, as a re
sult of a new Kodak surfacing 
material for projection screens. In 
special applications the new sur
face gives a brightness gain of 
several hundred times over the 
usual beaded screens. 

The new material is a film base 
embossed with 1,000,000 lenses, 
mirrors, or prisms per square 
inch, coated with a highly reflec
tive aluminized layer. Possible 
appJica!io1_1~ could also include 
projection of television images or 
data displays for air weapons sys
tems. 

Pictures with excellent high
light brightness have been ob
tained in aircraft flight simulators 
on an experimental basis with a 
small cathode ray tube projector. 

In actual flight, cathode ray 
tube displays that now require 
darkness for viewing might be 
projected on a screen in full day
light view of the pilot. Because 
of the selectiveness of the system, 
which depends for brightness on 
the position of the observer, im
ages from separate projectors can 
be shown on the same screen. The 
images are viewed individually 
by the pilot and co-pilot from dif
ferent angles. 

The type of optical element 
used in the surfacing material can 
be chosen to broaden or narrow 
the audience space. The narrower 
the audience space - the space 
limited by the positions where the 
screen image can be seen - the 
brighter the image. 

Several images may be project
ed on the screen simultaneously 
and each viewer will see from his 
position only those intended for 
him. 

There will be no conflict or dis
turbance of the images. Light 
from outside sources is concen
trated by the screen in audience 
spaces away from the observer's 
position. 

NEW KODAK METHOD 
DETECTS FILM DISTORTIONS 

A new method for detecting 
aerial film distortions as small as 
1/ 5,000 of an inch wide was re
vealed recently by a team of 
Kodak scientists. Faults even this 
small are important when a single 
70mm negative pictures up to 
10,000 square miles of the earth's 
surface, they said. 

This technique is based on an 
effect known as the moire pattern. 
A moire pattern, a network of 
wavy lines, can sometimes be seen 
on screened windows when light, 
passing through the window 
screen, is reflected from the glass, 
and again passes through the 
screen in the opposite direction. 
The interference of the real screen 
image with the reflected image 
causes the fuzzy pattern of wavy 
lines, the scientists explained. 

Researchers use moire patterns 
to locate tiny film distortions by 
printing a halftone tint on the 
aerial negative to be studied. A 
halftone tint, used in making 
newspaper or magazine illustra
tions from photographs, is some
thing like a very fine window 
screen. 

From the aerial negative, a 
print on glass is made and regis
tered with the master halftone 
that was printed on the original 
negative. The location and ap
proximate size of distortions be
come visible as irregularities in 
the moire pattern formed by the 
two halftones. The Kodak scien
tists can then calculate the size 
and extent of the distortion with 
photographic measuring devices 
and computers. 

Causes of distortion may be 
water spots left on the film after 
processing, excessive 
machine tension, or 
heating of the £ii~. 

processing 
abnormal 
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BOLSTAD 
( Continued from page 12) 

from the university during the 
final years of World War II to 
work on the Mahatten Project at 
Los Alamos, N.M. There he and 
other brilliant young men brought 
about the development of the 
atomic bomb. 

After the war he returned to 
Missouri to resume his duties as 
an instructor. However, in 1947, 
he returned to the University of 
Minnesota to study for his Ph.D. 
His research thesis was a study 
of the actions of two phase re
frigerant flows. The research, 
study, and final attainment of his 
Ph.D. took Dr. Bolstad a little 
over two years to complete. He 
then returned to the University 
of Missouri to teach until 1958 
when he was made Chairman of 
the Department of Mechanical 
Engineering. His primary duties 
now are administrative and su
pervisory work, however, he still 
enjoys teaching a few courses in 
refrigeration and thermo-dynam-

Times have changed since 1938, but the venerable single spindle lathe remains 
the .main-stay of the machine tool lab. 

ics. 
As to advice to students, the 

professor has this to offer. Learn 
the fundamentals of your partic
ular field as well as possible so 
.nat you can have a flexible back-

ground with which to work; no 
one can predict what fields will 
be open in the next twenty years 
and with a good background an 
engineer can adjust to suit the 
times. 

What's been done with new DEEP STRENGTH 
Asphalt Pavement in Upstate New York 
could be important to your future 

THIS IS DEEP STRENGTH 

A 
2½-lnch Asphalt 
concrete surface 

course 

B 
3•1nch Asphalt 

base course 

C 
4 -lnch base 

course of broken 
stone 

D 
6-lnch graded 

gravel subbase 

E 
6-lnch bank-run 

gravel 
foundation 

course 

F 
Excavated to 48 

inches below 
pavement grade 
In cuts-locally 

available back fill 
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material 
compacted with 

"super" 
compactor. 

If your career is Civil Engineering 
you owe it to your future to know 
what's happening in Asphalt pave
ment design. 

Take Interstate Highway #81 near 
Watertown, New York, for instance. 
Here, in an area where frost depth 
goes to 48 inches and the soil is 
boulder-strewn glacial till, engineers 
had to find a way to stop heaving and 
subsequent pavement failure. New 

Advanced Design DEEP STRENGTH 
Asphalt pavement helped solve the 
problem. (See diagram.) 

To know more about the new Ad
vanced Design Criteria for heavy
duty Asphalt pavements and how they 
are responsible for the most durable 
and economical heavy-duty pavements 
known, send for free student portfolio 
on Asphalt Technology and Construc
tion. Prepare now for your future. 

THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 

Ribbons of velvet smoothness .. . 
ASPHALT-paved Interstate Highways 

r----------------------------
1 
I 
I 

Gentlemen: Please send me your free student portfolio 
on Asphalt Te~hnology and Construction. 

I NAM~ _____________ CLASS ______ _ 

I ADDRES,:i_ ___________________ _ 

I CffY ______________ ~TAT"-------

1 I SCH0011-____________________ _ 
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Bringing space down to earth ... this 
laboratory space capsule is designed to measure 
man's physiological and psychological limits and 
test life support systems under simulated space 
flight conditions. Now scientists will be able to 
study, simultaneously, the space flight stresses of 
high altitude, acceleration, heat and isolation. 

Developed and being built by Garrett's AiRe
search divisions for the U.S. Air Force's Wright 
Air Development Division, this ground test space 
capsule is an example of Garrett's research leader
ship in life support and secondary power systems 
for space vehicles for long duration flight at zero 
gravity. Development of these life support systems 
utilizing cryogenic gases and efficient turbine 

OUT OF THE LABORATORY 

drive secondary power systems using solar or 
nuclear energy are opening up vast new worlds 
of exploration and career achievement for engi
neers in the space age. 

A world leader in the development and manu
facture of major systems and components for 
aircraft and missiles as well as advanced flight 
vehicles, The Garrett Corporation provides an 
orientation program lasting a period of months 
for the newly graduated engineer, working on 
assignments with experienced engineers in labora
tory, preliminary design and development projects. 

Should you be interested in a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 

THE CORPORATION 

tliResearch Manufacturing Divisions 
Los Anseles 45, California• Phoenix, Arizona 

OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPl_Y·AERO ENGINEERING• Al RESEARCH AVIATION SERVIC/£ • GARRETT SUPP'-Y • AIR CRUIS«lfS 
A/RESEARCH /NOUS.TRIAL.• GARRETT MANUFACTURING LIMITED• MAR WEDEL.• GARRETT INTERNATIONAL. S . A . • GARRETT (JAPAN} LIMtTro 
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Our new mountain-top research laboratories 
... where science will broaden steel's horizons 

Now fast nearing completion, this huge research project 
is a multi-million-dollar investment in the future of steeL 
Few research facilities can boast the equipment planned 
for this one. And its magnificent 1000-acre site will pro
vide a stimulating environment in which Bethlehem scien
tists will explore the unknown-in process and physical 
metallurgy; in mechanical and chemical engineering; in 
ceramics, chemistry, physics, and nuclear studies. 

For college men this means opportunities in research, 
of course. And it also emphasizes progress in every phase 
of the steel business: preparation of raw materials; im
proved processing methods; new and better products. 

There's excitement in the air at Bethlehem, and splendid 
opportunities for men who join this diversified organiza
tion. We need mechanical, metallurgical, chemical, 
electrical, industrial, civil, mining, ceramic, and other 
engineering graduates, for our many activities. Such men 
can look forward to rewarding careers with a company 
that is constantly moving ahead. 

Ask your Placement Officer about Bethlehem 
Steel. And be sure to pick up a copy of our 

booklet, "Careers with Bethlehem Steel 
and the Loop Course." 

BETHLEHEM STEEL COMPANY, Bethlehem, Pa. @for Strength 

. . . Economy 

• • . Versatility BETHLEHEM STEEL II 
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Why college men 
choose careers 

¼Tith Du Pont 
Every year, several hundred new college graduates choose 
DuPont. Many Masters and Ph.D.'s do, too. 

From time to time we learn from recent graduates the 
factors which led to their decision to join this company. They 
cite more than half a dozen reasons. Here are four of the most 
important: 

OPPORTUNITY AND RECOGNITION 
They were aware that college-trained beginners 
go right to work with men who have achieved. 

For example, research chemists work with individuals who've 
done successful research. New engineers work with pros, some of 
whom have designed new plants, or devised new manufacturing 
methods, or distinguished themselves in some other way. And other 
gradua'tes, with B.A. or M.B.A. degrees, go to work with leaders 
who've been successful in Sales or Advertising or Treasurer's, or 
another of DuPont's many departments. 

They had been told- and rightly - that Du Pont rewards indi
vidual achievement. And they were eager to start achieving. 

RESEARCH CREATES NEW PRODUCTS; 
NEW PRODUCTS CREATE NEW JOBS 

Men like working for a company that believes in 
research, enough to invest in it ... $90 million a year! 

The fact is that important new products come from Du Pont 
laboratories and go to Du Pont manufacturing plants with frequency. 

Here are but a few since World War II: "Orlon"* acrylic fiber 
followed nylon ( soon after the war). Then came "Dacron"* poly
ester fiber, "Mylar"* polyester film, "Lucite"* acrylic lacquer and 
"Delrin" * acetal resin. 

These, and many others, have created thousands of new jobs ... in 
research, manufacturing, sales ... in fact, in all Du Pont departments. 

DU PONT BACKS . EMPLOYEES WITH HUGE INVESTMENT 
New graduates feel that every facility is provided for doing the job well. 

Last year, DuPont's operating investment per employee was 
$32,500. Since much of this was expended to provide the most 
modern and best of equipment to work with, it further increases 
the chance for individual achievement. 

This applies to men in lab, plant and office. 

DU PONT PROVIDES STEADY EMPLOYMENT 
Career seekers appreciate the importance · of security. 

Today, the average annual turnover rate at Du Pont is less 
than one-third that of industry nationally. 

These, and many other reasons, draw new talent to Du Pont each year. 
Prospective graduates, M.S.'s and Ph.D.'s interested in learning 

more about job opportunities at Du Pont are urged to see their Place
ment Counselor, or to write direct to E. I. du Pont de Nemours & Co. 
(Inc.). They should tell us the course they are majoring in so we can 
send literature that is most appropriate. 

~ """ IHINGS FOR nm, llVING .......... Cff(M,Sfty 

RlG. U. S. PA.T.Ofr,, * REGISTERED DU PONT TRADEMARK 

OCTOBER, 1960 27 





Tear y o u r s e I f 
a w a y from your 
slide-rules boys and 
feast your eyes on 
one of the most 
beautiful creations 
ever to grace the 
campus w i t h her 
presence. Her name 
is Miss Dusene Vun
ovich and she hails 
from Kansas City. 
Dusene was St. Pat's 
choice for his Queen 
in 1960, but Olde St. 
Pat wasn't the only 
one to notice her 
beauty; she was also 
chosen to represent 
Missouri in the 1960 
Miss America Con
test. After a careful 
survey, I'm sure you 
can see why she has 
be e n awarded so 
many honors. 

Well back to your 
slip-sticks now, but 
if you are the type 
that needs inspira
tion, I suggest you 
keep this copy on 
hand for reference. 

Shamrock 
Sweetheart 



PHOTOGRAPHY 
(Continued from page 20) 

ture should be about 60F, humid
ity not over 50 %. 

Kodak engineers finally cor
ralled color couplers in 1935 and 
put an entirely new product on 
the market. This product, K oda
chrome, has remained basically 
the same in fact of the many con
tinued improvements that have 
been developed through the years. 

The processes involved in the 
use of Kodachrome are much too 
complicated for the uninformed 
reader. However, a greatly sim
plified explanation is that the 
film is composed of three emul
sions. These emulsions are sensi
tive to different kinds of light 
much in the same manner as 
Kodak's 1932 tri-pack adventure. 
The film is exposed to light from 
the subject and then developed 
in ordinary black and white de
veloper; it is then exposed to cer
tain colors of light, developed 
further, bleached, and cleared. 
The final product is called a 
"slide" because when white light 
is transmitted through it the nat
ural colors of the subject appear 
in their original order and shade. 
The developing process is long, 
complicated, and involves the use 
of many thousands of dollars 
of special precision equipment. 
Therefore, this process is not at all 
suited to home use. 

K odachrome is one of the most 
widely used color films in Amer
ica today. It is, in fact, the only 
color film in existence that can 
be used with the majority of sim
ple movie cameras. Its rather 
modest American Standard Asso
ciation rating of 10 daylight and 
12 tungsten still enables the user 
to procure good results over a 
variety of conditions. The popu
larity of this film is based on the 
fact that it is easily obtainable 
and very easy to use for different 
purposes. One drawback, how
ever, is the high cost of obtaining 
positive prints if so desired. Due 
to the complexity of the opera
tions involved the cost is some
what prohibitive. 
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In 1946 the Kodak Company in
troduced another new product in 
the form of color film. Ekta
chrome, as it is called, is the ama
teur's dream come true to the 
problem of home processing. 
Ektachrome, with an imposing 
ASA of 32, brightened the horizon 
for the advanced amateur. A 
very simple process, using only 
the barest of supplies, enables a 
photo "bug" to develop his own 
color film cheaply and to make 
any modifications and adjust
ments to the process that he sees 
fit. The greater speed of Ekta
chrome, in comparison with Koda
chrome, allows a much greater 
range of lighting conditions to 
prevail before the quality of the 
shot is seriously impaired. 

The technical aspects of this 
film in relation to its exposure 
properties are greatly improved. 
Ektachrome possesses a very wide 
exposure latitude, sharp defini
tion, fin~ grain, and .snappy con
trast. Film speed may be in
creased by manipulating certain 
operations in the development 
process. The mechanical arrange
ment of the materials in Ekta
chrome is the same as in Koda
chrome and Anscochrome. 

In 1952 the Ansco Division of 
General Aniline and Film Cor
poration broke into the color film 
market with an improved type of 
color film, Anscochrome (E.I.32). 

In 1956 Ansco introduced the 
world's fastest color film, Super 
Anscochrome (E.I.100). Since 
both of these Anscochrome films 
possess the same physical ar
rangement and differ only in 
speed due to certain agents in the 
emulsion, they may be described 
together. 

Anscochrome and Super Ansco
chrome are direct color materials 
that yield full color positive 
transparencies after exposure and 
development. These films are of 
the subtractive type and form 
colors by means of three super
imposed emulsion layers, each of 
which after development contain 
a dye image that controls the ab
sorption of only one of the pri-

mary colors (blue, red, and 
green). As these layers are all 
coated on a single base, the film 
is known as an integral tripack. 
The bottom layer of the tripack 
is sensitized to red, the middle 
layer to green, and the uppermost 
layer to blue light. Between the 
top blue-sensitive layer and the 
middle green-sensitive layer there 
is a yellow filter coating to pre
vent blue light from reaching the 
two lower layers. These lower 
layers, like all photographic emul
sions, are, in addition to their 
respective sensitivity to green and 
red light, also sensitive to blue 
light. However, the yellow filter 
prevents the blue light from 
reaching them and they therefore 
record only green and red light 
respectively. In spite of the num
ber of coatings involved, the total 
thickness of the emulsion is not 
appreciatively greater than that 
of any ordinary black and white 
film. 

After exposure in the camera, 
Anscochrome, Super Ans co
chrome, and Ektachrome contain 
three latent images. The first step 
of processing produces metallic 
silver negative color-separation 
images in the three emulsion 
layers. Then, after brief treat
ment in a shortstop and harde•ning 
bath, the film is washed to re
move all remaining traces of the 
developer absorbed by the emul
sion. When washing is complete, 
the film is given a second ex
posure to white light. This makes 
it possible to develop these por
tions of the emulsion which were 
not affected by o r i g i n a 1 ex
posure and first development. 
As with any reversible photo
graphic material, these areas of 
the emulsio•n form the positive 
image when the film receives sec
ond development. 

The second (color) developer 
contains a developing agent which 
gives reaction products that com
bine with colorless substances in 
the three sensitized layers of the 
film to produce brilliant dye 
images. These positive dye im-

( Continued on page 32) 
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PhD, MS, BS in EE 
PhD, MS in Physics and Mathematics 
- would you rather blaze trails in electronic 

communications theory or consolidate 
territory newly won? 

YOU CAN AIM YOUR CAREER IN IITHEI DIRECTION 
AT STIOMIEII-CAILSON 

Division of General Dynamics 

••• where a group of outstanding scientists 
and engineers are conducting both theoretical 
and applied studies in many aspects of the 
science of communications 

While our broad concern at Stromberg-Carlson is in the acqui
sition, transmission, processing, storage and display of com
munications data, ancilliary investigations - often seemingly 
remote - are carried on to enhance our basic understanding 
of the communications field. 

TO THE ADVANCED DEGREE CANDIDATE this fre
quently offers the opportunity, upon completion of his studies, 
to continue theoretical investigations initiated in thesis 
preparation. 

TO THE MAN WHO HAS RECENTLY RECEIVED HIS 
BS, it provides varied career choices: to work directly with 
experts on research projects; to participate in advanced devel
opment engineering concerned with the solution of complex 
systems engineering and equipment problems; to undertake 
the design of specific hardware which may involve the first 
practical utilization of new knowledge. 

AT ALL LEVELS, the opportunities for professional growth 
are exceptional, not only through concentration on work in 
advanced areas but through continual contact with able men 
trained in other disciplines. Informal consultation between 
engineers, physicists, mathematicians, psychologists and lin
guists is available on a day to day basis. Further, with scien
tists it is the aim of Stromberg-Carlson's technically-trained 
management to maintain the atmosphere of the academic 
world, encouraging discussion, publication of papers and par
ticipation in technical symposia. 

The list below indicates 
the range of work currently 
in progress. 

FIELDS OF RESEARCH ENDEAVOR 
Paramagnetic Resonance 
Thin Photoconductor Films 
Ferroelectricity 
Propagation and Coding 
Speech Analysis 
Bandwidth Compression 
Hydro-Acoustic Transducers 
Molecular Electronics 
Defect Solid State Physics 
Parametric Devices 
Tunnel Diode Logic 
Scatter Propagation Analysis 
Plasma Physics 

ADVANCED DEVELOPMENT & ENGINEERING 
ICBM Communications 
Electronic Switching 
Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronics Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
ASW Techniques 
Machine Tool Automation 
Radio Data Links 
High Intensity Sound Generators 
Air Acoustics 
Shaped Beam Display Systems 
High-Speed Automatic Missile Check-Out Equipment 
Super-Speed Read-Out and Printing Equipment 
Electro Acoustics & Transducers 
Logic Systems 
Sound Systems 
RF Equipment 
Precision Hi-Fi Components 

For further information write to the College Relations Section, 
Engineering Personnel Department. 

STROMBERG-CARLSON 
A DIVISION OF GENERAL DYNAMICS 

1450 North Goodman St., Rochester 3, New York 
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PHOTOGRAPHY 
(Continuedfrom page 30) 

ages are complementary to the 
negative images first developed in 
the film. In a similar way the pos
itive dye image in each emulsion 
layer is of a color complementary 
to the color recorded in that layer 
during exposure. The top layer, 
for example, forms a silver nega
tive image from blue light reflect
ed by the subject. The corres
ponding dye positive image is 
correctly colored a yellow, which 
is complementary to blue. In the 
same manner, the positive image 
in the green-sensitive layer is 
colored magenta, the complement 
of green; the positive image in the 
bottom layer is cyan, compleme·nt 
of red. 

During processing all the sensi
tized silver salts present in the 
film are developed. At the com
pletion of color development the 
film is quite dense and dark. The 
colored positive dye image is not 
visible until the negative silver 
images are removed in a su bse
quent bleaching bath. This bath 
converts the black metallic silver 
into a silver salt which can be 
dissolved in plain hypo without 
affecting the dye image. After 
bleaching and fixing the full 
beauty of the color transparency 
is clearly visible. Washing and 
drying complete the processing 
operation. 

The two Anscochromes and 
Ektachrome films reproduce the 
colors of the subject by means of 
the subtractive process of color 
photography. As has been men
tioned, the three dye layers pres
ent in a processed film are of the 
so-called subtractive primary col
ors: yellow, magenta, and cyan. 
The colors of these dyes have the 
property of absorbing or blocking 
out respectively blue, green, and 
red, the three primary colors of 
which white light is composed. 
The amount and distribution of 
each dye image modulates the 
light passing through the trans
parency. An almost infinite num
ber of hues, shades, and tints are 
possible, depending u p o n the 
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varying combinations of the dyes 
present in the three emulsion 
layers of the film transparency. 
These films are balanced for use 
in light quality of around 6,000°K. 

A short report on the properties 
of Super Anscochrome will con
tain some things that photogra
phers of a few years back would 
have never dreamed of. Super 
Anscochrome may be pushed 
f r o m its regular ASAl00 to 
ASA200 and even higher with 
only a small loss of character. 
The exposure latitude, as in reg
ular Anscochrome, is very good. 
The color sensitivity is excellent 
in red and green saturation, 
slightly weak in the weaker blues. 
"Super Anscochrome is more than 
just a new fast color film; it is 
a product destined to influence 
the whole field of color photogra
phy with tremendous implications 
for the amateur as well as the 
professional." 

Another color medium has been 
developed for the "snap-shooter" 
-and especially prepared roll 
film negative material from which 
snap-shot size color prints may 
be had at a popular price thus 
bringing the market within the 
reach of millions of people. 

Kodacolor, although usi'ng the 
same trade name of a product 
long discontinued, is an entirely 
new and differ~nt product. The 
process of Kodacolor differs from 
that of Kodachrome and the An
scochromes in the manner in 

. which the dye is inserted into 
the emulsion. In Kodacolor the 
dye is in the emulsion in the form 
of infinitesimal particles of or
ganic compounds that are soluble 
in water. The film is processed 
with a developer of which the 
oxidation product reacts with the 
three couplers, each in its own 
layer, and a dye image is pro
duced with the silver image in 
each layer. After the silver has 
been removed, a negative is ob
tained composed of dyes. When 
the negative is printed upon a 
paper coated with a similar set 
of emulsions a color print is ob
tained in which the colors of the 

original subject are reproduced 
as faithfully as the limitations of 
the medium permit. The process 
of Kodacolor is usually done with 
special equipment ( costing as 
much as $6000) and usually takes 
51 minutes. 

As to the color rendition of 
Kodacolor, one may find that reds 
and blues record very well. There 
is a slight deficiency in yellow 
that causes the film to have a 
blue-green cast at times. The 
E.I. of 32 and other properties 
follow closely those of Koda
chrome. 

The great advantage of Koda
color is that both black and white 
and color prints may be made 
off the same color negative. It 
is possible for anyone to make 
fairly good color prints in his own 
darkroom, employing equipment 
and methods much the same as 
for black and white. Also the 
photographer need not worry 
about exposure filters in exposing 
his film because all types of light 
sources may be balanced in the 
darkroom. 

There has been much work and 
many discoveries in the field cf 
color photography since its incep
tion in 1861. The resulting pro
ducts are a triumph of science 
and engineering; without these 
products the world of photogra
phy would surely have not ad
vanced as it has. Even though 
the various merchandise on the 
market today seems to be in com
petition with itself let us remem
ber that almost each different 
product has a different job. The 
color films of today are just like 
tools, a different one for each 
different type of work. Actually 
the photographer of today does 
not have much of a choice in 
picking his materials as one might 
think. A really good photogra
pher, whether professional or 
amateur, knows all the products 
and incorporates their abilities 
into his choice of procurement. 
If you ever need color material, 
be sure to outline exactly what 
you need and then find the ma
terial to fill your specifications. 

THE MISSOURI SHAMROCK 
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For the man 
who likes to make 

his own 
career decisions 

The Allis-Chalmers Graduate Training Course 
is based on freedom of opportunity. You will 
have up to two years of practical training to 
find the right spot for yourself. At the same 
time, you enjoy a steady income. You can ac
cept a permanent position at any time - when
ever you can show you are ready. 

You help plan your own program, working 
with experienced engineers, many of them grad
uates of the program. Your choice of fields is 
as broad as industry itself-for Allis-Chalmers 
supplies equipment serving numerous growth 
industries. 

A unique aspect of the course is its flexibility. 
You may start out with a specific field in mind, 
then discover that your interests and talents lie 
in another direction. You have the freedom to 
change your plans at any time while on the 
course. 
Types of jobs: Research • Design • Development • Manufac, 
luring • Application • Sales • Service. 

Industries: Agriculture • Cement • Chemical • Construction • 
Electric Power • Nuclear Power • Paper • Petroleum • Steel. 
Equipment: Steam Turbines • Hydraulic Turbines • Switchgear 
• Transformers • Electronics • Reactors • Kilns • Crushers • 
Tractors • Earth Movers • Motors • Control • Pumps • Engines: 
Diesel, Gas. 

Freedom of Opportunity opens the doors to chal. 
lenging and interesting careers. Among them is 
our Nuclear Power Division, with an engineering 
staff in Washington, D. C., a new research and 
development center in Greendale, Wis., and an 
important research effort at Princeton University 
involving power from the hydrogen atom. For de
tails on the opportunities available, write to Allis
Chalmers, Graduate Training Section, Milwaukee 
1, Wisconsin. 

A-1192 

ALLIS-CHALMERS~ 
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BUI.LARNEY 

A Texas GI was playing poker 

with some English soldiers. He 

. drew four aces. "One pound," 

ventured the Englishman on his 

right. 
"Ah don't know how you'all 

count your money," said the 

Texan, "but ah'll raise you a ton." 

• 
A doctor called a man into his 

office and told him that his wife's 

mind was completely gone. "I'm 

not surprised," said the man, 

"She's been giving me a piece of 

it every day for the past 22 years. 

• 
Women's faults are many, 

Men have only two; 
Everything they say, 

And everything they do. 

• 
It's remarkable how much fun 

you can have laughing at the pic

ture on your I.D. card before 

realizing that's what you really 

look like. 

• 
Mama: "I'm glad to see you 

sitting so quiet while your father 

naps." 
Junior: "I'm watching his cig

arette burn down to his fingers." 

• 
A preacher was hearing con-

fession. In the middle of it, he 

stopped the young sinner saying, 

"Young man you ain't confessin', 

you's braggin'." 
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Little Johnny came home from 

school crying. "Hey, Ma, all the 

boys are picking on me. They say 

I have a big head." 
"You don't have a big head, 

Johnny. Now run along and play." 

The same thing happened the 

next day and the next, and each 

time Johnny's mother comforted 

him. The fourth day Johnny came 

home with the same story. 
"For once and for all, Johnny, 

you don't have a big head. Now 

please go down town and .get me 

ten pounds of potatoes." 
"O.K., Ma, give me a sack." 
"Sack? What do you need a 

sack for? Use your cap." 

• 
A man sat at the bar rail all 

night and when he was ready to 

leave crawled up the wall, across 

the ceiling, down the wall and out 

the door. One patron asked the 

bartender, "Isn't that fellow a 

pretty strange individual?" 

"Yeah," said the bartender, "he 

never says goodnight." 

• 
Professor: "This exam will be 

conducted on the honor system. 

Please sit three seats apart and in 

alternate rows." 

• 
Engineer to blind date: "I never 

really believed in reincamation
bu t what were you before you 

died?" 

BOB STEIERT, C.E. '62 

Critic: "It strikes me as being 

an impressive statue, yet isn't that 

rather ah odd posture for a gen
eral to assume?" 

Sculptor: "It isn't my fault, I 

had the job half done when the 

committee decided they couldn't 

afford a horse for the general." 

• 
EE.: "Lady, I've found the trou-

ble with your car. You've got a 

short circuit in the wiring." 
Lady: "Well, for goodness sake, 

lengthen it!" 

• 
An engineer who came to a 

dentist's office for a tooth extrac

tion was so frightened at the pros

pect, that the dentist sympathetic

ally offered him a s h o t of 

whiskey. Then the engineer 

asked for another shot, and 
gulped it down. The dentist then 

asked kindly: ' 
"There, young man. Do you 

feel any braver? Got your cour

age back?" 
"Yeah," snarled the engineer. 

"And brother, I'd like to see any

body touch my teeth!" 

• 
Overheard in EE lab: "Take 

hold of that wire." 
"This one? Okay?" 
"Feel anything?" 
"Nope." 
"Then don't touch the other 

one. It's carrying 5000 volts." 

THE MISSOURI SHAMROCK 



'Students Receive A·wards 
THREE College of Engineer

ing students at the Univer
sity of Missouri have been 
awarded the first Frank D. 
Oldham Memorial Fund Scholar
ships for freshmen in chemical 
engineering, Dean Huber 0 . Croft 
of the College has announced. 

The scholarships have been es
tablished in honor of the memory 
of Dr. Frank D. Oldham, who 
was professor and chairman of 
the Department of Chemical En
gineering at the time of his death 
in 1955. 

Each scholarship carries a sti
pend of $100, and is awarded for 
one semester, but will be renewed 
for the same amount for a second 
semester if the recipient main
tains his scholastic work satisfac
torily. 

Coed: "Do you think I's con
ceited?" 

Ch.E.: "No why?" 
Coed: "Girls as good looking as 

I am usually are." ... 
"Oh, what a funny cow," the 

chic young thing from the city 
told the farmer. "Why doesn't it 
have any horns?" 

"There are many reasons," the 
farmer replied, "why a cow does 
not have horns. Some do not have 
them until late in life. Others are 
dehorned, while still other breeds 
are not supposed to have horns. 
This cow does not have horns be
cause it is a horse." ... 

Opera is where a man is stabbed 
in the back and instead of bleed
ing he sings. 

Lawyer, reading the last will 
and testament to expectant rela
tives of an M.E.: 

"And so, being of sound mind, I 
spent every last cent before I 
died." 

OCTOBER, 1960 

Presentation of the Frank D. Oldham Memorial Fund Scholarships to three freshmen in the University of Missouri College of Engineering. From left are: Gary D. Thomas, Robert N. Healy, Edgar Allen Slusher, Jr., Mrs. Frank D. Oldham, Dr. Gerhard H. Beyer, and Dean Huber 0. Croft. 

Lieutenant (in the mess hall, 
roaring with indignation): "Who 
told· you to put these flowers on 
the table?" 

Sergeant: "The Colonel, Sir." 
Lieutenant: "Pretty, aren't 

they?" 

Three men were sitting on a 
park bench. The man in the 
middle was sitting quietly as 
though asleep. But the other two 
men were going through the mo
tions of fishing. With deadly seri
ousness they would cast, jerk the 
lines gently, then swiftly wind 
their imaginary reels. This went 
on for some time when a police
man sauntered over, shook the 
man in the middle and demanded, 
"Are these two nuts friends of 
your?" 

"Yes, officer," replied the man. 
"Well get them out of here 

then." 
"Right away officer," said the 

man as he began to row vigorous
ly. 

The preacher was expounding 
on his subject: "Who has the most 
money to spend?" He cried, "Who 
has the biggest car? . . . the saloon 
keeper! Who has the finest fur 
coat? ... The saloon keeper's 
wife! And who pays for all this? 
... You do, my friends, you do!" 

Several days later a man and 
his wife who had been in the 
audience stopped the preacher on 
the street and thanked him for the 
good advice they received from 
the sermon. 

"I'm glad indeed that you've 
given up drink," said the preach
er. 

"Well, it isn't that," ventured 
the man, "we bought ourselves a 
saloon." 

Overheard in Dean's office: 
Dean to engineering student: 
"Aren't you ashamed to be seen 

here so often?" 
Student: "Why, I ' ve always 

thought of this as a respectable 
place." 
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ELDOR,SOMETIMES I GET THE IDEA 
THAT COMPANY RECRUITING- REPS 
ARE EXAGGERATING- TO US. DON'T 
YOU FIND \T TI-\US? 

I WILL LIVE IN /\N ULTRf\-MODERN 
All ELECTRONIC HOM£ SNUGGLED 

AMONG THE PINES AT 1HE. EOGE. 
OF A CRYSTAL BLUE. LAKE.. 

AND SO YOU'RE. JOINING- COLLINS ? 

AS YOU KNOW, ALB REC HT, I HAVE 
ACCEPTED AN E.NGINEERING 

POSITION PRIMARILY ON THE 
B~SIS m: AN HONEST, FORTHRIGHT 
PRESENTATION . 

WITH MERELY A DOUBLE GARAGE, 
ONE OF MY SPORTS JOBS WILL HAVE: 
TO SIT OUT IN THE. VEAR-ROUND 
PLEASANT WEATHER. 

THEY SAID T\.\AT l WOULD BE WO~Kl~G 
ON NEW UNCHARTED TRAILS 
THROUGH THE UNIVERSE .. . WITH 
THE ONLY LIMITS THOSE IMPOSED 
BY MY IMAG-INATION. 

THE.\/ TOLO ME. EXACTLY WHA1 
MY SALARY WOULD BE, AND I'll 
HAVE. TO SET ASIDE (TEMPORARILY) 
MY PLANS f'OR AN OCEAN-GOING-

~ -
VACI-IT. 

Furthermore, Collins is one of the nation's leading growth companies, producing for both govern

ment and business. Commercial fields include airline and business aircraft communication an~ 

navigation equipment, data transmission, microwave, amateur radio, broadcast and ground com· 

munication equipment. Research, development and manufacturing facilities are located in Ceda1 

Rapids, Dallas and Burbank. 

Collins likes engineers ... 20% of its I 3,000 employees are engineers. Collins is in the business 
basically, of selling the products of their imaginative thinking. 

Collins would lilce to discuss your future with you. Write for the free boolclet "'J 

Career with Collins• and aslc your placement Counselor when the Collins represent, 

ative will be on campus. 

YES, ALBRECHT, SUCH HONESTY AS 
THEIRS SHOULD NOT GO UNREWI\ROED. 

COLLINS RADIO COMPANY 

CEDAR RAPIDS, IOWA DALLAS, TEXAS IURBANK, CALIFORNIA 



If your sights are set 

Mock-up of the Shippingport (Pa.) Atomic Power Station reactor 
which was designed and developed by the Westinghouse Electric 
Corporation under the direction of and in technical cooperation 
with the Naval Reactors Branch, U .S. Atomic Energy Commission. 

on nuclear power-

-you'll find 
Photography 
at Work 
with you 
Already engineers working with 
nuclear power have learned that only 
utmost purity of materials and metic
ulous accuracy in manufacture can be 
tolerated in a reactor. Steels for the 
reactors and reactor vessels are checked 
for make-up and molecular structure 
with photomicrography and x-ray dif
fraction. Welds are proved sound and 
moderators flawless with radiography. 
And stresses likely to occur are studied 
in advance with photo-elastic stress 
analysis. 

In this new-day industry, as in any 
field on which you set your sights, 
photography plays a part in making a 
better product, in producing it easier, 
in selling it faster. It cuts costs and 
saves time all along the line. 

So, in whatever you plan to do, take 
full advantage of all the ways photog
raphy can help. 

CAREERS WITH KODAK : 
With photography and photographic proc
esses becoming increasingly important in 
the business and industry of tomorrow, 
there are new and challenging opportunities 
at Kodak in research , engineering, elec
tronics, design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information abo ut 
careers with Kodak. Address: Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



Several surveys indicate that salary is 
not the primary contributor to job 
satisfaction. Nevertheless, salary con
siderations will certainly play a big 
part in your evaluation of career op
portunities. Perhaps an insight into the 
salary policies of a large employer of 
engineers like General Electric will 
help you focus your personal salary 
objectives. 

Salary-a most individual and per
sonal aspect of your job--is difficult to 
discuss in general terms. While recog
nizing this, Mr. Case has tried answering 
as directly as possible some of your 
questions concerning salary: 

Q Mr. Case, what starting salary does 
your company pay graduate engineers? 

A Well, you know as well as I that 
graduates' starting salaries are greatly 
influenced' by the current demand for 
engineering talent. This demand es
tablishes a range of "going rates" for 
engineering graduates which is no doubt 
widely known on your campus. Be
cause General Electric seeks outstand
ing men, G-E starting salaries for these 
candidates lie in the upper part of the 
range of "going rates." And within 
General Electric's range of starting sal
aries, each candidate's ability and 
potential are carefully evaluated to de
termine his individual starting salary. 

Q How do you go about evaluating 
my ability and potential value to your 
company? 

A We evaluate each individual in the 
light of information available to us: 
type of degree; demonstrated scholar
ship; extra-curricular contributions; work 
experience; and personal qualities as 
appraised by interviewers and faculty 
members. These considerations deter
mine where withfo G.E.'s current sal
ary range the engineer's starting salary 
will be established. 

One of a series 

Interview with 
General Electric's Byron A. Case 
Manager-Employee Compensation Service 

Your Salary 
at General Electric 

Q When could I expect my first salary 
increase from General Electric and how 
much would it be? 

A Whether a man is recruited for a 
specific job or for one of the principal 
training programs for engineers-the 
Engineering and Science Program, the 
Manufacturing Training Program, or 
the Technical Marketing Program-his 
individual performance and salary are 
reviewed at least once a year. 

For engineers one year out of col
lege, our recent experience indicates a 
first-year salary increase between 6 and 
15 percent. This percentage spread re
flects the individual's job performance 
and his demonstrated capacity to do 
more difficult work. So you see, salary 
adjustments reflect individual perform
ance even at the earliest stages of 
professional development. And this 
emphasis on performance increases 
as experience and general competence 
increase. 

Q How much can I expect to be making 
after five years with General Electric? 

A As I just mentioned, ability has a 
sharply increasing influence on your 
salary, so you have a great deal ·of per
sonal control over the answer to your 
question. 

It may be helpful to look at the cur
rent salaries of all General Electric 
technical-college graduates who re
ceived their bachelor's degrees in 1954 
(and now have five years' experience). 
Their current median salary, reflect
ing both merit and economic c_hanges, 
is about 70 percent above the , 1954 
median starting rate. Current salaries 
for outstanding engineers from this 

class are more than double the 1954 
median starting rates and, in some 
cases, are three or four times as great. 

Q What • kinds of benefit programs 
does your company offer, Mr. Case? 

A Since I must be brief, I shall merely 
outline the many General Electric em
ployee benefit programs. These include 
a liberal pension plan, insurance plans, 
an emergency aid plan, employee dis
counts, and educational assistance pro
grams. 

The General Electric Insurance Plan 
has been widely hailed as a "pace 
setter" in American industry. In addi
tion to helping employees and their 
families meet ordinary medical expen
ses, the Plan also affords protection 
against the expenses of "catastrophic" 
accidents and illnesses which can wipe 
out personal savings and put a family 
deeply in debt. Additional coverages in
clude life insurance, accidental death 
insurance, and maternity benefits. 

Our newest plan is the Savings and 
Security Program which permits em
ployees to invest up to six percent of 
their earnings in U.S. Savings Bonds 
or in combinations of Bonds and Gen
eral Electric stock. These savings are 
supplemented by a Company Propor
tionate Payment equal to 50 percent 
of the employee's investment, subject 
to a prescribed holding period. 

If you would like a reprint of an 
informative article entitled," How 
to Evaluate Job Offers" by Dr. L. 
E. Saline, write to Section 959-14, 
General Electric Co., Schenectady 
S, New York. 

1togress Is Ovr,/4osf lmporlt1nf Protlvcf 

GENERAi fj ELECTRIC 





This is an 
artist's concept of 

the world's biggest 
radio telescope 

This giant telescope will use radio 
waves to locate objects that are bil
lions of light years out in space. The 
dish-shaped mirror will be 600 feet in 
diameter-about the size of Yankee 
Stadium. It will be the biggest mov
able radio telescope ever known. 

As you'd imagine, it is going to take 
a lot of material to build an instru
ment this size. The American Bridge 
Division of United States Steel, as a 
major subcontractor, is fabricating 

and erecting 20,000 tons of structural 
steel for the framework alone. The 
U. S. Navy through the prime con
tractor is supervising the entire job. 
When it's completed, there'll be a 
power plant, office buildings and per
sonnel facilities for a permanent 500-
man crew. The site is near Sugar 
Grove, West Virginia. 

United States Steel produces many 
of the materials that are essential for 
construction: Structural carbon steel; 
high strength steels; alloy steels; stain
less steels; steel piling; steel drainage 
products; cements; slag; reinforcing 
bars; welded wire fabric; wire rope; 
steel fence; electrical cable; and other 
allied products. 

The most important building pro-

This mark identifies modern , dependable steel. 
Look for it on con sumer p roducts. 

jects in our nation depend on steel. 
And steel depends on men like you. If 
you would like to find out about the 
many career opportunities at U. S. 
Steel, send the coupon. 

USS is a registered trademark 

United States Steel Corporation 
Personnel Division, Room 6085B 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 
Please send me career information 
about U.S. Steel. 

Name _ ___________ _ _ 

Schoo~ ----------- -
Address _ ___________ _ 

City _____ Zone __ State _ __ _ 

~ United States Steel 



Your handbook of 

CAREER OPPORTUNITIES 
with PHILLIPS 66 

The booklet, "A Career with a Futur~," describes the 
many job opportunities available with Phillips Petro
leum Company. Phillips is one of America's largest and 
most diversified petroleum companies. Because its 
activities include every phase of producing, manufac
turing and marketing petroleum, natural gas, natural 
gas liquids and petrochemicals, Phillips offers you the 
choice of a career suited to your interests and education. 
Phillips research and development programs 
include such widely diversified projects as 
atomic energy . . . synthetic rubber . . . plastics 
... exotic fuels ... fertilizers. Phillips rapid 
expansion has created many new opportuni
ties for engineers and scientists in geology, 

geophysics, computer programming, marketing, pro
duction and transportation. 
Opportunities for advancement are provided by 
Phillips policy of promotion from within. Ambitious 
young engineers and scientists are encouraged and 
given the chance to become the key men of tomorrow 
with this vigorous, expanding organization. Phillips 
interests in three major growth industries-oil, natural 

gas and chemicals-provide desirable stability. 
Write today for the brochure, "A Career with 
a Future," to Phillips Technical Manpower 
Division. And arrange for an interview, 
through your Placement Office, when the 
Phillips representatives visit your campus. 

PHILLIPS PETROLEUM COMPANY 

Bartlesville, Oklahoma 



Things we know about tomorrow: Sound waves like these will wash dishes, disperse 

fog, make chemical reactions go faster. Ultrasonic waves can weld one metal to another without heat. Help decontaminate 

radioactive parts. Make solder adhere to almost anything, even glass. Perform surgery without a knife. Change the 

flavors of foods, and the crystals in a steel ingot. Ultrasonics is a major research and development area at Westinghouse 

•.. and another reason why Westinghouse is the best place for talented engineers. For more information write L. H. 

e 
Noggle, Westinghouse Edu~ational Department, Pittsburgh 21, Pa. You can be sure if it's Westinghouse 



Dow means an attitude toward 
research, resources, results 

RESEARCH. "Find the truth of a matter first , then adapt that 
truth to the industrial needs of the day." This is the attitude 
of the research staff of The Dow Chemical Company. In 
new and expanded facilities across the United States, in 
Canada, and overseas, Dow research continues to embody 
this philosophy on which the company was built. It is note
worthy in the history of Dow that parallel to the steady 
growth of the company has been a steady increase in the 
number of research personnel. With this attitude toward 
research, Dow will continue to find and invent new and better 
processes and products, and at the same time to offer the re
search-minded person an ideal atmosphere for development. 

RESOURCES. When someone told Herbert H. Dow that there 
wasn't enough bromine available in the earth, he made his 
now famous statement, "We'll have to mine it out of the 
ocean, then." This is characteristic of the Dow attitude 
toward resources. It is true that the chief raw materials for 
virtually all the Dow products are sea water, brine, petro
leum, coal, and oyster shells. It is also true that the Dow 
attitude toward resources has led to an extremely broad and 

beneficial exploitation of these common materials. Dow 
thoroughness in the handling of all resources has led to the 
industry axiom, "If it's Dow, it's backed by complete 
technology." 

RESULTS. Even with such a short list of raw materials as 
Dow employs, a complete exploration of these materials will 
take you into medicine and biochemistry, agriculture, metal
lurgy, dyestuffs, solvents, plastics, and just about every other 
field as well. And Dow gets results. Many of these bear 
well-known names like saran and Saran Wrap*, Dowgard*, 
Styrofoam®, Lurex®, and hundreds of others. And the end 
is not in sight. Each new product suggests its successor, and 
it's the rare item that can't be improved. Hence, as it must 
be in every healthy company, every effort is made at Dow 
to see that research produces new results from the available 
resources. 

To learn how you can find a part ilt""the Dow Opportunity, 
visit, or write to the Technical Employment Manager at one 
of the locations listed below. *Trademark 

California-Pittsburg, Seal Beach • Colorado-Rocky Flats • Illinois-The Daw Metal Products Company, Madison • Louisiana-Plaquemine 

Massachusetts-Eastern Research Laboratory, Framingham• Ohio-The Dobeckmun Company; Dow Industrial Service, Cleveland 

Oklahoma-Dowell Division, Tulsa •Texas-Freeport• Virginia-Williamsburg • Canada-Sarnia, Ontario 

\ 
\ 

THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN ~ 
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Engineers who qualify to fill these chairs ••• 
are on the road to filling responsible iobs 

• with a growing company in a growing industry 

e American Air, Filter Company is one of the world's 
pioneers in the field of "better air." Starting 30 years ago 
as a manufacturer -of air filtration equipment only, it has, 
through a planned program of product development, attained 
the unique position of being the one company in its industry 
that can take the complete over-all approach to the customer's 
air problems. In brief, this means supplying and coordinating 
all the proper products to filter, cool, heat, clean (control 
process dust), move, exhaust, humidify and dehumidify air. 

"Better Air", while a big business today, is still in its 
infancy. Name any industry, any building type, and you have 
a present or potential user of AAF equipment. Other well
known trade names in the AAF family are Herman Nelson, 
Kennard and Illinois Engineering. At present, AAF operates 
ten plants in Louisville, Moline, Ill., St. Louis, Chicago and 
Montreal, Canada. 

THIS KIND OF 
ENGINEERING DEGREE ••• 

t 

• . • QUALIFIES YOU FOR 
THIS KIND OF JOB 

t 
Mechanical- Engineering, Sales or Manufacturing 
Electrical - Engineering or Sales 
Industrial - Manufacturing or Sales 
Civil - Sales 

FORMAL FIVE-MONTH TRAINING COURSE 

Your first job at AAF will be to complete a full five-month 
course in its technical training school. This is a complete 
and carefully planned course covering every phase of this 
business of better air and is under the direction of Mr. James 
W. May, a recognized authority on air handling problems and 
presently a member of the board of directors of ASHRAE. 
Classes, held in special, air conditioned quarters, are sup
plemented by field trips to visit AAF plants and observe 
on-the-job applications of equipment. 

YOUR FUTURE IS ALL-IMPORTANT TO AAF 

AAF prides itself on attempting to match the man to the 
job. During your training period you will have contacts 
with key company personnel. Your personal desires as to type 
and location of job are given every consideration. AAF is big 
enough to provide opportunities galore-small enough to 
never Jose sight of the personal touch that adds satisfaction 
along with success. 

A representative of AAF will be on your campus soon to 
interview students interested in learning more about the 
opportunities with this company. Consult your Placement 
Office for exact date. 

Am~rican Air (:ilt-er 
BETTER AIR IS OUR BUSINESS 
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Editorial 

In this hum-drum of college life, which we students find ourselves 
subjected to for four or more years, it becomes quite easy to lose all 
contact with the outside world. Our days revolve around our class lectures, 
our laboratory reports, and our own social set. National affairs and inter
national relations tend to' become very much secondary. Local and regional 
issues are all but overlooked. No doubt, the cry will be raised that we are 
here to get an education; that we can catch up on outside events later
when we have more time. Well, granted, we are here to get an education, 
but, it better be a complete education. We must remember that we will 
make the decisions for the next generation of mankind, and the sooner we 
start observing the decision-makers of today and formulating our own ideas; 
the more qualified we will be when we are called upon to act. 

TMS 

FRONTISPIECE 
The nuclear reactor for the nation's latest atomic power plant 
went critical at Rowe, Mass., on August 19. The Yankee 
Atomic Electric Company's plant there is the first nuclear-

. powered electric generating station in New England and will 
begin producing power this fall for the 10 utilities which 
jointly own the facility. 

Photo Courtesy Westinghouse 
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Alternating Current Calculator 

ELECTRIC power has found 
its way into almost every 

home, factory, or business office 
in the United States. The demand 
for more electric power increases 
every year and the power utili
ties must keep pace with these 
new power requirements. 

Power systems . . are- large and 
very complex in construction. The 
mathematical equations that an 
electrical engineer must solve are 
so numerous that weeks would be 
spent in the analysis of only one 
case of system conditions. Fortu
nately for the power engineer, a 
computer has been designed to 
enable a complete power system 
to be represented in miniature for 
purposes of study and analysis of 
system problems. This computer 
is called an Alternating Current 
Calculator. A somewhat more 
suitable name of Network Ana
lyzer has been given to the com
puter by the engineers who use 
the device. 

It is the aim of this writer to 
familiarize the reader of this paper 
with the main parts of the calcu
lator, how a power system is rep
resented on the calculator, and 
what the calculator does. The 
University of Missouri Network 
Analyzer will be described. 

There are four main sections of 
the computer: the unit drawers, 
the plug boards, the recordi·ng 
desk, and the metering equip-

s 

R. L. HILTENBURG, E.E. '61 

A view of the eighteen generators on the calculator at the University of Missouri. 

ment. 
The unit drawers contain all the 

necessary electrical components 
required to represent the com
plete power system. There are 
seven different kinds of these 
drawers. 

A line unit drawer contains 
variable inductances and resist
ances which are used to repre
sent transmission lines of less 
than sixty miles long. Longer 
transmission lines contain certain 
amounts of capacitance and are 
represented by pi-line drawers. 
The name comes from the resem
blance of the circuit to the Greet 
letter 'Tr . the pi-line drawers con-

tain variable capacitors in addi
tion to the variable resistors and 
inductors of the line drawers. 

Load drawers, which are com
posed of all three circuit elements, 
are used to represent the power 
requirements of an industrial cus
tomer or of a whole city. 

Auto transformers (single wind
ing transformers) are used to 
represent the huge transmission 
transformers of the power sys
tem. These auto transformers 
can be raised to 110% or lowered 
to 80% voltage. An adjustment of 
this nature would correspond to 
raismg or lowering the trans
former voltage from the normal 
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voltage on the actual transformer. 
Capacitor drawers contain vari

able capacitors which are used to 
represent their much larger count
erparts, static transmission line 
capacitors. 

The last two drawers to be de
scribed, the generator and reactor 
(variable inductance) drawers, 
are used together to represent the 
large steam or hydro-electric gen
erating stations which convert 
steam or water energy into elec
trical energy. The generator 
drawer represents a pure voltage 
source, free from all outside in
fluences. And, the reactor draw
er represents the effect of the 
generator winding inductances. 
The two drawers act in conjunc
tion to produce the effect of the 
actual system generator. 

Because of the extreme com
plexity of modern power systems, 
many units are needed to repre
sent all the interconnecting trans
mission lines. The Analyzer has 
twenty-five line drawers, sixteen 
pi-line drawers, six capacitor 
drawers, six transformer drawer, 
six reactor drawers and sixteen 
load drawers. Each of these draw
ers contains three separate and 
independent units. The generator 
units, eighteen in number, are 
each housed in separate drawers. 
All drawers are housed in 7 ft. 
high double column cabinets 
which hold six drawers in each 
column. 

Each drawer and drawer cabi
net is connected by bundles of 
conductors to one of the three 
plug board cabinets. Each unit 
is connected to two retractable 
plug leads contained on the plug 

boards. By the use of the plug 
leads, the units may be connect
ed in any configuration desired. 
Thus, all the connections of the 
complex power systems may be 
made. 

The recording desk or console 
is made up of two parts-the 
meters and other instruments, and 
the data recording board. The 
d.ata recording board will be dis
cussed now, but the meters will 
be discussed later in the metering 

NOVEMBER, 1960 

equipment section. 
The data recording desk is 3½ 

feet high at the back and slopes 
downward to the front to a height 
of 2 ½ feet. The desk is 3 feet 
wide, and fits together with the 
instruments to make a console 9 
ft. long. The sloping desk enables 
the recorder to view all of the dia
gram at a glance. A single line 
diagram, . similar to the one pic
tured, (See figure 1) is placed on 
the recording desk. 

O•••JJ 
LOI 

00 

buttons, and then depressing a 
selector bar, any unit may be 
connected to the two amplifiers. 
One amplifier meters the voltage; 
the other amplifier meters the 
current. Then, both amplifiers 
transfer the information to the 
three meters located on the in
strument part of the console. The 
three meters indicate current, 
voltage, and power flow. When 
the selector bar is depressed, the 
telephone relays operate to close 

(Figure 1) 

The desk surface consists of a the correct contact fingers. The 

heavy clear plastic covering sup- three instruments may be insert-

ported by a metal sheet in which ed anywhere in the miniature 

many 3/s in h.oles have been drill- power system by the procedure 

ed. Small lights are placed in described above. Such flexibility 

these holes directly under the allows the power engineer to 

position where a circuit unit is speedily see how the system is 

located on the drawing. Each operating. 

circuit unit has a light and when 
that circuit is metered, the light 
flashes and shows the position of 
the unit on the circuit diagram. 
This enables the recorder to place 
the data correctly by the right 
circuit as it is metered. 

Thus far, we have described all 
the necessary pieces of equipment 
needed to represent a complete 
power system in miniature and 
the equipment needed to record 
any data that might be obtained. 
Now, remains the task of describ

ing how each circuit is metered. 
Two very stable vacuum tube 

amplifiers are used with a selec
tion scheme and an elaborate sys
tem of telephone type relays to 
meter the circuits. The telephone 
relay has a magnetic coil which 
closes spring steel contact fingers. 
When the coil is not energized, 
the spring tension holds the con
tact fingers open. 

By depressing one button in 
each of three columns of selector 

The increasing power demand 
brings up the problems of con-
structing new transmission lines, 
adding more and larger trans
formers to keep the voltage from 
dropping due to the increased 
load, or even constructing new 
steam or hydro power generating 
stations. Any of the mentioned 
problems are very expensive 
undertakings, and often cost mil

lions of dollars to complete. The 
effect of adding new equipment 

to the system can be investigated 
by just turning on another unit 
placed at the desired new loca
tion. The currents, voltages and 
power flows can be read in min
utes after the switching operation, 
whereas a mathematically calcu
lated investigation may take 
hours, days, or even weeks to 
complete. 

The large currents that flow 
through modern transmission lines 

(Continued on page 18) 
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X-ray Spectrography 

SINCE World War II, the 
chemical process industries 

have been faced with strong and 
increasing competition, both at 
home and abroad. The increasing 
pace has emphasized a need for 
a newer and more rapid method 
of chemical analysis for produc
tion quality control and for re
search. One of the methods de
veloped for this was X-ray spec
trography. 

X-ray spectrography holds sev
eral advantages over other meth
ods of chemical analysis. It pro
vides a rapid means for both 
qualitative and quantitative meas
urements. Analysis for major 
cons ti tuen ts usually produces 
enough line peak intensity to ac
cumulate sufficient counts for 1 % 
accuracy in one minute. For this 
reason, it is much faster than 
classical wet chemical procedures. 
It is easier than analysis by 
optical spectra, and is not destruc
tive to the sample material. Sev
eral constituents may be analyzed 
simultaneously, and the method 
is sensitive enough to handle trace 
amounts of impurities with fair 
accuracy_ even down into the 
range of parts per million. Also, 
the sample may be in the form of 
either a solid or a liquid. 

The uses of X-ray spectrogra
phy in industry are numerous. It 
is used for analysis of metal alloys 
in metallurgy, ores in mineralogy, 
and sulfur, halogen and tetraethyl 
lead content in petroleum studies. 
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Plating thickness can be measured 
by determining the absorption of 
X-rays by metallic films, even on 
moving objects. 

The use of X-ray spectrography 
in production quality control pro
mises to become even more exten
sive, since North American Philips 
Company has begun producing 
their "Autrometer." This device 
analyzes a sample, compares the 
intensity of a spectral line with 
that of a known standard, and 
proceeds to the next line pro
grammed into its automatic cir
cuitry, meanwhile presenting a 
printed record of the results. 

To some extent the applications 
of X-ray spectrography are limit
ed. For reasons which will be ex
plained later, the elements carbon 
and hydrogen can not be deter
mined by X-rays. This precludes 
wide use of the method in two 
very important fields, biochemis
try and organic chemistry. 

X-ray spectography is a method 
of chemical analysis in which a 
sample of a material is energized 
so that it emits X-rays. These 
X-rays are characteristic of the 
elemental composition of the sam
ple. Interpretation of these char
acteristic rays and their relative 

- intensities permits analysis of the 
sample. 

This paper will outline the 
background, the theory, and the 
equipment used in chemical anal
ysis with X-ray spectrography. It 
will discuss the preparation of 
samples and the treatment of in-

terferences which may be en
countered in an analysis. Finally, 
an analytic procedure will be 
given for an unknown sample. 

The presentation in this paper 
will be comprehensive, but de
signed only to acquaint the reader 
with the principles of X-ray spec
trography. To understand these 
principles as presented in this 
paper, a basic knowledge of col
lege level chemistry and physics 
recommended. Additional study 
of these subjects is helpful, but 
should not be required for this 
paper. 

X-ray spectrography is a rela
tively new method of analysis. 
X-rays themselves were discov
ered only 65 years ago, on Novem
ber 8, 1895, by Wilhelm Conrad 
Roentgen at Wurzburg, Germany. 
They were named "X-rays" by 
Roentgen himself, as he said, 
"For brevity's sake ... and to 
distinguish them from others of 
the same name [rays]. ... " 

The discovery of these rays 
caused considerable excitement in 
the scientific world, and in the 
general public as well. Following 
the work of Roentgen, C. G. 
Barkla's investigations from 1908 
to 1911 showed that upon radia
tion with X-rays, different ele
ments emitted secondary X-rays 
which were characteristic of the 
elements. He found that there 
were two series of secondary 
X-rays with different absorption 
coefficients, and he named these 
series "K" and · "L". 
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Further experimentation dem

onstrated that X-rays possessed 

some of the properties of electro
magnetic radiation, and it seemed 

reasonable that they should pos
sess other such properties as well. 

Attempts were made to observe 

effects such as refraction, reflec
tion, and interference without 
much success. In 1912, however, 
von Laue, noting a similarity in 

magnitude between the wave 
lengths of X-rays and the inter
atomic distances in crystal struc

tures, suggested that a crystal be 

used as an X-ray diffraction grat

ing. Photographic experiments 

carried out by Friedrich and 
Knipping under von Laue's direc

tion were the first to successfully 
demonstrate crystal interference 
with X-rays. 

Shortly after this discovery, 
William L . Bragg noted that un

der certain conditions, an X-ray 
beam directed at a cleavage sur

face of a crystal was reflected 

in a manner analogous to the re

flection of a beam of light by a 

mirror. From this fact, Bragg and 

his father, William H ., derived 
the well known Bragg equation, 

n,\ = 2d sin 0. 
The foundations of present-day 

X-ray spectrography were com

pleted in 1913 and 1914 when 
Henry Mosely made a systematic 

study of X-ray spectra using 38 

different elements as targets in 

his X-ray tube. This s t u .d y 

showed a regular stepwise in

crease in the frequency of the 
spectral lines occurred as the 

atomic number of the element in
creased. 

Subsequent work done in the 

field of X-ray spectrography was 
mainly in refinement of princi
ples already established. Maurice 

de Broglie was first to use the 
"rocking" crystal for analysis. 

Manne Siegbahn, another scien
tist whose name is closely associ
ated with X-ray analysis discov

ered the M-series of spectral lines 
and did much work which made 
chemical analysis by X-rays prac
tical. 

Niels Bohr developed the quan-
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tum theory of atomic structure in 

1913. This theory was founded 

on two bases: that 

"(1) the atom possesses a 
series of stationary states, 
the only ones which can be 
physically realized, corre
sponding to the quantized 
motions and which can be 
calculated by Planck's meth
od; (2) the spectral lines of 
the atom are emitted when 
the atom undergoes a transi
tion between s t a t i o n a r y 
states .... " 

These stationary states are the 
K, L, and M-shells me·ntioned 

previously, and the N, 0, P, and 

Q-shells, which were named later. 

The available energy of an atom 

is least when its electrons are 
in shells or orbits nearest the nu
cleus. The addition of energy 

from an outside source, by colli
sion with high energy quanta may 

cause a lower energy electro·n to 

move to a higher energy orbit. 

This, however, leaves the atom 

in an unstable or excited state. 

To return the atom to stability, 
the electron "jumps" through 

stationary states to the shell 

which lc1-cks the electron. 

Bohr's theory assigned energy 

levels to the various shells, so 
that each electron jump consti

tutes a change in energy level, 
and a photon of energy propor

tional to this change is emitted 

with each jump. Each element 

has a different arrangement of 

electrons in the shells around its 

atoms. The photons emitted as 
the electrons change from shell 

to shell have wave lengths in the 
X-ray region, giving rise to char
acteristic radiation. 

The reason for the simplicity of 
X-ray spectrography over optical 

spectroscopy lies in the fact that 
the K , L , and M-shells hold fewer 

electrons than the outer shells. 

The most stable electronic con
figuration of an atom occurs when 

it has 2, 8, 18, and 32 electrons in 
the K, L, M, and N-shells, re
spectively. These numbers are 
the maximum allowable by quan
tum theory, and form a particu

larly stable configuration found 

in the noble gases. Radon, the 

heaviest noble gas, has 2, 8, 18, 

32, 18, and 8 electrons in its K 

through P-shells. 

The atomic number of radon 

is 86, the number of electrons in 

its atomic orbits. The elements 
known today range from hydro

gen, which has atomic number 1, 

to mendelevium, atomic number 
101. In X-ray spectrography, 
only the K, L, and M-shells are 

used, so that the largest possible 

number of electrons involved is 

28. This means that the number 

of spectral lines possible never 

exceeds 28, which is less than the 

number of spectral lines found 

in optical spectroscopy, which 
uses the outer orbits. X-ray 
spectrography is therefore simp

ler due to the less complicated 
spectrum. 

The electron shells of an atom 

are divided into subshells which 

also contain a predictable number 
of electrons according to quan

tum theory. The energy of an 

emitted photon is dependent on 

both the shell and the subshell 
of the electron jump involved. 

To describe the precise electron 
jump associated with a particular 
photon of e·nergy, it was neces

sary to develop a system of no
menclature. Under this system, 

the spectral lines are designated 

first by the terminal orbit of the 

electron. Thus, a K-line is caused 

by an electron jumping into the 

K-orbit, an L-line is caused by 

an electron Jumping into the L-
. orbit, and an M-line is caused 

by an elec:rron jumping into the 
M-orbit. The magnitude of the 

jump is described by a Greek

letter subscript, a:, /3, T, etc., de
pending on whether the electron 

jumps to the very next shell, 
skips one, skips two, etc., respec

tively. A K a:-line results when 
an electron jumps from the L-or

bit to the K-orbit, a K/3-line re
sults when an electron jumps 

from the M-orbit to the K-orbit, 
an La: -line results when an elec
tron jumps from the M-orbit to 

(Continued on page 14) 
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Meet Your Faculty 

ONE of the most familiar 
faces around the halls of 

the Electrical Engineering build
ing is that of Dr. J. C. Hogan, 
Professor of Electrical Engineer
ing. 

Prof. Hogan was born in St. 
Louis, Missouri on May 22, 1922. 
As a youth, the professor was 
actively engaged -in .atheletic ac
tivities. Among his favorite sports 
were track, basketball, and soc
cer. During his high school years 
at Beaumont High in St. Louis, 
he developed a keen interest in 
mathematics which later influ
enced him to study engineering. 

After graduating from high 
school in 1939, Dr. Hogan entered 
Washington University in St. 
Louis. He came to the university 
with the intention of majoring in 
mathematics, but his college ad
viser suggested he try electrical . 
engineering. Following his ad
visor's recommendation he enroll
ed in electrical engineering and 
found it much to his liking. He 
was awarded top honors during 
his college career with member
ship in Eta Kappa Nu, Tau Beta 
Pi, and Sigma Zi honorary frater
nities. He also became a member 
of Theta Zi social fraternity, and 
the AIEE. 

Almost immediately after grad
uation from college, Prof. Hogan 
found himself back in school, but 
this time it was Midshipman's 
School at the University of Notre 
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Dr. J. C. Hogan 

Dame. After rece1vmg his com
mission in the United States Navy, 
he was sent to the South Pacific 
where he participated in the Phil
ippine invasion. Here his back
ground in electrical engineering 
helped to qualify him for duty as 
radar officer. The unit that he 
was assigned to specialized in 
feints an d diversionary ma
nuevers. 

In 1945, after receiving his dis
charge from the navy, Prof. Hogan 
worked in the electrical industry 
for about eighteen months. Dur-

ing this time he began to consider 
the idea of teaching electrical 
engineering. In February of 1947, 
he made his decision and went to 
the University of North Dakota as 
an instructor in electrical e·ngi
neering. However, the North 
Dakota air proved to be a bit too 
cold and he decided to come south 
to the University of Missouri in 
September of 1947. 

As an instructor here, Dr. 
Hogan taught the fundamental 
courses in E.E. and worked on 

(Continued on page 26) 

THE MISSOURI SHAMROCK 



As you plan your career-be sure to consider 
Monsanto. It may surprise you that 

Monsanto needs electrical and mechanical engineers, 
as well as chemical engineers. 

Fact is, though, that Monsanto offers many opportuni
ties to men with your professional training, including: 

Mechanical Engineers ... 
• Plant design and layout 
• Equipment selection 
• Materials specification 
• Design of new and unique 

equipment 

Electrical Engineers ... 
• Design of electrical 

systems 
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• Plant engineering 
• Construction 
• Specialization in the fields 

of fluid mechanics, stress 
analysis, heat transfer, etc. 

• Power distribution and 
substation design 

• Process control 
instrumentation 

• Automated process systems 
engineering 

• Applied research • Equipment evaluation and selection 

May we discuss these with you as we visit your 

campus this year?You can arrange for this visit with 

your Placement Director; 

or write Professional Em

ployment Manager, EM-2, 

Monsanto Chemical Com

pany, St. Louis 66, Missouri. 
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X-RAY SPECTROGRAPHY 
(Continued from page 11) 

the L-orbit, and so on. Arabic 
numeral subscripts define the 
original subshell of the electron; 
A K ex: 1-line occurs when an 
electron jumps to the K-orbit 
from the first subshell of the 
L-orbit. Although . there are vari
ations, the relative intensities of 
these lines decrease with increas
ing distarice from the nucleus and 
increasing number of orbits 
passed over. The K ex: i-line men
tioned above is the most intense. 

There are two ways in which 
an atom may receive the energy 
necessary for excitation of its 
characteristic spectre: by collision 
with a high-energy free electron, 
as in bombardment of a target 
material with electrons which 
have been accelerated by a high 
voltage, or by collision with a 
high-energy photon, as in irradi
ation by a beam of X-rays. This 
latter case is called' rluorescence 
because of the analogy with the 
optical case. 

Early experimentation was ac
complished using the direct exci
tation method, with the specimen 
to be analyzed as the target of 
an X-ray tube. This, however, 
proved unsatisfactory due to the 
difficulties involved in forming 
the specimen into a suitable tar
get and working with it in the 
evacuated tube. Serious quanti
tative errors could also occur due 
to volatilization or change in sur
face composition of the specimen 
under electron bombardment. 

Under electron bombardment, 
a continuous or "white" X-ray 
spectrum is emitted in addition 
to the characteristic line spec
trum. This continuous spectrum 
is caused by the deceleration of 
the electrons and a continuous 
loss in energy. In X-ray analysis, 
this continuous spectrum is ob
jectionable; however, the contin
uous spectrum is not exhibited 
by materials under fluorescent 
excitation where electrons are not 
involved. Because of the disad
vantages of direct electron bom-
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bardment, most X-ray spectro
graphs now use f 1 o u r e s c e n t 
excitation. 

Analysis of the characteristic 
line spectrum generated employs 
the principles of diffraction, using 
a plane crystal as the diffraction 
grating. Such diffraction is gov
erned by the Bragg equation, 

n,\ = 2d sin 0 (1) 
n = line order 

where 
,\ = wave length 
d = inter-atomic spacing 

and 
0 = angle of incidence 

The conditions of this equation 
are best explained by figure 1. 

Fig. 1. Diagram Illustrating 
Bragg Equation. 

It is necessary that a given wave 
front be reinforced by another 
wave front if a spectral line is to 
be formed by crystal diffraction. 
Such reinforcement can occur 
only when the second wave front 
is either in phase with the first 
or out of phase by an integral 
number of wave lengths. De
structive interference occurs un
der any other conditions. The 
value of the integral number is 
"n" in the Bragg equation, the 
order of the line. If a wave such 
as AB in Figure 1 strikes a crystal 
at an angle 0, the difference in 
path lengths AEC and BGD is 
the distance FGH. From geom
etry, angle HEG is equal to angle 
FEG, which is equal to the angle 
0, the angle of incidence of the 
X-ray beam. EG is equal to d, 
the inter-atomic distance between 
parallel planes in the crystal. 
Sin 0 is then equal to FG/ EG, or 
FG/d. If reinforcement of the 
wave front is to occur at CD, dis
tance FGH must be equal to n,\, 
and FG must equal n,\/2. In this 

case, sin 0 = n,\/2d, and by trans
position, n,\ = 2d sin 0, which is 
the Bragg equation. 

This equation shows that the 
a.q.gle at which a spectral line will 
appear is a function of line order, 
wave length, and inter-atomic dis
tance. It also shows that as wave
length or order increase, sin 0 
must increase. The use of a crys
tal with a known cl-spacing there
by allows calculation of a value 
for n,\, with subsequent evalua
tion of ,\, simply by measuring the 
angle at which a spectral line 
occurs. 

Separation and analysis of the 
characteristic X-ray spectrum can 
be achieved in this manner, yield
ing the elemental composition of 
the sample material. 

Once the qualitative analysis of 
the sample is completed by this 
means, it is possible to determine 
the quantity of the elements pres
ent by comparing the intensity of 
the spectral 1 i n e s measured 
against the intensity of the same 
lines obtained from a standard of 
known composition. The intensity 
of a given line inc·reases with in
creasing percentage .composition 
because of the larger number of 
atoms of the element available 
for excitation. 

Figure 2 shows an overall block 
diagram of the electronic instru
mentation associated with a mod
ern X-ray spectrograph. The first 
link in the chain of equipment is 
the goniometer section. 

Fig. 2. Block Diagram of X-ray 
Spectrograph Instrumentation. 

For many years, and in some 
cases even today, the spectral 
lines formed by crystal diffrac
tion were recorded on a strip of 

(Continued on page 16) 
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Advanced power conversion systems 
for space vehicles utilizing energy of the sun or 
heat from a nuclear reactor are now being devel
oped by Garrett's AiResearch divisions. Under 
evaluation are dynamic and static systems which 
convert heat into a continuous electrical power 
supply for space flight missions of extended dura
tion. Component and material developments for 
these systems are being advanced in the fields of 
liquid metals, heat transfer, nonmechanical and 
turboelectric energy conversion, turbomachinery, 
alternators and controls. 

Besides solar and nuclear power systems for 
space applications, other product areas at Garrett 
include small gas turbine engines, environmental 
systems for advanced flight vehicles, cryogenic 

,,.. 

OUT OF THE LABORATORY 

fluid systems and controls, pneumatic valves and 
controls and missile accessory power units. 

This diversification of project areas enables 
the engineer at Garrett to specialize or diversify 
according to his interest, not only making work 
more interesting but increasing the opportunities 
for responsibility and advancement. 

An orientation program lasting several months 
is available for the newly graduated engineer, 
working on assignments with highly experienced 
engineers in laboratory, preliminary design and 
development projects. In this way his most profit• 
able areas of interest can be found. 

For further information about a career with 
The Garrett Corporation, write to Mr. G. D. 
Bradley in Los Angeles. 

THE GARRETT . .... CORPORATION 

tliResearch Manufacturing Divisions 
Los Angeles 45, California• Phoenix, Arizona 

Systems and Components for: AIRCRAFT. MISSILE. SPACECRAFT. ELECTRONIC. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Today Dickey Pipe Is longer ••• 
stronger .. ~.and joints faster 

You save time, cut costs and build 
better sewers with today's Dickey 
Vitrified Clay Pipe. Longer lengths 
mean fewer pieces to· handle. Pipe 
joints in seconds with the Dickey 
flexible, compression-type Coupling. 

This shuts out infiltration. Because 
it is stronger and immune to disin
tegration, Dickey Pipe assures gen
erations of trouble-free sewer service. 
Specify it by name ... Dickey 
Salt-Glazed Vitrified Clay Pipe. 

Providing improved sanitation for better living 

ICKEV 
sanitary salt-glazed clay pipe 

VV. S. DICKEY CLAY MFG. CO, 
Birmingham, Ala. Chattanooga, Tenn. Kansas City, Mo. Meridian, Miss. 
St. Louis, Mo. San Antonio, Tex . Texarkana, Tex.-Ark. 

C2as If it's made of clay it's good ... if it's made by Dickey it's better 

The squad of marines had been 
out to the rifle range for their 
first try at marksmanship. They 
knelt at 250 yards and fired. Not 
a hit. They moved up to 200 
yards and tried again. Not a hit. 
They tried at 100 yards. Not a 
hit. 

"Tenshun!" the sergeant drawl
ed. "Fix bayonets! Charge! It's 
your only chance." 
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"You can't beat the system," 
moaned a student after looking 
at his semester grades. "I took 
a course in basket weaving for a 
snap elective and then two Nava
hoes enrolled and raised the curve 
so that I flunked." 

• 
He: "Whisper those three little 

words that will make me walk 
on air." 

She: "Go hang yourself." 

X-RAY SPECTROGRAPHY 
(Continued from page 14) 

. photographic film which encircled 
the crystal. Developing the film 
and calculating from the data pre
sented in this manner was time
consuming and subject to error. 
X-radiation, however, is similar 
in nature to other radiation, and 
the development of Geiger and 
ot.her radiation detectors afforded 
an easier and more accurate elec
tronic means of obtaining the an
gular position and relative in
tensity of a spectral line. 

The system used in most X-ray 
spectrographs today is illustrated 
i~il Figure 3, a diagram of the 
-gciniometer section. 

Fig. 3. Diagram of Goniometer Section. 

The X-ray tube (X) emits 
X-rays which irradiate the speci
ment (S). Characteristic X-rays 
resulting from fluorescence of the 
specimen strike the analyzing 
crystal (C), of known d-spacing, 
and are diffracted at angles de
termined by the Bragg equation. 
To analyze the resulting spec
trum the crystal is rotated, or 
rocked, as was de Broglie's, 
changing the angle 0 and causing 
the spectral lines to appear along 
the perimeter of the goniometer 
(G). The word "goniometer" is 
taken from Gree¼; meaning "an
gle" "meter". It carries the de
tector around the crystal so that 
it can receive diffracted X-rays 
at various angles. A mechanical 
linkage between the goniometer 
and the crytal insures that the 
goniometer moves with twice the 
angular rotation of the crystal. 
If the crystal is at any angle 0, the 
detector is at an angle 20, and 
since the angle of incidence is 

(Continued on page 21) 
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IMPOR.TANT DEVELOPMENTS AT JPL 

THE CRYOGENIC GYRO 

A fundamentally new type of gyroscope with the possi
bility of exceptionally low drift rates is currently under 
development. The design techniques used in conventional 
electro- mechanical gyros appear to have been largely 
exploited. A break -through is needed, and the cryogenic 
gyro may well provide it. 

of a superconductor. Exceptionally low drift rates should 
be possible. This cryogenic gyro has performance potential 
unlimited by the constraints of conventional electro 
mechanical gyros. 

The cryogenic (liquid helium temperatures, in the range of 
4°K) gyro consists of a superconducting sphere supported 
by a magnetic field . The resulting configuration is capable 
of support in this manner as a result of a unique property 

This is just one example of the intriguing solid state con 
cepts which are being pioneered at JPL for meeting the 
challenge of space exploration. In addition to gyro applica
tions, superconducting elements are providing computer 
advances and frictionless bearings. The day of the all-solid
state space probe may be nearer than one realizes . 

• . , LIFORNIA INSTITUTE OF TECHNOLOGY 

3:T PROPULSION LABORATORY 
h Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Engineers and Scientists interested in basic and applied research in these fields: 
f RVOMECHANISMS •COMPUTERS• LIQUID AND SOLID PROPULSION• STRUCTURES• CHEMISTRY 
TICS • AND SOLID STATE PHYSICS• ENGINEERING MECHAN ICS• TRANSISTOR C IRCUITRY 

1, with full qualifications and experience, for our immedfofe consideration 
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AC CALCULATOR 
(Continued from page 9) 

cause losses in the form of line 
heating in the same way as the 
household electric heater liberates 
heat. Some losses are unavoid
able, but for economical reasons, 
they must be minimized. Mathe
matical calculation of losses is a 
very long and laborious process, 
and often inaccurate. With the 
power system set up and operat
ing on the Network Analyzer, all 
currents can be read very accu
rately and then used in only one 
calculation to determine the line 
loss. Only two examples of power 
system problems have been given 
here, but there are many more. 

In summary, the Network Ana
lyzer is a device that allows engi
neers to represent a large elec
trical power system on a minia
ture scale. The Analyzer relieves 
the engineer from performing the 
laborious and lengthy .calculations 
needed to obtain ·~the desired 
power system quantities. Instead, 
these quantities are read directly 
in terms of electrical currents and · 
voltages. Digital computers are 
beginning to relieve the work load 
of the Network Analyzer, but for 
a long time in the future, the Ana
lyzer will continue to serve engi
neering science in the perform
ance of its duties. 

What They Mean When They 
Say ... 

See me after class - (it has 
slipped my mind). 

Pop Quiz-(! forgot my lecture 
notes). 

I will derive-(formula has 
slipped my mind). 

Closed book quiz-(Memorize 
everything including the foot
notes). 

Open book quiz-(Oil your slide 
rules and wind your watch). 

Honor system- (alternate 
seats). 

Do odd numbered problems
(the even numbered problems 
will be on test) . 

Briefly explain-(not less than 
1000 words). 
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The focal point of any network analyzer-the console. 

There are only two kinds of 
parking left on the campus
illegal and no. 

• 
A fellow walked into a doctor's 

office and said, "Doctor, I feel 
terrible, I want you to give me a 
thorough examination." 

The doctor said, "Fine. First let 
me ask you a few questions." 

"Go right ahead," said the man. 
"First, do you drink much 

liquor?" 
"I have never touched the vile 

potion." 
"Uhuh. Do you smoke?" 
"I have never touched the filthy 

weed." 
"Do you run around much 

nights?" 

"I am in bed every night by 
nine o'clock for a fine night's 
rest!" 

"How about women?" 
"They have no fascination for 

me." 
"Uhuh. Tell me, do you have 

sharp pains in the head?" 
"That's just it! I have terribly 

sharp pains in the head." 
"That's your trouble. Your 

halo's on too tight." 



ONLY 12 INCHES WIDE ••• 

Tom Speer, Senior Engineering Research Supervisor at Stand
ard Oil, inspects one of the 12 sections in a new miniature 
road tester. Under simulated weather conditions, four wheels 

••• THIS 'ROAD' CARRIES 

whirl around to reveal wear patterns and other vital informa
tion. (INSET) Ruler shows wear pattern after strip has 
taken pounding from tires during rain, freeze, thaw and heat . 

WORLD'S HEAVIEST TRAFFICI 
Say good-bye to washboard pavements and 
chuck holes-their doom may be sealed! 

Key weapon in the war on costly road dam
age is a new miniature highway developed in 
the Standard Oil research laboratoriQs in 
Whiting, Indiana. It is only 12 inches wide and 
44 feet in circumference, but it carries heavier 
loads than any highway in the world. This Tom 
Thumb turnpike will eventually lead to meth
ods of building longer-lasting, smoother, safer 
highways ... at far less cost to taxpayers. 

Four wheels whirling around hour after hour 
can give it any degree of traffic intensity de
sired. Pressure that corresponds to the weight 
of the heaviest trucks can be applied to the 
wheels. To simulate actual traffic, the wheels 
are placed on braking and acceleration 90 per 
cent of the time. Automated electronic equip
ment can quickly change "road conditions" 

from desert dry to cloudburst drenched. "Road 
conditions", too, can be changed from freezing 
to thawing. 

Within weeks, the new test-tube roadway 
can determine what happens to roads during 
years of use in all kinds of weather. It can pre
test paving formulas and techniques, and may 
show how to eliminate washboard pavement 
and chuck holes. Savings in highway research 
alone may run into millions of dollars. Even 
larger savings in auto and road repairs and 
possibly in gasoline taxes are in sight. 

This test-tube roadway is just one of the 
many exciting developments at Standard. 
Every day, scientific research, pure and a pp lied, 
points the way to new or improved products. 
This work holds great challenge and satisfac
tion for young men who are interested in scien
tific and technical careers. 

STANDARD OIL COMPANY 
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS 

NOVEMBER, 1960 

THE SIGN OF'- PROGRESS ..• 

THROUGH R-EBEARCH 
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W ELL, welcome back to 
the fold. It seems like ye 

olde Editor done went and left me 
far behind on the first issue, but 
I sure do want you to know that 
I am back to stay; it's just that I 
procrastinate a wee bit. 

The courses this year are about 
the same 11s all the other years 
I've bee·n here ( too many) ; they 
are bad, bad. One course I'm tak
ing is, in my opinion, rather use
less. However, it is one of the re
quired courses. The teacher, one 
of the mainstays of the depart
ment (supposedly), has recently 
become the subject of the wrath of 
yours truly; which, incidentally, 
is a fate more horrible than death. 
The good Professor doesn't teach 
the course; he just writes num
bers on the blackboard. I secretly 
suspect he is a mystic. Every 
morning he performs the same 
ritual; he writes :numbers on the 
board with out explaination, all 
the while mumbling incoherently 
(one can occasionally, if he listens 
very carefully, hear him say, 
"Combustion Engineering," or, 
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Shamrock 

Sez 

"Babcock and Wilcox," as he sum
mons the fearsome Gods and 
Spirits of his peculiar cult) . How
ever, sometimes he interrupts his 
incantations by going into con
vulsions (he has a terrible rack
ing cough). Ah, but I'm exagger
ating! He doesn't perform his 
ritual every morning. No, some
times he allows us to follow his 
example by letting us write num
bers on a piece of paper and draw 
diagrams and hieroglyphics with
out explaination (we can't ex
plain them, either). We also 
mumble, but we mumble such 
things as, "Censored", and "How 
in the world does that old Censor
ed expect us to do this in twenty 
minutes?" Each of us has a fetish, 
a little piece of wood or plastic 
with numbers and symbols carved 
into the top and bottom, which 
slides between two similar pieces 
of wood; this we fervently employ 
in the hope that it will guide us to 
Light and Truth. The pieces of 
paper on which we mark we re
linquish to him, and he in turn 
gives them to one of his disciples 
who keeps track of the good and 

MUCHO DRYLAB, B.S. '99 

bad Karma, as do the Hindus. It's 
a fascinating order to belong to, 
but, as I said before, he doesn't 
teach the course. Looking at the 
symbols his disciple wrote o:n my 
paper, I find that I am able to see 
into the future. Yes! Yes! I can 
see more clearly now! The ethe
ral mists are diffusing gradually 
just as though they were being 
wafted away by the hand of Abso
lute Pressure or Enthalpy or 
Entropy. I can see into the future 
as clearly as I can see my hand, 
my poor trembling hand, directly 
before me; I see myself writing 
reports, looking at charts, sitting 
before reference books far into 
the night, pulling my hair .... 

But I have been carried away 
(somebody might after this); don't 
be discouraged, a lot of people 
have made it. Take for example, 
Emmet Snook, B.S., E.E., M.E., 
I.E., A.E., C .E., Ch.E. '03, '56; 
when asked what he thought he 
replied, "I really like it here since 
they took the bars down." 

Till next time .. 

Adios, M.D. 

THE MISSOURI SHAMROCK 



X-RAY SPECTROGRAPHY 
(Continued from page 16) 

equal to the angle of reflection, 
the detector always remains in 
line with the diffracted beam. A 
counter geared to the goniometer 
allows the 20 angle to be read, 
and a motor drive provides con
stant-speed rotation for angular 
scans. The collimators (Co and 
Co') limit the spread of the beam 
and improve angular resolution 
~ dec!'~asing the angle over 
'ivhich tfti beam appears. · 

A refinement of this arrange
ment known as inverted optics 
places the X-ray tube below the 
specimen. This is advantageous 
in analysis of liquids since it of
fers good reproducibility of sur
face and keeps vapors away from 
the X-ray tube. Other refine
ments use curved crystals, double 
crystals, and increased collima
tion in an effort to improve 
resolution and intensity, but the 
arrangement shown in Figure 3 
is the most common. 

In the X-ray section, the volt
age and current regulators and 
the high voltage power supply 
provide high voltage power to the 
X-ray tube. The power it sup
plies must be controllable and 
stable. If it is not, the radiation 
received by the detector in the 
goniometer section will be erratic 
in intensity, not representative of 
the sample composition. 

Passing through the goniometer 
section as described, the radia
tion, now in the form of an elec
trical pulse, goes to the counting 
section. Here, the pulse is first 
amplified and then fed to the 
scaler. The scaler counts the 
number of pulses passed to it and 
presents the count visually. A 
printer may be connected to the 
scaler to provide a printed record 
of each count taken. 

The pulses may also be fed to 
the ratemeter, which provides a 
continuous display of the rate at 
which the pulses are being count- · 
ed, rather than the total number 
of pulses. The recorder connects 
to the ratemeter and keeps a per
manent record of the count rate 
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at all times when it is in use. 
Several considerations are in

volved in the X-ray circuitry 
used. As has been noted, two 
methods are available for excita
tion of X-rays: electron bombard
ment and fluorescence. The in
tensity of the spectral lines ex
cited by fluorescence is smaller 
by a factor of about 1000 than 
that of spectra excited by ari•,elec
tron beam. Fluorescent excita
tion could not be used conven: 
iently utitil high power X-ray 
tubes, sensitive detectors, and 
suitable X-ray optics were devel
oped. 

The chief disadvantage of low
i n t e n s i t y spectra lies in the 
length of · time necessary to make 
a statistically accurate count of 
line 'intensity. This is particularly 
trqublesome if a minor constitu
ent in the sample is being sought. 

More important fqen mere in
tensity is the relative intensity 

· of the line to :µiat of the back
ground, or noise', which consists 
of cosmic radiation, sample radio
activity, and amplifier noise. The 
peak-to-background ratio deter
mines the sensitivity of an analy
sis, and it is in this respect that 
fluorescent excitation is most 
preferable, since it eliminates the 
continuous spectrum in the back
ground. 

The continuous spectrum emit
ted by a primary target material 
in an X-ray tube begins at a mini

' mum \Vave length,14'.'!' in, rises to a 
.· broad maximum ana falls off with 

increasing wavelength. The volt-
age through which an electron 
must be accelerated to provide 

·· sufficient energy for Amin can be 
calculated from the equation 

½ mv2 = hf (2) 
where the left-hand term repre
sents the kinetic energy of the 
electron, h is Pla.nck's constant, 
and f is the frequepcy correspond
ing to Amtn• The kinetic energy 
of the electron must also be equal 
to the product of its charge and 
the accelerating potential, eV. 
Substitution of this term in the 
left-hand term of the equation, 
and c/ Amin, where c equals the 

velocity of light, for f in the equa
tion results in the equation 

V = 12.35/ Am tn• (3) 
V in this equation is measured in 
kilovolts (KV) and Amtn in Ang
strom units (A) of 10·8 cm. 

Increasing the voltage V in
creases the amount of energy car
ried by each electron. , When the 
energy is suffid1i;nt t~~-~e~~e an 
electron from an orl;>it, !:5uch as 
the M-shell, the M-series ot,lines 
of the ,tar"~t~ spectrum· appear in 
addition td' 'the continuum. Fur
ther increases of voltage increase 
the intensity.t--#of the M-lines until 
the energy of the electrons is suf
ficient to cause emission of the 
higher energy L-lines. If the volt
age is increased still more, the 
process is repeated and the K
lines appear. 

A similar sequence of events 
applies to t~<.secondary target, 
the specimen·; -Oll,Wd.Vfaich the pri
mary X-ray. t-:'l,?ir~rri!·' is directed. 
Primary radiat_ion will be more 
or less absorbed by the specimen 
over a broad wave length region 
until the voltage V is increased 
and the wave length of the pri
mary beam is decreased to a wave 
length characteristic of the ele
ment composing the sample. At 
this characteristic wave length 
t~e M-spectrum appears, and ex
citation proceeds as described 
above. Simultaneously, 

"the absorption vs. wave
length function of the ele
ment s h o w s a steep rise 
(absorption edge) . Each ele
ment has f iv e absorption 
edges for the M-spectrum, 
three for the L-spectrum, a·nd 
one for the K-spectrum." 
The primary radiation must 

have a wave length slightly short
er than the absorption edge of 
the lines selected for analysis. 
The choice of the X-ray tube de
pends on the power required to 
yield this wave length as deter
mined by equation (3) . From this 
equation, the voltage on the X
ray tube required to excite the 
K-series radiation in an aluminum 
sample is 1.6 KV; for a uranium 
sample, 115 KV would be re-

( Continued on page 24) 
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YOU do 
as an. en.gin.eer at 

Development testing of liquid hydrogen-fueled rockets is car
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft's Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed
circuit television providing a means for visual observation. 

THE MISSOURI SHAMROCK 



Pratt & Whitn.ey Aircraft? 

Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 

Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born-a 
recognition that engineering excellence was the key 
to success. 

That attitude, that recognition of the prime impor
tance of technical superiority is still predominant at 
P&WA today. 

The field, of course, is broader now, the challenge 
greater. No longer are the company's requirements 
confined to graduates with degrees in mechanical 
and aeronautical engineering. Pratt & Whitney Air
craft._ today is concerned with the development of 
all forms of flight propulsion systems for the aero
space medium-air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, experimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 

Specifically, what would you do?-your own engi
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 

For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 

At P&WA's Connecticut Aircraft Nuclear Engine Lab
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 

Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
-can provide automatically recorded and computed 
data_simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 

Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi
mental Engineers work together in such programs to 
establish and test basic concepts. 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircroft Corporotion 

CONNECTICUT OPERATIONS - East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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X-RAY SPECTROGRAPHY 
(Continued from page 21) 

quired. Most X-ray tubes for 
X-ray spectrography are designed 
to operate at a maximum of 50 
KV at the present. This reduces 
equipment costs and provides 
greater safety against radiation 
hazards, but does not allow analy
sis of elements heavier than neo
dynium (atomic number 60) by 
their K-specJta. Nevertheless, the 
50 KV tube can still be .used for 
the heavier elements, si~ce the 
voltage required to excite the 
L-setles of uranium (92) is only 
21.7 KV. 

Proper selectio•n of the primary 
target material can be helpful in 
exciting the specimen. The con
tinuous specimen from the target 
contains more total energy than 
the target's characteristic lines, 
but if a target can be chosen so 
that its characteristic lines are 
near the absorption edge of the 
material to be analyzed, an in
crease in secondary radiation in- , 
t e n s i t y will be found. "The ' 
L-spectrum of tungsten, for ex
ample, is very i m p o r t a n t in 
exciting the K-fluorescence of the 
elements from about 34 Se to 
25 Mn." Tungsten is one of the 
most common target materials in 
tubes used for X-ray spectro
graphy. 

One consideration which can 
not be overlooked is to assure 
that the target does not contain 
any of the elements to be ana
lyzed in the sample. If the target 
contains these elements, lines 
from the target will mask the 
lines ot, the same element emitted 
by the sample. 

The analyzing crystal in the 
goniometer section must also 
meet certain requirements. The 
crystal, like the target material, 
can not contain elements which 
will disturb the measurements. 
To insure against such disturb
ances, few analyzing crystals are 
composed of h e a v y elements, 
since the lighter elements produce 
"soft" lo·ng wave length X-rays 
which appear at extreme 20 angles 
and are easily absorbed by the 
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air, and so do not interfere. Some 
of the crystals now in use are 
topaz, lithium fluoride, sodium 
chloride, ethylene-diamine-d-tar
trate, and ammonium dihydrogen 
phosphate. Silicon and quartz 
crystals are also used. Of all 
these crystals, the only one with 
an element ·heavier than atomic 
number 15 is the sodium chloride 
crystal which contains chlorine 
(17). 

The crystal should be large 
enough to allow the use of a 
wide beam, and its surface must 
be as perfectly plane as possible. 
Imperfections in the surface cause 
different areas of the beam to be 
reflected at different angles, re
sulting in a wide, low intensity 
beam rather than a sharp, well
defined line. In addition the d
spacing should be small enough 
to yield a 20 angle of about 10° 
even at the shortest wave length 
used, or an excessively long crys
tal will be necessary. A small 
,cl-spacing also gives best separa
tion of adjacent lines. 

The detector takes the separat
ed b e a m from the analyzing 
crystal and converts it into a 
series of electrical pulses. Four 
types of detectors are available 
for use in X-ray spectrography: 
the Geiger counter, the scintilla
tion counter, the proportional 

' counter, and the gas flow propor
tional counter. Among the four 
types, they cover a range of X-ray 
frequencies from 0.2 to 12 A, cor-

_i.responding to elements from the 
'·, heaviest known today, mendele

vium, down to about sodium. 

Between argon and krypton gas 
fills, the Geiger counter covers a 
useful range of elements from 
about calicum (20) to neodynium 
(60). Its main range is less than 
this, however. Its quantum effi
ciency is a maximum of from 60 
to 65% at 1.5 to 2 A, in the range 
of Cu Ka:: radiation. Its maxi
mum useful counting rate is lim
ited to about 500 cps ( counts per 
second). This is because of an 
effective dead time of 200 to 270 
microseconds. A long dead time 

is disadvantageous because of the 
random nature of X-ray energy. 
A photon entering the Geiger 
counter during the dead time 
would not be counted. All pulses 
from the Geiger counter are of 
equal height and pulse height 
discrimination is not possible. 

The principle of operation of 
the Geiger counter is fairly sim
ple. The counter consists of a 
metal tube with a small window 
cut into it. The window is covered 
with a radiation-transparent but 
gas proof barrier. A wire runs 
along the axis of the tube, which 
is filled with argon or krypton, 
and a difference in potential is 
maintained between the tube and 
the wire. 

When an X-ray photon enters 
the tube, it ionizes a gas molecule 
which is accelerated by the elec
tric field in the tube, collides with 
other gas molecules, and produces 
more ions until the entire tube 
is filled. Discharge of these ions 
produces a surge of current which 
forms an electrical pulse of from 
1 to 10 volts. 

The most versatile of the four 
detectors is the scintillation count
er. This counter covers a range 
of elements from titanium (22) 
up to mendelevium. Besides its 
extended range, it holds other ad
vantages over the Geiger count
ers. It has a dead time of only 
0.2 microseconds and can detect 
pulses at rates from 50,000 to 
100,000 cps. Its quantum effi
ciency is near 100% for the entire 
range of elements it covers, and 
it can be used with pulse height 
discrimination. 

In detecting X-ray energy, the 
scintillation counter performs a 
two-step conversion. The X-ray 
beam enters the counter and 
strikes a sodium iodide or other 
scintillation crystal which con
verts the photons into tiny flashes 
of light. A photomultiplier tube 
in the counter amplifies the 
flashes of light and triggers off 
a current surge, forming an elec
trical pulse. A beryllium window 

( Continued on page 27) 
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A Campus-to-Career Case History 

Field assignments, plus theoretical lab work (above), keep Larry Carmody's engineering career stimulating. 

If your future is engineering, put 

yourself in Larry Carmody's shoes 

Lawrence M. Carmody formed some firm con
. victions about his future/ engineering career 
while a senior at Illinois Institute of Technology. 

•·•1 wanted to do significant work," he says, 
"and have a variety of assignments that would 
broaden me and keep my job inter~sti~g. I 
want~p to make good use of my schooling and 
expr'ess my own ideas. And, like anyone with 
ambition, I wanted all the responsibility l •~'wuld 
handle and some genuine opportunities to' keep 
moving ahead." 

tarry got his B.S.E,E;, degree in June, 1955, 
and went with lllinois·,Bell Teleph9~e Company 
in Chicago. He first worked in th~ Radio and 
Specia) Set~ices Gniµp ofohe Transmission En
gineel'1ng llivision. There, j n addition to re-

ceiving more advanced training, he: 

• designed mobile radio systems 

• did path studies of radio circuit routes 

• worked on a special air-to-ground communi
cations project for an airline 

• did field work for a new, transistorized walkie-
talkie system developed by Bell Laboratories. 

Today, Larry is planning,,,and designing state
wide long-distance facilities involving micro
wave, carrier, and cable ,systems-projecting 
circuit needs as far ahead as 20 years. His 
recommendations often represent hundreds of 
thousands of dollars in equipment and facilities. 

"Telephone company engineering is 'tops' in 
my hook," says Larry. 

Like to be in Larry's shoes? Many young colfoge men are pursuing 
careers just as rewarding with the Bell Telephone Companies, 
Why not find out about opportunities for you? Have a talk 
with the Bell interviewer when he visits your campus-and read 
the Bell Telephone booklet on file in your Placement Office. 

BELL 
TELEPHON■ 

COMPANl■,S 
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HOGAN 
(Continued from page 12) 

his Master's Degree. In 1949, he 
received his Master of Science 
Degree in Electrical Engineering 
and was promoted to assistant pro
fessor. 

The professor took a leave of 
absence from the university in 
1951 and went to the University 
of Wisconsin where he had been 
awarded ~: fellowship to pursue 
his Ph.D. He received his Ph.D. 
in 1953 and returned to his posi
tion on the faculty staff at the 
University of Missouri. 

In addition to his teaching, Dr. 
Hogan has done extensive work 
as a consulting engineer for public 
utility companies. He is also su
pervisor of the network analyzer 
here at the University and is a 
member of several AIEE commit
tees. 

Dr. Hogan at work teaching one of his favorite courses-analysis of power systems. 

Dr. Hogan has this to offer as 
advice to students ; students 
should realize that for most of 
them this is their last chance for 
a formal education-use this 

chance wisely. A student's col
lege education should be a prepa
ration for the years after he 
leaves college; obviously for an 
engineer a technical background 
is very importa·nt. However, 
equally important is the way the 
student grows during his college 
career in regard to moral and 
social values. Development of 

Design for Y-Our future! 
Learn how to build the new 

DEEP-STRENGTH 
Asphalt pavements 

If you're going into Civil Engineering, it will pay 
you to keep a close eye on Asphalt design devel
opments. 

Here, for example, is the latest from Oklahoma 
•.. one of the new, DEEP-STRENGTH Asphalt 
pavements the state is using on Interstate 40. 
This one is outstanding because its base is 8 inches 
of hot-mixed-hot-laid sand-Asphalt ... no coarse 
aggregate. 

Why 8 inches? Why not 6 or 10? What did engi
neers do to insure good drainage? What factors 
set the design? 

personality, ability to work with 
other people, and maturity in 
making judgements are areas that 
should not be neglected. Many of 
these things can be done: in the 
course of normal classroom work 
and contact with other students, 
but participation in some extra
curricular activities will help 
achieve the above aims. 

The Asphalt Institute answers questions like 
these ... keeps you abreast of all the latest-in the 
design of Asphalt Highways, the most durable 
and economical pavements known. Would you 
like our new booklet, "Advanced Design Criteria 
for Asphalt Pavements", or our "Thickness De
sign Manual"? Writ~ us. 

Ribbons of velvet smoothness .. . 
A SPHA LT-paved Interstate Highways 

THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 
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X-RAY SPECTROGRAPHY 
(Continued from page 24) 

protects the crystal from visible 
light. 

The use of a photomultiplier 
tube limits the scintillation count
er to detection of elements heav
ier than about potassium (19), or 
wave lengths shorter than about 
3 to 4 A, because the noise level 
of commercial photomultipliers 
has an energy approaching that 
of fluorescence from elements in 
the neighborhood of potassium 
and titanium. The scintillation 
counter becomes very noisy with 
counter voltages much over 1000 
volts. 

The pulse energy distribution 
of the scintillation counter makes 
it suitable for discrimination of 
elements down to a separation of 
4 to 5 atomic numbers. If it is 
necessary to work with elemental 
pairs closer than this, the pro
portional counter may be used, 
allowing discrimination when the 
elements are as close together as 
2 atomic numbers. 

The xenon-filled proportional 
counter has a usable range of ele
ments between about phosphorus 
(15) and tin (50). Above tin, in 
the higher atomic numbers, X-ray 
frequencies are high, and the 
cou·nter's quantum efficiency falls 
off. To some extent, this is an 
advantage, since it reduces the 
noise level by eliminating high 
frequency cosmic rays. The gen
eral performance of the propor
tional counter is similar to that 
of the Geiger counter, but pulse 
height discrimination can be used, 
and it has the dead time and 
speed characteristics of the sci:n
tillation counter. 

The lightest element which can 
be analyzed with these three de
tectors has an atomic number of 
about 15. Elements lighter than 
this emit long wave lengths, low 
energy X-rays which are easily 
dispersed by air molecules in 
their path and absorbed by the 
counter tube window material 
and the heavy gas inside, in the 
Geiger and proportional counters. 

One way in which this difficulty 
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can be overcome is to modify the 
detector window and use a dif
ferent quench gas. This modifica
tion is the gas flow proportional 
counter. 

The gas flow proportional count
er is similar i:n construction to the 
proportional counter and has sim
ilar speed and pulse height char
acteristics. The greatest differ
ence lies in the fact that the 
w i n d o w on the proportional 
counter is much thicker. The 
window on the gas flow propor
tional counter is so thin that gas 
diffuses through it and must be 
replenished co·ntinuously, hence 
the name, "gas flow" proportional 
counter. It can be filled with 
gases of any desired mixture, and 
the window material may be 
changed. The gas flow propor
tional counter can be used to de
tect elements down to sodium 
(11). 

A modification which extends 
the lower limit of all four detect
tors to some extent is the helium 
attachment. This attachment fits 
onto the goniometer and encloses 
the path of the X-ray beam in a 
rubber hood filled with helium 
gas. Helium is much lighter than 
air and does not interfere with 
the beam as much. 

Even with thes~ modifications, 
however, it is not possible to de
tect the spectrum of carbon, oxy
gen, or hydrogen. These elements 
have atomic numbers 6, 8, and 
1, respectively, and their radia
tion is much too soft to be de
tected with the methods available 
today. It is this very soft radia
tion which limits the use of X-ray 
spectrography in the study of or
ganic chemicals and biochemicals. 

The radiation detectors operate 
best when on their "plateau", a 
region in which an increase in 
detector voltage does not increase 
the count rate. Operatio•n in this 
region insures better stability in 
case of variations in detector volt
age. 

In order to obtain useful infor
mation from the pulses coming 
from the detector it is necessary 
to count them. The first step in 

the counting sequence is amplifi
cation. 

As was me·ntioned, the pulses 
obtained from a Geiger counter 
are on the order of from 1 to 10 
volts. The pulses from the scin
tillation and proportional count
ers are on the order of millivolts, 
and need much greater amplifica
tion. With the latter detectors, 
since the amplifier and the de
tector are physically separated, it 
is necessary to use a pre-ampli
fier near the detector to offset 
capacitive losses in the line to the 
amplifier. The amplifier must 
also have differe·nt characteristics 
from an amplifier used with a 
Geiger counter. 

Unlike Geiger counters with 
their long dead times, proportional 
and scintillation counters require 
a high degree of resolution from 
the amplifier. Good resolution 
requires a fast-rising, sharp peak, 
necessitating a pulse shaping cir
cuit. Also, to be able to use the 
pulse height characteristics of 
these counters, it is necessary 
that the amplifier be as linear 
as possible, amplifying all pulses 
proportionally. 

The output of the amplifying 
stage goes directly to a discrim
inator circuit. This circuit sets a 
threshold voltage below which 
pulses will not be detected, and 
generates a suitably shaped pulse 
of constant amplitude to be sent 
to the scaler. Setting a minimum 
voltage on the threshold elimi
nates low voltage noise pulses and 
improves the peak-to-background 
ratio. 

The scaling circuit reduces the 
actual number of pulses sent to 
the indicating circuits, "scaling 
down" the count rate, but main
taining the ratio set into the cir
cuit by the operator. The scaler 
may be of the binary type or of 
the decade type. Binary scalers 
count in multiples of two, trans
mitting one pulse for every two 
they receive; d e c a d e scalers 
transmit one pulse for every ten 
they receive. By connecting seal-

( Continued on page 30) 
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Engineering News 

DETROIT GETS FIRST LOOK AT 
NEW STAINLESS STEEL ENGINE 

Auto designers and engineers, 
gathering this week for the 15th 
A n n u a 1 American Society of 
Body Engineers Technical Con
vention in Detroit, are taking 
their first look at a remarkable' 
new engine which features a 
block made of thin, stainless steel 
sheet. 

The four-cylinder engine is 
sparking discussion among auto 
experts by its unique combina
tion of high power, lightness, a t.3.~ 
durability. For instance, one 
model engine delivers 175 hp, yet 
weighs only 175 lbs., or one horse
power per pound. 

To prove its potential under the 
toughest conditions, the d u a 1 
overhead-cam engine has been 
installed in several boats and is . · 
scheduled for early test in _sports . 
car and racing car competitit ri', 
Its high performance design 'is 
also expected to be welcomed by 
the military for airborne and 
ground support equipment. 

Uses Brazed Thin Gage Stainless 
The main reason for the new 

engine's amazing performance is 
its use of brazed, thin stainless 
steel sheet for the block assembly, 
including combustion chambers, 
cylinders, water jacket, intake 
and exhaust ports, upper block 
pan, and spark plug tubes. (Braz
ing might be simply explained as 
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a sort of "super-soldering" that 
joins metal parts in a strong me
chanical and metallurgical bond.) 

Besides contributing to the 
lightness, strength and durability 
of the engine the stainless steel 
construction of the block does 
away with corrosion worries. 
Moreover, the thin stainless steel 
stampings-(in some sections 
only the thickness of a penny)
dissipate heat several times faster 
than a cast block. As a bonus, the 
uniform wall thickness eliminates 

, the troublesome "hot spots" 
which cause pinging in conven
tional engines. 

The use of stainless steel in the 
engine involves several unique 
concepts: Special block design 
eliminates the head gasket and 
permits very high compression
up to 14:1. A .063-in. steel liner 
in each cylinder provides excep
tional resistance to wear. The 

.:,-. tw'o camshafts, and the crankshaft, 
can be replaced easily with little 
effort. 

The new engine, which is avail
able in four displacement sizes 
(91, 105, 120, and 135 cubic inch
es), can be converted from one 
size to another simply by re
placing the crankshaft to change 
the stroke. All sizes have the 
same 3.50-in. bore, all develop 
maximum power at 6500 rpm. 

Several standard parts for De
troit cars, were adopted for the 

BOB STEIERT, C.E. '62 

The new dual overhead engine, with 
block assembly of welded and brazed 
thin stainless steel sheet, weighs only 
175 lbs. and develops 175 hp in its 
135 cu. in. version. Four displacement 
versions, all with the same bore, will 
be available. 

engine-Thunderbird intake and 
Pontiac exhaust valves, Chevro
let Six valve guides, and Ford 
S i x connecting rods. Several 
transmissions, including the Cor
vette 4-speed and the Falcon 3-
speed units can be used with the 
n e w engine. Special adaptor 
u n i t s permit "swapping" the 
lightweight, high performance e·n
gine into such sports cars as the 
MG, Triumph, and Austin-Healey. 

Weight of the four different dis
placements is about the same-
175 lbs·. without starter or gener
ator. The 105 cu. in. size will be 
employed exclusively for midget 
racing. The 91 cu. in. size pro
vides increased performance pos
sibilities for inboard racing hulls. 
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NEW DRIVING AID IN 

DEVELOPMENT ST AGE AT 

GM PROVING GROUNDS 

Electro Lane, an experimental 
device that visibly or audibly 
warns a motorist when he's too 
close to the pavement edge or 
centerline, will be put to practical 
use at General Motors Proving 
Grounds. This device is some
what comparable to the "beam" 
by which aircraft pilots keep 
course from one airport to an
other. 

This will be its first realistic 
test on vehicles using GM Proving 
Grounds' four-mile Ride and 
Handling Loop which resembles 
a conventional two-lane highway. 
In the center of each lane is a 
wire in the pavement radiating 
low frequency (2 kilocycle) 
power. 

When a car veers to the left 
or right, ferrite core coils on ei
ther side of the front bumper 
pick up electrical signals from 
the road. Signal strength varies 
with the pickup coil's distance 

· from the road wire. From an in
dividual coil the 2 kc signal is 
amplified and fed to one of two 
warning lights. 

Intensity of the light is pro
portional to deviation toward that 
side. In addition, the signal from 
either side or pickup coil is ap
plied to a network that feeds a 
speaker only after a pre-set level 
is reached. Thus, a driver will 
be alerted by light or sound, or 
both, if he is too far toward the 
right pavement edge or toward 
the left roadway centerline. 

Louis C. Lundstrom, director of 
GM Proving Grounds, wants to 
determine the success of the de
vice in warning his drivers of 
fatigue or drowsiness. This is a 
problem even with some experi
enced, expert test drivers, just as 
it is with many motorists on pub
lic highways. 
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Electro Lane, a device to warn motor
ists when they're too close to pave
ment edge or centerline, is undergoing 

HUGE FORGING 
PRESS IN USE 

Designers in tool steel whose 
ideas were once stashed away as 
misty dreams of the far future 
are now pulling these ideas back 
from Cloud-9 and having them 
forged into reality on an unique 
press. 

Some of these ideas, impossible 
a short five years ago, are reali
ties today. Huge forgings weigh
ing up to 20,000-pounds in the 
often complex and hard-to-work 
tool steels are no more than rou
tine production items on the 
2,000-ton general purpose, oil hy
draulic forging press. Billets for 
structural parts with space-age 
perfection are worked with as
sembly-line speed. 

The press, a radical new forging 
operation, handles ingots of spe
cial, hard-to-work alloys weighing 
up to 15 tons-planned additions 
of larger auxiliary equipment will 
greatly increase this. Or it can 
work small billets six inches 
square. 

Metallurgically, the press is 
equipped to forge-with predict
able results in terms of quality 
and yield-any of the many steel 
analyses which come its way. 

The metals may vary from low 
alloy steels through high alloy 
tool steels, high temperature alloy 
steels and stafnless steels, to ti-

tanium. The ingots are shaped 
into blocks, discs, sleeves, slabs, 
heavy flats and similar products. 

TRANSFORMERS FOR 

MULTIPLEXING DEVELOPED 

BY COLUMBUS PROCESS 

A revolutionary audio frequen
cy wide band transformers for 

·transitorized multiplex equip
ment has been developed. While 

.1:?ngineered primarily for a new 

.solid-state telephony system, they 
are anticipated to have a wide 
use in other fields of communica
tions, industrial electronics and 
nucleonics. 

The applications include multi
plexing, bi-lateral amplification, 
switching circuitry, telemetry and 
a number of other commercial 
functions. 

The transformers are encased 
in thermosetting plastic assuring 
permanence as well as immunity 
from severe environmental con
ditions. They conform t o Mil-T-
27 A Grade 5 Class R. 

Other important features of 
their new multiplexing trans
formers include precise control of 
the design parameters; their light 
weight and compactness makes it 
possible to reduce systems-designs 
by at least 50 % . 

Custom manufacturing reduced 
customers' costs by as much as 
35 per cent. This was because 
the customer would no longer 
have to purchase the more ex
pensive "stock" transformers as 
well as limiting their applications 
in designing special circuitry . .. 
now the transformer can be built 
to the circuit rather than the cir
cuit built to "stock" transformer 
specifications. 

Typcial electrical specifications 
in multiplexing transformers are 
frequency response of ± 0.1 db 
from 300 cps to 110,000 cps, longi
tudinal balance of 50 db minimum 
at 110,000 cps, insertion loss of 
0.3 db maximum and reflected 
impedance control of + 3 per cent 
over a frequency range of 300 cps 
to 110,000 cps. 
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X-RAY SPECTROGRAPHY 
(Continued from page 27) 

ing circuits in series, it is possible 
to reduce an extremely high 
count rate to a rate which can 
easily be handled by subsequent 
circuitry. An auxiliary circuit 
used with the scaler starts and 
stops the scaler's action, and an
other circuit erases the informa
tion accumulated after a count is 
completed and resets the circuit. 
The scaler gives a visual indica
tion of the number of pulses it has 
counted. 

The ratemeter averages the 
number of pulses sent to it during 
an increment of time and converts 
these pulses into a continuous 
electric current. Averaging the 
pulses is statistically :necessary 
because of the random nature of 
the X-radiation. The current from 
the ratemeter can be read as a 
count rate or fed to the strip 
chart recorder. 

The strip chart recorder plots 
the intensity of the X-ray beam 
versus time by plotting the rate
meter current. Synchronizing the 
recorder with the motor-driven 
goniometer results in a plot of 
X-ray intensity versus 28 angle 
of the type shown in Figure 4. 
By referring to the plot, the op
erator can quickly analyze a sam
ple qualitatively with the aid of 

<I) .. 
V 
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Fig. 4. Typical Plot from Strip 
Chart Recorder. 

the Bragg equation and a table 
of X-ray spectrographic data. 
The accuracy of the recorded 
scan depends on scan speed, and 
requires a slow scan speed if the 
circuitry is to accumulate enough 
pulses or counts i:n any time in
crement to be statistically accur
ate; A variety of gearing ar
rangements are usually available 
for the goniometer motor drive, 
and it is possible to select a gear 
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ratio which will give the desired 
accuracy or speed, depending on 
which is more important in the 
analysis at hand. 

Still greater accuracy is gained 
by the use of fixed count or fixed 
time procedures. A fixed count 
is made whe:n the operator selects 
the number of pulses to be count
ed and sets the scaler in operation, 
automatically starting an electric 
clock. When the selected number 
of pulses have been counted the 
scaler stops counting and simul
taneously stops the clock. Know
ing the :number of pulses counted 
and the time for the count, the 
operator can find the intensity of 
the X-ray beam. The fixed time 
procedure is the exact opposite 
of the fixed •count in that the 
time of the count is fixed by set
ting an electric or mechanical 
clock, and the number of pulses 
counted is allowed to vary. Sta
tistical error for both methods is 
less than the statistical error of 
a scan, since more pulses are 
counted. 

In using these procedures to 
locate an exact peak angle a scan 
is first made with the goniometer 
and recorder to determine the 
approximate angle of the peak. 
Following this, or if the angle is 
already known, the goniometer is 
slowly moved manually about the 
approximate peak angle until a 
maximum is obtained on the rate
meter. When the peak has been 
narrowed down to being in angu
lar range of about 0.05°, the 
goniometer is set approximately 
0.05° to one side of the peak and 
counts taken at increme·nts of 
0.01 °, passing over the peak. The 
peak occurs at the angle where 
maximum intensity is found. 

Quantitative measurements are 
always made using fixed count 
or fixed time procedures for ac
curacy. The simplest method of 
quantitative measurement uses a 
set of standards made from vary
ing conce·ntrations of the sought
for element in a matrix similar 
to that of the sample. Counts are 
taken at the peak of a spectral 
line of the element using each 

standard, and a graph of concen
tration versus net count rate is 
plotted from the data taken. The 
background count for the net 
count rate (peak minus back
ground) is taken at an angle de
termined from a scan of the ma
terial, where the background 
seems to have an average value. 
The resulting plot, similar to that 
of Figure 5, allows concentration 
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Fig. 5. Typical Plot of Composition 
versus Count Rate. 

to be read if the net count rate 
is measured. 

Another method of quantitative 
analysis uses internal standards. 
With this method, the concentra
tion of an element is determined 
from the ratios of the measured 
intensities of the internal stand
ards and the sample lines. The 
standard material is chosen so 
that its fluorescent line is near 
that of the element of interest 
and its characteristics of absorp
tion by the sample matrix are 
similar to that of the element. 
The intensity of the reference line 
is then a function of the concen
tration of s t a :n d a r d material, 
which is set by the operator. In 
this method, only the peak in
tensities of the two lines need be 
measured because background af
fects both of them equally. 

Still another method, the addi
tion method, uses the measured 
difference between the intensity 
of a line of the element before 
and after addition of a known 
amount of the element. 

Quantitative measurements re
quire particular care regarding 
preparation of the sample to in
sure reproducibility. X-ray spec
trography is primarily a surface 
analysis, and although sample 
surface is not too important m 

( Continued on page 32) 
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Record-breaking Atlas missile billows flame and vapor as she launches satellite into orbit. 

130 tons of missile with a sl~in 
thinner than a window pane! 

The Nickel Stainless Steel skin of 
the Atlas missile is actually about 
one-third as thick as the glass in 
your window. 

And yet look what this skin does: 

• It is the sole structural framework 
for Atlas-130 tons of dead weight 
at the moment of firing. 

• It serves as the wall of the propel
lant tanks in Atlas' weight-saving 
design. 

• It withstands the deep chill of 
liquid oxygen ( -297°F) ... the 
high heat of supersonic speed 
( 400°F-600°F). 

... and it is less than 1/25 of an inch 
thick! 

No wonder they call stainless the 
space-age metal. No wonder engi-

NOVEMBER, 1960 

neers turn more and more to Nickel 
Stainless Steel as temperatures rise 
... as speeds soar ... as demands get 
more and more severe. 

But space is only one of the new 
worlds science is penetrating, and 
not even the newest. Witness man's 
35,805-foot dive into the depths of 
the Marianas Trench in the Pacific. 
Or his exploration of deep cold. Of 
super pressures. Of ultrasonics. 

Before the manipulation of such 
new environments can even be con
sidered, scientists and engineers 
need to know exactly what happens 

to metals under extreme conditions. 

lnco Research a source of such data 
Quite often, lnco Research has 
already developed the information 
needed and has it neatly filed and 
cross indexed. Ready for use. In 
several instances, when a new alloy 
was needed, barrier breakers have 
found it already developed and 
tested by lnco Research. 

Remember lnco Research when, 
in the future, you encounter severe 
new conditions and need useful data. 
The International Nickel Company, Inc. 

New York 5, N. Y. 

~~ International Nickel 
The International Nickel Company, Inc., is the U.S. affiliate of the International Nickel 
Company of Canada, Limited. (loco-Canada)- producer of loco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals. 
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X-RAY SPECTROGRAPHY 
( Continued from page 30) 

analysis by internal standards, 
external standards do require a 
reproducible surface. 

Liquid samples need little prep
aration, if any. Surface repro
ducibility is automatic. The con
centration may be varied by addi
tion or dilution, and internal 
standards may be added in the 
form of solutions. 

Solid samples in the form of 
bars, ingots, etc., may be prepared 
by grinding and polishing to a 
smooth reflecting surface. Solid 
samples in the form of powders, 
crystals, or ores, on the other 
hand, require considerable prep
aration. 

Accurate analyses are obtained 
only if the sample is homogen
eous. With powders or ores, etc., 
homogeneity is attained only af
ter thorough crushing, - grinding,_ 
and mixing of the sample. This 
is accomplished most easily by 
use of a mechanical mortar. The 
sample is then placed in a sample 
holder. The surface of the sam
ple in the holder must be as flat 
as is obtainable. Irregularities in 
the surface of the sample, as in 
the crystal, disperse the beam and 
lower line intensity. If a sampl-:-
and a standard are prepared with 
different degrees of surface ir
regularity, comparison of the in
tensities of their spectra is useless 
as an analysis. 

Absolute flatness is not attain
able, but is most closely approxi
mated by tightly packed, dense 
samples. A hydraulic press is 
sometimes used to compress sam
ples into the form of a thin wafer. 
Loosely packed also reduce in
tensity, since the amount of sam
ple per unit surface area is less. 
If the powder method is not sat
isfactory it may be possible to 
prepare the sample in the form 
of a glass by fusion with borax. 
This yields a permanent sample 
which is useful for standards. 

Considering the large number 
of elements, lines, and line orders, 
one might suspect that two lines 
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could occur at the same, or very 
nearly the same, angle. Such is 
actually the case. One of the best 
known instances of interfering 
lines impeded the discovery of the 
element hafnium by von Hevesy 
for some time, due to interference 
of zirconium. 

Overlapping lines can be han
dled by six methods which either 
increase the separation of the 
peaks or eliminate the interfer
ence. Collimators with narrower 
slits narrow the peak and aid in 
separation of the peak from its 
interference. The use of a crystal 
with a smaller cl-spacing also 
gives greater separation. Inser
tion of a filter with the proper 
characteristics of selective ab
sorption may allow the energy 
from the desired line to be passed 
while absorbing that of the in
terference. If the interference is 
from a higher order line, it may 
be possible to use one of the 
crystals now available which does 
not pass second order radiation. 
Particularly where the interfer
ing peak is of a shorter wave 
length, elimination of the inter
ference may be possible by de
creasing the excitation voltage to 
a point just below the minimum 
voltage needed to excite the in
terfering line. 

Electronic separation of the de
sired peak from its interference 
can be achieved with the pulse 
height analyzer, providing the 
wave length difference is large 
enough to allow the detector to 
resolve the lines. The pulse 
height analyzer screens out pulses 
which do not conform to a speci
fied range of pulse height. Such 
discrimination cannot be . used 
with Geiger counters, since all 
pulses from the Geiger counter 
are of equal height. In use, the 
pulse height analyzer is connected 
between the linear amplifier and 
the discriminator input to the 
counting circuits. It is equipped 
with two controls for selection of 
the pulse height range. These 
controls are the threshold setting, 
which fixes the minimum ampli
tude a pulse may have and still 

be passed, and the window set
ting, which fixes the maximum 
allowable height above the thresh
old. If applicable, pulse height 
analysis is the most effective 
method of separating overlapping 
lines, and has the additional ad
vantage of improving the peak
to-background ratio by blocking 
out extraneous pulses. 

If none of these techniques is 
successful in eliminating the dif
ficulty it may be possible to move 
to another line of the same 
element where the interference 
does not appear, or where one of 
the above methods may be ap
plied. 

Separation of a pulse from its 
interference almost always re
sults in a loss in intensity, but 
this loss is small in comparison 
to the information gained from 
the separation. 

An illustration of the general 
procedure followed in making an 
analysis of an unknown by X-ray 
spectrography would begin with 
the preparation of the sample, fol
lowing one of the methods above. 
The sample is then placed into 
a sample holder. 

With all the electronic circuits 
of the spectrograph warmed until 
they have stabilized, the sample 
holder is inserted into the spec
trograph and a manual scan is 
made with the goniometer to de
termine the proper settings for 
the ratemeter during a motor
driven scan to follow. The rate
meter circuits should be adjusted 
to give a high reading on the rate
meter as a peak angle is passed, 
but the ratemeter should stay on
scale. Once the proper settings 
have been determined, motor
driven scan is made with the 
goniometer and the recorder. 
From this scan, the elements pres
ent can be identified. 

The elements are identified by 
comparing the angle at which 
each peak occurs with published 
tables of element and angle with 
various crystals, or from calcula-

( Continued on page 35) 
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This is the 1960 Bethlehem Loop Class 
(Will you be here in 1961?) 

In early July, 1960, 202 college graduates reported to our 
general offices in Bethlehem, Pa., for an intensive period 
of indoctrination. For five weeks they attended talks by top 
management, viewed Bethlehem films, visited steelmaking 
operations almost daily. Upon completion of this first phase 
of training every man had a sound, basic knowledge of our 
large and diversified organization. 

Then began the second phase of Looper training
within their individual areas of specialization. Some of 
these men are now in the third phase-actual on-the-job 
training. All of them can be sure that, training completed, 
they are well-prepared to pursue rewarding careers with a 
company that is moving ahead steadily. 

Many types of engineering graduates are represented 

in our 1960 Loop Class-mechanical, metallurgical, chemi
cal, electrical, civil, industrial, mining, ceramic, and others. 

Whatever your engineering curriculum, chances are 
there's a splendid opportunity for you with Bethlehem 
Steel-the nation's second-largest steel producer, manufac
turer of many finished products, the world's largest pri
vately owned shipbuilding organization, and fabricator and 
erector of steelwork for buildings, bridges, and other steel 
structures. 

Ask your Placement Officer about Bethlehem. 
And be sure to pick up a copy of our booklet, 

"Careers with Bethlehem Steel and the Loop Course." 

BETHLEHEM STEEL COMPANY, Bethlehem, Pa . 

@ for Strength 

••. Economy 

••• Versatility 
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WHO 
ME? 
WRIT£ 
~~"? 

Chances are you'll eventually be involved 

in some way with specifications for: 

AIR CONDITIONING 

REFRIGERATION 

HEATING 

HEAT TRANSFER 

and chances are you'll profit by knowing 

the One Manufacturer providing 

"one source-one responsibility" for all four. 

DUNHAM-BUSH, INC. 
WEST HARTFORD 10 • CONNECTICUT • U . S. A. 
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Proud of your School? 

~-
, J 

A.W.FABER 
CASTELL 

helps the hand that 
shapes the future 

#9000 CASTELL Pencil 
with world's finest 
natural graphite that 
tests out at more than 
99 % pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opaci,ty. Extra 
strong to take needle
point sharpness without 
breaking or feathering. 
Smooth, 100% grit
free, consistently 
uniform, 8B to lOH. 

#9800 SG LOCKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 

#9030 imported Refill 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 
7B to l0H, packed in 
reusable plastic tube 
with gold cap. 

A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world's finest 
drawing pencil. You'll 
be wise to begin now. 

A. W .FABER -CASTELL 
Pencil Co., Inc., Newark 3, N. J. 
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X-RAY SPECTROGRAPHY 
(Continued from page 32) 

tions made from the Bragg equa
tion and element and line wave 
length tables. The recorder is dif
ficult to synchronize perfectly 
with the goniometer, and some 
peak shift may occur in the elec
tronic circuitry, so that the angle 
at which it appears is not its true 
angle; however, the peak may be 
narrowed down to a choice of 
several elements and positively 
identified by a process of elim
ination with cross-checks on other 
peaks. If three different peaks 
could be attributed to four dif
ferent elements at each peak, but 
only one at all three, it is that 
element which is present. A 
tungsten target in the X-ray tube 
provides a ready reference; the 
presence of tungsten lines in the 
scan is then known, and these 
lines can be used to correct angu
lar errors which might be present. 

The exact position of the most 
intense line of an element is then 
found by fixed count or fixed 
time procedures. 

If the scan shows that the sam
ple is binary, of two components, 
the next step is to prepare a series 
of standards of varying concentra
tions of the two components, fol
lowed by a preparation of a cali
bration curve for the system. 
Binary samples are easily an
alyzed by use of external stand
ards. 

If the scan shows the sample 
to be heterogeneous, having more 
than two components, preparation 
of external standards becomes 
more difficult. Since the stand
ard must closely match the sam
ple matrix to rule out inter-ele
ment effects, a large number of 
standards may be required to 
match all possible variations in 
composition. The qualitative scan 
is helpful in this case, since the 
elements are known from it, and 
the probability of absorption ef
fects can be predicted to a cer
tain extent. 

There are other ways, however, 
in which this problem may be 
attacked. It may be possible to 
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remove the interfering elements 
chemically and re-run a spectro
graphic analysis for the remain
ing constituents. If the sample is 
representative of samples which 
will be analyzed frequently, as in 
production quality control, the 
simplest method is probably to 
find the composition initially by 
one chemical analysis and use the 
kn:::wledge gained £rem this anal
ysis to prepare fewer, more ac
curate standards to allow subse
quent analysis with the X-ray 
spectrograph. 

If the scan indicates interfer
ence of the desired peak by an
other line, the pulse height an
alyzer may be used. Most pulse 
height analyzers for this type of 
work are equipped with motor
driven threshold controls. The · 
method of determining the prop
er threshold and window settings 
is to set the window to a narrow 
setting of about one volt and scan 
downward from the top of the 
peak to the baseline with the 
threshold. Synchronizing t h i s 
scan with the recorder results in 
a plot of count rate versus thresh-

.,, 
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cJ 

Ul 

~ 
a: 
1-
2 
::, 
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TI-IRE'i.l-lOLD SETTING-

Fig. 6. Typical Pulse Height 
Analyzer Scan. 

old setting, which is equivalent 
to pulse height, with the narrow 
window used. If peak A in the 
figure represents the peak to be 
measured, the proper settings are 
as shown, so that the window 
effectively contains the top of the 
peak. If the window were too far 
off to the side of the peak, varia
tions in ,pulse height due to drift, 
erratic detector voltage, or other 

causes may shift the peak out 
from under the window and give 
an erroneous count. The window 
must be wide enough to include 
the entire tip of the peak for the 
same reason. 

This concludes the discussion 
of X-ray spectrography as out
lined in the beginning of this re
port. The most important points 
of this method of analysis are that 
it is fast, simple, accurate, and 
can handle samples in various 
forms. It can be used for quali
tative analysis because elements 
irradiated by X-rays emit charac
teristic X-rays caused by electron 
"jumps" between orbits of the 
electron; these X-rays appear at 
various angles governed by the 
Bragg equation when analyzed by 
a diffracting crystal. Angular 
scanning of a radiation detector 
around the crystal converts the 
X-radiation into electrical pulses 
which can be counted electron
ically or used to operate a record
ing device. 

The elements which can be an
alyzed with this method range 
from sodium (11) with the gas 
flow proportional counter to men
delevium (101) with the scintil
lation counter. 

Accurate counts for quantita
tive analysis by intensities are 
made by fixed count or fixed time 
procedures, comparing the inten
sity of a net count rate from an 
unknown with a calibration curve, 
or by comparing the relative in
tensities, peak count only, of the 
unknown line and a known refer
ence line. 

Samples may be solids or li
quids, b4t must be homogeneous 
and have flat surfaces. 

Overlapping lines can be han
dled by several methods, the most 
effective of which is pulse height 
analysis. 

These are the main points to be 
considered in using X-ray spec
trography for analysis. If further 
coverage is desired, an extensive 
bibliography containing 157 refer
ences on the subject appears in 
the March-September 1956 issue 
of the Norelco Reporter. 
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Shamrock A 

Sweetheart 
Well my fellow followers of 

Newton, do you think you know 
a lot about the fair sex? This 
month's sweatheart is designed to 
test your knowledge. Her name is 
Miss Janet Diane Young and she 
resides in Johnston Hall. Her 
vital statistics are given below in 
a form that should be familiar to 
all of you. 



PhD, MS, BS in EE 
PhD, MS in Physics and Mathematics 
-would you rather blaze trails in electronic 

communications theory or consolidate 
territory newly won? 

YOU CAN AIM YOUR CAREER IN EITHEI DIRECTION 
AT STIOMIEII-CAILSON 

Division of General Dynamics 

•.• where a group of outstanding scientists 
and engineers are conducting both theoretical 
and applied studies in many aspects of the 
science of communications 

While our broad concern at Stromberg-Carlson is in the acqui
sition, transmission, processing, storage and display of com
munications data, ancilliary investigations - often seemingly 
remote - are carried on to enhance our basic understanding 
of the communications field. 

TO THE ADVANCED DEGREE CANDIDATE this fre
quently offers the opportunity, upon completion of his studies, 
to continue theoretical investigations initiated in thesis 
preparation. 

TO THE MAN WHO HAS RECENTLY RECEIVED HIS 
BS, it provides varied career choices: to work directly with 
experts on research projects; to participate in advanced devel
opment engineering concerned with the solution of complex 
systems engineering and equipment problems; to undertake 
the design of specific hardware which may involve the first 
practical utilization of new knowledge. 

AT ALL LEVELS, the opportunities for professional growth 
are exceptional, not only through concentration on work in 
advanced areas but through continual contact with able men 
trained in other disciplines. Informal consultation between 
engineers, physicists, mathematicians, psychologists and lin
guists is available on a day to day basis. Further, with scien
tists it is the aim of Stromberg-Carlson's technically-trained 
management to maintain the atmosphere of the academic 
world, encouraging discussion, publication of papers and par
ticipation in technical symposia. 

The list below indicates 
the range of work currently 
in progress. 

FIELDS OF RESEARCH ENDEAVOR 
Paramagnetic Resonance 
Thin Photoconductor Films 
Ferroelectricity 
Propagation and Coding 
Speech Analysis 
Bandwidth Compression 
Hydro-Acoustic Transducers 
Molecular Electronics 
Defect Solid State Physics 
Parametric Devices 
Tunnel Diode Logic 
Scatter Propagation Analysis 
Plasma Physics 

ADVANCED DEVELOPMENT & ENGINEERING 
ICBM Communications 
Electronic Switching 
Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronics Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
ASW Techniques 
Machine Tool Automation 
Radio Data Links 
High Intensity Sound Generators 
Air Acoustics 
Shaped Beam Display Systems 
High-Speed Automatic Missile Check-Out Equipment 
Super-Speed Read-Out and Printing Equipment 
Electro Acoustics & Transducers 
Logic Systems 
Sound Systems 
RF Equipment 
Precision Hi-Fi Components 

For further information write to the College Relations Section, 
Engineering Personnel Department. 

STROMBERG-CARLSON 
A DIVISION OF GENERAL DYNAMICS 

1450 North Goodman St., Rochester 3, New York 
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Thomas O'Connell (B.S. in M.E., Notre Dame, '54; M.B.A., New 
York University, '60). Recently, as part of his job in marketing 
at IBM, he found himself assisting the customer technicians 
with the design problems of one of the world's busiest bridges. 

WHAT'S AN IBM MAN GOT TO DO 
WITH REDESIGNING A BRIDGE? 
Tom O'Connell is an engineer working in marketing areas as an 
IBM Data Processing Representative. His job is to introduce 
management to the advantages of electronic data processing. 
Once they have acquired an IBM system, he acts as a con-
sultant on new uses for the system. 

A Spectacular Engineering Achievement. How is he helping to 
redesign a bridge? One of his clients is the agency which con
structs and operates transportation facilities in the New York
New Jersey area. Recently, they began to add a lower deck to 
the George Washington Bridge. It has been a spectacular engi
neering achievement. Sections were brought up the Hudson 
River on barges and hoisted hundreds of feet into position. All 
this while heavy traffic continued in both directions. 

This double-decking of one of the world's busiest bridges took 
complex planning. An IBM system materially aided in the veri
fication of bridge design calculations and in suspension bridge 
truss analysis under various loading conditions. Tom O'Connell 
supplied many of the computer programs that were used in 
conjunction with other programs developed by the customer. 
Tom now knows a lot more about the problems of bridge design. 

A Job That Makes News. One of the exciting aspects of Data 
Processing Marketing at IBM is this wide diversity of systems 
application. Using the knowledge a man has gained in college, 
and backed by the comprehensive training he receives at IBM, 
he moves into many kinds of application areas. The areas are 
always interesting, sometimes newsworthy. In fact , almost , 

· every day newspapers carry stories about new applications of 
computer systems in important areas of business, industry, 
science and government. 

If you would like to find out in more detail about the many kinds 
of marketing opportunities at IBM , our representative will be 
visiting your campus soon. He'll be glad to sit down with you 
and discuss the reasons why marketing is a career with a 
virtually unlimited future. Your placement office can make an 
appointment. Or you may write, outlining briefly your back
ground, to: 

Harley A. Thronson 
IBM Corporation 
618 S. Michigan Ave. 
Chicago 5, Ill. IBM 

® 
You naturally have a better chance to grow with a growth comµany. 
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From school ... through job ... 

to professional 
achievement 

America's colleges and universities give engineering students excellent training in basic 

disciplines. But this is only a preliminary to a professional career. Future success depends 

largely upon wise choice of job opportunities. The U.S. Naval Ordnance Laboratory, White 

Oak, offers young engineers outstanding opportunities ... the opportunities that really count. 

In considering your job situation, look into training and graduate programs, research 

and working facilities, challenge of assignments, and professional advancement opportunities. 

You will be pleased to learn how well a position with the U.S. Naval Ordnance Laboratory, 

White Oak, meets your needs. 

TRAINING PROGRAM OFFERS BREADTH 
NOL, White Oak, has a one·year rotational 
training program under which an employee · 
is given four-month assignments in research, 
engineering, and evaluation departments ... 
and a voice concerning assignment upon 
completion of the program. 

ASSIGNMENTS ARE CHALLENGING 
Assignments are available in aeroballistics; 
underwater, air and surface weapons; explo
sion and chemistry research; physics and 
applied research; and mathematics ... and 
the employee has a voice in selecting the field 
of his choice even during his training program. 

GRADUATE PROGRAM TIES IN WITH 
SIGNIFICANT PROJECTS 
The graduate program, under supervision of 
the University of Maryland, permits an em
ployee to obtain advanced degrees while 
working. Many courses are conducted in the 
Laboratory's own conference rooms, and 
employees are given generous time to attend 
these courses. Highly significant projects for 
theses and· dissertations are available, of 
course. 

OPPORTUNITIES FOR PROFESSIONAL 
ADVANCEMENT 
The Laboratory retains patents in employee's 
name for professional purposes, and for 
commercial rights in some instances. Attend
ance at society meetings is encouraged, and 
there are ample opportunities to engage in 
foundational research. 

EQUIPMENT AND FACILITIES TOP-FLIGHT 
The Laboratory has some of the finest equip
ment available anywhere for research and 
development work. The Laboratory's loca
tion at White Oak, Silver Spring, Maryland 
is in an attractive and dynamic suburb of 
Washington, D. C .•.. an atmosphere con
ducive to the best of living and working 
conditions. 

Position vacancies exist for persons with 
Bachelor, Master or Doctoral degrees, with 
or without work experience, at starting 
salaries ranging from $5,335 to $8,955. 
These positions are in the career civil serv
ice. For additional information, address 
your inquiry to: Employment Officer, U. S. 
Naval Ordnance Laboratory, White Oak, 
Silver Spring, Maryland, Attention: DPE. ·-,& U.S. Naval Ordnance Laboratory 

White Oak • Silver Spring, Maryland 

Your Placement Office can inform you of the date our representative will visit your school. 
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Energy conversion is our business 

NOVEMBER, 1960 

LISON 
Division of General Motors, Indianapolis 8, Indiana 
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BUI.I.ARNEY 

A young up-and-coming starlet 
was revealing her views on mar
riage in an interview, "Love is 
more i m p o r t a n t to me than 
money," she said solemnly. "I in
tend to wait until the right mil
lionaire comes along." 

• 
First Drunk: "We're getting 

close to town." 
Second Drunk: "How do you 

know?" 
First Drunk: "We're hitting 

more people." 

• 
"Hey dad, I'm h o m e from 

school again." "What the devil 
did you do this time?" "I gradu
ated." 

• 
Hubby sneaked home at 3:00 

a.m. His angry wife met him at 
the door. "So! Home is the best 
place after all." she snorted. 

"I don't know about that," her 
mate replied, "But it's the only 
place open." 

• 
Judge: "Have you ever earned 

a dollar in your life?" 
Prisoner: "Yes, your honor, I 

voted for you in the last election." 

• 
Advice to professors: "Vary the 

monotony." 

• 
The tall 7 ft. lad walked into 

the employment agency and asked 
about a job as a life guard. 

"Can you swim", asked the 
man. 

"No", said the boy, "but I can 
wade like heck." 
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A sweet old lady, always eager 
to help the needy, spied a partic
ularly sad-looking old man stand
ing on a street corner. She 
walked over to him, pressed a 
dollar into his hand and said, 
"Chin up." The next day, on the 
same corner, the sad old man 
s h u f f 1 e d up to the lady and 
slipped ten dollars into her hand. 
"Nice picking," he said in a low 
voice. "He paid nine to one." 

• 
Through the smoke and ozone 

fumes the student slowly rises; 
His hair is singed, his face is 

black, his partner he despises: 
He shakes his head and says to 

him, with words so softly spoken, 
"The last thing that you said to 

me was, "Sure, the switch is 
open." 

• 
Two drunks wandered into a 

zoo and stopped in front of a lion's 
cage. They stood watching the 
animal a few minutes and sud
dently it let out a roar. 

"C'mon, let's go," said one of 
the men. "Go ahead if you want 
to," responded the other, "I'm 
gonna stay for the movie." 

• 
"Get up!" commanded the Irish 

cop. 
"I can't offisher," replied the 

Scot. "Two men ha' got me 
down." 

"Nonsense!" snorted the police
men. "I don't see any men holdn' 
ye down." 

"They are too," insisted the re
clining one. "Their names is Haig 
and Haig." 

BOB STEIERT, C.E. '62 

Doctor: "How's the engineering 
patient this morning?" 

Nurse: "I think he's regaining 
consciousness. He tried to blow 
the foam off his medicine." 

• 
Chem. Prof.: "I'll bet you wish 

I were dead, so you could spit on 
my grave." 

Chem. Eng.: "No sir, I hate to 
stand in line." 

• 
1st M.E.: "You cutting machine 

design Friday?" 
2nd M.E.: "Nope, I can't. Need 

the sleep." 

• 
Engineer on telephone: "Doc-

tor, come quick! My little boy 
just swallowed my slide rule." 

Doctor: "Good heavens man 
I'll be right there. What are you 
doing in the meantime?" 

Engineer: "Using log tables." 

• 
First father: "Has your son's 

Liberal Arts education proved 
helpful since you took him into 
the business?" 

Second father: "Oh yes, when
ever we have a board meeting 
we let him mix the cocktails." 

• 
"Lips that touch wine will nev-

er touch mine," declared the fair 
coed . 

And after she graduated, she 
taught school for years, and years, 
and years, and years ... 

• 
M.E.: "I cured my child of bit-

ing his nails." E.E.: "Oh, yes? 
How?" M.E.: "I kicked his teeth 
out." 
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Taking the pulse of a petrified river 

From the Colorado plateau-once the floor of a vast inland sea

comes the wonder metal uranium. Using sensitive instruments, Union Carbide 

geologists :find its faint gamma rays along the beds of ancient petrified rivers~ 

Every ton that is mined ultimately yields just about half an ounce 

of uranium 235 ... precious food for atomic reactors. At Oak Ridge, Tennessee 

-the great atomic energy center operated by Union Carbide for the U.S. 

Atomic Energy Commission-the fuel becomes the kind of energy that will 

drive a submarine •.. light a city ••. or help doctors pinpoint the location 

of diseased tissue. 

Finding, refining, and researching the materials used in atomic 

energy are all part of the work done by the people of Union Carbide to enrich 

your daily life. With pioneering curiosity, they are seeking new things not 

only in atomic energy, but also in the :fields of carbons, chemicals, gases, 

metals, and plastics. 

Learn about the exciting work 

now going on in atomic energy. 

Send for the illustrated booklet, 

"The Atom in Our Hands," 

Union Carbide Corporation, 

270 Park Avenue, New York 17, 

N. Y. In Canada, Union Carbide 

Canada Limited, Toronto. 

UNION 
CARBIDE 

... a hand 
in things to come 



Jobs at 
Du Pont 

offer ... 

44 

Challenge 
... important, stimulating work 

in your chosen field, for a 

company that's a leader in 

research-the development 

of new products, new ways of 

producing them, and new 

areas for their use. DuPont's 

methods of training, extensive 

modern equipment and work

ing atmosphere will help you 

work at the top of your ability, 

help you keep growing. 

CHEMISTS 

Opportunity 
... for continuing advance

ment consistent with your 

qualifications, working with 

men who have made their 

mark, learning from men who 

have achieved. Here you are 

given every encouragement to 

score your own success. Here 

you are an individual; your 

own good ideas are wanted, 

you are credited with them, 

and you will be rewarded for 

them. 

ENGINEERS 

PHYSICISTS 

MATHEMATICIANS 

due soon to receive a Bachelor's, Master's or Doctor's degree ... talk with your 

placement officer ... or with our personnel representative when he is on campus. 

Or write us. E. I. du Pont de Nemours & Co. (Inc.), Room 2430-11 Nemours 

Building, Wilmington 98, Delaware. 

Better Things for Better Living ... through Chemistry 
THE MISSOURI SHAMROCK 



If your sights are set on 

Jet heat blast of more than 15,000 degrees Fahrenheit flares over surface 
of an experimental nose cone shape in a physics laboratory of Avco 
Research and Advanced Development Division, Wilmington, Mass. 

research and development-

-you'll find 
Photography 
at Work 
with you 

RESEARCH and development engineers 
find photography one of their most 
versatile tools. Camera and film can 
record the readings of instruments
can capture for study the fleeting 
transient on the oscilloscope face. The 
content and structure of metals can be 
studied by photospectrography or 
x-ray diffraction. And stresses in parts 
are visualized by photographing 
plastic models with transmitted polar
ized light. 

There's hardly a field on which you 
can set your sights where photography 
does not play a part in simplifying 
work and routine. It saves time and 
costs in research, on the production 
line, in the engineering and sales 
departments, in the office. 

So in whatever you plan to do, take 
full advantage of all the ways photog
raphy can help. 

CAREERS WITH KODAK : 
With photography and photographic proc
esses becoming increasingly important in 
the business and industry of tomorrow, 
there are new and challenging opportunities 
at Kodak in research, engineering, elec
tronics, design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



Q. Mr. Savage, should young engineers 
join professional engineering socie
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately "on the 
outside looking in," so to speak, 
of a new social circle to which 
they must earn their right to be
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A. The members of these societies 
-mature, knowledgeable men
have an obligation to instruct 
those who follow after them. 
Engineers and scientists-as pro
fessional people-are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to, others, includ
ing young engineers. 

Q. Specifically, what benefits accrue 
from belonging to these groups? 

A. There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien
tists and engineers. Most impor
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas - meeting col
leagues and talking with them, 
reading reports, attending meet
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso
ciates and organizations gener
ally heads the list of his aspira
tions. He derives satisfaction 
from knowing that he has been 
identified in his field. 

One of a series* 

Interview with General Electric's 

Charles F. Savage 

Consultant-Engineering Professional Relations 

How Professional Societies 

Help Develop Young Engineers 

Q. What contribution is the young en• 
gineer expected to make as an ac
tive member of technical and pro
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar
ing and presenting timely, well- ' 
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop
ment is a continuous process, 
starting prior to entering col
lege and progressing beyond 
retirement. Professional aspira
tions may change but learning 
covers a person's entire life span. 
And, of course, there are dues to 
be paid. The amount is grad
uated in terms of professional 
stature gained and should al
ways be considered as a personal 
investment in his future. 

Q. How do you go about joining pro
fessional groups? 

A. While still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric encourage par
ticipation in technical and profes
sional societies? 

A. It certainly does. General Elec
tric progress is built upon cre
ative ideas and innovations. The 
Company goes to great lengths 
to establish a climate and in
centive to yield these results. 
One way to get ideas is to en-

courage employees to join pro
fessional societies. Why? Because 
General Electric shares in recog
nition accorded any of its indi
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can't 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re
sponsible offices, serve on work
ing committees and handle im
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations · em
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the booklet 
"Your First 5 Years" published by 
the Engineers' Council for Profes
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
5,N. Y. 

* LOOK FOR other interviews dis
cussing: Salary • Why Companies 
have Training Programs • How to 
Get the Job You Want. 

GENERAL. ELECTRIC 
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Sometime within the next several years, the first 
American will soar into orbit around the earth. He will be 
sealed in a small, cone-shaped space capsule mounted atop an 

Atlas missile. The missile will climb 100 miles in less than six 
minutes, where the capsule will disengage and go into orbit. The 
man will be alone in space. 

The vehicle for this historic voyage is already in production under 
the auspices of the National Aeronautics and Space Administration's 
"Project Mercury." One of the methods of heat protection is a beryl
lium heat sink, forged on two giant steel dies. Both dies are USS 
Quality Steel Forgings. The top die (shown being rough-machined 
on one of our vertical boring mills) will be convex, 20 inches thick 
and will weigh 26,520 pounds. The bottom die, concave and 18 
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter. 

Steel is the starting gun in the race to outer space. Space ships 
and missiles couldn't get off the ground without it. And Steel de
pends on men like you. Send the coupon if you would like to find out 
about the many engineering financial analysis or sales career op
portunities at u. s. Steel. USS is a registered trademark 

@united States Steel 

This mark tells you a product is made ~ 
of modern, dependable Steel. "::£:1 

United States Steel Corporation 
Personnel Division 
525 William Penn Place 
Pittsburgh 30, Pennsylvania • 

Please send me the booklet, "Paths of Opportunity." 
Name ___________ _ 

Schoo~----- - -----

Addres,.___ ____ ___ _ _ _ _ 

CitY-------~one~State __ 



Dow means an opportunity for 
individuals, ideals, ideas 

INDIVIDUALS. Chemistry seems to draw a particular kind of 
person. Whether he's a scientist or a salesman, an engineer 
or a marketing man, when he chooses the chemical industry 
for his career he singles himself out as an individual. This is 
the kind of person who makes up the Dow organization. At 
Dow, teamwork has its place, but it is recognized, too, that 
most great ideas are born in the mind of an individual as he 
thinks about the problem. 

IDEALS. People may occasionally speak disparagingly of 
someone as "a dreamer and an idealist. " But these are 
exactly the qualities of all the men who seek to make some
thing great out of something commonplace. When Herbert 
H . Dow turned an insignificant brine well into a vast chem
ical empire, he established the Dow philosophy that "every-

thing must be good for something, and we will make it 
work." The rest remained for one other factor. 

IDEAS. There are few places in the world that allow more 
room for ideas than a chemical company. In the first place, 
new chemicals, most of them never before existent at all , 
are made at an astounding rate. If the chemical is made for 
a specific job, then at least one application is known for it. 
But many others are the result of pure research or are 
by-products. These require ideas to put them to work, or to 
convert them, or to use them for undreamed-of applications. 
At Dow, sound ideas are tantamount to action. 

T o learn more about the Dow opportunity, visit, or write to 
the Technical Employment Manager at one of the locations 
listed below. 

California- Pittsburg, Seal Beach • Colorado- Rocky Fl ats • Illinois - The Dow Meta l Products Company, Madison • Louisiana-Plaquemine 

Massachusetts-Eastern Research Laboratory, Framingham • Ohio- The Dobeckmun Company; Dow Industrial Service, Cleveland 

Oklahoma- Dowell Division, Tulsa • Texas- Freepor t • Virginia- Wi llia msbu rg • Canada- Sarnia, O ntario 

----·· --

• 

THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN ~ 



WHAT HO, WRATISLAW! 
I UNDERSTAND THAT YOU 
HAVE ACCEPTED AN ENG
INEERING POSITION. 

THEY ARE ALSO VE.RY BIG IN 
THE GROUND COMMUNICATIONS 
DEPARTMENT ... PIONEERING 
AND PRODUCING SINGLE SIDE
BAND, TRANSHORIZON ANO 
MICROWAVE SYSTEMS. 

SO THE.SE. ARE. THE REASONS, 
WRATISLAW, TI-IAT YOU ARE 
JOINING COLLINS? 
~ (W: /' 
~ J\ 
~ 

YES,ROGER, THESE AND THE. 
FACT THAT MY GREAT-AUNT 
LEFT ME A 10-ROOM RANCH 
HOUSE NEAR ONE. OF THE 
COLLINS Re. D LABS. 

a 
lh._. ~ I 

~·,.<~ "(jf:;!f ~:i~ ;_.;f1 
\ 

, r;\:~ 
.~,: . 

.... >i~/4,\f}l~ti~::;'~~.-

YES, ROG-E.R,THE COMPANY 
l'M JOINING IS A LEADER 
IN MANY DIVERSIFIED 
FIELDS OF ELECTRONICS. 

PEOPLE. INVOLVED IN BROAD
CAST AND AMATE.UR RADIO 
TELL ME. THAT THIS COMPANY 
MAKES EQUIPMENT THAT'S •• , 
UH •• , 

FOR EXAMPLE, THEY ARE 
THE LEADERS IN CREATING 
AND PRODUCING-AIRBORNE 
NAV\GATION,COMMUNICffflON, 
INSTRUMENTATION, AND CON
TROL SYSTEMS. 

LIKE, ON THE BALL, IF YOU'LL 
PARDON THE. PUN. 

,~~ (f, ~\" 
11 ~ 

THE.Y ARE ALSO LEADERS IN 
MISSILE. ELECTRONICS AND 
SPACE EXPLORATION. THEY 
WERE FIRST TO BOUNCE VOICES, 
TELE.TYPE.,WIREPHOTOS, AND I 
DON'T KNOW WHAT All, OFF THE 
ECHO SAT ELLI TE. 

There are many sound reasons why engineers go to work for Collins. One of the nation's 
leading growth companies, Collins offers the young engineer an exceptional opportunity 
to advance within the company. Salaries and benefits are tops in the industry. What's 
more, you choose the area of the country in which you would like to work. Research, 
development and manufacturing facilities are located in Cedar Rapids, Dallas and Burbank. 

Collins likes engineers ••. 20% of its 15,000 employees are engineers. Collins is in the 
business, basically, of selling the products of their imaginative thinking. 

Collins would like to discuss your future with you. Write for the free 
booklet "A Career with Collins" and ask your placement Counselor 
when the Collins representative will be on campus. 

COLLINS RADIO COMPANY 
CEDAR RAPIDS, IOWA • DALLAS, TEXAS • BURBANK, CALIFORNIA 
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The rights of man has been a topic of conversation ever since man has 

been able to converse with his fellow man . In the ancient civilizations 

slavery was a widespread practice which was looked upon by most of the 

people as justifiable. Some voices were /aised against this injustice to the 

rights of man, but they were drowned out by the pride and ignorance that 
filled the minds of the masses. Even the advent of Christianity, which 

proclaimed the equality of all men, failed to halt the suppression of men 

by other men. 

The founding fathers of our country sought to free their descendants 

from the prejudices of the old world. They wrote noble phrases declaring 
"Liberty and Justice for All." However, the minds of men are not always 

influenced by words. Less than one hundred years after the founding of 

our country it took four years of war to create liberty and justice for all. 

Today, in our country, as well as throughout the world, the rights of 

man continue to suffer. In spite of the proclamations of equality, in spite of 

the victory of the righteous forces on the field of battle, the suppression of 

men continues. Where is the end of this injustice; when will the end come? 
I hope, my fellow students, that the end will come in our generation . I hope 

our generation will profit by the mistakes of our ancestors and that we will 
not fall victim to pride, ignorance, and prejudice. I hope, before our stay 

on earth is terminated, we will see the rights of man unblemished. 

FRONTISPIECE 

The aircraft carrier Enterprise, christened at Newport News, 
Va., on September 24, will have a nuclear propulsion plant 
capable of driving this largest ship ever built at a speed of 
over 25 knots. The Enterprise's propulsion system will use 
eight reactors to supply the power -to drive four propellers, 
each the height of a two-story house. 

DECEMBER, 1960 

Photo Courtesy of Newport News 
Shipbuilding and Dry Dock Company 
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Man vs. Computer 

THE electronic computer is 
the genius of the electrical 

engineer. It is manufactured and 
produced by the mechanical and 
industrial engineers, and used by 
the civil and chemical as well as 
the first three groups. These engi
neers use the computer in helping 
to solve technical problems. Men 
from these professions as well as 
other professions comprise and 
will continue to make up the level 
in industry known as manage
ment. 

The problems confronting man
agement today include: technical 
problems and operations, financial 
stability, the products and their 
markets, advertising and person
nel. I recently saw a cartoon in a 
magazine depicting the boss, a 
celebrating employee and a com
puter with the caption, "J.P., 
these office Christmas parties just 
ain't what they used to be!" (See 
cut). Whether you're the em
ployee or J.P., you are probably 
interested in the question, "Will 
electronic computers replace per
sonnel?" 

If your company introduces the 
use of electronic computers into 
its operations, will your firm's 
number of personnel decrease? 
Considering that your firm does 
install a computer, then the fol
lowing questions seem to be in 
order. 

What type of personnel, if any, 
will be replaced? To what extent 
will the computer be used; that 
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Christmas Office Party 1984? 

is, what operations will it perform 
and what functions will it replace? 
These are questions which must 
surely be thought about and an
swered by management. 

How can you best answer these 
questions? I'm going to answer 
them by making analyses of other 
peoples' experiences in dealing 
with these same questions. By 
personally interviewing people in 
the computer systems field, by 
analyzing replies to the above 
questions by some of the world's 
leading firms, and injecting my 

personal viewpoints, I hope to 
help you answer these questions. 

Management must realize, of 
course, that many problems, other 
than those mentioned previously, 
are encountered in the installa
tion of a complete system. Some 
of these are: 

1. The initial cost of the com
puter. 

2. The capital recovery 
3. The type of computer most 

suitable for your firm's operation 
In answering the topic question, 

"Will Electronic Computers Re-

THE MISSOURI SHAMROCK 



place Personnel?", the answer is 
an emphatic "No!" Electronic 
computers will not significantly 
reduce your personnel require
ments. For a basis of validating 
this negative answer, I shall quote 
the vice president of a large life 
insurance company. "The major
ity of the personnel replaced were 
lower paid female clerks of short 
service who are normally subject 
to a high turnover rate. The fact 
is that the company has not had as 
many clerks in these levels as it 
would have liked to have had at 
any time in the past twenty years, 
the deficiency in full-time clerks 
running at times up to 2,000 peo
ple. No one has been asked to re
sign because of electronic installa
tions and it is not expected that 
anyone ever will be asked to re
sign for this reason. The reloca
tion and retaining have not gone 
significantly beyond that occasion
ed by normal transfers between 
units for other reasons." 

An informative letter from an 
employment manager says, " ... 
our displacements have occurred 
mainly in two departments. Each 
department has displaced differ
ent types of employees. 

"In one department, the major
ity of displacements has been in 
the clerical areas. The introduc
tion of the computer does not 
necessarily reduce the work of the 
electric accounting machine areas. 
These areas continue to up-date 
and process records. The amount 
of displacements in this depart
ment has been low, as the man
agement has been able to absorb 
anyone who responds to the new 
medium. However, of these dis
placements, there have been more 
clerical than technical. There 
have been more women displaced 
and it is the feeling of this de
partment that this is due to more 
of an economic urge on the part 
of men and the desire to progress 
with the introduction of new pro
cedures. This group of displaced 
people tends to be long service 
employees generally with a high 
school education but not college 
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graduates. During the period of 
change-over, the normal comple
ment in this department has been 
reduced 25 per cent. 

"In another department, most of 
the displaced people have also 
been absorbed within that de
partment. Of those displaced to 
the present time, most have been 
clerical employees, male, non-col
lege with five to ten years service 
with the company. Very shortly 
there will be a group of female 
typists, non-college graduates with 
four to seven years experience 
who will be available for trans
fer." 

" .. . what we have done with 
displaced people. If the depart
ment with extra employees is un
able to use them in comparable 
jobs, the Personnel Department is 
informed and we place them in 
other areas of the company based 
upon their experience, education 
and salary. Since we have been in 
a position to transfer these extra 
employees, approximately 250 em
ployees have either resigned or 
been transferred for other reasons 
and have not been replaced. 

"In the future, several other de
partments who are in the process 
of converting to machine methods 
will have additional employees 
available for transfer. They will 
all be considered separately and 
every effort will be made to place 
them in another job even if it re
quires retraining. Although we 
are actually at the infant stage of 
transferring displaced people, we 
feel that we have been successful 
to this point and certainly hope 
that we will be in the future." 

Another insurance c o m p a n y 
executive says, "So far no per
sonnel have been replaced." 

This seems to be the prevailing 
thought or trend, especially in the 
insurance field. In companies 
where the computer does take 
the role of clerks and typists in 
one department, this just releases 
such personnel from this depart
ment for transfer to other de
partments badly in need of them. 
Companies not having such a de-

ficiency may not be hiring as 
many as they normally would, if 
they did not have the use of a 
computer. 

In the technical fields, such as 
engineering, I have evidence that 
computers increase personnel re
quirements, rather than reduce 
the company's employment. To 
exemplify this, I should like to 
quote a personnel supervisor of 
a large chemical corporation. He 
states, ". . . we have added, and 
need many more personnel to as
sist us in the expanded use of 
computers. We need more quali
fied mathematicians, statisticians, 
technicians, etc., and are adding 
these people to our staff as avail
able." In colloboration, a state 
personnel engineer says, "The in
troduction of the computer into 
the highway program has not 
materially reduced our personnel 
requirements, due to the huge 
increase of our highway con
struction program. However, we 
have been able to reduce some
what the amount of work that 
has been placed into the hands of 
consulting firms. We have em
ployed programmers and oper
ators for the computer." 

In all companies studied, the 
computer is used at its maximum 
capacity, and some firms have 
found it necessary to install more 
than one machine.1 Some com
panies not only have installed 
more than one computer, but are 
using two and even three differ
ent makes of computers.2 To 
further answer our original ques
tions, I shall enumerate several 
of the operations for which the 
computer is most often used; and 
why they are so popular: 

1. Computers are performing 
calculations of repetitious and 
routine nature, thus releasing 
personnel for a more thorough 
and comprehensive application of 
their talents in other duties. 

2. The computer is being used 
for operations that were previ
ously not undertaken due to the 
involved and complicated calcu-

( Continued on page 14) 
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Processing Natural Rubber 

RUBBER, itself, has very 
little use in the crude natu

ral form. To utilize its special 
properties some method of purify
ing and processing and natural 
material is needed. The purpose 
of this paper is to give a general 
description of the process of pro
ducing natural rubber into one of 
the most valuable substances man 
uses throughout his everyday 
life. 

Natural rubber is derived from 
latex, a milky secretion of the 
"Hevea brasilie·nsis" tree, which is 
found in Brazil, Ceylon, and the 
Malay Peninsula. Latex is com
posed of a transparent liquid con
taining proteins, resins, and en
zymes as well as other organic 
and inorga•nic compounds. After 
the latex is drained from the tree 
it becomes subjected to bacterial 
attack, so that the natural latex 
must be treated immediately. 

Before the latex is shipped for 
production into a more useable 
substance, it is treated using the 
following process. The latex is 
diluted with water and coagulated 
by the additional of acetic or 
formic acid. The water is then 
removed by forcing the coagulated 
mass through a set of rollers, thus 
squeezing the water from the sub
stance as though it were a wet 
sponge. The sheets thus obtained 
are washed, to remove any of the 
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acids remaining from the coagula
tion process, and dried in smoke 
houses. Upon completion of these 
finial two steps, the rubber or 
crude stock is then ready for ship
ment. 

Rubber in this crude form acts 
as a thermal plastic, being soft 
and sticky when hot and very 
brittle when cold. The next step 
in the process is, therefore, to 
convert the crude rubber into a 
more desirable and useful sub
stance, which is accomplished by 
the following treatments or pro
cesses. 

1. Plasticizing 
2. Compounding 
3. Extruding, Molding, or Cal

endering 
4. Vulcanizing. 

Plasticizing 

Plasticizing is a process which 
breaks down the globulous crude 
rubber material, making it pos
sible for the substance to absorb 
the materials which are added 
during the compoU'nding process. 
Plasticizing is accomplished by 
passing the crude rubber slabs 
through a series of heavy rollers, 
turning in the same direction but 
at different speeds. This has the 
affect of tearing down the large 
globs of material into small fiber
ous molecules, to which, materials 
may more readily be added to 

improve the characteristics of the 
finial material. 

Compounding 

Compounding follows the plas
ticizing process. The compound
ing process generally involves 
adding certain materials, called 
additives, which further improve 
the characteristics of the material 
desired. The following is a list of 
the types of additives used and a 
general description of how each 
improves the constituency of the 
finial product. 

1. Vulcinates are added to the 
crude stock to make the vulcani
zation or curing process possible 
at a latter point in the overall 
process. Sulfur, the chief vul
canate, is the most essential of 
all the additives necessary for the 
vulcanizing process. 

2. Accelerators are catalytic 
additives which speed up the 
vulcanizing process, while they, 
themselves, do not actually chem
ically combine with the other 
materials or constituents in the 
rubber. Although both inorganic 
and organic catalysts are used, 
Carbon disulfide is probably the 
most universal accelerator. 

3. Anti-Oxidants are added to 
the plasticized crude stock to 
safeguard against oxidation. Both 
Oxygen and light deteriorate 
rubber even at low temperatures. 
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The anti-Oxidants counteract this 
deterioration. 

4. Reinforcing agents are used 
to strengthen and toughen the 
rubber stock. Most common of 
the reinforcing agents is carbon 
black or ordinary soot, which 
may constitute as much as one
third of the finial product. The 
reinforcing agent gives somewhat 
of a body to the crude stock, for 
the other chemical constituents 
to form around. 

5. I n e r t materials, although 
they contribute very little to the 
physical properties of the finial 
material, function in the sense of 
considerably reducing the cost of 
the finial product. 

6. Plasticizers function to give 
the rubber stock better molding 
characteristics. That is to say, it 
increases the flow characteris
tics of the rubber when heated 
at elevated temperatures so that 
the material can take the shape 
of the mold with greater ease. 
However, even with the use of 
plasticizers, rubber as described 
thusfar has very poor flow char
acteristics. 

Extruding, Molding, or 
Calendering 

Depending upon the shape and 
usage of the finial rubber prod
uct, one of these three processes 
is next employed. 

Extrusion is a process used in 
producing such articles as rubber 
hose, tubing, and covered wire. 
Usually a much harder rubber 
stock is used when employing 
this process, since the softer ma
terials present problems of di
mensional instability. The pro
cess consists of forcing a molten 
mass of the treated rubber 
through a die, which has the 
shape of the finial cross section 
of the article desired. Upon cool
ing, the article is then ready for 
the finial vulcanization process. 

Molding is accomplished by 
precutting an unvulcanized piece 
of the treated rubber in approxi
mately the desired shape of the 
finial product, and then · placing 
this in a mold under pressure. 
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The mold is then heated until the 
material takes the shape of the 
finial product. Vulcanizing may 
be completed while molding, but 
usually it is left as a separate 
finial process, since additional 
time is required in the mold. 
Molding is essential in all cases 
where odd shapes are desired. 

Calendering is a process used 
to form rubber sheets of uniform 
thickness. The procedure is sim
ple. The slabs of treated rubber 
are passed through a long series 
of heavy rollers, called calenders, 
until a uniform thickness is ob
tained. Thicker sheets are pro
duced by rolling several of the 
smaller sheets together. This is 
possible because the unvulcan
ized rubber is still somewhat 
tacky, causing the sheets to stick 
together as though they were 
glued. 

Vulcanization 

The finial and most important 
of all the processes is that of 
vulcanizing the treated rubber. 
The vulcanization or curing pro
cess is the finial step in the chain 
of processes before the rubber 
product is ready for domestic and 
industrial use. The main purpose 
of the vulcanization process is to 
overcome the thermoplastic prop
erties of crude rubber and to in
crease the elasticity, tensile 
strength, and the wear and cor
rosive resistant properties. 

The vulcanization process is ac
complished by heating the treated 
rubber, containing a vulcanate 
such as sulfur, between 230°F to 
250°F for a specific period of 
time depending upon the size of 
the article. Heat is applied by 
steam or heated air or carbon 
dioxide gas by directing the 
stream directly on the formed 
article. Overcuring or undercur
ing, that is to say, heating the 
article for too long of a period 
of time or shortening the optimum 
time for the process respectively, 
will cause a weakening of the 
tensile strength and wear resist
ant properties of the rubber. Ex
perience has determined the op-

timum reaction time. 
The vulcanate cross links the 

long chain rubber molecules thus 
preventing a sliding action to oc
cur between two of these chains 
when under a heavy load. This 
chemical combination is illustrat
ed in Figure 1, showing the 
treated rubber molecule before 
vulcanization and then after
wards. 

H H 
I I 

-c-c;: = c;:-<;> 
H H CH:1 H 

(a) Rubber 
Molecule 
Before 

Vulcanization 

H CH-i H H -~-i-· ~ -g- (b) Rubber 
Molecule 

Figure 1 

After 
Vulcanization 

It may have been noted from 
the preceding discussion, on the 
three forming processes necessary 
before vulcanization, that heat 
was added to the treated rubber 
during the formation or molding 
of the articles. For this reason, 
the vulcanization process may 
transpire during one of these 
processes if the articles stay in 
contact with the heat necessary 
to do the formation for a long 
enough period of time. However, 
by making the vulcanization pro
cess separate from the forming 
processes, stricter control and 
uniformity of the products are 
assured. 

After the termination of the 
vulcanization process the articles 
are ready for domestic and in
dustrial use. This concludes the 
process of producing natural rub
ber. Other useful natural rubber 
products are made from the 
sponge and foam rubber pro
cesses. Synthetic rubber and re
claimed rubber processes are 
other processes which are ex
tremely valuable in the rubber 
industries. 
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Outdoor Advertising 
Blessing or Blight? 

I think that I shall never see 
A billboard lovely as a tree, 
Indeed, unless the billboards fall 
I'll never see a tree at all. 

OGDEN NASH 

OUTDOOR advertising is a 
phrase used to soften the 

evil connotations of the word 
billboard. In actuality outdoor 
advertising and billboards are ex
actly the same thing. The phrase, 
outdoor advertising, is used by 
individuals and organizations 
which defend the placing of bill
boards along our national and 
state highways. 

The controversy, whether we 
should or should not have bill
boards, came into the news in 
1956, for in this year the Federal
Aid Highway Act was passed by 
our national legislators. This act 
voted thirty-three billion dollars 
to build forty-one thousand miles 
of interstate highways in a thir
teen year period. Immediately 
after the passage of the Federal
Aid Highway Act, a few legis
lators began to plan a means of 
preventing the placing of bill
boards along this new interstate 
system of highways. This legis
lative planning quickly brought 
about a negative reaction from 
the outdoor advertising industry 
and from many roadside business
men. The resulting dispute is 
still going and will probably con
tinue until some definite decision 
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is made by our national and state 
governments. 

This controversy will not be 
easily decided, because both the 
opponents and the proponents of 
outdoor advertising have valid 
cases. The outdoor advertising 
industry and the roadside busi
nessmen comprise the majority of 
those in favor of billboards. The 
American Automobile Associa
tion, many citizen's groups, and 
devout anti-billboardmen such as 
Robert Moses, New York State 
Park Commissioner, oppose the 
placing of billboards along our 
highways. 

Most of the arguments for out
door advertising can be classified 
under three main points. These 
main points are: (1) billboards 
are an aid to safety on many 
highways, (2) billboards help the 
nation, the states, and the indi
vidual communities, and (3) bill
boards are a long-accepted part 
of the nation's highway system. 

With the advent of the turn
pikes and superhighways there 
came a new safety hazard which 
was named "highway hypnosis." 
This term is applied to the sleepy 
condition which a driver is lulled 
into when he drives on a one-way 
traffic lane with the same scenery 
mile after mile. "Highway hyp
nosis" is being increasingly rec
ognized as a major cause of acci
dents on superhighways. The 
pro-billboardmen feel that out-

door advertising creates a diver
sion which will stop "highway 
hypnosis."1 The foregoing state
ment is mostly personal opinion; 
yet a scientific test run at Iowa 
State College states, in part, that 
numerous signs in the driver's 
field of vision in no way influence 
the driver's efficiency adversely, 
and in fact seem to produce a 
ten per cent increase in effi
ciency.2 Thus, it appears that 
billboards are a partially effective 
safety device for our highways. 

How billboards help the nation, 
the states and the individual 
communities is a little harder to 
understand than seeing the safety 
value of billboards. A ban on 
billboards would very obviously 
take a substantial sum of money 
out of the advertising industry's 
income and out of our national 
income. According to the Out
door Advertising Association of 
America, hundreds of big and 
little companies spent two hun
dred million dollars on outdoor 
advertising last year.3 A loss of 
this income could not keep from 
having a detrimental effect on 
our economy. We must consider 
the great number of American 
citizens who would be deprived 
of their livelihood by a banning 
of billboards. Former Senator 
Scott Lucas, representative of 
the Roadside Business Associa
tion, said before . a Senate sub
committee that small business, 
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the farmer, and one out of every 
sixteen dollars depends on bill
boards. 4 These two monetary 
reasons are probably the most 
valid reasons we have for per
mitting advertising along our 
highways. 

Furthermore, billboards help 
to raise the standard of living 
in communities. Idle land, when 
rented out to advertising firms, 
can provide additional income for 
the landowners. Billboards also 
stimulate business in the com
munity by advertising local prod
ucts. 

It is pleasing to notice that the 
outdoor advertising industry con
tt;ilftites a portion of its facilities 
as." . public service every month. 
T®se cbntributions average about 
one and seven te'nths million dol
lars ~(l;rth of space per year. 
Tqe space is given to such organ
izations as the Community Chest, 
Red Cross, Cancer Society, 
March of Dimes, Traffic Safety 
Council, and many others. 5 This 
public service is uf deniably an 
admirable defense for billboards. 

Every year twenty-five billion 
dollars is spent by families tour
ing the country on our highways. 
The nation's fifty-six thousand 
motels, eighty-two per cent of its 
hotels, and thirty-three per cent 
of its restaurants get their income 
from these touring families. 6 The 
advertising industry feels that 
banning billboards would have 
an adverse effect on our economy, 
because so many people depend 
on highway travelers for their 
income. This argument is prob
ably the least effective since those 
who are providing this income 
will be using the highways re
gardless of the presence of bill
boards. 

The final reason for retaining 
billboards is that they are a long
accepted part of our nation's 
highway system. Billboards do 
provide a distinct public service 
as illustrated already and they 
inform travelers where to stay 
and eat. The final reason in de
fense of billboards is best ex-
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plained by H. B. Markham, board 
chairman of the Outdoor Adver
tising Association of America. 

"For generations outdoor ad
vertising has been a medium 
of proved effectiveness, and 
integral part of a growing 
America. Standardized out
d o o r advertising displays 
have a colorful heritage as 
part of America. As a pop
ular art form they have won 
recognition by museums and 
other art authorities through
out the nation. They are just 
as much a part of the Ameri
can scene as baseball or the 
neighborhood drugstore -
and they have just as much 
right to exist."7 

The pro-billboard men state 
their contentions earnestly and 
their contentions must be ac
cepted for their validity, but let 
us investigate the other side of 
the issue. The contention and 
refutations of those opposed to 
billboards are (1) billboards are 
a safety hazard, (2) public opin
ion overwhelmingly supports a 
ban on billboards, and (3) bill
boards ruin the appearance of 
our highways. 

If billboards can be proved to 
be a- safety hazard, then people 
are certainly justified to ask for 
a ban on them. Certain statistics 
and simple logic seem to indicate 
that billboards are a safety haz
ard. A study by the American 
Automobile Association in Min
nesota indicated that an increase 
of billboards was accompanied by 
an increase in fatal accidents.8 A 
New York State study of fourteen 
thousand billboards revealed that 
many had red, green, or orange 
reflectors and tended to confuse 
drivers, who mistook them · for 
traffic signals. 9 Billboards tend to 
distract a driver and if a driver 
should take his eyes off today's 
high speed highways for only a 
second's glance it could be fatal. 
"That billboards are a menace to 
safe driving has been recognized 
by every legislative body and 
every court that has ever con
sidered the matter," states Robert 
Moses, New York State Park 
Commissioner. 

Let us look at "highway hyp
nosis" with an analyzing view. 
It is hard to believe that the 
average American driver needs 
persistent nagging signs advertis
ing "the thinking man's filter," 
decals from all forty-eight states, 
or "the beer that made Milwau
kee famous" to break the monot
ony of rivers, fields , and groves 
of trees. 

Showing that public opinion is 
against billboards is not a diffi
cult task. The Automobile Club 
of Maryland conducted a poll on 
the billboard issue. They asked 
nine thousand eight hundred and 
sixty-nine people whether they 
favored control of billboards 
within one thousand feet of 
present and future highways. 
There were nine thousand four 
hundred and eight people in favor 
of the idea.10 Trendex News Poll 
said that of those interviewed on 
a nationwide basis, seventy per 
cent favored the control of bill
boards.11 These statistics would 
indicate that public opinion is in
deed against outdoor advertising. 

It does not require statistics to 
show that billboards ruin the ap
pearance of our highways. A 
quick look around ·wm show us 
that many beautiful scenes have 
been obliterated and advertising 
slogans have been substituted in 
place of nature's beauty. Bill
boards can make the best engi
neered highways look like the 
city slums. Allowing billboards 
to be placed along the interstate 
system would result in the tax
payers paying twenty-eight bil
lion dollars to provide the ad
vertising industry with the larg
est captive audience in history.1 2 

A living example of the beauty 
of a highway having no advertise
ment along it is the New York 
State Thruway. Obtaining the 
right to control commercial ad
vertising along the right-of-way 
d e 1 a y e d construction for ten 
years, but the benefits are en
joyed by all who now travel the 
Thruway. 

(Continued o-n .page 22) 
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Meet Your Faculty 

FEATURED this month in our 
faculty article is Professor 

H. W. Woods, Chairman of the 
Civil Engineering Department at 
the University-of Missouri. 

Professor Woods is a native 
Missourian, born in St. Joseph on 
February 2, 1894. He spent most 
of his youth in St. Joseph, attend
ing Central High School there. In 
1912, after graduating from high 
school, he enrolled in the College 
of Agriculture at the University 
of Missouri. 

The professor had his college 
career interrupted in 1915 by 
World War I. He volunteered for 
the Army Air Corps and was sent 
to Kelly Field in San Antonio, 
Texas for his flight training. Dur
ing the course of the war, he saw 
service in France and England, 
piloting his rickety aircraft over 
German held territory on recon
naissance missions. 

After returning home from the 
war in 1919, Professor Woods 
entered into the livestock busi
ness until . 1922 when he was 
awarded a Rollins Scholarship. 
He then decided to return to the 
University of Missouri and major 
in civil engineering. The profes
sor found civil engineering to be 
interesting and challenging. He 
responded to the challenge by 
turning in an impressive college 
scholastic record. He was award
ed membership in Tau Beta Pi, 
Phi Mu Epsilon, and Sigma Zi 
honorary fraternities. He was also 
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Professor H. W. Woods 

active in the Engineer's Club and 
graduated Knight of St. Patrick, 
Cum Laude. 

In 1925, Professor Woods grad
uated from the University of Mis
souri with a B.S. in civil engineer
ing. He then went into industry 
and gained experience in the civil 
engineering field as a research 
engineer for the National Lime 
Association in Washington, D. C. 
In 1929, the professor became 
chief engineer for the Cement 
Institute in Kansas City, Missouri. 
He held this position until 1931 
when he decided to enter into a 
career of teaching. 

Professor Woods returned to 

the University of Missouri in 1931 
as an Associate Professor of Me
chanics. In 1934 he switched to 
the Civil Engineering Department 
and began teaching hydraulics. He 
was promoted to Professor in 1942 
and became Chairman of the Civil 
Engineering Department in 1956. 
The professor has found his career 
at the university to be very satis
fying and he plans to continue 
teaching until he retires. He likes 
to help students become well 
versed in engineering and offers 
them this advice, "It's all hard 
work and the results pay off. You 
get nothing out that you don't put 
in." 
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Forthcoming space exploration 
will require exotic fuels and new concepts in 
energy conversion to keep men alive and equip
ment operating for long periods of time beyond 
the earth's atmosphere. Advanced hydrogen sys
tems recently developed by The Garrett Corpora
tion have solved this problem of providing the 
electrical, hydraulic and pneumatic power, plus 
cooling and heating required aboard a satellite or 
space capsule during launching, outer space flight 
and re-entry. 

Besides such spacecraft and missile systems, 
other product areas in which Garrett engineers 
work include small gas turbine engines, flight 
data systems for air and underwater use, nuclear 
and solar power systems, cryogenic systems and 

OUT OF THE LABORATORY 

controls, and air conditioning and pressurization 
systems for conventional aircraft and advanced 
flight vehicles. 

Such diversity of interest not only makes work 
more interesting at Garrett, but gives the engineer 
an opportunity to increase his knowledge and 
chances for responsibility and advancement. 

An orientation program lasting a period of 
months is also available for the newly graduated 
engineer, working on assignments with experi
enced engineers in laboratory, preliminary design 
and development projects. In this way his most 
profitable area of interest can be found. 

Should you be interested in a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 

THE 
~ 

GARRETT 
~ 

CORPORATION 

?liResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Systems and Components for: AIRCRAFT. MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Today's compression-type 
Coupling cuts infiltration 

to absolute minimum 

Actual installations prove that in
filtration can be reduced as much 
as 90 % below specified allowance ... 
by building your sewers with Dickey 
Coupling/Pipe. Made of a resilient 
plastisol, the Dickey Coupling 

makes a tight joint that locks out 
ground water. Applied to Dickey 
Pipe at the factory, this Coupling 
comes ready to use. One firm push 
completes the joint. For real econ
omy, specify Dickey Coupling/ Pipe. 

Providing improved sanitation for better living 

ICKEV 
sanitary salt-glazed clay pipe 

"'IN", S. DICKEY OLAY MFG. 00, 

Birmingham, Ala. Chattanooga, Tenn. Kansas City, Mo. Meridian, Miss. 

St. Louis, Mo. San Antonio, Tex. Texarkana, Tex.-Ark. 

<J2as If it's made of clay it's good ... if it's made by Dickey it's better 

The car sped of£ the highway, 
went through the guard rail, 
rolled down a cliff, bounced off a 
tree and finally shuddered to a 
stop. A passing motorist who had 
witnessed the entire accident 
helped the miraculously unharm
ed driver out of the wreck. 

"Good Lord, mister," he gasped, 
"are you drunk?" 

"Of course," said the man_ 
"What do you think I am-a stunt 
driver?" 
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"If it's heads, we hit the sack. 
If it's tails, we stay up. If it 
stands on edge, we study." 

Soph.: "I failed my Physics 
exam." 

Jr.: "But I thought you had 
the answers written on your cuff." 

Soph.: "Yeah, but by mistake I 
put on my calculus shirt." 

MAN vs. COMPUTER 
(Continued from page . 

'.>.: 

lations that are too t~di s to 
attempt by longhand methods,. 

3. The computer is tJ.tilized in 
developing information w~•1 ch 
could not have been obtained by 
means of earlier procedures and 
methods with any comparable de
gree of promptness F'and fre
quency. The machines-:/ 'c;lre pro
ducing reports for management 
in the areas of production (sales), 
underwriting results, statistics 
for the modification of insurance 
rates, payrolls, premium notices 
and expense data for expense 
control. 

4. Through the us~ of com
puters, firms have been able to 
substitute exact calculations in 
the place of former guesses and 
"rules of thumb." 

5. Computers came into being 
about the same time that the 
need for their service and appli
cation came into being. 

It seems to be the general con
sensus that most workers who 
might be replaced, will be re
trained and relocated in their 
respective company. 

In summary, it is my opinion 
that: 

1. The number of computers 
in operation will continue to in
crease. 

2. The extent of their applica
tion will greatly increase and 
vary. 

3. T e c h n i c a 1 improvements 
shall continue to be made in the 
design and manufacture of com
puters. 

4. Computers will not reduce 
personnel requirements, m o r e 
likely, they will be a factor in 
increasing our work force, not 
only with the companies who 
have computer installations, but 
also in the related industries of 
their design, manufacture and 
service. 

1 One leading insurance company 
now has 23 computers in use, and is 
planning to make additions. 

2 At present, another insurance com
pany is using Univac computers, IBM 
650 machines, and an IBM 650 
RAMAC computer. 
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HovV 
scientists 
turned 

gasoline 
into a 

mechanics 
helper! 

After months of intensive work, a research team in Standard Oil's research center next to 
our W~ting, Indiana, refinery developed a remarkable new gasoline additive-called AfaPG> 
-:-that 1mpro~es car performance. Working on an experimental engine are research scien
tists (left to right) Norm Esau, Dick Sholts and Bob Malec. 

From the day in 1911 that scientists 
in a Standard Oil laboratory discov
ered the secret of efficiently mass
producing gasoline by cracking oil 
molecules, they have continually 
sought new ways to make it do more 
than just move a car. 

Today, thanks to scientific ingenu
ity, gasoline does much more. 

Just recently, for example, scien
tists in Standard Oil's research center 
developed a new additive-one that 
turned gasoline into a mechanic's 
helper! True, it can't change fan belts, 
but what it can do is a pretty good 
trick in itself! 

Under ordinary traffic conditions, 
varnish-like deposits collect in carbu
reto,r throats. Engine performance 
becomes err a tic; idling is poor. As 
time goes on, the deposits become 
more difficult to remove. 

The new additive discovered by 
Standard removes such deposits . 
Called M,PG>, it was developed after 
months of painstaking work in Stand
ard Oil's research center. Months of 
field tests followed the laboratory 
work. And, in a driving test conducted 
with a fleet of taxis in Minneapolis, it 

was found that M,PG> not only re
duced deposits in dirty carburetor 
throats, but also improved M.P.G. 
(miles per gallon) 6.8% because of the 
greater efficiency obtained from clean 
carburetors. Translated into miles, 
6.8% is 680 additional miles for 
every 10,000 driven!M,PG>now is in 
Standard's GOLD CROWN and REJ;> 
CROWN gasolines. 

Such leadership in scientific devel
opment is nothing new at Standard. 
Standard Oil was a pioneer in de
gummed gasoline, de-waxed motor oil, 
and many other improvements. For 
70 years, Standard research scientists 
have been making contributions to 
petroleum progress, searching con
tinually for ways to make oil more 
useful to more people than ever before! 

What Makes a Company a Good Citizen? 
One gauge is a company's usefulness 
... its contribution to the general wel
fare. Through research, Standard 
constantly strives to develop prod
ucts that will strengthen America's 
defenses and help millions of people 
in their work, in their homes, and on 
the road-today and in the future. 

STANDARD OIL COMPANY 
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS 
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What ~ou.ld 
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YOU do 
as an. en.gin.eer at 

Development testing of liquid hydrogen-fueled rockets is car
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft 's Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed
circuit television providing a means for visual observation. 
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Pratt & Whitn.ey Aircraft? 

Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 

Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born-a 
recognition that engineering excellence was the key 
to success. 

That attitude, that recognition of the prime impor
tance of technical superiority is still predominant at 
P&WA today. 

The field, of course, is broader now, the challenge 
greater. No longer are the company's requirements 
confined to graduates with degrees in mechanical 
and aeronautical engineering. Pratt & Whitney Air
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero
space medium-air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, ex~erimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 

Specifically, what would you do?-your own engi
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 

For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 

At P&WA's Connecticut Aircraft Nuclear Engine Lab
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 

Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 

Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi
mental Engineers work together in such programs to 
establish and test basic concepts. 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS- East Hartford 

FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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THE PROBABILITY 
OF A REDHEAD 

GEORGE HUBER, M.S.I.E. '61 

Editor's Note: Our thanks to George for a very clever article. We hope 
his wife is not too curious as to how he secured his 
references. 

Consider a typical engi:neering 
problem. Your roommate has a 
blind date from Stephens. You 
happen to know that on the floor 
from which he has a date there 
are two redheads, three blondes, 
and five brunettes. From a large 
number of personal observations 
you have determined that for 
Suzies, the probability of kissing 
a redhead goodnight on the first 
date is 90% , the probability for 
a blonde is 70%, and the prob
ability for a brunette is 60%. 
Your roommate comes home from 
the evening and in reply to your 
query tells you that he kissed his 
date goodnight. What is the 
probability that he had a date 
with a redhead? 

This everyday problem can be 
solved easily with the following 
formula: 

given that he kissed his date 
goodnight, is equal to the prob
ability that she was a redhead 
times the probability of kissing 
a redhead goodnight, divided by 
the sum of all the probabilities 
of the various hair colors times 
the respective probability for a 
successful evening with a girl of 
that hair color. 

The use of this handy-dandy 
plug-and-crank type formula for 
this problem is subject to certain 
assumptions. 

1. That your roommate is as 
adept at the dating game as you 
were when you made your oscu
latory observations. This is likely 
to be a rash assumption. 

2. That none of the Suzies 
changed the color of their hair 
between the time you last saw 
them and the evening that your 

P(R) P(K: R) 
P(R: K) 

P(R) P(K: R) + P(Bl) P(K: Bl) + P(Br) P(K: Br) 

(2/ 10) (.90) 1 

4 (2/10 X .90) + (3/10) (.80) + (5/ 10) (.60) 

This formula simply states that 
the probability that your room
mate had a date with a redhead, 
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roommate had the blind date. 
This is also likely to be a rash 
assumption. 

3. That your roommate was 
not lying when he told you that 
he kissed her goodnight. 

Given these assumptions you 
have a good basis for a 4:1 odds 
bet that you can guess the color 
of his date's hair. (If you can 
get your roomo to give bigger 
odds, so much the better.) 

This little gem of a formula is 
commonly known to mathemati
cians and statisticians as Bayes 
Formula and in the general case 
can be written as 

P(Bi/A) 
n 
l P(Bi) P(A: Bi) 

i = 1 

where the B's are mutually ex
clusive (a date with a blonde, 
brunette, or redhead) and A can 
occur only if B occurs (no kissing 
except with a date). It is ap
plicable to several types of en
gineering problems, for instance, 
part failures (which part failed?) 
or arrival dates (which shipment 
will arrive first?). 

Its most interesting application 
though, is still likely to be in 
calculating "the probability of a 
redhead". 
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Solid opportunities with solid state devices 
A big part of Western Electric's job is to manufacture the 
miniature "new arts" products that are changing the science 
of communications. It's a job which offers you a challeng
ing career-a chance to plan new methods of mass produc
ing ever-improving kinds of transistors, ferrite devices, 
diodes, special purpose electron tubes, etc. 

You'll be with a company that is expanding rapidly in 
this field . At present our Allentown and Laureldale, Pa., 
plants are devoted exclusively to making electron devices, 
and a big new plant is under construction in Kansas City. 
The needs of the Bell Telephone System for these products 
are increasing daily and will multiply enormously with the 
introduction of Electronic Central Office switching now 
nearing trial operation. 

These devices are changing the scene at all our manu
facturing plants as they go into the startling new com
munications products developed by our associates at Bell 
Telephone Laboratories. From microwave transmission 
equipment to submarine cable amplifiers, our products call 

for creative production engineering, installation planning, 
and merchandising methods. Our job for the Bell System 
and the U.S. government has grown to the point where we 
are now one of the nation's "Top 11" in industrial sales. 
And your chance to play an important part in our future 
growth is solid! 

Opportunities exist for electrical, mechanical, industrial, civil and 
chemical engineers, as well as physical science, liberal arts, and busi
ness majors. For more information, get your copy of Consider a Career 
at Western Electric from your Placement Officer. Or write College 
Relations, Room 6105, Western Electric Company, 195 Broadway, New 
York 7, N. Y. Be sure to arrange for a Western Electric interview when 
the Bell System recruiting team visits your campus. 

western Electric 
MANUFACTURING AND SUPl'LY@UNIT Of THE ■ELL SYSTEM 

Principal manufacturing locations at Chicago, 111.: Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Winston-Salem, N. C.; Buffalo, N. Y.: North Andover, 
Mass.; Omaha, Neb.; Kansas City, Mo.; Columbus, Ohio: Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation, Skokie, Ill., and 
U!tle Rock. Ark. Also Western Electric distribution centers in 32 cities and installation headauarters in 16 cities. General headauarters: 195 Broadway, New York 7. N. Y 
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Engineering News 

HELICOPTER SAVES MONTH OF 
ROAD BUILDING, ERECTS 

POWERLINE IN 10 HOURS 

A 2.7 mile long powerline to 
serve a microwave transmission 
station high in California's rugged 
coastal mountains was erected 
this fall in only 10 hours by a 
305 hp Hiller 12E light utility 
helicopter. 

The project, which construc
tion officials estimated would 
have taken a 10-man crew more 
than a month just to cut a road 
long the right of way, was the 
final step toward activating a 
Pacific Telephone & Telegraph 
Company microwave system be
tween Sah Jose and San Berna
dino, California. 

Now power source was avail
able on the side of Tassajara 
Peak up which the building con
tractors had cut an access road, 
according to power company of
ficials, who called on the services 
of Whirl-Wide Helicopters, Inc., 
of Fresno, operators of 305 hp 
Hiller 12E's. 

Several days before the heli
copter air lift, a 2-man crew 
hiked the proposed R-O-W with 
hand digging tools and dynamite. 
Clambering along steeply pitched 
slopes covered with Manzanita 
brush reaching up five to twenty 
feet, the advance team dug and 
blasted 30 holes, six feet deep and 
18 inches across, in a bee line up 
the mountain. 

At six A.M., in the stillness of 
an autumn morning, the actual 
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Staging area for the helicopter skyhook operation was right at the summit of 
Tassajara Peak at the Pacific Telephone & Telegraph Company's newly built 
microwave transmission station, part of a link extending more than 200 miles 
along Central California. 

powerline construction began. 
The staging area was set at the 
top of Tassajara Peak where the 
35 foot poles had been trucked 
up the construction access road. 

Taking advantage of the wind
less morning hours, Chief Pilot 
Harry Rogers, a veteran of moun
tain helicopter flying, planted 25 
fully rigged poles in four hours 
flying time. Groundsmen were on 
hand for exact positioning and 
to signal to Rogers to release the 

cargo hook hold1ng the pole. 
R o g e r s could converse with 
ground crews by means of a half
mile-range transistorized loud
speaker mounted to the ship's 
skid gear. 

On the second morning the re
maining five poles were placed 
and wire stringing commenced. 
With the most powerful helicop
ter in its class at his command, 
Rogers reeled out 9,000 feet of 
heavy # 5 copper well. This con-
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sisted of three 3,000 foot lines, 
each made up of five strands of 
copper coated steel, adding up 
to one pound every four feet. 
Since this section of the Cali
fornia Coastal Range between 
Morro Bay on the Coast and Paso 
Robles inland is torn by 100 mile 
an hour winds in the winter, this 
heavy gauge line was necessary. 

As each spool was played out, 
Rogers merely hovered in the 
thin mountain air, while the 
ground crew spliced onto the 
next reel. Since this same heli
copter had carried almost half 
ton loads above 10,000 feet in 
the Sierra Nevada, hovering out 
of ground effect with the weight 
of the wire was routine, although 
such performance is a stern cri
terion for most light helicopters. 

On the third and final morning 
three remaining lines of seven
foot-per-lb. aluminum wire was 
placed on the cross bars in three 
hours rotor time, during which 
28,500 feet of wire was laid. This 
is at the rate of almost 10,000 
feet per hour. 

The density altitude during the 
entire operation exceeded 4,000 
feet. The 10-hour breakdown for 
the airlift reads this way: 4½ 
hours to place 31 poles; 4½ hours 
wire laying along the nearly 3-
mile route; and one hour flying 
involved in transportation to and 
from staging area, preliminary 
reconnaissance, a n d personnel 
transportation. 

This operation, while notable 
from the ready comparison of 
time and money saved, represents 
only one of a number of heavy 
industrial uses for the new gen
eration of light helicopters in the 
more than 300 horsepower class. 

WORLD ADOPTS NEW 
STANDARD Ot= LENGTH 

The world has adopted a new 
international standard of length 
-a wavelength of light-replac
ing the meter bar which has 
served as the standard for over 
seventy years. The announce-
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ment was made from Paris by 
Dr. Allen V. Astin, Director of 
the National Bureau of Stand
ards, U.S. Department of Com
merce. The action was taken by 
the 11th General Conference on 
Weights and Measures. 

The new definition of the meter 
as 1,650,763.73 wavelengths of the 
orange-red line of krypton 86 will 
replace the platinum-iridium me
ter bar which has been kept at 
Paris as an international standard 
for length since 1889 under the 
Treaty of the Meter. 

While not of great concern to 
the man in the street, these ac
tions of the General Conference 
are of great importance to those 
engaged in precision measure
ment in science and industry. 
For many years the world has 
relied on a material standard of 
length-the distance between two 
engraved lines on the Interna
tional Meter Bar kept at Paris. 
Duplicates of the International 
Standard were maintained in the 
standards laboratories of other 
countries of the world. From 
time to time it was necessary to 
return these duplicates to Paris 
for recalibration, and occasionally 
discrepant results were obtained 
in these recalibrations. Also, 
there was doubt in the minds of 
some scientists regarding the sta
bility of the international meter 
bar. The new definition of the 
meter relates it to a constant of 
nature, the wavelength of a spe
cified kind of light, which is be
lieved to be immutable and can be 
reproduced with great accuracy 
in any well-equipped laboratory. 
Thus it is no longer necessary 
to return the national stand
ards of length at Paris at peri
odic intervals in order to keep 
length measurements on a uni
form basis throughout the world. 
Also it is possible to measure 
some dimensions more accurately 
in terms of the new definition 
than was possible before. The 
meter bars which have served as 
standards of length throughout 
the world for over 70 years will 

not be discarded or placed in 
museums because of this decision, 
the Conference said. They will 
remain important because of the 
ease with which they can be used 
for certain types of measurement. 

HIGH-ENERGY ELECTRIC ARC 
HEATER DEVELOPED BY 

WESTINGHOUSE 

A machine with the pote•ntial 
capability to supply a stream of 
gas at temperatures as high as 
20,000 degrees F and pressures as 
great as 15,000 psi has been de
vised by the Westinghouse Elec
tric Corporation. The machine, 
an electric arc heater, can operate 
for sustained periods of time and 
at an extremely low level of gas 
contamination. 

The arc heater has immediate 
application in a wind tunnel for 
missile testing. Also, it holds pro
mise as a chemical synthesizer 
and as a furnace for processing 
metals with ultrahigh melting 
points. A prototype model of the 
machine has been operated at a 
power input of 1700 kilowatts, but 
a high of 30,000 kilowatts is 
planned by the company. 

The new arc heater was the 
first to operate continuously and 
at a low level of gas contamina
tion. The temperature into the 
nozzle has been maintained at 
10,000 degrees-approximately as 
hot as the surface of the sun. In 
addition, flow from the nozzle of 
the unit has reached a sonic 
velocity of 3400 miles per hour. 
Velocities over ten times the speed 
of sound can be expected when 
the gases are expanded with a 
hypersonic exhaust nozzle. 

Applying these characteristics 
to a wind tunnel will help dupli
cate the extreme conditions met 
by missiles and other space craft 
of the future upon re-entry into 
the earth's atmosphere. 

As a chemical synthesizer, the 
machine will supply the high tem
peratures ·necessary for inducing 
difficult chemical reactions. Nitro-

( Continued on page 22) 
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OUTDOOR ADVERTISING 
(Continued from page 11) 

Facts show that a banning of 
billboards does not hurt roadside 
business. B. D . Tallamy, the head 
of the Federal Highway Admin
istration, has stated that on the 
four hundred and thirty-two mile 
New York State Thruway, signs 
are restricted to neat, standard
ized panels which indicated the 
distance to a service area or the 
fact that a gas station or coffee 
shop is one mile away. Actual 
brand advertising is prohibited, 
yet no business establishment has 
suffered a loss of business.13 This 
information directly refutes one 
of the major arguments for out
door advertising. 

The facts that have been pre
sented are those which legislators 
have been discussing since 1956. 
After several failures, Congress 
finally passed the 1958 Federal
Aid Highway Act. This act in
cluded a provision whereby state 
highway departments may re
ceive additional federal funds if 
billboards are prohibited within 
six hundred and sixty feet of the 
interstate system.14 This act ac
tually did nothing more than to 
force the state legislatures to 
make the final decision. 

An objective view of this issue 
would indicate that those who 
oppose outdoor advertising have 
the stronger arguments. In addi
tion to the stronger arguments, 
there seems to be a problem of 
ethics involved. In magazines 
and newspapers you can avoid 
reading the advertisements if you 
so desire, but billboards cannot 
be avoided if you are traveling 
on the highways. Radio, tele
vision, and periodicals must risk 
great investments to give their 
media a value to their advertisers, 
yet billboards are just put up 
along state and federal built 
highways. 

National policy as declared by 
Congress and a growing desire to 
control outdoor advertising dic
tate a course of action to all state 
legislatures-ban the blight of 
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billboards. 
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Reporter, 16 (April 4, 1957), p 2. 
5 Markham, p 12. 
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7 Markham, p 11. 
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13 Senator R. L. Neuberger, "What 
Is America For?," The Saturday Re
view, 40 (November 9, 1959), p 44. 

14 David R. Levin, "Report of Com
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trol of Highway Access and Adjacent 
Areas," Highway Research Board Bul
letin 189, (1958), p 1. 

ENGINEERING NEWS 
(Continued from page 21) 

gen and oxygen, for instance, 
could be combined in the heat 
chamber to form nitrous oxide, a 
compound widely used in chemi
cal processing. A synthesizer of 
this type could also find applica
tion in processing petroleum pro
ducts. 

The unit's pote·ntialities as a 
furnace might make a number of 
refractory metals available in 
ingot form for the first time. 
Normally used in powder form, 
metals such as tungsten are dif
ficult to process because of their 
high melting points. 

In all of these applications, the 
success of the arc heater is great
ly dependent upon a low level of 
contamination. One of the prob
lems involved in units under de
velopment during the past two 
years is that electrodes and walls 
of the chamber burn and thus con
tribute impurities amounting to 
as much as 10 percent of the mass 
of the gas flowing through the 
system. 

The Westinghouse unit has a 
guaranteed maximum contamina
tion level of 0.2 percent. Still 
further reductions in this level 
are contemplated. 

In addition, we believe that the 
Westinghouse arc heater has a 
uniform temperature "profile" 

within the heat chamber. In other 
words, the temperature at the 
entrance to the nozzle is constant. 

PHOTOGRAPHY PROVIDES KEY 
IN TRANSLATING MACHINE 
Photography, the recording 

medium that stores the greatest 
amount of information in the 
smallest space, is the key to suc
cess of the Air Force's new trans
lating machine that changes Rus
sian to English at the rate of 40 
words per minute. 

Eastman Kodak Company coats 
special glass disks, the heart of 
the translating machine, with 
h i g h - resolution photographic 
emulsion. 

Previous translating machines 
have usually been modified com
puters. Their Russian-English 
"vocabularies" were stored on 
magnetic tape or punched cards. 
This limited both the size of the 
vocabulary that could be stored 
and the speed with which it could 
be searched electronically for 
words and phrases. 

Through photography, an en
tire 55,000 word vocabulary is 
stored in a 3/s-inch channel print
ed on a ten-inch glass disk. The 
channel is scanned vertically and 
horizontally by electronics until 
the machine matches a Russian 
word-fed in with punched tape 
-to its English equivalent, which 
is then printed automatically on 
a typewriter. 

Modifications of the machine 
will enable it to translate more 
than 2,400 Russian words per 
minute with greater precision 
and better grammar than it does 
now at the slower rate. 

At present the English transla
tion emerges in a rough but 
meaningful form for refinement 
by human translators. 

When more of the capacity of 
the photographic disk is used, it 
will store about 500,000 Russian 
words and idioms on a single sur
face. Words are printed in a line 
code of bars and spaces. 

The glass disks are sent pre
formed to Kodak in Rochester, 

(Continued on page 24) 
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There are many opportunities for 
mechanical engineers at Bethlehem Steel 

You'll find a mechanical engineer designing complex ma• 
chinery for a new rolling mill. Another is supervising 
construction of a giant blast furnace. Another is develop
ing improved production methods. Others design tools, are 
in charge of plant maintenance divisions, or head up fuel 
departments. Others are in sales work. In fact, Bethlehem's 
president is a mechanical engineer. 

The point is simple: there's virtually no limit to the op• 
portunities at Bethlehem Steel for men trained in mechani
cal engineering. 

If you're looking for a real opportunity to put your 
training to work, with a company that appreciates the tal-

ents of mechanical engineers and has plenty of use for 
them, look into the possibilities at Bethlehem Steel. 

Bethlehem offers excellent career opportunities 
for men in virtually all engineering curricula: 

metallurgical, electrical, chemical, industrial, 
civil, mining, ceramic, architectural, and others. 

We suggest that you discuss Bethlehem with 
your Placement Officer. And be sure to 

pick up a copy of our booklet, "Careers with 
Bethlehem Steel and the Loop Course." 

BETHLEHEM STEEL COMPANY, Bethlehem, Pa. 

@for Strength 

· .. Economy 

... Versatility BETHLEHEM STEEL II 
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ENGINEERING NEWS 
( Continued from page 22) 

N.Y. There they are . coated with 
high-resolution emulsion, then in

spected microscopically for any 

flaws in the surface. 
Even with a 500,000 word vo

cabulary the disk barely scratch
es the surface of photography's 

information storage capacity. 

A Kodak research scientist re

cently disclosed that a high-reso
lution film, exposed with present 
optics, is capable of storing 600 
million bits of information per 

square inch. This means that the 

entire contents of the Encyclo
pedia Britannica could be stored 

on a single 4-inch square piece of 

film . 

NATIONAL CARBON DEVELOPS 
SUPER-GRAPHITES THAT EXCEL 

IN ROCKET MOTOR TESTS 

One of the most promising high

temperature rocket materials ever 
developed has been revealed here 

with the disclosure of a series of 
high-density super-graphites be

ing produced by National Carbon 

Company. 

In a revolutionary hot-working 

process more akin to metal

lurgical than ceramic technology, 
a recrystallized graphite is pro

duced with approximately two to 
three times the high-temperature 
strength of conventional gra

phites. This unique structural 
material has usable strength at 

temperatures as high as 5500 de

grees F. It is the crystal alignment 
and internal grain structure of the 

recrystallized graphite that pro
vide both required high strength 

and an exceptionally low creep 
rate. The polycrystalline nature 
of this material retains the advan
tages of machinability and thermal 
shock resistance, while attaining 
strengths and densities compar
able to pyrolytic graphite. 

OUTSTANDING TEST RESULTS 

In rocket motor tests conducted 

by various laboratories engaged 
in military work, conditions of 

pressure, temperature, velocity, 
and chemical composition of 
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Looking more like a shiny black metal, the rocket motor nozzle insert. on 
the left was actually made of National Carbon's new high-density recrystallized 
graphite. This photographic comparison, with simulated exhaust gas stream, con
trasts the dense structure of recrystallized graphite with a nozzle insert made of 
conventional graphite on the right. 

rocket exhaust gases-all of which 
affect the rate at which the nozzle 
insert erodes-were varied. Nozzle 

inserts made of National Carbon's 

recrystallized graphite proved to 

be as good as, and in some in

stances substantially better than, 
other well-known high-tempera

ture materials such as tungsten 
and pyrolytic graphite. Results 

thus far have been so outstanding 
that the exact details of the· pro
cess by which recrystallized gra
phite is produced have been clas

sified by the Air Force. 

NO SIZE LIMITS 

National Carbon reports that 
there are no technological limita

tions to the size in which recrys

tallized graphite can be produced. 
Cylinders as large as 8 inches in 
diameter and 10 inches long have 
been made, and 12 by 14 inch 
pieces are anticipated in the im
mediate future-sizes said to be 
unprecedented for materials with 

super-graphite's properties and 

structure. 

TAILOR-MADE MATERIALS 

The recrystallizing process 
achieves a more uniform and com-

pact graphite structure. By close 
control of the process, grain 

orientation can be varied to pro
duce a range of super-graphites, 

each grade having its own pecu

liar set of properties suited to a 

particular high-temperature appli

cation. One variation of recrystal

lized graphite, for example, has 

the unusual characteristic of ex
hibiting different strength-versus
density curves for measurements 
made in different directions with 
respect to grain. Strength with 

the grain shows the expected in

crease as density increases, where
as strength against the grain de
creases. By selecting the proper 

point on the curve, a recrystal

lized graphite can be produced 
with the properties desired. 

The new super-graphites fill a 
gap that other graphite materials 

had left void. Conventional arti

ficial graphites range in density 

up to approximately 1.85 grams 

per cubic centimeter. Only natu

ral graphite and pyrolytic gra

phite have had densities approach

ing the theoretical value of 2.26 

grams per cubic centimeter. 
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A 
FUTURE 

FOR 

If you are graduating with outstanding scho
lastic achievement in engineering or the 
physical sciences, Sandia Corporation has an 
interest in your future. 

At Sandia, you would work in research, 
design and development, or engineering. Our 
research engineers and scientists are cur
rently engaged in projects in the fields of 
solid state physics, magnetohydrodynamii:;s, 
materials research, explosives technology, 
pulse phenomena and radiation damage. 

You would work in a modern well-equipped 
$60 million laboratory and be associated 
with some of this nation's outstanding tech
nical personnel. You would receive liberal 
benefits whch, in addition fo insurance, re
tirement and vacation, include an <Oppor
tunity for graduate study. 

You would be employed in sunny, dry Albu
querque, a Southwestern cultural center of 
over "200,000, or in our laboratory at Liver
more, California, with all the advantages of 
the San Francisco Bay area. 

AT SANDIA 
At All Degree Levels 

ELECTRICAL AND 
MECHANICAL ENGINEERS 

At MS and PhD Levels 
CHEMICAL ENGINEERS 
CERAMICISTS 
CERAMIC ENGINEERS 
PHYSICISTS 
METALLURGISTS 
METALLURGICAL ENGINEERS 
INDUSTRIAL ENGINEERS 
MA l;HEMATICIANS 
STATISTICIANS 
PHYSICAL CHEMISTS 
ENGINEERING PHYSICISTS 
AERONAUTICAL ENGINEERS 
Tl:CHNICAL WRITERS 

Sandia Corporation is a member of the Bell 
System whose team of recruiters will be on 
your campus soon. For dates and ,appoint
ment for interview, see your College Place
ment Officer. now. 

SANDIA 
■ CORPORATION 

ALBUQUERQUE, NEW MEXICO 
LIVERMORE, CALIFORNIA 
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Shamrock j 
Sweetheart 

This month's sweetheart is 
about as nice as they come. She 
is Miss Shirley Culton. Shirley 
is a Chi Omega pledge and she 
lives in Johnston Hall. She is a 
freshman in arts and science and 
hails from Quincy, Ill. 

Shirley's big confession is that 
she has not met many engineers 
-come on now men, don't be shy; 
wear your slide-rules and stop 
and say hello. 





Paul Farbanish (B.S.E.E., Lehigh '58) is a development en
gineer with design responsibilities for IBM's new solid state 
1401 computer system. 

HE'S MAPPING NEW WAYS TO BEAT 
TRAFFIC JAMS IN LOGICAL SYSTEMS 
A computer system must be versatile. The IBM 1401 sys
tem, for instance, might go to work in a radiation lab, a 
stockbrokerage office, an air operations center, a refinery, 
or any one of a hundred other places. Demands upon the 
individual units of the system will vary widely. 
Paul Farbanish analyzes the loads placed on the system by 
different applications. One of his assignments is to design 
new and alternate ways for data to move from unit to unit 
with the greatest speed and reliability. 

Like many an engineer at IBM, his responsibility ranges 
over a wide technical field. To do his job he has become
familiar with many challenging areas of electronics. Within 
the 1401 system alone he dealt with circuits, data flow 
control, input-output, storage, etc. 

If a young engineer wants to move rapidly into the most 
advanced areas of electronics, he would do well to consider 
IBM. In the fast-expanding world of data systems and its 
many peripheral fields, a man is given all the responsibility 
h~ is able to handle. New ideas and new ways of doing 
things are not only welcome but actively encouraged. 
The IBM representative will be interviewing on your campus 
this year. He will be glad to discuss with you the many chal
lenging jobs that are open at IBM-whether in development, 
research, manufacturing, or programming. Your placement 
office will make an appointment for you. Or you may write, 
outlining your background and interests, to: 

Manager of Technical Employment IBM IBM Corporation, Dept. 891 
590 Madison Avenue 
New York 22, New York 

® 

You naturally have a better chance to grow with a growth company. 



IMPORTANT DEVELOPMENTS AT JPL 

THE CRYOGENIC GYRO 

A fundamentally new type of gyroscope with the possi
bility of exceptionally low dri ft rates is currently under 
development. The design techniques used in conventional 
electro- mechanical gyros appear to have been largely 
exploited. A break -through is needed, and the cryogenic 
gyro may well provide it. 

of a superconductor. Exceptionally low drift rates should 
be possible. This cryogenic gyro has performance potential 
unlimited by the constraints of conventional electro
mechanical gyros. 

This is just one example of the intriguing solid state con
cepts which are being pioneered at JPL for meeting the 
challenge of space exploration . In addition to gyro applica
tions, superconducting elements are providing computer 
advances and frict ionless bearings. The day of the all-solid
state space probe may be nearer than one realizes. 

The cryogenic (liquid helium temperatures, in the range of 
4°K) gyro consists of a superconducting sphere supported 
by a magnetic field. The resulting configuration is capable 
of support in this manner as a result of a unique property 
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• CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the Notional Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields : 
INFRA-RED• OPTICS• MICROWAVE• SERVOMECHANISMS• COMPUTERS• LIQUID AND SOLID PROPULSION• STRUCTURES• CHEMISTRY 

INSTRUMENTATION• MATHEMATICS• AND SOLID STATE PHYSICS• ENGINEERING MECHANICS• TRANSISTOR CIRCUITRY 

Send resume, with lull qualifications and experience, for our immediate consideration 
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"I know a man who has been 
married for thirty years and he 
spends every evening at home." 

"That's what I call love." 
"The doctor calls it paralysis." 

• 
The Ag on his first visit to the 

city was fascinated by the asphalt 
streets. Scraping his feet on the 
hard surface he said: "Well, I 
can't blame 'em for building a 
town here. The ground's too 
derned hard to plow anyhow." ... 

A certain brewer sent a sample 
of his beer to a lab to be analyzed. 
A few days later he received a 
report from the chemist-

"Dear Sir, 
Your horse has diabetes." 

• 
If it's funny enough to tell, it's 

been told; if it hasn't been told 
it's too clean; and if it's dirty 
enough to interest an engineer, 
the editor gets kicked out of 
school. ... 

A w o m a n approached the 
pearly gates and spoke to St. 
Peter. 

"Do you know if my husband 
is here? His name is Jones." 

"Lady, we have lots of them 
here. You'll have to be more 
specific." 

"Joe Jones." 
"Lotsa those, too. You'll have 

to have more specifications." 
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"Well, when he died he said 
that if I was ever untrue to him, 
he'd turn over in his grave." 

"Oh, you m e an 'Pinwheel 
Jones.'" 

• 
The quiet little freshman co-ed 

from the country was on her first 
college date, and thrilled beyond 
words. She didn't want to appear 
countrified; she had put on her 
prettiest dress, got a sophisticated 
hair-do, and was all prepared to 
talk understandingly about music, 
art, or politics. 

Her hero took her to a movie, 
and then to the favorite college 
cafe. 

"Two beers," he told the waiter. 
She, not to be outdone, mur

mured, "The same for me." 

• 
"Folks," said the minister, "the 

subject of my sermon dis even' is 
liars. How many in the congre
gation has done read the 69th 
chapter of Saint Matthew?" 
Nearly every hand in the con
gregation was raised. 

"Dat's right," said the rever
end. "You is de folks I want to 
preach to. Dere ain't no 69th 
chapter of Matthew." ... 

The girl on the bus was read
ing about birth and death sta
tistics. Suddenly she turned to 
a male beside her and said, "Do 
you know that every time I 
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breathe a man dies?" 
"Very interesting," he returned, 

"why don't you try Sen-Sen?" 

• 
Four Year Old: "Daddy, are 

there any skyscrapers in Heav
en?" 

M.E. Dad: "No, son; C.E.'s build 
skyscrapers." 

• 
Attention February graduates 

-take heed when you hear those 
famous last words, "Heck, they 
don't flunk Seniors!" 

• 
Editor's Note: Our thanks to 

Dr. Eastman for this one. 

This is a bit from a speech 
given at the Managers' Develop
ment Conference by Dr. Gilbert 
Brighouse, Professor of Psychol
ogy, Occidental College. I think 
it is very amusing. 

"I might mention in this con
nection that I encourage my stu
dents to typewrite their term 
papers so I can read them. It is 
almost necessary. I got one fel
low, about a year ago, who turned 
in a paper which was apalling. 
It was hand-written, and it looked 
just like a doctor's prescription. 
So after struggling for a page or 
two, I finally gave up, and I wrote 
on the front sheet, 'I can't read 
your writing', and sent it back 
to him. The next day he turned 
up and said, 'What does your note 
say?'" 
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For the man 
who likes to make 

his own 
career decisions 

The Allis-Chalmers Graduate Training Course 
is based on freedom of opportunity. You will 
have up to two years of practical training to 
find the right spot for yourself. At the same 
time, you enjoy a steady income. You can ac
cept a permanent position at any time - when
ever you can show you are ready. 

You help plan your own program, working 
with experienced engineers, many of them grad
uates of the program. Your choice of fields is 
as broad as industry itself-for Allis-Chalmers 
supplies equipment serving numerous growth 
industries. 

A unique aspect of the course is its flexibility. 
You may start out with a specific field in mind, 
then discover that your interests and talents lie 
in another direction. You have the freedom to 
change your plans at any time while on the 
course. 

·- Types of jobs: Research • Design • Development • Manufac• 
tu'ring • Application • Sales • Service. 

Industries: Agriculture • Cement • Chemical • Construction • 
Electric Power • Nuclear Power • Paper • Petroleum • Steel, 

Equipment: Steam Turbines • Hydraulic Turbines • Switchgear 
• Transformers • Electronics • ·Reactors • Kilns • Crushers • 
Tractors • Earth Movers • Motors • Control • Pumps • Engines: 
Diesel, Gas. 

Freedom of Opportunity opens the doors to chal
lenging and interesting careers. Among them is 
our Nuclear Power Division, with an engineering 
staff in Washington, D. C., a new research and 
development center in Greendale, Wis., and an 
important research effort at Princeton University 
involving power from the hydrogen atom. For de
tails on the opportunities available, write to Allis
Chalmers, Graduate Training Section, Milwaukee 
1, Wisconsin. 

A-1192 

ALLIS-CHALMERS~ 
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If your sights are set on astro-electronics -

Ph oto from scree n of RCA's 
TV I magc r y Simulator. 
This d e vi ce pe rmits e lec
t ron ics to en han ce p hoto
g raph s to a id inte rpreters. 
It was use d in th e design 
of T l ROS I, developed fo r 
the Na ti ona l Aeronautics 
and Space Admin istration 
by RCA , to simu late photo
g raph s whi c h co ul d be 
ob ta in ed fr om 400 m iles 

in space. 

-you'll find Photography at Work with you 

Outer space prese nts vast new 

chall e n ges to th e e n gin ee r - espe

cially in electroni cs. And photog

raphy becomes one of hi s va luable 

tools. Orbiting sa tellites send mes

sages to be r eco rd e d fr o m the 

oscilloscope tube. X-rays a nd film 

allow him to check the interna l 

int eg rit y of seale d co mpon e nts. 

Even intricate c ircuits ca n be 

printed a nd minia turi zed by photo

gra phi c methods. 

The re's hard ly a fi e ld o n which 

yo u can se t your sights where photog-

raph y does not play a part in 

improving the produ ct , simplifying 

work and routine. It saves time and 

costs in resea rch, on the production 

line, in qua lity control , in the engi

neer ing a nd sa les d e partme nts, in 

the office. 

So in wh a teve r yo u plan to do, 

take full advantage of a ll the ways 

photography can help. 

CAREERS WITH KODAK : 

With photography a nd photo

gra phic processes becoming increas-

EASTMAN KODAK COMPANY 

Roche ster 4 , N . Y. 

ingly important in the business and 

industry of tomorrow, there a re new 

and cha ll e n g ing opportunities at 

Kod a k in research, enginee ring, 

e lectroni cs , d es ig n , sa les, and pro

du ct ion . 

If yo u are looking for suc h an 

inte res tin g opportunity, write for 

information a bout car ee rs with 

Koda k. Address: Business and 

Technica l Personnel 

Department , Eastm a n 
Kodak Company, 
Rochester 4, N . Y. 



Several surveys indicate that salary is 
not the primary contributor to job 
satisfaction. Nevertheless, salary con
siderations will certainly play a big 
part in your evaluation of career op
portunities. Perhaps an insight into the 
salary policies of a large employer of 
engineers like General Electric will 
help you focus your personal salary 
objectives. 

Salary-a most individual and per
sonal aspect of your job--is difficult to 
discuss in general terms. While recog
nizing this, Mr. Case has tried answering 
as directly as possible some of your 
questions concerning salary: 

Q Mr. Case, what starting salary does 
your company pay graduate engineers? 

A Well, you know as well as I that 
graduates' starting salaries are greatly 
influenced by the current demand for 
engineering talent. This demand es
tablishes a range of "going rates" for 
engineering graduates which is no doubt 
widely known on your campus. Be
cause General Electric seeks outstand
ing men, G-E starting salaries for these 
candidates lie in the upper part of the 
range of "going rates." And within 
General Electric's range of starting sal
aries, each candidate's ability and 
potential are carefully evaluated to de
termine his individual starting salary. 

Q How do you go about evaluating 
my ability and potential value to your 
company? 

A We evaluate each individual in the 
light of information available to us: 
type of degree; demonstrated scholar
ship; extra-curricular contributions; work 
experience; and personal qualities as 
appraised by interviewers and faculty 
members. These considerations deter
mine where within G.E.'s current sal
ary range the engineer's starting salary 
will be established. 

One of a series 

Interview with 
General Electric's Byron A. Case 
Manager-Employee Compensation Service 

Your Salary 
at General Electric 

Q When could I expect my first salary 
increase from General Electric and how 
much would it be? 

A Whether a man is recruited for a 
specific job or for one of the principal 
training programs for engineers-the 
Engineering and Science Program, the 
Manufacturing Training Program, or 
the Technical Marketing Program-his 
individual performance and salary are 
reviewed at least once a year. 

For engineers one year out of col
lege, our recent experience indicates a 
first-year salary increase between 6 and 
15 percent. This percentage spread re
flects the individual's job performance 
and his demonstrated capacity to do 
more difficult work. So you see, salary 
adjustments reflect individual perform
ance even at the earliest stages of 
professional development. And this 
emphasis on performance increases 
as experience and general competence 
increase. 

Q How much can I expect to be making 
after five years with General Electric? 

A As I just mentioned, ability has a 
sharply increasing influence on your 
salary, so you have a great deal of per
sonal control over the answer to your 
question. 

It may be helpful to look at the cur
rent salaries of all General Electric 
technical-college graduates who re
ceived their bachelor's degrees in 1954 
(and now have five years' experience). 
Their current median salary, reflect
ing both merit and economic changes, 
is about 70 percent above the 1954 
median starting rate. Current salaries 
for outstanding engineers from this 

class are more than double the 1954 
median starting rates and, in some 
cases, are three or four times as great. 

Q What kinds of benefit programs 
does your company offer, Mr. Case? 

A Since I must be brief, I shall merely 
outline the many General Electric em
ployee benefit programs. These include 
a liberal pension plan, insurance plans, 
an emergency aid plan, employee dis
counts, and educational assistance pro
grams. 

The General Electric Insurance Plan 
has been widely hailed as a "pace 
setter" in American industry. In addi
tion to helping employees and their 
families meet ordinary medical expen
ses, the Plan also affords protection 
against the expenses of "catastrophic" 
accidents and illnesses which can wipe 
out personal savings and put a family 
deeply in debt. Additional coverages in
clude life insurance, accidental death 
insurance, and maternity benefits. 

Our newest plan is the Savings and 
Security Program which permits em
ployees to invest up to six percent of 
their earnings in U.S. Savings Bonds 
or in combinations of Bonds and Gen
eral Electric stock. These savings are 
supplemented by a Company Propor
tionate Payment equal to 50 percent 
of the employee's investment, subject 
to a prescribed holding period. 

If you would like a reprint of an 
informative article entitled, "How 
to Evaluate Job Offers" by Dr. L. 
E. Saline, write to Section 959-14, 
General Electric Co., Schenectady 
5, New York. 
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This mark 
tells you 
a product 
is made of 
modern, 
dependable 
Steel. 

Whether it jumps to make a discovery that's out of this 
world, or sits down quietly to spend a century or two on 
atomic research, steel is the only material that has the 
strength and vigor to keep up with the reach of modern 
man's mind. 

New Stainless Steels developed by United States Steel 
withstand the vibration and friction of unearthly speeds. 
New USS Steel Forgings shape atomic reactors and nuclear 
power systems. Look around. You'll see steel in so many 
places-building strength. And steel depends on men like 
you. For information about the many career opportunities 
at U.S. Steel, including financial analysis or sales, send 
the coupon. USS is a registered trademark 

United States Steel ~ 

United States Steel Corporation 

Personnel Division 

Room 6085A, 525 William Penn Place 

Pittsburgh 30, Pennsylvania 

Please send me career information about U.S. Steel. 

Name _ _________________ ___ _ 

Schoo~----------------- ----

Address, _ ___ ______ _ _________ _ 

CitY- ---- -----~one __ stat.,_ _____ _ _ 
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Editorial 

Editorial 

In less than two months from now, it will be time for St. Pat to pay his 

annual visit to the campus. As usual, the St. Pat's Board is busy making 

preparations to receive him . .Also as usual, the other ninety-nine percent of 

the engineers are doing absolutely nothing. 

I often wonder why the vast majority of my fellow engineering students 

are so apathetic toward their one and only social function. No doubt, some 

of us are social perverts, but I find it hard to believe that a majority of us 

fall into that category. I think the real reason for this apathy is the fact that 

most of us have never even tried to have some fun during Engineer's Week. 

We just let it pass as if it were another week, rejoicing only because we 

have no class on Friday. 

Why not try another approach this year? Let's jump in and have some 

fun. Let's go to the show and the serenade. Let's soak up some liquids at 

the Bar-B-Que. Let's turn out for the parade and greet St. Pat in full force. 

That's the only way to enjoy Engineer's Week; put yourself in it and you will 

get many happy returns. 

FRONTISPIECE 

A. E. Anderson, manager of the applied physics department 
of the Westinghouse research laboratories, instalils in a tele
vision camera a new electronic imaging tube, the Uvicon. 
Operating on ultraviolet radiation that is normally screened 
by the atmosphere and never reaches the earth's surface, the 
new tube is the heart of an electronic telescope that will be 
fired into space, and eventually, placed into orbit aboard a 
satellite observatory. 

-Photo Courtesy Westinghouse 
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W HEN the first dynamo 
was put to work, the 

main use of electrical energy was 
to light the streets and homes of 
a few fortunate people. As years 
passed, more and more of the 
city dwellers began to use electric 
power to light their homes. Some 
of the more ingenious men of the 
new "electrical revolution," began 
to find applications of electric de
vices for use in the industries. 
Through the years, the applica
tions of electric motors and elec
trical energy to industry's prob
lems has beeB.i building a power 
requirement in the United States 
that is unequaled anywhere else 
in world. 

The residential power require
ments are also at an all time high. 
The Electrical World magazine of 
September 19, 1960, forecasts that 
189.3 billions of kilowatt-hours 
will have been used during the 
year of 1960 to satisfy residential 
requirements. I n d u s t r i a 1 and 
commercial users are predicted to 
use an additional 444.4 billions of 
kilowatt-hours in 1960. Electrical 
World forecasts that a total pro
duction of 670.9 billions of kilo
watt-hours during 1960 will be 
reached. Of this total production, 
39.6 billions of kilowatt-hours 
represents a block of power 
which comes under the "other" 
classification heading. This par
ticular heading is a miscellaneous 
classification set up to absorb the 
power that does not come under 
the other three classifications.1 

Very often a power utility will 
classify as "other" power that is 
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used to produce heat, either for 
residential or larger buildings. 
The house heating problem has 
largely been met by the use of 
fossil fuels, but as electrical power 
is produced more economically 
each year, electrical space-heating 
is rapidly using a sizeable portion 
of the total electrical power pro
duction. 

It will be the goal of this paper 
to show what has been done up 
to the present time in the elec
tric heating field, and what is 
forecasted to be done in the fu
ture. The advantages ,and disad
vantages of electrical heat will be 
presented. Cost of installation 
and operation will be emphasized, 
but only general comparison will 
be made between electric heat 
and other conventional heating 
methods. In general, the aim of 
the paper is to answer these ques
tions: What is electric heat? 
Where is it used? How much 
does it cost? 

The paper will be broken down 
into three main topics for discus
sion. These topics are: residen
tial heating; commercial and large 
building applications; and general 
aspects of electrical heating. 

The largest single application of 
electric heat is in residential 
dwellings. A recent study made 
by Electrical World (Sept. 19, 
1960) magazine revealed that the 
number of all electrically-heated 
homes is increasing at an average 
rate of 21 % a year and should 
reach a total of 760,200 units by 
the end of 1960. The graph of 
fig. 1 shows the relative increase 
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in the number of electrically heat
ed homes over the last three 
years. Last year's 19.7% gain 
represented 102,800 new electric 
heating customers. These figures 
represent resistance heating as 
well as heat pump installations.2 

Resistance heating is accom
plished by several methods. Only 
two of three main methods of 
heating will be discussed in detail. 
The two main methods are cable 
heating, and baseboard convec
tion heating. The third method is 
panel heating. 

Panels of electrical conducting 
fibers or glass which is covered 
with a thin conduction film are 
used in panel convection heating. 
The reason for the somewhat lim
ited use of panel heating is that 
the glass or fiber panels become 
very hot (180 °F) and must be 
left exposed to the air in the room. 

The two most widely used 
methods of electric space-heating 
are cable and baseboard heating 
installations. Baseboard heaters 
are usually installed after a house 
has been lived in for a few years 
and has been heated by other 
conventional types of heating. 
However, this is not always the 
case. For some reason, a new 
homeowner may prefer the con
vection type of heating character
istic of baseboard heaters to the 
radiant cable heating. Baseboard 
heaters use resistance heating ele
ments which are shielded from 
direct exposure by a metal baffel 
plate. The baffel plate has a ser
ies of openings along the entire 
length of the heater that allow 
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HEATING 

the cold air to be d r a w n in 
through the bottom of the heater. 
The cold air then passes over the 
red hot heating elements and 
picks up the heat which is pro
duced in these elements. The 
warm air then flows upward out 
of the top of the baseboard heat
ers into the room. The cycle is 
continuous because the cooler air 
of the room always settles toward 
the floor and bottom of the heater. 

60o 

.Rao 

The baseboard heaters are usu
ally about two inches thick, and 
about four to six inches wide. 
The length of the heater depends 
on the heating requirements of 
the room and the available base
board area around the room. The 
baffel plates do not overheat and 
will not feel hot when touched. 
The heaters are usually attractive 
and quite inconspicuous. 

Radiant cable electric heating 
is the newest method of the three 
main methods of electric heating. 
The cable installation is substan
tially cheaper and almost entirely 
unnoticable in the room. In fact, 
the only evidence of a heating 
installation is the thermostat lo-
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cated on one wall. If there is no 
visible sign of heating devices, 
one might wonder how the room 
is warmed. 

It will be necessary to describe 
the installation of the heating ca
ble in order to gain qualitative 
understanding of how the cable 
warms the room. The cable is 
approximately one-eighth inch in 
diameter. The length of the cable 
varies with the heating require-

-1-/NCLVDES: 
.RESISTAIVCE AND 
HE/ITPVMPS 

ments of the particular room. 
There is usually five to six feet 
of non-heating, asbestos-covered 
wire at each end of the heating 
cable. This non-heating wire al
lows connections to be made by 
running the wire between the 
walls to junction boxes or the 
thermostats. The heating cable is 
s t a p I e d to the ceiling plaster 
board, and arranged so that it re
sembles a large cooling coil of a 
refrigerator. The cable is then 
covered with plaster and com
pletely hidden. The electrical en
ergy supplied to the cable is dis
sipated in the form of electro
magnetic energy. This is the same 
type of energy that comes from 

the sun, and it warms in the same 
way that sunlight warms. The 
radiant energy passes through the 
air without war~g ,it. Like the 
sun's rays, the radiant energy 
from the cable warms the object 
in the path of the energy waves. 
Quite often one will notice that 
on a cold day with the sun shin
ing, if a person is shielded from 
the wind, the sunlight will keep 
him warm. Sun shining through 
a car window produces the same 
effect. 

As the objects become heated 
in a room, the air striking the 
object picks up the warmth from 
them, and by convection, the rest 
of the air in the room is warmed. 
The heating effect is felt almost 
instantly, just as a burst of sun
light is felt very quickly. 

Several years ago, the rural 
users of an RE.A. Power Co-op
erative in Central Missouri began 
to have electric baseboard and 
cable heating systems installed in 
both newly built houses and in 
houses already constructed. The 
installations were supervised by 
the staff of the Co-operative, as 
were all of the heat loss calcula
tions and the ordering of heating 
equipment. Records of forty in
stallations were available to be 
used in obtaining such things as 
ceiling area, initial cost of instal
lation, estimated annual heating 
cost, and actual annual heating 
cost. By the use of this data, some 
estimate of the average cost of 
installation per square foot is ob
tained. The following table ii-

( Continued on page 14) 
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Eads Bridge 

A T the end of the Civil War 
in the United States the 

population turned its efforts to
ward the restoration of an econ
omy which had been ravaged by 
four years of fighting and chaos. 
Factories turned from production 
of war material to production of 
those goods that a civilian popu
lation demanded. The railroads 
began a gigantic expansion; river 
traffic resumed its role in trans
portation when the military river 
craft made room for them on the 
river. Cities along the rivers soon 
perceived their place in expansion 
unrolling before them. 

Such a city was Saint Louis, 
Missouri. In 1866 Saint Louis 
came to feel the need for a solu
tion to one of its largest problems. 
How were they to connect them
selves with the railroads that lay 
just across the river? For years 
the solution to this problem had 
been in the use of ferries, but now 
it appeared that the best ferry 
system would be woefully inade
quate. From experience, men of 
commerce knew that ferry service 
ceased before such occurrences as 
floods, low water stage, ice, bad 
weather and in some areas, simply 
the onset of evening brought such 
service to a halt. 

Those familiar with the situa
tion agreed that a bridge across 
the Mississippi River at Saint 
Louis would be the solution: it 
would connect Saint Louis with 
a great deal of the commerce to 
and from the west. The railroads 
could then simply cross the river 
and enter the city. This would 
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do away with the necessity of un
loading freight into boats, ferry
ing it across the river, and re
loading it into another train. 

Indeed, a bridge would solve 
the problem very well, but other 
attempts had been made to span 
the river before 1866. Each of 
these attempts had failed because 
they were deemed too expensive 
or technically impossible. To 
compound the difficulty of build
ing such a bridge, the legislature 
had passed laws prohibiting sus
pension of draw-span bridges and 
requiring that any brigge built 
have a minimum span of 500 feet 
and a 50 foot clear space at mid
span. 

In spite of all the doubts and 
uncertainties, the Saint Louis and 
Illinois B r i d g e Company was 
founded late in 1866 with the 
purpose of spanning the Missis
sippi River at Saint Louis, Mis
souri and East Saint Louis, Illi
nois. For Chief Engineer, a well 
known engineer of the time, 
James B. Eads, was employed. 

The thought of building a bridge 
across such a river as the Mis
sissippi today seems most com
monplace; a contract would be let 
and a team of civil engineers 
would begin designing an all-steel 
bridge. In the design of such a 
bridge the engineers would rely 
on the fact that needed informa
tion would come from the suppli
ers of the materials used or from 
works done by other engineers 
who preceded them. 

However, the very thought of 
building a steel bridge in 1866 

was a great undertaking. Little 
was known about such a material 
as steel, and even less was known 
about trusses built of steel. In 
fact, every facet of such a con
struction was either unknown, or 
was at best conjecture. Neverthe
less, plans were advanced toward 
their ultimate goal. 

The remainder of this paper 
will deal with the preparation, 
design, and construction of the 
Saint Louis Bridge itself. Little 
will be mentioned of the political 
and financial battle that of ne
cessity was waged so that the 
bridge might be built. This area 
of the "construction" of the bridge 
would make a very interesting 
history in itself. 

Investigation of the River 
From the point at which the 

Saint Louis Bridge was to cross 
the Mississippi River, the drain
age area of the combined Mis
souri-Mississippi watershed was 
687,000 square miles. This area 
experienced an average annual 
rainfall of 35.2 inches. All this 
resulted in an average discharge 
past a section at the site of the 
bridge of 225,000 ff1 / sec. Also, 
the river was subject to great 
variation during the course of a 
year. High water occurred dur
ing the June rise (which might 
occur as much as two months 
early or late, depending on the 
year) and low water was usually 
in December. The greatest range 
ever observed at Saint Louis be
tween extreme low and extreme 
high water was 41.39 feet, the high 
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water being that of 1844, when 
the water was 7.58 above the city 
directrix. The city directrix is the 
curbstone at the foot of Market 
Street, and marks the height of 
the water in 1828. It serves as the 
datum-plane for all the city en
gineering at Saint Louis, and 
bridge levels are generally re
ferred to the same line. Its posi
tion is shown on several plates. 
Thirty-four feet below the city 
directrix is known as "low
water." 

The velocity of the current past 
the section of the proposed bridge 
varied from 4 fps at low water, 
to 12½ fps at extreme high water. 

Preliminary boring in the bed 
of the river showed that rock was 
available, but at irregular depths. 
As it was essential that the piers 
rest on bed rock, and this rock 
was found to lay as far as 127 feet 
below the city directrix, many 
problems were encountered in 
sinking the piers. (See Figure 1.) 

Placement and Erection of Piers 

The necessity of placing the 
base of the piers on the bottom of 
the river and anchoring them to 
bed rock imposed much stress on 
the engineering ability at hand. 
At this time (1867) only rela
tively shallow depths had been 
overcome by the use of com
pressed air in caissons. It was 
decided to extend the present 
limit of knowledge of compressed 
air and sink all the piers of the 
bridge in this method. The dis
cussion that follows and the fig
ures that accompany pertain to 
the sinking of the East Pier, but 
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Fig. 1-Rock Profile. 

the same sequence was followed 
in all the piers of the bridge. 

The first step in sinking the 
piers was to locate two river 
steamers astride the spot in the 
river where the pier was to rest. 
The steamers were oriented paral
lel to the flow of the river. Next, 
four 80 foot long, hollow guide 
piles were sunk. Each of these 
guide piles was located accurately 
and served as a set of rails to di
rect the caisson and enclosed pier 
on their descent to bed rock. 

The caisson was constructed in 
the form of an elongated hexagon 
and divided into two chambers. 
(See Figure 2.) The first cham
ber was the air chamber where 
the actual removal of sand oc
curred, the second chamber was 
that portion of the caisson con
taining the pier itself. The pro
gressive construction of the pier 
forced the entire unit down and 
the removal of the sand allowed 
the unit to descend. 

To keep the lower chamber 

empty of water, a progressive 
pressure of compressed air was 
pumped into this chamber. As 
the depth of construction increas
ed, the pressure, of necessity, in
creased. When the depths became 
excessive, several workmen died 
from what today is known as the 
"bends" but which in 1867 repre
sented another of the great un
known factors that made the con
struction of a bridge uncertain. 

The removal of sand was ef
fected by use of a unit of hy
draulic pumps designed especially 
for the job by the Chief Engineer, 
James B. Eads. 

At the end of the work on the 
piers a great triumph had been 
achieved, for never before in en
gineering history had compressed 
air been used at such depths. Air 
pressure as high as 45-50 psi had 
been used and many ill effects 
had resulted, including several 
deaths, but all this had been over
come and man's knowledge ad-

(Continued on page 27) 
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How to be Elected 

Introduction to the Problem 

PROBABLY more than most 
of us realize, circumstances 

direct our destiny; i.e., if we are 
"at the right place at the right 
time" our life pattern will be dif
ferent from what it will be if we 
are not at that particular place 
at that particular time. This is 
probably a more recognized fact 
in the case of a presidential can
didate's time allocation than in 
many other cases. 

With these thoughts in mind 
it will be introductory to say that 
this article is presented as an 
analysis of the operations re
search type problem which re
cently appeared on the front 
pages of the nation's newspapers. 
In the past election campaign a 
good deal of comment was made 
about "important states" or "crit
ical states", and how much time 
and effort a candidate should allot 
to them and to the other states, 
and when this allotment should 
be made. The purpose of this 
presentation is to i n v e s t i g a t e 
methods of objectivity describing 
the right place and time concept 
from a campaign manager's point 
of view and to suggest an alloca
tion model which would take into 
account such terms as "important" 
and "critical". 

A question might arise concern
ing the applicability of an opera
tions research model for this type 
of problem because of the assump
tions which are necessary in its 
development and the subjectivity 
and intangibility of the factors 
which must be considered. These 
very criticisms, however, are an 
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indication of the model's useful
ness. The development of the 
model forces upon the operations 
researcher or the campaign man
ager the task of recognizing and 
defining the assumptions which 
are inherent in the campaign 
strategy; and whether the assump
tions are right or wrong, they are 
better taken into account after 
being recognized and defined. 
The same is true of the factors 
to be weighed in the campaign 
or entered into the model, they 
will be more realistically evalu
ated after some consideration has 
been given to their relative mag
nitude, as it will be if they are 
to be entered into a mathematical 
equation or matrix. 

The intended use of the model 
is as a guide to decision making, 
a guide as to how much of a can
didate's limited resource, time, 
should be expended on a given 
p o p u 1 a t i o n segment. Factors 
change during the course of a 
campaign; and the model may 
have to be updated accordingly, 
but this is only reasonable. The 
model will supposedly have pro
vided the optimum allocation at 
a given time, and this can be used 
as a plan of action for a time 
interval. 

In actual practice it will be 
found that many of what at first 
might be thought of as significant
ly changed factors will be found 
to be not so significantly changed. 
This is to say that if they are 
used to alter the model, the op
timum allocation proposed by the 
new model will proba~ly not be 
greatly different from the one 

proposed by the previous model. 
It can be seen then that the real 
value of the model is that of a 
guide to be used in developing 
a plan of action for all or portions 
of the campaign. 

Model Development 
Defining the Components 

If it is planned to optimize the 
allocation of a candidate's time 
among various population seg
ments, both the time and the pop
ulation must first be divided and 
then the divisions defined. 

Taking time first, it will be 
recognized that not all of a can
didate's time is equally useful in 
acquiring votes. In fact, certain 
time intervals are so much more 
rewarding than others, that it is 
obvious that the time distribution 
is discrete rather than continuous. 
These countable "very useful" 
time intervals will most likely be 
in the form of public appearances 
of one sort or another, and for 
the purposes of this study will be 
termed "appearances". 

Dividing and defining the pop
ulation segments is not very dif
ficult; it has already been done 
for us by the writers of the Con
stitution. People do not cast votes 
for the presidential candidates, 
electors do; and under the present 
arrangement in nearly all states, 
these electors vote as a bloc and 
as representatives of their state. 
The actual population segments 
with which a campaign manager 
or operations researcher has to 
work are "states". 
Variability of the Components 

The problem then is to opti
mumly distribute a candidate's 
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appearances among the states. 
(A second problem might be to 

optimumly distribute a candi

date's appearances within a state, 

but this of course, should be 
studied after the decision · has 

been reached as to how many ap

pearances are allocated to the 

state in question). Both of the 
model components, appearances 

and states, vary in character and 
importance, and this considera

tion will be examined before the 
model is developed further. 

Upon inspection, the character 

and importance of appearances 

are seen to be somewhat depend

'eht upon the state in which the 

appearance is made, and upon 

other considerations. The author 
requests the reader's permission 
to disregard the consideration of 
a p p e a r a n c e variability in the 

model development because it 

w o u 1 d greatly complicate the 
problem. To ease our consciences 

it will be assumed that the psy

chologists and speech writers op

timize the character of the ap

pearances for us and that the 

public relations experts and local 
news facilities do the same for the 
importance of the appearances. 

Appearance variability is actually 

a more important consideration in 
the second problem, appearances 
within the state, and for the sake 
of simplicity will not be consid
ered here. Each appearance then 

will be assumed equal and given 
a weight of unity. 

Taking account of the charac
ter and importance of the indi
vidual states involves the consid
eration of some of the previously 
mentioned subjective and intan

gible factors. The first of these 
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to be evaluated is a state's "im

portance". As used here, it is a 

very tangible factor and is equal 

to the relative number of electoral 

votes that a state is allotted by 

its representation in Congress. 
For future reference the symbol 

"e" will be used to represent this 
factor and, of course, will be a 
whole integer. 

A second factor and one which 
contributes to a state's character 

is the state's vulnerability to a 
change in political environment. 

Georgia has . traditionally been a 

Democratic stronghold, Maine a 
Republican stronghold. The prob

ability ot an adverse candidate's 
obtaining the support of these 

st'~tes is considerably lower than 
the probability that he will obtain 

the support of states such as Il
linois or Galifornia which have a 
more· evenly divided voting rec

ord. 'J'he-' §ymbol for tliis factor 

will be a" "v", and for' a state with 
,· .;<_:;,'. 

an equal chance going either 

Democratic . or Republican, its 

magnitude will be .~O. States 
which are considered likely to be 
either in the candidate's camp or 

out of it, and are consequently 
considered to have a lower prob

ability of changing their expected 

support or nonsupport will have 
a lower "v" factor. This factor 
then varies in magnitude from 

. 50 to nearly zero. Its evaluation 
would be largely made on the 

basis of past election returns with 
some consideration g i v e n to 
trends. · " ·· 

There are many more factors 

which comprise the character of 
a state in a given election;,'all of 
which can be classified ·as either 
economic' or emotional (this is not 

GEORGE P. HUBER, M.S.I.E. '6 l 

to suggest that these two classifi

cations are not interrelated) . 
These factors, whether they are 

positive or negative, do not have 

a great bearing on the optimum 

number of appearances that a 

candidate should ...make. If he 

wants to hold a state with him 
or take it from his opponent, the 

number of his appearances will 
depend not upon which way the 
state is likely to change, but upon 

its likelihood of change. Of what 

use is it for a candidate to win 
an · opponent's state only to find 

that in the meantime one of his 

own has been lost, ( assuming the 

states have equal electoral votes) ? 

The reasoning can be carried fur

ther; if there is a prejudicial feel

ing for or against a candidate in 

a particular state, the candidate 

should be attracted with equal 

force to capitalize upon or allevi

ate this feeling. If it is felt by 

the campaign manager that this 

feeling might change the way the 

state will vote, the fact should 

be taken into account with the 

vulnerability factor. The point to 

be made is that for the many 

emotional and economic factors, 

the sign (positive or negative) is 

not relevant, and the magnitude 

is important only in that it might 

influence the vulnerability factor . 

It should be recognized that the 

emotional and economic factors 

are many times not as significant 

as they at first might seem, at 

least for the purpose of this prob

lem. If the factor is evenly dis

tributed across the nation, it does 

not influence the allocation of 
(Continued on page 23) 
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Meet Your Faculty 

B EHIND his desk piled high 
with papers and magazines 

the featured faculty member for 
this month carries out his duties 
as an instructor in Chemical En
gineering. Numerous tables and 
file cabinets throughout the room 
are also the ~.athering place for 
more periodicais· and reports. His 
phone on the wall to the right of 
the desk is constantly busy. This 
is the scene in room 83 of the En
gineering Building, the office of 
Dr. Ralph H. Luebbers. 

Professor Luebbers was born 
and raised in Burlington, Iowa. 
He attended Burlington High 
School where he graduated as an 
outstanding student in 1922. After 
a year on the farm he entered 
Burlington Junior College and in 
the fall of 1924 Iowa State Col
lege. 

While in college Dr. Luebbers 
compiled a most creditable record 
being a member of the American 
Commons Club and Omega Chi 
Epsilon. His stay at Iowa State 
was temporarily terminated at 
graduation in 1927 and a new 
c h e m i c a 1 engineer blossomed 
forth into the industrial world. 

For the next four years Profes
sor Luebbers broadened his edu
cation through practical applica
tion of what he had learned. He 
patented two processes during 
this time, for the use of the Klin 
Mill and superheated steam for 
calcining gypsum. 

In 1931 he entered the Iowa 
State Graduate School receiving 
his M.S. the next year and a Ph.D. 
with a joint major in Chemical 
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Engineering and Sanitary Bacteri
ology in 1935. While in graduate 
school he received a patent joint
ly with the university for the use 
of preformed media for biological 
oxidation processes. He entered 
the Civil Service as a. Sanitary 
Engineer for the United States 
Army in September of 'the same 
year. On Christmas Day of that 
year he married and . is now the 
father of three prospective engi-

Dr. R. H. Luebbers 

neer sons. 
Dr. Luebbers came to the Uni

versity of Missouri for the first 
time at the start of the Winter 
Semester of 1938 as an instructor 
in Chemical Engineering. He re
mained here until 1941 when he 
entered the Sanitary Corps of the 
United States Army as a Second 
Lieutenant. 

About two and a half years of 
his service were spent in army 
camps in this country. For about 
two years he was Medical Inspec
tor in Camp San Luis Obispo, 
California. Then he was made 
Public Health Officer in Civil Af
fairs in France. Later he held the 
same position with the military 
government in Germany and Aus
tria. 

Since his return to civilian sta
tus and the University of Mis
souri in February 1946 he has 
continued in the active reserve 
and was transferred to the retired 
reserve this last summer with the 
rank of Lieutenant Colonel in the 
Medical Service Corps. The uni
versity made him an Associate 
Professor upon his return and in 
two years he was raised to the 
position of Professor, which title 
and position he holds today. 

The Professor's life has been 
one dedicated to the education of 
future engineers in the classroom 
and as counselor for A.1.Ch.E. 
His years in industry give him 
the practical background to teach 
any Chemical Engineering course 
with more meaning. He is a cred7 . 

it to his profession as an Engineer 
and Instructor. 
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This steel plant consumes l/400th of the 
electric power generated in the United States 

Surprising? Not if you realize that steelmaking requires 
a tremendous amount of electric power. 

It takes about 20,000 electric motors to drive the 
rolling mills and other equipment at our Sparrows Point 
Plant, near Baltimore, the nation's largest steelmaking 
plant. Here, at our own steam-electric generating station, 
we produce enough power for a city of 250,000. 

It goes without saying that we need the services 0£ 
electrical engineers to design, construct, and maintain 

the vast and complicated array of electrical equipment 
at our many plants and facilities. 

Bethlehem offers excellent career opportuni
ties for men in virtually all engineering curricula: 
metallurgical, mechanical, chemical, industrial, civil, min
ing, ceramic, ar:chitectural, and others. We suggest that 
you discuss Bethlehem with your Placement Officer. And 
be sure to pick up a copy of our booklet, "Careers with 
Bethlehem Steel and the Loop Course." 

BETHLEHEM STEEL COMPANY 
Bethlehem, Pa. @for Strength 

. . . Economy 

... Versatility BETHLEHEM STEEL II 
JANUARY, 1961 13 



ELECTRIC HEAT 
(Continued from page 7) 

lustrates this information. This 
information was obtained from 
the manager of the Co-operative. 

Area Cost of 

trically heated room does not 
vary to uncomfortable extremes. 
Any fossil fuel that is used to 
provide heat must be burned in 
air. This burning affects the 

Estimated Actual Cost 
Operation of Operation 

Kind Sq. Ft. Install. Cost Per Year 1958-59 1959-60 

B 1008 $584.68 $268.00 $235.98 

B 1120 593.47 203.96 204.84 $234.54 

B 1686 745.56 310.10 251.10 324.36 

C 952 460.00 189.38 109.62 126.18 

C 1232 410.99 206.03 204.84 234.54 

C 1232 382.01 200.00 179.28 218.70 

C 1214 366.00 199.80 144.00 168.12 

C 1260 432.61 199.80 153.18 185.94 

C 936 394.00 183.00 141.48 183.96 
. .. 

B-Baseboard (ave. cost of install. per sq. ft.-50.4c) 
(ave. heat cost per sq. ft.-20.2c/9 mo. period) 

C-Cable (ave. cost of install. per sq. ft.-35.Sc) 
(ave. cost of heat per sq. ft.-15.5c/9 mo. period) 

Only three baseboard and six 
cable installations were selected 
for examination because these 
particular ones had more avail
able information. The houses that 
are considered in the table are 
representative of the total list of 
forty houses. One might notice 
that the cost of radiant cable heat
ing is less than that of the base
board heating. This fact is true 
for the installation cost per square 
foot as well as the annual nine
month heating cost per square 
foot. In the choice of one type 
over the other, the thing which 
usually determines which type to 
use is the point of construction of 
the house. New houses usually 
get the cable installed in the ceil
ing. Older houses usually receive 
the baseboard heaters which elim
inate the necessity for re-covering 
the ceiling with plaster. 

Since most of the electrical 
space heating is done in residen
tial buildings and is either cable 
or baseboard, this will be a good 
opportunity to consider some of 
the advantages and disadvantages 
of electric heat. 

Electric heat is an even heat 
because the temperature cycle of 
a thermostatically controlled elec-

14 

humidity of the air, and often 
reduces the oxygen content to 
a point of discomfort. Heat ex
changers may be incorporated to 
reduce these effects, but they are 
an added cost to the homeowner. 
Since electric heat contains no 
moisture, it causes very little 
change in the humidity of the air. 
Electric heat is the cleanest form 
of heating known. The only way 
that dirt can get into an elec
trically heated home is for it to 
be brought in by the residents of 
the home from outside, or by the 
cooking and living processes that 
take place within the home. Elec
tric heat is the safest, quietest, 
most service free, and the most 
controllable of all types of heat
ing. All of the above are advan
tages of electric heat. However, 
there are a few major disadvan
tages of electric heat. 

The main disadvantage of elec
tric heat is that operation is 
usually more expensive than op
eration with the fossil fuels (gas, 
oil, and coal). Electric heat is 
more costly per unit of usable 
energy for heat (per Btu). The 
other main disadvantage of elec
tric heat is that utilities require 
that extensive insulation practices 

be followed. The only real disad
vantage is the added cost of more 
insulation. After the house has 
been insulated for electric heat, 
it is in perfect shape for air-con
ditioning. In spite of added in
sulation costs over fossil fuel in
stallations, it is still possible to 
use electricity for house heating 
at total costs per season that com
pare very favorably with gas and 
oil. 

With the above facts in mind, 
we will now investigate what is 
being done with another form of 
electric heating-heat pumps. 

Electric heat is an old thing 
with the Tennessee Valley Au
thority. Both resistance heating 
and heat pump operation are 
deeply entrenched in this region 
of the United States. The low 
power rates create a very favor
able atmosphere for electric heat 
installations. The results of a 
study of heat pump installations 
located in or around the Chatta
nooga, Tennessee, area indicate 
average annual heating costs of 
only $52.69 and summer cooling 
costs of $17 .54. The extremely 
low costs are due to a rather mild 
climate of only 3206 degree-days 
during the heating season. A de
gree-day is computed as follows: 
a base temperature is chosen 
(65°F, for example), then during 
the 24-hour day, if the tempera
ture drops only one degree to 
64 °F, a one degree-day is record
ed. Similarly, if the temperature 
drops to 60°F during a 24-hour 
period, a five degree-day is re
corded. The total of these days 
during a heating season repre
sents the severity of the winter.3 

Several good books have been 
written on the subject of heat
pumps; among them one entitled 
Heat Pump Applications, by E. N. 
Kemler and S. Oglesby. This. 
book explains how the heat pump 
works, and gives many interesting 

and practical applications for the 
heat pump. A diagram similar to 
fig. 2 appears on page three of 

the book. 

(Continued on page 18) 
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Auxiliary Gas Turbines becoming a 
prime power source for industry 

Helmut Schelp, chief engineer, AiResearch Manufacturing .l:U,,ision of ranging in size from 30 to 850 hp. Clockwise from the top...CTC 85-28 
Arizona, Phoenix, surrounded by typical gas turbines now in production GTCP 105 • GTP 70-6 • GTP 30-1 • GTP 70-10 • GTU 85-2. 

A1Research Gas Turbine Engines, 
the most widely used power source for 
the starting, air conditioning, cooling and 
heating of jet aircraft, now are becoming 
a prime power source for industry. 

Easier to maintain because of fe w 
mo ving parts, these lightweight gas 
turbine engines develop more horse
power per pound and inch than any other 
engine. Most efficient at max-
imum speeds, they run 

THE 

on almost any fuel and start immediately 
in any weather. 

Future prime power applications of 
AiResearch gas turbines for industry in
clude: earthmoving equipment; small in
dependent generator flants; marine use; 
helicopters and smal conventional air
craft; emergency power plants; air con
ditioning, heating, refrigeration; atomic 

energy (closed cycle gas turbine 
with atomic energy heat source). 

CORPORATION 

The foregoing and other diverse, highly 
interesting Garrett programs provide out
standing opportunities for engineers. 

An orientation program lasting a period 
of months is available, in which new 
graduates work on assignments with ex
perienced engineers in laboratory, pre
liminary design and development projects. 
Should you be interested in a career with 
The. Garrett Corporation, write to Mr. G. 
D. Bradley in Los Angeles. 

t'.hResearch Manufacturing Divisions 
LOS ANGELES 45, CALIFORNIA • PHOENIX, ARIZONA 

OTH£R DIVISIONS AND SUBSIDIARIES : A/RSUPPl-Y·AERO ENGINEERING• Al RESEARCH AVIATION SERVICE• GARRETT SUPPLY• AIR CRUtSrRS 

Al RESEARCH INDUSTRIAL.• GARlfETT MANUFACTURING LIMITED• MAR WEDEL.• GARRETT INTERNATIONALS. A . • GARRETT CJA,.AN> LIMITED 
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What ~ou.ld 
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YOU do 
as an. en.gin.eer at 

Development testing of liquid hydrogen-fueled rockets is car
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft's Florida Research and Development Center. 
Every phase of an experimental engine test may be con.trolled 
by engineers from a remote blockhouse (inset), witrr 'closed~ 
circuit television providing a means for visual observation. 
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Pratt & Whitn.ey Aircraft? 

Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 

Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born-a 
recognition that engineering excellence was the key 
to success. • 

That attitude, that recognition of the prime impor
tance of technical superiority is still predominant at 
P&WA today. 

The field, of course, is broader now, the challenge 
greater. No longer are the company's requirements 
confined to graduates with degrees in mechanical 
and aeronautical engineering. Pratt & Whitney Air
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero
space medium-air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 

, concept. To carry out analytical, design, experimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 

Specifically, what would you do?-your own engi
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 

For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 

At P&WA's Connecticut Aircraft Nuclear Engine Lab
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 

Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 

Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi
mental Engineers work together in such programs to 
establish and test basic concepts. 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 

FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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ELECTRIC HEAT 

(Continued from page 14) 

The system illustrated in fig. 2 
uses the outside air as a heat 
source. The various pressures 
and temperatures of the medium 

,...,:;:, ""r · -,~ ir· 

are indicated on the drawing. If 
the cycle is taken up at the out
side air heat exchanger, the pro
cess proceeds like this: the gas 
in the exchanger absorbs the heat 
from the outside air and is drawn 
by a suction pressure of 25#/ in2 

to the compressor. At the com
pressor, the gas is compressed to 
125#/in2 and its temperature is 
raised to 95°F. When the dense 
gas or liquid reaches the inside 
heat receiver, it loses a portion of 
its heat to the conditioned space. 
The medium then proceeds on to 
the receiver or reservoir where, 
by now, it has cooled down to 
32°F. There is thus a tempera
ture difference of 8°F at the out
side exchanger and a difference 
of 25°F at the inside exchanger. 

The heat pump cycle is very 
similar to that of the refrigerator. 
In fact, in the summer, the same 
apparatus is used to run the cycle 
in reverse and cooling, instead of 
heating, is accomplished. The 
major advantage of the heat pump 
is the low operation cost. At some 
locations, continuous operation 
costs from 25c to 60c per 24-hour 
period. The highest cost for a 
thirty-day month would be only 
$18.00. These costs were based 
upon requirements of a two bed
room apartment. 

Last November, in Oklahoma 
City, electrical contractors fin
ished completing two large totally
electric apartment houses. The 
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apartment houses are called Mer
idan Terrace Apartments and La
Villa Apartments. The Meridan 
Terrace project is a two-story 
building and has 36 two-bedroom 
units, four four-bedroom units 
and four apartments per floor in 
unit buildings. All of the unit 
buildings are lin):ced by a common 
roof. La Villa has 30 heat· pumps 
to force hot · or cool air to each 
of the 1500-to-1700 square foot 
area apartments. Each of the 
apartments has a 40-gallon quick
recovery water heater, built-in 
cook top and oven, disposal, dish
washer, two baths with electric 
ceiling-type heaters and the other 
household appliances. These all
electric apartments u s e about 
three times as many kilowatt
hours as a more conventional 
apartment. An engineer for Okla
homa Gas and Electric estimates 
that the Meridan Terrace bills 
will average about $15 to $17 a 
month and LaVilla will reach 
about $20 per month. These esti-

al 

mates include all the electrical 
requirements of the apartments.5 

H e a t pump installations are 
usually made in the more expan
sive homes in the range from 
$30,000 to $100,000. The initial in
stallation cost of heat pumps and 
the associated ductwork is con
siderably higher than any other 
conventional heating plants. Yet, 
one must remember that not only 
is a heating plant being installed, 
but also a summer air-condition
ing plant to provide all-year
around temperature control. Heat 
pumps are particularly adapted 
to moderate climates and for large 
projects such as the two apart
ment buildings in Oklahoma City. 

Before we conclude the discus
sion of heat pumps, it must be 
explained that the air is not the 
only source of heat for the heat 
pump system. A network of pip
ing which is buried beneath the 
ground, below the frost line, ex
periences a fairly constant, usable 
temperature environment. Water 
is also a good source of heat. Deep 
drilled wells provide water at al
most constant temperature. Sim
ilarly, a pond with a piping net
work on its bottom will also 
provide a good source of heat. 
When the temperature drops to a 
point where heat pump operation 
is more costly, then, electric re
sistance-heating, strip heaters, lo
cated in the air ducts, are turned 
on to supply the additional re
quirements. 

The use of electrical resistance 
strip-heaters to supplement heat 
pump installations brings us to 
another application of electricity 
to provide space-heating. A con
sulting engineer, Mr. Joseph B. 
Olivieri presents the application 
in this manner: 

"A lot has been written pro 
and con about electric resist
ance heating. In areas with 
severe heating requirements 
and non-subsidized electric 
rates, it is difficult to justify 
electric heating. However, if 
electric power is used in con
junction with fossil fuels, a 
very favorable owning and 
operating cost can be achiev
ed."6 

Recently, Mr. Olivieri's consult
ing firm dealt with the problem 
of designing a heating system for 
a new school building. The school 
board had a very limited budget 
and the initial cost of all equip
ment was a very important factor. 
It was decided to use a warm air 
furnace somewhat smaller in ca
pacity than what normally would 
be required by such a large build
ing. E 1 e c t r i c resistance strip
heaters were placed within the 
warm air ducts to supplement the 
warm air furnace. Only forty 
hours a week of full heating is 
required. During the remaining 

(Continued on page 20) 
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STU'S EXPLAINING HOW MACHINES WILL 
SOME DAY "OUTTALK" PEO,PLE 

"Stu" Smith graduated from Southern Cal 
with a powerful yen for excitement. His kind of 
excitement-Engineering. 

He got what he bargained for (and a little 
more) when he joined Pacific Telephone. One of 
Stu's early assignments was to find out how 
existing Long Distance networks could be used 
to pipeline high speed "conversations" between 
computers in distant cities. 

The fact that he did a fine job did not go 
unnoticed. 

Today, four years after starting his tele
phone career, Senior Engineer Stuart Smith 
heads a staff of people responsible for telegraph 
and data transmission engineering in the huge 

Los Angeles area. As a pioneer in this new data 
transmission field Stu predicts data processing 
machines will some day do more Long Distance 
"talking" than people. 

Stu contacted 12 other companies before join
ing Pacific Telephone. "I don't think there's any 
limit to where a man can go in the telephone 
business today. Of course, this isn't the place for 
a guy looking for a soft touch. A man gets all the 
opportunity he can handle right from the start. 
He's limited only by how well and how fast he 
can cut it." 

If Stu's talking about the kind of opportunity 
you're looking for, iust visit your Placement Office 
for literature and additional information. 

"Our number one aim is to have in all 
management jobs the most vital, intelli
gent, positive and imaginative men we 
can possibly find." 

FREDERICK R. KAPPEL, President 
AmericanTelephone&TelegraphCo. BELL TELEPHONE COMPANIES 
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ELECTRIC HEAT 
(Continued from page 18) 

128 hours, the warm air furnace 
can supply adequate amounts of 
heat to all rooms which are main
tained at a reduced · temperature. 
The engineers determined the 
average heating requirement for 
each 24 hours from October to 
April of an average classroom to 
be 17,000 Btu. per hour. The fol
lowing table illustrates the saving 
in the first cost when electric 
heat is used to supplement a con
ventional system.7 

42% had an oiFsource, 7% had 
an electric source, and 5% had a 
solid fuel source. While the 7% 
electrical source is . a rather small 
part of the whole, this percentage 
is increasing steadily at the ex
pense of the oil and gas source 
systems. By 1965, the number of 
electrically heated homes is ex
pected to reach the three million 
mark, and by 1976, more than 
twice this amount is expected. 

Power companies estimate that 
their load requirements will dou
ble in the next ten years. Right 

Owning & 
Operating 

First Cost Amortize Operation Cost 
$ Per Sq. Ft. $ Per Sq. Ft. $ Per Sq. Ft. $ Per Sq. Ft. 

System Per Year Per Year Per Year Per Year . 

Furnace 
With 
Electric 1.00 0.08 0.144 0.224 
Reh,eat 

Zoned '· 

Furnace 1.20 0.096 0.128 0.224 
System 

Although the table shows that 
the owning and operating costs 
per square foot per year are the 
same for both heating systems, 
first costs differ by 20%. The 
lower cost of the system using 
electric heaters as a supplement 
to a smaller heating system would 
represent a saving of $1,000 on 
the cost of a larger heating sys
tem costing $5,000. This saving 
would undoubtedly be very im
portant to the school board of a 
small community. 

The use of electric heating to 
supplement conventional heating 
systems will conclude the discus
sion ori the various types of eled;. 
trical space-heating and its appli
cations. However, in order to get 
an over-all picture of what is be
ing done in the field of electric 
heating, a general consideration 
of the entire heating industry is 
required. 

By 1959, the annual volume of 
heating equipment was $387 mil
lion. This figure includes electric 
heat, warm air furnaces, and steel 
and cast iron heating boilers. Of 
this total, 46% had a gas source, 
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now, very serious problems of 
having adequate power reserves 
have arisen due to the tremen~ 
dous peaks in the load require
ments during each 24-hour pe
riod. . Most load p e a k s occur 
around 5:00 to 6:00 P.M. Some 
may occur in the mornings, from 
10: 00 to 11: 00 A.M. After the 
peak load has been re~ched, ~he 
load begins to fall off little by 
little until, in the late , eyening 
hours and early morning 'hours, 
the total load requirements . are 
much · 1ower than they were dur
ing the peaking hours. This means 
that a considerable portion of a 
utility's generating capacity is 
idle or is being used to absorb 
excess power from the remainder 
of the system. Needless to say, 
this type of operation is expen
sive to the utilities and this ex
pense is reflected in the electric 
rates charged the customer. 

There are many problems in
volved when a machine is re
moved from service or shut down. 
The expense of shutting down 
during off-peak hours . and then 
bringing the units back on as the 

load returns is too gr~t to with
stand. It is much cheaper to keep 
the generators running, even if 
they are used to absorb power in
stead of to produce it . . 

In order to achieve the most 
economical generation of power, 
some way must be found to 
smooth out the peaks and .valleys 
which occur in the load require
ments. The off-peak loading must 
be increased to give a better 
average load. 

Recently, a study of how elec
tric heating loads increased the 
off-peak loading was made by 
five western power companies. 
The results of this study indicate 
that the contribution of the heat
ing lolid to the house demand 
d u r i n g the system peak was 
65.5% However, .only 22% of the 
connected heating load was oper
ating -during the system peak. 
This means tMt :~e gr~atMt· rpart 
o( the heMing load '(78%) was 
not connected during the peaking 
hours. Here, in this fact, lies one 
sqlution to the problem of smooth
ing out the load demand. If the 
peaking hour is 6: 00 P.M., as the 
peak load starts to drop off, the 
heating load is just beginning to 
rise. By the time that the load 
demand would have reached a 
low point, the electric heating 
load would approach its maxi
mum. The result is that the pre
vious low point is never reached, 
but instead, the load demand is 
somewhat spread out over the en
tire twenty-four hour period. 

This study was made by the 
Puget Sound Power and Light, 
Pacific Power and Light, Port
land General Electric, Idaho Pow
er, and Washington Water Power. 
Each com~any metered ten elec
trically heated homes for one 
month starting January 5, 1960. 
The average house had a floor 
area of about 1,343 sq. ft. The 
averagf heating month was 968 
degree days. 9 

To summarize, the various pop
ular methods of electrical heating 
have been discussed. Some facts 

(Continued on page 22) 
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En~tgy1jponversion is our business 

JANUARY, 1961 

Ability of energy to do work? 

A mathematical convenience? 

Gibbs' Free Energy? 

What does it mean in isothermal 

electrochemistry? 

The concept of energy availability 
in all its ramifications is becoming 
ever more important to Allison's 
energy conversion mission. 

Current projects involving this con
cept include electrochemical con
version systems (for satellites, space 
systems, and perhaps even your 
future automobile), heat regenerator 
systems and photolysis regenerators. 

In our inquiries we rely not only on 
our own resources but also on the 
talents of General Motors Corpora
tion, its Divisions, and other organi
zations and individuals. By applying 
this systems engineering concept to 
new research projects we increase the 
effectiveness with which we accom
plish our mission - exploring the 
needs of advanced propulsion and 
weapons systems. 

LISON 
Division of General Motors, Indianapolis, Indiana 
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Pipe joints 
under 

deflection 

Today Dickey 
hold lighl even 

normal 
Absolute minimum infiltration 
when you build sewers with Dickey 
Coupling/ Pipe. The flexible plastisol 
Coupling on Dickey Pipe is com
pressed when a joint is made. All 
surfaces bond together forming a 

joint that is tight . . . and stays 
that way even under normal deflec
tion. Jointing is fast, too ... just 
clean, prime and push ... the job is 
done. Be sure to specify Dickey 
Coupling/ Pipe for your sewers. 

Providing improved sanitation for better living 

ICKEV 
sanitary salt-glazed clay pipe 

VV. S . DICKEY CLAY MFG. CO. 
Birmingham, Ala. Chattanooga, Tenn . Kansas City, Mo. Meridian, Miss. 
SI. Louis, Mo. San Antonio, Tex . Texarkana, Tex .•Ark. 

02e, If it's made of clay it's good . . . if it's made by Dickey it's better 
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ALL ENGINEERS NOTE 

E. I. T. Exam 
SATURDAY, APRIL 22 

8:00 A.M. TO 5:00 P.M. 

ELECTRICAL ENGINEERING AUDITORIUM 

ELECTRIC HEAT 

(Continued from page· 20) 

and figures of the state of elec
trical heating in the United States 
have been presented in order to 
give the reader an over-all picture 
of what has been done in this 
rather new field of heating work. 

The reader was given an idea 
of what the installation costs and 
the operating costs were for sev
eral types of electrical heating 
installations. A particular applica
tion of the heat pump was dis
cussed and some of the operating 
costs of such installations were 
given. The advantages and disad
vantages of electric heat were 
mentioned, but not attempt to 
make a rigorous comparison with 
other types of space-heating was 
made. A forecast of future ex
pansion in the electric heat field 
was made, and finally, the possi
bility of smoothing out the power 
utilities' load demand curve with 

· an electric heating load was pre
sented. 

In conclusion, let us say that 
the main factor which limits the 
installation of all electric heating 
systems is still the operating cost. 
However, with the development 
of newer and better ways to gen
erate electricity at lower costs, 
the number of electrically heated 
homes and other buildings will 
steadily increase until electric 
space-heating will rank v er y 
closely with the other convention
al heating methods. 

1 "Eleventh Annual Electrical Indus
try Forecast." Electrical World, 154 
(September 19, 1960), 103-118. 

2 Ibid. 
3 Martin, B. H., and T. W. Newberry. 

"Heating by Electricity in T.V. Area." 
Heating and Ventilating, (May, 1948). 

4 Kemler, Emory N ., and Sabert 
Oglesby, Jr. Heat Pumps. New York, 
McGraw Hill Pub. Co., 1956. 

5 "Electric Heating Forum." Electric 
Cons tr u c ti on and Maintenance, 59 
(July, 1960), 88-91. 

6 Olivieri, J. B. "Economical Heating 
for a New School." Heating and Piping, 
32 (August, 1960), 118-19. 

7 Ibid. 
8 "Utility Promotion Is Paying Off as 

Electrical Heating Load Grows." Air 
Conditioning, Heating, and Ventilating, 
57 (August, 1960), 6. 

9 Northwest Electric Light and Power 
Association Study. "Fresh Facts on 
Heating Load." Electrical World, 154 
(August, 1960), 83-6. 
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PRESIDENT 
(Continued from page 11) 

appearances per s t a t e and is 
therefore irrelevant. If the factor 
is local in nature, it will be found 
in many cases that in previous 
elections this same factor was 
present and influenced the elec
tion results. Since these results 
have been used to obtain the vul
nerability factor, consideration of 
the emotional-economic factor a 
second time would be improper. 
If the factor is local in nature and 
of such great magnitude that it 
must be considered, it can very 
justifiably be given some consid
eration as a recent trend for that 
area. Another point to be noted 
is that some emotional-economic 
factors which are great in magni
tude and would at first be eligible 
for trend consideration, are both 
positive and negative in sign de
pending upon the individual lis
tener and so to some extent cancel 
themselves. An example of this 
on a nation-wide scale was the 
religious issue in the past election 
campaign. 

Handling the emotional and ec
onomic factors in this way is not 
only justifiable, but very conven
ient. As the appearance alloca
tion model now stands, the im
portance of a state is represented 
by its electoral vote, and the 
character of the state is repre
sented by only one factor-that 
concerning vulnerability. Almost 
all other character factors have 
been determined to be irrelevant, 
and so their subjectivity and in
tangibility do not affect the prob
lem. Those other factors which 
are relevant (if they exist) are 
considered to be recent trends and 
are entered into the vulnerability 
factor. The advantage of having 
only one character factor is that 
if there were more than one, they 
would have to be weighed relative 
to each other, a very difficult if 
not impossible task. 

The Sequence of :f\ppearances 

Earlier in this article a mention 
was made of being at the right 
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place at the right time. Questions 
which come to mind are: "What 
is the right time", and "In what 
sequence should these appear
ances among the states be made?" 
The truth of the matter is likely 
to be that there is no time-wise 
distribution which, for a given set 
of factors, is much better than 
any other. 

Assume that from the optimum 
appearance distribution by states 
a campaign manager plans a 
schedule of appearances. The se
quence of this schedule will prob
ably be based upon the proximity 
of various states, the transporta
tion facilities available, and the 
ca 1 end a r of important events. 
When, near the end of the cam
paign, another analysis of the vul
nerability factors is made and the 
adjusted model gives a new op
timum number of appearances for 
some of the states, it should be 
realized that the states wh~ch 
picked up appearances did not do 
so because they were inherently 
more important toward the end 
of the campaign. They required 
more appearances toward the end 
of the campaign solely because 
the relative magnitude of their 
vulnerability f a c t o r s had in
creased during the previous time 
interval. The same reasoning ap
plies to states which lost appear
ances through the re-allocation 
proposed by the new model. Time
wise distribution of appearances 
is seen to be not a component of 
the allocation problem, but a re
sult ·of it-a r~sult of the changed 
vulnerability factor. 

Model Structure 
The original problem, that of 

optimizing a presidential candi
date's time among various popu
lation segments, has been reduced 
to that of optimizing his appear
ances among the states. The prob
lem component, appearances, has 
b e e n assumed nonvariable in 
character and importance for the 
sake of model simplicity. The sec
ond problem component, states, 
has been found to be variable in 
character and importance, and 

these two qualities have each had 
an evaluation criterion chosen for 
them. It remains now to manipu
late the components so as to fi
n a 11 y determine the optimum 
distribution. 

The product of "e" and "v" for 
each state is actually the potential 
vote change for that state. The 
"ev" for a given state divided by 
the sum of the "ev" 's for all of 
the states is the measure of the 
state's relative importance during 
the campaign. Let "a" represent 
the total number of appearances 
that a candidate expects to make. 
The measure of a state's relative 
importance times the total ex
pected appearances gives the op
timum number of appearances to 
be made in that particular state. 

Take for an example problem 
the optimum number of appear
ances for the state of New York 
during the 1960 election cam
paign. New York had 46 electoral 
votes, "e" = 46. Assume the not 
unreasonable "v" value of .45 for 
the probability that the state 
would change from the predicted 
Democratic vote. If the sum of 
the "ev" 's for the nation were 
200, then (46) (.45) / (200) = .103 
was the measure of the New 
York's importance d u r i n g the 
campaign. Assume that one of 
the candidates expected to make 
100 local appearances (a = 100) 
during the campaign. The opti- · 
mum number of appearances for 
him to make in New York would 
have been (.103) (100) = 10.3 or 
10. In many cases the optimum 
number can best be made a whole 
integer by grouping together the 
fractions of adjacent states and 
allocating the extra appearance 
to one of those states. 

The choice of this example and 
the consequent large number of 
allocated appearances raises the 
question of appearance satura
tion. "Is the nth visit to a state 
as effective in the course of a 
candidate's campaign as the first 
visit to that state?" The answer 
to this question lies in the opti-

( Continued on page 28) 
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Engineering News 

VIBRATION TESTING 

The first comprehensive experi
ments to determine effects of low 
frequency vibrations on human 
performance have started at Boe
ing Airplane Company here under 
an Office of Naval Research con
tract. Initial phase of the experi
ments will subject a group of 
volunteers to five levels of low 
frequency vibrations. The entire 
program, expected to last slightly 
more than two years, is expected 
to yield precise facts about the 
relationship between vibration 
and efficient human performance. 
This information can then be used 
by design engineers working on 
aircraft and space ships of the 
future. 

The Boeing program is the first 
to explore systematically the work 
performance in a vibration en
vironment approximating the fre
quencies and amplitudes encoun
tered in actual operation of air
craft and other vehicles. 

Volunteers taking part in the 
studies will be intrumented so 
that necessary medical data can 
be obtained. Five vibration levels 
that will be measured in the initial 
phase of the study are broadly de
fined as barely perceptible, de
finitely perceptible, annoying, 
maximum under which a man 
could work for a long period of 
time and the maximum for very 
brief, efficient performance. 
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BOB STEIERT, C.E. '62 

VIBRATION TESTING BEGINS-Initial phase of testing in a U.S. Navy re
search program on low frequency vibration started this week at Boeing Airplane 
Company's Wichita, Kan., Division.-BOEING PHOTO 

During an actual vibration test, on their performance. Later, how-
starting at a low frequency and ever, certain tasks will be assign-
building up, the subject will push ed. Accomplishments of those 
a button whenever he thinks he tasks will th e n be measured 
has reached an one of these five 
levels. His verbal opinions will be 
recorded throughout each test. 

In initial testing, the subjects 
will have no tasks to perform 
other than to relate their opinions 
of what effect the vibrations have 

against the subject's earlier opin
ions. 

Vibrations, produced by a hy
draulic cylinder, will be between 
1 and 30 cycles per second and 
within amplitudes up to 10 inches 
at the lowest frequencies and only 
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about five hundredths of an inch 
in the upper levels. 

DATA DISPLAY ANNOUNCES 

VERSATILE, MULTI-SCOPE 

GENERAL DISPLAY SYSTEM 

A general purpose alphanumer
ic display system has been devel
oped by Data Display, Inc., pro
viding unmatched versatility for 
process control, commercial and 
industrial uses, and scientific pro
gramming. 

The new product---dd74-offers 
the highest available performance, 
reliability and economy in read
out for large data systems. It is 
extremely useful for real-time 
monitoring, computer mainten
ance testing, computer program 
debugging, and rapid display of 
alphanumeric information. 

Heart of the system is a console 
containing stored memory and 
character generator. This is the 
functional link between a com
puter and any number of dd 
scopes (the model being con
structed has four). Number of 
scopes is limited only by the total 
character output - 125,000 per 
second. 

And the dd74 offers these per
formance characteristics: 

Magnetic stored memory with 
full random access, 8 microsecond 
cycle time; capacity 1,024, 24 bit 
words. Message regeneration is 
automatically provided from an 
internal magnetic core storage 
unit, freeing the computer from 
this task. The 45 character reper
toire includes decimal numerals, 
English alphabet, useful miscel
laneous marks, and vertical and 
horizontal tabular ruling lines. 
The character size is controllable 
over a wide range. Characters of 
several sizes may be simultane
ously displayed. The ruling lines 
are automatically positioned to 
avoid interference with all char
acter locations, and any symbol 
may be displayed in any position 
in 40 vertical columns and 24 hor
izontal rows. 

Optional added features include 
a data entry key set allowing an 
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operator to talk from display 
through the keyboard back to the 
computer without intermediate 
card punching, and a paper tape 
reader that reads back to the 
computer. 

Because of the extremely high 
speed, direct access to and from 
the computer, and high capacity 
memory core in the console, the 
dd74 allows a number of oper
ators to utilize the computer 
while the computer functions in
dependently on other problems. 

ment contains 164 stainless steel 
tubes one half inch in diameter, 
which co·ntain the nuclear fuel in 
pellet form. 

There will be 682,200 uranium 
oxide pellets in the reactor core, 
bearing 15,620 pounds of U235 and 
U238. Of this, 127.6 pounds, or 1.2 
per cent of U235, the fissionable 
isotope, will be consumed before 
replacement by a new core is 
necessary. In effect, the "Savan
nah" will travel on approximately 
two fuel pellets per mile. 
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The dd74 general purpose alphanumeric display system, with stored memory 
and any number of scopes, ~iteJ--0nly by"li capacity -of 1,024 24-bit words. Ex
cellent for process control, commercial and industrial uses, scientific programming. 

ATOMIC FUEL SHIPPED FOR Construction of the ship began 
N.S. "SAVANNAH" when the keel was laid on May 22, 

The initial shipment of $9 mil- 1958, by Mrs. Richard M. Nixon. 
lion worth of nuclear fuel ele- Built as an experimental govern-
ments which will power the N. S. ment project initiated by Presi

"Savannah," world's first atomic 
merchant vessel, was made by 
The Babcock & Wilcox Company. 

In all, 36 fuel elements will be 
delivered to Camden in nine ship
ments spread over a seven-week 
period. 

Four of the elements will be 
"spares," while 32 will be assem
bled as the reactor "core," capable 
of propelling the "Savannah" 14 
times around the globe, or 350,000 
miles, without stopping. A ship 
powered by more conventional 
means would require 800,000 bar
rels of fuel oil to travel the same 
distance. 

Each element weighs 760 
pounds, and is 92 inches long and 
8.5 inches square. A single ele-

dent Eisenhower to demonstrate 
the peaceful applications of atomic 
energy, the vessel measures 596 
feet long, 78 feet in beam, and will 
cruise at about 20 knots when it 
begins operating in 1961. 

REDETERMINATION OF THE 
HALF LIFE OF CARBON 14 
A more accurate value for the 

half life of carbon 14-important 
in geological and archeological 
dating-has recently been obtain
ed by the National Bureau of 
Standards. The new value is 5760 
years, as compared with the pre
viously accepted value of 5568 
years. 

In performing the redetermina
( Continued on page 30) 
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Shamrock; 
Sweetheart 

One can seldom find a girl that 
has both beauty and brains, but 
our sweetheart for January has 
an ample share of both. 

She is Miss Diana Maxwell and 
she hails from Jennings, Missouri. 
Diana is five foot six inches tall 
and weighs one hundred fifteen 
lbs. Her sorority is Alpha Chi 
Omega. 

Last year Diana won a four 
year science scholarship when her 
experiment on the explosive 
forming of metals won fourth 
place in the International Science 
Fair. That's quite an achievement 
for anyone and especially for a 
pretty girl. 



EADS BRIDGE 
(Continued from page 9) 

vanced a little further. 

Selection of Trusses 

With · little precedent to rely 
upon, James B. Eads set about to 
design a steel truss system capa
ble of supporting the expected 
loading. The tool by which the 
design of the truss was accom
plished was simple mechanics. 
This tool, applied by a logical 
mind, resulted in a truss that ful
filled the demands placed on it 
and also was, under the circum
stances, a very economical system. 

The arguments that Mr. Eads 
presented for his choice of truss 
were very logical, but were con
demned by several individuals in 
the field of engineering at that 
time. The following is an abbre
viated account of his argument. 

As in a typical bridge truss of 
the time ( usually used in short 
spans, see Figure 3a) the member 
K-L was a tension member that 
served no other purpose than to 
keep the entire truss from spread
ing apart. The truss shown was, 
even in 1867, considered some
what uneconomical; therefore the 
next step was the "bow string 
girder" shown in Figure 3b. The 
"bow string girder" was consid
ered a great deal more economical 
(i.e. strength of system per pound 
of steel used), but another step 
could render it more economical 
still. By removing the member 
K-L and replacing its action with 
stone abutments at each end, even 
less steel would be used. Of 
course the remaining arch of steel 
must retain its shape to carry 
any load, but it would never re
tain this shape under any loading. 
Thus, the final step from the 
idealized structure was made by 
adding bracing and dividing the 
one arch into two smaller arches. 
Indeed this arrangement was used 
and served its purpose very well. 
By this method then, the clear 
space at the center of the span, 
demanded by law and the steam
boats, was provided and a very 
asthetically acceptable structure 
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was obtained. 
An incidental note arises here. 

One may wonder why so much 
concern was given to economy in 
view of the limited area of knowl
edge. The answer to this is read-
ily discernible when one considers 
the fact that steel was quoted at 
$350 per ton. The estimated sav
ing of this method was some 
$250,000. 

Materials Used and Their Testing 

~ 

Unlike today's engineers, James 
Eads could not pick up a hand
book that would give him all the 
information n e e d e d concerning 
the materials for a bridge. There 
was no handbook, nor were there 
any standardized shapes and sizes 
of materials. Every part that was (C) 

Fig. 3-Trusses. ( Continued on page 29) 
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PRESIDENT 
(Continued from page 23) 

mum allocation of appearances 
within the state. 

If the first and second appear
ances were made on adjacent 
nights at the same time, in the 
same place, to the same audience, 
and on the same subject, it is not 
likely that the second would be 
as effective in obtaining the votes 
of the state as would the first. 
In an actual campaign though, 
probably none of these conditions 
would be present. The minds of 
voters change with time as they 
are exposed to new ideas, and 
subsequent appearances are ac
tually made to new minds if not 
to new voters. This combined 
with the fact that critical states 
(those with a high "ev" factor) 
will probably have a large and 
varied population leads to the 
conclusion that appearance satur
ation will not take place if ap
pearances within a state are op
timumly allocated with respect to 
time, place, audience, and subject 
matter. 

Summary 

For those readers who are in
terested in a symbolic represen
tation of the results of this analy
sis, if N. represents the optimum 
number of appearances for a par
ticular state, then where the ratio 

e.v. a 
N. = -- (a) = -- (e.v. ) 

lev lev 

"a/ lev" is a constant to be used 
for all states during the time in
terval discussed earlier in the 
article. This equation then is the 
model for optimizing the number 
of candidate appearances among 
the states. Its purpose is that of 
a guide to be used in developing 
a plan of action for use during 
the campaign. 

"" The Vermont father was intro-
ducing his family of boys to a 
visiting governor. "Seventeen 
boys," exclaimed the father, "and 
all Republicans-except John, the 
little rascal. He got to readin'." 
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EADS BRIDGE 
(Continued from page 27) 

to go into the bridge had to be 
designed, fabricated and then test
ed before any use could be made 
of it. 

The major criterion of materials 
used in the Eads Bridge was that 
of modulus of elasticity. The 
modulus of elasticity was defined 
by Mr. Eads as follows: 

E = Wl/ac 
where: E was the modulus of 

elasticity 
W the load on the speci

men 
1 the original length of 

specimen 
a the uniform cross sec

tion 
c the change in length of 

specimen. 
In his correspondence with 

other engineers of the time he 
also described the modulus of 
elasticity as follows: "the modulus 
of elasticity is the resistance to a 
permanent set of a material, that 
ability allowing it to deform a 
given amount and then resume its 
original demension." 

The discussion of .the parts of 
the bridge that were tested must, 
due to the limitation of the scope 
of this paper, be restricted to only 
the main tubes of the bridge. 
These tubes were very unique, for 
they were the main members of 
the structure, circular in cross 
section and not in the shape of the 
wide flange or channel shapes 
used today. 

Originally, carbon steel had 
been the intended material for the 
main tubes. The specifications for 
the bridge called for a modulus of 
elasticity of from 26,000,000 to 
30,000,000 pounds. Each tube was 
to be composed to six staves, hav
ing, as near as possible, the same 
modulus of elasticity. For six 
months the mills of Carnegie, 
Kolman & Company of Pittsburgh 
failed to produce steel of the pro
per quality and it appeared as if 
negotiations might fail to induce 
the firm to produce the necessary 
steel. The initial contract called 
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for 60,000 psi steel at 63/s cents 
per pound. As of October 12, 1871 
no steel meeting the 60,000 psi 
ultimate strength had been pro
duced. The limit was then set at 
55,000 psi whereupon Carnegie, 
Kolman & Company found that in 
order to meet the specifications, 
the price would have to be raised 
to nearly 8 cents per pound. At 
this point the whole idea of carbon 
steel was abandoned in favor of a 
new chrome steel. The resulting 
tests of chrome steel are shown in 
Table 1. The chrome steel not 
only met and surpassed the speci
fications, but it was also found to 
be somewhat easier to roll than 
had been the carbon steel. 

In the process of the testing, 
several machines were built, or 
arrangements made to test the 
materials. The machine called the 
Saint Louis Testing Machine was 
used most successfully, and with 
the aid of this machine the engi
neers were able to determine such 
data as the variation in modulus 
for a given material, as computed 
in tension and compression, as 
well as the fact that punching the 
holes necessary in some of . the 
larger skew backs 1 resulted in a 
weakening of the part in compari
son with drilling the holes. As a 
result, all holes for the skew 
backs were drilled. 

Cable 
No. 6 
No. 12 
No. 18 

Load 
(Tons) 

65 
176 

73 

Stress 
(TSI) 

5 
4.2 
3.3 

From the piers that were sit
uated in the river, construction of 
the two arches took place at the 
same time and at the same rate 
to balance the overturning mo
ment on the pier itself. 

At the completion of the arch
es, the placement of the carriage
roads and rails to accommodate 
trains were rapidly accomplished 
and the end of the eight year pro
ject was realized. The first pas
senger crossed the bridge at 5:30 
A.M. on June 3, 1874 and a few 
days later the first train crossed 
from East Saint Louis, Illinois 
over the bridge and to the station 
in Saint Louis, Missouri via a 
tunnel under the city. The grand 
total cost of the bridge was 
$6,536,729.99, indeed, quite a lot 
of mo·ney, but the obstacle had 
been overcome and many engi
neering gains made. The Eads 
Bridge is still serving just as well, 
if not better, than it did in 1874. 
It is presently the property of the 
Saint Louis Terminal Railway 
Company, and has since been 
joined by several other bridges, 
some longer and some bigger, but 
surely none with a history as rich 
as the Eads Bridge. 

TABLE 1 
In Limit of Ultimate Modulus of 

No. Length Area Elasticity Stress Elasticity 
5 7.986 0.269 55,000 102,000 28,900,000 
6 7,972 0.287 55,000 108,000 27,600,000 
7 8.004 0.358 55,000 97,000 26,600,000 
8 8.008 0.360 55,000 101,000 28,100,000 
Note: All the above figures apply to the main tubes of the bridge. 

Erecting the Spans 
With the sinking of the piers 

and the design and fabrication of 
the trusses complete, the last step 
of the sequence was the erection 
of the spans. 

Each arch was erected progres
sively from the pier toward mid
span by the use of three sets 
of cables. The diameter of the 
cable became larger as the con
structed portion of the span in
creased, and the accompanying 
stresses were given as follows: 

1 "Skew back" was the terminology 
given to the plates that received the 
arches on the piers. 
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ENGINEERING NEWS 

(Continued from page 25) 

tion, W. B. Mann and W. F. Mar

low of the Bureau's radioactivity 

laboratory quantitatively diluted 

high-specific-activity carbon di

oxide for counting in length-com

pensated internal gas counters in 

the Geiger and proportional 

regions. Mass spectrometric an

alyses of parts of the undiluted 

gas sample were made by E. E. 
Hughes, R. M. Reese, and V. H. 
Dibeler to determine the isotopic 

abundance of carbon 14, which 

was found to be approximately 44 

atoms percent. Experimental de
tails of the redetermination will 

be published in the near future. 

Intercomparative measurements 

of the isotopic abundance were 

also carried out with H. W. Wil
son of the United Kingdom 

Atomic Energy Authority. 
The redetermined value is in 

fairly good agreement with the 

value of 5900 ± 250 years obtain

ed at the Bureau in 1953. The 
value of 5568 years that has been 

in use was somewhat arbitrarily 

chosen. Because of the wide 

range in measured values of the 

half life of carbon 14-from 4700 

to 7200 years-a weighed average 

of three values determined by gas 

counting and by mass spectro
metric analysis was tentatively 

accepted for the purpose of radio
carbon dating of archeological 

samples. The present measure

ments have led to the conclusion 

that the uncertainties in the 

values obtained experimentally 

may have arisen almost entirely 

from absorption effects. 
The Bureau's new value of 5760 

years is of particular interest in 

assessing the age of, for example, 
the Dead Sea Scrolls. On the 
basis of the previously accepted 

half life, these scrolls were found 
to be 1917 + 200 years old, that is, 

dating to about 40 A. D . The new 

half life will place their age at 

1983 years, dating them at about 

200 B.C. The change, however, is 
less than the previously stated ex
perimental error. 
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G-E MARKETS LIQUID SILICONE 

RUBBER IN AEROSOL CANS 

A liquid RTV (room tempera
ture vulcanizing) · silicone rubber 

in aerosol spray form has been put 
on the market by G.E. 

The new aerosol form shows 

promise for applying a thin, uni

form encapsulating coating on 

electronic assemblies and parts as 

well as a spray coating for easy 

release for molded plastic parts. 
Other uses are developing in 

maintenance and other applica
tions where thin, thermal, protec

tive, shock absorbant, or non-con
ductive coatings are desired. 

Liquid silicone rubber in aero

sol spray form possesses all of the 

desirable properties of conven

tional liquid silicone rubber. It 

has good physical and electrical 

properties and is resistant to tem
peratures from -65°F to 600°F. 

It is resistant to many solvents 
and is unaffected by ozone, has its 
own "built in" release agent, and 

exhibits good bonding ability. 
Cure time varies from 15 minutes 

to several hours depending on 

amount and type catalyst used. 

Supply is presently limited to 

RTV-60, a red liquid silicone rub

ber. However, it is reported that 

work is continuing on adaptation 
of other RTV compounds to aero

sol application. At least one addi

~ional product, a white compound, 
1s expected to be added to the 
line. 

SMALL STEPPER MOTORS 

RATCHET-FREE 

An extremely thin, ultra-quiet 

stepper motor, operating on low 

voltage and eliminating mechani
cal ratchets has just been an

nounced by The A. W. Haydon 
Company. 

Featuring an extremely low 
radiated magnetic field and excep
tionally high accuracy, the Series 

18100 stepper motor does not re

quire mechanical one-way de

vices, electrical contacts or a com

mutator. It may be operated with 

windings continously energized in 

static condition or pulsed at rates 

up to 2400 steps per minute. Since 

windings have an unusually low 
L / R ratio, the 18100 series stepper 

is particularly suited to high 

speed stepping applications where 

pulse power is limited. 
Capable of withstanding 100 g 

stock for 7 ms, as well as accelera

tion of 10 g, the device meets 

requirements of Procedures I 

through VII of MIL-E-5272C, and 

is operable from 85°C to -54 °c. 

Pulse requirements are 12.5 milli

seconds minimum, and it delivers 

80 pulses per second. 
When one coil is energized in 

the motor, the rotor will advance 

15 degrees when the switch is 
transferred to the next position, 

energizing the second coil. Re

turning the switch to the first 

position will again energize the 

first coil advancing the rotor an

other 15 degrees and completing 

one pulse cy~le. Thus both coils 

must be alternately energized to 
obtain rotation, and consecutive 
pulses to one winding only will 

not advance the rotor. Control 

circuitry is facilitated, since a 

switch in either pulse lead may be 

used to interrupt the pulse source 

and stop rotation. Positive mag

netic detenting occurs at each of 

the 12 angular rotor positions 

even under severe vibration con

ditions and whether or not the 
coils are energized. 

Although the basic stepop·

motor is unidirectional, its ;mall 

size permits two units to be com

bined with a differential for bi
directional operation or algebraic 

addition. Low gauss level of the 

motor is possible as the rotor is 

completely surrounded by the 

iron stator which effectively en
closes all rotating magnetic com
ponents. 

Rated at 27 volts DC, the motor 
has a continuous duty cycle and a 
rotor step angle of 30 degrees per 
cycle. Load is stated at 0.2 oz. in. 

at 20°C. Versions are available 

to allow operation over an ex

tended stepping range and also to 

extend the environmental capa

bilities of the device in severe 
military applications. 
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Engineers who qualify to fill these chairs ••• 
are on the road to filling responsible iobs 

with a growing ,ompany in a growing ind,JStry 

e American Air Filter Company is one of the world's 
pioneers in the field of "better air." Starting 30 years ago 
as a manufacturer of air filtration equipment only, it has, 
through a planned program of product development, attained 
the unique position of being the one company in its industry 
that can take the complete over-all approach to the customer's 
air problems. In brief, this means supplying and coordinating 
all the proper products to filter, cool, heat, clean (control 
process dust), move, exhaust, humidify and dehumidify air. 

"Better Air", while a big business today, is still in its 
infancy. Name any industry, any building type, and you have 
a present or potential user of AAF equipment. Other well
known trade names in the AAF family are Herman Nelson, 
Kennard and Illinois Engineering. At present, AAF operates 
ten plants in Louisville, Moline, Ill., St. Louis, Chicago and 
Montreal, Canada. 

THIS KIND OF 
ENGINEERING DEGREE •• 

t 

••• QUALIFIES YOU FOR 
THIS KIND OF JOB 

t 
Mechanical- Engineering, Sales or Manufacturing 
Electrical - Engineering or Sales 
Industrial - Manufacturing or Sales 
Civil - Sales 

FORMAL FIVE-MONTH TRAINING COURSE 

Your first job at AAF will be to complete a full five-month 
course in its technical training school. This is a complete 
and carefully planned course covering every phase of this 
business of better air and is under the direction of Mr. James 
W. May, a recognized authority on air handling problems and 
presently a member of the board of directors of ASHRAE. 
Classes, held in special, air conditioned quarters, are sup
plemented by field trips to visit AAF plants and observe 
on-the-job applications of equipment. 

YOUR FUTURE IS ALL-IMPORTANT TO AAF 

AAF prides itself on attempting to m'.atch the man to the 
job. During your training period you will have contacts 
with key company personnel. Your personal desires as to type 
and location of job are given every consideration. AAF is big 
enough to provide opportunities galore-small enough to 
never lose sight of the personal touch that adds satisfaction 
along with success. 

A representative of AAF will be on your campus soon to 
interview students interested in learning more about the 
opportunities with this company. Consult your Placement 
Office for exact date. 

American Air l=ilt-er 
BETTER AIR IS OUR BUSINESS 
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HEY! What month is this 
anyway? All I remember 

was leaving early in December 
for Miami and then something 
about having sunk Navy and 
something else about something 
called finals. Outside of that I am 
lost. But happy New Year to 
youse all ! ! I hope that what you 

can remember of the holidays was 
of that to warm the cockles of 
your heart and all that jazz. If 
they were like anything I sorta 
suspect, they were a wee bit 
foggy (not the stormy type 
weather either). 

It is my understanding that a 
few of the Ch.E's were unable to 
see exactly when the New Year 
clomped in. They are all sup
posed to be out of danger now. 
A few have a lingering case of the 
galloping gerties and/ or the Chi
nese Awful-awfuls, but they may 
survive. We heard that some of 
them were busy running some 
sort of distillation tests previous 
to the holidays in conjunction 
with the ME's in order to obtain 
some data on the reduction of 
knock characteristics regarding 
the juice they have been produc
ing out of said still. Their report 
indicates that starting character
istics are a bit slow but once in 
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progress the solution has quite a 
punch. Ye olde warmup and ac
celeration qualities are asymtotic 
in the positive Y direction. The 
distillation curve far outshines 
the properties of the ASTM Type 
4536-GJH-938475.957-G AD-.0003 
standard. Their main bottleneck 
(pardon the pun) seems to be in 
finding out how to age the stuff 
seven years in a day or so. Of 
course I am only joking, ho, ha, 
ho, nobody around here has a 
concept of such goingson. 

I hear that Engineers Week is 
rapidly approaching us, be sure 
to plan ahead in order that you 
may join whole-heartedly in the 
festivities . 

Word has it that some of our 
esteemed faculty have made some 
interesting New Year's resolu
tions, i.e., a certain Physics Prof 
has promised to wear a different 
tie this year, a neat and fastidious 
ME prof is going to give up and 
become a golf pro come spring, 
and the bear of the EE depart
ment is going to take up basket
weaving-thi:!se are all rumors 
mind you, but they would be in
teresting to observe. 

Is the rumbling true? The fact 
that some lowly students did not 
get some lab reports back for 3 

MUCHO DRYLAB, B.S. '99 

months and others never seems to 
raise some questions. Are the in
structors lazy, tired, overworked, 
overrated, sick, or need to paper 
to sell to help pay off the mort
gage? Perhaps some forthright 
comment will shed some light on 
this moth-eaten and perennial 
subject. 

Have you noticed some of the 
fierce women that have been per
meating our ha 11 owed halls? 
What is this, I thought our halls 
were always completely devoid of 
such friviality. This intrusion 
must come to a shuddering halt, 
or at least they could get some 
real winners interspersed amongst 
the other kind. Actually I am 
just bitter, but don't worry, I am 
really and seriously contemplat
ing getting a date in the near 
future. 

What are the ME's doing, get
ting ready to go to the moon or 
something? What in the world is 
that there high-speed type aero
plane doing up thar in the air just 
ready to blast off? 

Have you seen the bird roost 
in the CE lab? It's darn near 75 
feet high, strictly for the birds. 

Back to the salt mines
ADIOS sons of Erin 

MD 
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IMPORTANT DEVELOPMENTS AT JPL 

THE CRYOGENIC GYRO 

A fundamentally new type of gyroscope with the possi
bility of exceptionally low drift rates is currently under 
development. The design techniques used in conventional 
electro-mechanical gyros appear to have been largely 
exploited . A break -through is needed, and the cryogenic 
gyro may well provide it. 

The cryogenic (liquid helium temperatures, in the range of 
4 °K) gyro consists of a superconducting sphere supported 
by a magnetic field. The result ing configuration is capable 
of support in this manner as a result of a unique property 

of a superc.onductor. Exceptionally low drift rates should 
be possible. This cryogenic gyro has performance potential 
unlimited by the constraints of conventional elecfro -
mechanical gyros. ' 

This is just one example of the intriguing solid state con 
cepts which are be ing pioneered at JPL for meeting the 
challenge of space exploration . In addition to gyro applica
tions, superconducting elements are providing co.mputer 
advances and frictionless bearings. The day of the all -solid 
state space probe may be nearer than one realizes . 

• CALIFORNIA INSTITUTE OF TECHNOLOGY 

.JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Adm inistration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields : 
INFRA-RED • OPTICS• MICROWAVE• SERVOMECHANISMS• COMPUTERS • LIQUID AND SOLID PROPULSION• STRUCTURES• CHEMISTRY 

INSTRUMENTATION • MATHEMATICS • AND SOLID STATE PHYSICS• ENGINEERING MECHANICS• TRANSISTOR CIRCUITRY 

Send resume, with full qualifications and experience, for our immediate consideration 
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BULLARNEY 

The bandaged CE lay in the 

hospital bed spoke dazedly to his 

visiting pal. 
"What happened?" 

"You absorbed too much last 

night and then made a bet you 

could fly out the window and 

around the block." 

"Why didn't you stop me?" 

screamed the beat-up student. 

"Stop you, man," said the other. 

"I had $25 on you." 

• A Kansas preacher at the close 

of his sermon discovered one of 

his deacons asleep. He said, "We 

will now have a few moments of 

prayer. Deacon Brown, will you 

open?" Deacon Brown roused a 

bit and replied, "Open! Hell, I 

just dealt." 

• A man caught in a snowdrift 

looked up and saw a St. Bernard 

coming toward him, with the 

usual keg of brandy under the 

dog's chin. "Well," exclaimed the 

man, "here comes man's best 

friend-and look at the big dog, 

too." 

• Two duck hunters were sitting 

behind their blind, one drinking 

from a thermos of coffee, the other 

from a jug of whiskey. After some 

hours of sipping they spotted a 

lone duck winging through the 

sky. Taking quick aim, the coffee 

drinker rose, let fire, and missed. 
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The whiskey drinker rose, let fire, 

and brought the duck down. His 

companion, properly amazed, com

plimented him on the shot. He re

plied, "Aw, it's nothing. I usually 

get five or six out of a flock like 

that." 

• A woman saw an elephant in 

her yard and immediately called 

the police. "Chief," she said, 

"there's a queer looking animal 

out here in my backyard. He's 

picking flowers with his tail." 

"Yes," said the sergeant, "and 

what does he do with them after 

he's picked 'em?" 
"Never mind," was the answer, 

"you wouldn't believe me if I told 

you." 

• "What you got?" 

"Three eights and a pair of 

kings. Ah wins." 
"No you don't, ah wins." 

"What you got?" 
"Three sevens and a razor." 

"So you does. How come you is 

so lucky?" 

• A small boy leading a donkey 

passed a Marine camp. A couple 

of marines wanted to have some 

fun with the lad. "What are you 

holding on to your brother so 

tight for, sonny?" said orie of 

them. 
"So he won't join the Marines," 

the youngster replied. 

BOB STEIERT, C.E. '62 

"Lady, if you'll give us a nickel, 

my brother will imitate a hen." 

"What will he do, cackle?" 

"Naw, he wouldn't do a cheap 

imitation like that. He'll eat a 

worm." 

• And a bird in the hand is worth-

less when you want to blow your 

nose. 

• 
The British system of socialized 

medicine provides for Englishmen 

"from the cradle to the grave." In 

some Scandanavian countries the 

people are cared for "from the 

womb to the tomb." Of course 

the Russian system is much more 

inclusive, they are controlled, 

cared for, and cultivated "from 

the sperm to the worm!" 

• We heard about a Scotsman who 

found that he could save money 

by telling his children ghost 

stories instead of buying them 

Ex-lax. 

• 
Three eminent doctors were 

bragging among themselves one 

day. Said the first, "I grafted an 

arm on a fellow and now he plays 

tennis like a pro." Said the sec

ond, "I grafted a leg on a man and 

now he runs on the Olympic track 

team." The third took the cake 

with, "I once grafted a smile on a 

jackass and now he is a Congress

man." 
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If your sights are set on electronics-

With the IBM Sage computer, Air Force personnel view computer
generated displays projected in the Command Post. 

-you'll find Photography at Work with you 
THE engineer working in elec
tronics finds photography one of 
his most valuable tools. For ex
ample, he uses camera and film 
to capture and study the fleeting 
transient on the oscilloscope face. 

X-rays and film provide him 
with a check on the internal in
tegrity of sealed components. 
Even intricate circuits can be 
printed and miniaturized by 
photographic methods. 

There's hardly a field on 

which you can set your sights 
where photography does not play 
a part in simplifying work and 
routine. It saves time and costs 
in research, on the production 
line, in the engineering and sales 
department, in the office. 

So in whatever you plan to 
do, take full advantage of all the 
ways photography can help. 

CAREERS WITH KODAK : 
With photography and photo-
graphic processes becoming in-

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 

creasingly important in the business 
and industry of tomorrow, there 
are new and challenging oppor
tunities at Kodak in research, en
gineering, electronics, design, sales, 
and production. 

If you are looking for such an 
interesting opportunity, write for in• 
formation about careers with Kodak. 

Address : Business and Technical 
Personnel Department, 
Eastman Kodak Company. 
Rochester 4, N.Y. 



Q. Why does your company have train

ing programs, Mr. Abbott? 

A. Tomorrow's many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci
sions on career goals and who are con
fidently working toward those objectives. 

Q. What kinds of technical training pro

grams does your company conduct? 

A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech
nical Marketing. 

Q. How long does the Engineering and 

Science Program last? 

A. That depends on which of several 
avenues you decide to take. Many gradu
ates complete the training program dur
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 

Some graduates elect to take the Ad
vanced Engineering Program, supple
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 

One of a series 

Interview with 
General Electric's Earl G. Abbott, 
Manager-Sales Training 

Technical Training Programs 
at General Electric 

third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering P rogram for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his M aster's 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him t o earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 

Q. Just how will the Manufacturing 

Training Program help prepare me for 

a career in manufacturing? 

A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign
ments provide you with broad, funda
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup
plemented by participation in a manu, 
facturing studies curriculum covering 
all phases of manufacturing. 

Q. What kind of training would I get 

on your Technical Marketing Program? 

A. The one-year T echnical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl-

edge in dealing with customers. After 
completing orientation assignments in 
engineering, manufacturing, and market
ing, the Program member may specialize 
in one of the four marketing areas: appli
cation engineering, headquarters market
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 

Q. How can I decide which training 

program I would like best, Mr. Abbott? 

A. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 

Personalized Career Planning 
is General Electric's term for the 
selection, placement, and pro
fessional development of engi
neers and scientists. If you would 
like a Personalized Career Plan
ning folder which describes in 
more detail the Company's train
ing programs for technical gradu
ates, write to Mr. Abbott at Sec
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 

'ltogress Is Ovr Mosf lmporf;,nf Protlvcf 
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This mark 
tells you 
a product 
is made of 
modern, 
dependable 
Steel . 

Whether it jumps to make a discovery that's out of this 
world, or sits down quietly to spend a century or two on 
atomic research, steel is the only material that has the 
strength and vigor to keep up with the reach of modern 
man's mind. 

New Stainless Steels developed by United States Steel 
withstand the vibration and friction of unearthly speeds. 
New USS Steel Forgings shape atomic reactors and nuclear 
power systems. Look around. You'll see steel in so many 
places-building strength. And steel depends on men like 
you. For information about the many career opportunities 
at U.S. Steel, including financial analysis or sales, send 
the coupon. U S S is a registered trad emark 

United States Steel ~ 

United States Steel Corporation 

Personnel Division 

Room 6085A, 525 William Penn Place 

Pittsburgh 30, Pennsylvania 

Please send me career information about U.S. Steel. 

Name _ ____________________ _ 

School, ___________ ____ ______ _ 

Address ____________________ _ 

CitY- --------- ~ one __ stat.,__ ______ _ 
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Things 

we know about 

tomorrow: 

A new Westinghouse development could be your heart's best friend! 

It is a little electronic device with ·the unusual name of "Cardiac Pacer." 
Originally, it was developed to provide a gentle boost to a patient 
whose heart faltered or stopped during an operation, or for use as a heart 
stimulant in hospital recovery rooms . 
Now Westinghouse is working to perfect it for personal use on millions of 
heart patients by their physicians. It would be light and easy to carry about. 
It may not be cheap, but then life is worth a lot to any of us. 
Part of the plan for the future is a radio receiver about the size of a pack 
of cigarettes which a doctor could carry with him and, if any of his heart 
patients had any trouble, ·the radio would beep-beep the doctor. He could 
then tune in to that patient, listen to his heart beats, if necessary, and 
advise emergency treatment. Wondrous are the uses of electricity. 
To learn more about your future with Westinghouse, 
write L. H. Noggle, Westinghouse Educational 
Dept . , Ardmore & Brinton Roads, Pittsburgh 21, Pa. 
You can be sure . . . if i~'s Westinghouse. 

Westinghouse 



The Periodic Table lists all the known elements of the world we live In ... more than half of them U88d by Union Carbide 

This is the world of Union Carbide 

••• bringing you a steady stream of better products from the basic elements of nature 

You're probably one of the ,millions who have used such Union 

Carbide products as PRESTONE anti-freeze, EVEREADY flashlights and bat

teries, or PYROFAX bottled gas. But the major part of Union Carbide's output 

is in basic materials, employed by more than 50,000 industrial customers to 

.fill your life with useful things. 

The 70,000 people of Union Carbide operate more than 400 

plants, mines, mills, laboratories, warehouses, and offices in the United States, 

Canada, and Puerto Rico. With these vast resources and skills, and the help 

of 35,000 suppliers, they create a variety of products in the fields of metals, 

carbons, gases, plastics, and chemicals. 

It is men and women working together to provide new and 

better materials that gives full meaning to Union Carbide. And the people 

of Union Carbide, backed by 128,000 stockholders, will go on bringing you 

the necessities and conveniences that will help keep our standard of living 

the highest in the world. Periodic Chart CWelch-Chicago 

The terms "Eveready," "Prestone," "Pyrofax," and "Union Carbide" are trade marks of Union Carbide Corporation. 

Learn more about the products of 

Union Carbide and its work in 

atomic energy. Visit the science 

exhibit at 270 Park Avenue, New 

York, or write for booklet "The Ex

citing Universe of Union Carbide." 

Union Carbide Corporation, 270 

Park Avenue, New York 17, N. Y. 

In Canada, Union Carbide Canada 

Limited, Toronto. 

... a hand 
in thin.gs to come 
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Ever since the selective service acts have been enforced in this country, 
they have been a source of aggravation to the male college graduate. The 
college graduate finds himself, after four to six years of intensive training, 
in a position where he cannot express himself or apply any of his abilities. 
He finds himself subordinate to persons, who generally speaking, have a 
lower mental capacity than he does. He finds himself in this position for 
two to three years, during which time he may forget many of the valuable 
assets that he learned in college. What is the solution to this problem? I 
thing the solution is the Peace Corps. 

My reasons for the above statements are based on these facts. During 
a person's college career the bulk of the training that he receives goes 
toward broadening his ability to handle problems and deal with people. 
Obviously the Peace Corps, as proposed by President Kennedy, presents a 
situation where the college graduate is immediately given responsibilities 
which require him to use the training that he received in college. He will 
be required to deal directly with people who need his assistance and desire 
his advice. His term of duty in the Peace Corps will not be one that causes 
his mind to stagnate; it will not be one that causes his reactions to be dulled; 
it instead will be one that stimulates his reasoning and helps him to fully 
develop his potential. 

I do not advocate that a person should be exempted from any sort of 
obligation to his country. I-think it is every man's duty to serve his country 
in some form or another. For the average person in this country, I think the 
best way to serve the country is through military service. However, for the 
college graduate, excepting those who choose military service, I think the 
Peace Corps offers a much more logical approach to the fulfillment of his 
duty to his country. 
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T.M.S. 

FRONTISPIECE 

The USS Triton (SSRN-586) is the world's first nuclear sub
marine to he equipped with two reactor. The Triton contri
buted a page to naval history when she made the first trip 
around the world without surfacing. 

-(Official US Navy Photo) 
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IN a few months, a man will be 

sent into outer space where he 

will experience many new and 

different phenomena than any 

ever before experienced on earth. 

One phenomenon that man will 

face will be the full onslaught of 

cosmic radiation. On earth we are 

protected from this radiation by 

the earth's atmosphe:!'e and we 

are unaffected by it. 

Since the advent of the space 

age, cosmic radiation has come 

under much more intensive study. 

Only recently there have been 

several space shots for the pur

pose of studying cosmic radiation. 

What is the nature of cosmic 

radiation? Where do cosmic rays 

come from? Just how will man 

be affected by this radiati:on? 

These are the questions that are 

under intensive study today. 

What was later called cosmic 

radiation was discovered a little 

more than 40 years ago. It was 

observed that when a charged 

electroscope was placed in a seal

ed container, it lost its charge in 

a short period of time. In order 

for an electroscope to lose its 

charge, there must be come ions in 

the air surrounding the leaves of 

the electroscope to dissipate the 

charge. The only thing that could 

produce these ions would be some 

radiation from a source outside 
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the sealed container. Physicists 

first thought that this radiation 

must come from radioactive ma

terials contained in the earth's 

outer crust. If this were true then 

the intensity of the radiation 

should decrease in proportion to 

altitude. So in 1909, a Swiss scien

tist, A. Gockel, took an electro

scope up in a balloon to prove this 

theory. At 2½ miles up he found 

that his electroscope discharged 

more rapidly than it had on the 

ground. Gockel concluded that 

there was another source of radia

tion which must be of celestial 

origin. Gockel's conclusion was 

further confirmed in 1910 by an 

Austrian physicist, V. F. Hess, 

who went to an even higher alti

tude. Hess decided that the radia

tion was of the same nature as 

the ground radiation and come 

from outside the earth and its at

mosphere. 
In 1926 experiments were con

ducted to study how cosmic rays 

are absorbed in matter. Water

tight electroscopes were sunk to 

various depths in a snow fed lake. 

Some of the radiation was found 

to penetrate as far as 15.2 meters 

below the surface. The atmos

phere above the lake was equiva

lent to 7 meters of water, which 

made a total equivalent penetra

tion equal to 22.2 meters of water. 

It was found that only 2% of the 

total radiation was able to pene

trate the whole 22.2 meters. It 

was known that only the hardest 

gamma rays were able to pene

trate such a thickness. Thus it 

was concluded that cosmic rays 

were of varying energies, and that 

the more energetic were about 20 

times more pentrating than gam

ma rays. 
The above studies prompted 

scientists to begin to wonder if 
cosmic ray intensity was the same 

all over the earth. In 1927 a Dutch 

physicist, A. J. Clay, set out on a 

series of voyages and measured 

cosmic radiation along the way. 

He discovered that the intensity 

remained about the same along 

latitudinal lines and varied along 

longitudinal lines. At the equa

tor the intensity was at a mini

mum, and either north or south of 

it the intensity increased slowly, 

then leveled off when he came to 

about 40° north or south latitude. 

From this north and south varia

tion, he deduced that cosmic rays 

must be affected by the earth's 

magnetic field; therefore, they 

must be of the charged particle 

nature. 
These later experiments are 

added confirmation to Hess's 

earlier theory that cosmic radia

tion has the same nature as the 

radio active decay experienced on 

earth. Thus cosmic rays are high 
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energy atomic particles. Theser 
particles are usually hydrogen 
nuclei called protons and helium 
nuclei called alpha particles. How
ever, nuclei of heavier atom are 
sometimes found. These particles 
normally have energies ranging 
from 109 to 1014 electron volts. 
Occasionally energies as high as 
1017 or 1018 electron volts are 
found. These higher energy rays 
travel at speeds approaching that 
of light. 

Now we come to the most in
triguing and still unanswered 
question about cosmic rays. 
Where do they come from? So far 
there have been only theories and 
no conclusive evidence as to their 
origin. 

One theory says that they were 
created by a tremendous explosive 
that gave birth to the universe 
several million years ago. Since 
this explosion they have been fly
ing about the universe in curved 
trajectories caused by the uni
verse's gravitational field. This 
theory sounds good, but it is pure 
speculation. 

Another theory says that cosmic 
rays come from the sun. After a 
large flare on the sun, the intens
ity is greatly increased. However, 
if the sun were the only source, 
the intensity should vary greatly 
with the position of the sun. This 
variation of intensity in 24 hours 
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is found to be only 2% . Thus we 
can say that some radiation does 
actually come from the sun, but 
the small variation in intensity 
shows that it supplies only a small 
part of the total. 

A third belief is that the radia
tion comes from supernovae. 
Supernovae are gigantic explo
sions which take place somewhere 
within our universe. The pro
ducts of these explosions are 
heavy nuclei of the heavy ele
ments. As a result of supernovae, 
these heavy nuclei are thrown 
out with a velocity nearly that of 
light. These nuclei are highly un
stable, and they disintegrate eject
ing the protons and alpha particles 
which form cosmic radiation. 

We have already stated that 
man once outside the earth's pro
tective atmosphere would face the 
full onslaught of cosmic radiation. 
But in what other ways is cosmic 
ray study important? One of the 
big questions that science is try
ing to answer is what lies within 
the nucleus of an atom. In order 
to try and discover this, protons 
and other nuclei are aimed at high 
velocity at the nucleus under in
vestigation. These two particles 
collide and break into fragments. 
These fragments are under study 
by scientists to find out just what 
they are. 

Cosmic rays are nature's own 

supply of high velocity nuclei. 
When the cosmic ray reaches the 
earth's outer atmosphere, it un
dergoes a .series of collisions with 
the atoms in the air. These atoms 
are ionized and projected down
ward toward the earth. This is 
called secondary radiation. The 
secondary radiation in turn col
lides with other atoms and the 
process keeps up until the ground 
is reached. One cosmic particle 
may cause hundreds of thousands 
of secondary particles. This phe
nomenon is called showers. A low 
energy ray may cause showers of 
insufficient energy to reach the 
ground, while a high energy ray 
shower may penetrate many feet 
into the ground. In these showers 
two new particles which must 
have been ejected from the nu
cleus have been discovered-the 
meson and the position. These 
new particles may prove to be the 
key to our understanding of nu
clear forces. 

Up until a few years ago one 
may have wondered as to the use
fulness of studying cosmic radia
tion. This is one case of study 
and experimentation, which while 
not of obvious usefulness at first, 
has proven invaluable today. Per
haps positive clues to the origin of 
these particles may be obtained 
when man is able to accomplish 
space travel. 
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EVER since the diamond was 
found to be a crystalline form 

of common carbon, attempts have 
been made to manufacture it. 
Until recently, however, no great 
degree of success has rewarded 
these efforts. The diamond has 
been the elusive source of untold 
wealth, for not only does our mod
ern society place high value on 
the stone as a symbol of everlast
ing fidelity, but modern industry, 
with a more realistic interest in 
mind, places a high value on the 
nearly imperishable diamond as 
an abrasive. The production, or 
the attempted production of dia
monds, has followed two main 
lines of research. Most of the 
attempts have been based on 
crystallizing the carbon from a 
dissolved state in a molten flux, 
generally iron. However, man's 
advances in technology have re
sulted in equipment which is cap
able of overcoming the almost 
insurmountable problem of pro
ducing the diamond by the second 
method, placing carbon in an en
vironment of greater than 1 ½ mil
lion pounds per square inch pres
sure at a temperature of more 
than 5000 degrees Fahrenheit, and 
maintaining that environment long 
enough to allow the diamonds to 
crystallize. 

Because of the great difficulties 
involved in producing the dia
mond, and the mystery which sur
rounds the natural origin of the 
mineral diaµiond, its physical and 
chemical properties ~ ha:ve been 
much studied. In nature, the dia
mond is almost always found in a 
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single crystal which shows no sign 
of previous attachment to any 
matrix; the stones were, until the 
discovery of the South African 
mines, almost entirely derived 
from sand or gravels, but owing to 
the hardness of the diamonds they 
were never worn. The crystals are 
often very perfect. They belong to 
the cubic system, generally being 
in the form of an octahedron, but 
they may, in accordance with the 
principles of crystallography, oc
cur in other forms symetrically 
derived from the octahedron; the 
cube, the 48 faced figure known as 
the hexakisoctahedron, or the 12 
faced figure, the rombic dodeca
hedron, or in combinations of 
these. There are also "twins" of 
diamond in which two octahedra 
are united by contact along a sur
face parallel to an octahedron 
face; sometimes they interpene
trate. The octahedron faces are 
usually smooth, however, most of 
the other faces are usually round
ed. Any of the crystals may have 
triangular markings which form 
either elevations or pits on the 
otherwise smooth faces. 

The great brilliance of the cut 
diamond is caused by its high re
fractive indes, 2.417 for sodium 
light. Unlike other crystals, the 
diamond experiences a diminu
tion of refractive index with the 
increase of temperature. The spe
cific heat and the coefficient of 
expansion, however, increase with 
temperature. 

In oxygen or air, diamond burns 
at 850° C, and only continues to 
do so if maintained at a high tern-

perature. However, in the ab
sence of oxidizing agents, it may 
be raised to a much higher tem
perature. It is not fusible at the 
temperature of the electric arc, 
but becomes blackened super
ficially. Diamond is insoluble in 
acid and alkalis, but is oxidized on 
heating with potassium bichro
mate and sulphric acid. 

The origin of the diamond in 
nature is a subject which has re
ceived much debate among min
eralogists. It appears that gen
erally, diamonds are found in 
alluvial deposits probably far from 
the place where they were formed. 
The minerals associated with them 
do not afford much clue to the 
original conditions, for they are 
mostly heavy minerals derived 
from the neighboring rocks, in 
which the diamonds are not 
found. 

Of great scientific interest is 
the discovery of diamonds in cer
tain meteorites, both stones and 
irons; such as in the stone which 
fell at Novourei in Penza, Russia, 
in 1886, in a stone found at Car
cote in Chili, and in the iron 
found at Canon Diablo in Arizona. 
Graphite carbon in cubic form has 
also been found in certain mete
oric irons and is now generally be
lieved to be converted diamonds. 

The attempts to synthesize the 
diamond began early in the nine~ 
teenth century. The following list 
tells of the results of the most 
noted experimentors during the 
nineteenth century. J. B. Hannay 
liberated the carbon from hydro
carbons by the action of metallic 
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sodium or lithium, under condi
tions of high temperature and 
pressure. J. A. Marsden used 
,molten silver as a solvent of car
bon, and carried out crystallization 
experiments with silver-platinum 
alloys. J . Morris exposed mi.x
tures of clay, hydrochloric acid, 
lampblack and charcoal to the 
action of carbon dioxide at high 
temperatures. Moissan, whose ex
periments are famous, dissolved 
carbon in molten iron, and cooled 
the melt rapidly so as to cause the 
solidified outer layers to exert a 
high pressure on the still liquid 
core. However, although he claim
ed to have made diamonds, it is 
doubted; for until the advent of 
X-ray crystallography, the exact 
nature of small crystalline samples 
was difficult to establish. On the 
other hand, Hannay carried out 
experiments similar to those of 
Moissan, using a different melt, 
and the diamonds which he pro
duced were rediscovered in the 
British museum sixty years after 
his experiments had been under
taken, and were proven by X-ray 
tests to be genuine diamonds of 
a rare kind. 

Nearly all experiments since 
the turn of the twentieth century 
have followed two main lines of 
research, that of crys~allizing car
bon from a molten flux, and that 
of exceeding the transformation 
conditions of pure carbon to dia
mond. Of the more successful re
searchers to attempt the former 
line of experimentation is Sir 
Charles Algernon Parsons, whose 
work stands out because of its 

FEBRUARY, 1961 

variety and completeness. The fol
lowi'ng discussion pertaining to 
the crystallization of carbon from 
a molten flux is limited to Par
sons' research, for his work en
compasses that of any of his con
temporaries. 

Many experiments were carried 
out in which it was assumed that 
iron rich in carbon expands on 
setting, and that this property was 
a contributory cause in the forma
tion of diamond. However, 
through experimentation, this was 
found not to be the case. Several 
experiments were made by pour
ing iron saturated with carbon 
from an electric furnace through a 
small hole into a massive steel 
mold, closed at the bottom with a 
breech screw. When cold, the 
breech screw was easily remov
ed, and there was no sign of any 
appreciable pressure having come 
on the threads. It is safe to con
clude therefore that when iron is 
suddenly cooled, the only com
pressive bulk pressure that is 
brought to bear on the interior is 
that arising from the contracti.on 
of the outer layers after setting, 
and with highly carburised iron, 
this can only be small because of 
the low tensile strength of the 
metal. 

Research was done on various 
cooling speeds, pressures, and 
compositions of the molten solvent 
with the following results: Molten 
iron, saturated with carbon was 
taken from an electric furnace 
and put in a steel cylinder filled 
with carbon dioxide snow. The 
cooling was accomplished so 

R. T. PATTON, Chem. E. '61 

rapidly that the iron mass splin
tered, but diamonds were never 
found in the residue. Virtually 
the same experiment was carried 
out in a hydraulic press at a pres
sure of 6,000 atmospheres, but the 
results were the same. On the 
other hand, when the iron ingot 
was allowed to remain in the bed 
until it .had set hard enough to 
handle with an iron spoon, and 
then cooled in water and mercury, 
an appreciable diamond residue 
was found. All experiments car
ried out at high pressures or in a 
vacuum gave approximately the 
same results as those carried out 
at atmospheric pressure. The re
sults of all of the experiments 
showed that, using ordinary mild 
steel as a solvent, no diamond ever 
occurred an analysis, but that a 
small percentage of silicon was 
absolutely essential; sulphur, man
ganese, and cobalt increased the 
yield, and nickel appeared to de
crease the yield. 

Experimentation with the com
position of gases surrounding the 
ingot yielded results which show
ed that a carbon dioxide atmos
phere increased the yield of 
diamonds tenfold, whereas a 
hydrogen atmosphere greatly in
hibited the formation of diamonds. 

For the following reasons it 
would appear that the formation 
of diamond in rapidly cooled iron 
takes place when it is solid or in a 
plastic condition, or even at a still 
lower temperature. The rapid 
pitting of a diamond in highly 
carbonized iron just above its 

(Continued on page 12) 
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YOU do 
as an. en.gin.eer at 

Development testing of liquid hydrogen-fueled rockets is car
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft's Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed
circuit television providing a means for visual observation. 
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Pratt & Whitn.ey Aircraft? 

Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 

Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born-a 
recognition that engineering excellence was the key 
to success. 

That attitude, that recognition of the prime impor
tance of technical superiority is still predominant at 
P&WA today. 

The field, of course, is broader now, the challenge 
greater. No longer are the company's requirements 
confined to graduates with degr-ees in mechanical 
and aeronautical engineering. Pratt & Whitney Air
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero
space medium-air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, experimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 

Specifically, what would you do?-your own engi
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 

For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 

At P&WA's Connecticut Aircraft Nuclear Engine Lab
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 

Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 

Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi
mental Engineers work together in such programs to 
establish and test basic concepts. 

PRATT & WHITNEY AIRCRAFT 
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Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS- East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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DIAMONDS 

( Continued from page 9) 

melting point is so pronounced 
that the largest diamond hitherto 
produced artificially would be de
stroyed in a second or two if the 
iron matrix were molten. The 
production of diamonds is obtain
ed only in those ingots which are 
rapidly cooled after having set suf
ficiently hard to be handled in a 
spoon. 

Finally, let us consider what 
happens in an ingot when rapidly 
cooled simultaneously on all sides. 
It is first surrounded by a thin 
coat of solidified metal which, be
low 600° C., is impervious to 
gases. As the coat thickens, layer 
within layer, more and more gas 
is ejected by the solidifying metal, 
and its semi-solidified center, still 
pervious to gas, receives the 
charge. As this process pro
gresses, the pressure may rise 
higher and higher, though there 
may be a limit to the pressure 
against which the metal is able to 
eject gas when setting. This limit, 
for iron saturated · w;iiih carbon, 
has been speculated to be about 
7000 atmospheres. 

The microscopic examination of 
diamonds with polarized light 
supports this view. A slight flaw 
or, more rarely, a minute cavity is 
found in the examination of most 
diamonds. These cavities are 
found to be fillea with gas at 
enormous pressure, and the strain, 
detected by the polarized light, is 
set up in the stone by the effort of 
the gas to escape. 

Although the crystallization of 
diamonds from a molten flux is of 
great theoretical interest, no 
stones large enough to be of com
mercial value have ever been pro
duced. Therefore, almost all re
search since late in the 1930's has 
been directed towards exceeding 
the transformation conditions of 
pure carbon to form diamond. 

The approach to the problem of 
stable diamond synthesis by estab
lishing the phase · diagram was 
made at an early date by Tooze
boom and Tammann, but was 
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found experimentally very diffi
cult; graphite melts at about 4000° 
K, and, owing to the use of in
correct thermal values, complete
ly false conclusions regarding the 
relationship between its two cry
stalline phases, graphite and dia
mond, prevailed for a long time. 
Accordingly, diamond was sup
posed to be the more stable modi
fication. Transformation tests, 
however, showed that diamond 
changes into graphite in vacuum 
between 1700 and 2000° K, but 
that graphite can never be chang
ed into diamond. From this it can 
be concluded that graphite, not 
diamond, is the more stable form 
at atmospheric pressure. This was 
first proved by Roth and Wal
lasch, who showed that diamond 
has the larger heat of combustion 
outside the limits of error of the 
measuring technique. This gave, 
for the first time, the sense of 
direction of the liberation of heat 
in the transformation of graphite 
to diamond. 

The very high density of dia
mond, compared with that of 
graphite, and its very low com
pressibility suggest that the sta
bility relations of the two forms of 
carbon can be reversed at high 
pressures. Numerous very thor
ough and careful investigations, 
the results of which are consider
ed below, have been devoted to 
the exploration of these stability 
relationships and to the establish
ment of the phase diagram. 

According to Steinle and Bas
set, the triple point of graphite is 
at 4000° Kand 100 atm. Lummer's 
value of 3800° K, or, the tempera
ture of the carbon arc in air at 1 
atm., served as the reference tem
perature. Thus, only at pressures 
above 100 atm. can molten carbon 
exist in a stable form in addition 
to gaseous and solid carbon. Be
low these temperatures, carbon 
can only sublime. Above the 
triple-point pressure, the melting 
point increases slowly with pres
sure. The melting point curve is 
therefore slightly inclined towards 
the right. Basset carried out his 

melting tests (in argon) in rela
tion to pressure up to 11,500 atm. 
and down to the lowest pressures, 
and deduced from these tests the 
lower part of the phase diagram 
for carbon shown in Fig. I. In 
this diagram, the solid lines up to 
5000 atm. have been determined 
experimentally, while the dotted 
lines have been obtained by uni
form extrapolation. The critical 
temperature of 7000° K, and the 
critical pressure of vaporization 
of 12,000 atm. have been obtained 
by general proportionality rela
tionships between melting and 
boiling points, and may be con
siderably higher. 

Basset also carried out his tests 
with a view to diamond synthesis 
and performed numerous melting 
experiments on graphite, some of 
them up to pressures of 20,000 
atm. However, on solidification, 
only graphite of the usual struc
ture and density was always ob
tained. 

u/ 5500 •x 

~ 
10000 

~ 

I ,0000 

E 
10000 

DliKlND e,_,/"6,,,. ,,,,- - -; 35000 at., 

.,...s,; ✓" ,' 

,,,, I 

,o, l' 
~.<,~/ a,' 

,,,, ,, / / GRAPRrt'E f,' CRITICAL 

~I LICOID /_,./'~OK 

I .,,,,,. 12000 at.a, 
,,,,,. GASF.OUS 

0 l 60:Xl 7000 OK 

Figure I 
Equilibrim Diagram of Carbon 

Data near the melting point according to 
Basset 

Transformation curve according to Bridgman 

The first successful determina
tion of the transformation curve 
graphite-diamond was made by 
Bridgman in 1953, and has since 
been vertified both on a theoreti
cal basis and, finally, by the syn
thesis of the diamond by General 
Electric Corporation in 1955. Us
ing the plotted data of Baur and 
Simon, Leypunski, and Wiberg, 
Bridgman found the transforma
tion pressure to rise steeply with 
increasing temperature in all 
three curves, so that temperatures 
of 1500° K require minimum pres
sures of about 35,000 to 45,000 
atm., whereas the direct solid 

( Continued on page 26) 
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IMPORTANT DEVELOPMENTS AT JPL ..• 

PIONEERING IN SPACE RESEARCH 

The Jet Propulsion Laboratory has been assigned 

responsibility for the Nation's program of unmanned 

lunar, planetary, and interplanetary exploration. The 

objectives of this program are to contribute to mankind's 

fundamental knowledge of space and the space environ

ment and to contribute to the development of the tech

nology of space exploration. For the next ten years, as 

larger booster vehicles become available, increasingly 

versatile spacecraft payloads will be developed. 
JPL will conduct the missions, utilizing these spacecraft 

to orbit and land on the moon, to probe interplanetary 

space, and to orbit and land on the near and far planets. 
Earliest of these spacecraft will be the "Ranger" series 

now being designed, developed and tested at JPL. The 

mission of this particular series will include first, explora

tion of the environment and later the landing of instru
mented capsules on the moon. 

Never before has such a wide vista of opportunity, or 

a greater incentive been open to men trained in all fields 

·of modern science and engineering. Every day at JPL new 

problems arise, new theories are advanced, new methods 
tested, new materials used and new principles discov

ered. This creates a stimulating work atmosphere for 

trained individuals and an unlimited field for constructive 
development of a long-range and rewarding career. 

Wouldn't you like to take part in it? 

'fJ 

Illustrated is a "Ranger" 
proof-test model undergoing 
design verification testing in 

one of the laboratories at )PL. 
Here design features are 

tested and proved, operational 
procedures developed and 
handling experience gained for 
the actual construction of the 
initial flight spacecraft. 

These spacecraft will be among 
the earliest pioneers in the 
development of space science • 

• .JET PROPULSION LABORATORY 
Operated by the California Institute of Technology under contract with the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opporlunities for Graduate Students in these fields 

INFRA-RED• OPTICS • MICROWAVE• SERVOMECHANISMS· COMPUTERS• LIQUID AND SOLID PROPULSION •STRUCTURES• CHEMISTRY 

INSTRUMENTATION • MATHEMATICS • ENGINEERING MECHANICS • TRANSISTOR CIRCUITRY AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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STEEL PLUS STALACTITES 

EQUALS "ORGAN" 

The touch of a 20th Century 
steel development is improving 
tonal power of ageless stalactites 
in the Caverns of Luray, Virginia, 
where man has found how to get 
music as well as visual beauty 
from nature's an c i en t under
ground artistry. 

The musical stalactites-spread 
over acres of subterranean maj
esty-were selected and tuned by 
Leland W. Sprinkle, Sr. , inventor 
of "The Great Stalacpipe Organ" 
of Luray. 

The 20th Century development 
is the magnetic, corrosion-resist
ant AL-4750 alloy. Small rods of 
the alloy steel are bolted through 
the formations to help generate 
tone. 

The threaded rods are .245 
inches in diameter and range 
from one to five inches long de
pending on the thickness of the 
stalactites. Small wire-wrapped 
magnets are placed near the ends 
of the rods. 

When an electronically con
trolled hammer strikes a stalac
tite, the combination of rod and 
wire-wrapped magnet becomes a 
tone generator whose impulses 
pass into a powerful amplifying 
system. The amplifier releases 
the musical tone for listening au
diences. This combination elimi
nates the need for microphones. 

In selecting a metal for the 
bars, corrosion-resistance was an 
important consideration because 
of the dampness of the under-. 
ground cavern. A material which 
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Mr. Leland W. Sprinkle, Sr., fills the Caverns of Luray, Va., with music as he 
plays "The Great Stalacpipe Organ" which he invented to derive musical tones 
directly from Cavern's stalactites. 

would rust excessively would ex
pand and could cause the stalac
tites to crack or snap off. 

Unamplified, the sounds of the 
struck stalactites radiate directly 
from the formations to the ears 
of the audience. However, other 
sounds-such as the noise of drip
ping water-mix with the musical 
tones. 

When Mr . Sprinkle and officials 
of the Caverns originally decided 
to make high-fidelity recordings 
with the S talacpipe Organ, using 
microphones, these foreign noises 
became a real problem. 

There also was concern that the 

striking force of the hammers 
would crack some of the forma
tions. With the AL-4750 inserts 
as the heart of the magnetic sys
tem, tones now can be produced 
with a very gentle tap. 

The new system will permit 
sounds from far-away stalactites 

·within the 64-acre cavern to be 
drawn close and matched in vol
ume with those nearby. 

Mr. Sprinkle became aware of 
the musical possibilities of the 
stalactites in 1954 while touring 
the caverns. The idea was trig
gered when a guide struck one of 
the stalactites. 
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NG NEWS 

WESTINGHOUSE TO ENTER 
ARCHITECTURAL AND 

DECORATION FIELD 

A drive to develop b_road appli
cations of man's newest light 
source, electroluminescence, in 
the architectural and interior de
sign field, has been launched by· 
the Westinghouse Electric Corpo
ration. 

It was announced that company 
engineers have developed elec
troluminescence to the point 
where large Rayescent lamps may 
be used successfully and economi
cally for a myriad of applications 
in the architectural, interior-de
sign and decorator field. Use of 
the unusual Rayescent lamps will 
literally open up entirely new vis
tas in architecture and interior 
design. 

Rayescent lamps are flat panels 
of glass with an electrical conduc
tive film. They are coated with a 
special phosphor. When electric
ity is applied, the panels glow. 
There are no filaments, tubes or 
vapors and practically no heat is 
produced. Not only are the lamps 
virtually fail-proof, but the cur
rent drain is almost negligible. 

The large panels of light will 
enable architects and designers to 
perform entirely new feats with 
light in homes, offices, restau
rants, cocktail lounges, lobbies, 
elevators and public buildings. 
Because they are two dimensional, 
the Rayescent lamps may be used 
in a variety of ways. Walls, ceil
ings, room dividers, table tops, 
mobiles, shelving and furniture 
parts are just a few of the possible · 
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uses for the new area light source. 
Rayescent lamps are available 

in sizes up to 30 inches square. 
They can be obtained in a variety 
of colors including green, orange, 
blue and yellow. Individual lamps 
may be multicolored. The lamps 
can be made in practically any 
two-dimensional shape. Decals or 
silk screening can be applied to 
the surface of the Rayescent lamp 
to produce any desired design. 

Lightweight aluminum fixtures 
are available for easy, inexpen
sive, mounting of the Rayescent 
lamps. The intensity of the light 
produced by the Rayescent lamps 
may be changed by means of a 
simple dimming device. Each 
lamp is made with a quick-discon
nect plug for easy replacement. 

The life of the Rayescent lamp 
is approximately 5000 hours, com
pared to an average of 750 hours 
for an incandescent lamp. Light 
output is approximately 10 foot
lamberts at 600 volts, 60 cycles. 

A high degree of safety is in
herent in the design of the lamps 
since no metal back is used. 

ELECTRALAB DEVELOPS 
REVOLUTIONARY NEW 

CIRCUITS PRINTED ON METAL 
Development and production of 

revolutionary electronic circuits 
printed on metal instead of the 
conventional plastic laminates was 
announced recently. 

Capable of withstanding tem
peratures in excess of 900°F, 
nearly twice the temperature of 
ordinary printed wiring, and of
fering significant improvements 
in reliability and economy, the 
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new circuits will be marketed 
under the name "Dielox". 

The new printed wiring boards 
are not limited in size and are not 
subject to the warping or break
age which has hampered the ac
ceptance of the clad resin lami
nates now in use. Bond strength 
of "Dielox" circuits is more than 
10 times that of existing circuits. 

The trade. name is derived from 
the techniques used in the manu
facture of substrate, a process 
involving the building up or de
positing of dielectric oxides on 
prefabricated metals, such as 
aluminum oxide on aluminum or 
magnesium oxide on steel. 

"Dielox" combines the tempera
ture, mechanical, structural and 
fabrication characteristics of metal 
with the insulating, thermal con
ductivity, dielectric and hardness 
characteristics of the ceramic-like 
oxides. 

Among other properties, Dielox 
does not smash, crack, scratch, 
craze or fracture in any size or 
thickness. With its superior 
thermo-dimensional stability, ex
acting fabricating dimensions can 
be maintained, even when form
ed for three-dimensional circuitry. 
The Dielox base can be color
coded for identification. 

NEW GAS FURNACE USES 
THERMOELECTRIC GENERATOR 

TO POWER BLOWER 
A new gas furnace that drives 

its own blower with power from a 
thermoelectric generator is now 
under development. It is said the 
thermoelectric generator is rated 

( Continued on page 17) 
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What's it take to make the right connection? 
Plenty! Consider the problem. Western Electric manufac
tures the switching systems which connect some 60-million 
Bell telephones throughout the U. S. The average call over 
today's electromechanical system requires 420 relay opera
tions. All together, this interconnecting equipment makes 
up the heart of what is, in effect, the world's largest machine. 

That's where Western Electric and you come in. The 
switching equipment for this "machine" involves an enor
mous manufacturing job carried on by our plants throughout 
the country. Because of the size and service requirements 
involved, we require quality standards far exceeding those 
of ordinary manufacturing. The size of this job presents an 
unusual challenge to the engineer who may save the Bell 
System many thousands of dollars by even a small cost
reduction step. 

While today's switching calls for a priority on engineer
ing, tomorrow's will be even more exciting. For even now 
the revolutionary Electronic Central Office is under field 
trial and promises to remake the world of telephony. Future 
Western Electric engineers, working closely with their 
counterparts at Bell Telephone Laboratories, will concen-

trate heavily on developing manufacturing methods for this 
ECO equipment. 

Your Western Electric assignments may cover many of 
our other responsibilities as the world's leading communica
tions manufacturer. Perhaps you'll work on advances in 
microwave transmission, or even on satellite communications. 

Joining Western Electric may well be your right 
connection. 

Opportunities exist for electrical, mechanical, industrial, civil and 
chemical engineers, as well as physical science, liberal arts, and 
business majors. For more information, get your copy of "Western 
Electric and Your Career" from your Placement Officer. Or write 
College Relations, Room 6105, Western Electric Company, 195 Broad
way, New York 7, N. Y. And be sure to arrange for a Western Electric 
interview when the Bell System recruiting team visits your campus. 

L..@--~ __ 11 __ te_f!'~ lf:_lectric) 
MANUFACTURING AND SUPPLY@UNIT OF THE BELL SYSTEM 

Principal manufacturing locations at Chicago, Ill. ; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, 
Mass.; Omaha, Neb.; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation, Skokie, Ill., and 
'•Ille Rock, Ark. Also Western Electric distribution centers in 33 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7. N. V. 
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ENGINEERING NEWS 

(Continued from page 15) 

at 130 watts and converts the heat 
of burning gas directly into elec
tricity. 

This application of thermoelec
tricity to a gas-fired, forced-air 
furnace brings a number of sig
nificant improvements to the con
ventional home heating unit. First, 
the reliability of the new unit 
is greatly increased because it 
doesn't depend upon an external 
electric power source. Installa
tion costs are lowered since no 
electrical connections are required 
as compared to the conventional 
gas furnace. In addition, the built
in power source provides savings 
in the monthly electricity bill. 

In operation, inherent char
acteristics of the thermoelectric 
generator - which contains no 
moving parts-make it possible 
for the new furnace to achieve a 
more constant and uniform air 
temperature in the home. When 
the furnace goes on, power from 
the generator builds up gradually, 
starting the blower at a low speed 
and slowly increasing it. Thus, 
air delivery to the floor registers 
will increase gradually both in 
velocity and temperature until the 
maximum operation of the fur
nace is attained. 

The objective of the researchers 
is to produce a central heating, 
forced-air furnace with its own 
source of power using a commer
cially available blower, while at 
the same time complying in every 
respect with the standards set by 
the American Gas Association. 

During recent tests on an ex
perimental unit the thermoelec
tric generator produced 130 watts 
at approximately 9 volts. The 
heating capacity of the furnace 
unit is 80,000 Btu. 

The thermoelectric generator 
itself consists of four trays or 
"modules," 8¼ inches high by 
4¼ inches wide and 2½ deep, each 
containing 47 thermoelectric coup
les. Spaced at intervals, these 
modules were installed in open
ings in the shell of the combustion 
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chamber of the furnace. With this 
arrangement, the "hot" side of the 
module becomes an integral part 
of the combustion chamber. Fins 
on the opposite side of the module 
are cooled by the same air that is 
heated by the furnace and moved 
through ducts into the rooms of 
the home. 

The basic component of the 
thermoelectric generator is the 
thermoelectric couple, which con
sists of a junction of two dissimilar 
semiconductor materials. If one 
side of the couple is heated, rais
ing its temperature above that of 
the other side, an electric current 
is generated in the junction. 

RUBBER REPLACEMENT FOR 
ROLLER BRIDGE BEARINGS 

PROVIDE DRAMATIC 
MAINTENANCE SAVINGS 

Maintenance of the rollers used 
in bridge expansion bearings has 
long been one of the headaches of 
keeping bridges in good repair. A 
recently developed and most ef
fective remedy is the replacement 
of these bearings with rubber ex
pansion pads. 

Modern bridges using rollers, 
have encased them in an oil bath 
from which dirt is kept out by a 
dust trap. The majority of exist
ing bridges however date well 
back; in these, reliance has been 
placed on regular cleaning and 
oiling of the machined surfaces. 
This operation entails removal of 
the frame and a good deal of han
dling of the scrapers and other 
parts in the confined spaces be
tween the rollers. This is such a 
time-consuming and tiresome job 
that, human nature being what it 
is, it is frequently put off, result
ing in roller seizure-which in 
turn can cause distorted girder
work and even ruptured piers and 
abutments. 

Once rust or dirt clogging keep 
the rollers from turning, they 
quickly develop flats, grooves are 
worn in the knuckle casting on 
top of the rollers and in the sur
face of the bedplate as the girder 
slides back and forth on the bear-

ings. This sets up the job of re
moving and re-turning the rollers; 
relatively simple-and machining 
the surfacing of the castings; tough 
because the bedplate is usually 
dowelled into the bedstone. Put
ting a seized up bridge roller 
bearing back into working shape 
can be somewhat of a tall order. 

A number of bridge superinten
dents have found that by directly 
substituting rubber pads for the 
faulty rollers, they have a simple 
and economical solution. Not only 
does this avoid the remachining of 
castings and bedplates, but it re
duces maintenance to visual in
spection and the painting of a 
small amount of extra steelwork 
which is easily accessible. 

Actually, the rubber pads are 
sandwiches of steel plates inter
leaved with rubber and having a 
minimum cover of ¼ inch of rub
ber around the edges so there is 
no possibility of the plates rusting. 
The pads often can be of the same 
depth as the rollers which they 
displace, greatly simplifying the 
job of substitution. 

AIR FORCE, WESTINGHOUSE 
ANNOUNCE NUCLEAR

THERMOELECTRIC GENERATOR 

A new lightweight nuclear gen
erator which converts heat direct
ly into electrical power is under
going performance testing at the 
Air Research and Development 
Command's Air Force Special 
Weapons Center in Albuquerque, 
N. M. It was developed under Air 
Force contract to provide a reli
able and long-life power source 
for facilities such as small unman
ned surface radio beacons and 
weather stations. The completely 
portable nuclear auxiliary power 
device weighs less than 40 pounds. 
The generator produces approxi
mately 150 watts of electrical 
power and was designed for one 
year of continuous unattended op
eration. It uses radioactive iso
topes, such as Curium 242 as its 
heat source. 

Designated the NAP-100, it is 
( Continued on page 22) 
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The Interstate Systetn of High"'ays 

Introduction 

W HAT value do we Ameri
cans place on the automo

bile as a mode of transportation? 
The question can best be answered 
by noting the number of automobiles 
that travel our streets and highways. 
In 1959 there were approximately 20 
million automobiles in operation in 
the United States. By the year 1975, 
this number is expected to increase 
to approximately 100 million.1 How 
are we going to allow . 100 million 
vehicles to move about from city to 
city, from state to state, and from 
coast to coast in a safe and efficient 
manner? What type of highway 
system can handle a volume of traf
fic which, if lined up bumper to 
bumper, would form a single line of 
automobiles stretching 15 times 
around the earth? The answer to 
these questions is the 41,000 mile 
network of Interstate highways now 
under construction across the length 
and breadth of our nation. 

History of the Interstate System 

The problem of furnishing high
ways upon which vehicles can op
erate safely and economically in all 
types of weather is not a new one. 
In fact, this problem has been with 
us since the automobile first became 
a popular mode of transportation in 
the early years of the twentieth cen
tury. Although many of the early 
roads were little more than beaten 
paths or trails, and . were -impassable 
during bad weather; state govern
ments, under federal guidance, made 
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great strides in the road building 
field during the 1920's and 1930's. 
By 1939 the pioneer period of road 
construction was reached and motor
ists could drive over paved roads 
and highways to every major city in 
the country and to all but a few of 
the thousands of rural communities.2 

Although this widespread network 
of roads and highways which existed 
in 1939 was sufficient to meet the 
needs of the times, it was at this 
point in our history that state and 
federal highway officials turned their 
thoughts to the future. Under the 
leadership of the Bureau of Public 
Roads, the individual states made 
studies and estimates of long-range 
future highway needs. As a result, 
the Federal-Aid Highway Act of 
1944 called for the planning of a 
40,000 mile National System of Inter
state Highways.3 This act, which was 
the first legislation dealing specifi
cally with the Interstate System, 
specified that the highways of the 
system should serve 209 of the 237 
cities in the United States having 
populations of 50,000 or more.4 

Immediately after congress had 
authorized the planning of the Inter
state System, the Bureau of Public 
Roads launched a series of confer
ences with highway officials of each 
and every state. There were many 
problems to be resolved by these 
conferences. The routes of the Inter
state System in each state had to be 
determined, and differences between 
states had to be resolved so that 
segments of the Interstate System 
would interconnect at state lines. 

-P"'-uf1i!-.-I 
l HE NATIONAL SYSTEM OF IN TE RSTATE ANO DEFENSE HIGHWAYS 

Figure 1 

Also, in states bordering on Mexico 
and Canada, the routes had to be 
chosen so as to interconnect with 
major transcontinental highways 
serving the entire North American 
continent. As a result of these con
ferences a plan was submitted to con
gress and on August 2, 194 7 the 
main network of the Interstate Sys
tem consisting of 37,700 miles was 
formally adopted. The remaining 
2,300 miles of the originally specified 
40,000 mile system was reserved for 
radial, belt-loop, and circumferential 
routes in and around urban areas. 5 

During the years immediately fol
lowing the formal adoption of the 
Interstate plan, there was a great 
lack of funds and progress was very 
slow. However, in 1954, the Presi-
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dent appointed a committee which 
was to study the highway problem 
and make a report to congress. The 
results of this study brought about 
the passage of the Federal-Aid High
way Act of 1956. Although this act 
contained many provisions for fed
eral aid to primary and secondary 
road systems, the most important 
provisions of the act were those 
which accelerated the construction of 
the Interstate System. The 1956 act, 
has often been called the greatest 
public works program in history. Not 
only did the 1956 act call for the 
expenditure of $25 billion over a 13 
year period to construct the Inter
state System, but it also provided for 
an additional 1,000 miles of Inter
state highways thereby bringing the 
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total mileage of the system to 41,000 
miles.6 Within a few weeks after 
passage, construction was started on 
the first section of the Interstate Sys
tem to be financed under the ) !}:i ii 

act. This was a 20 mile section of 
highway in St. Charles County, Mis
souri. Soon after, hundreds of other 
projects were started over the en
tire nation and construction of the 
Interstate System advanced at a 
rapid pace. In fact so rapid was the 
progress that by Sept. 30, 1960, just 
four years after the passage of the 
1956 act, some 9,579 miles of the 
Interstate System were in actual use 
by passenger and eommercial ve
hicles and work had begun on an 
additional 14,568 miles. In other 
words, work was either completed or 
under way on 59% of the entire 
Interstate System.7 Figure 1 is a 
map of the entire Interstate System 
showing the routes of the system 
and the major cities it will service. 

Standards of the Interstate System 

Although the Interstate System 
will constitute only slightly more 
than one per cent of the total mile
age of roads and streets in the en
tire United States, it is estimated 
that it will carry approximately 21 
per cent of all traffic. If the Inter
state System is to carry 21 per cent 
of the expected 1975 traffic, it is im
perative that the highways of the 
system be of the highest quality pos
sible. If present standards are main
tained, it is estimated that at least 
4,000 lives will be saved each year 
after the system is completed. 

PAUL R. HOLLRAH, C.E. '62 

When a section of the Interstate 
System is planned, a joint decision is 
made by the Bureau of Public 
Roads, and state and local highway 
officials as to the type of highway 
that will be required. In general, 
four-lane divided highways through 
rural areas, growing to six and eight
lane highways in or near urban 
areas, are specified. In sparsely 
settled areas where terrain features 
permit long passing sight-distances, 
two-lane pavements ( with provision 
for future additional lanes) are often 
specified. 

The feature of the Interstate Sys
tem which will undoubtedly con
tribute the most toward the saving 
of lives is its limited accessibility. 
Motorists will be allowed entrance 
to the system highways only at care
fully selected locations, and all cross
stream traffic will be handled by 
overpasses and underpasses. At no 
point in the entire system will traffic 
be allowed to enter the system by 
direct left turn or to cross directly 
over the system pavements. In other 
words, no at-grade crossing will be 
permitted. This includes driveways 
leading to commercial establish
ments such as service stations 
and restaurants. Interstate System 
standards require that all such estab
lishments be located on adjacent 
roads or highways, and as close as 
possible to access points. Large 
green and silver signs will warn the 
motorist well in advance, when he is 
approaching an access point where 
automobile service, food; _and lodg
ing may be obtained. 
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Other physical characteristics of 
the Interstate System are sweeping 
curves, easy grades, long sight dis
tances, wide right-of-ways (150 to 
300 feet), wide traffic lanes (twelve 
feet minimum), and wide all
weather shoulders (ten feet mini
mum) . 

Speed limits on the system will be 
set by the individual states, and will 
vary from state to state. 

Perhaps the most unusual fea
ture of the Interstate System will be 
the complete absence of stop signs 
and traffic lights. The motorist will 
be able to drive from New York to 
Los Angeles, from Spokane to 
Miami, or for that matter to any 
point on the entire system without 
encountering a single traffic light or 
stop sign. 8 A highway system having 
the features and standards mention
ed above can be no less than the 
finest single highway system in the 
world. 

Financing the Interstate System 

Although estimates made between 
1944 and 1956 indicated that the 
total cost of the Interstate System 
should not exceed $27.5 billion, a 
1958 estimate placed the total cost of 
the completed system at approxi
mately $40 billion.9 This increase 
of approximately $12 billion was 
partly a result of congress' insistance 
on limited accessibility throughout 
the entire system. Also, many of 
the individual states made more de
tailed traffic studies and as a result 
reported higher traffic forecasts than 
they had originally reported. In 
such cas~s, plans for many segments 
of the Interstate System were in
creased from two-lane to four-lane 
pavements, or from four-lane to six 
or eight-lane pavements.10 

Since the 1944 act made no specific 
financial provisions for the Interstate 
System which it created, construc
tion of the system proceeded at a 
painfully slow rate during the ten 
year period between 1944 and 1954. 
The only funds available during this 
period of time for use on the Inter
will cost the average automobile 
owner approximately $9 per year. 
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state System were leftovers from old 
established federal highway pro
grams such as the Federal-Aid Pri
mary and the Federal-Aid Secon
dary systems. In fact, most people 
were completely unaware that an 
Interstate System was being con
structed, or that such a system was 
even planned. However, in 1953, 
congress appropriated $25 million for 
each of the fiscal years 1954 and 
1955. This was to be used exclusive
ly for the construction of the Inter
state System. In 1956, The Federal
Aid Highway Act was passed and 
the public became suddenly aware 
that a public works project of huge 
proportions was under way. The 
1956 act made provisions for the 
spending of $25 billion on the Inter
state System. 

Due to the tremendous size of the 
program authorized by the 1956 act, 
the act increased automotive taxes 
for the period July 1, 1956 to June 
30, 1972, and also created a special 
trust fund in the United States 
Treasury to collect and administer 
funds for the Interstate System. 

Year by year financial provisions 
of the 1956 act were as follows: 

Fiscal Year 
1957 
1958 
1959 
1960-67 
1968 
1969 

Amount, billions 
$1.0 
1.7 
2.0 
2.2 each 
1.5 
1.025 

Federal aid funds allocated during 
the fiscal years 1954 and 1955 were 
to be matched 50-50 by the states. 
Funds allocated during fiscal years 
1956 and 1957 were to be matched 
on a 60 per cent Federal, 40 per cent 
State basis, and funds allocated for 
fiscal years 1958 to 1969 are to be 
matched on a 90 per cent Federal, 10 
per cent State basis.11 

Although the annual allocations 
as listed above seemed equitable at 
the time the 1956 act was passed, 
economic fluctuations caused these 
figures to be revised in later years. 
For instance, in 1958, while the coun
try was in the midst of an economic 

recession, congress enacted the Fed
eral-Aid Highway Act of 1958. This 
act increased the Interstate System 
authorizations from $2.0 billion to 
$2.2 billion for fiscal year 1959, and 
from $2.2 billion to $2.5 billion for 
fiscal years 1960 and 1961. This was 
done in order to put more money 
into the national spending stream 
and to create additional jobs. Al
though federal funds had in previous 
years been withheld from the states 
until a section of the system had 
been completed and approved by the 
Bureau of Public Roads, the 1958 act 
set aside this practice until the sum
mer of 1960 and ordered that all 
Interstate System appropriations for 
fiscal years 1959 and 1960 be imme
diately distributed to the states. Had 
the 1958 act contained provisions for 
additional revenues with which to 
recoup the treasury trust fund and 
avoid a deficit, all would have been 
well; however, this $4.7 billion drain 
on the trust fund created such a 
deficit that in early 1959 it became 
evident that none of the $2.5 billion 
slated for 1961 could be distributed 
and only $500 million of the funds 
slated for 1962 could be distributed. 
Without further legislation a drastic 
cutback in construction seemed in
evitable. President Bisenhower, 
realizing the gravity of the situa
tion, took immediate steps to remedy 
the situation by asking congress to 
increase the gasoline tax by 1 ½ 
cents per gallon. Congress however, 
after considerable debate, enacted 
the Federal-Aid Highway Act of 
1959; a compromise measure calling 
for a one cent increase over the 
period from Oct. 1, 1959 to June 30, 
1961, and for the payment to the 
trust fund of one-half of the existing 
10 per cent excise tax on new auto
mobiles and five-eights of the eight 
per cent tax on automobile parts and 
accessories, from July 1, 1961 to 
June 30, 1964. Prior to the enact
ment of the 1959 act, none of the 
revenues from either of these two 
sources was used for highway pur
poses. The additional tax revenues 
provided by the 1959 act are expect
ed to yield approximately $3.4 bil
lion dollars by June 30, 1964, and 
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will cost the average automobile 
owner approximately $9 per year. 
The 1959 act also reduced to $2.0 
billion, the · appropriation for fiscal 
year 1961, which had been increased 
to $2.5 billion -by -the 1958 act, from 
the original $2.2 billion. However, 
due to the expected income resulting 
from the 1959 act, it was necessary 
to appropriate only $1.8 billion for 
fiscal year 1961.12 As yet, there has 
been no indication that originally 
specified appropriations for fiscal 
years 1963 to 1969 will have to be 
altered. 

The formulas by which the funds 
for the Interstate System are appor
tioned to the states are very compli
cated and defy simplification. How
ever, if studied from the standpoint 
of the year or years during which a 
particular formula was used, they 
are readily understandable. During 
the years 1954 and 1955, funds were 
apportioned one-third in the ratio 
that the area of a state bears to the 
total area of all states, one-third in 
the ratio that the population of the 
state bears to the total population of 
all states, and one-third in the ratio 
that the mileage of rural mail de
livery and star routes in the state 
bears to the total such mileage 
in all states. During the fiscal years 
1956 to 1959, funds were apportioned 
one-half in the manner used during 
1954 and 1955, as previously describ
ed, and one half in the ratio that the 
population of the state bears to the 
total population of all states. In 
other words, during these years, 
two-thirds of all funds were appor
tioned on the basis of population. 
Finally, during the fiscal years 1960 
to 1969 funds will be apportioned 
entirely in the ratio that the esti
mated cost of completing the Inter
state System in a particular state 
bears to the total estimated cost of 
completing the entire system.13 

Clearly, the formulas used during 
fiscal years 1954 to 1959 were at
tempts to distribute public works 
funds as evenly as possible through
out our entire population, while the 
formula designated for the fiscal 
years 1960 through 1969 is obvious
ly an attempt to complete the Inter-

'FEBRUARY; i961 

state System in all states simultane

ously. 
To date, slightly more than $9 bil

lion has been allocated to the Inter
state System, since the passage of 
the 1956 act. 14 This appears to be a 
very small amount considering that 
work is either complete or under 
way on 59 per cent of the total Inter
state System. However, it should be 
kept in mind that only a small por
tion of this 59 per cent is actually 
completed and in use, and that turn
pikes and other high standard high
way facilities built entirely with 
state or private funds are included 
in the portion of the system desig
nated as complete. 

Funds and personnel for the main
tenance of the Interstate System 
must be furnished by the states. 
However, once a section of the sys
tem is completed, engineers of the 
Bureau of Public Roads make peri
odic inspections to insure that the 
highways of the system are being 
properly maintained.15 

As previously mentioned, there 
have been no indications that the 
schedule of future appropriations 
will be revised. However, congress 
will study the long-range financial 
problems of the Interstate System in 
1961. At that time two reports pre
pared jointly by the Bureau of Pub
lic Roads and the State highway de
partments will be received and 
studied. 

One of the reports will be a new 
estimate of the cost of completing 
the Interstate System. The other re
port will deal with highway costs, 
highway-user taxes, and direct and 
indirect benefits of highways. As a 
result of these reports, congress 
hopes to be in a better position to 
determine who benefits most from 
improved highways, and who should 
bear the greater portion of highway 
construction costs through user 
taxes.16 

Conclusion 

As the Interstate System draws 
nearer to completion, the advantages 
of the system will become more and 
more obvious to the man who is foot
ing the bill-the taxpayer. Whole 
new cities will begin to flourish all 

along the Interstate routes, and 
local economies will boom. 

Transportation and travel will be
come faster, safer, more economical, 
and more pleasant; not only on long 
distance trips, but also in and around 
the hearts of our urban areas. 

The men and women all across the 
nation who are engaged in the plan
ning and construction of the Inter
state System have but one purpose; 
to give the American people a high
way system that they can be truly 
proud of; a highway system that will 
be a living monument to the pioneer
ing spirit of the American way. 
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Today's compression-type 
Coupling cuts infiltration 

to absolute ·minimum 

Actual installations prove that in
filtration can be reduced as much 
as 90 % below specified allowance ... 
by building your sewers with Dickey 
Coupling/ Pipe. Made of a resilient 
plastisol, the Dickey Coupling 

makes a tight joint that locks out 
ground water. Applied to Dickey 
Pipe at the factory, this Coupling 
comes ready to use. One firm push 
completes the joint. For real econ
omy, specify Dickey Coupling/ Pipe. 

Providing improved sanitation for better living 

ICKEV 
sanitary salt-glazed clay pipe 

V'v. S. DICKEY CLAY MFG. CO. 
Birmingham, Ala. Chattanooga, Tenn. Kansas City, Mo. Meridian, Miss. 

St. Louis, Mo. San Antonio, Tex. Texarkana, Tex .-Ark. 

If it's made of clay it's good ... if it's made by Dickey it's b8tter 

The family had overslept, and 
Mrs. Smith woke with a start to 
the clanking of cans in the street. 
She remembered that the garbage 
had not been put out and raced 
down to the front door, struggling 
into a robe, with her hair in curl
ers, and looking rather sleepy
eyed. 

"Yoo hoo," she called, "Am I 
too late for the garbage?" 

"No," shouted the collector, 
"Jump right in." 
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"Ethics," the man told his son, 
"is vital to everyday living. For 
example, today an old friend paid 
me back a loan with a new hun
dred-dollar bill. As he was leav
ing I discovered he'd given me two 
bills stuck together. Immediately 
a question of ethics arose: Should 
I tell your mother?" 

• A lonely chick taking a look 
around the electric incubator of 
unhatched eggs-"W ell, it looks 
as if I'll be an only child. Mother's 
blown a fuse." 

ENGINEERING NEWS 

(Continued from page 17) 

another step in a series of develop
ments by the Air Research and 
Development Command which 
will lead to increasing Air Force 
utilization of thermoelectric de
vices for converting nuclear 
energy directly into electrical 
power. Such devices are depend
able and durable. They have no 
movable parts, are easy to install 
and require a minimum of main
tenance. 

DARKROOM LIGHTING SYSTEMS 
DESCRIBED BY KODAK ENGINEER 

Photographic darkroom light
ing systems for large areas that 
can tolerate only 1/ 200,000 of a 
footcandle-no more than the 
light from a candle a theoretical 
38 miles away-were described by 
the Eastman Kodak Company. 

It was shown how peculiarities 
of human vision can help utilize 
the greatest amount of available 
light without damage to photo
graphic film. One of these is the 
Purkinje effect, which makes the 
eye most sensitive to blue light. At 
extremely low levels of light the 
eye is almost blind to red. 

The effect occurs because the 
eye has two light-sensitive organs, 
the cones, which are responsible 
for vision in fairly high light 
levels, and the rods, which take 
over in low level illumination. In 
very dim light, vision is entirely 
with the rods, and the eye has 
greater sensitivity to blue. 

At important darkroom prin
ciple is silhouette lighting. In this, 
lights are placed so a person or 
obstacle between the observer 
and the light will be visible as a 
silhouette. Lighting should also 
be controlled and confined to 
essential areas, rather than at
tempting to light the entire work 
area with a single level of illumi
nation. 

There are various purposes of 
darkroom lighting and factors to 
be considered in lighting systems. 

(Continued on page 26) 
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Energy conversion is our business., • 
• ,, 

, 

FEBRUARY, 1961 

A candle in a dark room? 

Transverse and/or Visible electro
magnetic waves? 

A universal constant? 

How many wave lengths in a photon? 

Is light affected by gravity? 

A full appreciation of light and all 
its phenomena is essential to the 
successful completion of our energy 
conversion mission. 

We use this knowledge constantly
as, for example, in our recent devel
opment of a photo-voltaic conversion 
system and a mechanical-optical 
system to convert light energy to 
electrical energy. 

To aid us in our inquiries we call 
on the talents of General Motors 
Corporation, its Divisions and other 
individuals and organizations. By 
applying this systems engineering 
concept to new research projects 
we increase the effectiveness with 
which we accomplish our mission
exploring the needs of advanced 
propulsion and weapons systems. 

LISON 
Division of General Motors, Indianapolis, Indiana 
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Harley A. Cloud (BSEE, Penn State '58) is a group leader 

in the development of simulation testing equipment for a 

new solid state airborne computer which IBM is building 

for the Air Force. 

TRIPS THROUGH THE STRATOSPHERE 
WITHOUT LEAVING THE GROUND 
A computer will be the heart of the navigation and control 

systems for future aircraft designed to operate in the 

stratosphere. 

Such a computer is now being built by IBM for an advanced 

aircraft under development for the Air Force. Harley Cloud, 

an IBM engineer, is developing simulation equipment which 

will put the computer through its paces. His equipment 

will simulate the systems functions encountered by the 

250-ton aircraft at Mach 3, fourteen miles up, with poten

tial adversaries in wait. 

Without the airplane leaving the ground, his testing equip

ment will simulate such inputs to the computer as accelera

tion in the inertial system, velocity in the doppler radar, and 

air pressure in the air data subsystem. These simulation 

techniques will help protect lead time for the entire project. 

Responsibilities Are Large. As a group leader, he is direct

Ing the design, laboratory breadboarding, electrical draft

ing, testing and evaluation of this ingenious equipment. 

It's a very responsible job for a man out of school less 

than three years. 

But age is no barrier to advancement in IBM. In the fast• 

moving world of data systems, it is ideas and the ability 

to do the job that count. And fresh new ideas and abilities 

are always welcomed at IBM-whether in development, re

search, manufacturing, or programming . 

. If you feel you might be interested in one of these fields 

associated with data systems at IBM, you might discuss 

it with the IBM representative. Your placement office can 

make an appointment. Or you may write, outlining your 

background and interests, to: 

Manager, Technical Employment! BM 
IBM Corporation, Dept. 893 
590 Madison Avenue 
New York 22, N. Y. 

® 

You naturally have a better chance to grow with a growth company. 



DIAMONDS 
( Continued from page 12) 
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Figure II 
Transformation Curves of Graphite-Diamond 

transformation of graphite into 
diamond, assuming a necessary 
reaction temperature of above 
3000° K, needed transformation 
pressures in excess of 70,000 to 
80,000 atm. After examining the 
calculations used by the research
ers to arrive at these figures, 
Bridgman concluded that they 
had significantly improved the 
values for the thermal yield and 
free energy of the transformation 
graphite-diamond under normal 
conditions, and had thereby estab
lished the constant term in the 
following equation for free en
thalpy: 

Where: 

(1G .. Th111 chan~ 1n Oibbl 1 ■ !Ne ■Mr~, altem&tiftl.T 

tree enthalw 

P•' PNUUN at crttioal mini, 

"f•• Preaeure at trenetorw.tion greytiite-diaond 

t.: Temoerature at critical )IOiBt 

t, • Tenr011rature at tn.natotw.tion .,._phite-diuDnd 

JJ.: Enth&lJ7Y ' reference) at critical point 

s; • Entrow (reference) at critical JX)int 

LIC,•The chan«9 in heat capacit7 fro• t. tot 

11-v•The change 1n 'ffllUl!le 

None of the researchers before 
Bridgman had, however, estab
lished the variable integrals which 
become more important at higher 
pressures and temperatures. A 
detailed discussion of the tempera
ture and pressure dependence of 
the specific heats, Cp and Cv, and 
of compressibility and thermal 
expansion had not been consider
ed, and this led Bridgman to the 
result that the contribution of the 
integrals to the value of becomes 
increasingly negative, or, that the 
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transformation curve did not con
tinue linearly but bent over more 
and more towards the abscissa. 
This led to the new transforma
tion curve IV (Fig. 11) which, at 
higher pressures and tempera
tures, deviates markedly from 
those of the previous investiga
tors, giving substantially smaller 
equilibrium pressures. The inter
section, U, with the uniformly ex
tended melting curve (Fig. I) 
gives an indication of the still un
known position of the transforma
tion triple point. This point lies 
for the assumed curve at about 
5500° K and 35,000 atm. 

In February, 1955, General 
Electric Corporation, using the 
research accumulated over a 30 
year period from dozens of sci
entists such as those previously 
mentioned, made the first dia
mond by exceeding the trans
formation conditions. The larg
est, weighing only a hundredth of 
a caret, was more than 100 times 
as large as any previously syn
thesized. 

The diamonds that General 
Electric is producing vary in size 
from .0016 to .016 inch in average 
diameter and cost approximately 
four dollars a carat. These dia
monds, which are all of commer
cial quality, cost about forty per
cent more than the commercial 
diamonds which are imported. 
However, the synthetic diamond 
is more adaptable to commercial 
applications, for it has a somewhat 
disorganized crystalline structure 
which makes it almost impervious 
to the shearing tendency possess
ed by all natural diamonds. At 
present, General Electric Corpo
ration is annually producing more 
than four million carats of syn
thetic diamonds and are concen
trating on lowering production 
costs and synthesizing larger 
stones such as those used in oil 
well drilling bits. 

This comment was recently 
overheard in the physics dept. 
"First me, and then God!" 

ENGINEERING NEWS 
( Continued from page 22) 

These include the sensitivity of 
the eye, the sensitivity of the 
materials, energy distribution of 
the light source, and time of ex
posure. They discussed proper 
placement of lights for production 
and maintenance and told of the 
properties of filters and light 
sources. 

NEW WESTINGHOUSE 
HEAT PUMP 

A new heat pump introduced by 
the Westinghouse Electric Corpo
ration attaches directly to the out
side of a wall, greatly reducing the 
time and cost of installation. Call
ed the WhispAir heat pump, this 
air-to-air unit is rated at 18,000 
Btuh (1 ½ tons of cooling) and 
17,000 Btuh heating. 

I ts unique design brings low-cost 
central-system cooling and mild 
weather heating to the mass hous
ing market. Contractors have 
placed the cost of the unit, includ
ing installation, at appro:x:imately 
$500 for a ranch style home of 
concrete block construction. This 
cost will vary depending on loca
tion, type of construction, and 
duct work requirements of the 
specific installation. 

The new unit is ideally suited 
to a variety of other applications 
including offices, mobile homes, 
motels, apartments, stores, factor
ies, and gas stations. Each unit 
will serve an area up to 1000 
square feet. For larger homes, 
two units may be used with one 
supplying the living-dining area 
and the other for the bedroom
bathroom area. The heat pump 
may also be used in multistoried 
dwellings with one unit serving 
each floor level. Installation is 
possible from a balcony, porch or 
garage roof. One unique method 
is to mount the heat pump on a 
hinged panel similar to a door 
that is kept closed and locked 
when the unit is in operation. 
Opening the door into the room 
permits installation and mainte
nance. 

( Continued on page 28) 
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Manned space missions of extended flight 
duration must have a large, continuous, long last
ing and reliable source of electrical power. Only 
a nuclear reactor heat source is compatible with 
these requirements to provide power for propul
sion and to operate all equipment aboard the 
spacecraft. Advanced nuclear energy conversion 
systems are now being developed by Garrett's 
AiResearch divisions to meet these new power 
requirements. 

Besides nuclear and solar power systems for 
space applications, other project areas at Garrett 
include: electronic systems, such as flight data com
puters and solid state transistorized conversion 
systems for high speed generators; and complete 

OUT OF THE LABORATORY 

environmental systems for advanced flight vehicles. 
This diversification of project areas enables 

. the engineer at Garrett to specialize or diversify 
according to his interest, not only making work 
more interesting but increasing the opportunities 
for responsibility and advancement. 

An orientation program lasting a number of 
months is available for the newly graduated engi
neer, working on assignments with highly experi
enced engineers in laboratory, preliminary design 
and development projects. In this way his most 
profitable areas of interest can be found. 

For further information about a career with The 
. Garrett Corporation, write to Mr. G. D. Bradley 

jn Los Angeles. 

THE CORPORATION 

tliResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

OTHER DIVISIONS AND SUBSIDIARIES: AIRS,UPPLY-AERO ENGINEERING • A/RESEARCH AVIATION SERVICE• GARRETT SUPPLY • AIR CRUISERS 

A/RESEARCH INDUSTRIAL • GARRETT MANUFACTURING LIMITED • MARWED£L. • GARRETT INTERNATIONAL. S.A. • GARRETT (JAPANJ LIMITED 
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Approximately six feet high, 
two feet wide and one foot deep, 
the cabinet of the heat pump pro
jects about the same distance 
from a wall as the overhang of 
an average roof. Brackets which 
are part of the unit support it. 
The brackets extend into the two 
openings in . the block wall. Bolts 
on these brackets permit pulling 
up the unit tightly against a re
silient gasket fastened to the unit. 

A factory-installed-and-w i r e d 
thermostat is mounted inside the 
return air opening. When more 
than one unit is used, the individ
ual thermostats provide zone con
trol of air conditioning in sepa
rate areas. When a duct system 
is used a panel in the return duct 
permits access to the thermostat. 

The WhispAir heat pump is 
equipped with twin squirrel-cage · 
blowers, driven by a 1/s-horse
power motor. These blowers will 
deliver 650 cfm against a system 
resistance of .2 inch H 20 column. 
The outside panel of the unit is 
removable, exposing all major 
components, providing easy ac
cess for maintenance. The em
bossed aluminum cabinet never 
needs painting, but can be deco
rated to match the wall on which 
it is mounted. 

20,000 HOUR LIFE BEARING 
A revolutionary new family of 

bearings, which combine the de
sign advantages of sleeve and ball 
bearings, has entered production 
by the Tann Bearings Co. 

The Tann "Hyfilm" bearing is 
a line of packaged, off-the-shelf 
bearings, interchangeable w it h 
ball bearings in bore and shaft 
requirements. 

Unique features of the new 
bearing include a bas life of 20,-
000 hours, a lifetime recirculatory 
oiling sys~m, and a hydrodynam
ic oil film between inner race and 
b u s h i n g which supports the 
weight of the shaft. There is no 
metal-to-metal c o n t a c t at any 
point. 
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The "Hyfilm" bearing is vir
tually vibration-free and noise
free, is resistant to humid and 
gritty atmospheres, and does not 
leak oil. Recommended operating 
temperatures range from -25° to 
200°F. 

Charts showing the curve of life 
expectancy at various loads and 
speeds for each size of the new 
bearing are available from the 
manufacturer. 

Bores from eight to 40 milli
meters will be stocked. Limited 
quantities are now available for 
research and ?evelopment. 

The new bearings may be used 
in virtually any applications now 
employing ball bearings, with at 
least equal performance and long
er life, according to Tann. 

They are especially valuable in 
applications where noise, vibra
tion and conducted'. resonance are 
a problem-as in appliances, elec
tric motors and ducted fans; in 
highly abrasive or humid atmo
spheres-as in grinders, mining 
and c o n s t r u c t i o n machinery, 
washers and pumps; in applica
tions which cannot tolerate oil 
contamination-as in textile ma
chinery; and in locations inacces
sible to service oiling-as in ma
chine tools and automotive chas
sis and electrical systems. 

The bearing is designed around 
a babbitt-lined bushing and a res
ervoir of Permawick self-wicking 
lubricant. It is provided with a 
steel inner race, comparable in 
function and tolerances to a ball 
bearing inner race. 

The bearing is the first off-the
shelf bearing engineered to sup
port a shaft on a hydrodynamic 
,oil film. By eliminating metal-to
metal contact, the oil film mini
mizes friction, heat buildup and 
vibration. 

The principles of the "Hyfilm" 
bearing, however, have been test
ed on several million £hp motors 
manufactured within the past five 
years. More than_35 motor manu
facturers now use Permawick lu
bricant and individually engi_. 
neered bushings, slingers, etc., to 

produce a bearing with a hydro
dynamic oil film • and lifetime 
lubrication. Research with simi
lar bearings in · integral motors es
tablished that a packaged bearing 
in this size is more economical 
than assembly of individual com
ponents and stimulated the devel
opment of the packaged "Hyfilm" 
bearings. 

The lifetime recirculatory oil 
system is based on the use of 
Permawick self-wicking lubricant 
as a sealed-in oil supply. 

UNIQUE ROLLING DIAPHRAGMS 
IN REGULATOR ASSURES 

EMERGENCY OXYGEN SUPPLY 
The modern jetliner, cruising 

swiftly through a rarefied atmos
phere, maintains a carefully-con
trolled cabin pressure, scientific
ally designed to m a i n t a i n a 
comfortable, close to sea-level, 
atmospheric pressure even at high 
altitude and near-sonic ,-speed. · 
Every thought has been given to 
the passenger's comfort and safe
ty, including complex systems 
which the average passenger will 
never see. 

Designers of the most advanced 
aircraft to enter commercial serv
ice, such as the men who designed 
Boeing's 707 and 720, have con
sidered every possible exigency 
in safeguarding the well-being of 
their passengers. In the remote 
possibility that there would ever 
be a loss of pressure in the cabin 
during flight, a unique fail-safe 
system goes automatically into 
operation. Should ever the cabin 
pressure in the new jets drop to 
an altitude where breathing may 
be experienced as difficult ( equiv
alent to about 16,000 feet), an 
oxygen mask drops automatically 
in front of each passenger. 

This mask is made of soft flexi
ble plastic so that it readily ad
justs to the facial contours of each 
passenger, ensuring a positive, 
leak-proof supply regardless of in
dividual facial shape. With the 
mask on face, the passenger is 
certain of an instant supply of 
oxygen, automatically adjusted 
for changes in altitude. 
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WANT INTERESTING WORK? 

WANT TO LEARN AS YOU EARN? 

Here's a chance to put theory to practice ... to appraise what you have 

learned in relation to what industry requires on the job. You'll get a 

better idea of where you can go in your chosen field ... and perhaps 

the route to take after graduation. 

If you're a junior, senior, or graduate student of chemical or 

mechanical engineering, or chemistry, you may be given a regular plant 

or laboratory assignment, important and challenging work, keyed to 

your education to date. You'll get the same personal, interested training 

as our permanent employees. 

A summer job with Du Pont can be an important step toward a 

good job with us after college. You learn about us and what kind of 

company we are. We learn about you. 

Jobs for students are limited, of course, so write soon to Du Pont, 

Room 2430-2 Nemours Building, Wilmington 98, Delaware. 

(The.re are some jobs, too, for freshmen and sophomores, as lab 

assistants and vacation relief operators. They should apply direct to the 

Du Pont laboratory or plant of their choice.) 

BETTER THINGS FOR BETTER LIVING .•• THROUGH CHEMISTRY 

'WORK 'WITH DU PONT THIS SUMMER 

. -ey;· .•. 
1_~ 
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ELDOR,SOMETIMt.S I GH 1HE IDEA 
THAT COMPANY RECRUITIN& REPS 
ARE. EXAGGERATING-TO US. DON'T 
YOU FIND IT TI-\US? 

I WILL LIVE IN ~N ULTR~-MODERN 
ALL ELECTRONIC HOME SNUGGLE.D 
AMONG THE PINES AT THE EDGE 
OF A CRYSTAL BLUE. LAKE. 

AND SO YOU'RE. JOINING COLLINS ? 

-'-s:::__.., 
( r( 

\ 0 ;. , 

' , ' f, 

~;;/Jl 
AS YOU KNOW, ALBRECHT, i HA\JE 
ACCEPTED AN E.NGINEERING 
POS1110N PRIMARILY ON THE 
BASIS 01= AN HONEST, FORTHRIGHT 
PRESENTATION. 

WITH MERELY A DOUBLE GARAGE, 
ONE OF MY SPORTS JOBS WILL I-IAVE: 
TO £IT OUT IN THE VEAR-ROUND 
PLEASANT WEATl-\£R. 

\ 
"'~y\~,~c,. 

~,.._ .~, tv 

( ~~ ~\)~ ~ "\~;; :, \ ~ 
V d ' ' ~ 

) ( 
- ~ ! 

'({tif: 

THEY TOLD ME E'XACTLY WHA 
MY SALARY WOULD BE, AND l'L 
HAVE. TOSETASIDE (TEMPORARILY 
MY PLANS FOR AN OCEAN-GOIN(; ----YACHT. 

Furthermore, Collins is one of the nation's leading growth companies, producing for both govern 
ment and business. Commercial fields include airline and business aircraft communication am 
navigation equipment, data transmission, microwave, amateur radio, broadcast and ground com 
munication equipment. Research, development and manufacturing facilities are located in Ceda 
Rapids, Dallas and Burbank. 

Collins likes engineers . . . 20% of its 13,000 employees are engineers. Collins is in the business 
basically, of selling the products of their imaginative thinking. 

Collins would like to discuss your future with you. Write for the free booklet '"'J. 
Career with Collins" and ask your placement Counselor when the Collins represent, 
ative will be on campus. 

"YES, ALBRECHT, SUCH HONEST~ AS 
THEIRS S\\OULD NOT GO UNREWARPED. 

COLLINS RADIO COMPANY 
CEDAR RAPIDS, IOWA DALLAS, TEXAS BURBANK, CALIFORNIA 
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If you are about to decide on your 
future employment and are grad
uating with outstanding scholastic 
achievement in engineering or the 
physical sciences . . . the Sandia 
Corporation would like to arrange 
an interview with you. 
At Sandia, you would work in re
search, design and development, or 
engineering. Our scientists and en
gineers are engaged in projects in 
the fields of solid state physics, 
plasma physics, materials research, 
explosives technology, pulse pheno
mena and radiation damage. 
You would work in a modern well
equipped $60 million laboratory and 
be associated with some of this na
tion's outstanding technical per
sonnel. You would receive liberal 
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benefits which, in addition to in
surance, retirement and vacation, 
include an opportunity for continu
ing your graduate studies. 
You would be employed in sunny, 
dry Albuquerque, a Southwestern 
cultural center of over 200,000, or 
in our laboratory at Livermore, Cal
ifornia, with all the advantages of 
the San Francisco Bay area. 

OPENINGS AT SANDIA 
At all Degree Levels 
Electrical and Mechanical Engineers 
At MS and PhD Levels 

Chemical Engineers -----• 
Ceramicists --------
Ceramic Engineers ---=-=1111111111111 
Physicists 
Metallurgists 

· Metallurgical Engineers 
Industrial Engineers 
Mathematicians -------• 
Statisticians ---==========:::::::i 
Physical Chemists -----
Engineering Physicists 
Aeronautical Engineers 
Sandia Corporation is a member of 
the Bell System whose team of re
cruiters will be on your campus 
soon. For dates and appointment 
for interview, see your College 
Placement Officer now. 
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BUI.LARNEY 

A deaf old lady entered the 
church with an ear trumpet. As 
she was settling herself in her 
seat, an usher came over and 
whispered, "Listen, madam, one 
toot-and out you go." ... 

The cowboy and his bride enter
ed the hotel, put down their lug
gage. The clerk smiled amiably. 
"Would you like the bridal suite?" 

The cowboy sneered. "I don't 
need any bridle for this filly-and 
stop calling me sweet." ... 

A hillbilly back at home got 
into an argument with a neighbor 
over a cow's death. The cow had 
strayed into one man's still and 
drank a huge quantity of moon
shine before dying. 

"My likker never killed her," 
the friend argued. "After drink
ing it, she came home and starting 
giving eggnog, and you just milk
ed her to death." ... 

A tramp knocked on the door 
of an inn known as "George and 
the Dragon." When the landlady 
opened the door the tramp asked: 

"Could you spare a poor hun
gry man a bite to eat?" 

"No!" said the woman as she 
slammed the door. 

The tramp knocked again. As 
the woman opened the door he 
asked: "Could I have a few words 
with George?" ... 

The six engineers came weaving 
out of an off campus building and 
crawled into their car. Their self 
appointed leader took charge of 
the situation. "Herbie," he said, 
"you drive. You're too drunk to 
sing." 
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There is only one engineer who 
got rich. He recently died in 
Denver and left a fortune of $500,-
000 which he amassed through un
ceasing toil, superior perserver
ance, remarkable ingenuity, and 
the death of an uncle who left 
him $499,000. ... 

Boarder: "It's disgraceful, ma
dame. I'm sure two rats were 
fighting in my bedroom last 
night." 

Madame: "What do you expect 
for $25 per month? Bull Fights." ... 

Policeman (to an intoxicated 
man who is trying to fit his key 
into a lamp post): "I'm afraid 
there is nobody home." 

"Mus' be. Mus' be. There's a 
light upstairs." ... 

A little man was strolling down 
the street leading his little yellow 
dog when suddenly he encounter
ed a big guy with a huge bulldog . 
"Keep you dog away from my 
dog," shouted the little man. "I 
warn you!" 

The big guy snorted and said: 
"That's a laugh. What could a 
little yellow dog like that do to my 
big bulldog?" 

And bang! The fight started. 
Just when it looked as if the big 
bulldog would chew up the little 
yellow dog, the little dog opened 
its mouth and whammo! ... That 
was the end of the big bulldog . 

Well, naturally, the big guy was 
flabbergasted and he screamed at 
the little fellow: "Say, what kind 
of a dog do you call that?" 

"Well," said the little man, "be
fore I cut off his tail and painted 
him yellow, he was an alligator." 

BOB STEIERT, C.E. '62 

E.E.: "Thought you were going 
to visit that blonde in her apart
ment tonight." 

Aggie: "I did." 
E.E.: "How come then you're 

home so early?" 
Aggie: "Well we sat awhile and 

chatted. Then suddenly she turn
ed out the lights. I can take a 
hint." 

... 
Truck driver stopped beside 

a stalled Volkswagen on highway: 
"What's the matter buddy, need a 
new flint?" 

... 
An E.E. stared into a mirror 

one morning and, noting his 
bloodshot eyes, resolved never to 
go into a bar again, "That tele
vision," he muttered, "is ruining 
my eyes." 

... 
Two drunk engineers, after a 

night out, found themselves lost 
and were walking along a railway 
line. 

"There are the longest stairs 
I've ever climbed," said one. 

"Oh, it's the low hand rails been 
bothering me," replied the other. 

... 
It was New Year's Eve. A 

salvation Army lassie was stand
ing on the corner testifying. "I 
was a sinner," she said, "who 
flitted from dance hall to dance 
hall. I drank liquor every night. I 
smoked constantly. I did every
thing bad. But I was saved, and 
now I don't dance, I don't drink, 
I don't smoke, I don't sin any 
more at all. In fact, I don't do a 
darn thing but hang around here 
and beat this lousy drum." 
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Finalists Chosen for St. Pat's Queen 

It's that time again; olde St. Pat has choosen the five finalists in his Engineer's 
Queen contest. They are from left to right, Miss Marion Phillips; Miss Barbara 
Kohler; Miss Gail Kennedy; Miss Billie Estep; and Miss Pat Miller. Good luck to 
all of them. 

"Mommy, why is it that Daddy 
doesn't have much hair?" 

"Because he thinks a great deal 
dear." 

"But Mommy, why is it that 
you have so much hair?" 

"Finish your breakfast, dear." 

• Two men were flying east in a 
plane, making the first air trip of 
their lives. The plane touched 
down at St. Louis, and a little red 
truck sped out to its side to refuel 
it. The plane landed again in 
Cleveland and again the little red 
truck dashed out to it. The third 
stop was Albany and the same 
thing happened. 

The first of the two men looked 
at his watch and turned to his 
companion. "This plane" he said, 
"sure makes wonderful time." 

"Yep," said the other, "and that 
little red truck ain't doing so bad 
either." 

• A husband went out with the 
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boys one night and before he 
realized it the next day had al
ready dawned. He hesitated to 
call his wife, but finally hit upon 
an idea. "I'm back," he shouted 
into the phone. "Don't pay the 
ransom!" 

• 
Bus Driver: "All right back 

there?" 
Feminine voice: "No, wait till I 

get my clothes on." 

Then the bus driver led the 
stampede to the rear to watch the 
girl get on with a basket of laun
dry. 

• 
Engineering Student: A rela-

tively stable individual with both 
feet planted firmly in mid-air. 

• 
Mother: "Mary, what are you 

reading?" 
Mary: "Forever Amber." 
Mother: "Oh, that's all right 

dear, I was afraid you had gotten 
hold of a Showme." 

• Frosh to date: "Since I met you, 
I can't eat, I can't sleep, I can't 
even enjoy a smoke!" 

Co-ed, coyly: "Why not?" 
Frosh: "I'm broke." 

• Little Boy: "May I come in your 
yard and get my arrow?" 

Neighbor: "Yes, where did it 
fall?" 

Boy: "I think it's stuck in your 
cat." 

• Salesman: "Is your mother 
home, Sonny?" 

Three year old: "No, but my 
sister is." 

Salesman, happily: "Would you 
please send her to the door." 

The salesman waited impatient
ly. Then after a long delay, the 
voice of the small child was heard. 

"I can't lift her out of the play 
pen." 
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Will you be a name or will you be an indivi• 
dual? Your job choice will make the differ
ence. At Allis-Chalmers, training of new 
personnel is not an assembly-line process. 
Training, job assignments, promotions are 
gauged to your growth as an individual. 
Personal counseling is considered the key to 
your success ••• various members of man• 
agement meet with you to help you tailor a 
training program in keeping with your back• 
ground, interests and future plans. 

Career opportunities exist with electrical 
and mechanical equipment serving a wide 
variety of industry. Check with your place
ment counselor for detailed information. For 
a personal copy of Bulletin 25B6085, "Where 
Do You Go From Here?" giving facts on our 
company and our training program, write 
Mr. C. M. Rawles, Manager, Recruitment and 
Placement, Graduate Training Department, 
Allis-Chalmers, Milwaukee 1, Wisconsin. 

Designers and producers of industrial systems; and 
manufacturers of compressors, crushers, earth movers, 
engines, kilns, motors and controls, nuclear reactors, 
pumps, steam and hydraulic turbines, switchgear, 
tractors, transformers, valves. A-1420 

ALLIS-CHALMERS 
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If your sights are set 

U .S. Air Force I.C.B.M. "Titan" shown in the vertical test 
laboratory at the Martin Company, Denver, Colorado. 

on outer space-

-you'll find 
Photography 
at Work 
with you. 

From the time a scientist's mind first 
sparks an idea for exploring space, 
photography gets to work with him. It 
saves countless hours in the drafting 
stage by reproducing engineers' plans 
and drawings. It probes the content 
and structure of metals needed by 
photomicrography, photospectrography 
or x-ray diffraction. It checks the opera
tion of swift-moving parts with high
speed movies-records the flight of the 
device itself-and finally, pictures what 
it is in space the scientist went after in 
the first place. 

There 's hardly a field on which you 
can set your sights where photography 
does not play a part in producing a 
better product or in simplifying work 
and routine. It saves time and costs in 
research, in production, in sales and 
in office routine. 

So in whatever you plan to do, 
take full advantage of all of the ways 
photography can help. 

CAREERS WITH KODAK : 

With photography and photographic proc
esses becoming increasingly important in the 
business and industry of tomorrow, there 
are new and challenging opportunities at 
Kodak in research, engineering, electronics, 
design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address : Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



Q. Mr. Hill, what can I do to get the 
most out of my job interviews? 

A. You know, we have the same 
question. I would recommend that 
you have some information on what 
the company does and why you be
lieve you have a contribution to 
make. Looking over company in
formation in your placement office 
is helpful. Have in mind some of the 
things you would like to ask and try 
to anticipate questions that may 
refer to your specific interests. 

Q. What information do you try to get 
during your interviews? 

A. This is where we must fill in be
tween the lines of the personnel 
forms. I try to find out why partic
ular study programs have been fol
lowed, in order to learn basic motiva
tions. I also try to find particular 
abilities in fields of science, or math
ematics, or alternatively in the more 
practical courses, since these might 
not be apparent from personnel rec
ords. Throughout the interview we 
tty to judge clarity of thinking since 
this also gives us some indication of 
ability and ultimate progress. One 
good way to judge a person, I find, 
is to ask myself: Would he be easy 
to work with and would I like to 
have him as my close associate? 

Q. What part do first impressions play 
in your evaluation of people? 

A. I think we all form a first im
pression when we meet anyone. 
Therefore, if a generally neat ap
pearance is presented, I think it 
helps. It would indicate that you 
considered this important to your
self and had some pride in the way 
the interviewer might size you up. 

Q. With only academic training as a 
background, how long will it be before 
I'll be handling responsible work? 

One of a series* 

Interview with General Electric's 

W. Scott Hill 

Manager- Engineering Recruiting 

Qualities I Look For 

When Recruiting Engineers 

A. Not long at all. If a man joins a 
training program, or is placed direct
ly on an operating job, he gets 
assignments which let him work up 
to more responsible jobs. We are 
hiring people with definite consider
ation for their potential in either 
technical work or the management 
field, but their initial jobs will be 
important and responsible. 

Q. How will the fact that I've had to 
WQrk hard in my engineering studies, 
with no time for a lot of outside activi
ties, affect my employment possibilities? 

A. You're concerned, I'd guess, with 
all the talk of the quest for "well
rounded men." We do look for this 
characteristic, but being president 
of the student council isn't the only 
indication of this trait. Through 
talking with your professors, for 
example, we can determine who 
takes the active role in group proj
ects and gets along well with other 
students in the class. This can be 
equally important in our judgment. 

Q. How important are high scholastic 
grades in your decision to hire a man? 

A. At G.E. we must have men who 
are technically competent. Your 
grades give us a pretty good indica
tion of this and are also a measure 
of the way you have applied your
self. When we find someone whose 
grades are lower than might be ex
pected from his other characteristics, 
we look into it to find out if there 
are circumstances which may have 
contributed. 

Q. What consideration do you give work 
experience gained prior to graduation? 

A. Often a man with summer work 
experience in his chosen academic 

field has a much better idea of what 
he wants to do. This helps us decide 
where he would be most likely to 
succeed or where he should start his 
career. Many students have had to 
work hard during college or sum
mers, to support themselves. These 
men obviously have a motivating 
desire to become engineers that we 
find highly desirable. 

Q. Do you feel that a man must know 
exactly what he wants to do when he is 
being interviewed? 

A. No, I don't. It is helpful if he 
has thought enough about his in
terests to be able to discuss some 
general directions he is considering. 
For example, he might know whether 
he wants product engineering work, 
or the marketing of technical prod
ucts, or the engineering associated 
with manufacturing. On G-E train
ing programs, rotating assignments 
are designed to help men find out 
more about their true interests be
fore they make their final choice. 

Q. How do military commitments affect 
your recruiting? 

A. Many young men today have 
military commitments when they 
graduate. We feel it is to their ad
vantage and ours to accept employ
ment after graduation and then ful
fill their obligations. We have a 
limited number of copies of a De
partment of Defense booklet de
scribing, in detail, the many ways in 
which the latter can be done. Just 
write to Engineering Personnel, 
Bldg. 36, 5th Floor, General Electric 
Company, Schenectady 5, N. Y. 959-s 

*LOOK FOR other interviews dis
cussing: • Advancement in Large 
Companies • Salary • Personal 
Development. 

GENERAL. ELECTRIC 





Sometime within the next several years, the first 
American will soar into orbit around the earth. He will be 
sealed in a small, cone-shaped space capsule mounted atop an 

Atlas missile. The missile will climb 100 miles in less than six 
minutes, where the capsule will disengage and go into orbit. The 
man will be alone in space. 

The vehicle for this historic voyage is already in production under 
the auspices of the National Aeronautics and Space Administration's 
"Project Mercury." One of the methods of heat protection is a beryl
lium heat sink, ·forged on two giant steel dies. Both dies are USS 
Quality Steel Forgings. The top die (shown being rough-machined 
on one of our vertical boring mills) will be convex, 20 inches thick 
and will weigh 26,520 pounds. The bottom die, concave and 18 
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter. 

Steel is the starting gun in the race to outer space. Space ships 
and missiles couldn't get off the ground without it. And Steel de
pends on men like you. Send the coupon if you would like to find out 
about the many engineering financial analysis or sales career op
portunities at u. s. Steel. USS is a registered trademark 

@ United States Steal 

This mark tells you a product is made ~ 
of modern, dependable Steel. ~ 

United States Steel Corporation 
Personnel Division 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 

Please send me the booklet, "Paths of Opportunity." 

Nam.,_ ___________ _ 

Schoo~-------- - - -

Addres,._ __________ _ 

CltY--------Lone-State __ 



A phenomenon of modern America is the so-called 
"think company." It owns no factories, manufactures 
no products and makes no shipments, but just "thinks" 
about problems--and brilliant ways to solve them. 

We have a number of "think companies" within Westinghouse . 
One is a group of scientists in the research labs near 

Pittsburgh who seek basic knowledge, like the production 
of light by solids, and the origin of magnetism. 

Other Westinghouse scientists in Baltimore apply basic 
to that most demanding of all problems ... national defense. 
Cheswick, Pa., another group thinks about products needed in the 
American home 10 or 15 years from now. 

As a result of this kind of thinking Westinghouse scientists and 
engineers have achieved startling advances in atomic power, the 
launching system for Polaris, thermoelectric generators 
and many other developments. 

The back-up facilities in the Westinghouse "think companies" 
help make Westinghouse the best place for talented engineers. 
For information on rewarding career opportunities write 
L. H. Noggle, Westinghouse Educational Department, 
Ardmore and Brinton Roads, Pittsburgh 21, Pa. 

You can be sure .. . if it's Westinghouse 

Things 
we know about 
tomorrow 



NASA program-highlights 

NEXT DECADE 
IN SPACE 

Vear 4 to 14 of the Space Age 

Project Mariner-600 to 1200 lbs. 
First U. S. Planetary missions to 
Venus and Mars. Modified craft for 
hard landings on moon . 

Project Aeros-24-hour stationary 
weather satellite. Launched in 
equatorial orbit. Three satellites 
could permit contin uous observa
tion of most of earth's surface. 

60,000 lbs. 

40,000 lbs. 

20,000 lbs . -1960 1963 1967 

t 

-
CENTAUR SATURN C-1 SATURN C-2 

* Project Voyager-Orbit Mars and 
Venus and eject instrumented cap
sule for atmospheric entry and 
perhaps landing. 

Orbiting Astronomical Observatory 
-Standardized, 3500 lb . satellite, 
for several experiments with differ
ent scientific sensors and special
ized devices. 

Anticipated Growth of NASA 
Spacecraft in terms of weight 
of individual near earth satellites. 

Launch Vehicles-New and more 
powerful laun ch vehicles; chemical, 
electrical , nuclear propulsion. 

Project Mercury-U . S.'s firs! 
manned satellite . 

Project Prospector-Soft landing 
on moon and exploration of area 
within 50 miles of landing point. 

Nimbus-600 to 700 lb. meteoro
logical satellite series. Stabilization 
system will keep cameras pointed 
earthward . 

Project Surveyor- First soil land
ing on moon. Conduct observations 
from stationary position. 

Solar Observatory-350 lb. Large 
flywheel and extended arms rotate 
to stabilize. Under construction . 

Orbiting Geophysical Observatory 
-1000 lb. geophysica l research 
sate llite designed for a near earth 
circular polar orbit or an inclined 
highly elliptical orbit. 

These programs facing the scientists and 
engineers of NASA comprise the most 
challenging assignment ever given a group 
of Americans. 

You are invited to work alongside the many 
distinguished and dedicated members of our 
technical staff. For details about 
outstanding professional opportunities, 
address your inquiry to the Personnel 
Director of any of these NASA Research and 
Space Flight Centers -

NASA Ames Research Center • Mountain View, California 

NASA Flight Research Center , P.O . Box 273, Ed wa rds, California 

NASA Goddard Space Flight Center• Greenbelt, Maryland 

NASA Langley Research Center• Hampton, Virginia 

NASA Lewis Research Center • Cleveland 35, Ohio 

NASA Marshall Space Flight Center• Huntsville , Alabama 

NASA Wallops Station • Wallops Island , Virginia 

National Aeronautics and Space Administration 
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Forthcoming space exploration 
will require exotic fuels and new concepts in 
energy conversion to keep men alive and equip
ment operating for long periods of time beyond 
the earth's atmosphere. Advanced hydrogen sys
tems recently developed by The Garrett Corpora
tion · ha¥e solved this problem of providing the 
electrical, hydraulic and pneumatic power, plus 
cooling and heating required aboard a satellite or 
space capsule during launching, outer space flight 
and re-entry. 

Besides such spacecraft and missile systems, 
other product areas in which Garrett engineers 
work include small gas turbine engines, flight 
data systems for air and underwater use, nuclear 
and solar power systems, cryogenic systems and 

OUT OF THE LABORATORY 

controls, and air conditioning and pressurization 
systems for conventional aircraft and advanced 
flight vehicles. 

Such diversity of interest not only makes work 
more interesting at Garrett, but gives the engineer 
an opportunity to increase his knowledge and 
chances for responsibility and advancement. 

An orientation program lasting a period of 
months is also available for the newly graduated 
engineer, working on assignments with experi
enced engineers in laboratory, preliminary design 
and development projects. In this way his most 
profitable area of interest can be found. 

Should you be interested in a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 

THE CORPORATION 

tliResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPLY·AERO ENGINEERING • AIRESEARCH AVIATION SCRVICE • GARRETT SUPPLY • AIR CRUISERS 

AIRESEARCH INDUSTRIAL • GARRETT MANUFACTURING LIMITED • AfARWEDEL • GARRETT iNTERNATIONAL S . A. • GARRETT (JAPANJ LIMITED 
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I feel sure if a stranger visited our campus on March 17, he would 
wonder just what sort of an institution the University of Missouri is . In place 
of a dignified university atmosphere he finds a group of strangely bearded 
students, wearing green hats, and kissing every poor innocent (and some 
not so innocent) female who has the nerve to trod upon the Sacred Shamrock. 
I think he would probably dismiss the incident as just another occasion for 
"college kids to let off some steam." 

The stranger would be at least partially right; it is an occasion for the 
students to let off some steam. However, this occasion has a much deeper 
meaning than that which is seen on the surface . This occasion is a tradition; 
a tradition that started here on the campus of the University of Missouri in 
1903; a tradition that has since spread across the length and width of our 
country; a tradition that not only the students but also the alumni and also 
the faculty are proud to be a part of. This tradition is known as Engineer's 
Week. 

Besides being something dear to the old grad's heart and an occasion 
for the undergrads to release some pent-up energy, Engineer's Week serves 
some very useful purposes. It gives the students a common bond of unity; 
it gives the alumni an opportunity to communicate with each other; it gives 
the rest of the university and the public a chance to view structural organiza
tion of the College of Engineering. I think this last purpose cannot be over 
stressed. Public relations is something the engineering profession can always 
use more of. Unfortunately, many people view engineering as a rather 
unholy occupation whose constituen ts are a rather odd group of narrow
minded characters who lack the ability to communicate with the rest of the 
world. I think Engineer's Week with its many areas of contact with the 
public helps to alleviate this view. 

From a purely personal point of view I hope Engineer's Week remains 
a tradition as long as the university functions as an educational institution. 
I hope that someday I can return to the old school, like the alumni of today, 
and joke about the Engineer's Weeks gone by. 
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"Let the columns stand
let them stand a thousand 
years, a memorial to the men 
who in t h e i r magnificent 
presence, learned what life 
and duty are, to live the one 
and do the other. They will 
be a rallying point of future 
devotion and service to the 
University. And the sad col
umns will in future years 
prove of deep significance 
and impressive force upon 
the columns of new students 
growing ever longer as time 
proceeds. . . ." 

Hon. G. F. Rothwell 

THE columns, the most photo
graphed objects in the Middle 

West, have indeed become a sa
cred symbol of college life and 
traditions to the students of Mis
souri University. The history of 
the columns and the College of 
Engineering is a single history; as 
the significance of one has in
creased, so has the prestige of the 
other. Join us as we retrace the 
story of the columns and the Col
lege of Engineering. 

Missouri was only 19 years old 
when the young legislature passed 
the Beyer Act in 1839 establishing 
a free institution of higher learn
ing. The site for the first build
ing, which was to become Aca
demic Hall, was selected by the 
Board of Curators. The corner
stone was laid in 1840, the first 
classes were held in 1841, and the 
first commencement was held in 
1843 with two graduates. 

The early history of the Uni
versity of Missouri and the early 
struggles of the College of En-
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ENGINEERING 

gineering are closely linked; for 
in 1849 when the University was 
just entering its tenth year, Act
ing President William Hudson, 
professor of astronomy and nat
ural philosophy, offered a course 
in civil engineering which con
sisted of "Surveying, Leveling 
and Classical Topography." The 
University of Missouri was the 
first institution west of the Mis
sissippi to offer any distinctly en-

1856 
Creation of the chair in engineer
ing here antedated the laying of 
the Atlantic cable by one year, 
the Civil War by four years, the 
invention of the dynamo by ten 
years and of the telephone by 
twenty years. 

The course in civil engineering 
in 1856 offered "The Structure of 
Roads and Railroads (illustrated 
with instruments in the field in
cluding a theodolite for measur-

The Grand Kotow of 1905 

gineering training. 
Formal engineering education 

dates from 1856 when the Board 
of Curators approved a chair of 
civil engineering and named Dr. 
Hudson to head the department. 
This was only three years after 
the establishment of the nation's 
first engineering professorship at 
Rensselaer Polytechnic Institute. 

ing angles in horizontal and ver
tical planes in land surveys, the 
first piece of laboratory equip
ment ever purchased by the Uni
versity for the teaching of engi
neering) . In addition, courses in 
physiology and anatomy, logic 
and rhetoric, intellectual philoso
phy and Christian evidence, moral 
science and political grammar, 
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Latin, French and German were 
required of every engineering 
s t u d e n t. Such requirements 
would almost frighten the modern 
engineering student to some other 
vocation. Yet classical educators 
of the time said that engineering 
which dealt with the production 
of wealth and with the securing 
of physical comfort and leisure 
could not be thought of as higher 
education and culture. 

In the fall of 1859 the curators 
approved a plan to reorganize the 
University into seven academic 
departments and three special 
courses of study called "schools," 
namely: a School of Scientific 
Agriculture a n d Mechanics, a 
School of Civil Engineering and 
a Normal School. But the follow
ing year the State Legislature, ap
parently prejudiced against prac
tical education as opposed to 
classical education, removed the 
B o a r d of Curators, dismissed 
practically the entire faculty in
cluding President Hudson and 
elected a new board. The new 
board promptly reduced the num
ber of departments to five, caus
ing havoc in the entire education
al set-up. After this engineering 
education seemed doomed at Mis
souri. 

Then came the Civil War and 
utter disruption. Since most of 
the students left for service, all 
activities were suspended and the 
buildings were occupied by Civil 
War troops. Early in 1862 the 
curators, faced with a debt for 
faculty salaries and having no re
liable source of income, were 
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CHARLINE KORANDO, Ch.E. '59 

The Original Blarney Stone 

forced to discontinue normal op
erations. 

Prospects brightened, however, 
when Congress passed the Morill 
Land-Grant Act. Terms of the 
grant were formally accepted by 
an act of the Missouri Legislature 
on March 17, 1863. Under its pro
visions the Federal Government 
provided 330,000 acres of land for 
the endowment of a college of 
agricultural and mechanical arts. 
This act eventually put an end 
to the prejudices against utilitari
an courses of study and the oppo
sition of the legislature to non
classical curriculums. President 
Lathrop and four professors re
sumed their instruction without 
pay so that the terms of the Morill 
Act could be fulfilled. 

In 1864 Joseph C. Norwood, 

M.D., was appointed professor of 
natural science and natural phi
losophy and he again offered 
training in civil engineering. Dr. 
Norwood was the first to consider 
"statical and dynamical electric
ity" as a sufficiently prominent 
natural phenomena to be included 
in the course in natural philoso
phy at Missouri. 

The Federal Government of
fered to detail Army Officers to 
the University to give instruction 
in civil and military engineering. 
To take advantage of this offer, 
the curators in 1868 established a 
department of civil and military 
engineering and provided that the 
degree of civil engineering be con
ferred on a student "who com-

( Continued on page 18) 
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The Production of 

Uranium Tetrafluoride 

SINCE the early nineteen for
ties, the demand for uranium 

and its compounds have greatly 
increased. The U.S. Government 
at the present time owns the 
larger uranium plants because of 
the high initial and operating cost 
in the purification of the metal 
uranium. 

Uranium ores have been found 
in almost every part of the world 
Australia, Portugal, France, Can
ada, Union of South Africa, the 
Belgian Congo and many other 
countries. The · main source of 
uranium ore in the United States 
is in the Colorado plateau. 

M an y different methods for 
purification of uranium ores are 
being used today. One of these 
processes, which will be discussed 
in this article, is currently being 
used by Mallinckrodt Chemical 
Works in operating the AEC plant 
at Weldon Spring, Missouri. 

The four steps from concentrat
ed ore to free uranium metal are: 
sampling plant, refinery, fluorina
tion plant (green salt) and metal 
plant. 

The function of each of the 
plants are as follows: (1) The 
sampling plant receives the ore 
in 55 gallon drums. An assay is 
determined on each lot of ore and 
is then sent to the refinery. Mal
linckrodt also samples and ships 
concentrated ore to the General 
Chemical plant at Metropolis, Il
linois. (2) In the refinery, the ore 
is run through a digestion period 
in nitric acid. It is then put into 
a solvent extraction system which 
consists of pumper-decanters and 
pulse columns for re-extraction 
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into water. The extracted uranyl 
nitrate then passes through a de
nitration period, and the resulting 
UO3 is sent to the hydrofluorina
tion plant. (3) In the green salt 
plant, UO3 is hydrofluorinated 
into UF 4 • (This plant gets its 
name from the green color UF4 .) 

(4) The green salt is then se·nt 
to the metal plant where it is re
duced to uranium metal. The 

uranium metal can be machined, 
extruded, and fabricated to cer
tain specifications. 

The UO3 from the refinery is 
fed into fluid beds by a screw 
conveyor. The rate at which the 
UO3 is reduced to UO2 in the 
fluid beds is affected by several 
variables. -UOs~> + Hzlt\ ► 

UOz1> + Hz.O \\l 
The reduction of UO3 to UO2 

is exothermic. The heat of re
action at 568°F is -291.6 KCal/ gm 
mole. The energy level of the 
type III UO3 which is made 
at Mallinckrodt makes it neces
sary to heat the fluid beds to 
a temperature of approximately 
1200°F to cause reaction between 
hydrogen and UO3 • Cal-Rod heat
ers are wrapped around the out
side of the fluid beds to heat them 
to the required energy level. 
After the reaction starts, the heat 
of reaction is sufficient to keep it 
going. The temperature of the 
fluid beds are controlled between 
1200 and 1250° F. Heat is re
moved by a flow of steam in a 
coil around the bed. 

Impurities in the UO3 such as 

sulfate and U 30 8 affects the rate 
of reduction of UO3• 

The U 3O8 is reduced to UO2. 
However, this reaction is slow and 
a high per cent of U 3O8 passes 
through the fluid beds unreacted 

-~►~ 3 UOz. + 2. Hz.O. 

A change in the density and/ or 
particle size of the UO3 will affect 
the rate that UO3 is being fed 
into the fluid beds, because the 
feed screw conveyor delivers at 
a constant volume. 

A small increase in the rate at 
which UO3 is fed, caused by an 
increase in density of UO3, will 
probably not upset the equili
brium of the system since the H 2 
that is being used as a reducing 
agent is fed in excess. 

A change in density and/ or 
particle size may cause a contami
nation of UO3 in the UO2 entering 
t h e hydrofluorination reactors. 
This contamination is caused by 
short circuiting of some UO3 par
ticles in the fluid beds thus re
sulting in inadequate residence 
time for complete reduction. 

A closer control of particle size 
is attempted in the refinery by 
reducing the size of the UO3 par
ticles in a pulverizer. 

By controlling the size of the 
UO3 particle, the rate of reaction 
can be closer controlled. A small
er particle size gives larger sur
face area, thereby increasing the 
rate of reaction and a higher per 
cent of product. However, the 
UO3 fed into the fluid beds must 
not be over approximately 35 per 
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cent of -325 mesh. If this per cent 
of -325 mesh particles is exceeded, 
the UO3 will not fluidize suffi
ciently. 

Another variable affecting the 
reduction rate of UO3 in the fluid 
bed, is the dilution of hydrogen 
with water vapor and nitrogen. 
The water vapor is carried away 
immediately after it is formed and 
presents no problem. The nitro
gen as a diluent gas was found, 
through experimentation, to re
duce the reaction rate. However, 
the rate of flow of cracked am
monia gas can be adjusted until 

_fill_ 

x = seal weigh hopper-s 
1,2,3,4 a.temperature 
control sections 

1 I 2 

Figure 1 Diagram of hydro
fluorinati,on reactors banks 

the rate of reaction is still rapid 
enough for practical application. 

The hydrofluorination reactors 
are operated in series and are 
about 16 inches in diameter and 
22 feet long. The material is con
veyed through reactors by ribbon 
type screw conveyors. These 
hydrofluorination reactors are as
sembled in banks of three hori
zontal cylinders each, arranged in 
a vertical stack. Uranium dioxide 
enters at one end of the top cylin
der and is screw fed to the other 
end. The partially reacted dioxide 
drops by gravity into the second 
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tube where the process is repeat
ed. The reaction is completed in 
the third cylinder. A stream of 
preheated anhydrous hydrogen 
fluoride is fed into the last tube 
countercurrent to the flow of the 
UO2 • The ribbon screw in the 
tubes turn at approximately 35 
RPM, and the anhydrous hydro
gen fluoride pressure inside the 
tubes is maintained somewhere 
between two to four psig. The 
rate of anhydrous hydrogen fluor
ide that is fed to the bottom tube 
is 1.15 times theory. 

The fluorination of UO2 is 

TUBE 
azeotrope 

"Bl' TUBE 

hydrogen 

to 
packaging 

UOz.l~) + -'\-r\ h9> 
-,,_ 

I 

Z.H2.0t9) -+ Ut4~) 

with the equilibrium constant 
equal to 

: I(. 

This reaction is exothermic 
with a heat of reaction of approxi
mately -41.3 KCal/g-atom urani
um. 

The fluorination of a UO2 par-

ticle is 

The reaction proceeds at the 
interface which exists between 
the UO2 and the UF 4 • As the 
shell of UF 4 thickens on the UO2 
particle, the reaction rate slows 
down because hydrogen fluoride 
must diffuse through solid UF 4 

to reach the unreacted UO2. Also 
the water formed must diffuse in 
the reverse direction out through 
the coating of UF 4 • The relation
ship of the diffusion rates of UF 4 

and water is described by the fol
lowing equation 

= ✓-M-=-z. -
M, 

D 1 = rate of diffusion of water 
D2 = rate of diffusion of Hydro

gen fluoride 
M1 = molecular wt. of water 
M 2 = molecular wt. of Hydrogen 

fluoride. 
The UF 4 will sinter at elevated 

temperatures. If sintering of the 
particle takes place, the diffusion 
rate of the HF and water will 
essentially stop. This leaves a 
particle of UO2 with a coating of 
ceramic like UF 4 that becomes 
partically inert to further reac
tion. Sintering of the UF 4 starts 
around 930°F therefore, it is nec
essary to control the temperatures 

(Continued on page 30) 
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QUEEN PATRICIA 

The Queen of Love and Beauty has begun her reign. She is 
Miss Patricia Gay Miller, known to her friends as "Little Bit". We 
wish to be on the best of terms with her so we will call her 
Little Bit. She is a charming lassie with a friendly smile and a 
gentle manner which makes her seem like the girl next door. 
The lucky people who really live next door to her are in Boonville, 
Missouri. 

Little Bit is a freshman in Home Economics and hopes to 
continue work in this field after graduation. She is a pledge of 
Alpha Chi Omega and resides in Jones Hall. Our Queen is 
eighteen years old and has beautiful blue eyes and dark hair. 
Little Bit weighs a petite l 00 pounds and stands 5 feet 4 inches 
tall. Her other measurements are 34-21-35 . 

We think St. Pat made a wise decision when he selected 
Little Bit for his-,.Queen; the Shamrock extends its congratulations 
and best wishes to the 1961 Engineer's Queen. 

BILLIE LOU ESTEP 

When it comes to attractiveness, Billie Lou Estep certainly 
fills the card. Billie is one of St. Pat's choices for attendant in 
his court. This lovely lady is from St. Louis and is a freshman 

enrolled in the College of Education. Her Columbia home is 
Jones Hall. 

Billie is eighteen years old and measures five feet one inch 
along the vertical axis. She has brown hair with eyes to match 
and exerts a downward force of l 01 pounds. Her figure is a 
shapely 32-22-34. 

About beards, Billie has this to say: "They are so scratchy!" 
We agree. 
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MARION PHILLIPS 

Marion Phillips is a lassie whose beauty is indeed profound. 
She is a native of Kansas City, Missouri and has brown eyes and 

black hair. She is a freshman in Arts and Science and resides 
in Jones Hall. 

Marion is eighteen years old and is "unattached" as far as 
men go. She likes the life here at the university and wants to 
see more of it. How about it men; can you show her the sights? 

Marion is five feet two inches tall, weighs l 07 pounds and 
measures 34-21-34. 

BARBARA JEAN KOHLER 

It seems there are so many pretty girls living in Columbia 
that St. Pat could not resist having one in his court. We certainly 

agree that it would be hard indeed to keep a girl as beautiful 
as Barbara Jean Kohler from being one of his attendants. 

Barbara is a home town girl and is a member of Phi Beta Phi 
Sorority. She has brown hair, brown eyes and is nineteen years 
old. She is a sophomore enrolled in education and at present 

is completely unattached. 
For those of you who are interested in statistics, here are 

some figures. She is five foot three inches tall, weighs 110 pounds 

and measures a very shapely 36-22-36. 
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GAIL KENNEDY 

A pretty miss indeed is this attendant to the court. She is 
Gail Kennedy from Tulsa, Oklahoma. Gail's Columbia address is 
the Phi Beta Phi Sorority house. 

She is a junior in the College of Education and hopes to 
teach elementary education after she graduates. Gail has blue eyes 
and light brown hair. She is twenty years old and measures five 
feet four inches tall. 

Gail's only comment on beards is "Men are more attractive 
without them." Touchel 
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THE TRANSISTOR 
Introduction. It may be a bit 

presumptuous t~ say that one's 
fate depends on his knowledge of 
the transistor. However, in light 
of the world situation, it seems 
conservative enough to say that 
a nation's fate may well depend 
on its scientific knowledge and 
achievements. The science of 
electronics is becoming more and 
more important because of guided 
missiles, satellites, and many other 
space programs. The one device 
that has played the major role 
in the recent advancement of 
electronics is the transistor. It is 
not presumptuous to say that the 
electrical e.n,gineers, or the elec
tronic technician's fate does par
tially depend upon their knowl
e d g e of the transistor. The 
transistor is not only extremely 
important in the electronics in
dustry, but its amazing versatility 
should evoke interest from all 
readers. 

The purpose of this report is 
to give the reader some under
standing of the transistor and the 
role it plays in the electronic in
dustry. This report is divided 
into four different parts: 

1. Short history of the tran-
sistor 

2. Semiconductor theory 
3. Transistor operation 
4. Transistor application 

Short History of the Transistor. 
Prior to 1948 the greatest single 
invention in the electronics indus
try was the triode vacuum tube 
developed by DeForest. Perhaps 
DeForest's vacuum tube is still 
considered the greatest single in
vention, but the transistor is rap
idly becoming very important in 
the electronics industry. 

The invention of the transistor 
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by Shockley, Bardeen, and Brat
tain of the Bell Telephone Labor
atories in June of 1948 may equal 
the importance of the grid con
trolled vacuum tube. There are 
many reasons to justify this op
timism in regard to the success 
of the transistor. 

The first transistor introduced 
to the public was a point contact 
type developed by the Bell Tele
phone Laboratories in 1948. In 
1950 the photo-transistor was in
vented by the Bell Telephone 
Laboratories. This photo-transis
tor was an entirely new type of 
"electric eye." It was smaller and 
more rugged than the existing 
photocells. In 1951 Doctor Shock
ley invented the junction tran
sistor. In 1952 the first over-the
counter consumer product using 
transistors was put on the market 
by manufacturers of h e a r i n g 
aids.1 

Since 1952 the transistors espe
cially the junction transistors, 
have been utilized more and more 
in the electronics industry. They 
were first applied to hearing aids 
and portable radios. They are 
presently being used in industrial 
control systems, digital comput
ers, automatic t e I e p h on e ex
changes, and telemetering trans
mitters for satellites. During the 
twelve and a half years of their 
existence transistor applications 
have increased at a spectacular 
rate. The next few years prom~ 
ise continued growth as new 
types of transistors are being de
vised to extend their useful fre
quency range and power range.2 

The transistor will continue re
placing some vacuum tube appli
cations but this article does not 
mean to imply that the transistor 
will replace all vacuum tube ap-

plications. The most realistic 
view to take toward transistors 
is that they're a very valuable 
control device utilized as a sup
plement to vacuum tubes and in 
many instances a superior re
placement. 

Semiconductor Theory. The 

transistor is a solid state device. 
In order to better understand the 
theory of operation of a transistor, 
a basic knowledge of semiconduc
tor physics is required. 

The semiconductors are the 
basic materials used in the manu
facture of transistors. The semi
conductor has electrical proper
ties half-way between conductors 
and insulators. The two most 
common elements used are ger
manium and silicon. Both of these 
elements form crystals by cova
lent bonds. Since all the valence 
electrons are used in forming 
these covalent bonds, this crystal 
is a very poor electrical conduc
tor. A perfect covalent solid of 
this type is called an intrinsic 
semi-conductor. To aid in the un- · 
derstanding of this semiconductor, 
see band theory model of the in
trinsic semiconductor illustrated 
in Fig. 1. 

+- Conduction Band 

.- Forbidden Zone 

+-Valence Band 

0 1--U::U..LL.L.U..LLJ 

Fig. 1. Band Theory Model of an 
Intrinsic Semiconductor 

As the temperature of this co
valent material is increased, the 
thermal vibrations of the atoms 
is increased to the point where 
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--4-pp/icafion 
carrier and it has a negative 
charge. A semi-conductor which 
has been doped with acceptor im
purities is called a P-type since 
co·nduction is due to the holes in 
the valence band and this current 
is positive. The band theory 
models of the doped or extrinsic 
semiconductors are shown in Fig. 
2. 

conduction 
.Jland 

Forbidden 
~ne 

Valence 
~nd 

J . V. HOOD, E.E. '62 

a device known as a diode or a 
rectifier shown below in Fig. 3. 
If a reverse bias is applied across 

~ 
~ 

(a) 

~ 
~ 

(b) 

Fig. 3. Junction Type Diodes 

Accento~ 
ooooocJo 

Conduction 
~nd 

Forbidden 
1-r....-.....--r-ir-r-T-r""T-~~ne 

Valence 
Band ..... _ ................................. -4..--

a covalent bond ruptures. The 
covalent bond ruptures when the 
heat energy is equal to the energy 
width of the forbidden zone. 
When the bond is ruptured an 
electron crosses the forbidden 
zone and ends up in the conduc
tion band. An electron deficiency 
leaves the valence band with a 
positive charge. This positive 
charge in the valence band is 
called a hole and the electrons in 
the valence band are attracted to 
it. The movement of an electron 
in the valence band will produce 
another hole. These electron de
ficiencies in the valence band 
constitute the hole current and is 
a positive current. The free elec
tron in the conduction band is the 
electron current and is negative. 

The i n t r i n s i c semiconductor 
isn't a very practical device as 
too much heat is required to 
break the valence bands. To off
set this disadvantage a silicon* or 
germanium* crystal can be doped 
with impurities from either the 
group III elements or the group 
V elements of the Periodic Table 
of chemical elements. When 
doping with a group V element 
such as arsenic, extra electrons 
are added to the valence band. 
These impurities are called do
nors. When doping with a group 
III element such as aluminum, a 
deficiency of electrons or holes 
are present in the valence band. 
These impurities are called ac
ceptors. A semiconductor which 
has been doped with donor im
purities are called N-type because 
the electron is the primary charge 

N-type P-type 
Fig. 2. Extrinsic Semiconductors 

*Group IV elements of Periodic Table. 
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Note the decrease of the for
bidden zone in the extrinsic semi
conductor as compared to the 
intrinsic semiconductor. For ex
ample, the forbidden zone of an 
intrinsic silicon semiconductor is 
equal to 1.1 electron-volts but 
only 0.054 electron-volts after it 
has been doped. 3 

In the next section under "Tran
sistor Operation," a junction tran
sistor will be described. A simpler 
device called a junction diode 
will now be described. This is 
included first because it is easier 
to understand. The characteris
tics of the p-n and n-p junctions 
of a junction diode are essentially 
the same as in a junction transis
tor. If a p-type region and a n
type region are formed in the 
same crystal structure, we have 

the rectifier as in Fig. 3a, the 
electrons of the n region are at
tracted toward the positive volt
age and the holes of the p region 
are attracted toward the negative 
voltage. These attractions are 
away from the junction and hence 
no current flows through the 
junction. On the other hand if 
a forward bias is applied to the 
rectifier, as in Fig. 3b, the holes 
in the p region will flow across 
the junction and recombine with 
the electrons in the n region. The 
electrons in the n region will flow 
across the junction and recombine 
with the holes in the p region. 
These currents add ·· and the net 
result is a large current flow 
through the rectifier for a small 
amount of forward bias voltage 

(Continued on page 35) 
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THE USER TAX 

TAXES are considered to be a 
necessity in any governed so

city. Public opinion, molded large
ly by party conversation, jokes, 
newspapers, and sayings, regards 
taxes as a necessary evil. Some 
taxes are more "evil" than others 
because of amount, percent of 
cost, or method of application. 

Taxes used for highway finance 
are receiving a good bit of un
favorable attention as evidenced 
by the article below.1 

Pennsylvania motorists will pay 
as much in gasoline taxes during 
the first four days of 1961 as was 
once collected · in the state in an 
entire year, according to W. F. 
Richardson, executive secretary 
of the Associated Petrqleum In
dustries of Pennsylvania. 

He said yesterday that state 
highway users now pay $305,000,-
000 annually, and that they paid 
$3,112,000 in all 12 months of 
1922. 

"Obviously there are many 
more motor vehicles in Pennsyl
vania today than there were in 
1922-five times as many-but 
the tax rate today is nine times 
as high." 

"Gasoline is already the most 
heavily taxed useful product on 
the family shopping list," he said, 
"yet today there is constant pres
sure on the part of highway offi
cials, road building firms and 
other special interests to have the 
tax rates pushed still higher." 

On the other hand, in a recent 
message2 to the General Assem
bly of Pennsylvania, Governor 
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Lawrence urged the Assembly to 
pass a bill for additional appro
priations for highways. He de
scribed the bill as being necessary 
to accommodate the ever-growing 
traffic volumes. 

Thus, there is movement for 
and against increased highway 
taxes. Let us now examine the 
general methods of highway fi
nance from the point of view of 
an economist. Special emphasis 
will be placed on the non-user 
tax. 

It would appear at first that the 
study of highway finance has 
over extended itself. There is no 
full agreement, even among high
way specialists, on certain funda
mental objectives and concepts of 
highway user taxation. Basic 
premises of user taxation are 
questioned and even rejected by 
many.3 With the field in such a 
turmoil, it would seem unlikely 
that its high degree of application 
can be rigorously justified. 

In any public utility, there are 
those who reap direct benefits and 
those who benefit indirectly. In 
the vernacular of the highway 
specialist, the former group are 
the users and the latter, non-users. 
It is easy to see that if taxes 
should be used as a method of 
highway finance, the problem of 
equity arises. We will assume 
taxes are justified in financing 
highways.4 

User taxes are defined as those 
which motor vehicle operators are 
required to pay for highways, over 
and above their obligations for 
support of the general govern-

DAVID N. SPAANS, C.E. '62 

ment. Generally, taxes such as 
gasoline and diesel excises, an
nual license taxes on motor ve
hicles, and an assorted group of 
special excises on motor vehicles 
are considered to be highway user 
taxes. User taxes were born of 
necessity and it is remarkable 
that they have met with the pres
ent degree of success. With the 
growing needs for highway funds, 
it was soon discovered that the 
vehicle and the fuel it consumes 
provide a convenient and ap
parently equitable object of taxa
tion. 1 

Non-user taxes are levied on 
those who are found to benefit in
directly by the highways. There 
now arises the problem of deter
mining who are the non-users and 
in the light of tax equity, how 
much is their share. We will as
sume that there is a non-user 
share in highway finance and see 
what conditions and affects are 
created. 

The economist uses the terms 
joint cost and joint demand. Some 
products cannot be produced sepa
rately. The classic example is the 
case of hides and beef. There are 
two distinct products whose sepa
rate costs are indeterminate. High
ways do create some joint pro
ducts and this might justify an 

· allocation of cost to non-users. 
For example, highways create fire 
stops and other physical products 
that have value. However, these 
examples do not weigh heavily in 
the usual allocation of cost to non
users. Highways are built for 
actual or potential use. The physi-
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cal by-products do not play a 
significant role in decisions con
cerning highway development. 

Joint demand arises when one 
individual receives benefit by the 
consumption of another. Again we 
find that this can be applied to 
highways. A farm to city high
way which is constructed and paid 
for by farmers, indirectly benefits 
merchants, landowners and others 
in the city. Should the merchants 
and others in the city pay part of 
the bill? In order to examine this 
relatio•nship more closely, let us 
turn to a graphical aid. 

In order to graph5 the user-non
user relationships, it is assumed 
that: 

1. highway cost varies with ve
hical-miles 

2. demand curves of indivi
duals are straight lines 

3. the price for a vehicle-mile 
remains constant. 

Cost 

p~ o~--:'Q'---:'--__;: _____ :::,,_~ 

vehicle-mil"• 

Highway user A's demand 
curve is D •. If the cost of the pro
duct is P ( also marginal cost for 
equilibrim), A, not recognizing 
the non-user, will purchase Q 
units. If, however, the non-user 
B is recognized and if he is al
ready profiting by A's use of the 
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highway, B will put forth a sub
sidy to A in the purchase of addi
tional vehicle-miles ( curve Db is 
B's demand curve). The result
ing collective demand curve is De, 
A is then shown to be willing to 
purchase additional units because 
he will only have to pay Pa since 
Pb + Pa = P. B, before he was 
recognized as receiving indirect 
benefits, in actuality was. His 
benefit is depicted by OPbNQ. A 
was initially paying OPMQ. As 
soon as the non-user B's willing
ness to subsidize A was found, A 
now desires to purchase addi
tional units at the lower price Pa• 
B stands to gain by this because he 
needs only to pay OPb'N'Q'. Col
lectively, they pay OPM'Q'. The 
conclusions from this rather com
plicated rationale are these: 
(1) B receives indirect benefits 
only-,lfAhe highway is used. The 
mere existence of a highway does 
not create indirect benefits. 

(2) Only if the non-user's role is 
discovered and a tax levied 
against the non-user, does the 
user pay a lower unit cost. 

(3) The non-user's subsidy will 
increase as long as additional 
units are below his demand curve. 

(4) The user's cost is below mar
ginal cost reflecting the desira
bility of increased highway use 
(provided he is subsidized). 

Actual determination of the 
non-user's share is quite difficult. 
Let us examine the user-non-user 
relationship as it exists. 

"If a subsidy offer in the form 
of a non-user share would result 
in no or negligible change, the 

subsidy is superfluous and charges 
for the road should then be assess
ed against the users only."6 There 
is some evidence that the indirect 
benefits from highways has a sur
plus character. From the graph, it 
is shown that the non-user would 
stand to gain by expansion of the 
highway system. But there has 
been no significant pressure ap
plied to the legislatures by busi
nessmen. Silence on their part 
gives some evidence that the non
users cannot measure their in
direct gains ( windfalls, according 
to the economists) due to high
ways. 

The first graph assumes that the 
price of the unit product is such 
that the indirect benefactor would 
profit by subsidizing the user. Let 
us then assume that this is not so 
(or at least a minimum). 

From the above graph 7 we can 
see that an increase in traffic 
beyond Q does not yield any ad
vantage to B, the non-user. How
ever, it is very important to note 
that the shaded olrea represents 

( Continued on page 36) 
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Meet Your Faculty 

engineer having trouble 
a course, needing advice 

concerning a job after graduation, 
or possibly needing some finan
cial aid while in college, will want 
to talk with some member of the 
faculty to find out what he can 
do to better himself. The most 
respected and capable person in 
the Industrial Engineering De
partment to help a student with 
any of these problems is Dr. Rob
ert M. Eastman, chairman of the 
department, Professor of Indus
trial Engineering, and our fea
tured faculty member for this 
month. 

Dr. Eastman started on the long 
road to success in Dayton, Ohio 
on April 17, 1918 when a ·new 
son was born to Mr. and Mrs. 
Robert F. Eastman. His parents 
moved to Springfield, Ohio the 
next year where he spent his boy
hood years and graduated from 
high school. This had by no means 
satisfied his craving for knowl
edge so in the fall of 1936 Pro
fessor Eastman entered Ohio 
State University and two years 
later he enrolled at Antioch Col
lege in Yellow Springs, Ohio. 

His college years are ones of 
great credit to him. While in col
lege he was selected for member
ship in Alpha Phi Omega, Nation
al Scouting Honor Fraternity, and 
was active in numerous campus 
activities. To top off his under-

16 

JOE KRALOVEC, I.E. '61 

Dr. Robert M. Eastman 

graduate years Professor East
man received his A.B. degree with 
distinction in 1940. 

He spent the next two years in 
industry and in 1942 entered the 
U.S. Army Air Corps. His war 
years were spent in the Aviation 
Ordinance Section and he was 
honorably discharged in 1946. 
That same year he retur·ned to 
Ohio State to start his graduate 
work. 

While in graduate school Pro
fessor Eastman started working 

in the design and drafting depart
ment of the Ohio State Research 
Foundation and the next year he 
became an assistant instructor in 
engineering drawing. That same 
year he was selected for member
ship in Tau Beta Pi, national en
gineer honor society. After re
ceiving his M .S. in Industrial 
Engineering in 1948 the Professor 
went to Pennsylvania State Uni
versity where he continued his 
studies toward a Ph.D. Here he 
was elected to Alpha Pi Mu, In
dustrial Engineering honorary, as 
a faculty member in the spring of 
1951. He served as an instructor 
in I n d u s t r i a 1 Engineering for 
those three years and then went 
to Georgia Tech. For four years 
Dr. Eastman worked as an Asso
ciate Professor of Industrial En
gineering and as a research 
associate of the Engineering Ex
perimental S t a t i o n while he 
completed his requirements for 
his degree. In 1955 his work was 
completed and he received his 
Ph.D. from Pennsylvania State 
University. 

The same year Dr. Eastman 
came to the University of Mis
souri as a Professor in Mechanical 
Engineering and Director of En
gineering Placement. Pi Tau 
Sigma, Mechanical Engineering 
honorary conferred a faculty 
membership on him in the winter 

( Continued on page 38) 
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expanding in fertilizers • • 
Fertilizer consumption in the United States is up 
88 % in 15 years-from 13,466,000 to 25,313,000 
tons. 
In the same 15 years, consumption in the 16 central 
states increased almost 140%-from 4,607,000 to 
11,009,000 tons. This is the primary market for 
National Distillers and Chemical Corporation's fer
tilizer chemicals-ammonia, nitrogen solutions and 
sulfuric and phosphoric acids manufactured at 
U.S. I. division plants in Illinois, Iowa and Kansas. 

Now National has taken an important forward step 
in integrating its fertilizer operations by merger 

. a growth industry 
with Federal Chemical Company. Federal is a 76-
year-old mixed fertilizer manufacturer with six 
modern plants in Kentucky, Tennessee, Illinois, 
Indiana and Ohio, heart of the i;nid-west farm belt. 

A Career at National ... National Distillers' 
progress in the expanding fertilizer chemicals field 
is part and parcel of its substantial growth in indus
trial chemicals, metals and plastics. Chemists and 
engineers seeking a challenging career in a growing 
organization are invited to contact our Professional 
Employment Manager, 99 Park Avenue, New York 
16,N.Y. 

NATIONAL DISTILLERS and CHEMICAL CORPORATION 
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NEW YORK 16, N. Y. 

THE COMPANY WITH THE FIVE INDUSTRY FUT.URE 
LIQUORS • INDUSTRIAL CHEMICALS • PLASTICS • FERTILIZER CHEMICALS • METALS 
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Today Dickey Pipe is longer ••• 
stronger ... and joints faster 

You save time, cut costs and build 
better sewers with today's Dickey 
Vitrified Clay Pipe. Longer lengths 
mean fewer pieces to handle. Pipe 
joints in seconds with the Dickey 
flexible, compression-type Coupling. 

This shuts out infiltration. Because 
it is stronger and immune to disin
tegration, Dickey Pipe assures gen
erations of trouble-free sewer service. 
Specify it by name ... Dickey 
Salt-Glazed Vitrified Clay Pipe. 

Providing improved sanitation for better living 

ICKEV 
sanitary salt-glazed clay pipe 

W. S. DICKEY OLAY MFG. CO. 
Birmingham, Ala. Chattanooga, Tenn. Kansas City, Mo. Meridian, Miss. 

St. Louis, Mo. San Antonio, Tex. Texarkana, Tex.•Ark. 

C285 If it's maoe of clay it's good ..• if it's made by Dickey it's better 

ENGINEERING AT MISSOURI 
( Continued from page 7) 

pletes and passes satisfactorily 
examinations in algebra, geome
try, calculus, mechanics, as
tronomy, chemistry, mineralogy, 
geology, descriptive geometry, 
military engineering, construction 
of common roads, pikes, gravel 
roads, railroads, bridges, canals, 
slack water navigation, and the 
improvement of rivers and har
bors." 

This was a milestone in the life 
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of the University and marks the 
real beginning of the adaptation 
of scholastic education to the 
changing needs of society and the 
University's realization of the 
great service it could render the 
people of the state. 

Although the terms of the Mor
ill Act had been accepted in 1863, 
it was not until February 24, 1870 
that the legislature approved a 
formal act providing that a Col
lege of Agriculture and Mechanic 
Arts be organized specifically to 

promote "a liberal education of 
the industrial classes in the sev
eral pursuits and professions of 
life." The College of Agriculture 
and Mechanic Arts was to include 
a School of Engineering, a School 
of Analytical Chemistry and a 
School of Mines and Metallurgy. 
This step marked the transition 
of the University from the old
style classical college into a pro
gressive University. 

At this time a code of student 
conduct was formulated to pro
mote the good order and welfare 
of the University. Each student 
was required to be present at the 
morning Chapel services, to ob
serve definite study hours and to 
conduct himself at all times as a 
well-bred gentleman. The student 
was given to understand that the 
University was for the "good and 
industrious young men of the 
State and not for the idle and 
disorderly, the vile and the vi
cious." Students were strictly for
bidden to enter billiard or drink
ing places, to carry concealed 
weapons, to use indecent language 
or to whistle within the Univer
sity building. 

As yet, the School of Engineer
ing had no faculty of its own. 
However, .Professor N o r w o o d 
seemed to be tireless in his ef
forts to secure funds for the pur
chase of laboratory equipment for 
experimental work. The records 
show no evidences of his success 
but in a report to the president 
in 1873 he mentioned the acquisi
tion of an induction coil, "the 
largest ever made," a Holtz static 
machine, an automatic arc lamp 
and a complete set of apparatus 
for illustrating wave motion. How 
he managed it is still an enigma. 

Other stout supporters of the 
progressive policy of the Univer
sity were Erastus L. Ripley, dean 
of the normal school who helped 
the new department by offering 
instruction in mechanical drawing 
and descriptive geometry and 
Paul Schweitzer, Prof. of Chem
istry and the first instructor to 
give a course in fuels, steam ai::i-d 

( Continued on page 22) 
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As you plan your career-be sure to consider 
Monsanto. It may surprise you that 

Monsanto needs electrical and mechanical engineers, 
as well as chemical engineers. 
Fact is, though, that Monsanto offers many opportuni
ties to men with your professional training, including: 

Mechanical Engineers ... 
• Plant design and layout 
• Equipment selection 
• Materials specification 
• Design of new and unique 

equipment 

Electrical Engineers ..• 
• Design of electrical 

systems 

MARCH, 1961 

• Plant engineering 
• Construction 
• Specialization in the fields 

of fluid mechanics, stress 
analysis, heat transfer, etc. 

• Power distribution and 
substation design 

• Process control 
instrumentation 

• Automated process systems 
engineering 

• Applied research • Equipment evaluation and selection 

May we discuss these with you as we v1s1t your 
campus this year?You can arrange for this visit with 
your Placement Director; 
or write Professional Em
ployment Manager, EM-2, 
Monsanto Chemical Com
pany, St. Louis 66, Missouri. 
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What -wrou.ld 
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YOU do 
as an. en.gin.eer at 

Development testing of liquid hydrogen-fueled rockets is car
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft's Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed
circuit television providing a means for visual observation. 
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Pratt & Whitn.ey Aircraft? 

Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 

Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born-a 
recognition that engineering excellence was the key 
to success. 

That attitude, that recognition of the prime impor
tance of technical superiority is still ·predominant at 
P&WA today. 

The field, of course, is broader now, the challenge 
greater. No longer are the company's requirements 
confined to graduates with degrees in mechanical 
and aeronautical engineering. Pratt & Whitney Air
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero
space medium-air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, experimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 

Specifically, what would you do?-your own engi
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 

For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 

At P&WA's Connecticut Aircraft Nuclear Engine Lab
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 

Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded _and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 

Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi
mental Engineers work together in such programs to 
establish and test basic concepts. 

PRATT & WHITNEY AIRCRAFT 

MARCH,· 1961 

Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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ENGINEERING AT MISSOURI 

(Continued from page 18) 

the steam engines. A newcomer 
in methematics, William A. Cau
thorn "Uncle Billy" provided stu
dents and faculty with many a 
chuckle. One day he failed to see 
the appearance of the Polaris dur
ing an observation for time with 
the meridian transit. After he 
had rechecked his calculation for 
the time and the setting of the 
vernier for the declination and 
still could not see the stai;- he ran 
to Joseph Ficklin, professor of 
astronomy, and excitedly told him 
that the star failed to appear in 
accordance with the ephemeris. 
Professor Ficklin went to the ob
servatory, deliberately removed 
the lens cover from the transit 
telescope and held it up in front 
of Cauthorn. "Uncle Billy," not 
used to stronger language, said 
"I'll declare!" 

The School of Engineering was 
officially separated from the Col
lege of Agriculture in 1877 to 
become a division of its own with 
Thomas J. Lowry, professor of 
civil and topographical engineer
ing, named its first dean. The 
School held its own faculty of 
nine members. In 1879 the School 
introduced a p r o g r a m under 
which it brought noted engineers 
to the campus for special lectures. 
These included such famous per
sons as Capt. James E. Eads, de
signer and builder of the Eads 
Bridge in St. Louis, and George 
C. Pratt, noted railroad builder 
of that day who · later became 
commissioner of railroads for Mis
souri. 

Electrical engineering as an in
tegral part of engineering educa
tion was introduced in 1880 by 
Benjamin E. Thomas, Professor 
of Physics. In his course in phys
ics he taught the few practical 
applications of electricity known 
at the time. This included infor
mation on telegraphy, primary 
batteries and signalling. Bell's 
telephone and Edison's incandes
cent lamp were quite new then. 

Professor Thomas endeavored 
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to get an appropriation for an 
Edison dynamo and lamps for ex
perimental work and teaching, 
but the University had no funds 
for this equipment. However, Dr. 
Laws, the President of the Uni
versity and a personal friend of 
Edison, influenced him to give 
one of the dynamos he manufac
tured to the School of Engineer
ing. The College still owns this 
dynamo. A manufacturer donated 

establishment of a department of 
electrical engineering with a de
gree in that field. This was done 
by the curators in 1885. The first 
electrical engineering department 
in any American college was es
tablished just three years prior to 
this date at Massachusetts Insti
tute of Technology. 

In accordance with the provi
sions of the Morill Act a depart
ment of mechanical arts was 

St. Pat's Sarpent-1908 

a steam engine to power the dy
namo, and on January 10, 1883, 
Professor Thomas and some of his 
students staged the first public 
demonstration of the incandes
cent lamp in Missouri and prob
ably the first in this part of the 
country. The full Board of Cur
ators was present for the exhibit. 

At the request of the curators, 
Thomas and his students wired 
the University chapel in Academ
ic Hall for electric lights. Thomas 
also installed the first telephone 
line in Columbia, running a line 
from the Boone County National 
Bank to the home of its president 
about a mile away. 

Thomas' energetic and imagina
tive work in the new field stimu
lated interest and enrollment in 
physics courses more than dou
bled in the next year. To meet 
the growing demand for compe
tent men familiar with the scien
tific principles of electricity, the 
telephone, and allied lines, Pro
fessor Thomas recommended the · 

finally established at the Univer
sity in 1891, but it was placed 
within the College of Agriculture. 
C. W. Marx, a well-known me
chanical engineer, was appointed 
by the Board of Curators as the 
"superintendent of the newly cre
ated School of Mechanical Arts." 

On January 9, 1892 tragedy 
struck. Academic Hall, the first 
and principal building of the Uni
versity, was completely destroyed 
by fire . Ironically, the fire was 
apparently started by a short cir
cuit in the electric wiring which 
Professor Thomas had installed in 
the chapel. By morning nothing 
was left of the building except the 
six stately columns which had 
graced the front entranceway. 
Fortunately, the new equipment 
was little damaged but most of 
the old equipment was destroyed. 

The fire proved a blessing in 
disguise-particularly for the 
School of Engineering. A sympa
thetic governor and a generous 

(Continued on page 24) 
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"IT'S HERE-IF YOU WANT TO WORK FOR IT" 
Even before Ron Spetrino received his engi

neering degree from Case he had good job offers 
from six companies. 

He joined The Ohio Bell Telephone Company 
-his reason: "I was convinced an engineer could 
go further here-if he was willing to work for it." 

As soon as Ron got his feet on the ground 
in telephone engineering, he was tapped for a 
tough assignment. The job-to engineer switch
ing equipment modifications needed to prepare 
Cleveland for nationwide customer dialing of long 
distance calls. 

Ron wrapped it up in five months, and found 
he had earned a shot at another tough assignment. 
In this job Ron helped engineer a completely new 
long distance switching center for Cleveland. This 
switching center connected Cleveland with the 
nationwide customer dialing network. It was 
about a year later that Ron put the finishing 

touches on the specs for this $1,600,000 project. 
Today, as a Supervising Engineer, Ron heads 

a staff of five engineers and is responsible for 
telephone switching in much of the greater 
Cleveland area. 

He supervises the design and purchase of $3 
million worth of equipment a year. And even 
more important, he is charged with developing 
the technical and managerial skills of his staff. 

Ron knows . what he's talking about when he 
says, "In this business you have to do more than 
a good job. We expect a man to be a self-developer. 
We expect him to take responsibility from his 
first day on the job and think for himself. You 
don't get ahead around here by just doing time." 

If you want a job in which you're given every 
chance to prove yourself, and real responsibility 
right from the start-you'll want to see your Place
ment Office for further information. 

"Our number one aim is to have in all 
management jobs the most vital, intelli- @t 
gent, positive and imaginative men we 
can possibly find." 

FREDERICK R. KAPPEL, President 
AmericanTelephone&TelegraphCo. BELL TELEPHONE COMPANIES 
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ENGINEERING AT MISSOURI 

( Continued from page 22) 

legislature, goaded by an aroused 
public, provided funds for new 
buildings. Of the six which were 
constructed immediately, one was 
the present Engineering Build
ing, another was the Mechanical 
Arts Building, now a part of the 
engineering group and a third 
was a new power house. 

The session of 1892-93 was a 
momentous one in the College of 
Engineering. The department of 
Mechanical Engineering was es
tablished on the same plane as 
civil and electrical. The school 
now had three departments, three 
degrees and three buildings which 
provided spacious quarters. 

Once again, an adversity befell 
the school. Its dean retired and 
the School of Engineering again 
lost its identity, being placed back 
under the College of Agriculture, 
to remain there for ten years. 

Nevertheless · engineering edu
cation had been accepted within 
the realm of higher education, 
and the School of Engineering at 
the University of Missouri had re
ceived recognition from profes
sional societies and organizations. 
In 1902 the Alpha Chapter of Mis
souri of Tau Beta Pi was estab
lished at the University with 
eleven charter members. This 
honor society was a constant in
spiration to students in engineer
ing. 

Ne w scientific developments 
were requiring introduction of 
new curricula. The University 
adapted its courses to the needs 
of professions and the demands 
of industry. Chemical engineer
ing was established as a depart
ment in 1903 and soon became 
one of the important divisions of 
engineering education at the Uni
versity. 

By 1904 the enrollment in en
gineering had increased to such 
an extent that the curators estab
lished an office of junior dean of 
engineering on a trial period of 
three years. The chairmen of the 
three departments, Professor H. 
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B. Shaw of electrical engineering, 
Professor Putnam Spalding of 
civil and Professor A. M. Green of 
mechanical each served a year in 
this capacity. These men proved 
to the curators the wisdom of the 
separation and at the end of the 
three-year period the School of 
Engineering was again separated 
from agriculture with Professor 
Shaw as dean. 

Because of the vision and fine 
cooperation of these pioneer lead
ers, the College of Engineering 
was prepared to meet the ever 
multiplying demands of industry 
for men with a thorough knowl
edge of physical and chemical 
phenomena and of the laws gov
erning their relationships. The 
separation injected into the fac
ulty and student body a new spirit 
of self-reliance and strong deter
mination to make good. 

Just as the columns stand on 
the quadrangle in solemn gran
deur as a tribute to the superb 
contributions of the deans and 
professors, the shamrock reposes 
above the main entrance of the 
Engineering building as a tribute 
to the superb contributions of a 
group of jovial students. 

In relating the story of the 
Shamrock and the Saint Patrick 
tradition, it is difficult to separate 
legend from fact. We have at
tempted to reconstruct the most 
probable sequence of events which 
occurred on that memorable day 
of March 17, 1903. 

It was a few days before St. 
Patrick's Day of 1903 and the 
young men's fancy had turned to 
thoughts of cutting class. A group 
of senior engineers were gathered 
in front of the engineering build
ing. The conversation drifted to 
the same old subject for this was 
the time of the year when Pro
fessors seemed bent on working 
the engineers to death. They were 
lamenting the fact that it was a 
long time between holidays when 
some ingenuous soul came up 
with the idea that as St. Patrick 
had engineered the project of get
ting the snakes out of Ireland, he 
was the first engineer and it was 

only fitting that his birthday be 
observed as an engineer's holiday. 
"Erin Go Braugh" translated into 
English could only mean one 
thing, "St. Patrick was an engi
neer!" (Ed. note-It means "Ire
land Forever" in Ireland.) The 
idea was immediately recognized 
as being an inspired one and the 
group set out to notify the other 
engineers. Leo Brandenburger 
set forth the first St. Pat procla
mation which reads as follows: -

"WHEREAS, It has been the 
custom of certain uninformed 
ministers of the gospel to de
clare at various times the prac
tices and beliefs of our worthy 
St. Patrick, it was deemed ad
visable that the question of his 
origin and his life should be 
definitely and forever settled, 
and 

WHEREAS, The investigation 
has proved eminently success
ful, the result of which was to 
establish beyond any doubt or 
council that St. Patrick was an 
Engineer, it is therefore 

RESOLVED, That it is the sa
cred duty of each and every 
engineer to observe in a man
ner most fitting the glorious 
memory of our most beloved 
disciple, and it is further 
RESOLVED, That every engi
neer, senior, junior, sophomore 
and freshman, do each year on 
the day of St. Patrick refrain 
from all duties and attendance 
upon classes and spend the day 
in observing the memory of our 
pioneer brother. It is therefore 

RESOLVED, That each year in 
the Department of Engineering, 
on the day of St. Patrick a holi
day is declared. 
Signed: Senior, Junior, Sopho
more, Freshman." 
The reader will recall that at 

the time it was customary to have 
Chapel in the library every morn
ing. Inasmuch as St. Patrick was 
to be their Patron Saint the En
gineers went to Chapel. That was 
the first time most of them at
tended the service. 

( Ct1ntinued on page 26) 
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There are many likely reasons. 
Perhaps the best one is the sum 
total of them all: 

At Du Pont, there are no dead
end streets for able, ambitious 
people. 

For example, DuPont is grow
ing constantly, and growth means 
more jobs. Every year we spend 
$90 million in research alone, to 
develop new products that create 
challenging new opportunities. 

In addition, Du Pont invests an 
average of $33,000 in each em
ployee to provide the most modern 
equipment, the finest facilities, the 
best supporting services-factors 
of special significance to the tech
nical man. 
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WHY 
DO 

DU PONT 
MEN 
STAY 

DU PONT 
MEN 

? 
■ 

Whatever the reasons, a recent 
survey of ten large companies 
showed that DuPont's turnover 
rate among technical personnel is 
within a fraction of one per cent 
of being the absolute lowest! More
over, after five years of service, the 
majority of DuPont engineers and 
scientists remain for the rest of 
their careers. 

We think there's food for serious 
thought in these facts for new engi
neers, chemists, mathematicians 
and physicists who are determined 
to succeed. For more information 
about opportunities here, ask your 
Placement Officer for literature. Or 
write: E. I. du Pont de Nemours & 
Co. (Inc.), 2419-3 Nemours Build
ing, Wilmington 98, Delaware. 

Better Things for Better Living 
... through Chemistry 
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ENGINEERING AT MISSOURI 
(Continued from page 24) 

After Chapel the hundred or so 

students participating gathered at 
the columns amid a great deal of 
yelling and cheering. A few stu
dents brought band instruments 
and joined in the noise making. 
Finally, President Jesse came 
charging down the steps from the 
President's House and declared 

Months before March 17, 1905 
the engineering students began to 
lay plans for the celebration. It 
was decided that St. Patrick him
self would appear and receive the 
homage of his followers. That 
morning the Engineering Depart
ment marched to Chapel in a 
body. St. Patrick was there in 
his regalia carrying a primitive 

level made from willow sticks. 

The Grand Old Days-Before Prohibition 

that the holiday was illegal and 
the students taking part would be 
disciplined. Meanwhile, the band 
had started toward the Eighth 
Street entrance to the campus. 
President Jesse ended his har
angue by stating that gentlemen 

would return to their classes and 
rowdies would follow the band. 
Most of the engineers followed 
the band up-town. They also vis
ited the two girl's schools, Chris
tian and Stephens College. The 
originators, incidentally, got an 
additional "holiday" of one week. 

The 1904 St. Patrick doings 
were organized and directed by 
the 1905 class, then juniors. Pro
fessor Green, who had taken the 
demonstration of the previous 
year as a personal affront, threat
ened to fail any student in his 
classes who was not present on 
March 17. Many seniors who were 
taking his mechanics course for 
the second time could not afford 
the flunk. 
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After the c o n v o c a t i o n the 
'Guards' repaired to the Engineer
ing Building where the grand 
'Kow-Tow' was held. This formed 
the most impressive and imposing 
spectacle of the occasion. As St. 
Pat appeared the 'Guards' as

sumed an attitude of profound 
reverence-hats off, kn e e 1 i n g 
down, with noses deep in the sod 
-while St. Patrick holding his 
transit in a solemn benediction, 
dedicated and forever consecrated 
St. Patrick's Day as an Engineer
ing Holiday for the observance 
of the ceremonies enacted and 
established on this occasion. Some 
enterprising photographer caught 
a fine rear view with all the stu
dent posteriors pointing skyward, 
St. Pat with his upraised cane and 
Professors Defoe, Williams, Shaw 
and other spectators in the back
ground with amused smiles on 
their · faces. 

Possibly this ridiculous posture 
of the engineers in the Grand 

Kow-Tow served to divert the 
discipline committee from a posi
tion of sternness to one of amused 
tolerance. None of the engineers 
were disciplined this year and the 
St. Patrick's legend became firm

ly established. 
In 1906 the "Blarney Stone" 

bearing the marks of evidence 
that St. Patrick was an engineer 
was "discovered" by Veit Aull 
Hain of the civil engineering 
class of 1906, during the excava
tions for the foundations of the 
engineering annex building. For 
this reason the festivities this 
year were more elaborate. A re
incarnated St. Patrick arrived by 
airship which, well guarded, was 
exhibited with great pride by the 
engineering students. P o s t e r s 
printed in green announced the 
arrival of the good old patron 
Saint of the engineers. After the 
Grand "Kow-Tow" was perform
ed, each senior came forward and 
as he knelt and kissed the Blar
ney Stone was properly dubbed 
a Knight of St. Patrick. The cere
mony was concluded with the 
singing · of the well-known Mis
souri Engineer's song. 

The first issue of The Sham
rock appeared at the 1906 celebra
tion as a pamphlet in a green 
cover (about 4" x 7") and print
ed in green ink. It was dedicated 
on the flyleaf "To St. Patrick the 
perfect integral whose first de
rivative was an engineer." 

The high point in the 1907 cele
bration was that Professor Ar
thur M. Green, Jr., who had so 
fiercely resented the affairs of 
1903 and 1904, was dubbed as a 
Knight of St. Patrick, Honorary, 
summa cum laude, the first to 
receive this honor. President 
Jesse had so far relented by 1907 
that he not only approved the 
March 17 holiday for the engi
neering students, but he granted 
the whole University an hour re
cess during the morning cere
mony on the campus. 

The students who started the 
celebration in 1903 as an un-

(Co:ntinued on page 34) 
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HOW ENGINEERS MAKE NEW DESIGNS POSSIBLE AND PRACTICAL 

Illustration courteBY of Grad, Urbahn & Seelye. 

lnco Nickel helps give engineers the solution 
to metal problems in new radio telescope 

How do you design a precision instru
ment that will "see" 38 billion light 
years into space? This problem was 
answered by the engineers working 
on this revolutionary, new radio 
telescope. 

But these engineers faced another 
challenging problem-How do you 
actually build it? How do you build 
a telescope as tall as a 66-story build
ing with a reflector so big it could 
hold six football fields? 

How do you build a rotating mecha
nism that can swing this giant up or 
down, or sideways, to aim at any spot 
in the Universe with pin-point accu
racy? Just the tiniest amount of wear 
or distortion in this mechanism could 
throw the telescope millions of miles 
off target in the far reaches of space ! 

Where could they get construction 

MARCH, 1961 

materials tough and strong enough? 
Nickel gave them the answer! Nickel 
in steel gave these engineers a mate
rial tough enough to maintain pre
cision in the rotating mechanism even 
under the anticipated 20,000-ton load. 
And Nickel, to be used in the steel 
members, gave them the high strength 
at minimum weight needed to sup
port the giant reflector. 

The radio telescope is one of the 
many developments in which Nickel 
has solved important problems. Most 

probably you, yourself, in the near 
future, will be faced with problems 
just as difficult. When you are, you can 
count on Nickel-and the cooperation 
of Inco - to help get the job done ..• 
and done right! 

If you'd like to get acquainted with 
Nickel steels, write us for a copy of, 
"Nickel Alloy Steels and Other Nickel 
Alloys in Engineering Construction 
Machinery." Educational Services, 
The International Nickel Company, 
Inc., New York 5, N. Y 

International Nickel 
The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel 
Company of Canada, Limited (Inco-Canada) - producer of Inco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals. 
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Engineering News 

COMPACT CALCULATOR 

INTRODUCED BY CURT A 

COMPANY 

The Type 2 Curta calculator 
is a new lightweight calculating 
machine introduced for educators, 
researchers, students and techni
cians who require a precise "on
the-spot" answer for every type 
of mathematical ··operation. 

Combining the accuracy, speed 
and versatility of a large desk 
calculator with the portability of 
a pocket slide rule, the Curta has 
a capacity of 11 digits on the key
board, 8 digits on the indicator 
dial and 15 digits ( corresponding 
to 999 trillion) in the answer dial. 

Precision made of stainless steel 
and high grade anodized alumi
num a 11 o y s, the cylindrically 
shaped Curta is only 2-1/ 16 inch
es in diameter by 3-3/s inches high 
(about the size of a fishing reel) 
and weighs 12 ounces. Easily held 
and operated in one hand, the 
Curta is noiseless in operation, 
rust and corrosion-proof and does 
not require an external power 
supply. 

The main barrel assembly con
tains the 11 digit horizontal key
board with color coded setting 
knobs and movable white decimal 
markers. A number set on the 
keyboard remains unaltered until 
a calculation is completed. A 
driving axle with the unique step 
drum and reciprocal cog system 
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Type 2 Curta Calculator 

passes through the center of the 
machine and is actuated by a 
short radius operating handle de
signed for high speed operation. 
The knurled carriage contains the 
revolution counter, result dial 
and additional decimal markers. 
A single lever will clear the two 
dials, either simultaneously or in
dividually. 

A continuous tens transfer and 
reversing lever permits short-cut 
techniques in the basic operations 
of multiplication, division, addi
tion, subtraction and in multiple 
operations involving cubes, roots, 
percentiles and trignometric func
tions. Automatic stops prevent 
errors in operation or damage 
from overspeeding in fast opera
tion. 

BOB STEIERT, C.E. '62 

NEW KODAK MISSILE 

MATERIALS FOR INFRARED 

GUIDANCE SYSTEMS DESCRIBED 

AT OPTICAL MEETING 

New Kodak hot-pressed infra
red-transmitting optical materials 
for use under the temperatures 
and stresses of high-speed flight 
were recently described. 

One of the optical materials has 
retained infrared transmittance 
for an hour at temperatures of 
1,800 degrees F. This is several 
hundred degrees hotter than the 
temperature of molten aluminum. 

The infrared transmittance of 
a number of the new materials is 
unaffected by long periods at 
1,300 degrees. This is important 
if the infrared seeing "eyes" of a 
speeding missile are to operate 
at the high temperatures caused 
by friction in the earth's atmos
phere. 

The Kodak Irtran optical ma
terials can be selected to cover 
a wide range of infrared radiation 
and even radar waves. Thus they 
are valuable for systems that use 
a target-hunting combination of 
radar and infrared. 

They are m a d e in various 
shapes from projecting "domes" 
to windows or "eyes" for heat
seeking missiles. Because the 
materials have a range of optical 
properties, they may be used both 
for unaffected transmission, or for 
lenses to direct radiation to a cer
tain point. 
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Irtran optical materials are poly
crystalline compounds formed by 
special Kodak hot-pressing tech
niques into a variety of shapes 
and thicknesses. Hot-pressing con
verts powdered crystalline ma
terial to a hard non-porous solid 
through simultaneous heat and 
pressure. 

UNDERSTANDING OF SILICONE 
PAPER RELEASE PROMISES 

IMPROVED PRODUCTS 

A study of silicone release coat
ings for the paper industry has 
thrown new light on why silicones 
give outstanding release proper
ties. 

F. de Monterey reported that 
the point was not being reached 
where various hypotheses regard
ing physical properties of silicone 
release agents have been formu
lated and further understanding 
promises to lead to more -efficient 
release materials in the future. 

Two distinct kinds of release 
action were described. The first, 
which is termed "hydrodynamic" 
release, is due to a thin low-order 
multi-molecular layer of silicone 
oil, which is interposed between 
the substrate and the tacky ma
terial. This layer has such low 
cohesional energy that release is 
due to absence of any bonding or 
other interaction between silicone 
and adhesive, or silicone mole
cules between themselves. 

It was pointed out that a sec
ond kind of release action, found 
in the more recent silicone release 
materials, forms solid thin films 
when cured on paper substrates. 
Release from such a film shows 
no oiliness on the surface and is 
a phenomenon of a more complex 
nature. 

"We have considered intra-and
inter molecular forces between 
various 'modules' of silicone poly
mers," de Monterey explains, "ar
riving at the tentative conclusion 
that release is largely due to re
silience of a more or less orderly 
built-up I ayer of long chain 
methyl polysiloxane macropoly
mer. In this layer, a large assem-
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bly of macromolecules are inter
I o c k e d physically as well as 
chemically by r e a c t i v e cross
links." 

De Monterey terms these "bed
spring" molecules, which turn 
low-energy methyl groups to any 
surface while restoring forces of 
laterally or longitudinally-com
pressed molecular groups tend to 
add to release. His conclusion is 
that these molecules actually me
chanically repel adhesive sub
stances with a spring-like action. 

The immediate interest in the 
paper industry stems from the 
need for a release material which 
permits the manufacture of paper 
and paperboard products capable 
of releasing such materials as 
asphalt, latex, adhesives, etc. Sili
cone release agents are now avail
able which, when coated on car
tons used for packaging asphalt 
and other adhesive materials, al
low the carton to be peeled off 
without tearing or adhering to 
any noticeable extent. The result 
has been a considerable savings 
of time and effort throughout the 
industry. 

PUMP WITH UNUSUAL DESIGN 
FINDS WIDE ACCEPTANCE 

IN INDUSTRY 

Hailed as "the pump that never 
gets wet," the Randolph Pump 
operates on a principle designed 
to eliminate all contact of moving 
parts with the fluid being pump
ed. Intake and outlet are one 
continuous flexible tube which 
passes through the pump body 
where it is exposed to the squee
gee action of ball-bearing rollers. 

By selecting tubing material 
suitable to the liquid being han
dled, a wide variety of corrosive, 
sterile, and abrasive liquids or 
gases can be pumped without con
tamination or injury to the pump. 

The pump's versatility has re
sulted in its immediate acceptance 
by many diverse industries utiliz
ing processes where corrosion, 
contamination or abrasion were 
once a problem. Among these in
dustries are firms engaged in the 

Cut away view of Randolph Pump 

production of beverages, biochem
icals, electro-plating, foods, frost
ed glass, paper pulp, pharmaceu
ticals, photo-engravings, plastic 
resins, synthetic fibers, textiles, 
and TV picture tubes. 

CLEAR, FLEXIBLE SILICONE 
POTTING MATERIAL FOR 
ELECTRONIC ASSEMBLIES 

A new clear silicone potting and 
embedding compound that pro
vides mechanical and dielectric 
protection for electronic compo
nents and assemblies has been de
veloped by G .E. Called LTV 602 
(low temperature vulcanizing) 
clear silicone potting compound, 
it cures at 70° to 80°C to a flex
ible, resilient solid. 

LTV-602 provides excellent pro
tection against shock, vibration, 
moisture, ozone and corona and 
other environmental hazards of 
the space age. Unlike jelly-like 
potting compounds, the cured 
material is self-supporting and 
non-flowing, providing for ease of 
handling as well as continual ex
clusion of dust and other con
taminating particles. Components 
imbedded in the material can, 
however, be readily identified, re
paired or replaced by removal of 
a section with a sharp instrument. 
New material can be poured into 
the cutout section and cures with
out leaving evidence of repair. 

Because of its low visxosity in 
uncured form (800 to 1500 centi
poises) , L TV-602 flows freely in 
and around complicated parts. 
Delicate parts are not damaged by 
stress during cure. 

( Continued on page 30) 
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( Continued from page 29) 

STAINLESS STEEL MUFFLER 

For the first time in the auto in

dustry a new muffler made of a 
new stainless steel is going on an 

American production car. More 
than 50 per cent of the muffler 

will be stainless steel with stain
less being used in critical areas. 

The new muffler Ford Motor 

Company is now putting in the 

1961 Thunderbird will last at least 

three times as long as the stand

ard muffler used on most of to

day's automobiles. 
The new steel for the improved 

muffler is called MF-1. 
Metallurgists estimate that the 

MF-1 steel is from five to six 
times more corrosion resistant 

than aluminized steel and from 15 
to 18 times more corrosion resist

ant than conventional mild steel 
now being used in most of today's 

mufflers. 
The Thunderbird uses a dual 

exhaust system- which calls for 

two mufflers using stainless steel. 
Each of these mufflers weighs 13-
pounds or a total of 26-pounds per 

car. The stainless steel used in 
making each muffler is 7-pounds 

or a total of 14-pounds per car. 
While the muffler steel was be

ing developed, test mufflers, using 

the special MF-1 material, were 

being used on a number of cars 

throughout the country. These 

tests proved the worth of the new 

material. 
On the Tl-iunderbird the MF-1 

material is used for the inner 
shell, one baffle, and the heads of 

the muffler. These are the areas 

that take the corrosive wear. The 
inner shell and baffle are of .036 
gauge and the heads are of .048 
gauge. 

It was reported that MF-1 has a 
chrome content of about 11 per 

cent with titanium and other ele
ments added to give the steel its 

properties. MF-1 steel is cor
of 1956. In 1958 he was made a 

Professor of Industrial Engineer
ing and chairman of the newly 

( Continued on page 38) 
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URANIUM 
(Continued from page 9) 

of the reactor tubes. 
The "A" reactor tube (see fig. 

1) is designed to control the tem

perature in four different sections 

by the use of heating coils and 
cooling fans. However, the reac

tion between UO2 and hydrogen 
fluoride is so rapid that the tem
perature at the center of the "A" 

tube (where the lag of cooling 
effect is the greatest) exceeds the 

sintering temperature of 930°F 

and sintering takes place. Since 

about 85 per cent of the fluorina
tion reaction takes place in the 

"A" tube, the control of tempera

ture in the other tubes "B" and 
"C" is not as critical and can be 

controlled as desired. 
A relatively new approach to 

a better control of temperature 
in the "A" tube, and thereby a 
lower contamination of sintered 

particles in the product, is the 
counter-current feeding of hydro

gen fluoride azeotrope into the 

"A" tube. (See fig. 1) 
The heat capacity of hydrogen 

fluoride azeotrope is higher than 
anhydrous h y d r o g e n fluoride . 

This higher heat capacity of the 
azeotrope causes a dampening af

fect on a sudden change of tem
perature. At a temperature of 

120°C and one atmosphere of 

pressure, the azeotrope is 65.47 

mole per cent water. This pro

cedure has been proven by actual 

application to reduce the amount 

of contamination caused by tem
peratures above the sintering 
temperature of UF 4 • The result 
is a smaller quantity of AOI (am

monium oxalate insoluble). AOI 

is one result of sintering, but 
other reasons for incomplete re
action also produce AOL It is a 

partially unreacted UO2 particle 

with a coating of ceramic like 
UF4. However, a disadvantage of 

using azeotrope is its high cor
rosive properties. 

To keep the hydrogen fluoride 
in a closed circuit, seal weigh hop
pers are placed at the UO2 feed
ing screw and at the UF 4 product 

screw conveyor (see fig. 1). 

The green salt is then conveyed 
to a blender and packaged. From 

the packaging station, the green 

salt will either be sent to the 

metal plant for reduction to free 

uranium or to gaseous diffusion 
plants (cascades) for other atomic 

uses. 
The specifications required by 

the metal plant determine if the 
green salt will be used in the 

metal process. The approximate 

specifications of UF 4 are: 
Component Percent 

Uranium tetrafluoride ____ 96.5 
Water soluble ____________________ 2.3 

AOI -------------------------------------- 1.2 
A small amount of trace ele

ments a_re permitted, but special 

care must be made to stay below 
this maximum specification. One 

particular element that can con
taminate the UF 4 and cause cas

cade rejection is molybdenum. 
This element is not high enough 

in concentration in the incoming 

ores to exceed the cascades speci
fication. (Approximately 10 ppm.) 

The screw conveyor in the con

tinuous reactor is made of Hastel
loy "C"; which contains 16-18 per 

cent molybdenum. During opera
tions enough Hastelloy "C" is re
moved continually from the screw 

by abrasion to contaminate the 
UF 4 with molybdenum. The total 

amounts of molybdenum removed 

by abrasion and that contained in 
the incoming ore may be enough 

to exceed the specifications set by 
the cascades for per cent molyb

denum. 
New and different processes are 

being studied for the production 
of uranium metal. One process is 

the use of fluid beds to directly 
fluorinate UO3 • Another is the 
reduction of uranium by a elec

trolytic cell directly from UO2. 
Problems of handling uranium 

are beyond the normal range of 
standard equipment since it is 

1 ½ times heavier than lead. 
_Corrosion problems, along with 

other usual chemical processing 

problems, complicate the overall 
process in producing the high de

gree of purity that is required for 
produtjng uranium metal. 
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IMPORTANT DEVELOPMENTS AT JPL ••• 

PIONEERING IN SPACE RESEARCH 
The Jet Propulsion Laboratory has been assigned 
responsibility for the Nation's program of unmanned 
lunar, planetary, and interplanetary exploration. The 
objectives of this program are to contribute to mankind's 
fundamental knowledge of space and the space environ
ment and to contribute to the development of the tech
nology of space exploration. For the next ten years, as 
larger booster vehicles become available, increasingly 
versatile spacecraft payloads will be developed. 

JPL will conduct the missions, utilizing these spacecraft 
to orbit and land on the moon, to probe interplanetary 
space, and to orbit and land on the near and far planets. 

Earliest of these spacecraft will be the "Ranger" series 

now being designed, developed and tested at JPL. The 
mission of this particular series will include first, explora
tion of the environment and later the landing of instru
mented capsules on the moon. 

Never before has such a wide vista of opportunity, or 
a greater incentive been open to men trained in all fields 
of modern science and engineering. Every day at JPL new 
problems arise, new theories are advanced, new methods 
tested, new materials used and new principles discov
ered. This creates a stimulating work atmosphere for 
trained individuals and an unlimited field for constructive 
development of a long-range and rewarding career. 
Wouldn't you like to take part in it? 

't'J 

Illustrated is a "Ranger" 
proof-test model undergoing 
design verification testing in 
one of the laboratories at JPL. 
Here design features are 
tested and proved, operational 
procedures developed and 
handling experience gained for 
the actual construction of the 
initial flight spacecraft. 

These spacecraft will be among 
the earliest pioneers in the 
development of space science • 

• .JET PROPULSION LABORATORY 
Operated by the California Institute of Technology under contract with the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Graduate Students in these fields 
INFRA-RED• OPTICS • MICROWAVE• SERVOMECHANISMS• COMPUTERS• LIQUID AND SOLID PROPULSION• STRUCTURES• CHEMISTRY 

INSTRUMENTATION • MATHEMATICS • ENGINEERING MECHANICS • TRANSISTOR CIRCUITRY AND SOLID STATE PHYSICS 
Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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Shamrocks 

Should 

Be Made 

Of These 

'Tis seldom indeed that our 
dreary olde laboratory is dressed 
up with such pretty young col
leens; let's look in on them and 
see what they are doing. 

On the opposite page we find 
Marion Phillips resting after a 
hard day in ME 81. Pat Miller just 
cannot make up her mind; should 
she dry lab this report or not? 
Gail Kennedy has decided to give 
it all up and just rest a bit. Bar
bara Kolher, however, is working 
hard to finish her stress analysis; 
while Billie Estep ponders on the 
mysteries of a brass sample. 

On this page we see Queen 
'Little Bit' has decided to run the 
experiment after all. Any volun
teers for lab partners? 



ENGINEERING AT MISSOURI 

(Continued from page 26) 

scheduled frolic did not suspect 
that there was a perfectly legiti
mate reason for making March 17 
a holiday. But perhaps the read
er will recall that it was on March 
17, 1863 that the endowment of 
land for a College of Agricul
ture and Mechanic Arts by the 
Federal government was unani
mously accepted by the General 
Assembly of Missouri. It was ap
propriate, therefore, to celebrate 
this date in a fitting manner. 

The setting aside of March 17 
as Engineer's Day and the ob
serving of St. Patrick traditions 
from year to year fostered a 
wholesome and enthusiastic spirit 
of cooperation among the stu
dents and faculty. It was this 
fine energetic spirit that enabled 
the College of Engineering of the 
University of Missouri to attain 
a position of prominence among 
the technical institutions of the 
Middle West. 

With the establishment of the 
Engineering Experiment station 
July 1, 1909 through the efforts 
of Dean Shaw the College was 
better able to serve the state and 
its citizens. Research work was 
organized on a more satisfactory 
basis and bulletins were pub
lished describing the research 
projects. 

A department of agricultural 
engineering was established in 
1917 to be administered jointly 
by the divisions of agriculture 
and engineering. Its curriculum 
was planned to prepare the stu
dent to design, make, and operate 
farm machinery, to superintend 
irrigation, drainage and errosion 
control projects, and design and 
construct farm buildings. 

Continued expansion and prog
ress was halted by the great de
pression of the early 30's when 
many of the students and faculty 
were forced to leave the campus. 
The physical plant of the College 
and the laboratory equipment de
teriorated because of lack of 
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maintenance. But with the re
turn of industrial activity and the 
aid of federal grants the College 
of Engineering began to progress. 

The new Engineering Labora
tories Building was constructed 
and has since received new addi
tions. New equipment and ex
perimental materials were ob
tained. As new products are 
invented and produced, the Col
lege of Engineering keeps abreast 
with or ahead of the new trends, 
often aiding in their development. 

A well-equipped communica
tions laboratory had been in
stalled through the generosity of 
the American Telegraph Com
pany and its subsidiary, the 
Southwestern B e 11 Telephone 
Company, and as one of the re
sults the College of Engineering 
has trained and developed scores 
of top communications engineers. 
It may be significant that four 
out of the twenty major presiden
cies in the AT&T and Bell Sys
tem are held by engineering 
graduates of the University of 
Missouri, including the presidency 
of the parent Company. 

World War II was another se
vere set-back to the College of 
Engineering as it was to all other 
colleges, but in the post-war ex
pansion enrollment jumped to an 
all-time high of more than 1,500 
students on the Columbia campus 
and more than 2,700 in the Uni
versity's School of Mines and 
Metallurgy at Rolla. Enrollment 
has dropped back to the near
normal of 675 students in engi
neering at Columbia and 1,100 at 
Rolla. 

During the war the College 
participated in the University's 
training of service personnel and 
also established and operated a 
special diesel training school for 
enlisted personnel of the U.S. 
Navy producing more than 5,000 
graduate diesel engineering spe
cialists for Navy service. In ad
dition the College participated in 
the Government's Engineering, 
Science and Management War 
Training program setting up an 

extension program under which 
it trained more than 3,600 war in
dustry workers in special pro
duction jobs. 

Since the war the activities of 
the Engineering Experiment Sta
tion have been greatly expanded 
and the College of Engineering 
has developed a greatly expand
ed extension and adult education 
program through cooperation with 
the University's Adult Education 
and Extension Service, providing 
scores of special schools, short 
courses, conferences, clinics, and 
other educational programs and 
refresher courses for practicing 
engineers and industrial workers. 
Several thousand persons are 
served annually under this public 
service. 

Yet, the primary obligation of 
the College of Engineering is to 
its students; to give them a thor
ough knowledge of the funda
mental principles of their profes
sion and the know-how to attack 
engineering problems. Each stu
dent as he assumes his position of 
an alumnus is an individual meas
ure of the success of the College. 

Acknowledgement: Portions of 
this article are based on "The 
University of Missouri" by W. J. 
Menteer and "Engineering at The 
University of Missouri" by M. P. 
Weinbach. 

And then there was the inebri
ated E.E. who was arrested for 
feeding the squirrels in the park. 
He was feeding them to the lions. 

Answer to a question on a 
Physics test: A meter is the dis
tance between two bars in Paris. 

• 
It's a fact: If you drink a gallon 

of milk a month for 1200 months, 
you'll live to be a hundred years 
old. 

Lyn: "I don't like Bill. He 
knows to many dirty songs." 

Jo: "Does he sing them to you?" 
Lyn: "No, he whistles them!" 
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TRANSISTOR 
(Continued from page 13) 

applied.4 It is this property that is 
of interest, i.e., the ability to pass 
current flowing in one direction, 
but preventing current in the op
posite direction to flow across the 
junction. 

Transistor Operation. There are 
two major types of transistors, 
the point contact type and the 
junction type. The junction type 
transistor is a crystal formation 
of p type and n type semiconduc
tors. The transistor selected for 
description is the NPN junction 
type. This type was selected as 
its operation is somewhat analo
gous to the triode vacuum tube. 
This analogy was chosen because 
the triode vacuum tube is rela
tively familiar to those associated 
with electronics. 

In a NPN junction transistor as 
shown in Fig. 4, the base region 
(the p-type semiconductor) is 
very thin, usually less than .001 
inch thick. This is necessary so 
that the electrons from the emit
ter may diffuse through the base 
to the collector quite rapidly. 

The similarities between a tri
ode vacuum tube and the NPN 
junction transistor can be seen 
by referring to the schematic dia
grams in Fig. 4. The plate of the 
vacuum tube corresponds to the 
collector of the transistor. They 
are both connected through the 
load resistor to a positive voltage 
supply. The cathode of the vac
uum tube and the emitter of the 
transistor emits electrons to the 
plate of the vacuum tube and to 
the collector of the transistor re
spectively. The grid of the vacu
um tube and the base of the trans
sistor are similar in that the grid 
controls the amount of electrons 
reaching the plate of the vacuum 
tube and the base controls the 
amount of electrons reaching the 
collector of the transistor. The 
major differences between the 
transistor and vacuum tube is 
that that input impedance of the 
transistor is much lower than the 
vacuum tube. Due to this low 
input impedance, transistors are 
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usually considered as current con
trol devices whereas v a c u u m 
tubes with their higher input im
pedances are usually considered 
as voltage control devices. An
other important difference be-

COLLfCTOII 

N 

(a) (b) 
Fig. 4. 

(a) NPN Transistor 
(b) Triode Vacuum Tube 

tween the transistor and vacuum 
tube is that a NPN transistor may 
have an exact complement, i.e., a 
PNP type transistor with charac
teristics identical to the NPN type 
show in Fig. 4. The only differ
ence in a circuit hook-up using 
a PNP type transistor is that the 
polarities of the batteries would 
have to be reversed. It is impos
sible for a vacuum tube to have 
a complement because a vacuum 
tube cannot operate with a nega
tive plate voltage. 5 

Transistor Applications. The 
transistor has many applications; 
some of these were mentioned in 
the "Short History of the Transis
tor." An interesting application 
of transistors is their use in 
"High-Fidelity" audio amplifiers. 
There are no hum problems as are 
sometimes caused by the fila
ments of a vacuum tube. The in
herent low impedance character
istic of the transistor provides 
better matching to magnetic pick
ups and loudspeakers. This im
proved impedance matching re
sults in a more efficient power 
transfer. 

A switch is a device which has 
a very high resistance when open 
and a very low resistance when 
closed. There are many electronic 
circuits that require high speed 
switches. The transistor is ideally 
suited as there are no moving 
parts to wear out and the transis
tor is easily actuated with very 
little input power. 

One of the most important ap
plications of the transistor is its 
use in the digital computer. The 

transistor's small size, its long 
life, and its low input power re
quirement are f a c t o r s which 
makes it very desirable in com
puter design.6 

Another interesting transistor 
project developed by the NHK 
Technical Research Laboratory in 
Tokyo, Japan, is a portable tele
vision camera-transmitter. This 
laboratory has also developed 
s t an d a r d sync-generators and 
field-type image-orthicon cam
eras. 7 

One of the more rugged high
speed switching transistors, the 
2N-1473, is capable of surviving 
shocks 20,000 times the accelera
tion of gravity. This transistor 
was designed for use in teleme
tered torpedoes, projectile fuses, 
electronically guided high-impact 
missiles and other applications 
where e x t r e m e acceleration 
shocks are encountered.8 

The above mentioned examples 
of the application of transistors 
indicate the diversity of these 
amazing devices. The transistor 
has played many important roles 
in the electronics industry during 
the past ten years. It is reason
able to assume their importance 
to the electronic industry will in
crease as better transistors are 
developed. Their importance will 
also be increased as their cost is 
reduced. This cost reduction will 
result as the manufacturing tech
niques of transistors become more 
efficient. 

END NOTES 
1 Louis E. Gamer. Transistors and 

Their Application in Television, Radio 
and Electronics. 2nd. ed. Chicago: Coyne 
Electrical School, 1954. pp. 12-13, 16-17. 

2 E. Gollieb, F . W. Gutzwiller and 
D. V. Jones. General Electric Transistor 
Manual. 4th. ed. New York: General 
Electric Company, 1954. p. 5. 

3 Thomas L. Martin. Physical Basis 
for Electrical Engineering. Englewood 
Cliffs, N.J.: Prentice-Hall, Inc., 1957. 
pp. 184-185. 

4 Leonard M. Krugman. Fundamen
tals of Transistors. 1st. ed. New York: 
John F. Rider Publisher, Inc., 1954. 
pp. 5-7. 

5 Gollieb, Gutzwiller and Jones, pp. 
9-11. 

6 Gollieb, Gutzwiller and Jones, p. 58. 
7 K. Hiwatashi and Y. Fuzimura. 

"Application of Transistors to Video 
Equipment." Semiconductor Products. 
May, 1960. pp. 45-46. 

B Samuel L. Marshall. "New Prod
ucts." A monthly article found in Semi
conductor Products. June, 1960. p. 65. 
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USER TAX 

(Continued from page 15) 

the windfalls going to the indirect 
user. This provides an excellent 
source of revenue should a stand
ard of tax equity be established. 

If a general non-user tax is 
levied, highways then assume a 
"public" nature, for instance, na
tional defense. However, this 
method may be just as artificial as 
having only the users pay for the 
highways. A more obvious ex
ample may be made of the cur
rent farm program. It is quite 
obvious that farm subsidy is arti
ficial. The farm surplus indicates 
that the buyer's demand has been 
exceeded. A brutally realistic 
solution to the farm problem 
would be to let them starve or to 
be absorbed into other industries. 
This reflects what the economists 
call "neutrality." If a service is 
over-subsidized, the general well
being of an industry is hard to de
fine. Intuitively, it might result 
in a "market crash" like the one 
in 1929, only restricted to one in
dustry. The financing of an indus
try would be out of phase with the 
actual rise and fall of demand. 

It was unlikely that anyone 
foresaw the present competition 
between modes of transportation 
that exist now. "Ordinary eco
nomic prudence dictates that each 
transportation agency bear full 
economic costs if traffic is to be 
allocated among them in relation 
to the economy and fitness of 
each."8 "Willingness to pay for 
improvements provide a rough in
dication of the desirability of 
undertaking them."9 Imposing di
rect user charges provides a built
in restraint to highway demands 
that would be absent if only gen
eral or non-user taxation were 
used for highway support. De
mand sums up the interest of in
dividuals in various products. The 
cost reflects the value of a re
sources, human and material, used 
in providing them. There is thus 
no overall collective judgment of 
what the public requires. Whether 
to use a highway .or not is a pri-
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vate decision and by no means 
public. User taxation facilitates 
the sound budgeting of highway 
funds by providing a continuing 
source of revenue upon which the 
general treasury has no outright 
claim. Although the legislatures 
themselves set the rates of user 
taxation2 there is less reliance on 
the capriciousness of a legislature 
than if highways were largely fi
nanced out of the general treas
ury. It has been admitted that 
legislatures are motivated by 
other reasons than the ones de
scribed above. Their decisions are 
apt to be in response to party 
politics, log-rolling, and the per
ennial sickness of uninformed 
public opinion. 

Taxes against the automobile in 
excess of the benefits which it en
joys may be as just and reason
able as taxes on other objects for 
the general upkeep of government 
which are levied against taxpayers 
without regard to the particular 
benefits they may enjoy from 
government services. The fact 
that user charges do not serve all 
possible objectives perfectly is of 
small consequence. User taxation 
is a convenient and workable 
method of financing a vital eco
nomic function which the govern
ment must undertake. Probably 
there are better ways of raising 
taxes than the gasoline tax, but 
there are worse. For example, 
the retail sales tax, which includes 
in its assessments, most of the 
necessities of life. 

1 Pittsburg Post-Gazette (Pittsburg, 
Penna.), Jan. 2, 1961. 

2 Special Funds Budget Message of 
Governor David L. Lawrence, May 6, 
1959. He proposed an increase in the 
gasoline tax of one cent per gallon, in
crease in the registration fee from $10 
to $15, and an increase in the cost of 
driver's licenses from $3 to $5. The in
crease in funds collected by this means 
amounts to $117 million in a biennial 
budget of nearly $1 billion. Federal 
funds amount to $333 million. The bill 
was eventually passed. 

3 Richard M. Zettel, "Objectives and 
Concepts of Highway User Taxation," 
Highway Research Board, Bulletin 92. 
p.1. 

4 Some states, Pennsylvania for ex
ample, are beginning to finance high
ways by issuing bonds. 

5 M. Z. Kafoglis, "Price Theory and 
Tax Equity in Highway Finance," High
way Research Board, Bulletin 222. pp. 

34-35. 
6 Kafoglis, p. 36. 
7 Kafoglis, p. 36-37. 
s Zettel, pp. 3-4. 
9 Wilfred Owen, "Transportation and 

Public Promotional Policy," U. S. Na
tional Resources Board, 1942, p. 257. 
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"I've heard you've had a ter-
rible time with your jalopy." 

"Yeah." 
"What happened?" 
"Well, I bought a carburetor 

that saved 30 per cent on gas, a 
timer that saved 50 per cent on 
gas, and spark plugs that saved 30 
per cent on gas, and after I drove 
10 miles the darn gas tank over
flowed." 

• The little girl was entertaining 
the visitors while her mother was 
getting ready. One of the ladies 
casually remarked to the other, 
"Not very p-r-e-t-t-y," spelling the 
word. 

"No," retorted the child, "but 
awfully s-m-a-r-t." 

• A patient at a mental institution 
was discharged and was having 
his final interview with the direc
tor. "What will you do when you 
get out?" he asked. The patient 
thought and said: "Well, I may go 
back to M. U. and finish work 
on my chemical engineering de
gree. Then on the otherhand, I 
may just be a teakettle." 
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Energy conversion is our business 

LISON 
Division of General M otors, Indianapolis 6, Indiana 
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FACULTY 
(Continued from page 16) 

organized Industrial Engineering 
Department at Mizzou, which 
capacity he fills today. 

He is presently the advisor for 
the A.I.LE. chapter at M.U. and 
one of the advisors for the Mis
souri Shamrock. Some other in
terests include being Editor of 
"The Cogwheel" of Alpha Pi Mu, 
past member of the Editorial 
Board of A.I.LE. and past chair
man of the Publications Coordi
nation Committee of A.I.I.E. The 
Professor is also affiliated with 
numerous engineering societies 
and is Project Director of the 
Mid-Missouri Development Sur
vey located at the university. 

Dr. Eastman is truly a credit to 
his profession, the College of En
gineering and the University of 
Missouri. He is a living example 
that hard work nets big results. 

ENGINEERING NEWS 
( <;ontinued from page 30) 

rosion resistant, unusually ductile 
and very easy to weld. 

MACHINE PERFORMS TENSILE, 

COMPRESSION, AND GUIDED 

BEND TESTS 

Tensile, compression, and guid
ed bend tests can all be made on 
a single machine just announced 
by Steel City Testing Machines, 
Inc. Motor and hydraulic power 
unit are located within the base 
of the tester, and the controls are 
conveniently mo u n t e d on the 
front. Model TE-10-AS has a ca
pacity of 10,000 pounds, and is 
equipped with two gages to regis
ter the load applied in two ranges. 
Similar machines having other 
capacities can be provided. 

Guided bend testing, which 
consists of bending butt-welded 
samples that are originally flat 
into U-shapes at the welds, is 
performed in the compression 
testing area of the machine. The 
fixture, w hi ch conforms with 
AWS, ASME, ASTM, and U.S. 
Government specifications, con
sists of a punch secured to the 
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FREEi 

for those CfJlculfltions in ClflSS 
and in Bull Sessions 

A handy slide rule is offered to acquaint you with my services. 

If you are soon going to · 
graduate, you'll be interested 
in learning about New York 
Life's program of life insurance 
especially suitable for college 
students. 

You can select from a wide 
variety of attractive plans. And 
because you are young and still 
a student, you enjoy the money
saving advantage of low pre
mi um rates . What's more, 
through my personal arrange
ment you can defer payment of 
the first premium until after 
you graduate. 

Send the coupon today for 
your Pocket Slide Rule. No 
obligation. 

underside of the upper platen and 
a die mounted on the middle plat
en by means of two locating pins. 
Fixtures are quickly interchange
able to permit testing butt-welded 
specimens of various thickness. 

When used as a tensile testing 
machine, the lower jaw holder is 
placed in one of the three sets of 
slots, to suit the specimen length. 
A variety of jaw inserts are avail-

. able to hold specimens up to ½ 
inch thick by 1 ½ inches wide, or 
¾ inch in diameter. The machine 
shown will accommodate speci
mens up to 8 inches long; other 
models will handle longer speci
mens. 

For compression testing, the 
guided bend fixture is replaced 
by a pair of hardened compression 
plates. The space available for 
compression testing is 9½ inches 
high by 8 inches between the ver
tical pulling rods. 

A feature of the machine is its 
compactness, with a floor space 
of only 14 by 24 inches, an over
all height of 7 4 inches, and a 
weight of about 500 pounds. Also, 

VERN DOWELL 
1015 East Broadway 

COLUMBIA, MISSOURI 
P. 0. Box 192 

GI 2-4237 

r---------------
Name 

Address 

Phone 

Date of Birth 

the cost, which depends on the 
number .Qf jaws and guided bend 
fixtures required, is low, making 
it practical for performing routine 
tests instead of doing them on 
more elaborate and expensive 
testing machines. 

THE LIFE OF A JOKE 
Birth-A freshman thinks it up 

and laughs out loud, waking two 
Sophomores in the back row. 

Age 5 minutes-Freshman tells 
it to a Senior, who answers: "It's 
funny, but I've heard it before. 

Age 1 day-Senior turns it in to 
a college magazine as his own. 

Age 2 days-Editor thinks it's 
terrible. 

Age 10 days-Editor has to fill 
magazine, so joke is printed. 

Age 1 month-Thirteen college 
comics reprint it. 

Age 3 years-Seventy-six radio 
comedians discover it simultane
ously and tell it accompanied by 
how ls of mirth from the boys in 
the orchestra ($5.00 per howl) . 

Age 10 years-Professors start 
telling.it in class. 
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If your sights are set on space survival-

Scientist photographs the development of experimental "lunar" 
plant at the Republic Aviation Corporation's "Lunar Garden." 

-you'll find Photography at Work with you 
Solving the problems of a human 
being living in outer space has 
become the task of scores of engi
neers, chemists and botanists. And 
serving them as a valuable working 
tool is photography. It records the 
growth of experimental plants and 
fungi that can well become the 
space voyager's food supply. Through 
autoradiography it can show the 
absorption of cosmic radioactive 
material, trace its circulation within 
the organism. 

There's hardly a field on which 

you can set your sights where pho
tography does not play a part in 
advancing work and simplifying 
routine. It saves time and expense 
in research, on the production line, 
in the engineering and sales depart
ments, and in the office. 

So in whatever you plan to do, 
take full advantage of all the ways 
photography can help. 

CAREERS WITH KODAK: 

With photography and photographic 
processes becoming increasingly 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 

important in the business and indus
try of tomorrow, there are new and 
challenging opportunities at Kodak 
in research, engineering, electronics, 
design, sales, and production. 

* * * 
If you are looking for such an 

interesting opportunity, write for 
information about careers with 
Kodak. Address: Business and 
Technical Personnel 
Department, Eastman 
Kodak Company, 
Rochester 4, N.Y. 



Several surveys indicate that salary is 
not the primary contributor to job 
satisfaction. Nevertheless, salary con
siderations will certainly play a big 
part in your evaluation of career op
portunities. Perhaps an insight into the 
salary policies of a large employer of 
engineers like General Electric will 
help you focus your personal salary 
objectives. 

Salary-a most individual and per
sonal aspect of your job--is difficult to 
discuss in general terms. While recog
nizing this, Mr. Case has tried answering 
as directly as possible some of your 
questions concerning salary: 

Q Mr. Case, what starting salary does 
your company pay graduate engineers? 

A '· Well, you know as well as I that 
gra9uates' starting salaries are greatly 
influenced by the current demand for 
engineering talent. This demand es
tablishes a range of "going rates" for 
engineering graduates which is no doubt 
widely ~nown on your campus. Be
cause General Electric seeks outstand
ing men, G-E starting salaries.for these 
candidates lie in Qle upper part of the 
ra.nge of "going rates." And within 
General Electric's range of starting sal
aries, each candidate's ability and 
potential are carefully evaluated to de
termine his individual starting salary. 

Q How do you go about evaluating 
my ability and potential value to your 
company? 

A We evaluate each individual in the 
light of information available to us: 
type of degree; demonstrated scholar
ship; extra-curricular contributions; work 
experience; and personal qualities as 
appraised by interviewers and faculty 
memberi;;. These considerations deter
mine where within G.E.'s current sal
ary range the engineer's starting salary 
will be established. 

One of a series 

Interview with 
General Electric's Byron A. Case 
Manager-Employee Compensation Service 

Your Salary 
at ·oeneral Electric· 

Q When could I expect my first salary 
increase from General Electric and how 
much would it be? 

A Whether a man is recruited for a 
specific job or for one of the principal 
training programs for engineers-the 
Engineering and Science Program, the 
Manufacturing Training Program, or 
the Technical Marketing Prograqi-his 
individual performance and salary are 
reviewed at least once a year. 

For engineers one year out of col
lege, our recent experience indicates a 
first-year salary increase between 6 and 
15 percent. This percentage spread re
flects the individual's job performance 
and his demonstrated capacity to do 
more difficult work. So you see, salary 
adjustments reflect individual perform
ance even at the earliest stages of 
professional development. And this 
emphasis on performance increases 
as experience and general competence 
increase. 

Q How much can I expect to be making 
after five years with General Electric? 

A As I just mentioned, ability has a 
sharply increasing influence on ·your 
salary, so you have a great deal of per
sonal control over the answer to your 
question. 

It may be helpful to look at the cur
rent salaries of all General Electric 
technical-college graduates who re
ceived their bachelor's degrees in 1954 
(and now have over 5 years experience). 
Their current median salary, reflect
ing both merit and economic changes, 
is about 70 percent above the 1954 
median starting rate. Current salaries 
for outstanding engineers from this 

class are more than double the 1954 
median starting rates antl, in some 
cases, are three or four times as great. 

Q What kinds of benefit programs 
does your company offer, Mr. Case? 

A Since I must be brief, I shall merely 
outline the many General Electric em
ployee benefit programs. These include 
a liberal · pension plan, insurance plans, 
an emergency aid plan, employee dis
counts, and educational assistance pro
grams. 

The General Electric Insurance Plan 
has been widely hailed as a · "pace 
setter" in American industry. In addi
tion to helping employees and their 
families meet ordinary medical expen
ses, the Plan also affords protection 
against the expenses of "catastrophic" 
accidents and illnesses which can. wipe 
out personal savings and put a ·· family 
deeply in debt. Additional coverages in
clude life insurance, accidentai death 
insurance, and maternity benefits: · 

Our newest plan is the Savings and 
Security Program which permits · .~~~ 
ployees to invest up to six percent of 
their earnings in U.S. Savings Bonds 
or in combinations of Bonds and Gen
eral Electric stock. These savings are 
supplemented by a Company Propor
tionate Payment equal to SO perc;ent 
of the employee's investment, subject 
to a prescribed holding period. 

If you would like a reprint of an · 
informative article entitled," How 
to Evaluate Job Offers" by Dr. L. 
E. Saline, write to Section 959-14, 
General Electric Co., Schenectady 
5, New York. 

~gress Is Ovr Mosf lmporlt1nf Plotlvd 
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This is an 
artist's concept of 

the world's biggest 
radio telescope 

This giant telescope will use radio 
waves to locate objects that are bil
lions of light years out in space. The 
dish-shaped mirror will be 600 feet in 
diameter-about the size of Yankee 
Stadium. It will be the biggest mov
able radio telescope ever known. · 

As you'd imagine, it is going to take 
a lot of material to build an instru
ment this size. The American Bridge 
Division of United States Steel, as a 
major subcontractor, is fabricating 

and erecting 20,000 tons of structural 
steel for the framework alone. The 
U. S. Navy through the prime con
tractor is supervising the entire job. 
When it's completed, there'll be a 
power plant, office buildings and per
sonnel facilities for a permanent 500-
man crew. The site is near Sugar 
Grove, West Virginia. 

United States Steel produces many 
of the materials that are essential for 
construction: Structural carbon steel; 
high strength steels; alloy steels; stain
less steels; steel piling; steel drainage 
products; cements; slag; reinforcing 
bars; welded wire fabric; wire rope; 
steel fence; electrical cable; and other 
allied products. 

The most important building pro-

This mark identifies modern, dependable steel . 
Look for it on consumer products. 

jects in our nation depend on steel. 
And sf-eel depends on men like you. If 
you would like to find out about the 
many engineering, financial analysis 
or sales career opportunities at U.S. 
Steel, send the coupon. 

USS is a registered trademark 

United States Steel Corporation 
Personnel Division, Room 6250 
525 WIiiiam Penn Place 
Pittsburgh 30, Pennsylvania 
Please send me career information 
about U.S. Steel. 
Name ___________ ~--

SchooJ ____________ _ 

Address ____________ _ 

City _____ Zone_ State ___ _ 

~ United States Steel 



ENGINEERS: For full information on rewarding career opportunities at Westinghouse write to 
L. H. Noggle, Westinghouse Educational Department, Ardmore & Brinton Roads, Pittsburgh 21, Pa. 



Advanced power conversion systems 
for space vehicles utilizing energy of the sun or 
heat from a nuclear reactor are now being devel
oped by Garrett's AiResearch divisions. Under 
evaluation are dynamic and static systems which 
convert heat into a continuous electrical power 
supply for space flight missions of extended dura
tion. Component and material developments for 
these systems are being advanced in the fields of 
liquid metals, heat transfer, nonmechanical and 
turboelectric energy conversion, turbomachinery, 
alternators and controls. 

Besides solar and nuclear power systems for 
space applications, other product areas at Garrett 
include small gas turbine engines, environmental 
systems for advanced flight vehicles, cryogenic 

OUT OF THE LABORATORY 

fluid systems and controls, pneumatic valves and 
controls and missile accessory power units. 

This diversification of project areas enables 
the engineer at Garrett to specialize or diversify 
according to his interest, not only making work 
more interesting but increasing the opportunities 
for responsibility and advancement. 

An orientation program lasting several months 
is available for the newly graduated engineer, 
working on assignments with highly experienced 
engineers in laboratory, preliminary design and 
development projects. In this way his most profit
able areas of interest can be found. 

For further information about a career with 
The Garrett Corporation, write to Mr. G. D. 
Bradley in Los Angeles. 

THE CORPORATION 

?liResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPLY-AERO ENGINEERING • A/RESEARCH AVIATION SERVICE• GARRETT SUPPLY • AIR CRUISERS 
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American aid to other countries is a subject that has come under severe 
criticism from many sources. The Congress questions its usefulness; the 

people complain of its high cost; and even the countries who receive it are 
not completely satisfied with it. The logical question arises, why don't we 
eliminate it? We can use the money right here in the United States. We can 
use it to ease our growing unemployment problem; to build more and better 
schools; we can use it in a multitude of ways. 

I don't think that elimination of foreign aid is the answer. I do think 
that our foreign aid system should be overhauled from top to bottom. In 

my opinion, too much of our aid in the past has gone to corrupt officials. 
In many cases it was almost blackmail. If the officials did not receive their 
share they would threaten to seek Soviet assistance. Well, let them. This 

type of official will never help his country or the cause ·of democracy. What 
we need is a more direct contact with the people of the nations that we are 
helping . We need technicians in the field with these people. Technicians 
that will show these people how to use our equipment. Technicians that 
will show these people our way of production. Technicians that will show 
these people our way of life. If we can do this, we will have very little 
trouble proving that democracy can and will succeed in any nation in the 
world. If we can do this, we can feel that our money is well spent. 

T.M.S. 

FRONTISPIECE 

Invisible Shield-An invisible shield of silicone protects this 
100-watt lamp from spatterings of molten metal as well as 
other types of severe punishment. The light blub, developed ·· 
by General Electric's Large Lamp Department, Cleveland, · 
was made possible after a 20-year search for a material which 
would withstand the shock of molten metal and the high 
operating temperature of the bulb itself. 

General Telephone & Electronics, Inc. 
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"THE general objective of 
good highway planning is 

to p r o v i d e adequate highway 
transportation facilities for the 
taxpayer at the lowest possible 
cost."1 With these words, the As
sistant to the Chief Engineer of 
the Michigan State Highway De
partment opened his presentation 
to the delegates of the thirty-sev
enth Annual Michigan Highway 
Conference. These are nice sound
ing words which, upon reflection 
and rereading, demand closer ex
amination. Because "cost" and 
"taxpayer" are basically and vi
tally concerned, the statement 
serves equally well for the open
ing of a treatment of highway fi
nance. What cost, initial, long
term, total, or unit; w h i ch 
taxpayer or taxpayers, individual
ly, or as a class? These are some 
of the questions that naturally 
arise from such a general-and 
probably, oversimplified- state
ment of objective. 

The subject of highway finance 
is broad and complicated, further
more ideas and expert opinion on 
the subject are constantly chang
ing. Therefore in order to limit 
the length of this paper, the sub
ject must also be limited. To ac
complish this limitation certain 
basic assumptions must be made. 

First, it is assumed that high
ways will continue to be built, 
and hence must be financed or 
otherwise paid for. Highway here 
is meant to include any dedicated 
public way, road, street, or ex
pressway, over which motor ve
hicles carrying persons or produce 
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may pass, without regard to geo
graphic location in city, county, or 
state. At least two major indus
tries, automobile manufacturing 
and trucking, are entirely depend
ent upon the continued existence 
of highways. At least four others; 
steel, petroleum, rubber, and con
struction would suffer near-col
lapse if all highway construction 
and maintenance were terminat
ed. Therefore this assumption 
seems valid. 

Second, it is assumed that the 
presently existing methods of fi
nancing highways are sufficient 
and proper. No economic discus
sion of new methods of highway 
finance nor any legal discussion 
relative to taxation will be at
tempted. Rather, as the title in
dicates, the treatment will con
cern the equality of present 
methods. 

"Some highway experts feel it 
is time to re-examine the econom
ics and the justice of making the 
users foot the entire bill [for high
way programs]. And they ques
tion whether the right users are 
paying in the right proportion."2 

If the words "economics" and 
"justice" were changed to "poli
cies" and "fairness," this paper 
would be just such an examina
tion. 

Third, it is assumed that the 
cost of any highway which must 
be financed is the total, long-term 
cost of construction and mainten
ance over the entire life or use of 
the road. "A wise and well-regu
lated system of managing the re
pairs of roads and of obtaining the 

greatest degree of improvement 
with the least amount of labor is 
as important as their judicious 
-construction." 3 At the time this 
statement was made, labor was 
the major factor in repair and 
maintenance costs. It is still true 
that a wise system of maintenance 
and management will result in 
the most improvement per unit 
cost. 

Fourth, it is assumed that the 
methods of highway finance are 
based, or should be based, upon 
the scientific data relative to 
highway life and utility. Popu
larity and political expediency are 
to be ignored, although to be sure, 
these factors are very real. 

Fifth, it is assumed that the 
methods of finance found most 
fair are equally applicable at the 
federal, state, or local level. While 
this paper is limited to methods of 
financing state programs, with this 
assumption, the results would be 
equally applicable to any pro
gram. Although it is recognized 
that federal real property (land) 
taxes have been held unconstitu
tional, the results of this investiga
tion will show that fact to be in
consequential. 

Perhaps the question should be 
asked here, "Why ought we as 
highway engineers be interested 
in finance?" The writer, in talk
ing with highway department per
sonnel, has heard occasional com
ments such as "I build 'em. Let 
the fellows over in Revenue worry 
about the money." Such an atti
_tude is narrow and short-sighted. 
As highway engineers, we should 
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have a pressional interest in the 
entire program. Just as state bar 
and medical associations set up 
minimum charge schedules to in
sure the members their fair re
turns, we should be interested that 
our states are getting a fair share 
of highway revenue. Such reve
nue is not only the source of 
funds for our projects, but in
deed, also for our salaries. 

Two other factors should also 
be noted. First, although there is 
a mass of data avqilable on the 
subject of highway taxation and 
revenue, most of it has been col
lected and published by special 
interest groups such as the pe
troleum industry, trucking indus
try, various Good Road Associa
tions, and others. While such data 
is not exactly propaganda, it is 
definitely pointed to illustrate 
most favorably the group view
point. Careful analysis of the data 
is therefore necessary in research. 
Furthermore, no complete book
length treatment of the subject 
has been compiled since 19324 so 
far as this research has indicated, 
and much of the data therein is 
out of date. 

Secondly, any revenue scheme 
devised by highway experts, re
gardless of its manifest fairness, is 
subjected to long and unnecessary 
delays before legislative enact
ment. This as pointed out earlier 
is due to the political activities of 
small but powerful special inter
est groups. By the time such 
schemes have been enacted, they 
may no longer be fair and equit
able. However, though the prob-
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lem of fair cost distribution may 
be frustrating and at times hope
less, we should not surrender in 
our efforts to attain such distribu
tion. 

With these assumptions in mind, 
after a brief history of highway 
finance, the different methods will 
be considered one by one, and fi
nally summarized with conclu
sions as to fairness and equity. 

The history of highway finance 
closely parallels the history of 
highway construction. In Colonial 
America, the "roads" were merely 
natural trails, cleared and widen
ed first for horseback, and later 
for wagons and buggys. Each 
landowner or resident voluntarily 
assumed responsibility for that 
portion of the road from his front 
gate to his neighbor's. Because 
this responsibility was voluntary, 
roads were poor and haphazard. 
During Jefferson's Administration 
(1801-1809) federal grants were 
made for the improvement of post
roads, so-called because these 
were roads over which mail was 
carried inter-city. In 1806 federal 
funds were appropriated for the 
Cumberland Road from Cumber
land, Maryland, to Wheeling, West 
Virginia, and later, to St. Louis, 
Missouri. However these funds in 
most cases had to be matched or 
combined with local funds. Local 
funds were obtained from the 
road-tax by means of which prop
erty owners were taxed a certain 
number of days of work, or a 
money equivalent, so that labor
ers could be hired in their stead 
for work on the public roads. On 

S. H. SMITH Ill, C.E. '61 

the road tax, Professor Gillespie 
stated: 

"The 'Road-tax' system ... though 
nearly universal among us, is un
sound in its principle, unjust in its 
operation, wasteful in its practice, 
and unsatisfactory in its results .. . . 
[It] is a remmant of the times of 
feudal vasalage, when one of the 
tenures by which land was held 
was the obligation to make the 
roads passable for the troops of 
the lord of the manor .... The 
Road-tax system should be entire
ly abolished .... When the road is 
a great thoroughfare extending far 
beyond the town, it would be un
just to levy upon it [the town] all 
the expense; and a county tax, or 
in extreme cases, a state approp
riation should supply what might 
be necessary."5 

Although this statement of need 
was published in 1857, it was not 
until after the coming of the auto
mobile that large-scale state ap
propriations and permanent state 
highway departments were au
thorized. As late as 1931, follow
ing a ten-year legislative battle 
which culminated in a permanent 
non-elective highway commission 
with authority over all state roads, 
Texas had state highways which 
were hard-surfaced through all or 
a portion of one county, and 
gravel or even untreated soil in 
the next adjacent coonty.6 Texas 
now ranks second in the United 
States in total miles of combined 
Federal and State Systems. 

However, Oregon in 1919 had 
passed the first gasoline tax and 
within ten years all of the 48 
states had passed similar taxes 

(Continued on page 16) 
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UNTIL fairly recently, very 
little has been known about 

viruses. Science< has been aware 
of their existence for about the 
last sixty years, but problems in 
isolation have prevented the ex
amination of separate strains. 
Furthermore, when at last the fa
cilities were developed to isolate 
the strains, there were no facili
ties for the painstaking examina
tions needed to understand their 
characteristics. However, with 
the introduction of the electron 
microscope, ultraviolet light mi
crophotographs, X-rays, and final
ly new chemical techniques, the 
strange scope of their life is being 
rapidly explored. 

The first problem which biolo
gists encountered in isolating a 
virus was the extremely small 
size of the organism. The first 
virus which was isolated was not 
even thought to be an organism 
at all, but rather an infectious 
fluid which had none of the usual 
characteristics of life. It was iso
lated in 1892, when Ivanovski, a 
Russian botanist, was investigat
ing a disease of the tobacco plant 
known as "tobacco mosaic." (The 
disease is so called because the 
the leaves are mottled in a light 
and a dark green pattern.) He 
extracted some of the sap of such 
a diseased plant and passed it 
through a fine filter candle. He 
then discovered that the filtrate, 
although sparkling clear and free 
of all bacteria, still had the power 
of producing the mosaic disease 
when rubbed on the leaves of 
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healthy tobacco plants. Little at
tention was paid to this remark
able discovery at the time. Ivan
ovski himself did not realize its 
importance and still thought that 
it was caused by bacteria, despite 
the evidence of his one experi
ment. The phenomenon was re
discovered about seven years 
later by Beijerinck who intro
duced the theory of a living 
infectious fluid, "contagium viv
um fluidum." It was not until 
the first microphotographs of the 
larger viruses that this theory 
was disproven. However, the dis
covery that very small pored filter 
membranes would arrest the pas
sage of even the viruses set the 
structure of the theory to totter
ing. 

In using the first method of 
measuring the particle size of a 
virus, the clarified fluid contain
ing the virus is filtered under 
pressure through a series of mem
branes in descending order of 
pore size, until the filtrate no 
longer contains the virus, a fact 
which is demonstrated by inocu
lation to a suitable susceptible or
ganism. The particle size of the 
virus in question is then taken 
to be a certain fraction of the pore 
size of the membrane. Within a 
moderately wide range of error, 
using this technique, the correct 
size of some viruses was deter
mined well before any micropho
tographs could be obtained. 

In carrying out filtration ex
periments of the above nature, all 
sorts of other complicating factors 

come in, such as the questions of 
clearing the virus fluid of other 
materials, which block up the 
pores of the membrane, the pH 
or degree of acidity of the fluid, 
the electric charge on the particles 
and even their shape. Now in 
the ultra-filtration of plant virus
es, biologists have all these diffi
culties in an aggravated form, and 
chief among them is the fact that 
many of the plant viruses are not 
spherical, but rod-shaped. The 
question of the shape of the virus 
particle is of great importance 
from the filtration point of view, 
not only because the calculations 
of the particle size are based on 
the assumption that the particle 
is a sphere, but also because a rod 
is not able to pass through a pore 
so easily. Ultra-filtration experi
ments with plant viruses have 
shown that the particle size of 
two, which we have reason to be
lieve are spherical and nearly 
spherical, lies between 17 and 25 
millimicrons. Such a size indicates 
that these are among the smallest 
viruses. 

It is not quite true to say that 
viruses cannot be seen with any 
ordinary microscope. Some virus
es can be stained with suitable 
dyes so that they appear as clear
ly defined dots using the highest 
magnification of a good micro
scope. An important method for 
the rapid diagnosis of smallpox 
depends on this fact. But at most 
no more than a colored dot can 
be seen. There is a simple physi
cal reason for this limitation of 
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the microscope. An object can 
modify the behavior of a series of 
waves only if it is not much small
er than the wave length concern
ed. If it is very much smaller it 
will have no effect at all. The 
wave length of green light is just 
about twice the diameter of a 
large virus and this is therefore 
one of the smallest objects which 
can be seen. Therefore, the first 
adaptation of microscopes which 
allowed a better examination of 
viruses involved using s in g 1 e 
wave lengths in the ultraviolet 
spectrum. Using this technique, 
the first photographs of viruses 
were made oh which it was possi
ble to measure their particle di
ameters. 

The microscopy of viruses has 
been greatly advanced by the in
vention of the electron micro
scope. The electron microscope 
depends on the fact that a beam 
of electrons can be made to be
have in all essentials like a beam 
of light of a wave length about 
one-thousandth of that of visible 
light. In place of the glass lenses 
of a microscope, the "lenses" of 
an electron microscope are elec
tromagnetic fields of such a type 
as will bend the stream of elec
trons in similar fashion, so as to 
produce eventually an image of 
the object being looked at on a 
photographic plate or fluorescent 
screen. There are considerable 
technical difficulties in producing 
perfectly symmetrical and con
stant electrical fields, but theor
etically there is no reason why 
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the 1 a r g e r protein molecules 
should not be clearly seen, and 
the best photographs yet taken 
show clear detail at a magnifica
tion of over fifty thousand diame
ters. 

In practice it is by no means 
a simple matter to make effective 
use of these enormous magnifica
tions. There are two main tech
nical difficulties. First, the speci
men to be looked at must be set 
up in a high vacuum and mounted 
on the thinnest possible electron
transparent slide. (Glass is very 
opaque to electron beams.) The 
second difficulty concerns the ma
terial being looked at. To obtain 
a satisfactory picture, it is always 
necessary to purify the virus, 
eliminating every last bit of ex
traneous material. This is quite 
often difficult and requires all of 
the tricks of modern physical 
chemistry. Even then, the puri
fied virus may not produce a clear 
photographic image, and it is ne
cessary to treat it in such a man
ner as to increase its electron 
opacity. 

One instrument used to obtain 
a purified virus extract is also 
used to measure its size. It is the 
u 1 t r a-centrifuge, an apparatus 
which spins the particle contain
ing fluid at very high speeds. The 
size and molecular weight of the 
particles can be calculated from 
the rate · at which they settle to 
the bottom of the tube. They may 
also be measured by means of X
ray photographs which have re
cently given dramatic results in 

R. T. PATTON, Ch.E. '61 

solving many virus problems. 

We know that bacteria are rap
idly destroyed by certain physical 
and chemical agents such as heat 
and antiseptics. These agents act 
in a rather similar way upon vi
ruses. For example, all viruses 
can be destroyed by heat, but 
there is a very wide variation in 
the temperature at which the dif
ferent viruses are destroyed. In 
the plant viruses this temperature 
or thermal-inactivation point as it 
is called, ranges from as low as 
40°C. to as high as the boiling 
point of water. 

Some viruses are easily destroy
ed by alcohol while others are 
much more resistant. There is, 
for example, ohe plant virus 
which can be kept in absolute 
alcohol for six months and still 
retain its infective power. 

Drying destroys some viruses 
but not all. The virus of "tobacco 
mosaic" will remain infective for 
periods of years in dried leaf tis
sue and this is one reason why 
virus can be found still infective 
in cigars and cigarettes. Foot-and
mouth disease can also withstand 
drying which makes possible the 
suggestion that the virus is 
brought into this country on the 
feet of birds. It could also survive 
for a time in dried milk powders 
were it not for pasteurization. The 
virus of tobacco mecrosis, which 
is located in the roots of tobacco 
plants, is very resistant to drying. 
:.'his enables it to be carried in 

(Continued on page 19) 
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THE Physics Department at 
Washington University is ex

perimenting with a parametric 
amplifier using the ammonium 
atom. The following principle is 
used. If a higlf-energy particle 
is u sed to bombard an ammonium 
atom, the electrons of the atom 
are excited and move to a higher 
energy level. When they fall back 
to their original level they emit 
energy at a frequency of three 
times the frequency of the excit
ing particle. To study this phe
nomena one and three radians 
per second waves were needed to 
simulate this occurrence on a 
computer. The Physics Depart
ment found they could produce 

Fig. la. 

the waves but could not lock 
them in phase. After searching for 

10 

__jJ J!aw 

a method to lock these waves in 
phase and not finding a method, 
they approached the Electrical 
Engineering Department with the 
problem. 

After investigation it was_ 
learned that there was no method 
available to generate a one and 
three radians per second sine 
wave and lock them in phase. 
Higher frequency waves of the 
order of one thousand and three 
thousand cycles per second can 
be synchronized quite easily. Very 
low frequency waves can also be 
obtained very easily, but cannot 
be synchronized. 

The method proposed is a me
chanical generator. The standard 
generator has a coil that is moved 
through a magnetic field. The 
law applicable is E = V x B. This 
equation states that the electro
motive force produced in a con
ductor of unit length is equal to 
the velocity of the conductor mul
tiplied by the flux density of the 
magnetic field and the sine of the 
angle between the velocity and 
lines of flux. In the generator 
proposed the shaft around which 
the coil turns must revolve at one 
radian per second to generate a 
wave with an angular velocity of 
one radian per second. With a 
coil of reasonable size, approxi
mately two inches from the shaft 
to the conductor, the tangential 
velocity is so small that the volt
age generated can hardly be de
tected. Another law governing 
this generating principle is E = 

d0 
N--. This states that a voltage 

dt 
is generated across a coil linked 
by a varying flux. This voltage is 

equal to the number of turns link
ed by the flux multiplied by the 
rate of change of the flux with 
respect to time. Therefore, if the 
flux is varied at high frequency 
a significant potential difference 
is produced between the terminals 
of the coil. This coil is wound as 
in Fig. 1. When the coil is in the 
position shown in Fig. la., there 
is no voltage induced because the 
flux is not linking the turns of 
the coil. As the shaft turns, some 
of the flux begins to link the coil 
and a voltage is induced. As the 
coil turns the number of flux 
linkages increases causing the 
maximum voltage to vary sinus
oidally with the angular velocity 
of the rotating coil. When the 
coil reaches the position shown in 
Fig. lb., a maximum voltage is in-

Fig. lb. 
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duced. Using this method an am
plitude modulated, high frequen
cy voltage is produced. This high 
frequency voltage is modulated as 
a sine wave with an angular ve
locity of one radian per second 
because the coil is turning at one 
radian per second. The result is a 
wave as shown in Fig. 2a. 

This wave is half wave rectified 
by passing through a semiconduc
tor diode which results in a wave 
as shown in Fig. 2b. This wave in 
Fig. 2b. is then commutated to 
produce the wave shown in Fig. 
3a. Finally the wave is filtered 
leaving the sine wave with angu
lar velocity of one radian per sec
ond. (Fig. 3b.) 

The same principle is used to 
generate the three radians per 
second wave. The two waves 
are synchronized by mechanically 
connecting the shaft of the three 
radians per second generator to 
the shaft of the one radian per 
second in the ratio of three to one. 

Fig. 2a. 

Fig. 2b. 
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Fig. 3a. 

Fig. 3b. 

The construction of the pro
posed generator is similar to a 
standard two-pole mechanical gen
erator. A wooden core is used in 
place of the standard iron core, 
because with the rapidly changing 
flux the non-linearity of the mag
netization curve for iron would 
cause the generated carrier volt
age to be highly distorted. The 
core is in the shape of a toroid 
split along one diameter and 
mounted as in Fig. 4. The wind
ings around the core are excited 
by a sine wave with a frequency 
of approximately twenty kilocy
cles per second from an audio
oscillator. 

The two coils are wound on 
wooden cores, placed on shafts, 
and rotated in the air gaps of the 
core. The one coil is rotated by 
a synchronous motor geared to 
rotate at one radian per second 

D. W. PETERSON 
Washington University 

or ½1r revolutions per second. 
The second coil is mounted on a 
separate shaft which is driven by 
a gear train from the shaft of the 
first coil. The second shaft is driv
en at three radians per second. 
The coils are set to cross in line 
with the core at the same instant. 
In this way the two waves are 
mechanically locked in phase. The 
drive motor is a motor from an 
electric clock. This was selected 
because it is readily available and 
has a constant speed. The coil 
leads are connected to semi-con
ductor diodes to rectify the output 
wave. The diodes are mounted on 
the shaft and rotate with the coil. 
After rectification, the wave is 
connected to a two segment com
mutator and picked up by two 
brushes. The commutator seg
ments are positioned in relation 
to the brushes as in Fig. 5. The 
switch of polarity is made as the 
output voltage is essentially zero. 

The output voltage taken from 
each set of brushes is as shown in 
Fig. 3a. This wave is then sent 
through the circuit in Fig. 6, 
which filters out the twenty kilo
cycles per second carrier wave 
and leaves the wave shown in 
Fig. 3b. 

Fig. 4 

( Continued on page 26) 
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WESTINGHOUSE ANNOUNCES 
A TELESCOPE-LIKE DEVICE FOR 

TV AND RADAR DISPLAY 
A miniature ,'radar and televi

sion display device having roughly 
the shape, size, weight, and con
venience of a telescope has been 
recently developed. Nicknamed 
the "Private Eye" because its 
display is viewed by but one per
son at a time, the new device was 
shown for the first time at the 
annual 'convention of the IRE 
beginning Monday, March 20, in 
New York City. Typical of uses 
anticipated for the display device 
will be radar installations in pri
vate aircraft and boats where 
space requirements and equip
ment costs are critical. 

In addition to its compactness 
and low cost (cost is estimated at 
$150 when it quantity produc
tion), it also is able to operate 
effectively under ambient lighting 
bright enough to wash out dis
plays on large open screens. Other 
uses suggested by these qualities 
include outdoor television applica
tions requiring a portable monitor 
not affected by daylight, closed
circuit TV systems for automobile 
traffic control, large construction 
projects, tactical military use, 
three-dimensional binocular dis
plays for remote viewing under 
hazardous circumstances, and 
three-dimensional display systems 
for medical and biological micro
scopy. 

The essential element of the pri
vate eye is a high-resolution cath
ode ray tube seven inches long 
whose 0.60-inch-diameter screen is 
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observed through a magnifying 
eye piece. Because of the ten-fold 
enlargement that results, the pri
vate eye is equivalent in function 
to a six-inch screen observed from 
a distance of ten inches. The 
screen is aluminized and cathe
phoretically deposited t_o insure 
high resolution; in the present de
sign, resolution of 900 lines per 
diameter is realized. The tube it
self-a WX 4527-is electrostati
cally focused and magnetically de
flected with a deflection angle of 
about 34 degrees. Over-all, the 
complete assembly is 8½ inches 
long and weighs 20 ounces, of 
which 3.5 ounces is the weight of 
the tube. All voltages including 
deflection yoke voltage are intro

duced through flying leads. 
Commenting on modes of uses 

for the private eye, it was suggest
ed that on small planes the pilot 
would keep the device within easy 
reach for checking weather ahead, 
but that the radar transceiver it
self would probably be located 
remotely, at the best point for 
weight distribution. Relocation of 
the transceiver would be facili
tated by the fact that the trans
ceiver would not require a screen. 

G-E INTRODUCES SELF-BONDING 
SILICONE RUBBER 

A new family of self-bonding 
silicone rubber compounds and 
reinforced gums that afford a pri
merless bond to ferrous-contain
ing metals stronger than the high
est strength silicone rubber have 
been developed by General Elec
tric. 

BOB STEIERT, C.E. '62 

Designated SE-5504U, the in
itially-available grade is a high 
strength, extreme low tempera-

. . ture compound similar to GE's 
standard SE-555. It is expected 
that this material will be of use to 
mechanical rubber fabricators in 
broad line processing and to spe
cialty manufacturers for shock 
mounts, rubber rolls, oil seals and 
a variety of other products where 
high-strength, trouble-free bonds 
are desired. 

It is reported the new self-bond
ing grades will cut the number of 
steps involved in the silicone rub
ber bonding process in half. 

SE-5504U is a gray compound 
with . a typical physical profile 
after cure of 25 hours/350°F as 
follows: 

Tensile Strength ________ 1500 psi 

Tear ---------------------------- 200 psi 
Elongation __________________ 550% 
Durometer _________ 50 

Compression set 
22/300 °F ---------------- 45 % 

Excellent bonds have already 
been established to steel, chrome 
steel and stainless steel, and other 
metals are being investigated at 
the present time. 

Unlike techniques using a prim
er, where the primer achieves the 
chemical interaction between the 
elastomer and the surface to 
which it is to be bonded, the new 
self-bonding grade of silicone 
rubber establishes a bond through 
a direct reaction with the metal 
surface. SE-5504U is available in 
commercial quantities at $5.20 per 
pound in 1000 pound quantities. 

( Continued on page 20) 
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IMPORTANT DEVELOPMENTS AT JPL ..• 

PIONEERING IN SPACE RESEARCH 
The Jet Propulsion Laboratory has been assigned 
responsibility for the Nation's program of unmanned 
lunar, planetary, and interplanetary exploration. The 
objectives of this program are to contribute to mankind's 
fundamental knowledge of space and the space environ
ment and to contribute to the development of the tech
nology of space exploration. For the next ten years, as 
larger booster vehicles become available, increasingly 
versatile spacecraft payloads will be developed. 

JPL will conduct the missions, utilizing these spacecraft 
to orbit and land on the moon, to probe interplanetary 
space, and to orbit and land on the near and far planets. 

Earliest of these spacecraft will be the "Ranger" series 

now being designed, developed and tested at JPL. The 
mission of this particular series will include first, explora
tion of the environment and later the landing of instru
mented capsules on the moon. 

Never before has such a wide vista of opportunity, or 
a greater incentive been open to men trained in all fields 
of modern science and engineering. Every day at JPL new 
problems arise, new theories are advanced, new methods 
tested, new materials used and new principles discov
ered. This creates a stimulating work atmosphere for 
trained individuals and an unlimited field for, constructive 
development of a long-range and rewarding career. 
Wouldn't you like to take part in it? 

Illustrated is a "Ranger" 
proof-test model undergoing 
design verification testing in 
one of the laboratories at JPL. 
Here design features are 
tested and proved, operational 
procedures developed and 
handling experience gained for 
the actual construction of the 
initial flight spacecraft. 

These spacecraft will be among 
the earliest pioneers in the 
development of space science . 

• .JET PROPULSION LABORATORY 
Operated by the California Institute of Technology under contract with the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Graduate Students in these fields 
INFRA-RED• OPTICS • MICROWAVE• SERVOMECHANISMS• COMPUTERS• LIQUID AND SOLID PROPULSION• STRUCTURES• CHEMISTRY 

INSTRUMENTATION • MATHEMATICS • ENGINEERING MECHANICS • TRANSISTOR CIRCUITRY AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory 
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Meet Your Faculty 

THE old axiom "Knowledge 
is the product of hard work" 

typifies the featured faculty mem
ber for this month-Dr. John F. 
(Pappy) Lamb, Professor of Elec
trical Engineering. In school he 
spent long hours to prepare him
self for his career as an instructor 
and now as an instructor he 
works constantly to help others, 
whether it be using his "magic 
scissors" to cut out magnetic cir
cuits or to help students find the 
leakage fluxes in other E.E. cours
es. 

Professor Lamb was born in 
New Castle, Pa., where he at
tended high school. He entered 
Carnegie Institute of Technology 
in 1920 where he began to climb 
the ladder of hard work. During 
the first semester he · almost 
flunked the freshman drawing 
course. This considerably dis~ 
couraged him in regard to becom
ing an engineer. The Civil and 
Mechanical Engineering profess
ors told him that drawing was 
essential in their lines of work. 
In despair he turned to the Elec
trical Engineering Department 
where he was told that drawing 
was not as important and all one 
needed was a little mathematics. 
He has bee·n happy in this fieid 
ever since. 

While an undergraduate he be
came a member of Kappa Delta 
Rho, national social fraternity, 
and Tau Beta Pi and graduated 
with his B.S. in Electrical Engi
neering in 1924, 

After graduation he went with 
the Westinghouse Electric Cor
poration. He attended their train
ing school for a year and then 
joined their General Engineering 
Department at East Pittsburgh, 
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Pa. In this position he did motor 
and control application work and 
some work on electrical house 
heating. 

During the summer of 1932 he 
went on a fishing trip to Canada. 
Upon his return he found that he 
had suddenly become an Air Con-

J. A. KRALOVEC, I.E. '62 

Electrical Engineer in the Me
chanical Engineering Section of 
the U.S. Treasury Department. 

Becoming somewhat bored with 
his work on a government project, 
he decided to become an engineer
ing instructor. As this decision 

> • 
made graduate work desirable, he 

Dr. John F. Lamb 
• 

ditioning Engineer due to his 
knowledge of heating and cooling 
loads. This assignment gave him 
the rare opportunity to work with 
the development of a new prod
uct, air conditioning equipment, 
from the design stages to the field 
troubles that all engineers en
counter but which the sales and 
advertising departments n e v er 
mention. 

In 1934 Professor Lamb left 
Westinghouse to take a similar 
position with the Times Appliance 
Company in Albany, New York. 
Later he became an Associate 

entered the University of Michi
gan Graduate School in June, 
1935. 

The following year he received 
his Master of Science Degree and 
continued studying for his Doc
torate. It was at Michigan that 
Dr. Lamb became a ,nember of 
Sigma Xi, national scientific re
search honorary. In February of 
the following year he returned to 
Carnegie as an instructor in E.E. 
although attending Michigan in 
the summers for more graduate 
work. Then in 1940 the Professor 

( Continued on page 23) 
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Is your future up in the air? 
As the communicatjons needs of our nation become steadily 
greater and more complex, the Bell Telephone System is 
continuing its pioneer work in microwave by "taking to the 
air" more and more to get the word across. 

To this end, Western Electric- the manufacturing arm 
of the Bell System - has the monumental task of producing 
a large part of the microwave transmission equipment that 
knits our country together by shrinking thousands of miles 
into mere seconds. 

_. In spite of its great technological strides, the science of 
radio relay is a rapidly-changing one. And new break
throughs and advances are common occurrences. A case in 
point: our Bell System "TH" Microwave Radio Relay. This 
newest development in long-distance telephone transmis
sion will eventually triple the present message-carrying 
capacity of existing long-haul radio relay installations. A 
full-scale system of 6 working and 2 protection channels can 
handle 11,000 telephone messages at the same time. 

To make microwave work takes a host of special equip
ment and components: relay towers, antennae, waveguides, 
traveling wavetubes, transistors, etc. But just as important, 

it takes top-caliber people to help us broaden our horizons 
into such exciting new areas as communication by satellites! 

And microwave is only part of Western Electric's oppor
tunity story. We have-right now-hundreds of challenging 
and rewarding positions in virtually all areas of telephony, 
as well as in development and building of defense communi
cations and missile guidance systems for the Government. 

So, if your future is "up in the air," you owe it to your 
career to see "what's up" for you at Western Electric. 

Opportunities exist for electrical, mechanical, industrial, civil and 
chemical engineers, as well as physical science, liberal arts, and 
business majors. For more information, get your copy. of "Western 
Electric and Your Career" from your Placement Officer. Or write 
College Relations, Room 6105, Western Electric Company, 195 Broad
way, New York 7, N. Y. And be sure to arrange for a Western Electric 
interview when the Bell System recruiting team visits your campus. 

western Electric 
MANUFACTURING AND SUl'PLY@UNIT OF THI IELL SYSTEM 

Principal manufacturing locations at Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, 
Mass.; Omaha, Neb.; Kansas City, Mo.; Columbus. Ohio; Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation. Skokie, Ill., and 
· lllle Rock. Ark. Also Western Electric distribution centers in 33 cities . and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7. N. v 
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HlGHWA Y COSTS 
( Continued from page 7) 

ranging from one to three and 
one-half cents per gallon. 7 Also .. 
all of the states had some token 
fee for automobile licenses or 
registration, though in many cases 
all or most of the revenue from 
these sources was retained by the 
counties for local road programs. 
Nevertheless, out of these com
bined revenues, states were mak
ing appropriations for highway 
construction and maintenance as 
Professor Gillespie had counseled 
seventy-two years earlier. 

From about this time, 1925-
1930, the various fees and taxes 
came to be called road-user taxes. 

"Historically, road-user taxes have 
been classed by most authorities 
into three groups. The first and 
most important of these consists 
of fuel taxes and miscellaneous 
fees incidental to fuel taxation. 
The second major group of taxes 
usually termed motor-vehicle rev
enues, consist of motor-vehicle 
registration fees and a group of 
additional fees . . . that include 
title fees, drivers' licenses and 
other revenues of relatively minor 
importance. The third group of 
road-user revenues, motor-carrier 
taxes, consists of special taxes on 
for-hire carriers."8 

With this classification as a 
starting point, we are ready to 
examine the various tax-fee 
schemes presently in use in the 
different states. 

In every state in the union, 
there is tax of some form imposed 
upon gasoline. In addition, all of 
the states except Vermont, also 
impose a tax upon diesel, liquified 
petroleum gases, and other motor 
vehicle fuels. Thus motor vehicle 
fuel taxes most nearly resemble 
a universal state tax. 

But aside from the universal 
existence, there is little similarity. 
Rates vary from three cents per 
gallon on gasoline in Missouri to 
seven cents per gallon in eleven 
other states including Kentucky 
and Nebraska. In addition to rate 
differences, the basis upon which 
the tax is levied also varies. 

In some states, the motor fuel 
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tax is considered as a privilege 
tax for operating vehicles on the 
state highways, and the tax must 
be refunded on the fuels used 
for non;:highway purposes, such 
as farm tractors. This procedure 
causes increased administrative 
and clerical overhead costs and 
decreases the amount of net rev
enue eventually reaching the var.-:
ious state highway departments'. 

In some of the other states, the 
motor fuel tax is an absolute im
post on the particular petroleum 
product or products specified in 
the statute. This resembles a spe
cial sales tax on these products; 
a tax which must be paid whether 
to be used for starting fires, out
board motors, or model airplanes. 
Clearly some of · these uses are 
not connected with highway pro
grams, but as will be pointed out 
later, such tax revenues may not 
be intended for highway purposes. 

Finally in some states the motor 
fuel tax takes the form of a fran
chise tax upon the distributors or 
suppliers of the petroleum prod
ucts. Although the tax follows 
the product through subsequent 
transactions and is eventually 
paid by the consumer, there is no 
necessity for refunds, as the sup
pliers are unable to account for 
that portion not consumed on the 
highways. 

A third difference in motor fuel 
taxes in the various states relates 
to -the different fuels themselves. 
Since World War II, there has 
been considerable agitation be
tween tax collectors and truck 
owners for differential rates on 
different types of motor fuels. 
This statement best expresses the 
problem: 

"The case for a differential rate 
of tax upon diesel fuels is based 
upon the assumption that diesel 
burning equipment ordinarily ob
tains more miles per gallon than 
similar gasoline-powered vehicles 
of the same size. . . . Since fuel 
taxes are imposed for the purpose 
of metering highway use, it seems 
appropriate to establish a differ
ential in tax rates where there is 
an obvious differential in fuel and 
engine efficiencies."9 

The problem of differential 
rates for fuels other than gasoline 
was reiterated the following year 
before the delegates to the North 
American Gasoline Tax Confer
ence, 10 at which time it was noted 
that seven states had adopted dif
ferential rates. By 1957, differ
ential rates were in force in nine 
states. 

How much additional revenue 
would be produced by a two-cent 
differential rate on diesel and 
other special fuels? According to 
the study by Cope and Meadows11 

the savings per vehicle per year 
on a diesel-powered truck amount 
to $270. If we assume that thirty 
per cent of the one and one-half 
million vehicles registered in Mis
souri in 1958 were commercial ve
hicles, and that the national aver
age (eleven and one-half per cent 
of all commercial vehicles use 
diesel power) is applicable, the 
additional revenue would amount 
to $14,688,000. This amount is ap
proximately equal to the total an
nual revenue received from motor 
fuel taxes during the war years 
1943-45 when gasoline ration re
strictions were in force. On'•-the 
basis of experience in New Mex
ico, this estimate would seem con
servative rather than exaggerat
ed. 

"From the ICC [Interstate Com
merce Commission] reports on 
class 1 motor carriers, we find in 
the Rocky Mountain region, which 
includes New Mexico, 43.3 per cent 
of the motor fuel used is other 
than gasoline. Of the national 
percentage, other fuel used is 11.4 
per cent. Since 1939, the New 
Mexico collections of tax on fuel 
other than gasoline used for high
way purposes have increased 2,-
057.9 per cent."12 

No wonder then the terse com
ment in the State Highway Com
mission of Missouri Report that 
"Evidence continues to point out 
that the tax rate on fuel oils 
should be higher than the rate on 
gasoline ... "13 

As the reader might suspect, 
the legality of the differential 

(Continued on page 18) 
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The Nuclear Ship Savannah 
is capable of sailing 350,000 nautical 
miles without refueling. Her uranium 
oxide fuel is packaged in tubes of Nickel 

Stainless Steel, more than 5,000 of them. 
In all, engineers specified 200,000 
pounds of Nickel Stainless Steel for use 
in the ship's reactor ... to meet the de-

mands of high operating pressures and 
temperatures, and to provide much
needed strength and corrosion resist
ance in this critical application. 

How lnco Nickel helps engineers make new designs possible and practical 

When you design equipment, you'll 
have to select materials to meet given 
service conditions - materials that 
might have to resist corrosion, wear, 
high temperatures, or fatigue. Over 
the years, Inco has developed new 
alloys and gathered information on 
the performance of materials under 
these and many other service con
ditipns. Inco will be glad to put this 
data 'at your disposal to help solve 
your future metal problems. 

Inco's List "A" contains descrip
tions of 200 Inco publications which 
are available to you, covering appli
cations and properties of Nickel and 
its alloys. For List "A", write Educa
tional Services. 

The International Nickel Company, Inc. 
New York 5, N. Y 

New push-button roof of Nickel 
Stainless Steel turns a weatherproof 
auditorium into an open-air stadium in 
a matter of seconds. The dome will pro
vide years of carefree beauty. That's 
because stainless steel with Nickel in it 
is one of the most durable of metals. It's 
corrosion-resisting all the way through. 

Needle's eye reveals relative size 
of a Thermistor, a tiny bead made with 
Nickel oxide-used to measure tempera
tures in and beyond the earth's atmos
phere. The Nickel oxide helps develop 
electrical properties for the accurate 
recording of temperature changes as 
small as l/50th of a degree! 

~ INTERNATIONAL NICKEL 
The International Nickel Company, Inc., is the U.S. affiliate of The International Nickel Company of Canada, Limited (Inco-Canada) 
-producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals. 
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HIGHWAY COSTS 
(Continued from page 16) 

rates was promptly tested. The 
question came before the Michi
gan Supreme Court which is gen
erally considered friendly toward 
industry. There it was held that 
such rate differentials were not 
unconstitutional,14 and the issue 
was abandoned without appeal to 
the United States Supreme Court. 

Thus it can be seen that the 
motor vehicle fuel tax schemes 
throughout the United States are 
non-uniform and in a state of con
fusion. Such taxes vary as to 
rate, to tax base, and to products 
upon which they apply. Before 
discussion of license taxes, we 
should consider the major abuse 
relative to present highway rev
enues, as it most closely affects 
fuel tax rates. This practice is 
generally referred to as diversion. 
As the word implies, the practice 
concerns appropriation to non
highway purposes, funds collected 
under the guise of highway-user 
taxes. 

"Diversion got its start in the 
early thirties when revenue from 
general sources was on the decline 
and needs for unemployment re
lief were great. It started by leg
islatures borrowing from the high
way fund with good intentions of 
repayment. Diversion led in many 
states to the abolishment of state 
highway funds and the placing 
of highway user taxes into one 
fund into which all state revenue 
funds are paid, making it very 
difficult to trace the use of high
way revenues."15 
The practice of diversion is a 

dual fraud. First it is a fraud 
upon the individual citizen who 
is led to believe that some benefit 
has been received at less than its 
actual cost. But more important, 
the highway users are defrauded 
when the taxes they pay are not 
applied to their lawful purpose. 
The fact that the purposes for 
which the funds are diverted are 
worthwhile-schools are the ma
jor beneficiary-does not excuse 
or remove the fraud. 

The seriousness of the problem 
can best be illustrated by the fol
lowing statement: 
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"In 1949 the states collected over 
$2.3 billion in highway user taxes, 
but spent only $1.3 billion-less 
than 54 per cent of the total col
lected-for state highway con
struction and maintenance. Diver
sion of highway user taxes to 
non-highway -purposes, while not 
as serious as it was prior to 1940 
is still a problem and continues 
to rank first among bad fiscal 
abuses that retard them from ob
taining better roads. This is par
ticularly true in Rhode Island, 
New York, Florida, and Geor
gia."16 

This statement is somewhat 
misleading, since a part of the 
46 per cent not applied to con
struction and maintenance went 
to administrative overhead costs 
which is an indirect cost of a state 
program. 

In an unpublished report last 
year, Mr. Rex M. Whitton, Chief 
Engineer of the Missouri State 
Highway Commission, and recent
ly appointed Federal Highway 
Administrator, stated that "with 
our low gasoline tax in Missouri, 
we have been able to meet con
struction and maintenance sched-

view expressed by the National 
Industrial Conference when it 
stated: 

"There is a growing interest in 
the effects of higher motor fuel 
tax rates on consumption. . . . 
Forty changes in the motor fuel 
tax rates occurred in the United 
States in the period from 1925 to 
1929 . . . nearly all changes were 
increases."18 
Results according to the survey 

of the forty changes showed that 
the rate of increase of consump
tion dropped in 23 of the 40 cases, 
however it was admitted in the 
body of the article that gross con
sumption increased in all cases. 
Perhaps the most concise and au
thoritative answer to this charge 
can be seen from the table below. 

Thus it can be seen that nothing 
short of emergency governmental 
controls is likely to reduce total 
motor fuel consumption. 

Thus under examination the 
motor vehicle fuel taxes are in 
general fair and proper. Where 
known abuses exist, corrective 
measures are being taken. Some 
leveling out of the rate is neces-

TABLE 31 9 

Year Population Registered 

1930 123,077,000 26,750,000 
1949 148,578,000 48,448,000 
1961 180,656,000 77,002,000 

ules only because of the fact th:1t 
none of our highway revenues are 
diverted to non-highway uses." 

However the situation is show-
ing signs of improvement. 

"According to figures recently re
leased by the Bureau of Public 
Roads, 24 states and the District 
of Columbia diverted to non
highway purposes in 1949, a total 
of $166 million of state highway 
use taxes .... Fortunately 22 states 
have amended their constitutions 
dedicating motor vehicle registra
tion fees and gasoline taxes to 
highway purposes."17 
The remaining problem for con

sideration in connection with fuel 
taxes relates to the effect of tax 
rate increases. For a long time 
it was thought that if tax rates 
were i n c r e a s e d consumption 
would decrease. This was the 

Vehicle Miles Fuel Consumed 
Traveled Gals 

199,263,000,000 14,754,000,000 
413,597,000,000 32,456,000,000 
753,764,000,000 60,690,000,000 

sary, as well as the elimination of 
diversion. Perhaps the best yard
stick on the status of motor fuel 
taxation is expressed by the view
point of the trucking industry. 

"Although a number of truckers 
criticized the state gasoline tax 
... the tax was generally consid
ered fair. Nearly all the [trucking 
industry] executives contacted be
lieved the tax fairly equitable and 
did not consider it particularly 
harmful to the development of the 
industry . . .. However there was 
. .. a slightly more hostile attitude 
toward the state gasoline tax in 
the South where the rates of the 
tax are higher, and the portion 
spent for purposes other than 
highway construction and main
tenance is larger." 

If the various fuel tax rates 

(Continued on page 21) 
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VIRUSES 
(Continued from page 9) 

the air in dried particles of plant 
tissue and so reach new house 
plants. Yellow fever virus when 
dried and frozen can be kept in 
an active state for many months. 

Irradiation w i t h ultra-violet 
light destroys bacteria and also 
both plant and animal viruses. 
There is a difference, however, in 
their respective reactions because 
the viruses are able to withstand 
a greater exposure to the rays 
than bacteria or even their vege
tative spores. The resistance ratio 
of virus to bacteria is considered 
to be about 200:1. 

In· order to study the true na
ture of virus, it is always neces
sary to free the virus from the 
extraneous protein which accom
panies it in plant or animal ex
tracts. How can this be done? 
The answer has been given by 
the bio-chemist who has applied 
his special methods to the prob
lem. The first steps in this direc
tion were made some years ago 
by two American workers, Vin
son and Petrie, who showed that 
"tobacco mosaic" virus could be 
thrown down, or precipitated, out 
of suspension by the use of am
m o n i u m sulphate. They also 
showed that the virus could be 
precipitated by means of safranin 
and that a complex was formed 
of virus and safranin in which 
the virus was inactive. If the sa
franin was removed, however, by 
dissolving it in amyl alcohol, then 
the virus was regained in an in
fective state. This work was im
portant because it showed the vi
rus in a new light-as behaving 
like a chemical substance rather 
than an organism. 

In 1935, a further and impor
tant step forward was made by 
an American, W. M. Stanley, 
working at the Rockefeller Insti
tute in Princeton. Stanley applied 
the chemical methods of "salting 
out" by which enzymes have been 
prepared in a pure crystalline 
state to suspensions · of "tobacco 
mosaic" virus. By these means 
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he obtained a protein of high 
molecular weight which had all 
the properties of the- virus itself. 

When the sap of a mosaic dis
eased tobacco plant is extracted 
and cleared by filtering, a clear 
brown sparkling liquid appears. 
If, now, the fluid is brought to a 
particular degree of acidity by the 
addition of a few drops of weak 
hydrochloric acid, a m a r k e d 
change takes place. A precipitant 
appears which is the virus and 
constitutes the first step in the 
purification process. After fur
ther treatment, involving the use 
of ammonium sulphate, the ap
parently pure virus protein is ob
tained. Although this protein was 
thought at first to be truly crys
talline, it was discovered later not 
to be so but to form paracrystals 
or "microtactoids." This means 
that the protein has some of the 
orderly arrangements of crystals 
but in a two-dimensional instead 
of a three-dimensional form. The 
actual crystallinity is not, how
ever, of very great importance. 
The significant fact is the isolation 
of a pure chemical substance 
which appears to be the virus 
itself. 

That the virus organism be con
sidered as a complex protein 
molecule is one of the most revo
lutionary biological ideas of re
cent years, for in many properties, 
such as reproduction, the virus 
behaves unquestionably as a liv
ing organism. We have seen that 
a virus, extracted from its host, 
appears to be nothing more than 
a p r o t e i n of high molecular 
weight. On the other hand, we 
know that introducing one unit 
of such a virus into a susceptible 
host will cause the reproduction 
of millions of units of the virus. 
That is, the virus grows ( though 
only in the living cell of its spe
cific host) and multiplies. 

Two theories have been put 
forth to explain viruses: The first 
supposes a virus to be a micro
organism comparable perhaps to 
a bacterium of small size; and the 
second defines the virus as a 

chemical possessing unusual prop
erties which may be the product 
of the disordered cell itself. In 
the former case, a virus could be 
regarded as a degradation of the 
higher forms of organization and 
in the latter a virus could be con
sidered as a link between the ani
mate and inanimate. 

In actuality, the virus is a high
ly specialized parasite which is de
pendent wholly upon its cell. If, 
therefore, we place a virus in a 
living cell (no virus has yet been 
cultivated outside the living cell), 
it could force the cell nuclei to 
lose all functions necessary for 
the production. of cytoplasm and 
would retain only those nuclear 
functions necessary for building 
nuclear material and for cell di
vision. In other words, the virus 
becomes a sort of second nucleus 
in the cell and reproduces more 
of these "naked nuclei." The vi
rus then lives off borrowed life. 
In this way the virus eventually 
tears down all the cells in which 
it exists. 

In the last two years, man has 
taken the last steps in proving 
that the virus organism is no more 
than a long-chain protein mole
cule. The cumulative results of 
several years of research by Uni
versity of California biochemists 
show that tobacco mosaic virus 
when broken down by trypsin 
yields twelve identical peptide 
units. (Long chain combinations 
of amino acids) . These peptide 
units were analyzed, using new 
chemical techniques which make 
possible the "dismantling" of a 
peptide starting from one end of 
the molecule and proceeding one 
amino acid at a time. The results 
of the analysis show the complete 
sequential arrangement of 158 
amino acids which make up the 
peptide subunits of tobacco mo
saic virus. These results, spectac
ular in themselves, cannot help 
but lead one to pose the question, 
"Now that man knows how a vi
rus is made, how long will it be 
b e f o r e he makes one from 
scratch?" 
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Everything ... except clean water 
With our ever-expanding population, 
the problem of water pollution grows 
more serious each day . . . and de
mands action NOW. Untreated sew
age from homes and industries is 
pouring into our nation's waterways. 
Many rivers and lakes that once pro
vided fresh water for daily needs or 

recreational activities are stagnant 
... menaces to health rather than 
natural resources to be proud of. 

Adequate sewage treatment is the 
only answer to the pollution prob
lem. Modem living depletes our 
fresh water supply .. . modem sani
tary facilities alone can restore it. 

Providing improved sanitation for better living 

IC KEV sanitary 
salt-g l_azed 
clay pipe 

~- S. DICKEY CLAY MFG. CO. 

Birmingham, Ala .• Chattanooga, Tenn. • Kansas City, Mo. • Meridian, Miss. , St. Louis, Mo .• San Antonio, Tex . • Texarkana, Tex.•Ark. 

If it's made of clay it's good ... if it's made by Dickey it's better 

ENGINEERING NEWS 

(Continued from page 12) 

COMPUTER NOSE COUNT 
A computer census report to 

appear in the April issue of 
DATA PROCESSING magazine 
will show that 4,927 commercial 
digital computers were in use at 
the beginning of 1961. These totals 
include 51 models of various sizes, 
manufactured by 20 different 
companies. On order, to be de-
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livered within 1961-62, are 6,453 
digital computers. 

Of the machines in use, the Fed
eral government has 494 (with 46 
special machines bringing its total 
to 540, and another 100 to be de
livered in 1961); local govern
ments have 130; universities 138; 
with the balance in finance, busi
ness and industry. 

The growth of computer usage 
is phenomenal. Only 816 of these 
machines had been built (about 

six types of the present models) 
up to the time of a 1957 govern
ment report. There had been 20 
different experimental models 
built by universities, and seven by 
the government-these were not 
included in commercial machine 
totals. 

In the past five years more than 
4,000 computers have come into 
use to touch almost everyone's life 
in some manner even if only indi
rectly. Uses range from plane res
ervations to banking, from track
ing missiles to designing other 
computers, production control to 
accounting, with new programs 
being devised continuously. 

NEW CHEMICAL PRODUCT 
FIGHTS FIRE HAZARDS 

A new chemical product de
signed to eliminate fire and slip 
hazards from oil and gasoline 
spills has been developed and is 
being marketed by The Penetone 
Company, Tenafly, N. J . 

The product, called Slix, is com
pletely non-flammable, non-toxic, 
and odorless and is especially use
ful in breaking up oil slicks and 
removing flammable solvents from 
almost any surface. 

Slix shatters oil film into micro
scopic particles, chemically coats 
each droplet and surrounds it with 
water. When the oil is dispersed, 
it may be flushed into drains with
out endangering the walls of the 
sewer system. 

Spills of gasoline, naphtha or 
turpentine will remain dispersed 
up to 24 hours when treated with 
Slix. Oil spills, however, will re
main fully controlled for approxi
mately three hours depending on 
the size of the spill and the amount 
of Slix applied. If the oil returns 
to the water surface again, it can 
be dedispersed with a high pres
sure spray or other type of agita
tion. 

Also, Slix is most effective when 
used in diluted solution. When re
moving oil or fuel spills from 
roads, runways, docks, decks, or 
solid surfaces, an equal solution of 

(Continued on page 22) 
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HIGHWAY COSTS 
(Continued from page 18) 

were confused, the license fee 
rates are chaotic. License fee 
r a t e s vary among the states, 
among the types of vehicles (i.e. 
passenger cars, trucks, etc.), 
among the different classes within 
each type, and among the uses 
to which the vehicles are put. 
The criteria upon which the li
cense fee rates are based are too 
numerous to mention, particularly 
since in almost every instance a 
combination of the criteria are 
used to determine the final rate. 
The exception to this general rule 
occurs in several states where 
registration or license fee rates 
for passenger cars are based on 
weight alone. For example, a flat 
rate for weights of 0-3000 pounds, 
a flat rate for weights of 3000-4000 
pounds, and a flat rate for weights 
in excess of 4000 pounds. In ad
dition, New Hampshire and Ken
tucky use a flat rate on farm 
trucks up to certain specified 
weights. 

The most common basis or cri
teria for passenger car license 
rates is weight plus horsepower, 
value, cost price, or some com
bination of these four. The rates 
are usually progressive or gradu
ated similar to income tax sched
ules. Missouri uses a combination 
of weight plus horsepower; Con
necticut uses weight plus piston 
displacement; and Oklahoma uses 
weight plus cost price. 

The most common criteria for 
license fee rates for commercial 
vehicles are weight, carrying ca
pacity, number of wheels or axles 
and kind of engine (gasoline, dies~ 
el, or other) . The various com
bination schemes a r e further 
complicated by differences rela
tive to the bases themselves, that 
is, net weight, gross weight, or 
chassis weight. Perhaps the best 
summary of the chaotic condition 
of motor vehicle license fee rates 
comes from Public Roads: 

"Distinctly different tax rates are 
in effect in most states for com
mercial vehicles operated private
ly ( not for hire) , a.s contract car-
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riers (for hire), and in farm 
service. . . . Common carriers 
which operate for hire over estab
lished routes and on fixed sched
ules . . . have still more complex 
tax schedules and forms of regu
lation." 
These are the existing condi

tions of license fee rates. Prac
tically speaking, there are two 
alternatives available to highway 
finance experts, legislators, and 
ultimately, the general public. 
Either the rates may be left as 
they are, or an energetic campaign 
for uniformity may be undertak
en. For reasons to be stated later 
the better view would seem to b~ 
toward uniform rates. 

One barrier to uniform license 
and registration fee rates is in
directly related to the problem of 
diversion discussed in the preced
ing section. Fortunately there 
seems to be no diversion of li
cense and registration fee rev
enues. But it appears that those 
states which have the highest 
gasoline tax rates ( a part of 
which is diverted), in general 
have the lower license and regis
tration fe~ rates, for example, 
Louisiana and North Carolina. 
The difficulty arises from the fact 
that the recipient of the diverted 
funds-the powerful school lobby 
-refuses to accept a cut in the 
gasoline tax, while the equally 
p o w e r f u 1 auto-truck lobby is 
against any license tax increase. 
The only solution is an informed 
public. We must hope that as the 
diversion problem is eliminated 
fuel tax rates may be made mor~ 
uniform, and with this beachhead 
a similar result may be obtained 
with respect to license tax rates. 

Pavement technology and soil 
mechanics knowledge are rela
tively new. Mr. Westergaard pub
lished his first papers on pave
ment stresses in 1925. Much of 
this technology is still a mystery 
to the general public. No wonder 
then that the National Industrial 
Conference published this state
ment relative to license tax rates: 

"The rates are usually graduated, 
increasing as the weight or other 
measure increases. A ' theory fre-

quently offered in support of these 
graduations is that the heavier ve
hicles are more destructive to the 
roads; and, therefore, should con
tribute a proportionally larger 
amount of road costs than the 
lighter vehicles. The cost of build
ing roads adequate for the support 
of the various weight classes of 
vehicles would seem to provide a 
better basis." 

T h i s was the skeptical and 
slanted viewpoint of industry in 
l932. The last sentence, inciden
tally, sounds like double talk un
less we are to presume that the 
authors meant trucks should only 
pay a proportional share of the 
routes which they use. 

In 1950, Road Test One M-D 
was conducted n e a r LaPlata 
Maryland, under the auspices of 
the Bureau of Public Roads, the 
Department of Defense, thirteen 
state highway departments and 
several interested industries. The 
fin d i n g s were extensive, and 
only one fact need be summarized 
here. It was finally proved that 
the axle weight bore a definite 
relation to pavement damage and 
deterioration. The 22,400 pound 
single-axle truck caused 6.4 times 
as much cracking as the 18,000 
pound single-axle vehicle, and the 
44,800 pound tandem-axle caused 
12.3 times as much cracking as 
the 32,000 pound tandem-axle 
rig. No further proof should be 
necessary that vehicle license 
rates should be based upon the 
gross axle-weight of all vehicles 

' and that the rates should be pro-
gressive. 

Just as there was one major 
abuse with respect to gasoline tax 
revenues, there is one such abuse 
with respect to license fee rates. 
The "farm truck" problem is un
like diversion in that collected 
revenues are not shared directly 
with the farmers. Instead this 
abuse more nearly resembles an 
indirect subsidy to the farm in
dustry in that the farm truck fees 
are just not collected. 

In Nebraska, the registration 
license fee for private use for a 

(Continued on page 23) 
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Why America's state highway 
engineers give first choice to Modern High-Type 
Asphalt Pavement: The graph on the left shows you that in 1958 alone the use of high-type 

Asphalt pavement increased 618% over 1940. This is because advances 
in engineering know-how, in Asphalt technology and in the develop
ment of the mechanical paver have made modern, high-type Asphalt 
pavement the first choice of highway engineers. Its more economical 
construction and low maintenance costs have saved many millions of 
tax dollars and kept America's wheels rolling. MILEAGE BUILT ANNUALLY 

BY STATE HIGHWAY DEPARTMENTS 
MILES 
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PORTLAND 
CEMENT 
CONCRETE 

Recent engineering advances have developed new, DEEP 
STRENGTH Asphalt pavement which will provide even bet
ter performance and greater pavement economy in the future. 

The tax savings possible will amount to millions of dollars and will 
mean more and better local and interstate roads for our nation. 

Your future success in civil engineering can depend on your knowledge 
of modern asphalt technology and construction. Send for your free 
"Student Kit" about Asphalt technology. Prepare for your future nowf 

Ribbons of velvet smoothness ••• 
ASPHALT-paved Interstate Highways 

THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 

I------------------------
1 Gentlemen : Please send me your free student portfolio 
I on Asphalt Technology and Construction. 
I NAME. ______________ CLASS, _______ _ 

~~~~ ~~ -~ -~ ~ ~~~ ~ -~ ~9 
I ADDRESS, ______________________ _ 

SOURCE: U.S. Bureau of Public Roads 

ENGINEERING NEWS 
(Continued from page 20) 

Slix and water should be applied. 
If the actual quantity of the spill 
is known, one gallon of Slix solu
tion should be used for each 20 
gallons of spill. 

Slix can be applied to almost 
any surface without harmful ef
fects. It will not injure asphalt 
runways or stain concrete walks. 
When properly diluted, it can 
even be used to clean fire hoses 
and other fire fighting equipment. 

Tests by Penetone show that 
Slix can be used successfully 
wherever petroleum oils, kero
sene, fuel oils, gasoline, naphtha, 
vegetable oils or similar materials 
have accumulated on waterways, 
roads, docks, decks, floors or 
driveways. 

Slix has been successfully test
ed by fire departments, airports, 
plant engineering and mainten
ance personnel and by other in
dustries where spills constitute 
hazards. 
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I CITY _______________ TATE ______ _ 

I SCHOOL. _____________________ _ 

NEW CRYSTAL GROWING 
TECHNO·LOGY 

The epitaxial "growing" of 
semiconductor materials makes 
possible germanium and silicon 
devices far more versatile and 
efficient than conventional types 
of transistors, engineering officials 
of Sylvania Electric Products Inc. 
stated recently. 

As an example of the superior
ity of epitaxial units, was stated 
that switching transistors manu
factured with epitaxial methods 
have performed at more than 
twice the speed of conventional 
units. 

In the epitaxial process, thin 
slabs of germanium or silicon are 
placed in a vapor containing a 
compound of the same material. 
When heated, the gaseous com
pound decomposes and deposits a 
new-growth extension on the 
original crystal. 

The new growth can be con
trolled so as to incorporate exact 
amounts of the impurities which 
give the devices their proper elec-

trical characteristics. 

Epitaxial Growth Exploit$. 
Maximum Potential of 

Semiconductor Materials 
Epitaxial technology makes 

available to the semiconductor 
designer the exact material he 
wants, in the shape he requires, 
and in a chemical composition 
tailored precisely to his needs. 
Epitaxial devices take maximum 
advantage of the characteristics 
and potential of semiconductor 
materials. 

Until recently, semiconductor 
design has involved sacrifices and 
compromises between various de
sirable characteristics. For ex
ample, if an engineer sought high 
collector breakdown voltage or 
low collector capacitance, he had 
to accept undesirably high col
lector-to-emitter saturation resist
ance. As a result of the epitaxial 
method, saturation voltage close 
to zero is available simultaneously 
with high breakdown and low 
capacitance. 
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FACULTY 
(Continued from page 14) 

received his Doctor of Science De
gree. He remained with the Car
negie staff until 1942 when he 
came to the University of Mis
souri as an Assistant Professor 
in Electrical Engineering. 

The war causing student en
rollments to decrease at the uni
versity allowed Dr. Lamb to take 
an 18 month leave of abse·nce to 
teach at the Massachusetts Insti
tute of Technology Radar School 
as an Assistant Professor in Elec
trical Communications. He re
turned to Mizzou in January 1946 
to resume his duties here. In 1948 
he became an Associate Professor 
and in 1960 was raised to the 
position of full professor of Elec
trical Engineering. At Missouri 
he has also been initiated into 
Eta Kappa Nu, national E.E. hon
orary. 

Dr. Lamb has written several 
technical papers and has had 
three patents on air conditioning 
systems issued to him. He was 
a member of the first Water and 
Light Advisory Board in Colum
bia from 1949 till 1951. He is also 
a member of the American Insti
tute of Electrical Engineers, the 
Institute of Radio Engineers, as 
well as several other professional 
and scientific organizations and is 
a registered professional engineer 
in the State of Missouri. 

At present, in addition to his 
teaching duties, Dr. Lamb is bus
ily engaged as the Chairman of 
a Committee of the American So
ciety....of Engineering Education to 
make a nation-wide study of the 
teaching of Electro-mechanical 
Energy Conversion. A prelim
inary report on this work will be 
presented at the A.I.E.E. Summer 
Convention in June. 

"Pappy" Lamb has worked 
hard to attain his knowledge so 
that now he may help others to 
do the same. His contributions to 
Columbia, the university, and the 
en.tire engineering world make 
him a credit to his profession and 
deserving of his nickname. 
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HIGHWAY COSTS 
(Continued from page 21) 

12,500 pound truck is $60. The 
same truck and all weights up to 
and including that size may . be 
licensed for farm use at the flat 
rate of $4, one-fifteenth the price. 
As a result 54 per cent of all the 
registered trucks in Nebraska are 
licensed for farm use. A similar 
situation exists in Kentucky. 
There trucks of 22,000 pound 
gross weight must pay a license 
fee of $134 for private non-farm 
use, while the farm fee is a flat 
rate of $4.50, and 39 per cent of 
all Kentucky trucks are licensed 
for farm use. In a non-farm area 
the results are different. New 
Hampshire charges a flat rate of 
$25 for a farm license up to 16,000 
pounds. A 16,000 pound truck is 
taxed for private use at only 
$21.15, and as might be expected, 
only 5.2 per cent of New Hamp
shire trucks have farm rate li
censes. 

In view of the results of Road 
Test One M-D, it is impossible to 
justify the reason for discounting 
the license and registration fees 
for farm trucks. From a highway 
maintenance standpoint, a 22,000 
pound farm truck would do as 
much damage as any other 22,000 
pound truck. The better result for 
highway finance purposes would 
be to charge the same rate for 
all trucks of a given gross axle 
weight. The result would be that 
users, whether farmer or carrier, 
would find it more profitable to 
dispose of marginal-use trucks. 
It would provide more large hauls 
for common and contract carriers. 
This opinion . was expressed in 
part by Cope and Meadows: 

"The registration fee reductions 
for farm trucks are substantial. 
It is doubtful whether these al
lowances can be fully justified 
from a highway finance stand
point, even though farm vehicles 
may travel fewer miles than other 
vehicles. The justification there
fore must come under the heading 
of public policy and any state 
with farm rate reductions should 
carefully examine their relation
ship to other registration fees." 

There are at least three other 
tax schemes in use in the various 
states, from which all or part of 
the revenue is turned over to state 
highway departments. 

Property taxes for highway 
purposes have been in existence 
since colonial days (page 3), 
h o w e v e r the usefulness and 
equity of this tax has passed. The 
basis for the property tax is bene
fit. With the present trend to
ward limited-access h i g h w a y s 
such roads are no longer benefi
cial, but may even cause property 
values to decline. In addition, 
federal property taxes are uncon
stitutional, and nine states have 
Property Tax Limitation Laws, 
which so limit the total tax on real 
property that revenues are barely 
sufficient for municipal purposes. 
The California Interim Commit
tee on Public Works best ex
pressed the status of property 
taxes for public works. 

"There may have been a time 
when . . . public works were pri
marily of benefit to property as a 
whole, but this is no longer true 
in many cases. . . . The point can 
best be illustrated by reference 
to water systems, for example, 
where there would be agreement 
that the retirement of indebted
ness should be a charge against 
water user revenues rather than 
a general property tax." 
This is also the general feeling 

relative to highways, that user
tax revenues are superior to prop
erty taxes. 

In four states, California, New 
Jersey, North Carolina, and Vir
ginia, a Gross Receipts Tax is 
used to determine the charges 
against the vehicles of common 
or contract carriers or both. While 
gross receipts generally follow the 
miles operated and the tons of 
freight hauled, the tax is unfair 
and inappropriate. In the first 
place the tax is a form of income 
tax, to which corporation carriers 
are already subject on both the 
state and national levels. But sec- , 
ondly and more important, it 
penalizes the better operator who 
through better planning, schedul-

( Continued on page 24) 
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HIGHWAY COSTS 
(Continued from page 23) 

ing, and maintenance, has devel
oped the larger market. 

The final tax for discussion is 
the ton-mile tax. The theory of 
this tax is similar to that em
ployed in the gross-receipts tax; 
that carriers should be taxed on 
the tons of freight and miles 
hauled. The tax makes no allow
ance for the size of truck or num
ber of trips. Both of these factors 
are of greater concern to highway 
construction an d maintenance 
than gross tons hauled. Another 
disadvantage which results from 
this tax is difficulty in reciprocal 
licensing provisions with neighbor 
states and out of state carriers 
engaged in interstate commerce. 

Evidence points to the fact that 
highway users are paying more 
in taxes than is being spent for 
highway construction and main
tenance. The chief complaints 
which user-taxpayers have fre
quently expressed are first, that 
all of their tax money is not being 
applied to highway purposes, and 
second, that some attempt should 
be made toward uniform standard 
motor vehicle license fee rates. 
"For some years the National 
Highway Users Conference has 
recommended that highway-user 
taxes be limited to two types
registration and license fees grad
uated by weight, and fuel tax
es." The writer concurs in that 
view and offers the following con
clusions. 

1. Gasoline and other motor 
vehicle fuel taxes are taxes upon 
the privilege of operating motor 
vehicles upon the highways of all 
the states. 

2. That the income from such 
taxes should be devoted to high
way purposes exclusively for the 
improvement, maintenance, and 
administration of the state high
ways. Such application of user 
funds is then returned to the tax
payer as safety, comfort, and con
venience while operating a motor 
vehicle upon those highways. 

3. That the motor fuel tax 
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should be graduated so that the 
per mile cost is equal among the 
d i f f e r e n t classes of vehicles. 
Heavy vehicles which are the 
cause of the most severe deprecia
tion of highways will have paid 
proportionally more because fuel 
consumed per mile is greater. In
efficient operation and inefficient 
vehicles within any class would be 
penalized by means of added fuel 
costs per mile. 

4. License and registration fee 
taxes should be uniform through
out the various states based upon 
graduated gross weight of the ve
hicle. States whose roads are un
suited for extremely heavy loads 
would still be able to limit the 
maximum loads carried on its 
highways. Ease and freedom of 
interstate travel and commerce 
would be increased. 

5. Revenues from user-taxes if 
established upon these bases 
would be sufficient to expand 
highway construction and main
tenance. 

6. Bonds, tolls, and other tax 
schemes for production of high
way revenues are outmoded, un
e q u a 1, and unnecessary and 
should be abandoned as expedi
tiously as possible. 

1 Landon, "General Objectives of 
Highway Planning," p. 76. 

2 "The Highway Billions," Fortune, 
p . 109. 

3 Gillespie, Roads and Railroads, p. 
341. 

4 Taxation of Motor Vehicle Trans-
portation. 

5 Gillespie, p. 345. 
6 See Stewart, "Highway Adminis

tration in Texas", p. 139-200. 
1 Taxation of Motor Vehicle Trans

portation, p. 93. 
8 Cope and Meadows, "Road-User 

and Property · Taxes on Selected Motor 
Vehicles, 1953," p. 136. 

9 Rosenberg and Linville, "Differen
tial Rates in Motor Fuel Taxation," p. 
37. 

10 Stitt, "Late Developments in Spe
cial Fuel Taxation,'' p. 15. 

11 Cope and Meadows, p . 140. 
12 Statement by Paul E. Culver, Di

rector, Gasoline Tax Division, Bureau 
of Revenue of New Mexico, quoted in 
North American Gasoline Tax Confer
ence, Twenty-se·cond Annual Report, 
1948, p. 16. 

13 Twenty-first Biennial Report, 
1956-8, p. 43. 

14 Lake Shore Coach Lines v. Alger 
337 Mich. 146, 41 NW2d . 503. ' 

1 5 MacLeary, "Trends in Highway 
Finance and Taxation,'' p. 35. 
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1 7 Ibid., p. 36. 
18 Taxation of Motor Vehicle Trans

portation, p. 99. 
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Motor Vehicle Registrations, Travel, 
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TABLE 1 
State Rank Based on 

Total Miles of Combined 
Federal and State Highways1 

Rank State 
Federal-State 

Highway (Miles) 

1 North Carolina _________ 67,464 
2 Texas _____________________ ______ _49,348 
3 Iowa ------------------------------42,174 
4 Pennsylvania _____________ _41,216 
5 Virginia ___________ ____________ 39,545 
6 West Virginia _____ ___ _____ 31,696 
7 New York _____ ____________ __ 30,348 
8 Kansas __________ _____ _________ __ 29,464 
9 0 hio _________________ ______ _______ 23,901 

10 South Carolina ___________ 23,832 
11 Michigan ______________ _______ 23,724 
12 Minnesota ___________________ 22,978 
13 Illinois _______ ________ ________ ___ 21,070 
14 Georgia __________ ____ __ ________ 20,812 
15 Indiana _________________________ 20,582 
16 California ___________________ 20,250 
17 Missouri __________ ______ ___ _____ 20,065 
18 Wisconsin ___________ ______ __ ___ 19,991 
19 Oklahoma ______ _______ _______ 18,399 
20 Arkansas ___________________ __ 16,821 
21 Alabama ________ _______ _________ 16, 7 44 
22 South Dakota ______________ 16,376 
23 Kentucky _________________ ____ :15,880 
24 Nebraska ______________________ 15, 7 55 
25 Louisiana ______ ______ _____ _____ 15,124 
26 Tennessee ___ ________________ 14,861 
27 Florida __________________________ 14, 731 
28 North Dakota ______________ 14,154 
29 Mississippi ____________________ 13,385 
30 Colorado _________ __ ______ _______ 12,482 
31 New Mexico _____ ___________ 11,326 
32 Maine ________ _____ ______________ 11,122 
33 Washington _____ __ ___________ 10,625 
34 Montana __ _____ ___ ___ ___ ___ _____ 9,181 
35 Oregon -------------------------- 8,950 
36 Mary land __________________ ____ 7,892 
37 Idaho ------------------------------ 7,111 
38 Nevada _ ____________________ ___ 6,215 
39 Utah _________ ______ ______ ________ 6,188 
40 Wyoming ______ ____ ____________ 5,463 
41 Arizona __ _________________ _____ 5,462 
42 Massachusetts ___________ ___ 4,476 
43 New Jersey __________________ 4,130 
44 New Hampshire ____ ______ 4,079 
45 Delaware __________ ____________ 3,978 
46 Connecticut __________________ 3,180 
4 7 Vermont ________________________ 3,040 
48 2Hawaii __________________________ 1,117 
49 Rhode Island _____________ __ 1,071 

1 Based on American Association of 
State Highway Officials Survey of 1953, 
Hewes & Oglesby, Highway Engineer
ing, p. 10. 

2 Based on Territorial figures. 
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TABLE 2 

Motor Fuel Tax Rates 
For All States 

(Bureau of Public Roads, as of 
December 13, 1957) 

Tax Rate Per Gallon on 
Gasoline Other Fuels 

State (Cents) (Cents)1 

Alabama _______ __ _____ 7 
Arizona ___________ ____ 5 
Arkansas ___ _________ 6.5 
California ____ ________ 6 
Colorado _____________ 6 
Conhecticut ________ 6 
Delaware _____ __ _____ 5 
Florida _ __ ____ ________ 7 
Georgia ________________ 6.5 
Idaho __________ ____ _____ 6 
Illinois _ _____ _________ 5 
Indiana ________ ______ 6 
Iowa _____________ 6 
Kan~;as _____ 6 
Kentucky3 ___ _______ 7 
Louisiana ____________ 7 
Maine __________________ 7 
Mary land ___ __ _______ 6 
Massachusetts __ 5.5 
Michigan ____ 6 
Minnesota ___________ 5 
Mississippi ________ _ 7 
Missouri ______________ 3 
Montana ______________ 7 
Nebraska __ ___________ 7 
Nevada _______ ______ ___ 6 
New Hampshir~ 6 
New Jersey ________ _ 4 
New Mexico _____ __ 6 
New York ___________ 4 
North Carolina __ 7 
North Dakota _____ 6 
0 hio --------------------- 5 
Oklahoma _________ __ 6.5 
Oregon _________________ 6 
Pennsylvania _____ 5 
Rhode Island _____ 4 
South Carolina _ 7 
South Dakota ____ 6 
Tennessee __________ 7 
Texas ____ __ __ ___________ 5 
Utah ___________ _________ 6 
Vermont ______ ______ 6.5 
Virginia3 _____________ 6 
Washington ________ 6.5 
West Virginia ____ 6 
Wisconsin ___________ 6 
Wyoming ____________ 5 

7 
5 
6.5 

*6&7 
6 
6 
5 
7 
6.5 

26 
5 
6 

*6&7 
*5&7 

7 
7 
7 
6 
5.5 
6 
5 

*8 
3 

*7&9 
7 
6 
6 
4 
6 

*4&6 
7 
6 
5 
6.5 
6 
5 
4 
7 

*6&7 
7 

*5&6.5 
6 

No Tax 
6 
6.5 
6 
6 

*5&7 

1 In States marked with an asterisk 
the tax rate on highway use of some or 
all of the fuels other than gasoline is 
different from the rate on gasoline. 
Some States impose additional registra
tion fees on vehicles using special fuels. 
Such additional fees in Vermont are in 
lieu of gallonage taxes on special fuels. 

2 Interstate operated vehicles, using 
special fuels, pay additional mileage 
taxes in lieu of a gallonage tax. 

3 In Kentucky all trucks and com
binations with more than three axles 
pay 9 cents per gallon tax, and in Vir
ginia all commercial vehicles with more 
than two axles pay 8 cents per gallon. 
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WHO 
ME? 
WRITE 
~PW"? 

Chances are you'll eventually be involved 

in some way with specifications for: 

AIR CONDITIONING 

REFRIGERATION 

HEATING 

HEAT TRANSFER 

and chances are you'll profit by knowing 

the One Manufacturer providing 

"one source-one responsibility" for all four. 

DUNHAM-BUSH, INC. 
WEST HARTFORD 10 • CONNECTICUT • U. S. A. 
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MECHANICAL GENERATOR 
(Continued from page 11) 

-f-·_f 

Fig. 6 

With the construction described, 
one and three radians per second 
sine waves are produced which 
are always locked in phase. The 
difficulty was not in obtaining 
the wave forms, but being able to 
keep them in phase. 

There are several simple modi
fications to the construction which 
are also very useful. By changing 
the value of the gear train to the 
second coil, sine waves of many 
different frequencies can be ob
tained. Also, a phase angle be
tween the two waves can be pro
duced by rotating one of the coils 
on the shaft the desired angle out 
of phase with the other. By chang
ing this angle ninety degrees it is 
seen sine and cosine waves result. 
In the same way either the nega
tive sine or cosine waves can be 
formed. In all of these operations, 
the waves will :remain locked to
gether. 
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BULLARNEY 
The legend is told that in the 

days of ancient Rome an officer, 
called away to the wars, locked his 
beautiful young wife in armor and 
gave the key to his best friend, 
with the admonition: "If I don't 
return in six months, use this key. 
To you, my dear friend, I entrust 
it." 

Ten miles away from home, he 
saw a cloud of dust approaching 
and waited. 

His friend, on horseback, gallop
ed up saying: "You gave me the 
wrong key." 

When a man is twenty and a 
young lady smiles at him when 
passing on the street he looks him
self over to see what makes him 
so attractive. When he is forty 
and a lady smiles at him, he looks 
around to see who is following 
him or what is unzipped. .. 

"What are you putting in your 
vest pocket there, Murphy?" 

"That's a stick of dynamite. 
Every time Riley sees me he slaps 
me on the chest and breaks all my 
cigars. The next time he does it, 
he's going to blow his hand off." 

oTe 
Grandma Jones had lived alone 

in her spinster's cottage for many, 
many years. She seldom ventured 
further than the front gate and 
that was only to get mail. She 
seemed, however, to enjoy her life 
of solitude. 

"But how do you stand the 
everlasting silence, Grandma?" 
asked a neighbor one day. 

Grandma looked fondly at the 
two kittens that were playing with 
a ball of twine on the floor. "Oh," 
she said with a playful gleam in 
her eye, "when it gets so quiet 
that I can't stand it any longer, I 
just kick the hell out of one of the 
cats." 

Let's shed a tear for the un
fortunate shoe salesman with a 
lisp who got slapped when he 
asked an adequately proportioned 
female to sit down while he "look
ed up her thize." 

As he felt his way around the 
lamp post, the overloaded chemi
cal engineer muttered, "S'no use, 
I'm walled in." 

Frank and George stood laugh
ing on the street corner, when 
Willie came along and asked what 
was so funny. 

"Well," Frank said, "I went into 
the bar and ordered a drink. When 
I finished and the bartender ask
ed for my money, I told him I had 
already paid him, and the dope 
believed me." 

"Yeah," George said, "Frank 
told me, and I went in and did the 
same thing." 

Willie immediately walked in, 
sat down, and asked for a high
ball. When the bartender brought 
the order and said, "You know, in 
the last twenty minutes, two guys 
have come in here and-" 

"Cut the gab," Willie inter
rupted, "and give me my change." 

Teacher ( warning her children 
against catching cold): I had: a 
little brother seven years old, and 
one day he took his new sled out 
in the snow when it was too cold. 
He caught pneumonia and three 
days later he died. 

Silence for ten seconds. 
A voice from the rear: "Where's 

his sled?" 

An American schoolteacher on 
her vacation rented one of those 
little foreign cars with the engine 
in the rear, for a tour of France. 
All went well until she stalled one 
day and lifted the hood to see 
what was the matter. As she stood 
there, staring down in bewilder
ment, another schoolteacher drove 
up in a similiar auto and asked 
what was the trouble. 

"I've lost the whole motor!" the 
lady wailed. 

"You're in luck," the other re
assured her. Fortunately I seem 
to have an extra one in my 
trunk." 

THE MISSOURI SHAMROCK 



If your sights are set 

Mock-up of the Shippingport (Pa.) Atomic Power Station reactor 
which was designed and developed by the Westinghouse Electric 
Corporation under the direction of and in technical cooperation 
with the Naval Reactors Branch, U .S. Atomic Energy Commission. 

on nuclear power-

-you'll find 
Photography 
at Work 
with you 
Already engineers working with 
nuclear power have learned that only 
utmost purity of materials and metic
ulous accuracy in manufacture can be 
tolerated in a reactor. Steels for the 
reactors and reactor vessels are checked 
for make-up and molecular structure 
with photomicrography and x-ray dif
fraction. Welds are proved sound and 
moderators flawless with radiography. 
And stresses likely to occur are studied 
in advance with photo-elastic stress 
analysis. 

In this new-day industry, as in any 
field on which you set your sights, 
photography plays a part in making a 
better product, in producing it easier, 
in selling it faster. It cuts costs and 
saves time all along the line. 

So, in whatever you plan to do, take 
full advantage of all the ways photog
raphy can help. 

CAREERS WITH KODAK : 
With photography and photographic proc
esses becoming increasingly important in 
the business and industry of tomorrow, 
there are new and challenging opportunities 
at Kodak in research, engineering, elec
tronics, design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address : Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



Q. Mr. Savage, should young engineers 
join professional engineering · socie
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately "on the 
outside looking in," so to speak, 
of a new social circle to which 
they must earn their right to be
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A. The members of these societies 
-mature, knowledgeable men
have an obligation to instruct 
those who follow after them. 
Engineers and scientists-as pro
fessional people-are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ
ing young engineers. 

Q. Specifically, . what benefits accrue 
from belonging to these groups? 

A. There are many. for the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien
tists and engineers. Most impor
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 

, source of ideas - meeting col
leagues and talking with them, 
reading repo11s, attending meet
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso
ciates and organizations gener
ally heads the list of his aspira
tions. He derives satisfaction 
from knowing that he has been 
identified in his field. 

One of a series* 

Interview with General Electric's 

Charles F. Savage 

Consultant-Engineering Professional Relations 

How Professional Societies 

Help Develop Young Engineers 

Q. What contribution is the young en
gineer expected to make as an ac
tive member of technical and pro
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar
ing and presenting timely, well
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop
ment is a continuous process, 
starting prior to entering col
lege and progressing beyond 
retirement. Professional aspira
tions may change but learning 
covers a person's entire life span. 
And, of course, there are dues to 
be paid. The amount is grad
uated in terms of professional 
stature gained and should al
ways be considered as a personal 
investment in his future. 

Q. How do you go about joining pro
fessional groups? 

A. While still in school, join student 
chapters of societies , right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric encourage par
ticipation in technical and profes
sional societies? 

A. It certainly does. General Elec
tric progress is built upon cre
ative ideas and innovation~. The 
Company goes to . great lengths 
to establish a climate and in
centive to yield these results. 
One way to get ideas is to en-

courage employees to join pro
fessional societies. Why? Because 
General Electric shares in recog
nition accorded any of its indi
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can't 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re
sponsible offices, serve on work
ing committees and handle im
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations em
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the book!et 
"Your First 5 Years" published by 
the Engineers' Council for Profes
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
5,N. Y. 

* LOOK FOR other interviews dis
cussing: Salary • Why Companies 
have Training Programs • How to 
Get the Job You Want. 

GENERAL. ELECTRIC 
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. sometime within the next several years, the first 
American will soar into orbit around the earth. He will be 
sealed in a small, cone-shaped space capsule mounted atop an 

Atlas missile. The missile will climb 100 miles in less than six 
minutes, where the capsule will disengage and go into orbit. The 
man will be alone in space. 

The vehicle for this historic voyage is already in production under 
the auspices of the National Aeronautics and Space Administration's 
"Project Mercury." One of the methods of heat protection is a beryl
lium heat sink, forged on two giant steel dies. Both dies are USS 
Quality Steel Forgings. The top die (shown being rough-machined 
on one of our vertical boring mills) will be convex, 20 inches thick 
and will weigh 26,520 pounds. The bottom die, concave and 18 
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter. 

Steel is the starting gun in the race to outer space. Space ships 
and missiles couldn't get off the ground without it. And Steel de
pends on men like you. Send the coupon if you would like to find out 
about the many engineering financial analysis or sales career op
portunities at u. s. Steel. USS is a registered trademark 

@united States Steel 

This mark tells you a product is made $.. 
of modern, dependable Steel. ~ 

United States Steel Corporation 
Personnel Division 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 

Please send me the booklet, "Paths of Opportunity." 

Name _______ _ _ _ _ _ 

Schoo~------

Addres,._ __________ _ 

Clty _______ __.,one-State--



Editor-Elect 

Kirk Rosenhan 

Editor 

Mike Shortal 

Business Manager 

Tom Chura 

National Advertising 

Dave Saferstein 

Circulation Manager 

Buzz Coulon 

Features Editor 

Joe Kralovec 

Office Manager 

Jack Stewart 

News Editor 

Bob Steiert 

Photography 

Kirk Rosenhan 

Secretarial 

Beth Fike 

Faculty Advisors 

Prof. Jack Morgan 

COVER 
Huber 0. Croft, Dean of the College of 
Engineering. · --

MAY, 1961 

VOL. XXVII MAY 1961 

CONTENTS 

FEATURES: 

PRINCIPLES AND DEVELOPMENT OF 

HIGH-ACCURACY TURBINE METERS FOR 

THE PETROLEUM INDUSTRY 

NO. 8 

6 

TRAFFIC CONTROL DURING CONSTRUCTION ________ 10 

DEPARTMENTS: 

ED ITO RIAL ----------------------------------------_____________________ _ 5 

MEET YOUR FACULTY ------------------------------------------------------ 8 

BULLARNEY ------------------------------------------------------------ 17 

The Missouri Shamrock is a member of the Engineering College Magazines Associated; 
chairman: Stanley Stynes, Wayne University; publisher's representative; Littell
Murray-Barnhill, Inc., 369 Lexington Avenue., New York 17, New York, 737 North 
Michigan Avenue., Chicago 11, Illinois. 

Published monthly except June, July, August and September by the Board of Publi
cation; Room 233 Engineering Building, University of Missouri, Columbia, Missouri. 
Entered as second class matter at the post office at Columbia, Missouri under the act 
of March 3, 1879. Printed by Kelly Press, Inc., 8th & Locust, Columbia. Missouri. 
Single copies are priced at 25 cents; subscription rates are $2.00 per year, $5.00 for 
three years. 

3 





MAY, 1961 

"Gone Fishing" 

Have a happy vacation 

The Editor 

FRONTISPIECE 
New Physics Building at Kodak Research Laboratories in 
Rochester, N.Y., is equipped with latest facilities for many 
different fields of physical research. The building is of curtain 
waM construction with outside panels of glass and enameled 
steel. It is now being occupied by more than 400 staff mem
bers of the Research Laboratories Physics Division. 
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Principles and Development of 

High-Accuracy Turbine Meters 

For The Petroleum Industry 

The tank gauging method of 
bulk liquid measurement in the 
petroleum industry has been 
largely replaced by the use of 
positive displacement meters. But 
these meters have proved inade
quate to the problem of handling 
the much higher flow rates neces
sary for today's industrial and 
consumer needs. Before turbine 
type meters could be successfully 
applied to high-accuracy flow 
measurement, an old mystery in 
their performance had to be 
solved. After nearly five years of 
research and development, viscos
ity-compensated turbine meters 
are now giving extremely accu
rate service in the measurement 
of large flows of petroleum prod
ucts. 

Shortcomings of Tank Gauging 

TANK gauging was the origi
nal method of volume fluid 

measurement in the petroleum 
industry. But accurate determi
nation of tank volumes was diffi
cult, due largely to temperature 
variation and substantial liquid 
loss from evaporation at the free 
surface. 

As extended pipeline systems 
came into wider use, it became 
inconvenient for both control and 
accounting purposes to discharge 
the 1 i quid thruput whenever 
measurement was necessary. An 
additional disadvantage of this 
practice was the loss of pressure 
head driving the liquid. 
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HENNING KARLBY, Director 

Central Research Rockwell Manufacturing Company 

Another drawback of tank gaug
ing was the difficulty of obtaining 
true average tank temperatures. 
In principle, accounting is by 
weight, but in reality, it is by 
equivalent product v o 1 um e at 
some agreed upon base tempera
ture (60F) . 

Displacement Type Liquid 

Measurement 

It is predominantly displace
ment type flowmeters that are 
used in modern liquid volume 
control and accounting. In these 
essentially low head loss piston 
motors, the number of separate 
liquid volumes displaced is re
corded on a cumulative totalizing 
register. The register is driven 
by a variable-ratio gear mechan
ism, automatically reducing the 
rising count total to its numerical 
equivalent at the accounting base 
temperature. 

Most displacement meters, ex
cept the smaller sizes, are of the 
rotary piston type. For reasons 
of low head loss and frictional 
wear, the pistons are not packed 
but move with a fine clearance, 
in the order of a few thousandths 
of an inch. 

Hydraulic work is done against 
bearing and register friction, and 
it is the pressure drop increment 
within this hydraulic work that 

forces a laminar flow leakage 
around the pistons. 

Since laminar leakage varies 
with both flow rate and liquid 
viscosity, displacement meters 
must frequently be calibrated be
cause frictional wear c a u s e s 
changes in both piston clearance 
and frictional torque. 

Displacement Meter Calibration 

Calibration of displacement type 
meters consists of establishing by 
test the difference between actual 
thruput and registered thruput. 
This difference is divided by the 
actual thruput, multiplied by a 
factor of 100, and expressed as 
the percentage error. This per
centage is usually plotted as a 
function of flow rate. 

In actual practice, the best ro
tary piston meters-at flow rates 
between a few gallons and 1000 
gpm ... exhibit errors of only a 
fraction of one percent when 
measuring flows above 20 percent 
of capacity. 

But even the best displacement 
meters fail to measure accurately 
gritty fluids, such as crude oil, 
without excessive wear and cali
bration c ha n g e s. Displacement 
metering becomes intolerably 
bulky and expensive at present 
flow rates in the order of tens 
of thousands of gallons per min
ute. 

THE MlSSOURI SHAMROCK 



Early Turbine Meter Experience 

The chief disadvantages of dis
placement meters became the 
starting point of our interest in 
turbine type meters. Just as dis
placement meters are "zero load" 
piston motors, turbine flowmeters 
may be considered as hydraulic 
turbines running idle. It follows 
that these meters should be able 
to rotate at speeds closely propor
tional to the rate of flow. Thus, 
the total number of revolutions 
indicated the actual thruput, or 
total volume passed through the 
meter. 

Investigation of already exist
ing turbine meters, in less exact
ing service, revealed an unexpect
ed c a 1 i b r a t i o n characteristic. 
While there were obvious advan
tages to turbine flowmeters-me
chanical s i m p 1 i c i t y, compact 
design, a b s e n c e of frictional 
clearances, and low bearing loads 
-the calibration curves varied 
substantially with both flow rate 
and liquid properties. 

All curves exhibited an unex
plained decrease of percentage er
ror as lower flow rates were me
tered. This, of course, showed up 
before performance became unac
ceptable at very low flows. 

The reason for this mysterious 
decrease in error at low flows
which could not possibly have 
been due to mechanical friction 
-has now been found. The prob
lem was solved only after several 
years of intensive analysis, design 
changes, and model testing. 

The r e s u 1 t was a complete 
theory1 of turbine meter princi
ples, enabling us to build metering 
turbines that surpass the best dis
placement meters in accuracy, re
peatability, retention of original 
calibration, and long service life 
under high flows of gritty liquids, 
such as crude petroleum oils. 

Theory of Turbine Metering 

If an axial-flow turbine rotor, 
with annular blading set at an 
angle (S}) inclined away from the 
direction of flow, is placed in a 
streamlined body centered in the 
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Sectional drawing reveals chief internal components of turbine type meter. 
Fluid enters meter at left, passing around upstream diffuser section and through 
rotor element, causing it to rotate. Continuous sampling of fluid is withdrawn up
stream of meter. Sampling is filtered and routed to the viscosity compensator where 
it passes between stationary case and rotating drum. This action imposes resistance 
to drum rotation directly proportional to fluid viscosity. Sampling is then returned 
to main flow upstream of rotor to be measured as part of total flow through meter. 

Line drawing shows course of fluid flow through Rockwell's turbine meter test 
station at Murrysville, Pennsylvania. This is nation's only facility capable of testing 
turbine meters both volumetrically and electronically. Tests are conducted with 
petroleum products, not water. 

Illustrations courtesy of Rockwell Manufacturing Co., Pittsburgh, Pennsylvania. 

pipe, the body will direct the flow 
against the annular blading area 
(A) with a near-uniform velocity. 
In the absence of friction, the ro
tor would be accelerated to a 
steady rim speed (u) proportion
al to the axial velocity, thus con
stituting a turbine flowmeter. 

(1) v = Q/ A (2) u = vtanS} 

(3) Q = vA = uA/ tanS} = 
w rA/ tanS} 

Actually, both mechanical fric
tion (bearing friction) and a fluid 
friction ( drag) will oppose blade 
rotation, requiring "bending" of 
the axial flow. This then leaves 
the rotor with a small tangential 
velocity ( 6 v) in the direction 
opposite to rotor velocity. Thus, 
the rotor will turn at its synchro
nous speed minus this tangential 
component. This results in a per
centage slip (6 v/ v) which, in 
physical terms, means that the 
blading will operate as "wings" 
with the angle of attack necessary 

to counterbalance bearing friction 
and drag. 

By careful design, mechanical 
friction can be made negligible in 
the operating range of 100 to 20 
percent of capacity. In a well-de
signed metering turbine, blade 
drag is the prime cause of slip 
variation, prohibiting its use as a 
high-accuracy meter. In the light 
of these facts, analysis could then 
be concentrated upon the varia
tion of blade drag with flow con
ditions. 

In steady-state rotation, the re
sultant tangential force is, by def
inition, zero. Thus, Newton's Sec
ond Law, or the general definition 
of force as the time-rate of change 
of momentum (F = d[mv]dt), 
gives the driving force as the mass 
rate of flow 

(dm/ dt = m = pvA) 

times the change of tangential 
velocity (6v). This must equal 
the tangential component of drag 

(Continued on page 14) 
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Meet Your Faculty 

THE honored faculty member 

for the last issue of the Mis

ouri Shamrock for the 1960-61 

school year is Huber 0. Croft, 

Dean of the College of Engineer

ing and Director of the Engineer

ing Experimental Station at the 

University of Missouri. This man 

is the center of all activity in the 

Engineering School. His office is 

the destination of every student 

and faculty member in Engine 

School at some time during their 

stay here. It may be to get an 

excuse from classes, to discuss a 

possible scholarship, or to get ap

proval for a change in policy in 

Engine School. 

Dean Croft was oorn at the 

foot of the Rocky Mountains in 

Denver, Colorado in 1896. His 

childhood years and teens were 

spent in Denver where he gradu

ated from East Denver H i g h 

School in 1914. At this time he 

decided to study engineering. 

In the fall of the same year he 

entered the University of Color

ado in Boulder. His career at Col

orado was one of distinction end
ing with his graduation in 1918. 

During his college years he was 

elected to Tau Beta Pi, Engineer

ing Honor Fraternity and was a 

member of Sigma Chi, National 

Social Fraternity. 

He spent the next year in the 

United States Air Service at Port 

Field, Oklahoma. In 1919 he re

turned to Denver as the Assistant 

to the Chief Engineer for Swift 

and Company. A year later he 

joined the Stearns-Rogers Manu
facturing Co. in Denver as a De
sign Engineer. Then in 1921 he 

accepted a job as an Assistant to 

D u r b in Van Law, Consulting 

Power Plant Engineer also in 
Denver. 

Having spent three years in in

dustry Dean Croft decided to re
turn to the field of education and 
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received an Assistant Professor

ship in Mechanical Engineering at 

the University of Illinois. At this 

time he began preliminary gradu

ate work along with his teaching 

load. In the summer of 1925 he 

worked under Professor A. C. 

Willard of Illinois on experimen

tal work for the Hudson River 

Tunnel Commission. The follow

ing year, 1926, he received his 

Masters of Science Degree in Me
chanical Engineering. That sum

mer he made preliminary designs 

of the "Civic Center" Power Plant 

for the City of St. Louis, Missouri. 

While at Illinois he was elected 

as an honorary member to Pi Tau 

Sigma, Mechanical Engineering 
Honorary. 

Then in 1927 he accepted a job 

as Associate Professor of Me

chanical Engineering at Stanford 

University in California. That 

summer he did preliminary de
sign work for the high pressure 

gas distribution system and tested 

a 50,000 KW turbine for the Pub

lic Service Company of North Il

linois. At Stanford he was also 

elected to Sigma Xi, ~ational Re
search Honorary. 

After two years he returned to 

the Mid-West where he became 

Professor of Mechanical Engineer
ing and Head of the M.E. Depart
ment at the State University of 

Iowa. In 1930 Dean Croft was 

elected to the Iowa Academy of 

Science. The following year he 

became a licensed engineer by the 

Iowa State Board of Examiners. 

He served as secretary of the Re
search Club at the University of 

Iowa, Director and President of 

the Iowa City Rotary Club, Direc

tor of the Iowa City Chamber of 

Commerce, Director of the CAA 

Civilian Pilot Training Program 

at Iowa, was elected to the Aca

demy of Political Science in 1940, 

and became a member of Theta 

JOE KRALOVEC, I.E. '62 

Tau Engineering Fraternity while 

at the University of Iowa. 
Then in 1949 Huber 0. Croft 

became the Dean of the College 

of Engineering and Director of 

the Engineering Experimental 

Station at Mizzou, which position 

he held until his retirement this 

year. While at Mizzou he has 

been named a Fellow in the "Roy

al Society of Arts" in London; a 

Fellow in The American Society 

of Mechanical Engineers; served 

as President of the National So

ciety of Professional Engineers; 

elected to the New York Academy 

of Science; received the Academy 

Palm Medal, "Officier D' Acade

mie," from the French Govern
ment; received the "Distinguished 

Citizen Award" from the City of 

Columbia, Missouri; was Presi

dent of the Missouri Society of 

Professional Engineers; and only 

this fall was made an Honorary 

Colonel in Detachment 440 of the 

Air Force R.O.T.C. at Mizzou. 
His record is truly outstanding 

in e v e r y respect. More than 

thirty men have written their 

graduate theses under Dean Croft. 

He has written sixty-one publica

tions on various phases of engi

neering and its applications. 

Courses in Combustion, Refriger

ation, and Furnace Design are 

only a few of the more than dozen 
different courses which he has 

taught. Committee chairmanships, 

offices held in different organiza

tions, and awards received for his 

hard work number in the fifties. 

Dean Croft has done a great 

deal for the College of Engineer

ing and the students and faculty 

in it. His position will be hard to 

fill for his mark on the university 

and the whole engineering world 

have been monumental. His en

tire life has been characterized 

with hard work. He is truly a 

living example for all engineering 

students and engineers. 

THE MISSOURI SHAMROCK 



FACTS ABOUT 

AIR FORCE 
OFFICER TRAINING 

FOR ENGINEERS 

Who is eligible? 

College graduates, with a degree from an 
accredited college or university, who are U.S. 
citizens 20½ to 27½ at time of application. 
Male applicants may be married or unmarried; 
female applicants must be single and have no 
dependents. Applicants must complete written 
and physical examinations for commissioning. 

What kinds of engineers 
are needed most? 

Aeronautical, electrical, mechanical, civil, 
architectural, industrial. ( Also graduates with 
any degree who majored in nuclear physics, 
engineering physics or meteorology.) 

What is Air Force 
Officer Training School? 

A precommission training course of 3 months' 
duration at Lackland Air Force Base, Texas. 
Officer trainees upon graduation receive a com
mission as second lieutenant. They are then as
signed directly to duty or additional training. 

MAY, 1961 

Does the Air Force 
offer career opportunities? 
Yes. Technically trained officers have a particu
larly bright career outlook. They have good 
opportunities for graduate study. 

How can further information 
be obtained? 

Write to OTS Information, Box 7608, Wash
ington 4, D. C., or inquire at any Air Force Re
cruiting Office, listed in the telephone directory 
under "U.S. Government-Air Force." 

***H************************* * * * * * Civilian Career Opportunities * 
* * ! The Air Force also offers challenging jobs for :Z * engineers as civilians. Write to Directorate of * 
;- Civilian Personnel, Hq. Air Force Systems Com- :Z * mand, Andrews Air Force Base, Washington 25, * ! D. C., concerning opportunities for individuals :Z * with degrees in aeronautical, electrical, elec- * ! tronic, and mechanical engineering . Write to ! * Directorate of Civilian Personnel, Hq. Air Force * ! Logistics Command, Wright-Patterson Air Force ! * Base, Ohio, concerning opportunities for individ- * ! uals with degrees in industrial engineering. ! 
* * ****************************** 
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Traffic Control During 

ANY interruption of the pres
ent intense traffic flo-w, due 

to highway construction or main
tenance operations, must be com
pensated for by alternate routes, 
either through or around the job 
site. Such re-routing must be as 
safe and fast as possible, other
wise high accident frequencies 
with heavy losses may result. 

To be most effective, accident 
prevention should become a defi
nite part of advance planning be
tween the contractor, his insur
ance carrier, his sub-contractors 
and the Resident Engineer. 

The "Manual on Uniform Traf
fic Control Devices" published by 
the U.S. Public Roads Adminis
tration, Washington, D.C., is used 
by most states as the standard for 
the installation of street and high
way control devices and most sta
tistics for certain distance for 
signs to be placed will be from 
this manual. 

The signs and other control de
vices, referred to are merely rep
resentative of a much larger and 
comprehensive number of applica
ble controls. 

The most comprehensive type 
of public traffic control and pro
tection is required in cases of 
complete shutdown of roadway 
sections for reconstruction or 
maintenance. Whether the road
way sections to be closed is rural 
or urban, long or short, the alter
nate route, or detour selected to 
replace it should meet these two 

Construction 

obligations: It should completely 
bypass the section of highway 
closed, providing access to resi
dence and business properties pre
viously served by the original 
highway; and it should have the 
capacity to absorb and otherwise 
accommodate all normal diverted 
traffic volume without unreason
able delay, restriction or danger. 
The volume and composition of 
diverted traffic, the r o a d w a y 
alignment, number and widths of 
available lanes and desired vehic
ular speeds are important factors 
in planning the detour. 

There are three general parts 
of a detoured road project requir
ing informational guides and traf
fic controls: The approaches, the 
beginning and end of the closed 
roadway section, a:nd the detour 
route itself. 

Figure 1 illustrates an extensive 
section of typical rural highway 
c 1 o s e d for reconstruction, and 
shows the detour route selected 
to provide a long-term run-around 
detour for the project. Because 
of the small town that is included 
along the closed highway section, 
the detour route must connect 
with feeder road to the town. 

The minimum requirements, by 
location and type of each traffic 
informational and protective sign 
and device, are illustrated and 
discussed below for the approach, 
job extremities and detour routes. 

Every effort should be made to 
warn and slow down the driver 

ROBERT M. COTTLE 

far in advance of the closed road
way section. Information o·n speed 
reduction, road closures and the 
change of route can best be ac
complished by the use of destinc
tive signs, reflectionized for night 
visibility and easily understand
able to the traveling public. 

Signs shown for only one lane. 
Figure 1 

Taking figure 1 as an example, 
at a distance of 1500 feet in ad
vance of the work area, an over
size diamond shaped sign informs 
the driver of "C o n s t r u c t i o n 
Ahead." If more than one mes
sage is required at this point, rec
tangular shaped signs should be 
used. The next traffic control is 
a double sign placed 1000 feet 
from the job extremities inform
ing the driver to slow down to 
"15 MPH" and turn off on the 
"Temporary R o u t e 1000 Feet" 
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ahead. At a point no less than 300 
feet or more than 500 feet from 
the end of the closed section, a 
third sign should read "Barricade 
Ahead." 

If a U.S. or State Route number 
is assigned to the closed roadway, 
an additional sign should be post
ed within 75 feet of the point of 
route cha:nge, clearly indicating 
the turn and the route continua
tion. 

The final precautionary meas
ure to be taken at the approach 
is the complete removal of any 
center or lane-line m a r k in gs 
which lead into the job extremi
ties or points of closure. Such 
pavement lines should be diverted 
to lead directly into the detour as 
a guide for approaching and turn
ing traffic. 

The final control device to be 
used before a motorist turns into 
a detour route is a barricade. In 
order to exclude all through traf
fic, barricades should be erected 
entirely across the right-of-way 
and the shoulders in fence form. 
The barricades must be recogniz
able by distinctive markings such 
as diagonal striping in contrasting 
colors with a wide horizontal rail
ing, with large red reflectorized 
disks and should include a mount
ed sign reading "Road Closed" 
and a large arrow pointing in the 
direction of the detour. In addi
tion, flare pots, lanterns and other 
illuminating devices are essential 
supplements d u r in g hours of 
darkness, storm or other periods 
of reduced visibility. 

Since the detour route is, for all 
practical purposes, an extension 
of the existing traveled right-of
way, it must necessarily duplicate 
the characteristics of the original 
route as much as possible. The 
detour, as mentioned above, must 
bypass the closed roadway sec
tion, yet provide access to adja
cent residences. It must also ac
commodate the diverted traffic 
without undue delay or danger. 

The temporary route should be 
carefully posted as a detour, with 
temporary route numbers. Any 
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additional information, which may 
guide and warn the motorist, such 
as safe speed limits, low clear
ances, bridge capacities, cross
roads, bumps, dips, and etc., is 
an essential part of the detour 
traffic control. These postings are 
normally, the responsibility of the 
State, County; or local authority. 
Some typical signs are shown in 
Figure 1. Guard rails may be re
quired also. 

In the case of extended detours, 
periodic patrolling may be neces
sary to enforce regulations, to 
check on the legibility of signs, to 
check the adequacy of lighting 
and to detect any surface irregu
larities or hazards which may re
quire correction. 

The principles discussed for 
traffic control measures for ap
proach, job extremities and detour 
route apply equally well on short
length projects. There is some
times a tendency on the part of 
contractors or municipalities to be 
negligent with regard to the short 
detour routes. However, experi
ence indicates that the majority 
of serious and costly traffic acci
dents occur on short detours 
which have poorly maintained 
surfaces, steep grades and insuf
ficient widths, particularly where 
the traveled way is being shared 
with the contractors equipment. 

Signs shown for only one lane. 
Figure 2 

Figure 2 shows a temporary 

run-around detour, such as may 
be required in cases of pavement 
collapse or washout, curve elim
ination, bridge failure, g r a d e 
crossing elimination, and other 
relatively short-length road proj
ects. 

~ 
'¥1 

t 

Signs shown for only one lane. 
Figure 3 

A typical multiple-block detour 
in an urban area is illustrated in 
Figure 3. The traffic control meas
ures required at the approach, at 
the job extremities and along the 
detour differ considerably from 
those in rural areas. There is a 
greater concentration of street in
tersections, traffic and parking, as 
well as local rather than state 
jurisdictions. 

Because of the usual block ar
rangement in cities varying from 
300 to 500 feet in length, advance 
warning of detours must be post
ed relatively close to the job ex
tremities, usually in the middle of 
the adjacent blocks. 

The black-on-yellow sign in 
Figure 3, which reads "Street 
Closed Ahead", posted approxi
mately 100 feet in advance of the 
intersecting street preceding the 
point of closure, gives sufficient 
advance warning. In addition, a 
"Detour" marker, together with 
any "Route" markings, s_hould be 
posted at least 75 feet in advance 
of the same intersection before 
the point of closure. 

At each point of the road clos
ure, a barricade constructed 
across the roadway and sidewalks 
will serve to exclude all vehicular 
and foot traffic. In urban areas, 
horse-type barricades chained to
gether to simulate a fence, are 
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more commonly used than the 
fence-rail barricade because of 
their greater flexibility of han
dling. Alternate black and white 
stripes combined. with lanterns, 
reflectorized shields and flare pots 
will increase the visibility of bar
ricades to motorists. 

In addition to a sign mounted 
on the barricade reading "Street 
Closed", a "Detour" marker is 
also mounted, together with any 
r o u t e markings. Signal lights 
mounted at or near the job ex
tremities should either be made 
inoperative or show a steady or 
flashing red signal. 

At the entrance of intersecting 
minor streets along the closed 

route, a secondary horse-barri
cade should be erected to permit 
limited access to the residences 
or business by local vehicles and 
pedestrians. Major cross-streets 
should be closed off entirely on 
either side of the route under con
struction, and posted for detour 
as described above. 

A detour in congested urban 
areas must be as direct and open 
as possible. It is important, if 
traffic demand warrants it, that 

the detour street selected dupli
cate the street under constraction 
as near as possible in number of 
lanes, direction of movement, 
speed limits, accessibility, etc. It 
should parallel the closed route 
and be clearly posted as a "De
tour" with such route numbers as 
may be necessary. 

Single block detours are also 
common to urban areas. The types 
of traffic control measures de

scribed for multiple block detours 
are applicable, except in a lesser 
degree. 

Many highway improvements 
must be carried out from begin
ning to end without interrupting 
the daily flow of traffic. It then 
becomes necessary to keep vehi
cles outside of work areas, yet at 
the same time guide them safely 
and smoothly throughout the proj
ect. In a d d i t i o n, construction 
schedules must be maintained and 
personnel must be protected. 
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Because the degree of exposure 

and potential liability increases 
greatly when public traffic and 
construction activities mix on the 
same right~of-way, special precau
tions and measures are required. 
The public must be informed, at 
all times, of the conditions ahead. 
The contractor must plan opera
tions and movements of construc
tion equipment with extra care. 
In addition, the limits of work 
areas must be established with 
caution so that traffic lanes for 
public use are not obstructed or 
made hazardous. 

The necessity of maintaining 
traffic movement through major 
or minor repair projects requires 
that c o n t r o 1 measures at ap
proaches, j o b extremities and 

through the work area be fre
quent, clear and strictly enforced. 
Such controls are designed, not 
to exclude traffic · at detours, but 
to lead it gradually up to the work 
limits, steer it through its proper 
portion of the right-of-way and 
guide it without unnecessary de
lay or danger through the entire 
project. 

Night and day, warnings must 
be clearly visible to a driver ap
proaching a section of road under
going improvements, advising him 

of conditions ahead at all times, 
and at a glance. At least 1000 feet 
in advance of construction on a 
straight stretch and 1500 feet in 
advance of a curving road, a dia
mond-shaped sign should be post
ed on the right side of the road 
facing the driver bearing the 
legend, "Road Repair Ahead". 

The warning messages should be 
in large black letters on a yellow 
background. For added protec
tion, a second sign reading "Bar
ricade Ahead" and a third sign 
"Slow To 15 MPH" should come 
into view about 500 feet in ad
vance of the repair area. A final 
sign, such as "One Lane Traffic" 
should be placed some 200 feet 
ahead of the job site to notify the 
motorist of reduced road width. 

Traffic streams approaching the 
project are steered into each · end, 

clear of the work areas with some 
form of physical channelization. 
Pavement transitions may best be 
indicated by setting up multi-col
ored rubber cones, or lining up 
rows of mounted flags and lighted 
flare pots. This narrowin~ or 
transition should be at least 150 
feet in length and end at the par
tial barricades positioned at each 
end of a job. 

Closing off the work areas can 
be best accomplished by the plac
ing of horse-type or A-frame bar
ricades at each end along the side 
exposed to traffic. Again striping, 
reflectorized signs, and lighting of 
the barricades are important. A 
standard "Stop" sign, combined 
with a "Wait For Signal" sign, 
should be mounted on or just 
ahead of the barricades if the 
right-of-way along the work area 
is reduced to a single lane requir
ing alternating movements under 
flagman control. 

If the movement is to remain 
reduced to single lane operation 
during night hours, flagman con
trol with lighted torches must be 
necessarily maintained. If the 
right-of-way paralleling the work 
area permits vehicles to pass 
safely, the barricade signs should 
read "Keep To Right" combined 
with a "Slow To 15 MPH" sign. 

Constant guidance and protec
tion are necessary to prevent ac
cidents from occuring on the sec
tion of roadway reserved for 
public traffic. In addition to sep
arating the work area from the 
traveled way with horse-type bar
ricades, a number of warning 
signs may be required. These 
might include "Speed Limit XX 
MPH"; "Truck Crossing"; "Road 
Machinery Ahead"; "Do Not 
Pass"; "Stop"; "Watch Out For 
Falling Rock"; "Do Not Stop On 
The Pavement" and etc. 

A large percentage of equip
ment collision and loss-of-control 
accidents have occurred during 
periods of job shut-down. Princi
pal causes of such accidents are 

(Continued on page 16) 
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THIS YOUNG ENGINEER 
IS ON THE ROAD TO MANAGEMENT 

Dick Cotton knew he wanted to take the 
engineering route into management long before 
he joined New Jersey Bell Telephone Company. 
In fact it was his goal when he was working for 
his engineering degree at Rutgers. 

When he graduated, he had his lines out to 
eleven other companies. He came to New Jersey 
Bell because: "I didn't feel I was just a number 
to these people. There was no doubt in my mind 
that this job would be the best for the long pull." 

His first assignment was a tough one. A com
plex of major telephone cables lay in the path of 

. the approach to the new traffic level of the George 
Washington Bridge on the Hudson. Dick's job 
was to find the most practical and economical 
way to reroute these cables, and at the same time 
to provide for future telephone growth in the 
area around the bridge approach. 

Dick ironed that one out and got a crack at 
another tough job. 

Next stop: New Jersey Bell Headquarters 
Engineering Staff, Special Studies Group. Here 
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"Our number one aim is to have in all 
management jobs the most vital, intelli
gent, positive and imaginative men we 
can possibly find." 

FREDERICK R. KAPPEL, President 

American Telephone & Telegraph Co. 

Dick was a member of a four-man team whose 
job was to find ways to eliminate some of the 
routine work of field engineers to give them 
"more time to think." Dick also helped plan 
and control a $100,000,000 annual telephone con
struction budget. 

Presently, Dick is responsible for telephone 
equipment engineering projects in the Camden, 
New Jersey, area. 

How does Dick look at it? "This is a growing 
business. I work with this growth every day. 
And growth means more room at the top. Of 
course, I don't figure I'll get there overnight
but on my jobs so far I've had a chance to take 
a good look at how this business is run. And I 
think the sky's the limit for a man who really 
wants to work for it." 

If you're a guy who can tackle a tough job and 
deliver the goods-then you're the kind of man who 
should find out more about the Bell Companies. 
Visit your Placement Office for literature and addi
tional information. 

BELL TELEPHONE COMPANIES 
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A sewage-tight joint in 10 seconds 
Dickey Coupling o.bsoletes all other types of jointing 

Dickey Coupling/Pipe can be jointed 
in about the time it takes to light up 
a cigarette ... without mixing com
pounds or waiting for joints to set. 
Impossible? No ... and here's how: 

Td complete a joint, you simply 
wipe off the Coupling, brush on lube
compound and push the pipe to-

gether. The job is done ... ready for 
backfilling. You have locked out in
filtration and roots ... eliminated 
extra operating costs at pumping sta
tions and at the treatment plant. 

Write today for information on 
how to build tight sanitary sewers 
with Dickey Coupling/Pipe. 

Providing improved sanitation for better living 

IC K Ev sanitary 
· salt-gl_azed 

clay pipe 

VV. S. DICKEY CLAY MFG. CO. 

Birmingham, Al.1;. • Chattanooga, Tenn. • Kansas City, Mo. • Meridian, Miss. • St. Louis, Mo .• San Antonio, Tex .• Texarkana, Tex.•Ark. 

1f it's made of clay it's good ... if it's made by Dickey it's better 

TURBINE METERS 
( Continued from page 7) 

(Dsin,ZS), where drag is conven
tionally expressed as a non-di
mensional drag coefficient (CD) 
times the "velocity head" (p V 2 /2) 
times the area exposed to drag. 
In this case of blade motion near
ly parallel to the flow ( 6 v / v 
small), the exposed area is the 
blade suTface area (A'). 

Transposing the force equation, 
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we arrive at the interesting result 
that slip ( 6 v/v) is directly pro
portional to the drag coefficient. 
By definition, the drag coefficient 
is a function of the Reynolds num
ber (R) of the blade passage alone 
(R = Lv/v, where Lis the blade 
chord and v is kinematic viscos
ity). 

The above relation is important 
because a large body of knowl
edge is available on the "skin 

friction" drag offlat plates at zero 
incidence as a function of Reyn
olds numbers. For this, we owe 
a debt of gratitude to Ludwig 
Prandtl et al. 

In brief, the drag of a flat plate 
can be treated as if the fluid were 
frictionless, except in a skin ( or 
boundary) layer dragged along by 
the plate due to viscosity. Two 
important conditions of the blad
ing boundary layer can then be 
distinguished: 

The first condition is that at 
low velocities and/or high vis
cosities (at Reynolds numbers be
low a critical value, R*), the en
tire flow is laminar. Therefore, 
the boundary layer must also have 
laminar characteristics. The drag 
coefficient (according to Blasius) 
is a constant divided by the 
square root of the Reynolds num
ber (CD = K / Y R ) . Unfortu
nately, this means that slip (6 
v /v = KCD) is not constant, and 
a turbine must be useless as a 
flowmeter in laminar flow. 

The second condition is that, 
fortunately, the majority of indus
trial pipeline flows are turbulent, 
or at least not fully laminar. 
Physically, this means that the 
boundary layer will remain lam
inar near the leading edge of the 
blading, but break into turbu
lence further downstream at a dis
tance (X) which varies with blade 
Reynolds number (X = vR*/ v). 
Thus, the blade drag coefficient 
becomes the sum of a laminar and 
a turbulent drag coefficient, each 
applied to its proper blade area. 
This is expressed in the Prandtl
Schlichting transition f o rm u I a 
(CD = K - [K/R] ) which for 
very large Reynolds numbers ap
proaches a constant value. 

If we remember that a good 
flowmeter must have essentially 
constant error, or slip, in order to 
permit valid calibration, and that 
slip is found to be directly pro
portional to blade drag coefficient, 
the analystical requirement be
comes clear. 

For operation within the prac
( Continued on page 16) 
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Bringing space down to earth ... this 
laboratory space capsule is designed to .measure 
man's physiological and psychological limits and 
test life support systems under simulated space 
flight conditions. Now scientists will be able to 
study, simultaneously, the space flight stresses of 
high altitude, acceleration, heat and isolation. 

Developed and being built by Garrett's AiRe
search divisions for the U.S. Air Force's Wright 
Air Development Division, this ground test space 
capsule is an example of Garrett's research leader
ship in life support and secondary power systems 
for space vehicles for long duration flight at zero 
gravity. Development of these life support systems 
utilizing cryogenic gases and efficient turbine 

OUT OF THE LABORATORY 

drive secondary power systems using solar or 
nuclear energy are opening up vast new worlds 
of exploration and career achievement for engi
neers in the space age. 

A world leader in the development and manu
facture of · major systems and components for 
aircraft and missiles as well as advanced flight 
vehicles, The Garrett Corporation provides an 
orientation program lasting a period of months 
for the newly graduated engineer, working on 
assignments with experienced engineers in labora
tory, preliminary design and development projects. 

Should you be interested in a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 

THE CORPORATION 

tliResearch Manufacturing Divisions 
Los Angeles 45, California• Phoenix, Arizona 

OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPL.Y·AERO ENG·ll!IEERING • Al RESEARCH AVIATION SERVICE• GARRETT SUPPLY• AIR CRUt·S£1'1S 

A/RESEARCH INDUSTRIAL.• GARRETT MA-NUFACTURING LIMITED• MARWEDIEL.• GARRETT INTERNATIONALS.A.• GARRETT tJAPANJ L.IMITl£0 

Mi\.'£, Ultil 15 



TURBINE METERS 
(Continued from page 14) 

tical range of flow, the total drag 
coefficient must be held constant 
by some type of automatic can
cellation ( or vector subtraction) 
of its variation (K/R). It is this 
variation which is finally dis
closed as being the cause of the 
"mysterious" decrease of turbine 
meter slip at moderate Reynolds 
numbers. 

Stablization of Slip 
We accomplished the stabiliza

tion of slip-an important first in 
turbine metering-by the addition 
of a laminar drag brake termed a 
viscosity compensator. This de
vice consists of a cylindrical drum 
mounted on the rotor shaft within 
a small-clearance space filled with 
the fluid to be metered. 

The drum imposes a drag in 
linear proportion to both its rota
tional speed and the fluid viscos
ity. This drag varies inversely 
with the Reynolds number. With 
proper proportioning, drag exact
ly cancels the slip variation indi
cated by the Prandtl-Schlichting 
formula. 

Testing Facilities 
Our illustrations include a view 

of the large test stand especially 
constructed for the development 
and calibration of turbine flow
meters for the petroleum indus
try. 

Un d er test conditions, some 
300,000 pounds of crude oil are 
pumped through a meter. This 
corresponds to only a few min
utes'. thruput at flow rates up to 
10,000 .gpm. Measured fluid is 
weighed on a scale accurate to 
one part in 10,000 or .01 percent, 
the limit of practical accuracy. 

Such testing serves to verify 
that well designed metering tur
bines are more accurate with 
higher repeatability than the best 
displacement meters. Regardless 
of the flow rates and gritty par
ticles encountered in service, tur
bine flowmeters will operate with
out calibration changes over wide 
viscosity ~anges (0 to 200 centi
stokes) for long periods of time. 
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1 Karlby, Henning and Lee, W. F. Z., 
A Study of the Viscosity Effect and Its 
Compensatian On Turbine-Type Flow 
Meters, (59-A-105) Transactions ASME, 
Series D. JOURNAL OF BASIC ENGINEERING, 
September, 1960. 

His wife lay on her death bed, 
pleading, "I want you to promise 
that you'll ride in the, same car 
with my mother at the funeral." 

He finally conceded. "O.K. But 
it's going to ruin my whole day." 

• 
Looking coldly at the man who 

had just given him a nickel for 
carrying his bag twelve blocks, the 
little boy said, "You know, mister, 
I know something about you." 

"What?" said the man. 
"You're a bachelor." 
"That's right. Do you know 

anything else about me?" 
"So was your father." 

• 
Every store has its absent-

minded salesgirl. The boy friend 
was kissing her goodnight when 
she turned a sweet smile on him. 
"Will that be all, sir?" 

• 
Drunk: "Ho, Lady, you got two 

ver' beautiful legs." 
Girl (snapping) : "How would 

you know?" 
Drunk: "I counted 'em." 

• 
Then there's the fellow who 

bred his parakeet to a tiger. He 
doesn't know what he's got, but 
when it talks, he listens. 

• 
A politician was campaigning 

for Indian votes in one of our 
western states. He promised 
schools for the Indiaµs. He prom
ised colleges for the Indians. The 
crowd stood up and all yelled 
"HOYA!" Heartened by the re
sponse he laid aside his prepared 
speech and promised better roads, 
hospitals for each tribe and low 
taxes. Again and again the In
dians stood up and shouted "Hoya, 
Hoya!" 

When he finished the speech he 
toured the reservation. When they 
were taking a short cut across a 
pasture the guide · warned him, 

TRAFFIC CONTROL 
(Continued from page 12) 

negl~ct to make stored equipment 
inoperative, poor storage of build
ing materials of wastes off the 
traveled way and lack of visibility 
aids during hours of darkness. 

Upon completion of a road 
building project, prompt removal 
of the job-site structures, equip
ment, signs, aggregates, and other 
contractors' items will eliminate 
the possibility of vandalism, per
sonnel injury or property damage. 
Any area opened for vehicular or 
pedestrian travel s h o u 1 d be 
cleared of rocks and other debris 
and waste or discarded material. 

In urban repair work, extra 
precautions are necessary to elim
inate accident exposures during 
non-working hours due to the 
amount of traffic. Excavations ei
ther must be temporarily covered 
or be completely fenced off with 
proper lighting from sundown to 
sunrise. In areas of concentrated 
traffic, police control may be ne
cessary for a few hours after 
working hours. 

"It's all right, but be careful, we 
pasture our cattle and horses here. 
Don't step in the hoya." 

• 
A Chicago banking house once 

asked a Boston investment house 
for a letter of recommendation 
about a young Bostonian they 
were considering for employment. 
The investment concern could not 
say enough for the young man. 
His father, they wrote, was a 
Cabot, his mother a Lowell. Fur
ther back in his background was 
a happy blend of Saltonstalls, Ap
pletons, Peabodies, and others of· 
Boston's First Families. His rec
ommendation was given without 
hesitation. Several days later a 
curt acknowledgment was sent 
from Chicago stating that the 
material supplied was altogether 
inadequate. "We are not," the 
letter declared, "contemplating 
using the young man for breeding 
purposes-just for work." 
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PhD, MS, BS in EE 
PhD, MS In Physics and Mathematics 
- would you rather blaze trails in electronic 

communications theory or consolidate 
territory newly won? 

YOU CAN AIM YOUR CAREER IN 1/THII DIRECTION 
AT STIIMIIII-CAllSIN 

Division of General Dynamics 

••• where a group of outstanding scientists 
and engineers are conducting both theoretical 
and applied studies in many aspects of the 
science of communications 

While our broad concern at Stromberg-Carlson is in the acqui
sition, transmission, processing, storage and display of com
munications data, ancilliary investigations - often seemingly 
remote - are carried on to enhance our basic understanding 
of the communications field. 

TO THE ADVANCED DEGREE CANDIDATE this fre
quently offers the opportunity, upon completion of his studies, 
to continue theoretical investigations initiated in thesis 
preparation. 

TO THE MAN WHO HAS RECENTLY RECEIVED HIS 
BS, it provides varied career choices: to work directly with 
experts on research projects; to participate in advanced devel
opment engineering concerned with the solution of complex 
systems engineering and equipment problems; to undertake 
the design of specific hardware which may involve the first 
practical utilization of new knowledge. 

AT ALL LEVELS, the opportunities for professional growth 
are exceptional, not only through concentration on work in 
advanced areas but through continual contact with able men 
trained in other disciplines. Informal consultation between 
engineers, physicists, mathematicians, psychologists and lin
guists is available on a day to day basis. Further, with scien
tists it is the aim of Stromberg-Carlson's technically-trained 
management to maintain the atmosphere of the academic 
world, encouraging discussion, publication of papers and par
ticipation in technical symposia. 

The list below indicates 
the range of work currently 
in progress. 

FIELDS OF RESEARCH ENDEAVOR 
Paramagnetic Resonance 
Thin Photoconductor Films 
Ferroelectricity 
Propagation and Coding 
Speech Analysis 
Bandwidth Compression 
Hydro-Acoustic Transducers 
Molecular Electronics 
Defect Solid State Physics 
Parametric Devices 
Tunnel Diode Logic 
Scatter Propagation Analysis 
Plasma Physics 

ADVANCED DEVELOPMENT & ENGINEERING 
ICBM Communications 
Electronic Switching 
Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronics Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
ASW Techniques 
Machine Tool Automation 
Radio Data Links 
High Intensity Sound Generators 
Air Acoustics 
Shaped Beam Display Systems 
High-Speed Automatic Missile Check-Out Equipment 
Super-Speed Read-Out and Printing Equipment 
Electro Acoustics & Transducers 
Logic Systems 
Sound Systems 
RF Equipment 
Precision Hi-Fi Components 

For further information write to the College Relations Section, 
Engineering Personnel Department. 
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BVLLARNEY 
Two rabbits were being chased 

by a pack of wolves when one 

turned to the other and said: 

"What are we running for, let's 

stop and out-number them." 

The other rabbit said: 

"Keep running, bud, keep run

ning ... we're brothers." 

• 
A New England mission worker, 

among some mountaineers, was 

quizzing a class in Bible lore. 

"Ruthie," she asked, "Tell us, 

please, who was the first man?" 

The mountain girl flared defi

ance-"I'd ruther die first!" 

• 
"You were away without offi-

cial leave," his superior barked. 

"Why?" 

"Well, sir," the harrassed pri

vate began, "my first day in the 

Army we were issued combs, and 

that afternoon all my hair was cut 

off. The next morning they issued 

us tooth brushes, and that after

noon the dentist pulled six of my 

teeth. The following day, I was 

issued an athletic supporter. 

That's when I went AWOL." 

• 
Once upon a time, as the story 

goes, the fence between Heaven 

and Hell broke down. Satan ap

peared at his side of the broken 

section and called out to St. Peter; 

"Hey St. Peter, since all the engi

neers are over on your side, how 

about sending a few to fix the 

fence?" 

"Sorry," replied St. Peter, "my 

men are too busy to fix fences." 

"Well then," said Satan, I'll 

have to sue you if you don't" 

St. Peter: "Guess you win; 

you've all the lawyers on your 

side." 

18 

The dam burst, and the raging 

flood quickly forced the town peo

ple to flee to the hills. 

As they gazed down sadly at 

their flooded homes they saw a 

straw hat float gently downstream 

for about fifty feet. Then it stop

ped, turned around and plowed 

slowly upstream against the rush

ing waters. After fifty feet, it 

turned and moved downstream 

again. Then upstream again. 

"Say," said one of the townfolk, 

"what makes that hat act so darn 

funny?" 

"Well, I ain't sartin sure," spoke 

up a youth, "but last night I heard 

Grandpa swear-come hell or high 

water he was agonna mow the 

lawn today." 

• 
Two old maids were driving 

along in the country when a hen 

pursued by a rooster and not 

watching where she was going ran 

under the car. 
"Sweet thing," said one of the 

old maids, "she preferred death." 

• 
The scene is a train compart~ 

ment in Romania. The characters: 

A Russian officer, a Romanian, an 

old lady, and an attractive girl. 

The train enters a tunnel. The 

passengers hear first a kiss, then a 

vigorous slap. 
The old lady thinks: "What a 

good girl she is, such good man

ners, such fine moral character!" 

The girl thinks: "Isn't it odd 

that the Russian tried to kiss the 

old lady and not me?" 
The Russian thinks: "That 

Romanian is a smart fellow: he 

steals a kiss and I get slapped." 

The Romanian thinks: "Am I a 

smart fellow! I kiss the back of 

my hand, hit a Russian officer, 

and get away with it." 

Statistics show that Vassar 

graduates have 1. 7 children, while 

Yale graduates have 1.4 children 

on the average. This proves that 

women have more children than 

men. 

• 
Lady, if you'll give us a nickel, 

my brother will imitate a hen." 

"What will he do, cackle?" 

"Naw, he wouldn'd do a cheap 

imitation like that. He'll eat a 

worm." 

• A kiss: A mouth full of nothing 

that tastes like heaven and sounds 

like a cow pulling her foot out of 

the mud. 

• A certain engineering instructor 

was lecturing his 7:40 o'clock class 

on the virtues of being wide 

awake. 
"I've found that the best way to 

start a day is to exercise for five 

minutes, take a deep breath of 

fresh air, and then finish with a 

cold shower. Then I feel rosy all 

over." 
Just then a sleepy voice came 

from the back of the room: "Tell 

us more about this Rosie." 

• As they planned a trip to New 

York on their honeymoon, the 

bride-to-be thought it would be 

helpful if she learned to drive so 

she could spell her husband at the 

wheel. She took several driving 

lessons, and just before the wed

ding was awarded a ·· beginner's 

permit. 
After the wedding, the happy 

couple drove off in a cloud of rice 

and old shoes. But guests and 

families alike were astonished 

when they returned a few minutes 

later, the bride blushing with con

fusion. 
"Goodness," she gasped, "I for

got my beginner's permit!" 
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If your sights are set on 

Jet heat blast of more than 15,000 degrees Fahrenheit flares over surface 
of an experimental nose cone shape in a physics laboratory of Avco 
Research and Advanced Development Division, Wilmington, Mass. _ 

research and development-

-you'll find 
Photography 
at Work 
with you_ 

RESEARCH and development engineers 
find photography one of their most 
versatile tools. Camera and film can 
record the readings of instruments
can capture for study the fleeting 
transient on the oscilloscope face. The 
content and structure of metals can be 
studied by photospectrography or 
x-ray diffraction. And stresses in parts 
are visualized by photographing 
plastic models with transmitted polar
ized light. 

There's hardly a field on which you 
can set your sights where photography 
does not play a part in simplifying 
work and routine. It saves time and 
costs in research, on the production 
line, in the engineering and sales 
departments, in the office. 

So in whatever you plan to do, take 
full advantage of all the ways photog
raphy can help. 

CAREERS WITH KODAK : 
With photography and photographic proc
esses becoming increasingly important in 
the business and industry of tomorrow, 
there are new and challenging opportunities 
at Kodak in research, engineering, elec
tronics, design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



Q. Mr. Boucher, with all the job inter
views a graduating engineer goes 
through, how can he be reasonably 
sure he has made the right choice? 
A. This is a good question because 
few seniors have enough work ex
perience in industry, government 
and educational institutions to 
allow them to make a fully rea
soned choice. However, I think the 
first step is to be sure that short
term factors like starting salary 
and location don't outweigh long
range factors like opportunity and 
professional growth. All of these 
factors should be evaluated before 
making a final commitment. 
Q. But you do feel that starting salary 
is important? 
A. Very much so. If you are mar
ried-it may be an even greater 
consideration. But you should also 
look beyond starting salary. Find 
out, for example, if the company 
you are considering has a good 
salary administration plan. If there 
is no way of formally appraising 
your performance and determining 
your appropriate rewards, you run 
the risk of becoming dissatisfied 
or stalemated due to neglect of 
these important considerations. 
Q. What considerations do you feel 
should be evaluated in reaching a job 
decision? 
A. Let me refer you to a paper 
written by Dr. L. E. Saline, now 
Manager of Information Systems 
in our Defense Systems Depart
ment. It is titled "How to Evaluate 
Job Offers." (Incidentally, you may 
obtain a copy by writing as di
rected in the last paragraph.) In 
it, Dr. Saline proposes six ques
tions-the answers to which should 
give you much of the information 
you'll need for an objective job
offer evaluation. He suggest~ you 
determine ... 
• to what degree will the work be 
challenging and satisfying? 
• what opportunities are available 
to further develop abilities? 
• what opportunities are there for 
advancing in the Company ( and 
how dynamic the Company is in 
the marketplace is an important 
aspect of this question). 

One of a series 

Interview with General Electric's 

Francis J. Boucher 

Manager-Manufacturing Personnel Development Service 

How Good 
Is Your Best Job Offer • • • 

• what salary potentials are pos
sible with respect to the future? 
• what about geographical location 
-now and in the future? 
• what effort does the Company 
make to establish and maintain a 
professional climate? 
There is more to these questions 
than meets the eye and I think 
you would enjoy reading Dr. 
Saline's paper. 
Q. What about the openings on de
fense projects that are listed in the 
various magazines and newspapers? 
A. Presumably, there will always 
be a need for technical manpower 
in the defense business. But I 
want to point out to you that most 
of these opportunities are for ex
perienced personnel, or personnel 
with specific additional training re
ceived at the graduate level. 
Q. How do you feel about training 
programs? Do they offer any particular 
advantages over any other offer I 
might accept? 
A. I feel training programs are par
ticularly helpful in easing the tran
sition from an academic to a 
business environment. Of course 
they provide formal training de
signed to add to the individual's 
basic fund of knowledge. They 
also provide working experience in 
a variety of fields and a broad 
knowledge of the company con
cerned and its scope of operations. 
Upon completion, the individual is 
generally better prepared to decide 
the direction in which he will pur
sue his professional career. 
General Electric conducts a num
ber of training programs. Those 
that attract the greatest number 
of engineers are the Engineering 
and Science, Manufacturing, and 
Technical Marketing Programs. 
Each combines a formal, graduate
level study curriculum, on-the-job 
experience, and rotating assign
ments. There is little question in 
my mind that when an engineer 
completes the Program of his 
choice, he is far better prepared to 

choose his field by interest and by 
capability. I might also add that 
because of this, he is more valuable 
to the Company as an employee. 
Q. Then you feel that a training pro
gram is the best alternative for a 
graduating engineer? 
A. Not always. Some seniors have 
already determined the specific 
field they are best suited for in 
terms of their own interests and 
capabilities. In such cases, direct 
placement into this specific field 
may be more advantageous. Pro
fessional self-development for these 
employees, as for all General Elec
tric technical employees, is en
couraged through a variety of 
programs including the Company's 
Tuition Refund Program for work 
toward advanced degrees, in-plant 
courses conducted at the graduate 
level, and others designed to meet 
individual needs. 
Q. For the record, how would you 
rate a job offer from General Electric? 
A. I've tried to get across the need 
for factual information and a long
range outlook as the keys to any 
good job evaluation. With respect 
to the General Electric Company, 
seniors and placement offices have 
access to a wide variety of infor
mation about the Company, its 
professional environment and its 
personnel practices. I think quali
fied seniors will also discover that 
General Electric offers professional 
opportunity second to none-and 
starting salaries that are competi
tive with the average offered 
throughout industry today. From 
the above, you can see that I 
would rate a job offer from General 
Electric very highly. 
Want more information about 
General Electric's training pro
grams? You can get it, together 
with a copy of Dr. Saline's paper 
"How to Evaluate Job OHers" 
by writing to "Personalized Ca
reer Planning," General Electric 
Company, Section 959-15, Sche
nectady 5, New York. 

GENERAL fl ELECTRIC 
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