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MY QUESTION TO THE G-E STUDENT INFORMATION PANEL: 

“How does your business training 

program prepare a college graduate 

for a career in General Electric?” 

CHARLES O. BILLINGS. Carnegie Institute of 
Technology, 1954 

R. J. CANNING, 
Training Course . . . General 

Business 

Electric’s business training 
program offers the college 

graduate the opportunity to 

build a career in the field of 

accounting, finance, and 

business management in one 
of the most diversified com- 

panies in the country. 

Since its beginning in 1919, more than 3,000 students 
have entered the program—one of the first training 
programs in business to be offered by industry. 

The program’s principal objective is to develop men 
well qualified in accounting and related business studies, 
men who can become administrative leaders in the finan- 
cial and general business activities of the Company. 

Selection of men for the program is based on inter- 
views, reviews of students’ records, and discussions with 
placement directors and faculty members. Selection is 
not limited solely to accounting and business administra- 
tion majors. A large number of men in the program are 
liberal arts graduates, engineers, and men with other 
technical training. 

When a man enters the program he is assigned a full- 
time office position in accounting or other financial work 
and enrolled in the formal evening education program. 
This planned classroom work is a most important phase 
of the program. The material presented is carefully se- 
lected and well integrated for the development of an ade- 
quate knowledge of accounting and business theory, pro- 
cedures and policies followed by the Company, acceptable 

The answer to this question, given at a student information meeting 

held in July, 1952, between G-E personnel and representative college 

students, is printed below. If you have a question you would like an- 

swered, or seek further information about General Electric, mail your 

request to College Editor, Dept. 123-2, General Electric Company, 

Schenectady, New York. 

accounting and business practices of the modern eco- 
nomic enterprise, and as a supplement to the practical 
experience provided by the job assignment. 

In general, the program trainee is considered in train- 
ing for three years during which time advancements are 
made to more responsible types of accounting work. After 
completing academic training the trainee’s progress and 
interests are re-examined. If he has demonstrated an apti- 
tude for financial work he is considered for transfer to 
the staff of traveling auditors or to an accounting and 
financial supervisory — From here his advance- 

1 financial administrative posi- 
tions throughout the iocana Trainees showing an 
ment opportunities lie i 

interest and “aptitude for work other than financial. such 
as sales, purchasing, community relations, public ity. ete. 
are at this time considered for placement in these fiel % 

Today, graduates of the program hold responsible posi- 
tions throughout the entire organization. Management 
positions in the accounting and financial field throughout 
the Company, such as Comptroller, Treasurer, finance 
managers, secretaries, and others, are held in large part 
by graduates of the course. Men who have transferred to 
other fields after experience in financial work include 
public relations executives, managers of operating divi- 

sions and departments, presidents of affiliated Companies, 
officials in personnel, employee relations and production 
divisions, and executives in many other Company 
activities. 

This partial list of positions now filled by former busi- 
ness training men is indicative of the career preparation 
offered by the business training program, and of the 
opportunities that exist for qualified men interested in 
beginning their careers in accounting and financial work. 

Goo can pout your confidence 2 
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G-E puts crimp in pins 

to make better lamps 

Up to now, the pins that hold a fluorescent lamp in its socket 

have always been fastened to the lead-in wires by soldering. Now 

General Electric bonds them together by crimping. Used in the 

new G-E Rapid Start fluorescent lamps, crimped pins are stronger. 

They’re uniform in length and diameter. They don’t corrode. 

They’re easier to put into sockets. They provide more positive 

electrical connections. It’s another example of why you can 

expect the best value from General Electric fluorescent lamps. 

You can put your confidence in — 
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GINEERI 

A GREAT ADVENTURE 

It is always a joy to visit with students in engi- 
neering schools. To talk with them, to hear their 
questions, and to feel the enthusiasm of their eager 
interest in the future is to appreciate all over again 
the boundless pote sntial of youth, 

Every engineering student is continually wonder- 

ing what is beyond his student life, what is ahead 
of him in the great adventure in which he has made 

a start. The step into industry looms large. The 
picture of the road ahead is never clear. Everything 
seems vast and complex. The answers to his ques- 

tions seem unattainable. 

And yet this need not be. If he will only realize 
. he has been privileged to have the opportunity 

to obtain the finest education it is possible to pro- 

vide. He has been associated with teachers who 

brought to him a knowledge of the fundamentals 

of engineering in practice and as a profession. And 
in these associations he has learned to live with 

his fellow men. 

He has learned of the phenomena of Nature in 

his physics, which is fundamental. He has learned 
of the materials of Nature in his chemistry, and 
with these he will live throughout his engineering 
life. He has learned to write a phenomenon of 

Nature in the one-liné equation of mathematics, to 

operate upon that equation to obtain a relationship 
of the variables involved, and to plot those variables 

in order to see the phenomenon in all its beauty 
and its usefulness. 

For the phenomena of Nature are beautiful, and it 

is to the honor of the scientist and the engineer to 
search them out and make them available to mankind 

in the products of industry. These are the prize pos- 
sessions of the engineering student; and industry pro- 
vides him with the opportunity to make use of them. 

This is not new. It has always been that way. 
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Let’s look at some cases. Edison was only 
when Edison Electric Light Company was formed 
in 1878 to provide for him an opportunity to make 
his vision a reality, Elihu Thomson was but 22 
when he operated the first radio set in history. And 
Charles Brush was 28 when he received his patent 
on the lamp which marked the birth of the are- 
lighting industry. 

Young General Electric engineers have continued 
the tradition ever since. Pages 25 to 43 of this issue 
carry a striking summary of General Electric tech- 
nical contributions made possible by engineers who 
took advantage of their opportunities. These con- 
tributions range from power generation, transmis- 
sion, and distribution through industry and trans- 
portation to electronics, appliances, chemicals, and 
lighting. 

Yes, there is a place in industry today for every 
engineering student, according to his ability and 
his liking. To assure him that he is rightly located 
at the start, there are many General Electric courses 
and programs to show him the opportunities avail- 
able in the Company. And a great variety of training 
programs allows him to continue his engineering 
studies along with the active engineering work in 
his new industrial life. Where he will advance 
later will depend upon himself as an individual and 
upon his relation to his associates as a member of 
a team. 

The opportunities for new advances never cease. 
Even after 75 years of continuous engineering 
achievement, the engineer is still opening new doors. 
Whether these lead to the development of new 
products, or to the improvement of present ones 
they represent opportunities for every engineer. Of 
these there are no end. Engineering is a great 
adventure! 

EpiTor 



REACTORS, LIKE THIS ONE AT BROOKHAVEN, Li, PRESENT MANY NEW PROBLEMS. AN IMPORTANT ONE IS... 

Metallurgy for Nuclear Reactors 
By DR. J. E. BURKE 

Nuclear reactors are new, but many 
of the facing the 

metallurgist are strictly old-fashioned. 
Such strength, forma- 
bility, thermal conductivity, resistance 
to corrosion at high temperatures, and 

design problems 

yroperties as pro} 

of course, cost and availability, are as 

important in controlling the selection 
of materials for nuclear reactors as 

they are in controlling the selection of 

materials for other applications. 

In addition to these properties, how- 

the 

neu- 

ever, it is necessary to consider 

interaction of the materials with 

trons. Everything enclosed in the heart 
of the reactor interacts to some extent 

with the neutrons, and a very careful 

control of materials that are included in 

the reactor is thus necessary. 

Selection of Materials 

The most important single factor con- 
trolling the selection of a material for 

6 

use in a nuclear reactor is the extent to 

which it will absorb neutrons. For effi- 

cient operation the least possible number 

should be 

structural parts so that they can be 

of neutrons absorbed in 

available for continuing the chain reac- 
tion or, in some cases, for making 
desirable products such as plutonium, 

All solids are relatively transparent to 

neutrons, but in passing through a solid 
a neutron will occasionally collide with 
a nucleus and stick. It is then no longer 
available for the desired use. The prob- 

ability of such a collision depends upon 

the effective size or cross section of the 

this area is usually expressed 

in units of 1O-*+ 

(called the “‘barn”’ 

“large.”’) The cross section for absorp- 

nucleus; 

square centimeters 

because it is so 

tion bears no relation at all to atomic 
sizes as determined from crystal struc- 

ture data, and it varies tremendously 

from isotope to isotope, and also to 

GENERAL ELECTRIC REVIEW 

some extent with the velocity of the 
neutrons themselves. 

The absorption cross sections for a 

number of materials are listed in Table 

[, where they are arbitrarily divided 
into four groups. 

All nuclear 

components in common: 

reactors have several 

e issionable isotope or fuel 

e Moderator (except in fast reactors), 

a light element that slows down the 
high-velocity neutrons produced at the 
time of fission to the energy that the 
reactor is designed to utilize 

eHeat-transfer medium to permit 

removal of the heat generated in the 

reaction 

eShielding to control the intense 

radiations 

be in- 

the 

e Neutron absorber that 

serted or 

can 

withdrawn to control 

power level of the reactor 

MARCH 1953 



TABLE | 

ABSORPTION CROSS SECTIONS OF SOME ELEMENTS FOR 
THERMAL NEUTRONS 

LOW Cross Section 
a. < 1.0 Barn* 

Element oe 

0.32 
0.01 
0.004 

< 0.001 
0.48 
0.07 
0.22 
0.4 
0.6 

Lead 0.18 
Bismuth 0.015 

VERY HIGH Cross Sections 
oa. > 100 Barns 

Boron it 
Cadmium 3000 

Hydrogen 
Beryllium 
Carbon 
Oxygen 
Sodium 
Magnesium 
Aluminum 
Zirconium 
Tin 

e Structural elements to support and 

contain all these components. 

The structural materials should have 

the lowest possible cross sections for 

the 

would normally be 

low cross-section group of elements in 

Table I. However, if the reactor is oper- 

ated with neutrons having higher than 

neutron and 

selected out of the 

greatest economy 

thermal energies, the cross sections are 
reduced somewhat, and it becomes pos- 

sible to also consider metals such as 

vanadium, chromium, iron, nickel, zine, 

and molybdenum and their alloys that 

appear in the intermediate cross-section 

list. It might be noted that cobalt and 
tungsten, which are common constifu- 

ents of modern high-temperature alloys, 
have such large cross sections that their 
use in any quantity in a reactor is 

pretty much ruled out. This imposes 
the develop- great restrictions 

ment of suitable alloys for high-temper- 

upon 

ature reactor operation. 

Moderators are used to slow down the 

neutrons produced at the time of fission 

to energies where they are efficient in 

producing further fissions. Moderation 
occurs when a neutron strikes a nucleus 

and bounces off instead of sticking. Part 
of its energy is transferred to the nucleus 

it strikes, exactly as a marble transfers 
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INTERMEDIATE Cross Section 
o. = 1 to 5 Barns 

Element Q a 

> mn 

0 & & 

Titanium 
Vanadium 
Chromium 
lron 
Nickel 
Copper 
Zinc 
Niobium 
Molybdenum N——-WANNHSE RNOBOUA 

HIGH Cross Sections 
a. = 5 to 100 Barns 

Lithium 67 
Cobalt 35 
Tungsten 18 

its energy to another marble upon col- 

lision. The most efficient moderators are 

elements of low atomic weight because 

their mass more nearly matches the mass 

of the neutron, \ mal ble is slowed down 

more by hitting another marble than by 

hitting a billiard ball; thus neutrons are 

slowed down more by colliding with a 

light nucleus than they would be by 
colliding with a heavy nucleus. Hydro- 

gen, beryllium, carbon, and oxygen are 

and 

would be good moderators too, but their 
good moderators—lithium boron 

capture cross sections are so large that 

they would absorb too many neutrons, 

There is also a good use for materials 
having very large capture cross sections. 
The power level of a nuclear reactor is 

best controlled by inserting poisons 

that capture some of the neutrons, much 

like the burning rate of a fire is con- 
trolled by controlling the amount of 

the fuel. Both 

cadmium are useful for this purpose, 

oxygen to boron and 

There is also the problem of heat re- 

moval from the reactor. High-velocity 

gases or water can of course be used but, 

as was pointed out by Thomas Trocki, 

(May 1952 Review, page 22) liquid 
metals are also very good heat transfer 
agents. Of these liquid metals, sodium is 

one of the most promising. 

1953 

TABLE Il 

PHYSICAL PROPERTIES OF 
ANNEALED VANADIUM METAL 

Tensile Strength (psi) 54,000 
Yield Strength (psi) 36,000 
Percent Elongation 

in 2 inches 25 to 35 

Young’s Modulus (psi) 
18.4 x 10° 

Vickers’ Hardness Number 120 

Recrystallization Tem- 
perature (80 percent 

- cold work—1 hour) 700 C 
Density 6.11 

* The effective cross section of a 
nuclsus is usually expressed in 
units of 10-24 square centimeters, 
commonly called a “barn.” 

Development of Materials 

The combination of nuclear and other 

engineering requirements and the wide 
variety of reactor designs that have been 
considered have required that at least 

some information be obtained about a 

great variety of new metals, and in 
particular about many of the less com- 
mon elements such as beryllium, zircon- 
ium, titanium, graphite, 

liquid sodium, and of course the most 

common fuel, uranium, The work that 

has been the Knolls Atomic 

Power Laboratory near Schenectady on 

the development of ductile vanadium is 

vanadium, 

done at 

typical of work that has been done, 

sometimes on a larger scale, for many of 
these metals. 

Since vanadium appeared to be a 

possible material for use in nuclear 

reactors, a program to investigate its 
properties was undertaken several years 

ago. Although nominally pure vanadium 
had number of 

years, it was brittle and could not be 
been available for a 

fabricated. Some ductile vanadium had 
been prepared by calcium reduction of 
the oxide, but only beads and small 
pellets were produced, In improving this 
product, additions of iodine were made 

to the mixture of V,O, and calcium. 
Upon heating this charge in a closed 

7 



LIQUID SODIUM was tested in this device 
to determine its corrosiveness toward possi- 
ble structural materials. 

COOLANT > _- 

THERMAL STRESS 
AND FATIGUE 

DIFFUSION 

RADIATION 
EFFECTS 

0000 
000009 

000g 

BETA PHASE of uranium has this complex 
tetragonal structure—one of the most com- 
plicated ever found for a pure metal. 

STRESS °.°°, * 2 

feleley | 9020000 
©90006000000 

CHANGE IN 
COMPOSITION 

JACKETING OF URANIUM in a nuclear reactor is necessary to prevent corrosion by the 
coolant. Thermal stresses and interdiffusiqn are other important problems, 

pressure vessel, the additional heat pro- 
vided by the combination of iodine and 
calcium raised the temperature enough 
so that a large ductile button of vana- 
dium was obtained. Unfortunately, sub- 
sequent runs yielded buttons that were 
brittle. After extensive investigation it 
was finally found that the brittleness was 
due to nitride in the oxide, and the final 
procedure used careful 
denitriding of the vanadium oxide by 
heating in moist oxygen for several 

hours. The product as now produced 

can be rolled into thin foil, drawn to 
given any of the standard 

treatments except hot 
avidly absorbs 

involved a 

wire, or 
metallurgical 
working. Because it 

8 

oxygen to become brittle, it can not be 

heated in air. 

Some of the more important physical 

properties of annealed vanadium metal 

produced by this process are listed in 

Table II. 

Processes and Techniques 

\ great part of the developmental] 
effort on new materials has been devoted 
to improving processes and techniques 
for handling the materials. It has seemed 
almost axiomatic that the metals most 
useful in the construction of reactors 
react rapidly with air at elevated tem- 
peratures. This has given great impetus 
to the development of high vacuum and 
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inert atmosphere melting and annealing 

furnaces. For example, vanadium, zir- 
conium, titanium, uranium, and in fact 

almost all metals are annealed 
under these conditions if great purity is 

best 

important. 

A very specific advance has been the 
development of methods of handling 
liquid sodium. One of the great barriers 

to the use of liquid sodium was a lack 
of knowledge about its corrosiveness 
toward possible structural materials. The 
large number of tests that have now 

that 

liquid sodium is an excellent coolant, 

and that there are a number of ma- 

terials that are resistant to it. 

The apparatus shown at the top, left, 

been performed clearly indicate 

of this page is typical of that used for a 
number of simple tests in static sodium. 
The tubular specimens are inserted in 
the pot and the lid is bolted on with a 

gasket. The whole apparatus is then 
heated and liquid sodium is forced into 

the pot with argon pressure, through the 
uppe- flanged tube. Both tubes are then 
capped with blind flanges and the pot 
placed in a furnace for the test. If 
dynamic tests are required, the speci- 
mens can be rotated by a shaft passing 
through a seal in an apparatus essen- 
tially like that described, or a convection 
loop can be used. 

Tests such as these have indicated, for 
example, that specimens of stainless 
steel of types 302, 304, 316, 321, and 347 

did not change in weight and were un- 
attacked, visually and mechanically, 
after one year in relatively pure sodium 
at 500 C. 

Another technique 
from the desire to study solid state 
diffusion in metal couples that have 
been exposed in a reactor. The usual 
technique is to machine 

has developed 

successive 
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layers from a specimen such as an 

electroplated cylinder, and to determine 
the amount of interdiffusion that had 

occurred by chemically analyzing the 
turnings from each layer. 

This is so very dificult to do if the 

radioactive that 
new apparatus was developed. A speci- 

men is made by electropl: iting a wire 

about 0.060 inches in diameter yee one- 

The successive “cuts” 

sputtering. The 
captured on an 

specimen is extremely 

half inch long. 
are made by cathodic 

sputtered layers are 
aluminum foil surrounding the specimen 
and subsequently undergo chemical 
analysis. The method has the great ad- 
vantage that very small specimens can 
be ened. Thus the total amount of radio- 
activity is small, the apparatus can be 
readily manipulated by remote control 
in a hot lab, and cuts of as little as 10“ 
inches can be made. This means that 
diffusion can be observed over distances 

very small compared to those that can 
be observed using mechanical sectioning 
techniques. 

Fundamental Work 

Relatively few attempts were made to 
understand and explain the behavior of 

years ago, and the 
interest metallurgy has in- 

creased markedly since World War Il. 

By drawing on such fundamental work 

as has been done to date, metallurgists 

have made important contributions to 

the atomic energy program. In the long 
run it appears that in turn the require- 

ments of the atomic energy program will 
important to 

advances 

metals until a few 

in scientific 

lead to advances that are 
scientific metallurgy. These 
will result partly from the fact that the 
Atomic Energy Commission is support- 

work in 

fundamental metallurgy at about 30 
different institutions. In addition, the 

collection of information about a variety 
of new materials together with the new 
conditions of use that are encountered 

automatically broadens the foundation 

on which our present metallurgical sci- 

ing some 50 contracts for 

ence is based. 

Uranium Metallurgy 

One of the fields in which important 

work has been done is in studying the 
physical metallurgy of uranium. This 
relatively new metal exists in three 

c rystallographic modifications. The alpha 
phase, stable up to about 660 C, has an 
orthorhombic structure that was deter- 

mined a number of years ago. The 
gamma phase, stable above 770 C, has 

the simple body-centered cubic structure. 
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premiera ete naire ON mm Ie mime meee 

| A NUCLEAR REACTOR... 
... is a device which certain 
substances such as the uranium 

isotope of mass 235 or the plu- 

tonium isotope of mass 239 are 

' 

; 
; 

i 

i 

| 
undergo fis- 

a 

; 

i 

| 

caused to cleave, or 

bombardment with neu- 

“com- 

sion, by 

trons. The products of this 
bustion” are heat, 
new atoms that 
fission process, and large amounts 

At the 

use is made of 

neutrons, the 

result from the 

of radiation, 

little 

products or of the 

present time 

the fission 

radiation; 

disposed of in 

they 
the 

some re- 
are merely 
cheapest safe 

actors heat is also an undesirable 

way. In 

by-product that must be disposed 

of as cheaply as possible, but in 

power producing reactors heat is 

the important product and efforts 
are being made to use it efficiently 

to make to drive turbine- 

generators. Neutrons are of critical 

steam 

importance in all reactors because 
they are needed to produce fissions 
in other atoms and continue the 
chain reaction. 

However, until 1951 no satisfactory 
solution of the structure of beta uranium 

had been obtained. At that time, a 

technique was developed for preparing 
large single crystals of the beta phase of 

chromium-uranium alloy 

could be re- 

uranium, in a 
in which the 

tained at room temperature. Using the 
powerful techniques available for the 
determination of structures of single 
crystals by x-ray diffraction, the strue- 

opposite page was 

beta phase 

ture shown on the 

worked out. At the same time, people in 

a number of laboratories had been at- 

tempting to work out the structure of 
the sigma phase, a very brittle con- 
stituent that is frequently found in 
welded specimens of stainless steels. It 
quickly developed, were 

compared, that the proposed structure 
for the beta phase of uranium was the 

when notes 

Dr. Burke came to General Electric in 
1949 with a wide experience in atomic 
energy work. He is now Manager— 
Metallurgy Section of the Knolls Atomic 
Power Laboratory near Schenectady. 
The chief responsibilities of this section 
are to understand the behavior of nuclear 
reactors and develop improved materials 

for them. 
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same as the structure of the sigma phase, 
and the work on uranium thus aided 
materially in the final structure deter- 
minations of the sigma phase. 

Fuel Elements 
Many of the problems encountered by 

the metallurgist in the atomic energy 
field are illustrated by the difficulties 

encountered in designing a suitable fuel 
element. Suppose we take as a fuel one 
centimeter cube of uranium metal. This 
will weigh about 19 grams. If we cause 
10 percent or about 1.9 grams to under- 
go fission in one year, the total ene rgy 

generated will be about 45,000 kw-hr, or 
the power output of this little furnace 
will be about 5000 watts, Obviously 
must be efficiently cooled or it will melt. 

As mentioned the Smyth report, 

uranium must be jacketed to prevent 
corrosion by the coolant. As shown in 
the diagram on the opposite page, a 
thermal stress will be developed between 
the jacket and the fuel. In addition, be- 
cause the temperature is high, there is 
always the possibility of deterioration of 
either the fuel or the j jacket by inter- 
diffusion. 

Finally, one of the most serious prob- 
lems is deterioration of the mechanical 
properties of the fuel by radiation. The 
important advantage claimed for nuclear 
power is that an engine will operate for 
long periods of time on one fueling. 
Unfortunately this requires that the 
fuel be stored in the reactor during all 
of this time. Every time an atom of 
uranium undergoes fission two 
atoms are produced, and they shoot out 
from their original location with tre- 
mendous energies, knocking atoms out 
of position all along their path. Thus, 

not only does the addition of new atomic 
species form an alloy that may have 
inferior properties, but the metal is 
subjected to an internal battering un- 
paralleled in metallurgical experience. 

new 

Many Other Problems 

There are of course a vast number of 
other metallurgical problems encoun- 
tered not only at the Knolls Atomic 
Power Laboratory but also at other sites 

where reactors are being built; work on 

these problems is going on at many 
installations of the Atomic Energy 
Commission. As in other fields, im- 
provements in materials are imperative 
if important advances in reactors ave to 
be made. These require continuing work 
not only directly in the development of 
better materials but also on the funda- 
mental studies that pave the way for the 
applied developments. 2 



How to Develop t 

The development engineer has one of 
the most difficult jobs in modern in- 
dusiry—bridging the gap between the 
scientific researcher and the design en- 
gineer, 

Results of scientific research are sel- 
dom in a form that can be put to imme- 
diate practical use, but to the alert de- 
velopment engineer they may suggest 
solutions to practical problems. He takes 
these suggestions and develops them 
into ideas that can be used by industry, 
keeping in mind that the ideas: must be 
sound in terms of engineering and 
economics, 

10 

Here lies the challenge of the job: 
Although he has full play in thinking 
up practical uses of research suggestions, 
he doesn’t have quite the freedom of the 

research worker. Because he’s close to 
the business world and the factory, he 
usually must solve a problem on sched- 
ule and frequently it requires some in- 
ventive solutions. Besides, he must stick 
to his objectives and keep his use of 
time, money, and materials within rigid 
limits. 

The development engineer is also 
concerned with new and basic elements 
and materials; his activities are directed 
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toward combining them into the proto- 
types of new products. This type of 
engineering requires the ability to think 
in terms of fundamentals—it requires a 
good theoretical and practical back- 
ground coupled with strong imagina- 
tion, plus analytical and creative ability. 

Taking a functional view of the devel- 
opment engineer, his “input” is a new 
idea or concept, either his own or one 
that has been assigned to him for com- 
mercial development; his ‘‘output”’ is 
generally an operating sample, usually 
handmade, accompanied by enough data 
to prove that the idea is workable. 

MARCH 1953 



How Can Management Help? 

What are some of the techniques that 

industrial management can use to fur- 
ther aid the development engineer? 

In the first place, developments don’t 
just happen. They must be planned and 

the proper conditions set up for their 
generation. Staff your development com- 
ponent with men who have enthusiasm 

that gives rise to ideas and possibilities 
—men of resourcefulness, ingenuity, 
and and them a 
proper place to work. 

\ proper environment for creativity 

imagination give 

is important. This involves two areas: 

assignment and facilities. 
Wherever possible, give the develop- 

ment engineer no other responsibility 
than the development of new products. 

Experience has shown that he will work 

best in a laboratory atmosphere, away 
from the immediate problems of daily 
production, Do this not because the 

physical 

development engineer is a superman, 

above soiling his hands with manufac- 
turing problems, but because any good 

engineer is better able to do creative 

work when free of distracting influences. 

By working in a laboratory he will 

derive great stimulation from contact 
with other development engineers and 

scientists engaged in the attack on dif- 
ferent but related problems. 

The working conditions must be con- 
ducive to teamwork, because today many 
important developments are contributed 

by people working closely with each 
other. For example, three recent Coffin 

Awards (the highest award given by 
General Electric to its employees) in the 

field of measurements were joint ones: 

For developing the basic design of a new 
watthour meter, five men were cited; 

for a contribution to the art of insu- 

lating dry-type instrument transformers 

(molded butyl three 

men; for a high-performance frequency- 
rubber design), 

type telemeter, three men. 

Another factor to watch is this: Don’t 

attempt too rigid a distinction between 
development engineering and design 
engineering. The difference is one of 
degree and emphasis rather than kind. 

The design engineer takes the develop- 
ments provided by the development 
engineer and adapts them for manufac- 

ture. His “input” is a handmade working 

sample; his “output” is a highly refined 
design suitable for manufacture. (In the 

course of his work the design engineer 
may do some development engineering 
to make improvements in existing prod- 

ucts. But in this discussion a develop- 

ment engineer is one who spends all of 
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his time in development work.) In other 
words, the development engineer is a 
practical man of science who uses em- 
pirical relationships whenever they will 
lead him to a solution more quickly than 
deductions from fundamental starting 
points, but who does not shy away from 
the fundamental approach when it is 
clearly indicated. 

What Does Management Expect? 

So far we have seen how management 
can help the development engineer to 
do a better job. Now, in turn, what are 
some of the characteristics that indus- 
trial management is looking for in a 
development engineer? 

The development engineer constantly 
maintains interest in attaining his goal. 
He minimizes diversions and isn’t side- 
tracked by subsidiary investigations. He 
analyzes his data for accuracy and for 
the effect of environmental influences. 
He knows the patent situation with re- 
gard to his project and recognizes patent- 

able contributions when he makes them. 
A man properly selected for this work 

spontaneously keeps up to date through 
reading or training courses, and he 
knows what is new in the field. Also, he 
intuitively selects the most economical 
path to his goal whether it be computa- 
tion or empirical testing. 

He has the intellectual honesty and 
straightforwardness to present disad- 
vantages and shortcomings as well as 
advantages of proposed schemes. This is 
especially important when he turns the 
job over to the design group and advises 
them of pitfalls and marginal features. 

He doesn’t waste time and money in 
the support of a lost cause but knows 
that 
recognized early in the game 

mistaken approaches should be 
not in 

the production phase. He takes schedules 
and commitments seriously and remem- 
bers that a profitable item starts earning 
only after it is in production, 

Further Aspects 

The importance of development engi- 
neering to business and industry in gen- 
eral can hardly be overestimated. Suc- 
cessful development engineers are con- 

Mr. Kinnard, Manager—Engineering, 
Veter and Instrument Department, West 

Lynn, Mass., joined GE in 1922. A 
leader in measurements, he is responsible 

for development, design, and manufac- 

turing engineering operations on hun- 

dreds of types of measuring instruments, 
He has many patents and was twice a 

Coffin Award winner. 
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stantly bringing along new products for 
a new age. 

Studebaker started in business making 
wagons, continued with automobiles, 
and has now added jet engines to its 
line. And recently Business Week re- 
ported this situation: A large pharma- 
ceutical house, specializing in produc- 
tion of a home remedy for the common 
cold, is busily seeking diversification of 

its product line against the day when 
medical science may banish this all too 
prevalent nuisance. 

It is hard to imagine a faster changing 
industry than that of electrical manu- 
facturing. Take the case of General 
Electrie’s Meter and Instrument Depart- 
ment—nearly 40 percent of current 
output is made up of products intro- 
duced no more than 10 years ago. For 
some products the market didn’t even 
exist 10 years ago. A few examples are 
thermocouples especially designed to 
measure the operating temperature of 
turbojet engines, and nuclear radiation 
monitors and related instrumentation. 
Historically, the electrical industry has 
doubled about once every 14 years. This 
rate of progress would not be possible 
and cannot continue without a high 
level of development engineering. 

Sometimes developments occur in 
time-tested and proved products, where 

they are least expected. Over the past 
half century GE has produced many 
millions of watthour meters. They have 
undergone a gradual evolution and re- 
finement so that many considered this 
a barren field indeed for the develop- 
ment engineer. Yet, as recently as 1948, 
a completely new watthour meter was 
developed. It successfully employed for 
the first time in the engineering world 
the principle of magnetic suspension of 
a rotating part. The maintenance-free 
life of the meter was increased many 
fold by this development—a _ develop- 
ment that was the product of close col- 
laboration of development engineers and 
materials specialists, particularly metal- 
lurgists working on new permanent 
magnet alloys. 

Thus, we have seen that the develop- 
ment engineer’s job is to take that 
believed to be possible and prove it 
practical. And in doing this job, he con- 
tributes significantly to the evolution of 
new and better products for a constantly 
rising standard of living. And whether he 
realizes it or not, he is one of the vital 
links in our American economy. His 
developments are helping to win accept- 
ance throughout the world for the kind 
of system that brings them forth. Q 
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Aluminum 
for Copper: 

Greater 
Corrosion 
Risks? 

By DR. H. A. LIEBHAFSKY 

and 

DR. E. W. BALIS 

Will aluminum corrode significantly 
when it replaces copper? 

This question is important when you 
— *r the great strides aluminum has 
made 
for pow er 

various fields where it is used 

cable, pipes and tubes, and 

various structural forms. 

Fortunately for all concerned, the 

answer to the question is “No.” Not an 

“No,” for we must add that 
won't significantly 

unqualified 
aluminum 
when it replaces copper provided the 

thermodynamic 

restrained, 

It is important to know that under 

certain conditions the thermodynamic 

corrode 

driving forces can be 

driving force for the corrosion reaction 
can be restrained enough to keep alumi- 
num undamaged. Our 
indicate just what these conditions are. 
Because if these can't be 
maintained—you’re in for trouble. 

It’s an attractive oversimplification to 

purpose is to 

conditions 

say that corrosion is Nature’s way of 

reversing the process by which metals 
are won from their ores. And from this 
broad generalization it is tempting to 
jump to arother even more specious: 
that any metal thermodynamically un- 
stable in air is a poor corrosion risk. 
For examle, the driving force for the 
formation of aluminum oxide at 25 C 

12 

CORROSION OF ALUMINUM it in mois st air following rupture. of the neitective film by 
scratching the aluminum head under mercury. 

approaches 7000 calories for one gram 
of the 

driving 
metal. This is indeed a strong 
force; its magnitude ex- 

of aluminum 

very 
plains why the winning 
from its ores requires so much energy. 
In comparison, the driving force tending 
to change copper into cuprous oxide is 

This leads 
us to ask if aluminum is a poorer cor- 

risk Not neces- 
sarily, for elsewhere thermo- 
dynamics seldom tells the whole story. 

unstable” 
provided 

less than 300 calories a gram. 

rosion than copper. 

here as 

“Thermodynamically does 

not mean “actually unstable” 

some intervening factor makes the reac- 
tion rate infinitely slow. Is there such a 

factor for aluminum? Let’s look at the 

evidence. 

As early as 1855 the epreing sta- 
bility of aluminum in air attracted much 

attention at the International Exposi- 
tion .of Paris. After half a century, 
aluminum medals made in 1891 and 

1892 with no surface treatment are still 

bright, according to Dr. Max Schenk, 
Swiss author of a reference work on 

aluminum as an industrial material. 
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Times shown are “minutes after scratching. 

Also, the famous aluminum statue of 

Eros, mythical god of love, 

Piceadilly Circus has survived the un- 

kind atmosphere foralmost 50 years. And 

aluminum cable has been used for high- 
about 

in London’s 

voltage transmission lines since 
1895. 

Today, aluminum windows and storm 
doors are commonplace and entire faces 

of buildings are made of aluminum or 
its alloys. 

All of us know that aluminum pots 

and pans do well in our kitchens (more 
often than not the darkening that does 

occur inside them is mainly an optical 
effect produced by insignificant etching). 

The Oxide Film 

With these examples in mind, 
can aluminum be actually stable though 
thermodynamically unstable? The factor 
responsible is an invisible oxide film. 
When allowed to form naturally in air 
at room temperature, this film is about 
one millionth of an inch thick. It has 
the important property of being self- 
healing in the presence of oxygen under 

how 
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many conditions. As long as the film is 
unbroken or spontaneously repaired, 
aluminum is protected against atmos- 

pheric corrosion—the thermodynamic 
driving forces are restrained. It is no 
exaggeration to say that this invisible 
film much of the aluminum 
industry upon its back. 

What happens when the film is broken 
under conditions that delay effective 
repair? 

For many years Professor J. H. Hilde- 
brand of the University of California at 
Berkeley has “grown hair on a billiard 
ball” for Pure 
aluminum, properly amalgamated, oxi- 

carries 

his freshmen classes. 

dizes so rapidly in moist air that a fine 
head of “hair” can be grown during a 
lecture period. We duplicated this ex- 
periment (photographs, left) and also 
demonstrated that a beard can be grown 
as well. Amalgamation was accomplished 
by scratching the aluminum under mer- 
cury with a knife. 

The preceding is an excellent demon- 
stration of how disastrous the rupturing 
of the invisible protective film on alumi- 
num can be. However, even under these 
special conditions, the growth of the 
corrosion product, though amazingly 
rapid, is not maintained for long. Within 
half an hour the long white streamers of 
hydrous aluminum oxide begin to fall 
away and reveal pits where they had 
grown. Though the metal surface is 
pitted and rough, rapid oxidation has 
ceased, the film has been repaired, and 
protection by the oxide has been restored 

the driving 
forces are again restrained. 

Let’s guess at what took place. During 
the amalgamation the film is so ruptured 
that mercury comes into atomic contact 
with aluminum. At this point the mer- 
cury dissolves in the aluminum and vice 

versa. The aluminum in these amalgams 
as reactive as 

that thermodynamic sO 

is exceedingly reactive 

the large thermodynamic driving forces 
would lead you to expect. If the air now 

contains enough water, the oxidation 
product will be a very porous and fluffy 

hydrous oxide that is incapable of pro- 

tecting the metal from which it grows— 

incapable, that is, of shutting out 

oxygen. 
Accordingly, to 

come in where the corrosion product 

and metal join so that more of the cor- 
rosion product forms at this interface 

and pushes the hair already formed 
out into space. But the hair carries 

mercury with it, and when the supply 
of mercury is exhausted (perhaps diffu- 
sion of mercury into the aluminum also 

oxygen continues 
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QUALITY OF RESEARCH LABORATORY DISTILLED WATER 
Moximum Total Solids 
(parts per million) Woter 

1. Distilled (at still) 
2. Distilled (tap) 
3. Schenectady (tap)* 

A 

0.2 5.6 
0.2 

192.0 

550,000 
500,000 

3000 

*Schenectady tap water included for reference. All samples dated March 28, 1952. 

contributes), the rate of oxidation de- 

creases and a compact protective oxide 
film again forms. 

This qualitative description ignores 
many of the complications. But it does 

serve to drive home the point that the 

oxide film on aluminum must remain 

intact if there is to be no attack of the 

metal when opportunities for oxidation 
exist. 

Copper will not perform in the man- 

ner described for Professor Hildebrand’s 

experiments nor are effects so drastic as 

this usually observed with aluminum. 
It is nevertheless true that contamina- 

tion by mercury can be a serious corro- 

sion hazard, not only to aluminum and 

its alloys but also to other nonferrous 
alloys such as brass. 

The Oxide Film and Water 

So far we have shown how the oxide 

film protects the aluminum from the 
atmosphere. But it is also true that the 

oxide film on aluminum gives excellent 
protection when this metal is used in 

the distribution of distilled water. Here 

the primary concern is to guard against 
contamination of the water. Note that 

aluminum is “thermodynamically un- 
stable” in contact water even in 

the and that 
successful use in distilled water systems 

with 

absence of oxygen, its 

is another proof of the protectiveness of 
the oxide film. 

When the General Electric Research 
Laboratory was built at the Knolls near 
Schenectady in 1948, an aluminum dis- 
tribution system for distilled water was 
installed, partly because of the favorable 
experience with a similar system used in 
the Aluminum Research Laboratories of 
the Aluminum Company of America. 
Tests made in 1950 showed the distilled 
water was of high quality; tests made a 
year ago are summarized in the table 
above. 

Comparison of lines | and 2 of the table 
shows that the aluminum distribution 
system didn’t contaminate the distilled 
water to any degree. Also, examination 
after nearly seven years of service of 
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aluminum pipes carrying distilled water 
at the Aluminum Research Laboratories 
showed no visible signs of attack. 

There is thus abundant evidence that 
the invisible film protects aluminum in 
contact with ordinary atmospheres, or 
with distilled water and oxygen. Fur- 
ther, there is evidence that in the ab- 
sence of such protection, when the 
thermodynamic driving forces are un- 
restrained, the corrosion of aluminum 
can be rapid and serious. 

As a freshman chemistry student you 
learned that aluminum is soluble in 
strong acids or strong bases, a behavior 
traceable to the solubility of the oxide 
film in acid or alkaline solutions. This, 
however, is another oversimplification. 

For example, aluminum is a preferred 
metal for handling concentrated nitric 
acid, because this powerful oxidizing 
agent even strengthens the natural oxide 
film. 

Reinforcing the Oxide Film 

In our discussion of the natural oxide 
film we have given a demonstration of 
how it can be destroyed; but it is equally 
important to know that this protective 
film can be reinforced by electrolytic 
oxidation, a process called ‘‘anodiza- 
tion.” This process gives an externally 
porous, complex film whose thickness 
initially increases with the time of 
electrolysis. This makes it possible to 
form protective films that are many 
times thicker than the natural oxide 
film. (By the action of boiling water the 
external pores of the film can be sealed; 

such sealing is usually part of the coat- 
ing procedure.) 

Thick anodic coatings formed in a 
sulphuric acid electrolyte generally 
afford excellent protection to aluminum 
alloys, give them an attractive appear- 
ace, and make them resistant to dis- 
coloration. The aluminum alloy panels 
that sheathe the new Alcoa office build- 
ing in Pittsburgh were given an anodic 
coating one mil thick. 

Obviously, anodized coatings must 

increase electric resistance at the metal 

13 
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FIG. 1. Idealized corrosion cell showing an FIG. 2. Actua! corrosion cell where copper £ PI 
electrochemical process. 

MAXIMUM GALVANIC 
CURRENT INITIALLY 

CORROSION PRODUCT SLOWS ATTACK 
DEPTH OF CREVICE ABOUT 20 MiILS 

FIG. 4, Butt-welded aluminum and copper 
joint 30 days in salt spray. 
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has been rubbed onto aluminum. 
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FIG. 5. Deposition of copper out of solu- 
tion onto aluminum. 

FIG. 6. Deposition of copper out of solu- 
tion onto aluminum. The development of the 
pit is enlarged 10 times. An > savers 2S 
specimen was exposed to a solution contain- 
ing copper sulfate (10 grams per liter) and 
sodium chloride (1 gram per liter) and “pest 
graphed after the time intervals indicated 
above. The mounds are metallic copper, while 
the dark spot near the center of each picture 
is the corrosion pit. This is further covered 
under the discussion of CASE II on page 16. 
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FIG. 3. Pitting of this aluminum tube fol- 
lowed transfer of copper to the aluminum by 
rubbing. The top picture shows the aluminum 
tube with scuff marks apparent at the left of 
the pits. Below is a map of the final distribu- 
tion of copper (dark area) obtained from an 
electrographic print. (Both enlarged 15 times.) 

surface since alumina (aluminum oxide) 

is an insulator or semiconductor. Such 
coatings are therefore undesirable on 
surfaces through which current must 
flow easily. On the other hand, there is a 
possibility of using anodized coatings 
to insulate aluminum conductors. 

Corrosion Cells 

Many years ago Dr. W. R. Whitney, 
noted scientist and first director of the 

G-E Research Laboratory, pointed out 
that electrochemical 

process. The corrosion of aluminum by 
represented 

corrosion is an 

oxygen can therefore be 
schematically (Fig. 1) as occurring in an 
electrolytic cell. In the drawing the 
anode reaction is the solution of alumi- 
num and the cathode reaction is the 
reduction of oxygen to the hydroxyl ion, 
in which hydrogen peroxide (not shown) 

may be an intermediate product. 
For these reactions to proceed there 

must be a completed circuit—electrons 
must flow through metal from anode 
to cathode, and must be 

ferred through the solution. Anything 
that hinders this flow of electrons or of 
ions will reduce the corrosion rate. An 
oxide film on the aluminum anode could 
do this, as could reducing the concen- 
tration of ions in the electrolyte solution, 
(According to the resistivity data in 

the table, substitution of distilled water 
for Schenectady tap water could reduce 
the corrosion rate more than 150-fold, 
other things being equal.) 

When anode and cathode are 
separated as in Fig. 1, it’s 
measure the electric current associated 
with the Nature 

isn’t so tidy however, and anodes and 

ions trans- 

well 
easy to 

corrosion process. 
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FIG. 7. Pitting of aluminum due to presence of heavy metals in Altoona, Pa., water (0.09 

ppm copper, 0.08 ppm cobalt, 0.03 ppm nickel). Photograph at the left is a new aluminum 
25 utensil after exposure to water of the same composition as Altoona water except that it 
was free of heavy metals. No pits are visible. At the right is a section from a similar utensil 
after exposure of one week to a water of the same composition as Altoona water with heavy 
metals included. Note black pits (arrows). Whenever aluminum is used, heavy metals like 
copper should, if possible, be kept out of water that touches it. 

FIG. 9. This is the cross section of an alclad 17S-T4 (-T) sheet (0.040 inch thick) showing 
electrolytic protection of the core which was exposed by a deep scratch. No corrosion of 
the core occurred during six years’ exposure to the atmosphere at New Kensington, Pa. 
Note sacrificial attack of coating adjacent to the scratch, (This cross section is enlarged 100 
times and the sample was etched with HF-HCL-HNO3.) 

cathodes on a_ corroding specimen 

aren't usually so well defined as those 
in the drawing. Nevertheless, currents 
can often be measured in specimens 

that are corroding in the absence of an 
impressed electromotive force, and such 

currents are evidence that anodes and 

cathodes are present. 

This being so, it follows that the metal 

corrode uniformly because will not 

corrosion ordinarily occurs only at 

anodes. Consequently corrosion cur- 

rents imply the occurrence of localized 

attack, the kind most feared because it 

can lead to perforation. And perforation 

usually spells failure even though the 
mass of metal removed is insignificant. 

Fortunately, localized attack doesn’t 

necessarily lead to perforation. Film 
formation in the (anodic) pits often 

stifles the attack in a way reminiscent 
of the “hair-growing” experiment shown 

12. The thicker on page the section, 
the more probable is such stifling. Of 
course, cost often limits thickness. 

When a metal dissolves in acid, the 

attack is often uniform, or generalized. 
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But from view, even 

generalized attack involves anodes and 

cathodes. In_ this the 

anodes and cathodes are assumed to be 

numerous, close together, small 
so that the measurement of corrosion 

one point of 

case, however, 

and 

currents is difficult or impossible. 

The anodization of aluminum can also 

be described in terms of Fig. 1 provided 
an external electromotive force is sup- 
plied. As the drawing stands, the elec- 
tromotive force of the cell is limited to 

the thermodynamic driving forces of 

the various possible reactions. Owing 
to the high aluminum 
oxide, 

resistivity of 

electromotive 

forces aren't to thicken the 

film at a reasonable rate, and so an ex- 
ternal must be 

imposed, Also, anodization requires an 

electrolyte—such as sulfuric 

acid—in which the oxide film formed is. 

at most, sparingly soluble. Otherwise 

these internal 

sufficient 

electromotive force 

strong 

there would be no protection and too 
much aluminum would dissolve. 

involves 

but this 

As practiced, anodization 

many other considerations, 
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FIG. 8. Film of electrolyte between alumi- 
num and copper in metallic contact. Note 
that the metallic contact can be at a consid- 
erable distance from the site of corrosion. 
This situation differs from others because no 
copper need be deposited on the aluminum. 
CASE III on page 16 describes this. 

brief description will make clear to you 
that it is identical in principle with a 
corrosion process that is stifled by the 
formation of a protective film on the 
anode. 

If a protective film does not form on 

an aluminum anode during anodization, 
the anode will be attacked, and the 

attack will often be localized. When 

there is no external electromotive 

force, localized attack is still possible 

owing to electromotive forces generated 
by the corrosion reactions. And becatise 

the driving forces of many of these 

corrosion reactions are large, this local- 
ized attack is the most serious corrosion 

hazard to which aluminum is subject. 
Such attack can be expected in any 

situation where the essential elements 

of Fig. | are present, provided the in- 
visible oxide film has been destroyed 
at an anodic point and a_ protective 
film cannot form. In other words, 

localized attack of aluminum 
expected when all four of these re- 

quirements are satisfied: 

e There is the possibility of a cathode 
reaction that, in with 

the anodic oxidation of aluminum, can 

give rise to an electromotive force. 
¢ An electrolyte joins anode and cath- 

can be 

conjunction 

ode. 

e Anode and cathode are in metallic 

contact. 

e The natural oxide film on aluminum 
can be penetrated or destroyed, and a 
protective film cannot form. 

Aluminum and Copper 

Eighteen different situations 
been listed elsewhere in which an elec- 
tromotive force could arise to cause the 

have 

15 



corrosion of metals, including alumi- 
num. But we'll discuss only three that 
could involve both aluminum and copper 
because these are of greatest interest. 

In general, you may read “any metal 
nobler than aluminum” for “copper” 
in the following discussion. Remember, 
however, that many of these metals are 
less harmful to aluminum than is 
copper. 

Three Cases 

CASE I: Copper and Aluminum in 
Contact—Examination of Fig. 2. shows 
that the four requirements listed prev- 

iously are all satisfied if oxygen is re- 
duced at the copper cathode. Electrons 

flow from the aluminum to the copper 

mound, Because of the way in which the 

ion current distributes itself, attack of 

the aluminum will normally be greatest 
near the boundary between the 
metals. 

Practical examples of this are shown 

two 

in Figs. 3 and 4. 
Fig. 3 is a magnified view of an alumi- 

num tube perforated by localized at- 
tack two months after copper was trans- 

ferred to it by simple rubbing. There 
would have been no corrosion had the 

specimen remained dry. 
Fig. 4 is a schematic representation 

of what happened to an aluminum tube 

butt-welded to copper. Localized attack 

of aluminum at the joint could have 

been avoided by keeping the joint dry, 
or by painting it—provided that sig- 
nificant electrolytic conduction between 

aluminum and copper could not occur 
over or through the paint film. 

if moisture is unavoidable, one 

remedy for the specimen in Fig. 3 
would be to make certain that copper 

cannot be transferred to the aluminum. 

Sometimes it’s feasible to insulate 

the metals from each other at the joint 
so that electron flow is interrupted; 
sometimes it helps to plate the copper 

with a more innocuous metal—such as 

cadmium or zine. Cathodic protection 

is another solution, but it needn’t con- 
cern us here. 

CASE Il: Deposition of Copper out of 
Solution onto Aluminum —Once the cop- 

per has been deposited (Figs. 5, 6, and 
7), Case IT becomes identical in principle 
with Case I. We have listed the two 
separately to emphasize that the 
amounts of copper involved in Case II 

may be so small as to escape even care- 

ful visual observation. 
Aluminum beer barrels are subject 

to this corrosion hazard although it has 
been greatly reduced by making them 
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of an aluminum alloy clad with the pure 
metal. 

Also it’s unwise to use aluminum for 
recirculating cooling systems when the 
coolant is liable to contamination by 
copper, or other heavy metals. We 
know of one example where aluminum 
piping in a cooling system was plugged 
with corrosion products that formed 
because the water contained a few parts 
per million of copper. 

Just how damaging a little heavy 
metal can be is clear from Fig. 7. When- 
ever aluminum is used, heavy metals 
like copper should, if possible, be kept 
out of water that touches it. 

The presence of Case I may set the 
stage for Case II. Consider what might 
happen to a domestic hot-water heater 
built of aluminum in a house that has 
copper pipes. Case I (copper and alumi- 
num in contact) will exist where the 
piping joins the heater. And if the water 
dissolves small amounts of copper on its 
way to the tank, this copper would 
probably deposit on the inner aluminum 
surface and might produce a myriad of 
local cells. Failure, if it occurred, would 
probably not be at the joint, which 
would be cool, but through the wall of 
the hot tank. This illustration empha- 
sizes that corrosion in Case | may not 
be serious because it is restricted to the 

neighborhood of the junction that 
causes it, but that Case I may lead to 
failure, according to the much more 
troublesome Case II. 
CASE Ill: Film of Electrolyte Between 

Aluminum and Copper in Metallic Con- 

tact—This situation differs from the 
other two because no copper need be 

deposited on the aluminum. It is clear 

however that all the requirements of 
Fig. | are satisfied. 

This case could involve crevice cor- 
rosion at a copper-aluminum joint, the 
crevice being at the joint and filled with 
electrolyte. (Crevices or re-entrant cavi- 

Dr. Liebhafsky is Manager of the Physi- 
cal Chemistry Section, Chemistry Re- 

search Department of the General Electric 

Research Laboratory, The Knolls, near 
Schenectady. He became associated with 
GE in 1934 when he joined the Labora- 
tory staff. Dr. Balis has been with the 
Company 12 years and now heads the 

Analytical Chemistry Unit in Dr. Lieb- 
hafsky’s Section. Neither author is a 
newcomer to the Review. In the Septem- 
ber 1948 issue they collaborated on an 

article describing the electrolysis of 
cooling systems, 

ties of any kind should be avoided— 
aluminum or not.) 

Or, as shown in Fig. 8, the metallic 
contact can be at a considerable dis- 
tance from the site of corrosion. Per- 
foration of an aluminum sheet very 

near the free end of a copper member in 
metallic contact with the sheet was ex- 
plained in this way. 

Cladding of Aluminum Alloys 

Some of the corrosion risks just de- 
scribed (like those in the domestic 
water heater) can be materially reduced 
by substituting alclad alloys for alumi- : 
num. These interesting materials con- 
sist of an alloy core clad with very pure 
aluminum, or with an aluminum alloy 
anodic with respect to the core. Their 
use has virtually eliminated the cor- 
rosion problems mentioned in connec- 
tion with beer barrels, and they have 
become especially important in the air- 
craft industry. They provide the happy 
combination of a core alloy that gives 
strength with a cladding that reduces 
the risk of localized corrosion present 
with the unclad core. 

A cross section of an alclad alloy is 

shown in Fig. 9. The cladding provides 
the core with physical protection fol- 

lowed ultimately by electrochemical 
protection. Until the core—more pre- 
cisely the diffusion layer between clad- 
ding and core—is exposed, the product 
las the corrosion resistance characteris- 
tic of the cladding. This can be high 
if very pure aluminum is used for the 
outer layer. And if the cladding is 
eventually penetrated, it acts as a 
sacrificial (self-consuming) anode that 
will nearly always prevent perforation— 
especially if an aluminum alloy more 
anodic than aluminum itself is used for 
the cladding. 

In Summation... 

Regardless of the means adopted to 
control corrosion in any specific ap- 
plication of aluminum, you must give 
consideration to the natural driving 
force toward corrosion—and to the 
amazing invisible oxide film that can 
hold this force in check. For exposures 
to ordinary atmospheres and to distilled 
water, the natural film furnishes com- 
plete protection. But increased pro- 

tection for different situations is avail- 
able through anodization, a controlled 
oxidation of aluminum that produces a 
thicker, better oxide coating. 

Under certain conditions, particularly 
where cells may occur that contain a 
heavy metal like copper, localized cor- 

CONCLUDED ON PAGE 61 
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By JAMES R. RAE 

Residents of Salt Lake City, driving around 
the countryside on bright Sunday after- 
noons a couple of years ago, watched with 

interest the construction of the 200-foot 
tower (left). And the same scene was re- 
peated in many parts of the United States 
during the same time as the towers of the 
Bell System’s microwave radio relay system 
rose to form a transcontinental chain for 
the intercity transmission of both tele- 
phone and television signals. This system, 
known as the TD-2, has already become a 
mainstay of the Bell System’s long-distance 
communication network and is the most 
extensively used radio relay system in the 
world today. 

At the end of 1952 there were almost 
6000 route miles of TD-2 in operation (map 
on next page), and many more miles were 

ait 



SALT LAKE 

Ran AON DERE SRO EIN 

“LOS ANGELES 

SAN DIEGO 

INSTALLED 

OKLAHOMA CITY. 

MINNEAPOLIS «_— 

DES 

\ 

\ - 

DENVER KANSAS CITY » 
) 

WICHITA 
> 

TULSA O 
~ 

* . 

fay 
re & 

% XO 
nz 

~ 

“, DALLAS 
& 
B: 

. AUSTIN 
ra 

FT WORTH 

SAN ANTONIO Ya 

UNDER CONSTRUCTION 

(DECEMBER 1952) 

under construction or in the planning 
stages. The routes in operation provide 

36,000 miles of band 

channels -that utilized to 

17,000 miles of television circuits and 

about million 

telephone trunks. 

broad radio 

are furnish 

one miles of two-way 

Microwaves 

As generally used, the term “‘micro- 
wave” refers to radio transmission on 
frequencies of about 1000 megacycles or 
higher. (The standard AM_ broadcast 
range is 550 to 1500 kilocycles.) The 

TD-2 system operates in the vicinity of 

4000 megacycles, or a wave length of 
about three inches. 

The outstanding 
microwaves, which makes them 
ticularly suitable for multihop radio 

par- 

relay applications, is the similarity of 

their behavior to light waves. Like light, 
microwaves travel in essentially straight 
lines and require a path free of obstacles. 
At first glance this characteristic may 
seem to be a disadvantage in that it 
limits the length of hop. Actually it is 
helpful because it aids in confining 
radiations between two adjacent stations 
on a route, thus permitting re-use of 
frequencies at alternate stations. It also 

reduces interference between different 
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characteristic of 

routes. By the use of suitable antennas 
the waves can be concentrated in narrow 
beams similar to searchlight beams, thus 

with low permitting operation very 

power outputs. 

Other advantages of microwaves are 

freedom from static and the availability 
of broad bands of frequencies, as com- 
pared with the lower end of the radio 

frequency spectrum. Unfortunately, mi- 
crowave relays have some disadvantages 
too. We will discuss them later. 

First Relay System 

The American Telephone and Tele- 

(AT&T) constructed 

relay 
graph Company 
its first multilink microwave 

system between New York and Boston. 

This system, known as the TD-X, was 
placed in service in 1947 and 
then has been in regular use for the 

programs. 

since 

transmission of television 
It operates on frequencies between 3900 

and 4200 megacycles, and provides two 
channels in each direction. Each chan- 
nel transmits a video frequency band 
of greater than four megacycles width. 
The TD-X system was also used for a 
telephone trial during 
which a pair of radio channels satis- 
factorily carried 240 simultaneous tele- 

However, the 

transmission 

phone conversations. 
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principal benefit obtained from the 
TD-X system was the knowledge and 
experience gained that helped in the 
design and construction of the im- 
proved TD-2 system. 

How the TD-2 Operates 

The TD-2 the 
band of frequencies between 3700 and 
4200 megacycles, which has been al- 
located by the Federal Communications 
Commission (FCC) for “‘common car- 

rier” operation. The microwaves are 
beamed from station to station by 
means of lens-type antennas that will 
be discussed later. the 

travel in essentially straight lines, it is 
necessary that adjacent stations be 
within “line of sight” of each other. 
As a result, stations are generally on 
hill tops and frequently make use of 
towers up to several hundred feet 
in height to increase antenna eleva- 
tion. The average distance 
stations on the routes so far constructed 
is about 30 miles. 

The TD-2 system is capable of provid- 
ing six wide band radio channels in 

system operates in 

Since waves 

between 

each direction over a given route. To 
obtain these channels the available 500- 
megacycle frequency band has been 
divided into 12 channels with 40 mega- 
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cycles separation between centers. Each 
channel utilizes a band 20 megacycles 
wide, leaving 20 megacycles between 
channels as a “guard band” to prevent 
interaction. (These guard bands are 

not wasted, however. On a spur route 

that is parallel to the main 
route, the guard bands are used as 
the channel frequencies, thus reducing 
possible interference between the two 

almost 

routes.) 

Of the 12 available channel frequen- 

station uses six for trans- 

mitting and six for receiving, since it is 
not practicable to transmit and receive 

on the same frequency at a given sta- 

cies, each 

tion. The frequencies used for trans- 
mitting and receiving are alternated 
station-by-station along the route. Thus, 
channel No. | will be transmitted from 
station A to station B on the frequency 
3730 me. From station B to station C 
it will utilize the frequency 3770 me, 
and from station C to station D will 
again be on 3730 me. 

At relay stations each channel re- 
quires its own bay of radio receiving 
and transmitting equipment. The com- 
bined energy of the six channels picked 
up by the receiving antenna is trans- 
mitted through a group of wave guide 
filters located at the tops of the repeater 

bays, each of which picks off its own 

channel frequency and passes the others 
with negligible loss. Similar filters com- 

bine the emitted by the six 
radio transmitters. (At the top of this 
page is a diagram of a typical repeater 
station.) It direction of 
transmission only; the opposite diree- 
tion is handled in identical manner by a 
second pair of antennas and another 
line of repeaters. At adjacent stations 
the same arrangements are used except 

that transmitted and received frequen- 
cies are interchanged. 

Each of the individual radio channels 
is capable of providing a TV channel 
with a band width greater than eight 
megacycles. This can be used for the 

energy 

shows one 

transmission of one television program 
or 600 telephone circuits that are mul- 
tiplexed by means of the same frequency- 
division multiplex system as is used 
on coaxial cables. Thus, since one of 
the six radio normally 
held in reserve as a standby protection 
channel, leaving five “working” chan- 
nels, the TD-2 system is capable of 
providing either 10 television circuits 
(five in each direction) or 3000 two- 

various 
combinations of television and_ tele- 
phone facilities, as required. 

channels is 

way telephone circuits, or 
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MR. RAE INSPECTS microwave repeater equipment (TD-2) in New York’s Long Lines ter- 
minal, Transmission aspects of the communications business both wire and radio facilities 
—have been Mr. Rae’s chief interest during his career with the Bell System that began 
in 1929. Prior to his recent appointment as General Methods Engineer in the Long Lines 
Engineering Department, American Telephone and Telegraph Company, he was Engineer of 
Transmission in the same Department. 
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Design Objectives 
The TD-2 system was designed with 

the objective of providing as many 
radio channels as possible in the fre- 
quency space available. Each channel 
was to be capable of transmitting a 
television picture or hundreds of mes- 
sage channels, with negligible impair- 
ment, over distances as great as 4000 
miles. Furthermore, reliability com- 
parable to that of buried or underground 
cable facilities was desired. 

Transmission Quality 

To enable each radio channel to 
carry the number of message circuits 
desired, it was realized at the outset 
of development that a means of provid- 
ing broad radio channels, very stable 
in frequency and essentially free of 
both amplitude and phase distortion, 
would have to be provided. It did not 

appear that the klystron or magnetron 
tubes used in microwave 
transmitters would meet the necessary 
requirements. This was because of 
the very small and distortion 
tolerances permissible at each indi- 
vidual station if as many as 150 stations 
were connected in tandem. 

The solution to this problem was 
found in the development of an im- 
proved planar triode vacuum tube, 
known as the 416, that made it possible 
to build amplifiers that would operate 
satisfactorily at 4000 megacycles. Ordi- 
nary vacuum tubes will not function 
at such high frequencies because their 
electron transmit time (the time for an 
electron released from the cathode to 

reach the plate) is too great in compari- 

son with the period of the microwave 
frequency. The walnut-size 416 tube 
solves this problem by the extremely 

spacing of its three elements. 
The distance from cathode to grid is 
only 0.0005 inch, while that from 
grid to plate is 0.0012 inch, The grid 
wires are 0.0003 inch in diameter, 
spaced 1000 to the inch, 

The development and 
production of this tube was a project 
of great magnitude. A number of com- 
pletely new techniques had to be de- 
vised because of the fineness of the work 
and the extremely small tolerances per- 
mitted. The successful outcome of this 
project was the most significant factor in 
making possible the outstanding trans- 
mission qualities ot the TD-2 system. 

previous 

noise 

c lose 

commercial 

Antennas 

Another problem solved was that of 

suitable antennas. It will be recognized 
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DELAY LENS ANTENNA has metallic lens 
that concentrates outgoing energy in a nar- 

row beam and focuses incoming ener gy at 

the apex of the feed horn. 

that, unless different frequencies are 
utilized . for transmitting in each diree- 
tion from any given station, resulting 

in a requirement for doubling the fre- 

quency space used, the antennas must 

have excellent “front to back 

The reason is that energy radiated by a 

transmitting antenna or picked up by a 

antenna in the backward 

is one cause of interference 

ratios.” 

receiving 
direction 
and signal distortion. In a relay system 
of relatively few sections, such spurious 

couplings might be tolerated, but in a 
1000-mile system where there may be 
150 such couplings, they must be re- 
duced to negligible proportions. 

A second requirement was that the 
antenna give uniform performance over 
the entire 3700- to 4200-megacycle fre- 

range. This applies to its 
formance as a wave guide termination, 
as well as its gain. A good “impedance 
match” between antenna and wave 
guide over the entire frequency band is 
essential to avoid reflections that cause 

loss of definition in television signals 
and interchannel modulation in multi- 
plex telephone signals. 

The conventional parabolic dish type 
of antenna, while producing satisfac- 
tory gain over a limited frequency range, 
would not meet the other require- 
ments, 

A type of 

quency per- 

antenna known as a 

“shielded deiay lens’? antenna was suc- 

cessfully deve loped. (Cutaway on this 

page.) The wave guide is connected to 
a short horn that terminates it properly 

GENERAL ELECTRIC REVIEW 

and guides the signal toward the lens. 
The lens consists of strips of aluminum 
imbedded in polyethylene foam blocks, 
the number of such strips being greatest 
at the center of the lens, thus reducing 
the velocity of waves passing through 
the center as compared with those 
nearer the edges. The lens is designed 
to focus incoming waves at the apex 
of the horn. In the transmitting case 
the radial wave front emanating from 
the wave guide is changed by the lens 
to a plane wave front. The metal housing 
of the entire antenna acts as a shield 
and minimizes radiation or reception 
in other than the desired direction. 

Reliability 

The problem of getting a high degree 
of reliability has been one of the most 
serious facing designers of microwave 
systems. To with 

cable have 
transmission capabilities comparable to 
TD-2, total trouble outage time per 100 
miles of radio channel should be in the 
order of 0.02 percent, 

compare existing 
coaxial systems, which 

This amounts to 

only 10 minutes per month for 24-hour 
per day service. 

of the 416 triode 

a solution for one of the 

problems affecting the 
microwave 

furnished 

most 

The use 

serious 

reliability of 
systems the 

stable, power supply. Radio 

using klystrons require 
high volt ages that are normally derived 

by stepping-up and rectifying the a-c 

power supply. Even short inter- 
the a-c supply therefore 

on the radio signals. 

most provi- 

sion of 

relay systems 

very 
ruptions of 

“hits” 
Experience in the operation of such 

cause 

relay systems showed that power inter- 

ruptions at remote relay 

one of the most serious causes of service 

stations are 

outages, even when stand-by engine 

Although this 
can be improved by the use 

generators are provided, 

condition 

of a constantly running motor-alterna- 
tor at each station (operated from stor- 

age batteries when a-c power fails), such 

arrangements are expensive. 

Stand-by Power 

In the TD-2 system a much simpler 
solution was possible because the maxi- 

mum voltage required for the 416 tubes 
is only 250 volts. 

be supplied directly from storage bat- 

teries. Such power supplies were built 
into the TD-2 

battery provides heater power, and a 
250-volt battery plate power. As a 
result, failure of commercial a-c 

has no effect on the radio equipment. 

This is low enough to 

system—a 12-volt storage 

power 
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While emergency engine generators are 
provided to take over when commercial 
power fails, the cutover interval is not 
critical. If, for any reason, the stand-by 
engine generator fails to take over, the 
batteries can carry the station for at 
least eight hours. 

Fading 

Another serious 

the reliability of microwave systems is 

problem affecting 

fading. The first line of defense against 

fading is adequate engineering of pro- 
posed routes with respect to station 

sites and tower heights. 
In general, it is believed that there 

are three principal causes of fading on 
microwave systems: 

Path Blocking may occur when. at- 
mospheric conditions of temperature 
and moisture content cause radio waves 

As a result, 
leaving the transmitting 

to be refracted upwards. 

it is 
antenna in a slightly downward direc- 
tion and following a bowed path that 

finally reaches the receiving antenna. 
In effect, the earth between appears to 

bulge upward and may partially or 
totally block the radio path, 

Ground Reflections are caused by 

bodies of water or by flat pieces of the 

earth’s The reflected 

from these may arrive at the receiving 

snere energy 

surface. energy 

station in phase or out of phase with the 
direct beam, depending on the difference 
in length of the direct and reflection 
paths. Changes in atmospheric condi- 
tions change the relative lengths of 
these paths so that the received signal 

varies with time. 
Multipath Interference is caused by 

rays arriving at the receiving station 
from somewhat higher angles than the 
direct beam. They are apparently pro- 
duced by reflection or refraction from 

atmospheric discontinuities and arrive 
at the receiving station in ever-changing 
patterns, causing rapid changes in the 

total received energy. 

There appears to be little that we can 
do to prevent fading from the third 
cause. However, as these rays are 
generally small in magnitude compared 
with the direct signal, their effect can 

be minimized by preventing fading from 
path blocking and ground reflection, 
so as to keep the direct signal at its 
normal strength at all times. 

Path blocking can be prevented by 
adequate tower heights. But towers can- 
not be heightened indiscriminately be- 
cause of cost, transmission losses in wave 
guides, and because higher towers may 
increase the effects of ground reflections, 
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To obtain maximum insurance against 
fading on TD-2 routes, every proposed 
path is subjected to microwave testing 
before acceptance. These per- 

formed with portable microwave equip- 
ment and antennas that may be varied 
in height from ground level to 200 feet, 
provide information as to 
heights of intervening obstructions and 

tests, 

accurate 

the presence of reflecting surfaces. 
Analysis of the results enables the 
determination of optimum tower heights. 
In addition to fading considerations, of 
course, the route engineering must also 

take into account such other factors as 
the economic spacing of stations while 
maintaining adequate signal-to-noise mar- 
gins, accessibility of sites, availability of 
power supply, and zoning or other 
property restrictions. 

Despite the most careful route engi- 
neering some fades of serious magnitude 

will still occur. And even with the most 
conservatively designed equipment there 

is always the possibility of vacuum 
tube failure or other equipment trouble. 
The only sure safeguard against inter- 
ruptions due to these causes is the use 
of an automatic switching system that 
will provide either frequency diversity 
or space diversity reception to guard 
against fading, and substitute stand-by 
equipment to guard against equipment 

failure. 

In the TD-2 system both of these 

objectives can be accomplished — by 

setting aside one channel of the six 

in each direction as a 

channel and providing automatic switch- 

ing, at intervals of 100 to 200 miles, 

protection 

that will substitute this channel for any 

that fails. The operation is fairly com- 
plex, since the failed channel must not 

only be detected at the receiving end, 

but an identifying signal must be sent 

to the transmitting end of the section 
to connect the stand-by 

parallel with the failed channel. After 

this is done the switch can be made at 

channel in 

the receiving end. 
The apparatus to perform such switch- 

ing is not yet installed, but it has been 
process of 

that a 

milli- 

designed and is now in 
manufacture. It is expected 
switching interval of about 40 
seconds can be realized. In most cases 

of fading this interval should be sufh- 
ciently short to switch out the affected 

line before service becomes unsatisfac- 

tory. 

Maintenance 

Maintenance charges for a_ radio 
relay system are likely to be a serious 
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item of expense, largely because of the 
considerable amounts of travel time re- 
quired to visit many of the stations. It is 
important therefore that unnecessary 
trips be minimized by providing means 
for control offices to diagnose troubles, 
to determine where the trouble is, 
what it is, and whether it is sufficiently 
serious to dispatch a repair man imme- 
diately. 

On the TD-2 routes an alarm and 
control system is installed, operating 
over paralleling wire circuits, that 
connects each remote station with its 
maintenance center and provides as 
many as 84 indications of conditions 
at each station and permits the mainte- 
nance center to perform 34 different 
operations at each station by remote 
control. Thus it is possible for the 

maintenance center not only to diagnose 
troubles accurately but also to perform 
routine operations, such as testing the 
emergency engine generator or inter- 
changing working and protection chan- 
nels, without sending a man to the 
remote station. 

Are Results Satisfactory? 

Transmission quality over the existing 
TD-2 routes has been very satisfactory. 

Cross-continent transmission of tele- 
vision pictures introduces so _ little 

impairment that it is difficult to dis- 
between remote and_ local 

originations. The telephone circuits 
derived from TD-2 likewise provide 
excellent quality. 

Interruptions on TD-2 routes due to 
fading and equipment troubles have 
thus far been materially greater than 
on cable facilities, but 
pected to be effectively reduced by 

tinguish 

these are ex- 

application of the automatic switch 
mentioned above, 

The Bell System’s experience to 
date indicates that microwave relays 
are a practical and economical way of 
handling many long-distance communi- 
cation needs. They are not as inexpensive 
as might be thought upon first study of 
microwave principles, chiefly because 
of the costs of the features that give 

quality and reliability. In the case of 
the TD-2 system, however, the total 
cost appears to be reasonable in view 
of the large volume of communication 
facilities obtained. Even so, work goes 
on in the Bell System, both on improve- 
ment of the present TD-2 system and 
on development of still more advanced 
radio equipment which will eventually 
provide better communication 
systems. Q 

even 
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GAS-TURBINE CONTROL—A 12-STAGE MAGNETIC AMPLIFIER—IS CHECKED BY AUTHOR. 

he Magnetic Amplifier 
By V. J. LOUDEN 

The magnetic amplifier is a variable- 
inductance device that controls the flow 

of power to a load. It differs from the 

vacuum tube- de- 

in that its operation depends on 

a variable-resistance 
vice 
the nonlinear magnetization of ferro- 
magnetic materials. 

The principle of its 
shown on the opposite page. 

operation is 

Fig. 1 is a simplified representation of 

a half-wave magnetic amplifier that con- 
sists of: 1) an iron-core reactor, of high 

inductance and 2) a 
rectifier, permitting current to pass in 
one direction only; 3) a load resistor, in 
series with a supply voltage across the 
reactor’s terminals; 4) a signal winding 

through the 
variable d-c 

low. resistance; 

flow 

with a 

to control current 
reactor, in 

voltage. 
Fig. 2 is the magnetization curve of 

the iron core. This is a plot of magnetic 

series 

flux density B in lines per square inch of 
cross section versus magnetic-field in- 
tensity // in ampere turns per inch of 
core length. 

Fig. 3 is a plot of the a-c supply volt- 
age and resultant load current through 
the winding—with and without a con- 
trol signal applied. 

Let’s look first at the reactor’s opera- 
tion without a d-c voltage across the 
signal winding. (Hysteresis effects are 
omitted for simplicity.) 

When a cycle of a-c supply voltage is 
applied to the reactor, its iron core goes 
through a magnetic excursion of the B-H 
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curve. In other words, the core is 
operated in the unsaturated region be- 
tween b and c, as well as in the saturated 
region above b. Because the load cur- 
rent’s flow is impeded in direct propor- 
tion to the slope of the B-H curve, the 

reactor presents essentially two values of 

reactance. Steep slope means high in- 
ductance, flat slope means low induct- 
ance. 

This, then, is what happens to the 
current when the supply-voltage cycle is 
applied: At the beginning of the cycle t 

the current is zero and, of course, the 
magnetic intensity—proportional to the 
current—is also zero. From ft to t,, the 
current and magnetic intensity build up 
at a slow rate. The reason is that the 
core is in the unsaturated region; con- 

sequently, current flow through the 
winding is greatly impeded since the 
effective inductance is high. 

The current, lagging the 
supply voltage, continues to build up 
slowly until the core is magnetized to 
point 6. At this time 4, the current 

takes a big jump. For the core is now 

behind 

Mr. Louden joined General Electric five 

years ago. During this time he has been 
engaged in the development of electronic 
and magnetic control systems. Presently 
in charge of magnetic amplifier compo- 
nent and system development, he is in 
the Servo Section of the Aeronautic and 
Ordnance Systems Division, Schenectady. 
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saturated with magnetic flux, the current 
being limited mainly by circuit resist- 
ance. Effective inductance of the reactor 
has dropped to a low value. 

The reverse is also true: As the supply 
voltage passes its peak and begins to 
decrease, the current decreases with it 
until point b, corresponding to time ty, 
is again reached. Here the current has 
the same value as at time ¢,. 

Any further 
through the winding at time ¢, is op- 
posed because the core is now operating 
in the unsaturated region below b, where 
the reactor’s effective inductance is high. 
The current therefore decreases slowly, 
lagging the voltage, until finally at time 
t; the current and the magnetic intensity 

decrease of current 

are zero. 
Next let’s see what happens when a 

d-c voltage is applied across the signal 
winding. 

A d-c signal current raises the mag- 
netic intensity H and premagnetizes the 
core. In effect, then, you can control the 
degree of magnetization, fixing the time 
at which the core will saturate when the 
supply voltage is applied. 

If, for instance, you apply a positive 
d-c signal that corresponds to point a 
of the B-H curve, the magnetic in- 
tensity H to saturation has only to 
change from H, to H, when the supply 
voltage is applied. Load current then 
need only build up to a smaller value— 
shown by the dashed curve—for satura- 
tion to take place earlier in the cycle. 
Likewise, a negative d-c signal saturates 
the core at a later time in the cycle— 
the current’s surge being retarded. 

So it is through means of the d-c 
control signal that a reactor is converted 
to a magnetic amplifier. For by regulat- 
ing the time in the supply voltage cycle 
that saturation takes place, the average 
value of load current is controlled. 

The magnetic amplifier isn’t a new 
device. It used in this country 
more than 30 years ago for high-speed 

telegraphic and telephonic transmission 
(October 1920 Review, page 797). 
Then, during the second World War, 
the German military further 
developed and used it to make up for 
their acute shortage of trained personnel 
to service electronic control equipment. 

was 

forces 

German scientists believed then that 
the magnetic amplifier could be in- 
stalled and subsequently forgotten be- 
cause its service requirements are 
negligible. But the war ended before 

many of their new control systems could 
be put into service, so they didn’t 
reap full benefit from their idea. 
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When American specialists later ex- 
amined German warships, they found 
magnetic-amtplifier systems used for 
various controls—gunfire, ship-steering, 
voltage—and computers. They were im- 
pressed with the potentialities of this 
device. And so the United States 
Armed Forces set out on a program 
calling for development of magnetic- 
amplifier control systems. 

Electronic Counterpart 

In many respects a magnetic-amplifier 
is similar to a thyratron control circuit. 
A gas-filled triode, the thyratron is 

usually connected in series with a load 
across an a-c supply-voltage source. In 
its normal state the gas acts as an ex- 

tremely high impedance to passage of 
current. But when the gas is ionized— 
grid voltage controls ionization—it 
conducts current so well that the volt- 
age drop across the tube is small and 
almost independent of the amount of 
current through it. 

A comparison of the thyratron circuit 
with a half-wave magnetic-amplifier cir- 
cuit is shown on page 24. 

The thyratron appears as a high im- 
pedance in its circuit, and during the 
first part of the supply-voltage cycle, 
current flow through it is low. But at 
some later time in the cycle the thyra- 
tron’s grid receives a pulse or other 
firing signal that ionizes the gas. Load 
current then surges through the tube. 
Because the voltage-drop inside the tube 
is small, most of the supply voltage ap- 
pears across the load resistor. And as 
you can see, the wave form of load cur- 
rent in the thyratron circuit is approxi- 
mately a portion of a sine wave. 

A half-wave magnetic-amplifier circuit 
operates in a like manner. During the 
first part of the supply-voltage cycle, 
current flow through the load resistor 
is small because, as mentioned earlier, 

circuit inductance is high. However 
small, the current increases until at 
some later time in the cycle—deter- 
mined by the d-c control sfgnal—the 
core is saturated and circuit inductance 
becomes low. Current flow is then limited 
primarily by resistance in the circuit. 
Notice the similarity of the load-cur- 
rent’s wave form with that of the thyra- 
tron circuit. 

Although we’ve discussed the half- 
wave magnetic-amplifier circuit thus far, 
it isn’t practical for most applications. 
This is so because a high inductance or 
resistance is needed in the control cir- 
cuit to minimize the flow of undesirable 
induced currents. But the introduction 
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of a high inductance makes the ampli- 
fier’s speed of response slow—the use 
of a high resistance reduces the ampli- 
fier’s gain. 

The more practical circuit is also 
illustrated on page 24, lower left. In 
essence, there are two half-wave circuits 
with their reactors adjacent so that one 
signal winding links both cores. With 
this arrangement, the undesirable har- 
monics are not induced in the signal 
circuit, and a high impedance or resist- 
ance isn’t required. 

Use in Aircraft 

Good performance is achieved with 
many complex magnetic-amplifier con- 
trol systems, such as the aircraft gas- 
turbine control shown on page 22, 
Twelve stages of magnetic amplification 
are contained in this system. They are 
so co-ordinated that a jet-aircraft pilot 
automatically gets thrust proportional 
to his selector position. 

The device also prevents the engine 
from stalling during rapid accelerations. 
It does this for various flight conditions 
by computing the maximum rate at 
which fuel can be supplied without 
stalling the engine. Fuel flow is then 
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limited to a safe value slightly less than 
the computed rate. 

Other functions of the control are to 
prevent the jet-engine’s combustion 
burners from being blown out during 
rapid deceleration, and to limit the tail- 
pipe temperature to a predetermined 
maximum during acceleration. Many 
other duties otherwise required of the 
pilot are also performed by the aircraft 
gas-turbine control. 

Some additional magnetic-amplifier 
systems developed are azimuth and ele- 
vation controls for air-borne radar and 
naval gun mounts, naval ship-steering 
controls, autopilots for aircraft, voltage 
and frequency controls for aircraft alter- 
nators, and a control system for a 
nuclear power plant. 

More often than not, control systems 
operate under adverse conditions. For 
this reason magnetic amplifiers are 
usually sealed airtight. 

Magnetic vs Electronic 

Magnetic amplifiers are replacing 
vacuum tubes in many applications. 
You shouldn't, however, interpret this 

to mean that they are substitutes for 
vacuum tubes. Rather, they are direct 
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competitors to be used where their ad- 
vantages warrant application. 

Size and weight are factors that in- 
fluence application. Where these are of 
prime importance, magnetic amplifiers 
shouldn’t be considered if the available 
power is at a frequency of 60 cycles per 
second. On the other hand, vacuum- 
tube and magnetic-amplifier systems 
are comparable in size and weight when 
the power supply is at 400 cycles per 
second. At this frequency it’s sometimes 
possible to make the magnetic-amplifier 
system even smaller than the electronic 
system. The reason is that low-power 
magnetic amplifiers have low stand-by 
losses and small internal-temperature 
rise, and as a result can be mounted 
close together. 

Warm-up time, maintenance, and 
ruggedness are other advantages over 
the vacuum tube. For the magnetic 
amplifier operates almost immediately 
after power is applied. And in addition, 
it gives long maintenance-free life even 
when subjected to high shock and vi- 
bration. 

But magnetic amplifiers shouldn’t be 
used at extremes of temperature. At 
present their maximum temperature 
range is —55 to +100 C. When these 

limits are exceeded, the extreme temper- 
atures change the properties of the core 

= materials and metallic rectifier. 
For extremely high-performance con- 

trol systems, the magnetic amplifier re- 
quires a power supply at a frequency of 
2000 cycles or better. This restriction 
exists because magnetic amplifiers have 
an inductive signal-input winding and 
their speed of response is slow com- 
pared to a vacuum tube As the fre- 
quency of the power source is increased, 
however, the amplifier’s speed of re- 

sponse for a given gain becomes pro- 
portionately faster. 

In some places where a vacuum tube 
would prove inadequate, the magnetic 
amplifier can be used—for instance, 
where input and output circuits must be 
electrically isolated from one another. 
Still another application would be where 
the output must respond to the sum of 
several input signals. Here again the 
magnetic amplifier comes in handy be- 
cause a number of signal windings can 
be utilized. 

The magnetic amplifier is a highly 
useful device for the design and develop- 
ment of control systems. Responsibility 
for its proper use rests with engineering. 
And if properly applied, you can be sure 
that better and more reliable control 
systems will be available in the future. Q 
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Here’s another G-E “First“’ 

to start the next 75 years... 

Shortly after the first of the year a report came to 

the Review office that some highly significant develop- 

ments in the field of large generators were under way. 

A Review editor was immediately assigned to the 
story; here is his report of a development that will 
prove to be one of the most important of the next 75 

Years «eee 

In the mammoth turbine manufacturing plant 
at GE’s Schenectady Works, I learned of a new 

development in the design of generators for large 

turbine-generator units. 

For the first time in the history of the electrical 

industry, General Electric will manufacture a large 
generator with liquid-cooled conductors. 

A new method of circulating a liquid through 

hollow conductors will be used in the stator. 
The present method of cooling large generators 

is to circulate hydrogen gas through passages in 

the magnetic portions of the rotor and stator. 

Developed by GE, this method is highly efficient 

for units up to approximately 230,000 kva capabil- 

ity at 3600 rpm. 

Engineers told me that the new method of cooling 
will be used in a turbine-generator set for the new 

Review STAFF REPORT 

Eastlake Power Plant of the Cleveland Electric 
Illuminating Company. 

The unit, consisting of a tandem-compound 

turbine rated at 208,000 kw, and a generator rated 
at 200,000 kva, will be one of the largest in the 
world. This generator alone will be capable of 

supplying the household electrical needs of 600,000 

people. 

It was further emphasized that this type of 
liquid cooling makes possible a significant increase 
in capability of generators without increasing 

physical dimensions of the units. The higher 
capability results from more efficient removal of 

heat produced during the generation of electricity. 
Other technical features of the Cleveland ma- 

chine include direct cooling of the rotating-field 
winding with hydrogen, a new and improved grain- 

oriented strip steel in the magnetic portion of the 

armature, and an improved type of insulation. 
General Electric is also supplying three con- 

ventional hydrogen-cooled units, each of 125,000- 

kw capacity, for the Eastlake Plant that will go 

into operation this summer. 
The 208,000-kw generator is scheduled for in- 

stallation by the end of 1955. Q 
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50 Years of the 

asia Wig ng se 2 RaU i NE MRR ae PEMTL, Oy ge ih lea ee cd 

In March 1903 the General Electric Review began 

publication. For 50 of the past 75 years the signif- 

icant developments of General Electric engineers 

and scientists have been reported in its pages. And 

on the preceding page you read about one of the 

most important advances of the next 75 years ...On 

pages 25 through 40 of this issue you saw 63 “‘firsts”’ 

that commemorate 75 years of electrical progress; 

on these two pages are some of those same develop- 

ments as they were presented over the years to 

Review readers.— Eprrors 

1910 STEAM TURBINE FOR POWER GENERATION 

**.,..Modern steam turbine practice has advanced so rapidly that 
quite startling changes have been effected .... Improvements in... 
construction ... speed ... preatly reduced the size and weight per 

kilowatt. About six years ago the first large steam turbines were 
installed . . . three machines were vertical two-stage machines of 
5000-kw capacity, and the fourth... of the five-stage type ... these 
four machines have been removed and replaced by four vertical 
machines of 12,000-kw continuous capacity .. . the Curtis turbine 
has been built and placed in successful operation in sizes from 5-kw 
to 14,000-kw .. . even larger machines are under consideration.” 

—G,. R. Parker, February 1910 

The first large steam turbine, rated 5000 kw at 500 rpm, was installed 
for the Commonwealth Edison Company of Chicago in 1903. 

1912 TURBINE-ELECTRIC SHIP DRIVE 

“In July, 1911, the United States Government closed a contract 
with the General Electric Company for the equipment of the new 
naval collier Jupiter with electric propelling machinery .... In 
this contract the manufacturers are required to guarantee under 
penalty time of delivery, water rate for shaft horsepower at 14 
knots and 10 knots, and that the weight of the electrical equipment 
will not exceed that of the [reciprocating] engines proposed .... The 
electrical equipment was therefore made to conform with engine 
layout... without doubt one of the main reasons why the Govern- 
ment felt justified in trying this new method of propulsion .. .” 

—Kskil Berg, Lighting Engineering Department, August 1912 

U.S.S. New Mexico of 1919, first electric-propelled battleship. Method 
was adopted by Navy after success with the collier Jupiter. 

191 5 MAINLINE ELECTRIC LOCOMOTIVE 

“The flexibility in design and operation of the electric locomotive 
afforded by the use of electric motors renders this type of motive 
power especially well-suited to the hauling of trains, either high- 
speed passenger or slow-speed freight . . . the electric locomotive 
possesses inherent qualifications for haulage . . . fundamental 
reason for bringing about the change from steam to electricity 
compare the capacity of the new electric locomotives and the 
[steam] engines they will replace . . ..comparison indicates that 
the electric locomotive has a hauling capacity one-third greater 
than the steam engine and tender of the same total weight...” 

A. H. Armstrong, Railway and Traction Department, July 1915 

“Largest Electric Locomotive in the World,” exhibited in Chicago. Its 
3000 hp hauled passenger and freight trains over the Rockies. 
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19 2 7 HYDROGEN-COOLED SYNCHRONOUS MACHINE 

. it is an essential part of his [designer's] work to get more kilo- 
watts output from less energy input and from less material. The 
years of intensive study that have been given to this ambitious 
feature of machine [dynamoelectric] design have produced such 
great improvements in electrical, magnetic, and structural ma- 
terials . . . as to reduce the apparent possibility of further remark- 
able gains. And now comes the means of converting one-third of 
the losses into useful output and of simultaneously increasing the 
capacity of the machine about 30 percent all by the substitution 
of hydroge *n for air as the cooling agent . 

Revieu Editorial, November 192 

Tight oil seals around the rotating shaft of this early hydrogen-cooled 
dynamoe ‘lectric machine eliminated possibility of explosion. 

1932 PACKAGED HEAT PUMP 

“No attempt is made in this article to say what the first cost of 
electric heat-pump apparatus would be, since cost of apparatus 
depends so much on the stage of development and the quantities 
produced. All new devices come on the market at relatively high 
prices, and then the prices come down as the field is developed . . . 
from an operating cost standpoint alone . . . the electric heating 
and cooling of homes is practical... . The public must be ‘sold’ on 
the need for cooling... . Having thus sold a cooling equipment, it 
would be possib le to call attention to the fact that... this same 
cooling e — nt could be used to he “4 e house in winter 

. R. Stevenson, Jr., Faust, E. W. Roessler 
») Engineering Gene bed De ~partme 4 March 1932 

By 1950 General Electric had installed 16 packaged heat pumps 
throughout the country—the home pictured is near Providence, RI. 

1940 AMPLIDYNE 

A dynamoelectric amplifier, called an amplidyne generator, has 
e *n developed .... It is a two-stage amplifier incorporated in one 
dynamoelectric machine . . . characterized by a pair of short- 
circuited brushes at right angles to the power brushes ... . The 

first stage of amplification is from the control field to the short 
circuited brushes, and the second stage from the short-circuited 
brushes to the power brushes... .A high ratio of amplification, of 
the order of 10,000 to 1, can be obtained .... When a contro! 
system is desired which demands a still higher ratio of amplific a- 
tion... itis possible to introduce a first stage of electronic tubes... . 

EK. F. W. Alexanderson, M. A. Edwards, K. K. Bowman 

Consulting Engineering Laboratory, March 1940 

A hot-strip mill installation where an amplidyne exciter is used for 
constant-tension control of strip-tension at the reel. 

1945 REMOTE CONTROL FOR AIRCRAFT ARMAMENT 

“Even before the United States was attacked, the Army Air Forces 
and the General Electric Company had been developing airplane 
armament for the future .... Then came the day. The B-29 (Super- 
fortress] was selected for mass production ....A good turret is 
the first essential of a good fire-control system .... The gunner 
uses a ene | station to aim at the enemy fighter, range him, and 
fire at him... . To solve all the correction prob lems automatically, 
and make the guns point to hit the enemy fighter when the gunner 
aims at him, the B-29 computer was designed . .. He aims his sight 
directly at the target and knows his bullets will hit epee: 

H. T. Hokanson, T. S. Lisberger, March 1945 

Parallax, wind, gravity, and lead were automatically compensated 
for when the B-29 gunner centered enemy fighter in his gunsight. 
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tion Engineering 
By C. A, CHURCH 

Crooked narrow streets and the as- 
sociated traffic congestion in our cities 
are often blamed on the cow. Some 
pointed engineering reflection indicates 
that although “‘ole bossy” couldn’t tun- 
nel through a hill or bridge a ravine, 
she knew the easiest and most practical 
way to go from one point to another. 
But basically our present urban traffic 
difficulties arise more from inefficient 
use of streets than from having un- 
wittingly built our towns along the 
cowpaths. 

Congestion is not solely a 20th cen- 
tury American problem—it is as old 
as the first system of good stone roads 
built by the Phoenicians in 700 BC. 
And in medieval England a law was 
passed to prohibit the use of the street 
for a stable. 

Nor is the problem unique to the 
automobile. In 1920 the city council of 
Chicago worried about the multitude 
of dray wagons that clogged streets in 
the Loop area. The problem of traffic 
congestion simply goes hard-in-hand 
with city growth, Essentially the en- 
gineering aspects of this problem can 
be, and have been, easily solved by 
using available space more efficiently. 
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The city is continually becoming a 
better place in which to live—at least 
more and more people are moving 

there. And more and more people mean 
more and more places to obtain goods 
and services—thus the movement of 

people and goods has increased steadily. 

Three Solutions 

The arithmetic of increasing the 
carrying capacity of a.city’s transporta- 
tion system to meet a growing demand 
is quite simple. There are three basic 
solutions, and down through the years 
the engineer has made wise use of all 
three by... 

e Increasing the scope and size of the 
system 

e Using 
ficiently 

e Installing a more efficient “vehicle.” 
Increasing the scope and size is the 

most obvious and more or less con- 
tinuing measure employed to keep up 
with slow consistent city growth, Fx- 
tending service to new areas by cutting 
through new streets is generally a 
simple matter. This is soon followed by 
increasing the size of the arteries, such 
as adding traffic lanes. 

present facilities more ef- 
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Using present transportation facilities 
more effectively gives immediate al- 
though limited gain to their carrying 

But this method 
more or less a stop gap unless the peak 
capacity. alone is 

of growth is in sight. To meet con- 
tinual and extended growth, this ap- 

proach is best combined with increased 

size, or with an improved or new type of 

equipment or system. 
both in capacity 

have 

The greatest gains 

and that 

made in city transportation systems have 

efficiency engineers 

come from radically new and different 
systems and equipment. For example, 

the development of the electric trolley 

the 

panded the residential areas of cities. 

to replace horseecar greatly ex- 

Habit to Blame 

But even the carying out of the three 
solutions outlined doesn’t always result 

in a perfect answer to the traffie prob- 

lem. For the workings of a transporta- 
tion system involve people, and the 

had 

mediate success in improving the move- 
engineer usually has more im- 

ment of goods (faster elevators, larger 

pipelines) than the movement of people. 

The tenacity of man’s habits—accus- 

tomed to the convenience and chrome 

of his automobile—has far more to do 

with today’s traffic congestion than the 
apparently erratic engineering of the 
cow, 

City folks weren’t too reluctant to 

leave their horses once better modes of 

transportation were devised. A horse 
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has definite limitations and involves 

many nasty chores. 
But man and his car are almost a 

psychological case. The car’s speed, 

flexibility, glitter, and oblivion to fa- 

tigue have all but blinded man to the 
simple the situation. 

Obviously many advantages of collec 

arithmetic of 

tive effort can be enjoyed in the city 
only at the of the 

individual freedoms of rural living. 
Unfortunately for man’s ego, one of 

must be the 

limited use of the private pleasure car 

in heavily the 
general public gradually accepts this 

expense of some 

these curtailed freedoms 

populated areas. As 

annoying fact, the engineer can do some 

effective 
providing the more efficient and higher 
capacity that 
are needed cities. The 

“congestion” engineering by 

transportation systems 

today in most 

solution will vary with the demands of 
the particular metropolitan area, but 
the three basic engineering approaches 
will take these general forms... . 

e Wider streets and more parking 
facilities have popular appeal as a 
solution to traffic congestion because 
people are unusually sensitive and re- 
sponsive to measures that have im 
mediate advantage for themselves. Both 
these measures have a limited and often 
illusory effect in increasing the flow 
of people and goods in and out of 
busy trading areas. First, practically 
all goods and the majority of the people 
come and go by means other than the 
private car. For example, most goods 
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move by pipe, truck, or rail; and a 
recent survey revealed that more than 
90 per cent of the shoppers come into 
downtown Philadelphia either on foot 
or by public transit. Second, the eco- 
nomic division of space between the 
street, the sidewalk, the store, and the 
parking area has been well engineered 
through the years. The net gain in 
transportation vy wholesale 
street widening at the expense of 
sidewalk space, and the establishment 
of parking areas by removing buildings, 
is questionable indeed, 

capacity by 

Traffic congestion is just as bad in 
newer cities as in older ones, indicating 
that street width has little bearing on 

the problem. Experience suggests that 
wider streets and bigger parking areas 
attract additional automobiles into an 
already crowded area, aggravating the 
overcongested condition. Thus little 
is gained in capacity for the time and 
money expended. 

e More efficient use of existing trans- 

portation facilities—a time-honored en- 
gineering approach to the overload 
problem—can effect some appreciable 
over-all gains. The vehicle-moving ca- 
pacity of what appears to be a typical 
*‘loaded”’ 

nearly doubled by prohibiting parking. 
This not only adds two useful lanes 
but also speeds traffic flow in center 
lanes by removing the confusion of 
parking and standing. 

The money and space saved by using 
existing streets more efficiently can be 

downtown street can be 
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very effectively utilized to provide off- 
street loading and unloading areas. 
Routing trucks and buses out of the 
traffic stream to deliver goods and dis- 
charge passengers not only improves 
the speed and convenience of their 
own services but frees the street for 
other vehicles. 

The engineer can also get considerably 
more use out of existing facilities by 
working them nearer to capacity 
longer periods of time. Because a large 
percentage of the people and goods 
enter and leave the business area at the 
same time, space and vehicles are con- 
sistently jammed only a few hours dur- 
ing morning and afternoon peaks. Now 
the cow could truthfully comment that 
in our “herding habit’”’ practice we are 
behaving like most of her 
sociates. After this twice-a-day 
pede is over, the transportation facili- 

partially loaded. This 
“load” factor can be greatly improved 
by spreading working and shopping 

and by delivering more goods 
when fewer people 

The en- 

over 

bovine as- 

stam- 

ties are idle 

hours. 
during the time 
are moving, and vice versa. 
gineer who can encourage this practice 
not only will improve the performance 
of the city transportation system but 
also will relieve high blood pressure and 
frayed nerves. 

e In his endless job of providing more 
transportation in the same _ limited 
space, and thus sustaining continued 
growth of the modern city, the en- 
gineer is always seeking new techniques 
or equipment that either carries more 
pay load in the same space, or does the 
same job faster. For example, he solved 
the big city delivery dilemma of the 
early twenties with the automotive 
truck—it occupied less space and moved 
faster than a dray wagon. Moreover, by 
consistent and steady improvement in 
these vehicles he has kept them abreast 
of requirements over the last 30 years. 

According to this appraisal the auto- 
mobile has limited value in congested 
areas for it uses expensive space with 
relative inefficiency. With current riding 
habits one auto passenger requires 
seven times as much space as one bus 
passenger. Public transit vehicles re- 
quire no downtown parking 
whereas every auto requires 250 square 
feet of parking space. The parking area 
required for a worker’s car is equivalent 
to the floor space he occupies while at 
work. Thus as cities grow in size, the 
transportation job increases. And _ it 
becomes an engineering certainty that 
while the role of the pleasure car is 

space 

46 

growing on the open road, it must di- 
minish in congested business areas. 

Increasing Premium on Space 

Population growth and technological 
improvements will continue to increase 
both the size and density of cities—and 
consequently the volume of transpor- 
tation. The larger the city grows, the 
greater the premium on efficient use of 
space, especially in those areas where 
transportation requirements for hous- 
ing, shopping, manufacturing, and rec- 
reation merge into one. Here the most 
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people and goods must be moved, 

the space in which to do it is the most 

yet 

constricted. 

Smaller cities, now depending on the 

automobile, will have to install public 

main 

bus lines 
transit streets. 

Cities that 

will expand and increase their surface 

systems on their 
now have a few 

lines and change building codes to in- 
clude off-street loading and unloading 

with, trolley 

streetcars will add rapid transit 
trains. Population centers—like New 
York and Boston—will extend their 
subways and private right-of-ways far- 
ther into growing suburbs that must 

of goods. Cities coaches 

and 

have fast, dependable access to the 

business districts. 
A two-track rail carry 

people as would normally 
system can 

as many 
travel by car on a 300-foot wide street, 
yet after rush hours it 
great percentage of the time, Such a 
system has a great potential also as a 

stands idle a 

carrier of goods, and it daily serves the 

& 

In charge of the Technical Service Di- 

vision, Mr. Church is responsible for 
advertising, sales promotion, and related 
activities of the Locomotive and Car 

Equipment Department, Erie. This article 

is an outgrowth of his work on develop- 

ing and promoting plans for over-all 
advancement of the transportation in- 

dustries. 
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very areas that use the most goods. In 
his quest to provide more and more 
transportation, the engineer will un- 
doubtedly better utilize these rail lines 
by moving goods in and out of down- 
town areas at night when passenger 
traffic drops off. 

In sparsely settled areas where the 
transportation requirements are light 
and space is cheap, the automobile is 
unquestionably the most practical and 
economical mode of transportation. 
Yet in many cities these areas are also 
being served by public transit as a 
carry-over from old franchises, or at 
the insistence of government bodies. 
Ultimately the engineer will correct this 
misapplication of transportation equip- 
ment. The effort and money now spent 
on unprofitable lines will be applied 
to improve operation in more de nsely 

populated areas where buses and trolleys 
most economical and efficient 

way to move people. He will install 
new and improved transit equipment 
that increase the 
venience, and comfort, thus attracting 
more riders. This will act as an induce- 
ment to get automobiles off busy city 
streets, and justifies even better public 
transit facilities. 

The will better 
ordinate the interchange of people be- 
tween the various methods of trans- 
portation to improve the service, speed 
the flow, and please the people. More 
perimeter parking and downtown ex- 
press service will encourage the use of 
the private auto and public transit in 

each can do the 

are the 

will speed, con- 

engineer also co- 

those areas where 

hest job. 

For the Future... 

Down through history, people have 
been drawn toward urban living by the 
time-tested benefits of group action. 
Transportation is one of man’s basic 
needs. 

Therefore, the impact of a major tech- 

nological advance—like the automobile 
~is felt in every aspect of city life as 

well as in the transportation system. 
An engineering analysis indicates 

that the automobile has unquestionably 
brought some immediate benefits to the 
city. But like the Australians and their 
rabbits, the more observing Americans 
are realizing that there is such a thing 
as having too many automobiles in 
business districts. As this understand- 
ing spreads, the engineer will be able 
to absorb the true and lasting advan- 
tages of this modern vehicle into the 
city’s transportation system. Q 
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“Young America” home conditioned by heat Heat pump fits snugly in cubicle off patio 
pump for modern soot- and ash-free living. and warms or cools home the year round, TEXAS 

Heat Pump—New Load on Utility Horizon 

In most of the southern regions of 
the United States, home air-conditioning 
equipment is being installed in increas- 

ing numbers. It promises soon to be as 

commonplace as the electric refrigera- 
tor. But as more and more of this equip- 

ment is tied into power systems, it will 
the the 

utility's summer residential load. Its 
change pattern of electric 

effect in some areas will be to develop a 
greater spread between peaks of the 
utility's summer and winter electric 

undesirable because the 
isn’t 

loads; this is 

extra system capacity needed 

utilized the year round. 

But heat pumps, by their very nature, 
will help the situation by keeping sea- 

sonal electric loads in a more favorable 

balance. 

Capacity and Performance 

Known as “YR” (Year-Round) mod- 
els, the air-to-air heat pumps referred to 

are standard-production 3- and 5-hp 

packaged units. And although they will 

conform to certain commercial applica- 

tions, they are primarily for the resi- 

dential market. 

The 3-hp unit is powered by a 3-hp 

compressor motor, a )s-hp indoor-fan 

motor, and a }2-hp outdoor-fan motor. 

GENERAL ELECTRIC REVIEW MARCH 

By P. F. O'NEILL 

Used where heating capacity 

is wanted, the 5-hp unit has a 5-hp 

greater 

compressor motor, a }%-hp indoor-fan 

motor, and a %4-hp outdoor-fan motor. 
(Reason for larger outdoor-fan motors is 

the greater mass of air moved by them.) 
They are produced for three-phase 220- 

and 208-volt operation and single-phase 
230-volt operation. 

Shown in Tables I and II, pages 48 
and 49, are the heating and cooling 
capacities for the larger of the two units 

(5-hp). Included with the heating capaci- 

ties versus outdoor temperatures are 

the corresponding kilowatt demands. 
You'll note that the heating output and 
power consumed drop off as the outdoor 

temperature decreases. On the cooling 
cycle however, the variation of electric 

demand with changes of outdoor tem- 

For the past 14 years Mr. O'Neill has 
been engaged in all phases of utility 
enginecring and operating functions. 

And during World War Il while in the 
Navy he was active in research on elec- 

tronic equipment and naval aircraft. 
With the General Electric Company 

since 1951, Mr. O' Neill is now Manager 
of Utility Services, Heat Pump Depart- 
ment, at Bloomfield, NJ. 
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perature is much less. For that reason 
only the maximum and minimum figures 

are given. (In connection with heat 

pumps the coefficient of performance 
should be mentioned. For a_ given 
condition of temperature and humidity, 
it equals heat output of the pump 
divided by the heat equivalent of elec- 
tric input. This factor varies above 
and below three with outdoor tempera- 
tures, and accounts for the difference be- 
tween tabulated values of Btu per hour 
output and equivalent kilowatt-input. 
For details of the heat pump’s operation, 
see December 1950 Review.) 

Capacity Booster 

During the heating cycle, heat out- 
put drops off with decreasing tempera- 
tures, and supplementary heating in the 
form of electric resistance heaters may 
be required. If so, these supplementary 
heaters are supplied as an integral part 
of the pump, installed in its indoor- 
circuit air-plenum chamber. But whether 
supplementary heating will be necessary 
depends on the degree of insulation of 
the home, its size, and the outdoor 

temperature in its particular region. 
House construction greatly influences 

heat-pump size and need for supplement- 
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TABLE | -HEATING CAPACITIES BTU/HR AND KW-INPUT FOR A 5-HP HEAT PUMP (1 KW-HR = 3413 BTU) 

OUTDOOR AIRFLOW 3400 CFM, INDOOR AIRFLOW 2000 CFM 

Air Temperature Entering Outdoor Coil (degrees F) 

0 10 15 20 25 30 35 40 45 50 

Btu/hr 34800 36800 39300 42000 45200 48700 52600 56900 61500 66500 71600 
_ kw-input 4.3 4.5 47 49 5.1 5.3 $3.5 5.8 6.0 6.2 64 

Btu/hr 38500 40800 43200 46100 49200 53000 57000 61300 66000 71000 76000 
kw-input 3.8 4.0 4.2 44 4.6 4.8 5.1 5.3 5.5 5.7 5.9 

Btu/hr 36200 38200 40700 43400 46700 50200 54000 58300 63000 68000 73000 
kw-input 41 43 4.5 47 49 5.1 5.4 5.6 5.8 6.0 6.2 

33500 35500 38000 40600 43800 47200 51200 55500 60000 65000 70300 
44 4.6 48 5.0 5.2 5.5 5.7 5.9 6.1 6.3 6.6 

| I 

~~-+ 
| | 
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FIG. 1. HOURLY OUTDOOR TEMPERATURES of some of warmest summer days and cold- 
est winter days in a southern location. Lowest temperatures usually run from six to seven am, 

80,000 [- a i lien 7
 

4 STEPS OF aya sattrnsie 
70,000 i — 

5-HP HEAT PUMP 
HEATING OUTPUT 

60,000 

ELECTRIC CHARACTERISTICS - 
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FIG. 2. HEAT BALANCE DIAGRAM for a heat-pump system applied to a home in Southern 
location. At the design temperature of zero F the home’s heat loss is 60,000 Btu/hr. 

ary heaters. For example, the uninsu- 
lated crawl space of a basementless 

house has little or no effect upon the 
cooling load of the home. But it does 

have considerable effect on the heating 
requirements. Such an _ uninsulated 

crawl space might result in the need for 

supplementary heaters, whereas the 

insulation of this crawl space would 

reduce or eliminate that need. Com- 

plete insulation of the home will there- 

fore go a long way toward reducing or 
eliminating supplementary heating. 

When supplementary resistance heat- 
ers are employed in a heat pump, their 
degree of usage coinciding with the 
electric utility’s peak electric load in 
winter is limited by two factors. Con- 

sider first that the wintertime peak 
electric load generally occurs in the late 

afternoon hints five and seven. At 

that time the electric range and other 
home appliances are being used to pre- 
pare the evening meal, thereby reducing 
the heat pump’s output requirements. 
But in addition, outdoor temperatures 

during this period are usually near their 
warmest for the day. 

Weather Outlook 

A study of hourly outdoor tempera- 
ture cycles (Fig. 1) for the Southern 

area will show you how the variation 
of outdoor temperatures exerts a major 

control on the heating and cooling of a 
home. In most areas the warmer part 

of the day is from eight in the morning 
to nine in the evening—the highest 
temperature usually occurs at mid- 
afternoon. On the other hand, the 
colder temperatures occur near midnight 
and during early morning hours. 

The hours that temperatures were at 
or below different levels during the 
1951-52 winter heating season are 
shown in Table III. A tabulation such 
as this is highly important because 
it illustrates, depending on the applica- 
tion, the number of hours supplemen- 
tary heating may be needed. And having 
average values of the time at which 
these temperatures occurred, you can 
pretty well determine how many hours 

supplementary heating will coincide 
with the utility’s daytime electric load. 
A tabulation of this kind is therefore 
valuable not only in predicting the heat- 
ing season kilowatt-hour requirements 
of a heat pump but also in getting an 
over-all picture of these requirements. 

Facts and Figures 

The heat balance diagram (Fig. 2) 
is a ‘moving picture” of a 5-hp YR 
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* Tota! cooling capacity =sensible heat 
Kw-input on cooling cycle = Maximum 

OUTDOOR TEMPERATURE F 
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FIG. 3. ELECTRIC LOAD CURVE calculated for 8000 all-electric homes with heat-pump 
systems. In Southern locale, daytime energy consumption is greater in summer than winter. 

heat-pump system installed in a home 

with a 60,000 Btu hour 

design temperature for this particular 
Southern is zero F. In this 

application, and as recommended in all 

per loss 

location 

other applications, supplementary heat- 
ers are thermostatically controlled by 

outdoor two-kilowatt 

steps. They work this way: the first 
two-kilowatt heater is cut in when the 
outdoor temperature is 19 F, and the 

outdoor thermostat calls for heat. 

Next, the two-kilowatt step 

(making a total of four kilowatts of 
supplementary heat) cuts in when the 

temperatures in 

second 

GENERAL ELECTRIC REVIEW MARCH 

temperature 1s 14 F. And so the process 

continues until all four steps are cut in. 
With this 

supplementary heat is kept minimized. 

(You can check the number of hours 

each supplementary heater operates by 

form of control 

cross reference to Table II.) 

On the assumption that the Southern 

location had approximately 8000 heat- 

1400 3-hp units and 

their combined elec- 

pump systems 
6600 5-hp units 

tric load characteristics (Fig. 3) were 

calculated. Notice that for this location 
the summer load is greater than the 

during normal daytime winter load 

1953 

the use of 

HEAT PUMP can be housed in basement, 
garage, or in a household utility room, 

hours. In the winter the electric load 

generally peaks near midnight and dur- 
ing the early morning hours. 

Setting the thermostat back to a 
lower temperature at night, as is cus- 

tomary 
equipment, isn’t recommended for the 
heat pump. In the first place, it 
would take the heat pump too long to 
bring the house up to morning comfort 
during periods of low outdoor tempere- 

ture. And second, such forced operation 
could result in an over-all higher electric 
demand by the pump, with possibly 
greater operating costs. When such oper- 

with other types of heating 
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TABLE IV | 
HEATING SEASON KW-HR REQUIREMENTS OF HEAT PUMP FOR 

HOME OF 60,000 BTU/HR LOSS, AT ZERO F DESIGN TEMP, IN 

AREA OF 2367 DEGREE DAYS 

Sequence of Supplementary 

Heating Steps (Fig. 2) 

First step cuts in at 19 F 

Second step cuts in at 14 F 

Third step cuts in at 9 F 

Fourth step cuts in at 4 F 

Total Hours of Operation 

(Table ID) 

61 

21 

10 

4 

Total 96 

Each step of supplementary heating is rated 2 kw. Therefore, if each had operated 

100 percent of the above hours, (2) (96) or 192 kw-hr would have been used. 

Since the heat pump and supplementary heaters exceed the heating needs of the 

home for some outdoor temperatures (Fig. 2), a correction factor must be ap- 

plied. This factor is in the order of 91 percent. 

Therefore, kilowatt-hours used by supplementary heaters equals (91 percent) 

(192 kw-hr) or 174.7 kw-hr, which is equivalent to 0.596 million Btu. 

Total heating season Btu requirements of home based on 2367 degree days are 

(60,000 Btu/hr) (24 Hr) (2367 degree days) 

equals 48.6 million Btu for this heating 

minus design temperature.) Subtracting 

70 F 

season. (70 F equals house temperature 

0.596 million Btu from 48.6 million Btu 

leaves 48 million Btu to be supplied by the heat pump. 

Weather bureau figures show the average annual temperature during this heating 

season was 54.7 F. At this average temperature the performance factor of the 

heat pump is 3.15 when transient and defrosting operations are taken into con- 

sideration. 

18 10° Btu a 

(3.15 performance factor) (3413 Btu/hr) 

equals 4480 kw-hr to be supplied by heat pump alone. 

Total heating season requirements equals heat pump plus supplementary heat, 

equals 

1480+ 174.7 or 4654.7 kw-hr. 

ation is absolutely required, an auto- 
matic control is recommended. It re- 
stores the temperature setting to normal 
daytime level at an early morning hour. 

The step-by “step method of calculating 

the heating season kilowatt-hour re- 
quirements of a heat pump is given 
in Table IV. Chosen for the example 
is a home with 60,000 Btu per hour 
loss at zero F, located in the Southern 
area for which temperature data are 
listed in Table III]. When the summer 
cooling needs for this home are in- 
cluded, the heat-pump = system 
about 13,000-kw-hr annually, (You can 
make the same calculation on a monthly 
basis by obtaining from the weather 
bureau the degree-days—average daily 
temperature subtracted from 65 F— 

uses 

50 

and outdoor the 

month.) 

Interested people might also like to 
know the monthly kilowatt-hour require- 
ments of the cooling season. These are 
again a function of outdoor tempera- 

tures and many other factors. However, 
the development of such data isn’t suffi- 

ciently established for presentation at 

this time. It can be calculated but the 
method now used is detailed and labori- 
ous. Table V shows the heat pump’s 

hours” of 

temperatures for 

cooling-season 
parts of the 

anticipated 

operation for 

country, 

various 

Crystal Gazing 

The size of a house, its construction 
features, and the design temperature— 
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TABLE V 

HEAT PUMP ON COOLING CYCLE— 

ESTIMATED NUMBER OF OPERATING 

HOURS IN VARIOUS CITIES 

Hours 

700 

Boston 200 

Buffalo 125 

400 

850 

650 

300 

1200 

500 

100 

600 

500 

1450 

800 

300 

1650 

300 

500 

1150 

700 

City 

Baltimore 

Chicago 

Cincinnati 

Columbus 

Cleveland 

Dallas 

Detroit 

Duluth 

Ft. Wayne 

Grand Rapids 

Houston 

Indianapolis 

Milwaukee 

New Orleans 

New York 

Pittsburgh 

St. Louis 

Washington 

winter and summer—in its particular 
area, have a major influence on the 
annual kilowatt-hour requirements of 
the heat-pump system. No definite an- 
nual figure can therefore be affixed to a 
given size house in all areas. Still, it 
can be stated that a system uses be- 
tween 2500- and 3500-kw-hr for each 
rated horsepower of the heat pump. 

But regardless of the area, the YR 
heat-pump system is a good thing for the 
electric utility. For as mentioned at the 
outset, the growth of straight summer 
air-conditioning loads is changing the 
season and time of the electric burden 
on the utility’s system. Straight winter 
electric heating-loads, too, can create 
similiar seasonal problems. Both these 
conditions require extra system capac- 
ity—capacity that must at times stand 
idle because it’s not fully utilized the 
year round, The introduction of YR 
heat pumps to the residential horizon, 
with subsequent growth of their charac- 
teristic year-round load, will tend to 
minimize this seasonal unbalance. 

Many comfort, safety, and conveni- 
ence features are inherent to the heat 
pump. And because of its ability to 

utilize the free air as a heat source in 
winter, with its three-to-one perform- 
ance factor in extracting this heat, the 
heat pump is a major step toward the 
era of all-electric living. 
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of the AN Connec 

U.S. Air Force F-86 Sabrejets, like the 

one above at a 4th Fighter Interceptor 
Wing forward airstrip in Korea, depend 
on AN 

aircraft. 

connectors, as do all modern 

And working in conjunction 
with miles of wire 

servicing every kind of 

electric device. Still, the importance at- 

tached to connectors is somewhat over- 

connectors are 

conceivable 

shadowed by the remarkable technolog- 
ical state of today’s military equipment. 
Yet the interconnection of electric com- 
ponents within the equipment grows 
increasingly complex and critical. 

Through common. usage the term 
“AN” is applied to all electric con- 
nectors meeting joint Air Force—Navy 

specifications. Their history begins sev- 
eral World War Il. 
Then the need for a series of quick- 
disconnect plugs arose with the de- 
velopment of portable Signal Corps 
equipment. When the war broke, there 
was a sharply increased demand for 
electric connectors and, because they 
were to be made by more than one man- 
ufacturer, some standard was needed. 

years prior to 
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By G. R. LAWSON 

A military specification resulted that 
has since been revised, improved, and 

co-ordinated. 

There 

nectors 

AN 
receptacles as 

are two types of con- 

plugs and 
shown on page 52. They are made in 
sizes ranging from one-half to three 
inches in diameter, and the number of 

circuits that 

varies from one to over 60, with a cur- 

rent capacity of up to 200 amp. At 

present there are about 250 different 

contact arrangements, making it pos- 

sible to select a connector for just about 

any requirement. 

can be accommodated 

Mr. Lawson works on AN connector 

design, development, and application 

for Monowatt Department, General 

Electric Company, Providence, RI. He 

represented Monowatt at recent Air 

Force-Navy-Industry conferences held 

in Washington, DC, and Wright Field, 
Dayton, to revise connector specifications 

to meet present requirements, 
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That half of an AN connector with a 
coupling nut is called a plug; that half 
with external coupling threads is called 
a receptacle. In other words, the half 
with the coupling nut is always called a 
plug whether it has pin or socket con- 
tacts. And the half with external coup- 
ling threads is always a receptacle. (This 
is contrary to conventional usage where 
you invariably call that half with pin 
contacts a plug.) 

Plugs are made in two styles: straight 
plugs for normal use and right-angle 
plugs for close mounting. Receptacles 
come in three styles: One has a square 
mounting flange, with its back diameter 
threaded to standard conduit 
fittings or cable clamps. Intended for 
wall or bulkhead mounting, it eliminates 
need of a junction box. Another re- 

ceptacle—used as a free-end cable 

connector—is identical except that it 
has no mounting flange. The third type 
—mounted in a junction box or in an 
enclosed wiring assembly—is again sim- 
ilar, but for the absence of conduit 
threads on the back diameter. 

receive 
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THESE ARE PLUGS... 

A 

Durability Plus 

All AN connectors, as mentioned be- 
fore, must meet a certain specification 
and be approved for use by the cus- 
todian and qualifying agency for this 
specification—the Navy Bureau of Aero- 
nautics. That is to say, before you can 
make, advertise, or sell connectors for 
use in military equipment, they must 
meet certain physical, electrical, and 

performance requirements. Samples 

must be tested and qualified by a 

government testing laboratory as di- 
rected by the Burez 4. 

Tests are performed on four samples. 

Two connectors are consecutively sub- 

jected to all the tests of one group, 
while the other two are subjected to all 

the tests of a second group. 
Designed to check performance under 

various extremes of environmental con- 

ditions, the first tests in- 

clude... 

group of 

e Five complete cycles of a_half- 

hour’s duration at —67 F and +185 F 

e Exposure to 95 percent humidity 

and 160 F for 14 days 

e Salt spray exposure for 50 hours. 

Before proceeding with successive 

tests, connectors are checked for con- 

tact resistance. This is done by measur- 
ing the millivolt drop of the contact 
while it carries rated current. In addi- 

tion, connectors are also subjected to 
high-voltage tests. 

The second group of tests is mostly 

for checking mechanical performance ... 
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e Resistance between adjacent con- 

tacts or between any contact and the 

metal shell must measure at least 5000 

megohms. 
e During continuous vibration of the 

connector at high frequencies for five 

hours, maintenance of electric con- 

ductivity is checked. 

. Subjected to a shock of 50 G’s—G 

is a force equivalent—the connector is 

examined for any change in contact 
resistance. 

eTo simulate actual 

ditions the connector is mated and un- 

mated 500 times, after which contact 

service con- 

resistance is again checked. 

Design Materials 

You can think of a connector in terms 
of three groups of component parts— 
housings, contacts, and inserts. 

Housings—Ordinarily, 
made of aluminum. They may be either 
wrought-alloy machined parts or alu- 

housings are 

minum die castings, though the greater 
portion are die castings. Chosen for their 
ability to cast well in relatively thin and 
intricate sections, all metal parts of the 
die-casting alloys are cadmium-plated 
for corrosion protection. 

Contacts—Of the two types of contacts 
—pin or socket—the pin contact pre- 
sents less of a materials problem. 

Pin contacts are made of an extremely 
high-conductivity copper-alloy, such as 
tellurium, selenium, or leaded copper. 
Any of these materials has a con- 
ductivity of about 99 percent. 

On the other hand, the requirements 
for a socket contact—the spring member 
that receives the pin contact—aren’t so 

easily satisfied, materials-wise. For the 
principal requirement of a socket con- 
tact is this: it should have as high a 
conductivity as is consistent with the 
physical properties necessary to get the 
desired spring action. But most high- 
conductivity metals have poor spring 
properties, and those that have good 
ones are difficult to machine. With few 
exceptions therefore the choice of a 

socket contact material is something of 
a compromise. 

Accordingly, two design approaches 
are used, each with merits of its own. In 

one design the socket contact is fabri- 

cated from bar stock—brass, bronze, be- 
rvilium-copper; in the other, from sheet 
stock—copper, commercial-bronze. 

Inserts—By far the greatest amount of 
research and investigation has been 
directed toward finding a suitable ma- 
terial for inserts. As used in today’s 
connectors, the insert material is an 
attempt to meet electrical requirements 

that have accumulated over the past 15 
years. 

The problem is essentially one of 
finding a high dielectric strength ma- 
terial that has arc, insulation, heat, cold, 

humidity, and moisture resistance to a 
high degree. Some additional require- 
ments are that the material be unaffected 
by corrosive atmospheres and solvents, 
be adaptable to molding techniques, and 
have post-mold dimensional stability. 

In view of all the plastics materials 
available you might think the solution 
to the insert problem relatively simple. 
But several years of search and compro- 
mise were necessary, and the history of 
this search is practically the history of 
AN connectors. 

Earliest inserts were molded of plas- 
tics materials that provided excellent 
dimensional stability, good electrical re- 
sistance, and ease of molding. But their 
use was ruled out by subsequent require- 
ments of the Navy specification. Insert 
materials must withstand at least 115 
seconds are resistance, and have a mini- 
mum dielectric strength of 100 volts per 

mil. These requirements severely re- 
stricted the field of possible materials. 
And those that did meet them were still 
further restricted they were 
prone to post-mold shrinkage. (Post- 
mold shrinkage apparently continues for 
an indefinite period of time. It’s un- 
desirable because the inserts become 
loose in their housings and the dimen- 
sional locations of contacts change.) 

because 
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Since earliest times, man has sought 
to devise means to communicate over 

long distances. The African drum, the 
Indian smoke signal, even the lantern in 
the tower of Old North Church which 
sent Paul Revere on his famous ride— 
all were evidences of man’s never-ending 
struggle to extend his range of direct 
communication. 

From the beginning, experimenters in 
electricity and magnetism were intrigued 
by the idea that their investigations 
might provide them with a unique and 
complete solution to this problem. Con- 
sequently, considerable effort was spent 
during the early 1800’s to devise com- 
munication systems utilizing such means 

as the conductive properties of water, 
magnetic induction, and conducting 
wire. 

The most ingenious answer to the 
problem was provided by James Clerk 
Maxwell in 1867 when he postulated the 
theory of existence and behavior of 

Not 

was 

electromagnetic until 19 
years later, Maxwell’s 
theory confirmed by Heinrich Hertz, 
who proved experimentally that electro- 

magnetic waves could indeed be trans- 
mitted through space alt the speed of 

waves. 

however, 

light. 
During the period prior to 1900 when 

these dramatic developments were un- 
folding, important discoveries 
were in the making: Crookes demon- 
strated the properties of cathode rays; 
Braun constructed the first cathode-ray 
oscilloscope; Nipkow invented the tele- 

vision scanning disc; the basic principles 

other 

of facsimile were conceived by Bain; 
Edison observed that a heated filament 
would cause an electric current to flow 

through space in an incandescent lamp; 
and Thomson discovered the electron. 

To a civilization not yet accustomed 

to the new era of scientific and tech- 
nological progress, the significance of 
these fundamental discoveries was not 

fully apparent. But in 1895 when a 21- 
year-old youth named Marconi an- 
nounced that he had transmitted and 
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received signals by wireless, the sig- 
nificance of such an announcement was 
apparent to all. 

Poulsen, Fessenden, Lodge, and other 

engineers set about to perfect equip- 
ment by which messages in code could 
be transmitted without wires and over 
long distances, and in 1901 Marconi 
succeeded in spanning the Atlantic by 
wireless. To this achievement was added 
the transmission of speech by Fessen- 
den, Flemming’s electronic valve de- 
tector, and de three-element 
amplifying tube, so that by 1907 the 

Forest’s 

infant “radio” was beginning to emerge. 

IRE Founded 

In Boston, Mass., on February 25, 
1907, John Stone Stone, renowned radio 

pioneer, formed the first radio engineer- 

ing society—the Society of Wireless 
Telegraph Engineers (SWTE). An out- 
growth of seminars held by members of 
the Stone Wireless Telegraph Co., the 

SWTE from the 
Stone staff and only one or two other 

companies in the Boston area. In 1908 

recruited members 

another society, known as the Wireless 
Institute, was formed in New York City 
by Robert H. Marriott, drawing its 
members from many companies. How- 
ever, an intense rivalry existed then 
between wireless companies, to the point 
where fraternization by engineers of 
competing firms frowned upon. 
Partly as a result of this situation, by 
1912 the two societies still had less than 

50 members each despite an encouraging 

was 

start. 

At this time Robert H. Marriott and 
Alfred N. Goldsmith, both representing 
the Wireless Institute, and John V. L. 
Hogan, active in the SWTE, held an 
informal meeting to discuss the status 

Mr. Gannett has recenily been appointed 
Administrative Editor—Proceedings of 
the IRE—the Institute’s official monthly 
publication. He was formerly Technical 
Editor of the magazine. 
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and plans of both societies. Out of this 
meeting came a plan to consolidate the 
two organizations, forming a_ single 
society to advance the art and science of 
radio communication and to promote 
the professional welfare of its engineers, 
As a result, 46 members of both societies 
met on May 13, 1912, at Columbia 
University, to adopt a constitution and 
elect officers. And the name seiected for 
the new society was The Institute of 
Radio Engineers. 

Growth of IRE 

The four decades since the formation 
of the IRE have seen a spectacular 
growth in radio. From the activities of 
a small group of wireless experimenters 
has grown an established field of engi- 
neering which provides employment for 
tens of thousands of radio engineers and 
scientists. In its early stages, radio was 
used primarily in connection with mari- 
time shipping operations, Commercial 
radiobroadcasting was initiated in the 
early 1920's, and by 1930 experimental 
television stations were on the air. This 
new-found knowledge opened the doors 
to applications in other fields, such as 
industrial control equipment, manu- 
facturing processes, and scientific and 
medical instruments. 

With the advent of World War II, 
electronic research activities were in- 
creased 100-fold, resulting in radar, 
loran, the proximity fuse, and a host of 
other developments. To this list were soon 
added printed circuits, transistors, color 
and uhf television, electronic computers, 

and nuclear instruments, so that at the 
present time radio is already a broad and 
varied field of engineering and is con- 
tinuing to expand at a rapid rate. 

The growth of the radio engineering 
field has been closely paralleled by a cor- 
responding expansion of the IRE. The 
original membership of 46 located in a 
200-mile area has swelled in only 40 
years to approximately 32,000 radio 
engineers and scientists in all parts of 
the globe. 
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IRE HEADQUARTERS BUILDING, CORNER FIFTH AVENUE AND 79TH STREET, NEW YORK CITY. 

The first and most important service 
instituted by the IRE was the establish- 
ment of its technical journal, Proceed- 

ings of the IRE, which began publication 
in 1913 under its present editor, Alfred 
N. Goldsmith. In it were published the 
papers and discussions presented at the 

monthly meetings. The Proceedings 
quickly established itself as one of the 

world’s leading publications devoted to 
the radio engineering field. 

Since 1913, standardization activities 
have played a permanent and prominent 
role in Institute affairs, resulting in the 
eventual formation of more than 20 
technical committees which originate 
standards on radio subjects at frequent 
intervals, bringing conformity and clar- 
ity to all branches of the radio electronic 

field. 
As membership increased, the activi- 

ties of the IRE—originally confined to 
the New York area—rapidly spread to 
other cities where local Sections were 
organized. The first Section, formed in 
Washington, DC, in 1914, was followed 
by the formation of Sections in Boston, 
Seattle, and San Francisco during the 
next three years. These were all large 
coastal cities where maritime radio pre- 
dominated just prior to World War I. In 
1925 as the broader aspects of radio 
engineering began to materialize and the 
IRE influence was felt in other coun- 
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tries, Sections were formed in Phila- 
delphia, Chicago, and Toronto. The 
growth of this important grass-roots 
activity has continued unabated so that 
today there are over 75 Sections and 
Subsections in the United States, Can- 
ada, Hawaii, and Argentina. 

In 1947 the Board of Directors auth- 
orized the Student 
Branches in schools of recognized stand- 
ing to give this important segment of 
Student members official and direct 

support of the Institute. Now Student 
Branches. are functioning in 110 colleges 
in the United States and Canada. 

Perhaps the most important change in 
the Institute’s structure during its 40 
years of growth was the establishment of 
the Professional Group system in 1948 

-it meets the diversification of member- 
ship interests resulting from wartime 
expansion of the radio engineering field. 
The Professional Group system provides 
for technical within the 
IRE enabling the individual member to 
follow even more closely and in greater 
detail the technical advances in his 
specialized field. This development, al- 
though still in its formative stages, has 
already led to the formation of 19 Pro- 
fessional Groups. These Groups have 
been active in sponsoring meetings on 
subjects of special interest to their own 

members and many are issuing their own 

establishment of 

subsocieties 
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technical publications, called J rans- 
actions. 

IRE Today 

Membership in the IRE is open to 
persons interested in the theory and 
practice of radio engineering or the 
allied arts. Membership is divided into 
five grades, each with its particular pro- 
fessional requirements, privileges, and 
dues. The grade of Student is open to 
those taking a regular course of study in 
engineering or science in a college or 
technical institute of recognized stand- 
ing. Associate grade is available to per- 
sons over 18 who are interested in the 

theory and practice of radio and allied 
arts. The grades of Member and Senior 
Member require the equivalent of three 
and eight years of professional experi- 
ence, respectively. The Fellow grade is 
the highest order of membership in the 
IRE and is awarded solely by the Board 
of Directors to those who have made 
outstanding contributions in the field. 

Publications 

The Proceedings of the IRE. the official 
monthly publication of the Institute, is 
sent free to members in good standing. 
In addition to technical papers, items 

are published concerning IRE activities, 
its members, and the industry; IRE 
technical standards; book reviews; ab- 
stracts of technical papers published 
in periodicals the world over; and a 
listing of job opportunities. To fully 
inform its membership of the most 
important developments in the field, 
special issues of the Proceedings are 

published in expanded form as the need 
arises. 

The IRE’s annual Directory contains 
the names, addresses, and business affili- 
ations of all members above Student 
grade, and a valuable alphabetical listing 
of radio-electronic firms, together with 
their products, a product index, and a 
catalogue section. In 1952 during the 
first year of publication of Transactions 
-an increasingly important activity of 

the Professional Groups—nearly 200 
specialized papers were published in 10 
branches of the radio field. Plans are 
currently under way to substantially 
augment this valuable service. 

This year the Institute is supplement- 
ing its publication program by publish- 
ing the more than 200 papers which will 
be preserted this month at the IRE 
National Convention in New York City. 
The Convention Record of the IRE will be 
issued in several parts, divided accord- 
ing to subject matter. 
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Professtonal Groups 

Membership in the IRE Professional 
Groups is open only to members of the 
Institute. Each Professional Group may 
levy assessment fees on its members to 
meet the costs of publishing Transactions 

and Newsletters, conducting meetings 
and conferences, and other operational 
expenses. The 19 Professional Groups 
which have been organized to date cover 
the fields of airborne, industrial, and 
medical electronics; audio, antennas and 
propagation; broadcast, and_ television 
receivers: broadcast transmission and 
communication systems; circuit, micro- 
wave, and information theory and tech- 
niques; electron devices and electronic 

computers; engineering management; 
radio telemetry and remote control; 
instrumentation; nuclear science; qual- 

ity control; and vehicular communica- 

tions. 

Meetings and Sections 

The largest engineering meeting and 
exhibition in the world is the annual 
IRE National Convention held in March 
of each year in New York City. The 1953 
convention will be held from the 23rd 
through 26th of this month at the 
Waldorf Astoria and at Grand Central 
Palace. Besides presentation of technical 
papers, some 350 exhibits of the latest 

radio electronic apparatus will be on 
display. More than 28,000 
registered at the 1952 convention. 

The Professional Groups supplement 
the conventions by numerous. meetings 
devoted to one topic of broad interest; 

the Sections by conferences of regional 
interest. And hundreds of local meetings 
are held each year by the various Sec- 

persons 

tions and Subsections. 

Committees 

The IRE’s standardization work has 
contributed much to the orderly expan- 
sion of the communications and elec- 

tronics field. Through its 23 technical 
committees, the IRE issues standards on 
definitions of technical terms, test pro- 

cedures, and measuring methods for 
judging the performance of electronic 
apparatus and phenomena, graphical 
symbols for engineering drawing, and 
abbreviations of technical terms. These 
standards are made available to all 
members through publication in the 
Proceedings. The standards activities also 
include co-operation with other engineer- 
ing societies, and with national and inter- 
national standardization organizations. 

Committees also handle such subjects 
as education, professional recognition, 
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Armed Forces liaison, awards, public re- 
lations, and preparation of an annual 
review of the significant developments 
of the preceding year for publication in 
the Proceedings. Each committee effec- 
tively contributes to the progress of 
radio engineering within the scope of its 
own activities. For example, the IRE in 
conjunction with the Radio-Television 
Manufacturers Association sponsored 
the formation of the Joint Technical 
Advisory Committee, composed of lead- 
ing radio engineers. This committee 
acted in an advisory capacity to the 
Federal Communications Commission in 
the allocation of additional frequencies 
for television broadcasting, and _pro- 
vided the Commission with the most 
recent authoritative technical data— 
without which a suitable allocation plan 
could not have been drawn up. And it 
has recently prepared and arranged for 
the publication of a basic and valuable 
study of radio spectrum conservation. 

Awards 

The IRE annually bestows six awards 
to persons who have made substantial 
and important contributions in the field 
of radio engineering... 

¢ Medal of Honor—the Institute’s 
oldest and most prized award—for out- 
standing engineering 
achievement. A few of the engineers 
thus honored include: E. H. Armstrong, 
E. F. W. Alexanderson, and Guglielmo 
Marconi; Balth van de Pol, Melville 

Eastham, and A. G. Lee; Lloyd Espen- 

scientific or 

1953 

chied, A. N. Goldsmith, and Haraden 
Pratt; and Ralph Brown, W. R. G. Baker 
and J. M. Miller 

¢ Morris Liebmann Memorial Prize— 
specifically for work of IRE members 

¢ Harry Diamond Memorial Award— 
to persons in government service 

¢ Zworykin Television Prize—for ad- 
vances in television 

¢ Browder J. Thompson Memorial 
Prize—for the author under 30 whose 
IRE paper best combines technical con- 
tribution and clear presentation 

e Editor’s Award—for literary ex- 
cellence 

¢ Founders Award—newly — estab- 
lished this year—will not be given 
annually but only on special occasions 
to persons who have achieved eminence 
through leadership in the planning and 
administration of technical develop- 
ments. 

Advancing the Profession 

It is thus that an engineering society 
advances the profession it 
through its publications, meetings, and 
committees. It might be likened to a 
catalyst by which the exchange of ideas 
and information is stimulated, and the 
reaction between theory and technique 
is directed toward a useful conclusion. 
The substantial services which have 
been rendered by the engineering 
societies of this country are a tribute to 
the past, a credit to the present, and 
hold great promise for the future of 
mankind. Q 

serves-— 
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Energy Flow in Induction Machines 

The polyphase induction motor still poly] 
problems, both 

this despite 

presents challenging 
practical and theoretical 

the progress made in the 66 years since 
Telsa invented it. A presert-day 30-hp 

motor is built in’ the over-all 

dimensions as the 20-hp motor of 25 

same 

years ago or the 5-hp motor of 50 years 

ago. It’s more reliable, versatile, and 
better in every respect including looks. 
Yet, customer demands and economic 
pressures require that progress contin- 

ue. To this end better theories, as well as 
better materials and methods, are needed. 

Torque Is the Problem 

The chief problem in induction-motor 
design is obtaining high torque all the 
way from rest to full speed, and along 
with it also obtaining low starting cur- 
rent, low losses, and quiet operation. A 

first step in the solution is to employ 
some form of double-squirrel-cage rotor 
winding. This consists of two squirrel 

cages placed one outside the other. The 

outer winding has a high resistance and 
low reactance; the inner winding has a 
low resistance and high reactance. In 
this way the rotor current at standstill 
is made to flow chiefly in the high- 
resistance outer bars, while at speed 
the current takes an alternate path 
through the inner bars of low resistance 
but high inductance. The effective rotor 
resistance therefore is high at start and 
low at speed, giving high starting torque 
with low /’R losses in normal operation. 
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By P. L. ALGER and W. R. ONEY 

After taking this first step, however, 
there is still a big way to go before the 
torque problem can be solved. The 
stator and rotor windings of an induc- 
tion motor are located in slots separated 
by a small air gap. The air-gap magnetic 
field therefore has a highly ragged wave 
shape. Besides the fundamental flux 
rotating at synchronous speed, there are 
many harmonic fields with large numbers 
of poles that rotate at low speeds. These 
produce parasitic torques that somehow 
must be held within limits. 

The three speed-torque curves, shown 
in Figs. 1, 2, and 3, illustrate the wide 
variations that can occur in motor per- 
formance with seemingly minor changes 
in design. All three curves were taken 
on 30-hp 4-pole motors built in the 
same size frame, with the same over-all 
core dimensions, and with cast-alu- 
minum double-squirrel-cage rotor wind- 
ings. Fig. 1 is for a motor with 48 
stator and 56 rotor slots, giving excel- 
lent torque over the whole speed range. 

Author of The Nature of Polyphase 
Induction Machines, Mr. Alger—Con- 
sulting Engineer—has been engaged in 
the development of dynamoelectric ma- 
chinery since he entered General Klec- 

tric’s Test Course in 1916. Mr. Oney 
joined the Company in 1948 and is with 
Induction Motor Engineering doing 
analytical work. Both are with the 

Small and Medium Motor Department. 
’ 
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Fig. 2 shows how the accelerating 
torque is reduced when a 76-slot rotor 
is used with the same stator. The severe 
dips in torque are caused by two stator- 
slot harmonic fields that rotate at 1/23 
speed backward and 1/25 speed forward. 
Fig. 3 is for a 60-slot stator and the same 
56-slot rotor as in Fig. 1. It exhibits a 
smooth torque but there is 
a subsynchronous crawling torque (a 
torque that varies greatly without change 
in speed) at 1/14 speed backward. Be- 
sides these torque differences. the three 
motors differ markedly in losses and 
noise. 

curve, 

A Deeper Understanding 

Usually, motor theory is taught, and 
design calculations are made, with equa- 
tions expressing the torque as_ the 
product of rotor current by magnetic 
flux density in the air gap. You can gain 
a deeper understanding of the per- 
formance however by the energy method 
of analysis. This method traces the 
flow of electric energy over the incom- 
ing power lines; its transformation into 
magnetic energy in the air-gap space; 
and its final delivery in mechanical form 
to the shaft of the driven machine. The 
procedure is based on the fundamental 
principle expressed by Kelvin’s law— 

When in a singly excited magnetic 
circuit without saturation a deformation 
takes place at a constant current, the 
energy supplied from the electric circuit 
is divided into two equal parts. One half 
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increases the stored energy of the mag- 
netic field; the other half is converted into 
mechanical work. 

In other words, the work done by a 
magnetic force acting across an air gap 
is only possible because energy is stored 
in the magnetic field itself. The mag- 
netic force acting at any point in the air 
gap equals the corresponding space 
derivative of the stored magnetic energy. 
By dealing with the total magnetic 
energy in the air-gap space of a motor, 
expressions for the forces can be ob- 
tained that include all of the harmonic- 
field effects. The magnetic energy is also 
a direct measure of the reactance. 

What follows is an outline of this 
energy method of analysis. Our purpose 
is to indicate its advantages for teaching, 
as well as design purposes. 

Energy Method of Analysis 

It is easy to see how a force pushing 
down on the piston of an automobile 
engine turns the crankshaft. It’s not 
easy to see how the air-gap magnetic 
field of a motor creates a turning effort 
by taking hold of the rotor currents. 
Let’s therefore replace the intangible 
magnetic fields by’ imaginary elastic 
bands of force. Think of energy being 
stored in these elastic bands just as it’s 
stored in stretched rubber bands. Con- 
sider them to stretch from the magnetic 
poles of the stator to those of the rotor; 

and to slide along their surfaces as the 
field moves. Finally, think of the field 
slipping over the rotor surface as creat- 
ing a frictional drag, or torque, mani- 
fested by the [°R losses of the induced 
rotor currents. The magnetic force is 
given by the derivative (rate of change) 
of the stored elastic energy—with 
respect to the space angle between the 

field and the rotor current. 
The flow of energy across the air gap 

of a motor is governed by precisely the 
same laws as the transmission of radio- 
broadcast waves over thousands of miles 
of space. In either case the carrier for 

the useful power flow is the magnetic 
energy stored in the air spaces (a result 
of the magnetomotive force impressed 
by the sending-end currents). In a 

turbine the important thing is the flow 
of energy-containing gas or fluid through 
guided paths. Similarly, in an electric 

machine the important thing is the flow 
of energy through the magnetized air 
spaces. A proper model of an induction 
motor is one formed therefore by first 
immersing the machine in a_ plastic 
compound, and then dissolving out all 

the metal parts with acid—leaving a 
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FIGS. 4 AND 5. 

structure representing only the air and 
dielectric (insulating) spaces. The motor 
designer must shape these air spaces— 
just as the turbine designer shapes his 
nozzles and buckets—so that the energy 
flow will be as frictionless and easy as 
possible. 

To apply these concepts to an induc- 
tion motor it is logical to consider in 
sequence: the incoming electric energy 
from the power system; the magnetic 
energy stored in the air-gap field; and 
the mechanical transmitted 
across the air gap. 

With the locations and flows of mag- 
netic energy throughout the air spaces 
in the machine clearly established, it is a 
relatively simple matter to determine 
the torques and forces at all points. 
These are obtained by differentiating 
the energy stored in each locale with 
respect to the direction in which the 
force occurs. 

energy 

Energy from the Power System 

It’s convenient for you to think of 
the flow of electric current in a wire as 
similar to that of water in a pipe. When 
the switch is closed (valve opened) at 
the sending end, voltage (hydrostatic 
pressure) is applied to the conductor 

(pipe). Free electrons (water) then rush 

along the conductor. These electrons 
build up a pressure of electric potential 
(bursting pressure) against the insula- 
tion (pipe wall) along the way—and 
create magnetic-field energy in the space 
around the conductor (kinetic energy of 
the moving water). Two conditions arise: 
e If the receiving end is open the elec- 
trons meet a potential barrier of air. 
This barrier throws them back against 
the oncoming electrons—resulting in a 
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wave of reflected voltage and current 
that returns to the source. After a series 
of reflections the system settles down 
to a steady state with no current flowing. 
The conductor is now full of electrons 

pressing against the enclosing wall of 
insulation. 
e If the receiving end is closed a similar 
process of current reflections occurs 
until equilibrium is reached. With 
steady-state current now flowing, some 
of the voltage pressure is used up along 
the line in overcoming resistance and 
reactance drops. 

In an a-c circuit the transient current 
is limited chiefly by the reactance. That 
is, the current creates magnetic fields 
linking the circuit; and these fields 
induce voltages which oppose the cur- 
rent flow. In this process, energy is 
transferred from the electric circuit to 
the magnetic field as the current rises 
and is returned to the electric circuit 
as the current falls, in each cycle. 

Figs. 4 and 5 illustrate this. Fig. 4 
shows the current build-up when an a-c 
voltage is suddenly applied to a circuit 
containing resistance and inductance 
only. Fig. 5 shows the corresponding 
energy flow during the first few cycles. 
Superposed on the continuous flow of 
I’R loss, there is a pulsating double- 
frequency flow of energy that is alter- 
nately stored in the magnetic field and 
returned to the line. 

In a balanced three-phase circuit the 
double-frequency power components of 
the three phases are displaced 120 elec- 
trical degrees in time phase, giving a 
zero sum at each instant. The only net 
power flowing in the combined circuits 
is the /*R loss, or active power, divided 
equally among the phases. 
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Energy Stored in the Air Gap 

You have seen that there can be no 
net power flow across an air-gap space: 
unless and until a store of magnetic 
energy is first created in the space to act 
as a carrier for the energy flow. This is 
likewise true of radiobroadcasting, as 
mentioned earlier. The numbers are 
different but nature’s process for trans- 
ferring energy across a 20-mil air gap 
is the same as for a space of 1000 miles. 
In the small air gap of a motor however 
the proximity of iron and copper (with 
permeability and conductivity vastly 
greater than that of free space) leads 
to much greater energy densities and 
correspondingly greater rates of power 
flow than for radio waves. To calculate 
this magnetic energy— 

Let the effective length of a magnetic 
path be g centimeters, its permeability 
be w, the area be A square centimeters, 
and the number of turns in the mag- 
netizing coil be N. When i amperes 
flow through the coil, the steady-state 
flux density produced in the path will be 

4n wNi rMNi gauss 

my 

The voltage induced in the coil at any 
instant during the buildup of the flux 
¢=BA is 

(1) B=— 

d -44B d 
i casts TA ane —8=—-—\4 8 (2) e N 7 10 di 107 

The energy stored in the field as the 
flux density rises from zero to B is 

teidt (% BaB ; 
ae & 4 410? 

watt sec per cu cm 

= 5D 
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At a density of 10,000 gauss this 
gives for w= 1, or in air 

(4) M os 10 = ().398 watt sec per cu cm 

=4.81 ft-lb per cu in. 
This is a very important result. Every 

cubic inch of air—or vacuum or non- 
magnetic material—that is magnetized 
to a density of 10,000 gauss: contains 
4.81 foot-pounds of stored energy. The 
energy stored in iron is negligible by 
comparison. For the permeability of 
steel in usual flux density ranges is of 
the order of 1000 or more, making the 
value of HF less than 0.1 percent of its 
value in air at the same B. 

In a three-phase motor, the rotating 
no-load magnetic field in the air gap 
preserves a constant magnitude, so that 

the total constant, 

From equation (3) it is equal to the 

volume of the air gap in cubic centi- 
meters times the square of the RMS 
flux density in gausses divided by 8710’. 
To maintain this steady revolving field 

stored energy is 
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equal volt-amperes must be delivered 
to each of the three phases in turn. From 
this relation is derived an expression 
for the total magnetic energy stored in 
the air-gap field 

0.23¢ ) 
(5) W,= El watt sec 

where 

E'=RMS phase voltage 
1=RMS amperes no-load phase 

current 

f=line frequency in cycles per 
second 

Equations (3) and (5) enable the air-gap 
flux of any motor to be calculated direct- 
ly when the no-load volt-amperes and 
the air-gap dimensions are known. For 
example, if a three-phase 60-cycle 440- 
voit Y-connected motor (phase voltage 
= 254) has a no-load current of 6 amp, 
and measurements show it to have an 

air-gap radius of 4 inches, a core length 
of 4 inches, and an air gap of 0.020 
inch: then the magnetic energy stored 
in the air gap is 

1953 

FLOW OF MAGNETIC ENERGY IN NO-LOAD FIELD OF POLYPHASE (TWO-POLE) INDUCTION MOTOR. 

W,=0.239 (254) (6)/60=6.07 watt sec 

The volume of the air gap is 87(4) 

(0.020) (2.54)'=33 cu em so that the 

peak value of air-gap flux density (as- 
suming no magnetic saturation) is 

ae ares 10” 

Vv 8 
43,900 lines per sq in. 

Energy Crossing the Air Gap 

There is a well-known theorem in 
physics, derived from Maxwell’s equa- 
tions that states: 

The flow of electromagnetic energy 
through (penetrating) any surface is equal 

to the integral of the Poynting vector EH 
sin @ over the surface where E and H are 
the electric-and-magnetic-field intensities in 
the plane of the surface, and a@ is the 
angle between their directions. The diree- 
tion of the vector is at right angles to 
both E and H. 

This theorem describes the flow of 
energy across the air gap of a motor, as 
well as the propagation of radio waves 

= 6,800 gauss = 
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through space. To calculate the power 
flows let 
R =outer 

(radius of the stator 
centimeters 

R-g =radius to any point in the air gap 
G =length of air gap in centimeters 
g =<distance from stator surface to 

any point in air gap 
6 =angular position of any point in 

the air-gap space in mechanical 

radius of the air gap 
bore) in 

radians 
= mechanical 
ment 

=number of pairs of poles of the 
air-gap fields 

= (R-g) nati tangential 
at 

angle of displace- 

(counter- 

clockwise) speed of the field in 

centimeters per second 
By, By= radial and tangential flux densi- 

ties at any point R—g, @ in lines 
per square centimeter 

Qs, Jy = radial (outward) and tangential 
(counterclockwise) power flows 

at R—g, 9, in_watts per square 
centimeter 

All the magnetic lines of force lie in 

radial planes so that the electric field EF 

is always in the axial direction and is 

(6) E=v B, 10% 

B, does not contribute to E because it 

is parallel to v. 
The magnetic field intensity H is 

10/4 times the corresponding flux 
density B. The radial component of 
flux de nsity By gives rise to a Poynting 
vector in the tangential direction (at 
right angles to E and to By) equal to 

volts per em 

» 
v BS 

0, = EH, = . 
(7) ¢ Ri, 4r10' 

But from equation (3) the stored mag- 
netic energy of the radial magnetic field 
at (R—g), @ is 

Be 

8107 
Therefore, the tangential flow of energy, 
equation (7), in the direction of the 
field rotation is equal to twice W, multi- 
plied by the speed of the patanion field. 

B,, the tangential component of B, 
Poynting vector in a 

watts per sq cm 

-walt sec per cu cm 

gives rise to a 

radial direction equal to 

(9) Qy=EH,= ba : watts per sq cm 
— 

This represents a ene of energy out of 
or into the stator winding; whereby the 
load energy is transmitted to the rotor, 
and the magnetic energy of the air-gap 

field is delivered by—and returned to— 
the power system through each phase. 
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flows 

trans- 

Evaluation of these energy 
enables the energy 
ference across the air gap to be clearly 
seen. The power supply system serves as 
a reservoir into which the magnetic field 
energy is alternately delivered and 
received each quarter cycle. In free 
space the electrostatic field energy 
serves this purpose. In the motor how- 
ever the magnetic-field strengths are 
multiplied many fold by the proximity 
of the power currents and the iron, 
making their energy vastly exceed that 
of the associated electrostatic fields. 

Formulas for the flux densities By 
and By can be developed, in accordance 

with Maxwell's field equation, and sub- 
stituted in the foregoing. The tangential 
energy flow, equation (7), considering 
only first order terms representing the 
fundamental air-gap field and the load 

is found to be 

y~2G EH, VB (R (R+g ~ 26) 

process of 

pow er, 

(10) Q= (1+ 
87rR10' 

cos 2 P@) watts per sq cm 

where B is the peak radial flux density 
at the rotor surface. 
The radial energy flow inward from the 
stator is 

3 PVB [ rata 
O, = 6b = —— G-g Ss (1l) Qe=EM, 8xRi0? ( g) sin 

2P0+-CG (sin Pa+sin P (20+) | 

watts per sq cm 

where C=ratio of the rotor current 
(load component of stator current) to 

the no-load magnetizing current, and 
Pa is the electrical angle of displacement 
between them. 

Fig. 6 illustrates the 
expressed by these equations at no load 
(C=0). The magnetic field indicated by 
the outer curved lines is rotating coun- 
terclockwise at synchronous speed. The 

tangential energy flow, nearly uniform 
across the length of the air gap, is 
indicated by the curved arrows in the 
middle of the air-gap space. The length 
of each of the arrows indicates the 
energy density at that point, propor- 
onal to 1 + cos P20, by equation (10). 
The radial arrows indicate the energy 
flow from the stator winding into and 
out of the field, proportional to sin2P#, 
and varying across the gap length from 
a maximum at the outer radius to zero 
at the inner radius. 

The first term of equation (11) repre- 
sents the radial flow of energy between 
the stator (supply system) and the air- 
gap magnetic field. The third term 
represents the variation in the flow of 

energy flows 

GENERAI 

active power to the rotor, which creates 

torque pulsations in a_ single-phase 
machine, but adds to zero around the 

periphery of a polyphase machine. The 
second term of equation (11) is a uni- 
form, radial power flow proportional to 
sinPa, Integrating this term around the 
periphery, the net power delivered to 

the rotor is found to be 

(12) 
2T 

Useful power R= } Q,d6 = 

“0 

CGPV B sin Pa 

1 (107) 

length 

watts per cm of axial 

By equations (1) and (6) this reduces to 

(13) Useful power=2PE(CN/) sin Pa 

watts per cm axial length 

which is the familiar expression for the 
output of a motor with a peak voltage 
of E volts per cm of core length, CNI 
peak ampere turns per pole, P pairs of 
poles, and a field displacement of Pa 
electrical degrees. 

Significance 

When equations (10) and (11) are ex- 

panded to include the numerous second 
order terms representing the flow of 
energy of the leakage reactance fields 
(especially the space harmonics that 
cause the crawling torques indicated in 
Figs. 2 and 3), many interesting rela- 
tions are brought out. The stator and 
rotor leakage fluxes can be distinguished 
from each other by noting from which 
side of the air gap their magnetic 
energies are supplied. Radial forces that 
cause magnetic noise can be determined 

as the radial derivatives of the total 
magnetic energy at any point. The 
energy method thus provides an over-all 
approach to the motor performance that 
is quite distinct from the equivalent- 
circuit and harmonic-analysis methods. 

require exact values. To 
this ond they rely on equivalent-circuit 
calculations, They will find the energy 
method of analysis provides a key to 
the calculation of the finer points of 
motor performance, as well as a deeper 
understanding of its behavior. 

Teachers need to give their students 
complete understanding of fundamental 
theory. To this end they point out the 
universal application of basic physical 
laws to machines, as well as electronic 
phenomena. They will find the energy 
method has a greater appeal to the 
student’s imagination and is _ better 
understood than the usual textbook 
procedures. Q 

Designers 
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AN Connectors — 
(Concluded from page 52) 

Finally, after much research and de- 
velopment, we found the material that 
most nearly meets all the aforementioned 
requirements—a diallyl phthalate for- 
mulation. A member of the polyester 
group of plastics, it has an are resistance 
of approximately 140 seconds, a dielec- 
tric strength of about 180 volts per mil, 
a moisture absorption of only 0.108 per- 
cent, and a post-mold shrinkage of 0.002 
inches per inch. 

The requirements of military equip- 
ment become more stringent each day. 
You'll recall how, during the last World 
War, theaters of operations extended all 

the way from the subzero regions of the 
Arctic Circle to the hot, humid, and 
fungus-laden atmosphere of the tropics. 
In modern warfare therefore practically 
any combination of ambient conditions 
may prevail, 

Added to this we now have the jet- 
engine age. Equipment in aircraft must 
function at altitudes up to 70,000 feet. 
It must operate under moisture conden- 

caused by rapid sation conditions 

changes in altitude, with the attendant 

changes of temperature, humidity, and 

pressure. Yet there’s still another con- 
sideration: the very complexity of a 
modern plane’s electric system some- 
times makes the location of trouble ex- 

tremely difficult when it does occur. 
With these things in mind you are in 

a position to weigh the importance of 
dependability in AN connectors. Their 
versatility and adaptability point up the 
large amount of research and develop- 

ment devoted to bringing them to their 
present high level of performance. 2 

CREDITS ... 

10, Myron Johnson; pages 14, 
Figs. 6, 7, and 9—Aluminum 

Company of America; pages 44, 45, 

Paul Marince: page 51, U.S. Air Force. 

. . « AND A CORRECTION 

Referring to the historical review of 

the American Society of Civil Engi- 
neers, September 1952 Review, we 
received a letter from Prof. D. L. 

Snader, Norwich University, in which 
he quotes from the book History of 

Rensselaer Polytechnic Institute 1824 
1934 by Dr. Palmer Ricketts that 
“no well-defined i civil 

engineering were formulated at RPI 
until several years after 1828.” 

courses in 

Aluminum 
for Copper — 

(Concluded from page 16) 

rosion can be disastrous. Even this 
situation can be met however if cell 
action is prohibited by eliminating any 
one of the four essentials. No electro- 

lytic action will occur, for example, at a 
dry copper-aluminum joint. Alclad al- 
loys too should find extensive applica- 

tion for they carry added insurance 
against perforation—because the coating 
of pure aluminum or anodic alloy is 
consumed when corrosion takes place, 
while the core is protected. 
Overwhelming evidence shows that 

you can substitute aluminum or alclad 
alloys for copper without necessarily 
increasing corrosion hazards. So long as 
the invisible oxide film on aluminum 
remains intact, the metal will not cor- 
rode at ordinary temperatures. But if 
the natural film is penetrated or broken 
and a protective film can’t form, cor- 
rosion may begin—and it may proceed 
rapidly because the thermodynamic driv- 
ing force is usually large. Our advice to 
you is: don’t use aluminum blindly. Q 

G-E CAPACITORS SAVE 
$1800 Yearly On Power Costs 
By improving power factor with General Electric ca- 
pacitors, the Montrose Chemical Corp. of California 
located in Los Angeles saves $1800 a year on its elec- 
tric power costs. These power bill savings paid for the 
capacitors in less than 10 months... and the $1800 
yearly savings will go on indefinitely. 

YOU TOO CAN SAVE with G-E capacitors if your 
power factor is less than unity and if you have a 
power-factor or kva-demand clause in your contract. 

Capacitors also offer other benefits. They often per- 
mit you to handle 20 to 30% more load on your 
existing system. They reduce losses by reducing 
line current. These added 
benefits often make capaci- 
tors a worthwhile invest- 
ment even when no power- 
factor or kva-demand clause 
is in effect. For more in- 
formation, see your local 
G-E representative. Or 
write for Booklet GEA- 
5632. Address Section 441- 
101, General Electric Co., ; ; 
Schenectady 5, New York. - oenet 

GENERAL @@ ELECTRIC 

IN CANADA... 

Canadian General Electric, through its Lighting Insti- 
tute, Toronto, and specialists in its sales offices, offers 

a complete technical service on lamps and lighting. 

12 FACTORIES manufacturing G-E Products. 

3 WAREHOUSES providing a convenient source 
of supply from coast to coast. 

3 SALES and ENGINEERING OFFICES giving 
complete nation-wide sales service. 

53-CGE-3 

CANADIAN
 GENERA 
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JUST OFF THE PRESS-- 

and yours for the asking! 
= Ls 

A TA 

LOCKE’S 

RM & HANDYLOG o 
insulators and pole line hardware 

A 

. in 72 

pages ... ALL the pole line hardware, as 

This new revised edition lists . . 

well as ALL the power insulators and 

for 

Mail 

suspension hardware you need 

handling over 95% of your jobs. 

coupon today for your free copy. Place 

the RM* items on your standards list 

. . and you’ll benefit five ways: 

*RM (Repetitive Manufacture) 

A program designed to help reduce the 

installed cost per kilowatt on line and station 

equipment. 

, £) 

J 

als 
7,4* 

1. 

2. 

3. 

YOU SIMPLIFY stocks and stocking operations. 

YOU PAY LOWEST PRICES because RM items are 

standard items... produced in large quantities. 

YOU GET PROMPT SERVICE because RM items are 

carried in stock by Locke Regional and Distributors’ 

warehouses. 

YOU GET FAST DELIVERY because RM items are 

always in production ... on hand for immediate 

shipment from factory. 

YOU REDUCE CHANCES OF OBSOLESCENCE 

because assured availability of RM items allows you to 

match future extensions to present construction. 

Peas MAIL THIS COUPON TODAYR &@ @ @ 

LOCKE DEPARTMENT—GENERAL ELECTRIC COMPANY 

BALTIMORE, MARYLAND 

Please send me my copy of Locke's new RM* Handylog. 



Let MONOWATT help you with your 

AN CONNECTOR PROBLEMS 

Is it a question of delivery? Meeting 

specifications? Reducing assembly 

and inspection costs? The Mono- 

watt Department of General Elec- 

Ne tric Company can help you solve 

( ( (CS 1 l(\( (@ such problems. 
\ \ Oe w= \ 3 ( We 

snail Monowatt is now supplying AN 
AN 3100A WALL MOUNTING RECEPTACLE AN 3106A STRAIGHT PLUG connectors for Lockheed, "Chance 

Snap-in sleeve on Monowatt Wall Mounting Receptacles and Straight Plugs allows easy Vought, Minneapolis-Honeywell, 
access to insert for soldering and inspection. Sleeve snaps in and cannot work loose, yet f : 3 

can be released quickly with a small screwdriver for removal of insert. With this new and rapsate others. With complete, 

type sleeve and Monowatt’s one-piece solid housing it is possible to use a solid shell modern facilities for mass-produc- 

connector in applications which would otherwise call for a split shell. Extra weight and tion, we can offer, ona fast-delivery 

possible loosening of threaded parts under vibration is. eliminated. z 5 
basis, connectors conforming to 

AN 31088 ANGLE 90° PLUG latest Government specifications 

Slide-off cover on Monowatt Angle 90° at competitive prices. 
Plug is easily removed for soldering . 
or inspection. Insert does not have to If you require AN connectors— 
be removed. Set screws are drilled or any of the wiring components 
for safety wiring. ‘ ‘ 

shown below—you will be inter- 

(Ry. / - > I \ Ml /\' eee ested in what Monowatt can do 
(Bpa (( a pr C ( @ CS6( J KK ' F for you. 

For complete information, mail the 

coupon below. 

And you can count on MONOWATT 

for all types of electrical components GrON OWATT 
— made to your specifications 

- 4 

5, 

Monowatt Department A-3, General Electric Compony 
95 Hathaway St., Providence 7, R. |. 

["] Please send Catalog D-1— Electrical Connectors and 
Wiring Assemblies for Aircraft, Ordnance and Electronic 
Equipment. 

[_] Please quote on attached specifications. 

Harness Assemblies Wiring Devices Wiring Components 
Made to your specifications For mass-produced elec- Made by Monowatt to 

trical equipment and ap- your specifications 
pliances on NR ERLE EIT BES ETE REMC ey PEND Ce Te RNG Oe 

MONOWATT Address 
A DEPARTMENT OF GENERAL ELECTRIC COMPANY, PROVIDENCE 7, R. |. ap an as am am ae oe oe oe oe oe oe oe es 



Equipment and skill at General Electric 
win race with tide in Puget Sound—make possible laying... 

»-mile cable crossing without a splice 
Long cable crossings in Puget Sound are 
not unusual. But high tides and treacherous 

currents can make the job tough and costly. 

When the Peninsula Power and Light 
Company of Gig Harbor, Washington 

needed another 3.100-foot, three-conductor, 
15-kvy submarine cable installation, they 
asked General Electric if there wasn’t an 
easier, less costly way to make the cross- 
ing. For example, a cable which needed no 
splicing on the job. 

The problem of a 3,100-foot continuous 
length was easily solved—because of Gen- 

eral Electric’s remarkable Super Coronol* 
cable. Unique equipment at General Elec- 
tric could apply the insulation on Super 
Coronol cable in a continuous length with- 
out splices. The remaining problem was 
testing this long length for ionization. This 
testing was made possible because G-E en- 
gineers had foreseen the necessity of hav- 
ing special equipment available for appli- 

cations such as this. 
With splices eliminated—either factory 

or field—and with a cable which is practi- 
cally impervious to water, yet is lighter and 

easier to handle than lead sheathed cable, 
the electric utility was well on the way 

toward a simplified cable crossing. 
Next, engineers at General Electric 

helped to plan the laying. G.E. supplied a 

special reel and cradle particularly adapted 
for handling submarine cable. And a G-E 
Wire and Cable specialist was on the spot 
in case any special problem arose. As a re- 
sult of selecting Super Coronol cable, the 
electric utility, after one day’s preparation 

on the site, needed only 8 men, a standard 
scow, and a tugboat to complete the under- 
water part of the crossing when the tide was 
slack—shore to shore in just 27 minutes. 

Helping to engineer the job right through 
to completion, as well as furnishing the best 
cable that modern machines can make, is 
all part of the service that is available when 
you call on General Electric. The next time 
you have a question on cable, telephone or 
write to your nearest G-E Construction Ma- 

terials district office or to the Construction 
Materials Division, General Electric Com- 
pany, Bridgeport 2, Connecticut. 
“Registered Trade-mark General Electric Company 

To avoid strong tides in Puget Sound, 

the Peninsula Power and Light Company 

had to make a quick cable crossing at 

slack tide. Because General Electric's 

unique equipment could supply the 

cable in one unspliced length, the cross- 

ing was made before the tide turned. 

This is the special equipment, developed 

by engineers of General Electric, which 

tested the 3,100-foot submarine cable 

for ionization. lonization testing is a 

standard G-E practice for every foot of 

all Super Coronol cable over 5 kv. 
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