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WORLD’S LARGEST GENERATORS are in- 
stalled at EEI’s new Joppa, Illinois plant. 
Each is rated at 216,176-kva at .85 power 
factor and 30 psig hydrogen pressure. Com- 
bined output will be nearly 1,000,000-kw when 
all 6 units are completed. 

ENGINEERS: EBASCO SERVICES, INC.; CONTRACTORS FOR CONSTRUCTION: BECHTEL CORP. 

Joppa’s record 3600-rpm generators are 
forerunners of units with even larger ratings 
Steady technical progress to bigger, 

higher-efficiency generators matches 

continuing advances in turbine design 
To meet the imperative need for a single generating 
station with an initial capacity of 625,000-kw, engi- 
neers who planned the giant new Joppa, Illinois, 
plant of Electric Energy, Inc. specified larger 
3600-rpm turbine-generators than had ever been 
built before. 

General Electric came up with the answer—a new 

( 

216,176-kva generator design based on _ service- 
tested engineering principles. Furthermore, because 
of the vital nature of the project, the new genera 
tor design was developed and the first of six units 
built and shipped in only 18 months! 

Generator design progress won’t stop here—demand 
for even larger sizes and still lower capital costs 
per kilowatt is growing. A total of 24 large 3600 
rpm machines in the 220,000-kva size range is on 
order today at General Electric—and units ranging 
as high as 350,000-kva will be available in the near 
future. General Electric Co., Schenectady 5, N. Y. 
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YOU EXPECT 

Invisible coating 

helps new G-E 

Rapid Start Lamps 

light faster 

HE film of water that condenses on a fluorescent lamp’ 
in wet weather is so thin the lamp hardly feels damp. 

Sull, it can connect the ends of the lamp and set up a mini- 

ature short circuit. It doesn’t injure the lamp. Just steals 

enough current so the lamp is slow in lighting. 

There’s one fluorescent lamp, though, that doesn’t get slug- 

gish in moist air: the General Electric Rapid Start Lamp. 

It has an invisible coating of General Electric silicone, 

called Dri-Film*. The photo shows what it does to water on 
the lamp. Makes it stand up in separate drops. In between 

are dry areas that break the electrical contact. The short 

circuit doesn’t get started. The lamp does. 

G-E Dri-Film* doesn’t rub off. It’s an example of why you 

expect the best value from G-E fluorescent lamps. For free 
booklet, “Facts About Rapid Start”, write to General Electric, 

Dept. 166-GE-7, Nela Park, Cleveland 12, Ohio. 
REG 
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General Electric Predicts .. . 

Commercial Atomic Power in 5 to 10 Years 
® Nuclear power plants owned by electric utilities will be generat- 

ing electric power at commercially competitive costs. 

® Two types of nuclear reactors offer greatest promise for rapid 
development and competitive use in the production of atomic power. 

A top atomic official of General Electric, 
Francis K. McCune, has predicted that pri- 

vately financed atomic power plants will 
with 

power plants in 5 to 10 years. 

Speaking at the Atomic Industrial Forum, 

in Washington, DC, May 24, McCune said: 
“First. we at General Electric believe that 

successfully compete conventional 

electric utility companies will be owning and 
operating a number of atomic power plants 

within the next 10 years. 

“Second, we believe some of these will be 

full-scale and, what is most important, they 

will generate electricity at competitive costs 

possibly within five, certainly within 10 vears. 

“Third, we believe that this will be accom- 

plished without government subsidy for 

production-plant construction or operation, 

and with government-supplied fuel priced at 

cost-ot-produc tion levels.” 

McCune made it clear that he was attempt- 

ing in no way “to detract from the immeas- 

urable significance of knowledge developed 

through Atomic Energy Commission con- 

tracts.” 
“Of course, the government’s large ex- 

penditures for research and development of 

plutonium production reactors, mobile power 

reactors, and other power reactors form the 

base from which private industry can pro- 

ceed,” he went on to say. 

He further stressed that G-E 

that production-size atomie power plants can 

studies show 

be made to operate economically. 

“They 

continued. “They may sell products to the 

will stand on their own feet,” he 

government. They will certainly buy nuclear 

fuel from the government. But trading with 

the government need not be a subsidy.” 
Reactors best suited for “earliest and most 

effective competition with conventional fuel 

were described by McCune as: 1) 

and 

reactor: and 2) vraphite-moderated water- 

plants” 

light-water-moderated cooled boiling 

cooled reactor. 

The first type, he explained, would elimi- 

nate the need for a boiler system, because 

water would be boiled inside the reactor to 

produce radioactive steam that would power 

1 turbine. 

The reason that the boiling reactor was 

chosen by G-E experts in part, he told Forum 

members, is its similarity in many ways to 

conventional steam plants. 

“Its adoption by the electric utility indus- 

try should be relatively easy The moderator 
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and coolant are both ordinary water which 

the industry is used to handling. Chemica! 

separations plants are not necessary. The 

boiling reactor has safety features that have 

been demonstrated so that operating compa- 

nies should be able to choose plant sites as 

available within their systems,’ MeCune said. 

“The light-water reactor.” he went on to 

explain, “is one which can become competi- 

fuel-cost’ areas of the tive in the higher 

country in the near future.” 

This to G-E 

could produce electricity for 6.7 mills’ per 

reactor, according studies, 

kilowatt-hour, compared to a cost of 6.9 

mills for a conventional coal burning plant. 

Plants chosen for comparison would each 
deliver 300,000 net kw of electricity. 

The cost 

“on the basis of coal at $.35 per million 

figures described were derived 

btu’s, a price paid in a number of sections 

of this country.” 

McCune reported, “The fixed charges are 

higher on the atomie plant. [It is estimated 

that operating costs are slightly more. The 

big diflerence is in the relatively low fuel 

cost, 1.35 mills per kilowatt-hour for long- 

burn-up fuel.” 

He said long-burn-up fuel could remain 

in the reactor over a period of years and stll 

produce sufficient heat to operate the power 

plant. 
Cost of from the graphite- 

moderated reactor, the G-E. official 

would come to 6.8 mills per kitowatt-hour. 

electricity 

said, 

McCune derived the numbers in this esti- 

mate from actual construction experience. 

He said emphatically, “We know what it 

will cost and don’t have to guess. The engi- 

that 

through many years of technical effort.” 

neering is which we have developed 

He described the graphite-moderated reac- 

tor as a direct descendant of the graphite- 

Francis K. MeCune—General Manager 
of GE's Atomie Products Division 

recently announced the Company’s 

official position on harnessing atomic 
energy to generate elec tric power at 

commercially competitive costs. To 

give you the details of this significant 
announcement, we present a summary 
in the usually devoted to our 
editorial. Eprrors 

prac ce 

moderated water-cooled reactors with which 

we have been producing plutonium at Han 

ford since 1946, 

Forum members were told, however, that 

both types of reactor depend on development 

of an adequate long-burn-up fuel element 

not vet available. 

The effort to develop a satisfactory fuel 

element is a major undertaking “with many 

aspects and a number of possible avenues of 

solution,” MeCune declared. 

Costs of the long-burning fuel, he ex 

plained, would be linked to the rise and fall 

of the price of uranium. Further, the Com- 

pany anticipates that uranium prices are 

likely to decline during the span of time in 

which the atomic power industry undergoes 

its initial expansion. 
In his presentation MeCune assumed that 

the government will provide enriched 
uranium from its gaseous diffusion plants to 
the electric utility industry for use as fuel 

at fair prices. “It is my opinion that Congress 

will make such fuel available to the power 

industry,” he explained. 

Size of the graphite reactor chosen for the 

cost estimate was deseribed as quite large, 

with a net electrical capability of 700,000 kw. 

The large size is designed to achieve economy 
of operation, 

The graphite reactor is not necessarily 

limited to such large sizes,” he commented 

“It is possible that it might be cooled by 

boiling water which would make it economic 
in smaller sizes.” 

When describing the capabilities of the 

graphite reactor, McCune said, “It is our 

belief from long experience and extensive 

these reactors ean be knowledge of what 

made to do that they deserve very serious 

consideration for power.” 

During his discussion of the graphite- 

that 

more important contributions has been to 

reactor estimate, he said one of the 

provide the industry with a feeting of cer 

tainty that the capital investment will not 

he too large to prec lude competitive atom 

power, 
“The 

speculative,” he 

numbers in this estimate are not 

emphasized. “They are 

based on years of experience in the construe- 

tion and operation of a number of high power 

graphite reactors which we know can deliver 

energy reliably with high-capacity factor. 

MeCune concluded his address by stating. 

Klectric feels that the 

when we can look 

“General time has 

arrived toward definite 

goals in the area of commercial atomic power 

goals that can and will be achieved. and 

that almost inevitably will lead te expansion 

into a power age of great proportions with 

resultant benefits in human well-being.” Q 
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Many organic liquids become viscous upon irradia- Irradiation breakdown of ordinary paper causes it 
LIQUID tion varying from an insignificant thickening to SOLID to become discolored and to break into bits like 

the formation of a nonflowing solid. Gases also may be evolved, charred paper; other paper can be made appreciably water-soluble, 

After gamma radiation flexible — polytetra- The common office rubber band deteriorates (top) 
PLASTIC fluorcethylene, useful as gaskets in) chemical RUBBER after a small dose of gamma radiation. developing 

systems, is changed to a brittle, crumbling solid. cracks and losing its elasticity, particularly under stress. 
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GLAS Most ordinary types of glasses are quite easily dis- 
colored by exposure to gamma radiation. The piece 

of clear glass has been stabilized against this effect. 

PLASTIC Heating some irradiated 
causes trapped gas to expand it. Heating un- 

irradiated plastics (/eft) doesn’t alter appearance, 

plastics to 180 F 

How Radiation Affects Important Materials 
By DR. SAMUEL S. JONES 

What effect does nuclear radiation 

have on steel, a rubber gasket, plastics 
pipe, glass, a piece of paper, or bearing 
grease? 

Is the effect disastrous, insignificant, 
or perhaps beneficial? 

To the majority of Review readers 
such a question is highly academic, but 

to the engineers and scientists design- 

ing nuclear reactors—and_ particularly 
the nuclear power plants for submarines 

the questions are of vital importance. 

(lonizations, electronic excitations, and 

atomic displacements may be produced 

when radiation is absorbed by matter. 

Radiation damage is said to occur if the 

resulting physical or chemical effects 
are such as to interfere with any ap- 

plication involving the material.) 
How various materials used in nuclear 

power plants are tested to determine 

ENERAL ELECTRIC REVIEW 

their behavior under radiation makes a 

fascinating story. 
That radiation can produce changes 

in matter isn’t a recent discovery. In 

fact, the effects of radiation were known 

even before radioactivity was discovered, 

Nearly 60 years ago Wilhelm Roentgen, 
a German physicist, reported that cer- 

tain highly penetrating rays, which he 

had 

covered photographic plates. This radia- 

discovered, produce images on 

Dr. Jones, a research associate with the 

Knolls Atomic Power Laboratory. Sche- 

nectady, operated hy GE for the U.S. 

{tomic Energy Commission, has been 

with the Company since 1950. A mem- 

ber of the Chemistry and Chemical Engi- 
neering Section, he is involved in the 

field of radiation chemistry 

with reactor development. 

connected 

lion came to be known as roentgen 

rays, or x-rays, and was recognized as 

identical to low-energy gamma_ radia- 
tion. In 1896, Henri Becquerel, a 
French physicist, reported that  radia- 

tion from the uranium mineral pitch- 

blende—like x-rays 

photographie plate. Shortly afterward, 
radioactivity 

fogs a covered 

the existence of natural 

was established. 

Karly 

terials 

radioactive ma- 

effects. Water 

radioactive ma- 

with 

other 

workers 

observed 

solutions of certain 

terials decomposed and formed gases, 
and the radiation often discolored and 

weakened the glass or quartz vessels 

that contained the solutions. 

Controlling Radiation Damage 

But the most unfortunate early evi- 

dence of radiation damage was the harm 

7 
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REACTOR’S PRIMARY SHIELD STOPS NEUTRONS; SECONDARY STOPS GAMMA RADIATION. 

to the workers themselves. Solutions 

of certain must radioactive materials 

certainly have contaminated the labora- 

tory atmosphere, and its not unlikely 

that traces of radioactive materials were 

directly ingested. Such exposures led 

to cancer or other conditions that 

were ultimately fatal, Similar radiations, 

now better understood, are used today 

in the fight against cancer. 
We are now working with quantities 

of radiation that are many million 

times greater than ever before. Similarly, 

our concern about radiation damage to 

important materials is greater than ever, 
Nuc lear 

of much 

chain reactions-——a source 

radiation——ean be made to 

proceed rapidly, as in the atomic bomb, 

or at much slower and more controlled 

rates, as ina power-producing reactor, 

An example of the latter is a special 

type of power reactor now under con 

struction at the Knolls Atomie Power 

Laboratory operated by General Elec- 

tric for the U.S. Atomie Energy Com- 

mission at Schenectady, NY. The reactos 

(illustration) will power the submarine 

Sea Wolf and is called SIR (Submarine 

Intermediate Reactor) because most of 

the nuclear fission is produced by neu- 

trons traveling at intermediate speeds. 

Neutrons tend to 

anything they strike and may produce 

make radioactive 

radiation damage as well: so it is best 

to confine them as close as possible lo 

the reactor by using a neutron shield. 
Light elements such as the hydrogen in 
water are effective for this purpose. 

Shields Are Essential 

But gamma radiation is present around 
SIR in particularly large amounts  be- 
cause of the intense radioactivity pro- 

duced in the primary coolant (liquid 
sodium) used to remove heat from the 

reactor, To restrict the intense gamma 

field to a relatively small volume around 

8 

the reactor, a secondary, or 

shield is 

elements of the reactor’s primary cool- 

gamma, 
used to enclose all circuit 

ing system. Dense materials such as lead 

are especially effective protection against 

yamma radiation, 

The water-filled inner neutron shield 
is thus subjected to both intense neu- 
tron and gamma _ radiation. However, 

the volume between the primary neu- 

tron shield and the secondary gamma 
shield is subjected to gamma radiation 

All equipment located in’ this 
space must be able not only to with- 

alone, 

stand the intense gamma field but also 
to operate properly for extended periods 

of time. 

Po determine the radiation damage 

that might occur under such conditions, 
the effects of 

gamma radiation on various materials 

it is necessary to study 

and systems under controlled cireum- 

stances. This requires intense sources 

of gamma rays. 

Phe radioisotope best suited for this 

purpose is cobalt-60, produced in atomic 

piles by irradiation of metallic cobalt 

with slow neutrons. All gamma_ rays 

from cobalt-60 have essentially the same 

about 1's Mev. Two gamma 
rays are emitted for each atom of co- 

balt-00 that disintegrates 

higher gamma vield than that of most 

energy 

a significantly 

other isotopes considered for irradiation 

purposes. 

Designing a Radiation Source 

Certain factors must be considered 

in the design of a gamma_ radiation 
source 

e The source must be able to irradiate 

a sample large enough to be adequately 
analyzed. 

e The sample should be irradiated at 
such a dose rate that) measurable 

changes of significant properties can be 

observed in a reasonable length of time. 

[ _] NEUTRON AND GAMMA 

ey MORE INTENSE GAMMA 

GENERAL ELECTRIC REVIEW 

e If the radiation effect in question 
depends upon dose rate, it is desirable 

to have radiation fields of uniform in- 

tensity. 

e The radiation source must possess 
a certain amount of flexibility so that 
it can be used conveniently. 

Since early 1952, two high-intensity 
cobalt sources have been utilized at the 

Knolls Atomic Power Laboratory. The 
smaller lead-shielded source was made 
using 580 curies of cobalt-60; the larger 
water-shielded installation was loaded 

with 3400 curies of the isotope. For 

both, the radioactive cobalt’) was ob- 

tained from the AEC’s Isotopes Division 

at Oak Ridge, Tenn. 

Source Sizes 

The smaller gamma source is a cylin- 
drical array of cobalt-60 about 2!4 

inches long and 1's inches in diameter. 
The source “building blocks” are pile- 
irradiated cobalt pellets. About 7 ounces 

of these pellets is distributed in 5 regu- 
larly spaced holes in a hollow. thick- 

walled brass evlinder. 

The source is kept in a special lead- 

filled) irradiation unit 

opposite page) that contains two cham- 
(photos, Lop, 

hers. For various experiments there are 

L access holes to each of these irradia- 

tion chambers. In addition, large square 
openings are available in the bottom of 

each chamber through which a radiation 
beam may be removed. This irradiation 

unit represents a modified design of a 

similar one developed earlier at the Oak 

Ridge National Laboratory. 
The total rate of energy output from 

this unit is only about 9 watts. How- 

ever, in terms of radiation this amounts 

to a high intensity of deadly gamma 
dose rate in the rays: The lowest 

irradiation chamber is” still several 
hundred roentgens per minute; in the 
center of the source the dose rate is 
about 10,000 roentgens per minute. (A 

dose of 500 is regarded as fatal to hu- 
mans.) Even though the radiation  in- 
lensities are high, the 9!-ineh-thick 
lead walls reduce the dose rate to below 

biological tolerance outside the shield. 

The small cobalt’ gamma source is 
one sixth the size of its big 

the 3400-curie water-shielded 

only 

brother, 

source (photos, lower, opposite page). 

However, the larger unit is made from 
the same sort of radioactive pellets as 

is used in the small source. The large 

source consists of 10 separate cylin- 

drical source capsules, each originally 
filled with 340 curies of cobalt-60 and 

each a half inch in diameter and about 
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TWO-TON LEAD 
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MECHANISM 
RAISES AND , SOURCE CYLINDER 
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15 SPRING-LOADED 
CASTERS CARRY 
SEVEN TONS 

LARGE OBJECTS ARE IRRADIATED IN THE 3400-CURIE WATER-SHIELDED COBALT GAMMA SOURCE. IT IS PHOTOGRAPHED BY ITS OWN LIGHT (RIGHT). 
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IRRADIATION POLYMERIZATION 

& inches long. They are made of mag- 

netic stainless steel for convenience in 
remote handling. Every capsule has a 
space about 6 inches long that is filled 

with 4 cobalt 

pellets; a threaded plug at the Lop ¢ loses 

ounces of radioactive 

it. All the capsules have bases designed 

to provide means for manipulation and 
support: Special tools can grip the cap 
sule in the rectangular notch around its 
base end, and for support their bases 

can be plugged into a steel plate like 
pegs ina punch board. 

The supporting base plate for the 
large source has a radially symmetric 

distribution of holes. The LO 

pins can be plugged into these holes in 

source 

any desired arrangement, and the re- 
maining holes can then be used to sup- 
port the materials being irradiated, 

The base plate and array of source 

tank 

containing 5000 gallons of water. This 
pins are mounted in a concrete 

covers the source ata depth ol & feet 

an adequate shielding. A mesh of steel 

rods that covers the top of the tank 

prevents objects and people from falling 

in and supports experimental equipment. 

In addition, an ion chamber constantly 

monitors the radiation at the surface of 

the water for health physies purposes. 

One technique used in carrying oul 

irradiations utilizes watertight alumi- 
num pipes which have base plugs that 

fit into holes in the source base plate. 

Samples in small glass vials are lowered 
via a simple tube carrier down the pipes 

into the field. An 

procedure especially suitable for long 

radiation alternate 

irradiations is to place the samples in 
watertight aluminum cans which also 

have base plugs that fit into holes on the 
source base plate. The cans are sup- 

ported on metal rods and are provided 

10 

\ mixture of styrene and acrylonitrile in equal quan- 
lities produces a solid that often breaks its glass container. 

with lead-off tubing for various experi- 
mental purposes. 

$100 Million vs $17,000 

When the 10 source capsules are 

arranged in a circle of the smallest 

possible diameter, the radiation intensity 

in the center of the array is 3 to 4 

that in the center of the small 

source deseribed previously. When a 

sample is irradiated under these condi- 

lions, each square centimeter through- 

out its volume is riddled by about LOOO- 

billion gamma-ray bullets every second. 
To accomplish the same effect) would 

require well over $100-million worth 

of radium the 

supply. Yet the radioactivity for this 

source was bought for about $17,000. 

twice world’s present 

Radiation Effects ... 

What 

tion effeets on different materials? 

You that 

are absorbed in materials by giving their 

have we learned about radia- 

must realize gamma _ rays 

energy to the electrons in the materials. 

The degree to which gamma radiation 
affects matter therefore depends upon 

the part the electrons play in the strue- 

ture of the matter. If the electrons are 

relatively free to move and are not par- 

ticularly associated with any one atom, 

there is very little radiation effect and 

the radiation 

However, if the electrons are directly 

damage is negligible. 

involved in the chemical bonds of the 
material, gamma radiation may produce 
significant effects: the molecules of the 

disrupted and the matter may be 

physical strueture broken down, 

. . . on Gases 

Gamma rays knock electrons out of 

gas molecules and thereby produce tons. 

GENERAL 

Also, about half the absorbed energy 
goes to excite the gas without forming 
ions. Some gases such as the monatomic 
rare gases—helium, neon, argon, kryp- 
ton, and xenon—are not changed. The 
gas ions eventually recover enough 
electrons to neutralize them, and there’s 
no net effect. However, if the gases are 

composed of complex molecules such 
as organic vapors or are mixtures of 

reactive significant potentially gases, 
chemical changes can result. 

. . Liquids 

Liquid metals are conductors and 
have many free electrons. Except for 
heat generation in the metal there is no 
net gamma radiation effect) in such 

systems. 

Pure water is not appreciably dam- 
aged by gamma radiation, Actually, H,O 

molecules are disrupted by the radia- 
tion, but the decomposition products 

will recombine to the extent that the 
net decomposition of the pure liquid 
is small. 

The situation may be quite different 
if other materials are dissolved in the 
water because relatively small amounts 
of certain impurities can cause trouble; 
the interfere 

with the water's tendency to heal itself 

dissolved materials can 

from radiation breakdown. If this heal- 

ing capacity is reduced, net decomposi- 
tion of the water will increase, giving 
rise to undesirable quantities of water 

breakdown hydrogen, 

gen, and hydrogen peroxide. 
But the effeet of dissolved materials 

on water decomposition is only half 

products: OXxy- 

the story. The materials themselves can 
undergo changes because gamma radia- 
tion converts water—a rather neutral 

substanee under ordinary conditions 

into a highly reactive chemical reagent. 
Much of this reactivity comes from the 

instantaneous products of decomposi- 

tion, the H and OH groups. This means 
that added to the 

water for may not 

that 

converted 

materials initially 

certain purposes 

serve purpose. In some cases 

they 

otherwise 

corrosive or 

For 

are into 

undesirable chemicals. 
example, many dissolved organic ma- 

dis- 

chlorine 

terials converted into acids; 

solved 

are 

organics containing 

converted to chlorides; sulfites oxidized 

to sulfates: 

duced to nitrites. Cerie ions can be re- 

and nitrates partially re- 

duced to cerous tons, while ferrous iron 

the ferric 

These last two reactions were studied 

can be oxidized to state. 

in considerable detail and are now used 
to measure the amount of gamma radia- 

ELECTRIC REVIEW 
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tion absorbed by dilute water solutions. 

Gamma radiation can in many ways 

break down organic molecules, such as 
those present in lubricating oils and 
greases. The molecular structure is so 
complicated that there’s no significant 

healing reaction of the type that happens 
in water. 

Because the products from. the ir- 

radiation of organic liquids are numer- 
ous and vary from one liquid to another, 

the effeet of radiation upon such systems 
is not as well understood as it is for 

water. Usually irradiation produces 

hydrogen as the — principal 

decomposition product. The liquuid itself 

gaseous 

may show both increases and decreases 

in molecular weight. That is, some of 
the molecules are chopped into smaller 

molecules, while some of the fragments 
may combine to produce larger mole- 

cules than the original. Certain group- 
ings of atoms in organie molecules 
produce specific irradiation effects. The 

most outstanding example of this is the 
stabilizing influence of aromatic rings 

such as benzene or napthalene. When 

these groups are present, the organic 
material is much more resistant to 

radiation. 

The over-all effect. of 

many organic liquids can easily prevent 

radiation on 

them from performing satisfactorily on 

a given application. Gases may be 

evolved in substantial quantities. Large 

viscosity changes may take place (photos 

opposite page and page 6); sometimes 

the liquuid is converted to a solid. Also, 

the liquid products of irradiation may 

interfere with the intended use of the 

original material. 

. . . and Solids 

Because metals contain clouds of 

electrons that arent attached to any 

particular atom, gamma irradiation can 

have ho significant consequence excepl 

for heating effects. There is. however, an 

important kind of damage to metals that 

may be influenced indirectly by gamma 
rays: corrosion and related phenomena. 

Corrosion is linked with the effects of 

various surface films on metals. These 

films are generally unlike the parent 

metal and may be damaged either 
directly by the radiation or indirectly by 

corrosive chemicals produced by  irra- 

diation of the environment. Any such 

attack on | 

necessarily a 

metals by gamma rays is 
secondary act) »rought 

about by a “middle man” vulnerable to 

irradiation, 

Among the noneonduetors, glass is 
aflected by easily gamma rays in a 

significant way: Under radiation it dis- 
colors so that you can’t see through it 
(photo, page 7). However, the actual 

physical damage done to the glass is 
generally minor. Color is produced by 

the change in state of some of the 

electrons in the glass. The discoloration 

can be removed by applying heat or 
light, thereby getting the 

back to their initial states. 
Much larger doses of radiation are re- 

ultraviolet 

electrons 

quired to affeet the physical structure 

of glass. 

Radiation damage is important’ in 
another group of solid noneonductors 

plastics. Polymers of various kinds are 

the principal structural element of 

plastics. The relative effect of gamma 
radiation on a given plastics depends on 

structure that 
makes up the links in the polymer chain. 

the type of chemical 

The results (photo, page 7) vary widely 

sometimes the effects are disastrous, 

sometimes beneficial in that the physical 

properties are improved. Here again, as 
in organie liquids, the presence of 

aromatic rings inereases the radiation 

stability of the plastics; polystyrene and 

aniline-formaldehyde polymer are among 

those most resistant to radiation. 

At the other extremity, cellulose and 

its derivatives, as well as certain halog- 

enated polyethylenes, are easily damaged 
by gamma radiation. Under irradiation, 
ordinary papel quickly becomes dis- 

colored and brittle, similar in’ appear- 

ance lo lightly charred paper (photo, 

With 

such cellulosic 

page 6). cominued irradiation, 

materials can be made 

appreciably water-soluble. 

Polvtetrafluoroethyvlene is noted for 

its outstanding resistance to corrosive 

chemicals and high temperatures. How- 

ever, under irradiation this material is 

a bad actor. It 

strength, becomes brittle, and may fall 

loses its) structural 

apart easily (photo. page 6). You can see 

that it isn't 

chemically inert plastics will maintain 

necessarily true that 

their resistance under radiation. 

\ final group of materials of con- 

siderable importance for engineering 
applications are the elastomers, ot 

rubbers, also susceptible to damage by 

When 

irradiated they rapidly lose their elas- 

cracked 

effect is par- 

gamma_ radiation. rubbers are 

become badly 

This 

ticularly evident if the rubber is under 

ticity and may 

(photo, page 6). 

stress while being irradiated. Under con- 

tinued irradiation some rubbers become 

hard and brittle, while others tend to 

become liquid and as sticky as molasses 

taffy. This behavior is associated with 

the breakdown of the chain structures 

characteristic of the original material. 

Stable Materials Are Essential 

The types of materials whose gamma 
radiation resistance properties we ve 

discussed are all needed in reactor de- 

velopment. For the SIR many such 

materials must withstand use in’ the 

intense gamma fields between the pri- 
radiation shields. 

The shields themselves must also be 

able to withstand the radiation without 

being significantly affected. Whenever 

mary and secondary 

water or oils are used for shielding 

purposes, the consequences of radiation 

damage may be important. For instance, 
the possibility ol releasing sizeable 

quantities of hydrogen into a closed 

submarine because the shield decom- 
posed would create a serious explosion 

hazard. 

Another concern is gamma-radiation 
damage effects to electric insulation 
located between the primary and second- 

ary shields. The insulation on all cool 

ant pumps must withstand the radiation 

from the fluid being pumped. 
Paint, 

intense 

when used on surfaces in 

radiation fields, is) another 

potential problem. Most paints contain 

a certain amount of organic matter, the 

decomposition of which might destroy 
the paint’s usefulness. 

So far, 

effects of gamma radiation on materials 

we've considered only the 

and processes in’ regard to the SIR, 
However, there are other phases ol 

reactor operation that) require our 

attention, For instance, highly radio 
active spent-fuel elements must be 

processed in shielded enclosures, Trans- 

parent liquid shielding for the processing 

cells often) involves the use of con- 

centrated solutions of zine bromide. This 

material requires chemical stabilization 

if it is to perform satisfactorily under 

intense irradiation. Optical equipment 

must contain glass that resists radiation 
Such 

insulation, rubber, and greases must be 

discoloration. items as electric 

radiation resistant. Finally, all) ehem- 

ieals used in reprocessing the spent fuel 
must be sufficiently stable so that they 

wort interfere with the process. 

Development of the SIR has required 

attention to a number of aspects of 

gamma-radiation damage. The choice 
of optimum materials and operating 
conditions has been aided by many tests 

done with the sources. Undoubtedly. in 

the years ahead they will help to throw 

more light on this significant factor in 
reactor development. Q 



MINIATURE 

DISC-SEALED TRIODE IS MOST SUCCESSFUL TUBE 

UHF DISC SEALED UHF CRYSTAL DIODE MIXERS 

THAT CAN BE USED IN UHF RECEIVER. CRYSTAL DIODE GIVES GOOD NOISE PERFORMANCE, 

Is UHF Superior to VHF? 

Kederal Communications 

(FCC) lifted its 3! 

on the construction of television 

April, 1952, it 

possible 2053 more stations to be built 

in the United States. 

But as the public soon found out, the 

When the 

Commission veal 

ban 

stations in allowed a 

majority of these stations were to op- 

erate in a new and strange medium that 

indefinite name of 
ultrahigh frequency (UHF). The 

of the stations would be in the familiar 

bore the somewhat 

resi 

very-high-frequency (VHF) bands that 
were already being used. The new setup 

170 
and $90 megacyeles, and if your regular 

VHF set built to handle UHF, 

youd need a convertet new an- 
The 

change would be the programs. 

would have 70 channels between 

wasn't 

and ul 

tenna., only thing that wouldn't 

Logically and justifiably, the public's 

reaction was “Why can’t we get along 
with the L2 channels we've always had?” 

The “why” had nothing to do with 

whim. [It was simply a matter of neces- 

VHF 

serve the optimum number of communt- 

ties in the United States without causing 

disastrous overlapping of signals. The 
FCC's original plan didn’t work out be- 

sitv: with only, you just cant 
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By DR. A. B. GLENN 

other reasons, cause, VHE 

signals (54 to 216 megacycles) traveled 

“ur among 

a lot farther than anyone had expected. 

This led to the 

same channels in distant cities, which 

led to violent protests, which in’ turn 

interference between 

led to the FCC clamping down on 

further station construction until a new 

plan could be drawn up, The solution 

finally worked out was to open 70 addi- 

tional channels in a higher frequeney 

area. 

When UHEF was making headlines, 
there was a lot of talk among the public 
to the effect that the UHF channels were 

“better” than the older VHF channels 

in that they supposedly would give a 

clearet picture and would be less al- 

fected by UHE 

latest thing. After all, wasn’t it “ultra” 

and “higher” than the old VHF? It 

just had to be better. The picture is as 
good and no better, but to do the job 

interference. was the 

Dr. Glenn Television Development 

kngineer came to General klectric in 

1919 and is with the Radio and Tele 

vision Department, Electronics Division, 

klectronics Park, Syracuse. 

you need more precise circuits and more 

complicated tubes and antennas. “The 

higher you go in frequency,” a laborer 
in the field recently, “the 

more difficult life becomes.” 

Just Aow difficult is outlined in this 
article: the troubles are concentrated in 

remarked 

tubes, circuits, propagation waves, an- 
tennas, and transmission lines. 

Tubes, for Instance... 

The allocation of the 70 additional 

TV channels in the UHF band spurred 

the development of transmitters and re- 

ceivers to handle signals in this area. It 

that for both trans- 

receivers suitable 

soon turned out 

mitters and home 

tubes are one of the major problems. 
The two most important characteris- 

tics of tubes used in home receivers are 

amplification and noise generated within 
the tube. For transmitting amplifiers 

the two most important characteristics 

are amplification and power output. 

These statements sound — innocent 

enough until you realize that the higher 
you go in frequency the more ampli- 

fication drops off and the more the 

noise increases. And because UHF-TY 

operates at quite a higher frequency 

GENERAL ELECTRIC REVIEW 
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KLYSTRON TUBE SOLVES MANY UHF TRANSMISSION PROBLEMS. 

than VHE-TV, the troubles 

ready begun. Noise shows up on your 
picture tube as “snow’—a_ primary 
limitation of the useful range of tele- 
vision service. (Because of the im- 
portance of noise, you'll find a short 

discussion on page 15.) 

Using VHF tubes in UHF equipment 
wont solve the problem; they just 

aren't practical at the higher frequen- 
cies, For one thing, the length of leads 

going from the base to the elements of 

the tube causes uncontrollable feedback 

that lowers the gain and increases the 

noise of the amplifier. Another factor 

is that the socket, plus the leads from 

the base of the tube to the tube elements, 

becomes an appreciable part of the am- 

plifier circuit. This makes it difficult to 

design an efficient circuit. 

Transmitting tubes present special 

problems. In the type of tube used at 

the lower (VHF) frequencies, the prin- 

ciple of density modulation is used. In 

short, the signal voltage is applied be- 
tween two elements of the tube: the 

control grid and the cathode. This signal 

voltage will density modulate the elec- 

between the tron streams that flow 

cathode and anode of the tube. But as 

the transit time of the electrons 

you boost the frequeney to 

levels, 

between the tube elements becomes com- 

parable to the period of the signal 

(equal to one over the signal frequency), 

the amplification starts to decrease, and 

the noise begins to increase. To over- 

effect, the elements are come this 

have al- brought closer together. But this de- 

creases the amount of power the tube is 

capable of dissipating, which in’ turn 
lowers the amount of power the amplifier 

is capable of amplifying. (To give you 

an idea of the manufacturing problems, 
picture the difficulties of spacing the 

minute elements of a tube 0.001 inch 

apart under the speeds of today’s 

production lines.) 

The solution to the problems of UHF 

transmitting klystron, 
(photo, left) a tube that actually util- 

izes the transit 

tubes is” the 

time of the electrons. 

It was developed by Varian Associates 

under a GE-sponsored program. 
Although excellent as a transmitting 

tube, the klystron is too noisy to. be 

used in a receiver. So far, the most sue- 

cessful type of tube used ina { HE re- 

dise-sealed triode ceiver is a planat 

(photo, opposite page), a tube where 

all the elements— grid, cathode, and 
anode—are in parallel planes. The 

“dise”’ refers to the flat, round piece of 

Close 

spacing can be tolerated in a receiving 

metal that supports the grid. 

tube because the amount of power to be 

dissipated is small. At present, however, 

the difficulty in constructing these tubes 

results in prohibitive cost for use in 

home receivers 

As a compromise, erystal diodes 

(photo, opposite page) are used in 

UHF sets. During the last few vears 

their quality has been vastly improved 

and their cost decreased. Thus the erys- 

tal diode today is the most practical 

~ 

LUMPED 
Me aate |) PARAMETERS 

> DISTRIBUTED 
PARAMETER 

PARAMETERS ALLOW CIRCUITS TO BE TUNED OVER ENTIRE VHF-UHF RANGE. 

method of obtaining good noise per- 

formance in a tuner, There’s no doubt 

that the TV tuner of the future will use 

the same complement of tubes for both 
VHF and UHF and that the type of tube 

will probably be of the planar dise- 

sealed variety. 

... and Circuits 

Another major difficulty confronting 
the engineer in the UHF region is the 
development of an efficient circuit that 

will tune over the entire range. For 
VHF, lumped constant parameters are 

UH, dis- 
tributed cireuits are called for (photo, 

used in the circuit; for 

right). This is necessary beeause the 

circuit’ elements that are. satisfactory 

at the 

change their characteristics as the fre- 

lower frequencies — radically 

quency is increased. To confuse the 

matter even further, the lumped param- 

eters may no longer be lumped but dis- 

tributed. 

As the frequeney is increased, you 

also pel increased energy losses due lo 

losses in the internal com- 

heat 

These losses 

increased 

ponents--usually in the form of 

and also radiation losses. 

not onlv lower the gain but also de- 

crease the selectivity of the receiver. 

And the latter can lead to serious inter- 

ference from undesired signals, 
From all this you ean recognize that 

many of the circuit techniques used at 

VHF are not satisfactory at UHF, and 

the circuit: problems at UHF are far 

more difficult than at VHF. 

13 
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ELECTROMAGNETIC WAVES RADIATED FROM A TV TRANSMITTING ANTENNA MAY REACH THE RECEIVING ANTENNA BY SEVERAL PATHS. 

theoretical circuit an- Also, 

alysis is dificult, if not impossible, at 

| Hk lack of knowledge of 

the actual components and the circuit. 

accurate 

because of 

The Connecting Link 

radiated from a transmitting 

the 

paths 

nergy 

antenna may reach receiving an- 

tenna by several (illustration, 

above)... 

esky 

ionosphere, 

the 

earth’s 

waves reflected) from 

the of the 

atmosphere about 60 to 185 miles above 

are 

evig region 

earth, 

reflected 

region of the 

Waves 

from the the 

atmosphere within seven miles of the 

e Tropospheric are 

troposphere, 

earth’s surface. 

e Ground waves propagate 
They 

into a space wave and a surface wave. 

The of both a 

direct travels directly 

the and the 

vround-reflected received 

energy 

over all other paths. are divided 

wave consists 

that 

to the 

ray 

space 

wave from 

receiver 

that ts 

after being reflected from the surface of 

the earth, 

The 

earth's 

transmitter 

surface wave is guided along the 
to the 

wave is) guided 

transmission The in the 

will absorb the of the 

surface thus the quality of the 

is directly afleeted by the 

of the 

surtace similar way an 

electromagnetic by a 

line, losses 

ground energy 

wave; 

wave charac- 

teristics earth along which it 

travels, 

The the 

means of propagation of energy for the 

500 to L500 

coverage is ob- 

surface wave ts primary 

standard broadcast waves 

kiloey cles. Secondary 

14 

which Is the sky of 

strictly lower quality because it always 

tained by wave, 

fades in intensity. 

30 

moderate and long-distance 
In the frequeney range of L!o to 

megacycles, 

communication is accomplished by the 

sky wave: the reflects the 

sky wave back to earth to the receiving 

point. The 

under such conditions will directly de- 

transmitted frequency 

ionosphere 

propagation characteristics 

pend upon the 

and the conditions in the ionosphere, 

\t frequencies above 60° megacve les 

the beginning of the television spee- 
waves are never refracted 

back to earth the 

(Only under special conditions 
30 to 60 

megacycles be returned to the earth.) 

trum or 

reflected 

sphere. 

by 1ono- 

will waves in the range from 

Thus for frequencies above 60 mega- 

eyeles, Communication is obtained by 

means of the ground wave. Points well 
below the line of sight may also receive 
energy from tropospheric reflections. 

However, this type of transmission is 

dependent on the electrical characteris- 

tics of the atmosphere, and therefore it 

reliable 

line of sight, 

From this it is apparent that electro- 

waves in the TV bands behave 

very much like light Any ob- 
stacle in the path of the wave will reflect 

is not as as reception within 

magnetic 

Waves, 

remaining 

light 

moun- 

a portion and transmit the 

vortion of the wave much like a | 
striking Buildings, 
trees, other 

water. 

tains, and 
thereby reflect and transmit the 

the amount of waves depending on the 

wave 

obstacles will 

waves, 

obstacle. This further complicates trans- 

GE 

This situation is not unusual for 

mission because the resultant wave now 

consists not only of the direct and earth- 

reflected but of the 

reflected by or transmitted through ob- 

the The 

results of such erratic reflections cause 

the the 

picture, behind one 

of these 

ray also rays 

stacles in transmission path. 

familiar ghosts in television 
If the receiver is 

obstacles the 

shadow areas. the signal strength 

be Many 

better reception in these areas from a 

that is reflected from a 

rather than the 

present, it 

in so-called 

may 

limes vou can unusable. vel 

signal nearby 
building from direct 

signal. If several signals are 

Is important to select one to the exelu- 

sion of the others so that vhosts can be 

eliminated, Directional 

necessary under such circumstances. 

antennas are 

The reception under these conditions 

the fre- 

quency increases, For example, an 

will become more critical as 

an- 

tenna was adjusted for best reception 

on the roof of a house near a group of 
trees. This was done in the spring when 
the full of leaves. When the 

trees lost the fall, the 

field radically 

that 

trees were 

their 

conditions 

the 

leaves in 

changed 

had 

st) 

he relocated. 

UHF 

Thus mountainous terrain or 

better VHF 

transmission. 

noted that the 

received 

antenna 

reception, 

large cities are served by 

than UHF 

It should also be 

tance at which a signal can be 

dis- 

beyond the line of sight decreases with 

an increase in frequency (illustration, 

16). Also, the in- 

the field) strength 
function of the 

page as frequency 

creases, becomes a 

critical distance from 

NERAL ELECTRIC REVIEW 



NOISE... 
The two sources of noise in a receiver are the noise present in 

the space surrounding the antenna and that generated in the 
receiver, The space, or antenna, noise includes atmospheric, 

cosmic, man-made, and thermal noise. Thermal, tube, and cosmic 

noise are the fundamental types present in radio equipment be 

cause of the atomicity of matter and electricity. Completely with 

out regularity. it is called random noise. 

Atmospheric noise, main contribution to antenna noise below 

20 megacycles. is produced entirely by radiation from lightning 

discharges. 

Between 15 and 30 megaeyeles. cosmic noise may be the main 

contribution to receiver noise. There is considerable speculation 

regarding the source of cosmic noise. Experimental data show 

that the center of cosmic notse production is in the direction of 

the center of our Galaxy, or the Milky Way. Cosmic noise has a 

continuous spectrum and displays all of the characteristics of 

random noise. 

Man-made noise, which originates from certain electric equip 

ment in the neighborhood of the radio receiver, may be an im- 

portant part of antenna noise even up to the ultrahigh fre 

quencies. The radio frequencies of this noise arise from the tran 

sient effect produced in the equipment by the making and break 

ing of a current. Equipment noise may be transmitted to the 

receiver by direct radiation, by conduction through the power 

cables to the vicinity of the receiving antenna, or sometimes a 

combination of both these methods. 

The thermal motion of charged particles in space is equivalent 

to random current impulses—the sources of random radiation 

field that is the thermal noise in space. 

Above 50 megaeyeles the main sources of noise present in a 

receiver originate there. The receiver noise will include both the 

random noise generated in electron tubes and the thermal noise 

venerated in the circuits. The antenna noise will mainly consist 
of the thermal noise in’ space surrounding the antenna and 

possibly man-made noise. In 1928 Johnson showed that the 

currents caused by the thermal motion of the conduction eles 

trons in a resistor can be detected as noise. According to the 

theory of metallic conduction, any metal has a large number of 

free electrons moving about in it. When there is no applied volt 
age, the velocity of the electrons is due to the collisions with the 

atoms of the metal. The motion of the free electrons are thermal 

in nature. The eleetronic flights between the collisions are, on 

the average. equivalent to current impulses. Thus the thermal 

motion of the free electrons will cause random or fluctuation 

currents, 

In 1918 Schottky showed that the electron current emitted 
from a hot cathode of an electron tube is in the form of discrete 

charged particles. Thus the emission current is never steady but 

exhibits minute fluctuations due to the finite charge of an electron 

in combination with its random fluctuations. The random 

fluctuations arise from the randomness of the electron velocities 

or energies in the cathode material. Because these energies are 

random, the number of electrons leaving the cathode will 
fluctuate in a random manner. The fluctuation noise created by 

the electrons in the tube current reminded Schottky of the noise 

caused by a hail of shot striking a target, so he called the phenom 

enon “shot effeet.” 

As the radio signals applied to electron tubes increased in fre- 

quency, the tubes not only showed an increased loading at the 

higher frequencies that will cause a decrease in’ amplification 

but also—and more important--showed a noise increase. In 

1941 Bakker and, independently, North and Ferris, discovered 

the reason for the increase and called it induced grid noise. This 
type of noise increases as the transit time of the electrons between 

the input electrodes becomes comparable to the period of the 

applied signal. Hence induced grid noise can be decreased by de- 
creasing the effective spacing between the tube electrodes, which 

will decrease the effective transit time of the electrons, 

The noise factor is a direct measure of the degradation of the 

antenna signal-to-noise ratio as the signal passes through a 

noisy system. Because the system will add noise, the signal-to- 
noise ratio at the output of the system will be less than the 

signal-to-noise ratio at the antenna. The noise factor, or noise 

figure, is the ratio of the antenna signal-to-noise ratio to the 

system output signal-to-noise ratio. The noise in the system will 

show as snow in the picture, The noise figure of the receiver ts 
one of the primary limitations of the useful range of television 

service, 

The picture quality will be a function of the signal-to-noise 

ratio applied to the pieture tube. This signal-to-noise ratio will 

depend upon the antenna signal-to-noise ratio and the noise 

factor of the receiver. A directional antenna will improve the 

antenna signal-to-noise ratio because the signal field) will be 

directional while the noise field will be non-direetional. On the 

other hand. transmission line loss will degrade the signal-to-noise 

ratio existing at the terminals of the receiver. 

\ signal-to-noise ratio of 5 to | is about the minimum signal- 

to-noise ratio considered acceptable for viewing a picture over an 

extended period of time. A signal-to-noise of 30 to | will give a 

practically noise-free picture, 

the transmitter. Propagation is far less 

critical for VHF 50 to 200 megacyeles 

than for UHF 500 to 1000 megacycles. 

lo help solve the transmission. prob- 

lems at UHF, the FCC permits an in- 

crease in the effective radiated trans- 

mitted power with an inerease in fre- 

quency, At the present time it is possible 

for VHF stations to generate the maxi- 
mum power allowed by the FCC. It’s a 

different story at UHEF beeause only 
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about one half the maximum permitted 

radiated power can be transmitted with 

present UHF tubes. The expectation is 

that the next few years will see new 

UHF transmitting tubes developed that 
will be capable of transmitting the maxi- 

mum allowable power, 

Antennas 

The quality of the picture on your 

I'V set is dependent to a large degree 

on your antenna (photo, left, page 

16). 
At UH, transmitted power becomes 

more difficult to generate, the trans- 
mission losses become more severe, and 
the ability of the receiver to amplify at 
these higher frequencies is much poorer. 
Thus the antenna must be more sensi- 

tive, and its location becomes more im- 

portant as the frequency increases. 

Because the wave length is much smaller 
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UHF RECEIVING ANTENNA determines to a great extent the quality 

of a TV picture by selecting the best signal and rejecting all others. 

FIELD INTENSITY 

LINE OF SIGHT 

1000 300 100 50 

DISTANCE FROM TRANSMITTER (MEGACYCLES) 

DISTANCE at which a signal can be received beyond the line of sight decreases with an in- 

crease in frequency. 

at UHF, the effeet of such things as 

buildings, hills, 
foliage on the signal strength is much 

water towers, and 

more critical, 

Ghosts are produced on your sereen 

when more than one signal is received 
by the antenna. These signals, traveling 

out of along different paths, will be 

time phase with respect to each other. 

Thus the reproduced signals on the 

16 

Also, field strength becomes a critical funetion of the distance. 

screen will show as a suecession. of 

images. (Sometimes you can get a 
stronger signal by picking up a reflected 
signal rather than a direct signal.) A 
good antenna will be able to select the 

hest signal and likewise be able to reject 
all others. 

Because of these difficulties, a more 
elaborate and costly antenna system is 
needed at UHF than at VHF. 

GENERAL ELECTRIC REVIEW 
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ECONOMICAL TRANSMISSION LINE is flat twin lead. Wet losses 
are less with tubular lead. Cost of shielded coaxial cable is high. 

Transmission Lines 

The transmission line joins the an- 
tenna and the receiver. The most com- 

the 300-ohm lead 

(photo, right) because it is economical 

mon type is twin 

and its losses when dry are low. But, 

here again, as the frequency increases, 

the losses in the line increase especial- 

ly when the line is wet and losses may 

rise as much as LO times. 

A new type of line known as the 300- 

lead is somewhat tubular twin 

better in’ this respect, Its losses only 

ohm 

double when the line is wet because a 

large part of the electromagnetic field 
exists inside the tubular line rather than 

outside as in the flat type. Most of the 

field is thus protected from the elements. 

Shielded 

fected by weather, but their cost is high 

coaxial cables are not. af- 

and their losses for dry conditions are 

greater than for the 300-ohm line. 

The Engineer's Plight 

You can readily see that the problems 

confronting the television engineer are 
more numerous and more difficult at 

UHF than VHF. But there were many 
difficult problems facing the engineer at 
VHF only a few years ago. These were 

solved and so will the many UHF prob- 

lems be solved. The FCC allocation plan 

to provide television service, in so far 

as possible, to all the people in’ the 

United States will become a reality in 

the near future. Q 
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Observations by Industry on... 

Educating the Technical Graduate 

Industry has many processes whereby 
the finished product of one plant  be- 
comes the source material for another. 
The education and specialized training 
given the engineer during his college 
years become the material utilized by 
society for an important part of our 

way of life. Unlike the products of 
industry. however, the output of the 
college is a human being with countless 
combinations of abilities, training, and 
personal characteristics besides his back- 

ground aptitude and intelligence level. 
Because these characteristics appear in 
endless variations, this subject never 

loses its interest——or the possibility of 

improvement, 

My work takes me to many a college 
campus and among many of the best 
educators in the field of engineering. 
Often the subject turns to the way engi- 

neering students are being prepared by 
the colleges to meet the requirements of 

industry or whatever career the gradu- 
Both college and industry 

recognize that men are being trained to 
ate selects. 

have many choices for the way they can 
serve society. Like a great hotel, there 
are countless doors that can be opened. 

Some lead to spacious quarters or exten- 

suites, sive some to narrow confining 
rooms, and some are simply service 

rooms or broom closets. W hat keys are 

needed for all these rooms? Some say 

it is best to have a separate key for each 

room and apartment. Others argue that 
more flexibility results if the hotel had 

more passkeys to open the doors of 

whole floors at once. 

It is the business of the engineering 
educator. together with the counsel of 

industry. to the best 

system of keys for If asked, 

they would probably start by wanting to 
know what it is that you are trying to do 
with vour In a hotel 

the plan of one key fitting a specific door 

has considerable merit for the guests. 
When education is the key and industry 

the multiplicity of doors, the idea of a 

key for many different doors and oppor- 

tunities begins to appeal. Suppose we 

those in study 

our era. 

key s and rooms, 

speculate on a few of the factors, aside 
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from specific curriculum subjects, that 
might profitably convert the single-room 
key to the more general passkey. 

Better Prepared Graduates 

If the question were asked “Can the 

engineer be better prepared for indus- 

try?” the answer would be “Yes, he 

can.” If we 

industry would like him to have, this 

might well include a basic four-year 

list the preparation that 

engineering course topped off by gradu- 
ate work in a specific field, plus the 
physics or math of a doctorate super- 

imposed on a liberal-arts background 
with a survey of economics added. Such 
qualifications may be deduced from the 
specifications to fill certain jobs. But 

several things are wrong: Either the 
average student would suffer privation 

before he financed all that or industry 
would hesitate to pay the asking price. 
A more practical solution is required. 

the “Are 
graduates necessarily poorly prepared?” 

Suppose question were 

The answer is “No” because industry 

makes good use of them right now, and 

most graduates do astonishingly well. 
This is a tribute to the educators who 

have given their lives to this problem 
over the vears. 

Such are the extremes. Between them 

we can find many variations. Some col- 

lege programs are almost standardized in 
pattern, with only minor departures, 
Others in stages between planning and 

practicing are raising serious questions 

concerning the established approach. 

And they are asking if the time has not 
come for a more general reappraisal and, 

presumably, some fundamental changes. 
These remarks are not to be inter- 

preted as our entering the arena reserved 

for the professional educator: he is much 

With more than 30 vears of experience 

with General Electric, Mr. Hill is nou 

Vanager of Technical Recruiting Seri 

Ices, knginee ring’ Services Division. MM he 

nectady. A vice president of AIFE, he is 

associated with many technical and pro 

fessional activities 

better qualified to judge how a given 
educational end can be achieved. How- 

ever, individual opinions from industry 

can safely suggest a few avenues that 
can supplement the literal following of 
the prescribed professional courses of 

study. The student may then recognize 
these viewpoints as signposts to help 

him in the critical years as he begins his 

lifework . 

Opinions from Industry 

Most science and engineering gradu- 
ates find their first’ positions through 

the mechanism of college recruiting, 
with all its assorted variations. Industry 
interprets its needs through these re- 
cruiting representatives. Their opinions 
are not final, but they can suggest some 

aside from any special 
takes as its 

of the factors 

curriculum— that 

beliefs of the moment. 

Take the matter of liberal arts courses 

industry 

in conjunction with a professional 
course, such as some field of engineer- 
ing or science. Industry knows that a 
four- or even five-year Course prevents 

full treatment of the subject matter of a 
specialty, much less any extensive 
liberal arts training. 
then made by the 
Klectrie’s view is that the undergraduate 

should be led if possible, and prodded 

Compromises are 

college. General 

if need be, on a course that gives him a 

reasonably firm foundation in the tech- 
field is obtaining his 

degree. Application can be sacrificed in 
favor of Next, we urge 

that space be found to introduce some 

nical where he 

fundamentals. 

cultural subject matter to the end that 

the graduate comes out of school with 
some of the rough edges smoothed off. 

This has a threefold) objective: The 

graduate will have some understanding 
of the meaning of his work in relation 

to select. the some power 
' 

to society: 

main issues of the day; and a realization 

of the influence that he can exert by 

the wise use of his knowledge, ability. 

and judgment. 
President Griswold) of Yale 

stated the basic purpose of liberal arts 

well 

when he recently wrote, “It is to awaken 
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and develop the intellectual and spiritual 

the individual before he 

enters upon his chosen career so that he 

powers in 

may bring to that career the greatest 
possible assets of intelligence, judgment, 
and character.” It is desirable that tech- 
nical graduates be exposed to the im- 
portant cultural and thinking processes 
normally associated with the liberal-arts 

“ured, 

Actually this is now being done to a 
vreater degree than is being indicated 

When alert to 

broader are de- 

here, professors are 

these horizons and 
veloped in cultural as well as technical 
fields. then some of this is caught by 
their students, often without their being 

aware of what is taking place. Through 
various college-living systems students 

When en- 

scrences, 

are uniquely associated, 

vineering, liberal arts, social 
and scientific undergraduates live, talk, 

and discuss together, some of the at- 

litudes of one group develop in the other 

through osmosis and inspiration. 

Specialization 

Society needs to encourage its best 

minds to take advantage of additional 

training where this will help to expand 
the radius of knowledge or contribute 
to human welfare. 

For those with the financial means, 
intellectual the 

yraduate schools provide one mecha- 

capacity, and time, 

nism for advanced specialization. The 

alternate is) to industrial em- 

ployment in an area where advanced 

work is available, thereby working and 

learning simultaneously. Many metro- 
the 

accept 

volitan locations and some of } 
larger industrial firms provide this. 

The College Graduate as a Person 

For the purposes of these observa- 

tions, let's assume that colleges are 

doing a capable academic job, and turn 
our attention to those aspects of educa- 

lion that are separate from the factual 

knowledge imparted. Here are a few 
that industry looks for 

expects in college 

characteristics 

and engineering 

yraduates .. . 

fdaptability 

of organization 

Varieties With all the 

structures, products, 

and personalities in’ the industrial 

world, one of the pxreatest assets for a 

man ois the characteristic of adapting 

himself to any reasonable environment 

in which he finds himself. This does 

not mean sacrificing his long-range ob- 
jectives or giving his individual 
personality but, rather, trying to under- 

stand the new situation and promoting 
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suggested changes gradually and diplo- 
matically. In other words, the student 

should be persuaded to avoid precon- 

ceived ideas about his postcollege 

future so that he won't be upset by any 
deviations. 

Enthusiasm —Placement — authorities 

know that industry recruiters look for 

signs of keen interest in the future jobs 

an easily detected quality. The only 

problem is that of determining sin- 
cerity. Here the college influence is 
often clearly visible. An inspiring pro- 

fessor, a that has 

stimulated the appetite for world prob- 

lems, or zest for living fully, all con- 
tribute to this attitude. Cultivation 

of these in the student should be an 

the dedicated 

college program 

automatic process — of 

professor. 

l sing Knou ledge Industry expects 

the graduate to be conditioned to meet 

new problems and to reason his way to 
sound conclusions. This means that he 
should know how to investigate research 
to find pertinent facts, select and or- 
ganize them for study, and then use that 
too-little-employed effort called thinking 

to come up with a decision, conclusion, 
or reasoned cause of action. 

It is of no use to argue the old ques- 
tion of whether the rigors of a scientific 
training, study of Latin, 
logic, or mathematics will guarantee 
this ability to a greater or lesser degree. 
Industry merely asks that something 
in his sehooling add to his mental 

theories of 

stature, not take away or stifle it. 

fttitude Toward People—The places 

in life where the individual ean turn 

his back on people and. still make a 

living are fewer each year. Industry is 
almost synonymous with some measure 
of co-operation, Many of our college 

laboratories provide excellent fields for 

developing this trait, as do extracur- 

ricular activities. A willingness to go 
more than half way in understanding 
others is an important asset. A person- 

ality that attracts, not repels, others can 

serve as one of the great cornerstones 

ofa successful life. 

Working Habits —We 

well-trained people who have never 

done much with their gifts and oppor- 

tunities. Modern youth, like all the pre- 
ceding generations, needs to learn the 

have all seen 

necessity of doing a job well and of 

completing as well as initiating  pro- 

grams. Many college courses insist on 
Those re- discipline and exactness. 

membered with gratitude are often the 
ones where hard tasks were undertaken, 
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and giving them up would have been the 
easiest but not the wisest course. Every 

therefore have 

least a 

should some 

with at 

student 

contact few rigorous 

teachers. 

Obstacles are always present. The 

practice of meeting them and somehow 
finding a solution is a basic condition of 
living. Fortunate is the graduate who 
has developed a pattern to meet reality, 

overcome its problems, and grow in the 
process. 

Understanding the Economics—Indus- 
try frequently encounters graduates who 
fail to realize the economic. relation- 

ship of their own efforts to the work of 

the world. What they do should in some 

way contribute to the store of knowl- 

edge, to production, to the training of 
others, or—in its broadest sense-—to 

the satisfaction of the lives of others. 

In the industrial company, this econom- 

ic measure is often identified as profit. 

Administrators ask, “Why can’t these 

graduates have some better understand- 
ing of our economic system?” Eeonom- 
ics classes are taught to almost every 

college student. Many are effective. Its 
up to ithe educators to see that more of 

them accomplish the maximum result 

in the time available. 

Summing It Up... 

What 

educators concerning the engineer and 

industry is sav to irying to 

the scientist is this... 

e Give us well-rounded men. 

e Cultivate habits of mind that will 

enable them to seek out unsolved prob- 

lems, to systematically explore, and 

where possible to add to useful know!- 

edge. 

e Give them basic tools in the form 

of fundamental knowledge for this task. 
but above all show them how to acquire 

more tools for themselves as they reach 

the limits of their past training. 

e Encourage qualities of initiative 
and responsibility. 

e Make them aware of the economic 

evaluation society will inevitably put 

on their contributions. 

€ Help them toward attitudes of co- 

operation with their associates in work 

and community because much of their 
lives will be spent in working with and 
for people. 

e Prepare them to better adjust to 
people, situations, and the changing 
complexities of our society. 

broad social e Foster alertness to 

trends and the implications these have 

to their field of work. Q 
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SUB-ZERO 
TREATMENT 

OF 
METALS 

By H. T. GREGG, JR. 

In the early stages of metallurgy, 
when the village blacksmith was the only 

heat the 
forge hammer were the only tools used 

practicing metallurgist, and 

to make metals conform to man’s wishes. 

But today methods 

metals into the implements of modern 

many transform 

living. One of the more unusual and 
recent developments in methods for con- 

trolling the behavior of metals is the use 
of sub-zero temperatures in such proe- 

Csses aS sub-zero assembling, control of 

age-hardening, cooling during machin- 
ing. stabilization of precision parts, and 

supplementary treatment in hardening 

steel. 

The first accounts of work done on the 

low-temperature treatment of metals 

dates back to the latter part of the 19th 

century. At that time most of the work 

was confined to a study of the property 

changes in metals that resulted from 
this treatment. Men such as Hopkinson 
of England, Osmond of France, and the 
Swedish Benedicks 

associated with this early history. More 

investigator were 

recently Johnson, Luerssen, and Green 

in America and Tammann and Scheil in 

Germany were concerned with changes 

that take place in various steels as a 

result of having been subjected to sub- 
Changes such as zero temperatures. 

increases in hardness, volume, and 

magnetic intensity plus greater stability 
were observed caused by a more com- 

LOW-TEMPERATURE TEST EQUIPMENT enables the author to control the behavior of 
metals in such processes as sub-zero assembling, control of age-hardening, cooling during 
machining, and stabilization of precision parts. Mr. Gregg. Supervisor of the Metallurgical 
Unit, Construction Materials Laboratory, Bridgeport, joined General Electric in 1950. 

plete transformation of austenite to 

martensite. Austenite is steels high- 
temperature phase that appears above 

1340 F; it is soft. 

magnetic, and denser than martensite. 

relatively non- 

The latter is produced upon quenching 
austenite to room temperature, is very 

hard and magnetic, and has a density 

less than that of austenite. This trans- 

formation from austenite to martensite 

But it’s 

practically impossible to transform 100 

enables steel to be hardened. 

percent of the austenite to martensite 

on quenching. Sub-zero treatment can 

transform the remaining austenite. 
Except for some stabilizing, shrink-fit 

assembling, and control of aluminum 
age-hardening, only in the last 15 to 20 

made of years has practical use been 

sub-zero treatments. 

Sub-zero Assembling Processes 

One of the earliest and most useful 

applications of sub-zero temperatures 

was in assembling metal parts, either by 

the expansion-fit or the expansion- and 

shrink-fit processes combined. 
Shrink-fit assembling involves heating 

the outside fitting and allowing it to 
shrink around the center plug, stud, or 
bushing —a procedure often impractical 
or even impossible because of damage 

caused by the necessary high tempera- 
ture. This is true of certain steels and 
most aluminum alloys. However, if the 

internal part is sub-cooled, heating of 
the external part is either eliminated o1 
reduced to a temperature that will not 

damage the part. 

This method of expansion-fit can fre- 
quently be used to replace hydraulic 
press equipment where a press-fit assem- 
bly is being made. Simply by cooling the 
internal part,an assembly that previously 
required tons of pressure can now be 
made by hand. Expansion-fitting also has 

distinct advantages over press-fitting. It 
can increase production and lower manu 
facturing costs as well as prevent un- 
necessary strains from being set up, and 
it avoids scoring of the mating surfaces. 

Here are a few of the many sub-zero 

assembling applications 
e Assembling cast-alloy valve seat 

rings in automobile cylinder blocks. 
e Placing an alloy-steel ring around 

coining or cold forging dies to prevent 

splitting. 
e Assembling case-hardened — ring 

gears without tempering the case. 
e Inserting steel ball-bearing races in 

a cast-iron housing. 
e Assembling thousands of bearings 

and bushings of all sizes and shapes. 
Low temperatures are also useful in 

removing certain assembled parts. With 
large bushings, for example, it’s possible 
to insert a tight-fitting cup-type con- 
tainer filled with a sub-zero-cooled con- 
vection fluid. Under favorable circum- 
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DIAMETER CONTRACTION OF A TWO-INCH DIAMETER CYLINDER WHEN 

COOLED FROM 70 F TO SUB-ZERO TEMPERATURES 

Rockwell Material 110 F 160 F — 320 F 
Hardness 

C63 High-speed steel 18-4-1 0.0022 0.0028 0.0039 

C64 High-speed steel 6-5-4-2 0.0021 0.0026 0.0040 

C65 High-speed steel 18-4-2+9 Co 0.0020 0.0026 0.0035 

C64 High-speed steel 5-4-4-4 0.0025 0.0032 0.0045 

C67 High-speed steel 4-5-4-1+4-12 Co 0.0020 0.0023 0.0031 

C66 Tool steel 1.10 C 0.0024 0.0028 0.0039 

C63 Tool steel 0.90 C 1.20 Mn 0.50 Cr 0.50 W 0.0023 0.0027 0.0040 

C66 Tool steel 0.50 C 0.90 Cr 1.25 W 0.0024 0.0029 0.0036 

C64 Tool steel 2.25 C 12.00 Cr 1.00 Mo 0.0025 0.0027 0.0040 

C58 Chrome vanadium steel (SAE61 50) 0.0026 0.0029 0.0044 

B86 Machine steel (SAE1020) 0.0023 0.0028 0.0044 

B85 Cast Iron 0.0022 0.0025 0.0037 

B82 Stainless steel (18-8) 0.0033 0.0041 0.0057 

B60 Brass (66-34) 0.0041 0.0046 0.0072 

F82 Copper 0.0036 0.0038 0.0062 

F78 Bronze (SAE660) 0.0038 0.0043 0.0065 

H64 Aluminum (25) 0.0043 0.0056 0.0062 

E98 Aluminum (24 St) 0.0031 0.0055 0.0080 

H79 Magnesium (M) 0.0051 0.0063 0.0094 

B78 Invar ‘36’ 0.0003 0.0005 0.0011 

C69 , Cast alloy 20 Co 8 W 7 Mo 5 Cr 

2V 0.7 C 0.7 B Bal. Fe 0.0018 0.0022 0.0029 

C58 Cast alloy 44 Co 17 W 33 Cr 2.25 C 2 Fe 0.0020 0.0025 0.0035 

Ag1 Carboloy (Grade 44A) 0.0003 0.0006 0.0015 

stances, including low enough tempera- 
tures, bushings and similar parts can be 

removed in this manner. 

The ‘Table gives an indication of the 

range of allowances for sub-zero assem- 
blies. These data were obtained by Gen- 

eral Eleetrie’s Construction Materials 

Laboratory, Bridgeport, by using test 

specimens two inches in diameter and 

one inch long with a three-eighths-inch 

center hole. Each specimen was cooled 

from 70 to — LIO F, — 160 Fy and —320 

I. Actual contraction of the two-inch 

diameter was measured while the test 

pieces were at the respective sub-zero 

temperatures, 

Control of Age-hardening 

The best-known and = probably the 

most important application of low tem- 

peratures is in the delay of age-hardening 
aluminum rivets. Heat-treated rivets of 

the I7S- or 24S-type aluminum alloys 

begin to age-harden almost immediately 

after quenching. To keep the rivets in a 
soft and satisfactory condition for driv- 

ing or upsetting, the age-hardening ac- 
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tion must be retarded by suitable cold 

storage. The 17S aluminum alloy begins 
to harden approximately one hour after 

quenching, and the 24S alloy. starts 

hardening after about 15 minutes. By 

storing these rivets at 32 F immediately 
after quenching, age-hardening can be 
delayed for about two days; but by using 

sub-zero temperatures of Loto —S5OF, 

this hardening action can be suspended 
for several weeks. 

Low-temperature retarding of age- 
hardening is also suitable for punched 
and formed parts made from 17S or 24S 

aluminum alloys. Parts made from these 

materials can be heat-treated after the 

blanking operation and stored at  sub- 

zero temperatures until ready for form- 

ing. This procedure is especially applica- 

ble to thin sections and intricate parts 

that can become distorted if heat- 

treated after forming. 

Cooling in the Machining Process 

Because the efficiency of a machine 
tool can be measured by its ability to 
resist wear, tool wear must be small in 

comparison to wear resistance for an 
efficient tool. This efficiency can be 
increased in many ways, but few are of 
any significance. For example, the im- 
provement gained by changing cutting 
conditions—such as speed, chip cross- 
section, or ratio—is limited. In addition, 
the machinability of materials cannot 
he considered because these are usually 
chosen for other properties they possess. 

The efficiency of a machine tool can be 
materially increased by the use of 
coolants because the high heat gener- 

ated at the cutting edge of a tool is a 
hig factor in lowering wear resistance. 

High-speed steel cutters often attain 
temperatures of L100 to 1200 F at the 

cutting edge. These temperatures often 
cause a welding action between chip and 
tool as well as a softening of the cutting 
edge, resulting in excessive tool wear, 

poor finish, and loss of production. A 
coolant can reduce these temperatures 
considerably but frequently will become 
heated itself to 150 to 160 F, thereby 

losing its value to a great extent and 
requiring cooling. This is accomplished 
by passing the coolant through a refrig- 
erated coil. When extreme accuracy is 
needed, it is sufficient to keep the coolant 

at a constant temperature of about 70 F. 
Longer tool life can be attained by using 
a coolant at sub-zero temperatures, 

We recently investigated the use of 
low temperatures for cooling cutting 

tools during operation. The results were 
excellent. In one test, tool life of small 

Carboloy (Reg. trade-mark of General 

Electric Company) milling cutters was 
increased more than 400° percent by 
applying a sub-zero-cooled compressed 
air stream on the cutter edge during the 
milling operation. This procedure not 
only increased the cutter life but also 
made a smoother finish possible. 

Further, a sub-zero air coolant makes 
possible the use of cutters that are sue- 
cessfully made from a tool steel having 
low “red hardness.” such as tungsten 
finishing steel. Under this coolant, tools 
made from such steels can be run at 
much higher speeds than normal with- 
out danger of tempering or reducing the 

hardness. 

Stabilization of Precision Parts 

Before sub-zero temperatures were 

readily available, machine-tool castings 
were often stabilized by subjecting them 
to outdoor weather conditions for sev- 

eral seasons. Exposure to zero or sub- 

zero temperatures, plus summer temper- 

ing. was sometimes sufficient to produce 

the required degree of dimensional sta- 
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bility. With 
producing sub-zero temperatures today, 

the means for readily 

much greater stability can be achieved 
in a matter of a few hours. 

Prior to the use of cold treatments, 
the Bureau of Standards required six 
years of natural aging before certain 
precision gages could be certified as 
stable. This requirement has long since 
been changed because of employment of 
sub-zero temperatures in the stabilizing 
process, 

An example of the need for sub-zero 

temperatures where a high degree of 
stability is required is a set of plug 
gages that had worn undersize on one 
end and had actually 
on the opposite end. A — 160 I cold 

increased in size 

treatment for 5 to 15 hours increased 

the size of several of the gages from 
0.0005 to 0.0008 of an inch per inch of 

diameter. Also, hardness increased two 

to three points on the Rockwell C scale. 

It is interesting to note that these were 
pre-World War | gages aged at room 
temperature for than 30 

before being subjected to this cold 

more years 

treatment. 

It has been well established that the 

progressive dimensional changes in 
hardened steel result from a gradual 
transformation of retained austenite to 

This transformation 

causes a volume increase in the steel and 

martensite. slow 

continues to do so until all of the austen- 

ite has been changed. Of course, a 
series of long tempers at elevated tem- 

peratures will transform a large per- 
centage of this austenite but at the same 

time will lower the hardness of the steel. 

In applications such as precision gages, 

high hardness, as well as dimensional 
stability, is required, thus making im- 
perative the use of sub-zero tempera- 

tures for stabilization. 

4 1944 Massachusetts 

Technology research report states that 
virtually complete transformation of re- 

tained austenite can be accomplished by 

cooling to —250 F, 

zero treatment is applied immediately 

proy ided the sub- 

after quenching. However, for most 
applications—including all types — of 

and precision gage blocks—a 
sub-zero treatments of about 

gages 
series of 

— 150 F is adequate to give satisfactory 

stability. Gage blocks have heen stabi- 

lized to within 0.000002 of an inch by 

cooling them from room temperature to 

120 F five or six times during the final 
finishing operation. Each sub-zero eyele 
is usually followed by a low-temperature 

draw—low enough to maintain a hard- 

ness of Rockwell C65 in the block. 
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Such a high degree of stability is not 
necessary for ordinary gages and ma- 
chine parts. Thus one or possibly two 

cycles of sub-zero treatment followed by 
a low-temperature draw is sufficient for 
most of these applications. 

Supplementary Treatment 

One of the more recent low-tempera- 

ture applications is the use of sub-zero 

temperature treatments as a supplement 

to standard heat-treating procedures. All 

steels retain a certain amount of un- 

transformed austenite after cooling or 

quenching to room temperature, the 

higher alloyed steels being the worst 

offenders. With proper heat-treatment 
the percentage of austenite can be held 

at a minimum but never completely 

transformed to martensite. If the quench 

from the hardening temperature is not 
stopped at room temperature but is con- 

tinued down to sub-zero temperatures, 

breaks 

down into martensite as cooling con- 
tinues down to approximately 120 F. 

At this the amount. of 

austenite remaining untransformed is 

progressively more austenite 

temperature 

negligible, and temperatures as low as 
—317 F 

effect. 

The this 

austenite into martensite are increases 

of both This 

means that a tool or die that has been 

improperly heat-treated and has shrunk 

(liquid air) have no further 

results of conversion of 

volume and hardness. 

when quenched can often be salvaged 

treatment. It 

and 

also 

the 

will 

thus 

by sub-zero 

the 

wear resistance. 

increase hardness 

If sueh a hardness increase is ob- 

tained, it is imperative that the freshly 

formed martensite be tempered before 

grinding or using the steel. After the 

majority of the 

transformed and the newly formed mar- 

retained austenite is 

ltensite tempered, the steel will usually 

exhibit little or no tendeney to develop 

grinding cracks on subsequent grinding 
operations. One possible explanation is 

that under heat austenite expands about 
50 percent more than martensite. When 

large quantities of austenite are present 

ina hardened steel, the heat generated 
by the grinding wheel will set up stresses 

that are higher and less uniform than 

they would be in a part consisting of all 
martensite because of the greater ex- 

pansion under heat of the austenite- 

martensite mixture. The heat and stress 

that set up also transform a portion of 

the austenite to martensite which in 

turn sets up additional stress. The com- 
bination of these stresses often exeeeds 

A 

the tensile strength of the steel, causing 
minute grinding cracks. 

The air-hardening 
have a high hardenability and often 
exhibit a tendency to remain in the 
austenitic condition after hardening. 
Thus these steels respond effectively to 
sub-zero treatment. For example, the 
hardness of a small sample of air- 
hardening steel of the | percent carbon, 
5 percent chromium variety in- 
creased 18 points on the Rockwell C 
scale by cooling it to —150 F for 3 

minutes after it had been overheated in 
hardening. Of course, this does not 

so-called steels 

was 

usually oceur in practice, but it does 
show the rapid response of this steel to 

sub-zero temperatures. 
Except for carburized steels, the oil 

and water hardening varieties are little 

aflected by low-temperature treatments, 

Ball-bearing steels, such as the SAE- 
52100 type, exhibit a tendency to re- 
main austenitic after ordinary hardening 
and tempering. This results in’ low 
hardness and instability, 

two conditions that cannot be tolerated 
in this application. However, a sub-zero 

treatment of ~—150 F after the first 

temper usually increases the hardness 

dimensional 

of this steel several points. In the bear- 
ing this 
rather extensively 

used 

the 

exacting hardness and dimensional re- 

industry treatment. is 

today to meet 

quirements. 

li might seem at first glance that sub- 
zero temperature treatments can be used 

as a cure-all in the toolroom. This is far 

from correct, however. For in the final 

analysis the most important use of low 

temperatures as a supplement to heat- 

treatment at present is in salvaging high- 
alloy that have 

received an improper heat-treatment, 

steel tools and = dies 

The use of sub-zero temperatures in 

the processing and control of metals, in 

spite of its many uses, in large measure 

still remains “an unknown quantity.” 

Of course there is little or no question 

concerning the merits of the use of low 

temperatures in assembling processes, 

control of age-hardening, or even in the 

machining process. The application of 
sub-zero temperatures to the heat-treat- 

ment of steels, however, remains a 

controversial issue. Some say it has no 

useful place in the heat-treatment of 

steels; others specify it as standard pro- 

cedure. With the availability of practical 

low-temperature equip- 

ment, it is believed that the use of sub- 

refrigeration 

zero temperatures in metallurgical opera- 
tions will expand and become more ani] 

more accepted, Q 
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IN 13 ACRES OF MANUFACTURING SPACE, 2249 FEET OF CONVEYORS HELP CUT IN-PLANT HANDLING, SHORTEN PRODUCTION CYCLES AS... 

New Plant Mass-Produces Power Transformers 
Review STAFF REPORT 

On an abandoned airport in the red 

clay and serub-pine country of north- 

wesl Georgia, three miles from the city 

of Rome, a new plant is turning out 

medium transformers on highly mech- 

anized production lines. 

In the past, power transformers in 

tiat range —SOL to 10,000 kva, 69 ky 

ave been built on a more or less in- 

dividual basis. Parts were handled and 

rehandled many times from building to 

building as the work progressed. In the 

new plant, coils and cores start at one 

end of the conveyorized assembly line: 

the finished transformer rolls off the 

other end. 

Planners for the new 

given wide latitude: they first laid out 
their manufacturing lines in’ three-di- 

without regard for 

facilities were 

mensional models 

the shape or size of any of the areas in- 

volved. After the 

fitted together, the architects were called 

many sections were 

22 

in and literally told to “design some 

buildings to enclose these production 

lines.’ Cost: 

Rome not only is in the booming 
Southeast but the 

geographical center of medium-trans- 

$25 million. 

also is. close to 

former business. The labor supply is 

adequate; about 1700 will be employed 

with an annual payroll of more than 

$6 million being funneled into the area. 
Seventy-five supervisory personnel were 

brought from GE's transformer head- 

quarters in Pittsfield, Mass. “The hous- 

ing is first rate, and the community is 

doing everything possible to make us 

happy. 

told the Review. 
A story is related about a new citizen 

who was working on his lawn one quiet 
After awhile he be- 

a recently transplanted Yankee 

Sunday morning. 
came aware that he was the only one 

around. All were in 

The 
his neighbors 

church. next Sunday Ais entire 

family was in church, and soon after 
he began teaching a Sunday school 
class. 

Wide the 

electric utilities of standardized units 
these are known as RM_ (Repetitive 
Manufacture) had a lot 
to do with making the new plant pos- 
sible. “Seven years ago we didn’t have 

acceptance — by nation’s 

transformers 

enough of this type of business to even 
think about such operations.” D. B. 
Lawton, the plant's manager. told a 

Review editor. “Today about 63 per- 
cent of our output is in the RM range. 
We're betting on standards.” 

These factors will help the electric 

utilities in more ways than one: they 
can get standard units about four to six 
weeks quicker, and they can save up to 
eight percent of the cost of specials. 

For some production highlights of the 
new plant, follow photographer George 
Burns on the next five pages . . . 

sENERAL ELECTRIC REVIEW 
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SEY MATERIA PRODUCTION FLOW AT ROME TRANSFORMER PLANT 

PARTS SHOP 
AND TANK SHOP 

TANK 
FABRICATION PAINTING 

| CORES AND COILS _— 
OO as coe. oS SEED ASSEMBLED cm TESTING fea) SHIPPING =» 

INTO TANKS crit 

OFFICE BUILDING 

STRAIGHT-LINE PRODUCTION SPEEDS OUTPUT. 

COILS are wound on special machines (left) 
fed by reels nearby. Overhead cranes above 
winding machines remove completed coils 
and lower them on elevated conveyor. Still 

on conveyor, coils are carried to drying oven 
at end of line where moisture is baked out 

for 12 hours (below). The coils then go to 
test cells where they receive preliminary 
electric tests of ratio and turn-to-turn in 
sulation. Placed on carts, the completed 
coils are sent by drag-chain conveyor to the 

main production line where the cores and 
coils are assembled (next page). All materials 

used in coils undergo quality-control sam 

pling and laboratory tests, 



FINAL ASSEMBLY of core and coils takes 
place on one of three production lines 
(above). On this particular line the assembled 
core-and-coil unit passes through a continu- 
ous drying oven. No doors are used: “ecur- 
tains” of high-pressure air seal in the heat. 

Qn the other production lines, units of 
higher voltage ratings are dried in vapor- 
phase tanks. In the Tank Shop (/eft), a new 
welding process submerged are welding 

vives consistently stronger welds at major 
tank joints. Beeause are is submerged in 
flux, operator doesn’t need protective mask, 

can work more comfortably. 



WINDMILL fixture holds tubes and headers in position, permits them mass-production techniques are used in the Metal Parts Shop and 
to be turned end over end for “downhand” welding. Many such the Tank Shop where tanks are fabricated and painted (next page). 
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FLOW-PAINTING the tanks in special booths 

(above) is one of the last operations before 
cores and coils are installed. ““Captive’’cranes 
in paint booths make it possible to transfer 
the tanks to the baking oven (left). Tanks 
move through oven on conveyor, 



TESTING is also done on a production-line 
basis (above) kas h operator does his own 

varticular test when a unit stops in his berth. 

After final inspection, transformers are 

loaded on flatears at end of production line. 
sent on their way to final destination. Q 
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PHOTOCONDUCTIVE CELL, relay. and transistor make up the high-speed relaying system 
held by the author. In the foreground are photoconductive crystals of cadmium selenide. 

The Photoconductive Cell 
By DR. JOHN E. JACOBS 

One of the most promising mass- 

application products of 

physies research is the photoconductive 

cell—truly a device of the future. 

Resulting from work done during the 

past 10 years or so, it is a welcome sight 
to engineers in search of a low-cost 
radiation-sensitive device that is highly 
responsive yet electrically stable. me- 

chanically rugged, and compact in size. 

Point of Difference 

The photoconductive cell differs from 

the more familiar photoelectric cell in 

many respects, 

The simple photoelectric cell is a 

high-vacuum electron-emitting device. 
Light of certain wave lengths focused on 
its light-sensitive cathode causes elec- 

trons to be emitted and collected at the 

solid-state 

plate, or anode, These few microamperes 

of current are then amplified and put to 

practical use. The simple photoelectric 

cell is relatively insensitive to feeble 

radiations of light. However. when 

coupled with an eleetron-multiplier 

strueture, the resultant photomultiplier 

Dr. Jacobs -Manager of the X-ray 

Department's Advanced Development 

Laboratory, Milwaukee joined GE in 

19140 as a shipping clerk, After serving 

in World War ll and acquiring a col 

lege education. he returned to the Com 

pany in 1950, Last year he received the 

Coffin, Award for his work on x-ray 

photoconductors as well as honorable 

mention by kta Kappa Nu as one of the 

years Outstanding Young Electrical 

h ngLUMNeCCTS, 

GENERAL ELE 

tube has a sensitivity that produces 

amperes of current per lumen of inci- 
dent light. 

The photoconductive cell is classed 

as a semiconductor device because its 

operation depends not on electronic 

emission in a vacuum but on electronic 

conduction in a solid. The resistance of 

a photoconductive cell is a function of 

the intensity and wave length of radia- 
tion falling upon a radiation-sensitive 
erystal within it. Thus the cell has its 

highest resistance when no radiation 
falls upon it and a diminishing resistance 
as the radiation increases. Its sensitivity 
is comparable to that of the photo- 

multiplier, 

Photoconductive Materials ... 

Of all the materials that exhibit 

photoconductive properties, cadmium 
sulfide (CdS) and cadmium selenide 

(CdSe) appear best suited for general 

applications. 

The advantage possessed by both of 

these materials is this: there is a great 
difference between the resistance of an 

unirradiated crystal, called its dark 

resistance, and its resistance when it is 
subjected to radiation. For example, the 
dark resistance of a CdS cry stal is 10,000 

to 100,000 times greater than its resist- 
ance when irradiated with 100° foot- 

candles of light. The contrast is even 
greater for a CdSe crystal under the 
same irradiation conditions; its dark 

resistance is |l- to 10-million times 

vreater, 

With either the CdS or CdSe cells 

you can cover this wide range of resist- 
ances in continuous steps by varying 
the irradiation from total darkness to 

100 footeandles. 

Historically, the CdS photocondue- 

tive cell was first used commercially as 

an x-ray detector, X-ray machines using 

these cells have been in operation many 
thousands of hours with no evidence of 

cell failure that can be directly attrib- 

uted to the cell material itself. In view 

of this and barring electrically induced 
thermal! overloads, the newer hermeti- 

cally sealed cells will have a life expect- 

aney that exceeds 10,000 hours. 

... and Their Mechanism 

Without going into too many techni- 
cal details, we can say for the mechanism 

of photoconduetivity that when incident 

light falls upon a photoconductor, it 
creates free electrons or free holes, or 

both, that are drawn to their proper 

electrodes anode and cathode, respec- 

lively. Consider a crystal—one_ large 

CTRIC REVIE JULY 1954 



enough to be seen with the naked eye— 
that consists of Neonstituents. The outer 

electrons of each of these constituents 

can assume different energy values. And 
as a result, the total energy of the erystal 

represented by the sum of the energies 
of its constituents—can assume a large 

number of values within an upper and 

lower limit. 

The exact theory shows that .V con- 

stituents can have 2.\ energy states and 

that the ensemble of these 2.V energies 
represent an energy band. If the elec 

trons of these constituents are restricted 

to their normal states, no transport of 

charges within the crystal can take place. 
But when they are excited by some ex- 

ternal source of energy, such as electro- 
magnetic radiation, the ensemble of 2. 

energy states represents a new band in 

the energy range. If the excited electrons 
number much less than 2\, they are 
free to move across the crystal. 

At each instant the number of free 

electrons in the crystal is determined by 

the stationary negative space charges of 
electrons that are held in’ so-called 

trapping states. As one electron leaves 

the erystal at the anode, another enters 

the erystal at the cathode so that the 

number of electrons always remains 

constant. When light or x-ray energy 
quanta are absorbed in the crystal, 

certain electrons are “lifted up” into 

the conduction band. The empty spaces, 
or holes, they leave behind are then 

filled by other electrons. 

The current through a photoconduc- 
tive crystal increases approximately with 

the square root of light intensity at 
extremely high levels of illumination. 
But at the lower levels this relationship 

changes. For both CdS and CdSe cells 
the photocurrent is essentially a linear 
function of light intensity, whereas its 
speed of response is strongly dependent 

on the illumination level. This behavior 

results from trapping conditions within 

the erystal. Their principal effects are 

to decrease the photosensitivity of the 

crystal and increase its time constant 

that is. the time required for it to change 

conductivity when irradiated. Trapping 

conditions also alter the temperature 

dependence of the photocurrent. 

Properties Compared 

Both cadmium sulfide and cadmium 

selenide differ greatly in their sensitivi- 

ties and time constants. For example, 

under equal irradiation intensities by 

x-radiation, essentially identical samples 

of Cds and CdSe will have photocurrents 

that differ in magnitude by a factor of 

SENERAL ELECTRIC REVIEW 

CRYSTAL CURRENT (RELATIVE) 

8000 7000 46000 5000 

WAVE LENGTH (ANGSTROM UNITS) 
SPECTRAL RESPONSE of cadmium-sulfide erystals (black curve) and cadmium selenide 
crystals (gray curve) to visible portion of the spectrum runs from about 3800 to 7600 A. 

. CRYSTAL CURRENT (RELATIVE) 

— 40 —20 0 20 40 60 80 100 

TEMPERATURE (DEGREES CENTIGRADE) 

PHOTOCURRENTS in cadmium-selenide crystals are inversely related to the temperature 
Scientists think this effect results from an increased electron mobility at lower temperatures 
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PHOTOCONDUCTIVE CELLS of cadmium sulfide (above) are fabri- 
cated at temperatures exceeding 200 C to exclude harmful moisture; 

100, the CdS crystal having the larger 
current. Similarly, the time constants 

of the two crystals will differ by a factor 

exceeding LOO, CdS having the longer 

time constant. 

Under equal irradiation from a white 

fluorescent source, however. CdS photo- 

currents will exceed those of CdSe by a 

magnitude of only 5 to 10. Their time 
the 

same as when they were irradiated with 

constants will) remain essentially 

x-rays. On the other hand, if they are 

irradiated with light from an incandes- 
cent tungsten lamp at 2870 K, the CdSe 
photocurrent will equal or exceed that 

of CdS and the time-constant ratio be- 

tween the two crystals decreases from 

100:1 to 50:1. This apparent change in 

the 

the 

sensitivity about because 

CdSe cell more effectively 

radiation from the tungsten source than 

comes 

utilizes 

does the CdS cell (dlustration, top, page 

29). The decrease in the ratio of the 

cells’ time constants, as well as the drop 

in’ CdS 

infrared quenching effect. 

sensitivity, results) from an 

Cadmium sulfide’s characteristics are 

remarkably independent of —tempera- 

ture; its photocurrent doesn’t vary more 

than plus or minus 15 percent over a 

80 C to +60 

(. And in most applications this varia- 

temperature range from 

tion Is sO slight that it can be neglected. 

Cadmium selenide, however, shows a 

marked temperature dependence (illus- 
tration, lower, page 29). 

Fabrication Problems 

The CdS and CdSe photoconductive 

ells (photos) are now available for only 

certain purposes. You get some idea of 
their ruggedness when you consider that 

the glass used in pressing the CdS cell 

30 

doesn’t flow until temperatures exceed- 

ing 600 C are reached. 

But just as with all other semicondue- 
tor devices-—transistors, for example 

humidity has marked effects on cell life 

and performance. For this reason all 

cells are hermetically sealed and main- 

tained at temperatures exceeding 200 

( throughout the fabrication period, 
from mounting to seal-in. Excluding 
moisture in. this manner is one of the 

major reasons for their long life and 
stability 

mercial applications. 

a paramount factor in com- 

Cadmium selenide can’t usually be 

pressed it glass, as is done with cadmium 
sulfide, 

tion point 

because of its lower sublima- 

the temperature at which it 

passes from a solid to a gaseous state. 

Hence CdSe cells 

only in the two-bulb 

are made _ available 

forms shown 

(photo, right). The cell proper is enclosed 

that 
crystal in 

silicone-resin sheath 

hold the 

position under conditions of extreme 

in a clear 

serves to rigidly 

vibration, 

The sensitivities of CdSe cells meas- 

ured under tungsten-lamp radiation is 

in the order of 1.0 amp per lumen with 

100° volts; 
CdS cells will exceed this amperage by 

an applied d-c voltage of 

factors as high as 50. Dark resistances 
of either cell 5000 
megohms. Accordingly, when illumina- 

the order of milli- 

are in excess. of 

tion levels are on 

lumens, the cells possess an extremely 

good signal-to-noise ratio. 

Because of the high radiation absorp- 
tion of CdSe, it’s necessary to inerease 

the working area of the material to 
achieve the maximum ratio of light to 

dark current. This is done by making 

the cell as thin as possible, thus allow- 

melting point of the glass used for pressing these cells is above 600 C. 
Cadmium-selenide cells (right) are available in only two forms. 

ing a maximum permissible current of 
0.01 ma. The CdS cells, however, handle 

currents up to 1.0 ma. And when backed 

up by a copper plate, they can be used 

at a power dissipation of 250 mw. 

Some Applications 

In the field of light detection there s 

a need for a photocell actuator that can 

operate a relay directly from the L10- 

volt a-c source without any amplifica- 

tion other than that supplied by the 
crystal itself. The CdS cell promises to 

be the answer. 

For example, a simple CdS actuator 

(photo, opposite page) constructed at 
GE’s Research Laboratory, The Knolls 

at Schenectady, has a sensitivity of 20 

amp per lumen. Serving as a simple and 
reliable device for the control of home 

lighting, it is actuated by prevailing light 
levels at dusk and dawn. The CdS cell 

was used exclusively in this application 

because of its high intrinsic sensitivity 
and greater current-carrying capabili- 
ties. It has many other potential appli- 

cations. 

The CdSe cell, by way of comparison, 

finds its greatest use where simplicity of 
instrumentation, speed of response. and 

foremost. A 

application is its use in automobile head- 

sensitivity are specific 

lamp controllers. But before going into 
this application in any detail, let’s look 

briefly at the electron-multiplier photo- 
cell, or photomultiplier, that has been 

employed by the automotive industry 
for this service. 

In an electron-multiplier photocell 

the electrons released from a_photo- 

sensitive cathode are directed toward 

electrodes called dynodes that are char- 

high acterized by secondary-electron 
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emission. Each of these electrodes is 

held at successively higher potential 
than the cathode. Their net effect is to 

multiply the electron current collected 

at the multiplication factors 

greater than a million being theoretically 
anode, 

possible, 

rhe electron-multiplier photocell has 

its practical limitations. For example, 
the type 931A photomultiplier used by 
the automotive industry is limited prin- 
cipally because: 1) it requires a high- 
voltage supply; 2) having little or no 
red response, it doesn’t react to auto- 

mobile taillights; 3) its sensitivity is 
extremely dependent on dynode voltage, 
and thus its voltage supply must be 
highly regulated: and 4) the complex 
construction of the eleetron-multiplier 

mechanism dictates a high cost for the 

cell, 

For use in a head-lamp controller a 

photocell must meet rather stringent 
requirements. The over-all unit must be 

rugged to withstand road shock. It must 
be simple in operation yet meet exacting 

requirements in speed of response, 

sensitivity, and spectral response. 

Specifications tentatively formulated 

by the automotive industry call for a 

headlight controller actuated by an inci- 
dent light level of illumination in the 
range of 0.5 to 3.0 millifooteandles. The 

unit should preferably operate at this 

level whether the illumination is pro- 

duced by the head lamps of an approach- 
ing car or the tail lamps of a preceding 

car. In addition, the sensitivity contours 
of such a system must be within approxi- 

3 db 

power gain 

degrees in the horizontal plane and 

mately equivalent to a twofold 

over plus or minus 6 

plus or minus 2 degrees in the vertical 
plane. 

There's an additional feature that 
must be included in such a controller: 
onee the unit is actuated, switching the 
lamps to low beam, its sensitivity must 
he increased at least seven times. (This 
is required to prevent the head lamps 
from returning to high beam when the 
driver of an approaching car depresses 
his lights.) Finally, and above all, after 
the approaching car has passed, the 
head lamps should return to high beam 
in less than a quarter of a second. 

Rugged Service 

In applying the CdSe photocondue- 
tive cell to a head-lamp controller, one 

of the principal problems was the optical 

system. Because cells of this type are 

essentially point receivers, they can’t 
vive wide-angle response with conven- 

HOME LIGHTING can be controlled by photoconductive cell utilizing prevailing light levels at 
dusk and dawn. Current from highly sensitive cadmium-sulfide erystal needs no amplification 

tional lens systems. The focused spot 

would “walk off the crystal, 

Fortunately, one of the most efficient 
optical systems available for the CdSe 

cell is the parabolic one. So for the head- 

lamp application, a parabolic lens system 

is used that has a vertical spread of plus 

or minus 2 degrees between the 3 db 

points, It exhibits a measured gain of 
600. To achieve the 6-degree horizontal 

spread, 12-degree spreader glass is used. 
(The spreader glass reduces measured 
gain to approximately 300.) 

Cadmium-selenide cells with a sensi- 

tivity of 24 foot- 

candle at an applied potential of 300 

volts are used in head-lamp controllers. 

microamperes per 

They deliver approximately 7 micro- 

amperes when one .millifooteandle of 
incident light reaches their lens systems. 
They have a good signal-to-noise ratio, 
and their sensitivity and optical systems 
are such that only one tube is needed 
for each unit. 

On actual road test for some time, 
cadmium-selenide cells are still giving 
excellent performance. Laboratory tests 

have been run as long as 1000 hours 
on the completed units with no sign of 

failure. 
Where the speed of response needn t 

be below the millisecond range, the 
CdSe cell has a distinct advantage over 
photomultiplier systems. It is rugged. 
has a low cost. does not require voltage 

regulation, and exhibits marked red 
response. 

But although the head-lamp applica- 
tion is an extremely exacting one, for 

essentially Orr-On applications such as 
punched-card reading, the high speed 
and sensitivity of the CdSe cell cannot 
be surpassed. It is in these applications 

that the cadmium-selenide cell will prob 

ably find its widest use. 

No Vacuum Tubes Needed 

In growing photoconductive crystals 
and subsequently processing them into 

cells, you must continually choose be 

high sensitivity and 
sponse, or fast response and relatively 

tween slow. re- 

low sensitivity. Fortunately, the photo- 
conductive cell retains the desirable 

features of both high-speed response 

and large current sensitivity when it is 
coupled to a transistor amplifier. 

The transistor amplifier best suited 
for use with the photoconductive cell is 

the grounded emitter type. (See pages 
50-54 March 1954 Review.) In_ this 

arrangement the properties of both the 

cell and the amplifier are utilized to thei: 

fullest. 
For example, a presently available 

used in photoconductive cell con- 

junction with a single junetion-type 

transistor will operate a conventional 

d-c relay at a rate exceeding several 
hundred operations per second—with 

incident light levels in the order of a 
few footcandles. This device is extremely 

simple, consisting of nothing more than 
the cell, the transistor, and a relay that 

are connected to a suitable d-c supply. 

Certainly its potential applications are 

limitless. 

With the photoconductive cell the 

engineer has in his grasp a radiation 
detector of well-defined* characteristics, 

And coupled with its ability to effectively 
utilize the transistor amplifier in a re 

liable system free of vacuum tubes. it 

will allow the engineer to more fully 
exploit automatic control for the benefit 

of mankind. Q 
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$30,000 switchgear blasted 
E to lengthen equipment life 

That’s a 15,000-volt circuit breaker equip- 
ment, worth some $30,000, going up in a flash 
at General Electric’s High Capacity Switch- 
gear Development Laboratory at Philadelphia. 
In this laboratory, largest of its kind in the 
world, G-E development engineers punish 

newly designed power equipment-—even test it 
to destruction -to provide a better product. 

Out of this laboratory comes equipment assur- 
ing improved power-service continuity, greater 
protection for workers and machines, lower 

power-handling costs, less maintenance. 

Product Development like this is one of many 
engineering services available to you through 

G.E.’s Apparatus Sales Division. General 

Electric Application Engineering, Analytical 
Engineering, and Project Co-ordination assure 
that you will receive the right equipment 
properly applied and installed on schedule. 
Field-Service Engineering and Maintenance 
Service help protect your investment through- 

out the life of the equipment. 

Whether you are a direct user of electric 
equipment or whether you incorporate electri- 
cal components in your product, your G-E 
Apparatus Sales Representative can put these 

engineering services to work for you. Contact 

him early in your planning. Meanwhile, for the 
full story on G-E engineering services, write for 
brochure GED-2244 to General Electric Co., 
Section 672-15A, Schenectady 5, New York. 

GENERAL @@ ELECTRIC 
THESE G-E ENGINEERING SERVICES HELP PROTECT YOUR EQUIPMENT INVESTMENT 

Ba 
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GEE A=— WA 
PRODUCT DEVELOPMENT pro- 
vides improved equipment to meet 
tomorrow’s increasing demands 

PROJECT CO-ORDINATION plans 
deliveries to simplify purchas- 
ing, speed construction schedules 

est products and techniques into efficient 
electrical systems for your specific needs 

FIELD-SE 
equipment installation, expedites start-ups, 
helps train personnel for proper operation 

MAINTENANCE SERVICE helps 
keep your plant electric equip- 
ment operating at peak efficiency 
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ANALYTICAL ENGINEERING 
solves complex system problems, 
cuts time used in system design 



EARLY FLUORESCENT LAMPS WERE USED AT THE NEW YORK WORLD'S FAIR. IN 1936 AUTHOR WORKED ON LAMPS WITH LUMILINE ENDS. 

Fluorescent Lamps—Past, Present, and Future 

More than two years ago the fluores- 

cent lamp caught up with and passed the 
incandescent lamp bulb as the principal 

electric source of general lighting in 

(America, 

lhe development of this form of light 

ing has been phenomenaland brief (Table, 

opposite page) not only in’ terms of 

public acceptance but also in its design, 

manufacture, and application. 

most achieve- But as in pioneering 

ments, it was not all easy going; and 
many interesting items and angles of the 
early days can only now be told. From 

the beginning | worked with this project, 
so Vl attempt to relate some of the sig 

nificant facts and humorous happenings. 

Fluorescence Observed Centuries Ago 

Even though namelessat the time, fluo 
rescence and its earliest reference date 
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By G. E. INMAN 

back to 930 AD: 

calcined oyster shells to get pigment for 
A Japanese painter 

some of his paints, And one day he is 

reported to have painted a picture of an 

ox that was visible only in the dark after 

the sun had set. The particular pigment 
used was phosphorescent, or fluorescent. 

with an afterglow. 
Another incident years later in 1620 

Vr. Inman began his career with Gen 

eral Electric 35 He has 

worked on development of filament and 

electric discharge lamps. and for sia 

years ago. 

years was in charge of fuorescent-lamp 

development. He received a Coffin fward. 

and 26 patents have been issued in his 

name, In 1950 Mr, Inman was appointed 

Liaison Engineer, Lamp Development 

Vela Park, Cleveland. Laboratory, 

is credited loa shoemaker of Bologna, 

Italy, who is reported to have been an 

experimenter. Probably while trying to 

create gold, he pulverized and heated 

some rocks which we know as heavy 

spar (barium sulfate) and which were 

observed to fluoresce an orange red. 

that Goethe. the 

German poet, was also an experimenter. 

And 150 years after the Italian shoe- 
maker had taken a fling at it, Goethe 

learned that the blue end of the spec- 

The records show 

trum was needed to provide light in the 

orange and red end. 

In 1852, about the first time anyone 

Stokes—now well 

worked 

fluorescent materials and wrote the law 

was called a scientist, 

known as an able one with 

incorporating the principle that bears 
his name. He also originated the term 

fluorescence. 
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But it remained for a Frenchman 

named deBoisbandron to find a key. He 

reported in 1886 that small quantities 

of so-called impurities were usually 
necessary to cause materials to fluoresce. 
These impurities, now referred to as 

activators, are essential today in most 

fluorescent materials (phosphors) ap- 

plied to fluorescent lamps. So a long 
history precedes fluorescent materials, 

and perhaps many people had thought 
about the possibility of fluorescent 

lamps. 

In 1896, Thomas A. Edison placed 

some calcium tungstate into what was 
known as a roentgen tube. The radiation 
from the target in this tube caused the 
tungstate to fluoresce, giving a dim light. 
For this particular tube—a possible fore- 

runner of fluorescent lighting—a patent 
was issued to Edison in 1902. During the 
early part of the 20th century, work was 
also done in America by E. L. Nicholls, 

D. McFarland Moore, W. S. Andrews, 

and others, but none of it resulted in a 
practical light source. And in looking 
back now, we can realize the reason for 

some of the disappointments of the early 

investigators. 

Early Experimentation 

Long wave ultraviolet was the basis 
for many early experiments because that 
alone was at hand. As knowledge pro- 
gressed, it turned out that the type of 
ultraviolet we learned to produce effi- 
ciently is in the short wave lengths from 
low-pressure mercury vapor. The short 
ultraviolet was present on the inside of 
the mercury- or other vapor-discharge 
tubes used in some of the early experi- 
ments but not in significant amounts of 

the fluores- 
cent material was placed on the outside 
concentration. Moreover, 

of an ordinary glass tube. And the glass 
simply did not transmit much of the 

short ultraviolet. 

Our modern instruments help us to 

know a lot that was unknown half a 

century ago. It often surprises us that 

the earlier experimenters found out as 

much as they did. The early contribu- 

tions of our present century resulted 
not in developing new discharge sources 
but in trying to correct color in other 
types of mercury lamps, such as the 
Cooper-Hewitt lamp introduced in 1901. 

Some examples are the use of sulfide 
phosphors to improve the color of the 

radiation from certain mercury lamps 
and the use of red radiating rhodamine 
to improve sodium lamp color. Further, 

certain early uranium glass used in 
developments was sometimes found to 

TIMETABLE OF FLUORESCENT LAMP PROGRESS 

1934 

eral Electric. 

JULY, 1935 

Development work on fluorescent lamps accelerated by Gen 

First showing of G-E fluorescent lamps at a closed meeting 
of Naval officers, Shortly after tested aboard a ship. 

SEPT. 3-6, 1935 First — showing of GE's practical low-voltage fluores 
amp at Illuminating Engineering Society's national 

convention, Cincinnati, Ohio. 

NOV. 23, 1936 
Hundredth 
Patent Office. 

APRIL 21, 1938 

First public application of fluorescent lighting by GE at 
Anniversary Dinner of founding of the U.S, 

About GE announces development and availability of fluores. 
cent a to the public at joint meeting of TES, ATER, and 
New Y or Electrical Society. About 200,000 lamps were sold 
by the industry in 1938, 

SPRING, 1938 First fluorescent lamps from GE used commercially in the 
preview plans of the New York World’s Fair. 

1940 Total of 7,000,000 lamps sold. 

88,400,000 lamps shipped by GE, Sylvania, Westinghouse, 
Champion, Durotest, and a few others. In addition, the 
fluorescent fixture business (ballasts, starters, sockets) was 
estimated to be close to $180,000,000, 

Fluorescent lamp passed the incandescent lamp as major 
source of general lighting in America, 

Fluorescent fixture business estimated at about 70 percent 
of the total lighting fixture business. 

increase the green component of light 
given by mercury-vapor sources. Twenty 
years before active work of fluUorescent- 

lamp design took place, the scientific 
background began to build up. 

Nothing 

proaches the efficiency that is obtained 

known or suspected ap- 

mercury vapor for producing 
ultraviolet. But the particular kind of 

ultraviolet that must be produced in an 

illuminant is not that found in the sun’s 

rays. This natural energy has historically 

by using 

heen associated by the public with fluo- 

rescent effects. Solar radiation reaching 
the middle 

ultraviolet. And in ordinary mereury 
lamps designed for lighting, only five 

earth contains and long 

percent of the input energy is about all 
that can be converted to this type of 

ultraviolet a totally dif- 
mercury-discharge-lamp design 

radiation. By 

ferent 

using relatively low-current densities 
and only afew millimeters mercury- 

fapor pressure, 60 percent or better of 

the input energy can be concentrated 

into the resonance radiating line of 

2537 

Many physicists, even up to 20 years 

Angstrom units. 

avo. generally believed that fluorescent 

lamps were inherently inefhieient and 

impractical, It took a combination of 

many bits of information from various 

sources to produce the evolution of a 
fluorescent this practical lamp in 

country, 

Phosphors by the Ton 

When we first tried producing a lamp, 
there were no really good fluorescent 

materials available for changing short 
ultraviolet to visible. One of our early 

experiments was with willemite ore from 

Franklin, NJ. Samples were pulverized, 

then examined in a dark room undet 

filtered short ultraviolet radiation. The 

bright particles were picked out with 

The 

lamp made from this selected material 

even though 

tweezers in a laborious fashion. 

was of great interest 

poor in quality, and its examination 

necessitated drawn shades and turned- 

off lights. The willemite produced the 
well-known zine-silicate  green-colored 

radiation. 

Then we examined every available 
natural material. Scheelite 

example, yielded the characteristic blue 

color of calcium tungstate. 
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IN THE 30'S LARGE OVENS FIRED PHOSPHORS AND A COATING PROCESS COVERED GLASS TUBES WITH A FLUORESCENT POWDER SUSPENSION. 

Today all 

lamps are made synthetically and have 

the phosphors used in 

high purity, except for the activators 

that are purposely introduced in small 
The 

times as bright as the best that can be 
quantities, synthetics are several 

obtained from the natural ores——largely 

a matter of purification, heat-treatment, 

and activator additions. 

In todav’s handbooks are listed more 

than 10,000 fluorescent materials that 

respond to radiations in various parts of 

the spectrum: cathode rays. 

short ultraviolet, long ultraviolet, and 
also visible, Emission spectra of phos- 

X-TAVS, 

phors are always of a longer wave length 
than the radiation and are 

manifest in the ultraviolet, visible. and 

er y exciting 

even in the infrared spectrum. 

No natural ores were found lo pro- 

duce good pink al red phosphors. Thus 

a determined effort was made to find a 

phosphor constituent that would. pro- 

duce a red light. One G-E chemist 
actually examined 60,000 different min- 

eral samples in hope of finding the clue. 

Although several gave a dim red fluores- 
cence, their strength was so poor that 
they could not he used in lamps. The 

red phosphors subsequently developed, 

different 

colors, originated in the chemical lab- 
Today the 

purity phosphors have been so perfected 

that they effectively utilize 90 percent 

of the radiation that strikes them, and 

as well as many others for 

oratories, synthetic high- 

they are actually made by the ton. 

In preparing a room used for examin- 
ing materials and matching colored light 
sources, painters sprayed the walls with 

a white paint. Then electricians smeared 

up the walls a bit while installing con- 
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duits, so our maintenance man touched 

up the spots with a brush. To him the 

touch-up job looked fine with the room 

lighted. But the effect was entirely dif- 

ferent when the lights were out and the 

filtered ultraviolet lamps that had been 

installed for special tests were turned on. 

The original sprayed walls appeared 
white, probably because the pigment in 
the sprayed paint was a form of fluorese- 

ing zine oxide. But the touched-up spots 

appeared black, for they lead 

paint and had no fluorescence whatever. 

We thought it would be amusing to call 
the painter back and show him his 

handiwork under the ultraviolet. When 

jokingly accused of not knowing black 

were of 

from white, his amazement was ex- 

pressed by a moment of complete silence 

“That's an followed by the comment, 

engineer's trick!” 

Developing an Efficient Green Lamp... 

The development work was carried on 

in General Electric's Lamp Development 

Laboratory at Nela Park, Cleveland, 

Ohio. We made use of all known infor- 

mation and acquired new knowledge 

from every possible source, Late in 1934 

we were stimulated by a letter from Dr. 

Arthur H. Compton, famous scientist 

and Nobel Prize winner in 1927, 

had been retained by GE as a technical 

who 

consultant for the Lamp Division. He 
reported progress by the General Electric 

Co., Lid. of England in producing light 
with fluorescent 1935, 

after we had an efficient lamp inthe 

materials. In 

Laboratory, we visited Europe to see 

learned about 

light 

using electric discharges. The new infor- 

what more could” be 

fluorescence and other sources 
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mation did not change our course of 
development. 

By the summer of 1935, an efficiency 

of 60 lumens per watt for green light 
had been obtained. This startled many 

people. Such high efficiencies from a 
lamp that converted input watts to 

visible light by a round-about process 
was unheard of. The lamp we developed 

was simply an electric discharge between 
electrodes placed in opposite ends of a 

tubular glass bulb. ma- 
terials were coated on the tube wall. A 

small but exact quantity of metallic 

mercury and precisely measured argon 

Controlled 

Fluorescent 

gas were put in the tube. 

current passing between the electrodes 
excited the small quantity of mercury 

vapor present so that it produced ultra- 

violet radiation. The radiation on con- 

tact 

transformed into visible radiation. This 

with the fluorescent material was 

two-step process resulted in more. eff- 

cient production of light than by any 
previous artificial source that had used 

either a direct or single-step process. 

After the initial development work 

had been done, a set of rules naturally 

emerged. These came mainly from the 
results of our own tests and experi- 

taken of 

\ brief 

list of essentials for efficient fluorescent 

ments, but advantage was 
information obtained by others. 

lamps includes . . . 
e Use of mercury vapor at low cur- 

rent density to efficiently produce short 

wave-length ultraviolet, specifically the 
2537 A resonance line. Sixty percent of 

input watts can be converted to this 
5 pereent can be con- 

the 3654 A 

line, but only 

verted into long ultraviolet 

line. 

JULY 



LABORATORY EXHAUST EQUIPMENT TESTS EARLY LAMPS. RACKS HOLD LAMPS WHILE THEY BURN FOR AGING PURPOSES. 

that have their 

peak of response in the 2537 A region. 
\ few like 

optimum response characteristies in this 

‘tailored’ to 

more nearly fit the requirements. 

e Use of phosphors 

zinc silicate naturally have 

region, but others were 

e Application of the phosphors to the 

tube wall 

ultraviolet does not pass through ordi- 
inside of the because short 

nary glass. 
e Use of low temperatures and pres- 

optimum 

ultraviolet efficiency. A bulb tempera- 
ture of 105 to 115 F 

necessitating the use of a certain number 

sures to provide the short 

proved best. 

of watts per square inch of bulb surface. 
e Use of a gas such as argon at low 

pressure to provide easy starting and to 

protect the cathodes during operation. 

e A lamp design providing an appre- 

ciable length of positive column such as 
bulbs. Thus the 

which are con- 

obtained by tubular 

losses at the eleetrodes, 

stant because of a fixed voltage drop, 
may be a small percentage of the total 
wattage. 

e Use of oxide-coated hot cathodes to 

obtain the best efficiencies. 

It SOOT! became however. 

that the efh- 

ciencies would not be the most practical. 

apparent, 

lamps with the highest 

Low currents and low temperatures in 
lamps of reasonable length meant low 

light 
be made. 

wattages and consequently low 
values. Compromises had 

Sacrifices in efficiencies resulted in 

greater light from individual lamps of 

reasonable size, thus reducing the 

number of lamps needed and thereby 

lowering costs. 

Progress lamp-making was stimu- 

lated by two things: The Laboratory was 

REVIEW 

skilled in making tubular filament lamps; 
(Reg. trade-mark of 
Company) filament 

Lumiline 

Electric 

lamps had been developed there and 
they had the fabrication know-how. 

This plus the inefficiency of globular- 

tubular 

General 

type fluorescent lamps consequently 

started them in the Lumiline lamp bulbs. 
Many of these early experimestal fluo- 

rescent lamps had chrome iron ends, as 

did their 

Another important factor in making 
progress was the pilot plant with facili- 

predec essors, 

ties and engineering skill to make the 
manufacturing changes that would put 

the new lamps on a production basis. 
True, the construction features changed, 
but after the fundamentals were worked 

out, tube sizes, current and 
watts per foot of length of the original 

Other 

and wattages have been added until now 

ratings, 

lamps remained the same. Sizes 

there are 24 standard sizes instead of 

the original 4 introduced in 1938. These 
lamps, however, were not all that had to 

be developed. ‘| heir design features had 

to be matched with those of the lamp 

holders, ballasts, These 

necessary made 

and starters. 

accessories were eco- 

nomically and efficiently and for the 

outside the Lamp Develop- 

They 

early 

most part 

ment Laboratory. were a_ big 

factor in the success of the 

lamp. 

As far as 

green fluorescent lamp is still the most 
lumens are concerned, the 

efficient: its peak of radiation is near the 

place in the spectrum where the eye is 

sensitive. most Because filament lamps 

are poor in green emission, there was a 

200-to-1 difference 

How 

in efficiency between 

the two. natural was, then, to 

think that this comparative difference 

and the higher cost of making fluores- 
plus the necessity of the 

tend to 

blue) 

everything 

cent lamps, 
ballast, 
(especially 

would five colored 

green and lamps a 
start 

else. But such was not the case. 

commercial ahead of 

. .. and a Satisfactory White Lamp 

Early white lamps at lower efficiencies 
were attractive for general lighting pur- 
poses, and they stole the show. Because 

no single phosphor was giving a good 
white color, needed. The 

first real application of fluorescent white 

mixtures were 

light was an installation using a combi 
nation of one green, two blue, and three 
pink lamps in a hallway of our Labora- 

blue, 

gave a good 

Later, mixed phosphors 

green, and pink 

tory. 

vellow, 

effect from one lamp. The phosphors 

that have rather broad spectral curves 

and that have 

good white lamps commercially were 

made possible to gel 

zine beryllium silicate and later calcium 

halophosphate. The silicate proved to be 

a “wolf in sheep's clothing.” for it un- 
expectedly caused lamp-quality and 

other problems in the lamp factories. 

It was replaced by the halophosphate as 

soon as the difliculties were established. 

The British high- 

efficiency fluorescent lamps into general 
they had worked on the 

development of halophosphates before 

Nec did. 

One of the 

was a fair match for a filament lamp 

were slow. to pul 

use, but 

earliest shades of white 

(color temperature of about 2850 degrees 

Kelvin), exe ept for the lack of deep red. 

The two fluorescent lamps that sold ex- 

were the 3500 and tensively, however, 
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the 6500 K (daylight) lamps. Later the 
1500 K cool white lamps were considered 
more satisfictory. These lamps were 

both the 

standard variety, which gives a high 

subsequently introduced in 

lumen output and a reasonable color 

rendition, and the deluxe variety, which 

although lower in lumens makes use of 
a new red phosphor and gives excellent 
color rendition. Warm white lamps with 

were also lower color 

introduced, and these are not far off in 

temperatures 

color from the original white introdue- 

tion. Today there are 7 white lamps in 

the standard line and 5 in colors. Some 

of the whites make use of mixtures of 

phosphors, but the colors always use 

single phosphors. The gold and the red, 
however, have color-filter coatings to 
narrow the spectral range. 

Application of Special Phosphors 

Although limited in use, several types 

of lamps require special phosphors. One 
with bulbous shape did a good job 

during the war in spite of its low effi- 

ciency for converting input watts into 

usable radiation, Still used on planes 

for illumination of instrument panels. 
it produces essentially long ultraviolet 

instead of visible, whieh in turn causes 
the numerals and other dial markings 
on the instruments to glow. No other 
light is necessary. 

A similar phosphor Is How employed 

in certain long tubular lamps for pro- 
ducing long ultraviolet fluorescence of 

i industries. A importance in several 

special glass is sometimes used that per- 
mits the ultraviolet to come through 
and yet absorbs the visible, thus making 
the effects more striking. To produce a 

phosphor for this work, many hundreds 

of experiments were made by the Lab- 

oratory chemists. Calcium phosphate 

with cerium as an activator proved to 

be a fortunate G-F development. 

Other phosphors were also developed 

at’ Nela Park 

and one of special note was caleium 

for ultraviolet’ emission, 

phosphate using thallium as an acti 

vator. It changed 2537 A radiation into 
a band near 3200 A, the 
erythemal range. Consequently, an efh- 

whieh is in 

cient sun lamp was made possible, but 
it has not vet come into prominent use. 

Coating Development 

Coating of bulbs with fluorescent ma- 

terials is another interesting develop- 
ment. Early experimental types were 
coated by using glycerine or glycerine 

with borie acid. The bulbs were covered 

with a film of the glycerine binder first, 
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the fine powders dusted on, and then 
the binder removed by heat. Later, a 
suspension of phosphor in nitrocellulose 
solution proved to be more satisfactory. 
Flushing with the suspension, draining, 
and drying were the natural procedures. 
Important, too, were elimination — of 
impurities and phosphor aggregates in 
addition to proper mixtures and drying 
rates to avoid streaks. The nitrocellu- 
lose also had to be burned out, leaving 
the powder adhering to the glass-tube 
wall merely by the physical forces of 
attraction. This heating, or so-called 
lehring process, is especially critical, 
and for best lamp quality the tempera- 
ture, time, and atmosphere must all be 

under control. 
An annoying situation had to do with 

the coating coming off in small spots, 
usually near the ends of the tubes. This 
was an appearance defect and, although 
it did not materially affect the light 
output or efficiency, many lamps were 
rejected in’ manufacture. Numerous 
engineering hours went toward correct- 

ing this elusive trouble that was ulti- 
factors not usually mately related to 

considered. Glass characteristics were 

involved, as were fluorescent) powder 
and handling. When glass is heated to 
a high temperature, as in lamp manu- 
facture, the surface becomes clean and 
acquires a high coefficient of friction. 
Although this surface condition does not 
ordinarily last for many days, during the 
period of lamp manufacture a_ slight 

bump of one tube, or lamp, by another 
is serious. The bulb does not break, but 

a sharp friction rub from a slight tap 
may cause a slight check to appear in 
one glass surface. This can be seen only 
under a magnifying glass, but the release 
of tension when this check occurs causes 

a shock wave that vibrates the phosphor 
from the glass in that particular area. 
The cure was found not only in careful 
handling but also in glass lubrication. 

\s longer lamps were made and sold, 
the light output inereased and the efh- 
ciencies increased, but so did the dif_fi- 

culties in’ manufacture. Bulb-coating 
uniformity was harder to maintain, ex- 

haust times were naturally longer, and 
it was not so easy to get the parts to a 
uniform temperature to remove impuri- 

ties. And that was not all. Eighteen-inch 
lamps were easy to hand!e in high-speed 

took 

facilities to 

production, but “four footers” 
experience — and special 

enable the operators to work with them 

without considerable breakage. Someone 
expressed the thought that lamps should 

in length than the sreater never be 4 

height of the operators. Today, however, 
eight footers are and are 
manipulated efficiently and safely from 

platforms by the 
shorter operators, even though it is not 

common 

elevated some of 

always easy to carry the lamps through 

an ordinary doorway. 
The exhaust operation is also one 

that must be done with great care and 
precision, After the air is first pumped 

the barium and_ strontium 
bonates on the tungsten coil cathodes 
out, car- 

must be decomposed and activated. A 
large amount of carbon dioxide is given 

off and must be pumped out. Special 
heating circuits were made to pass cur- 
rent through the electrodes for this 
decomposition on the high-speed rotat- 
ing machinery. Exhausting the bigger 
large-volume lamps making 
special equipment not only for pumping 

required 

out the air and gases but also for heat- 

ing the tubes uniformly throughout 

their length. 

improvements to Come 

The ultimate in fluorescent) lamps 

would) be to the 

known losses and greatly increase the 
eliminate) more of 

efficiency of conversion from input watts 

to visible light. Although we have gone 
from about 15 lumens per watt in low- 

wattage filament lamps to 70 or more 

in white fluorescent lamps. still more 

progress and higher efficiencies are sure 

to come. 

The lives of fluorescent lamps have 

always been longer than those of ordi- 
nary filament lamps. At their introduc- 

tion a rating of 1500 hours was given, 
but this has now been substantially in- 

creased, and many lamps live longer than 

7500 hours—their rated life. The better 
maintenance of light throughout life 
makes 7500 hours economical. while a 

few years ago it would have been cheaper 

for the user to buy new lamps more 

often to keep the lumens at a high level. 
Fluorescent-lamp improvements will un- 

doubtedly about 

efliciencies, 

continue to bring 

higher smaller — ballasts. 
lower costs, and even greater commercial 
acceptance, 

The new rapid-start principle devel- 
oped during the past few years has 
offered fast starting without high volt- 
ages, and its use is growing rapidly. The 
new higher-wattage lamps open new 

fields, such as street lighting, and make 
possible less fixture cost per unit of 

light. The outlook is still rosy, and we 

should expect greater things to come as 
fluorescent development lamp pro- 
ore . () presses. @) 
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ENGINEERING SOCIETIES OF AMERICA 
TENTH OF A SERIES 

Illuminating Engineering Society 

Prominent among the vigorous and 
technical societies 

fa LT i | uo Engineering 
national 

the Illuminating 
growing 
stands 

Society. In achieving its basic aim of 
advancing the science and art of illumi- 
nation and the dissemination of related 
knowledge, it exhibits an inspiring rec- 
ord of guidance, education, research, 
and co-ordination. As this Society nears 
the end of its first half century, the 
records of its influence on American 
developments and progress are imbued 
with the best formative years of our 

national and individual lives. 

An Opportune Birth 

The story of the Illuminating Engi- 
neering Society is unique in that its 
history is coincidental with that of the 
commercial growth and expansion of the 
electrical business as it directly con- 
cerns the citizen. The TES originated at 
the time when illuminants 
bright and too large to be usable without 
shielding and control. In its early days, 

Tre grew too 

as now, the Society appraised the evils 
of gloom while always seeking facts and 
reasons. Its development progressed as 
transportation, sports, around-the-clock 

production, and after-dark living all 
clamored for artificial lighting. And its 

and subsequent contribu- expansion 

the exuberant era tions——ascended in 

when light was recognized as an essen- 

tial ingredient to man’s well-being. 
This fraternity of lighting specialists 5 5 

grew coincidentally with the growth of 

electrical services in all fields of radia- 

tion. The membership curve (illustra- 
tion, left, page 41) of the IES could also 
represent that of the kilowatt-hours of 

electrical usage for lighting in this na- 
tion. One might speculate upon the un- 

awareness that bad vision often resulted 
from bad lighting, until the preachments 
of this Society began to take effect. 

However interpreted, a plurality of in- 
fluences for good resulted. Even abroad, 
similar societies—some bearing the same 

general name—have followed. 
After a quarter century of relatively 

slow growth in the knowledge and appli- 
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Prepared by THE HISTORICAL COMMITTEE 

cations of artificial illumination (be- 

tween Edison’s lamp of 1879 and 1906), 
the time was ripe to begin the accumu- 

lation of knowledge and to widely dis- 
seminate the facts about proper designs 
and use of lighting devices. [It was appro- 
priate to appraise the wisdom of the 
close relations between people and radi- 

ation: the influences of light on  efh- 

ciency, health, and the 

practices and methods of installing and 
salety; best 

maintaining lighting equipment; and, 

finally, the beginnings of researeh into 
the fundamental reasons for clear and 
comfortable vision. Natural daylight. as 
well as artificial lighting. was involved. 

A half century ago as much gas as 
electric lighting existed, and many of the 
technical subjects thus seemed to lie 
outside the scope of the existing elec- 

trical societies of that period. (This 

refers chiefly to the AIEE, organized in 
1884. But it is interesting to note that 
the first technical paper inaugurating 
the beginning of the ATEE was titled 
“Notes on Phenomena in Incandescent 
Lamps.” by Professor Edwin Houston.) 
As a consequence of prevailing condi- 
lions, a group ol prominent New York 

engineers met at the Hotel Astor on 
Thursday evening, December 21, 1905, 

to discuss the needs for a_ lighting 
society, Another evening meeting assem- 

bled at the same place a few weeks later 
on January 10, 1906, at which time the 
Society was officially established and its 
constitution—-largely outlined by W. D. 
Weaver of the Electrical World 

kngineer—and bylaws were adopted. On 
the motion of Mr. O. A. Mygatt, the 

The 

and 

organization was officially named 
Mluminating Engineering Society. 

Coincidently, in December of 1905, 
several prominent Chicago gentlemen, 

including Messrs. George Keech. John 
Gilchrist, and James Cravath, planned 

% 

This history was prepared by the His- 

torical Committee of the IES through 

1. dD. Hinckley Executive Secretary of 

the Society. 

an organization of lighting engineers. 
This led to a discussion meeting at the 
auditorium of The Western Society of 

\s_ the pre- 

liminary steps got under way, it became 
advisable to unite with the New York 

Engineers early in) 1906, 

Lroup. 

Initial Organization 

The first officers in the initial organi- 

zation included: President. Louis B. 

Marks. a consulting engineer; Vice 

Presidents. Messrs. A. A. Pope, utility 

executive, and ©. WH. Sharp, of the 

Klectrical Testing Laboratories; Seere- 

tarv. kL. Elliott: and Treasurer, Vo R. 

Lansingh. Constituting the first board of 
managers were Messrs. Weaver, Elliott, 
Kellogg. Brown, Oleott. and Ryan. 

Charter Members in the TES 

bered 190, representing a broad group 

of interests that included 34 

utilities; 23 light-source manufacturers: 

num 

electric 

13 vas utilities: 17 electrical manutae- 
turers: and about a dozen each of edu- 

cators. illuminating engineers, consult- 
ing engineers, publishers, and others, 

IES headquarters 
salaried Corresponding Secretary 

with George Guy as 

Was 

initially at the same location as The 

Hluminating Engineering Publishing 
Company at 25 Broad Street, New York 

City. Then in L910 the Society occupied 

Space in the Engineering Societies Build- 

ing. 29 West 39th Street. New York. 

Outgrowing the available quarters there, 

the organization moved to the New York 
Life Building on lower Madison Avenue 
and in 1950 to its present address, 1860 

Broadway, New York City. 

Its Scope and Range 

Remembering back to the early L9O0's, 

it is litthe wonder that many were skep- 

tical about sufficient subject matter to 
justify a national society. For then, the 

carbon-are lamp and the low-efficienes 

carbon-lilament electric lamp, together 

with the Welsbach gas mantel, repre- 

sented just about the only light Sources 

of real interest to the average cilizen. 

Before long. however, the prominent 
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parts that light could play in human 

affairs aroused the interest of many more 

economists, scientists, and humani- 

tarians than were represented in the 

original list of 190 Charter Members; 
thus in three by 1909, the 

membership went beyond LOOO, As the 

deliberations of the Society expanded, 

years, OF 

the discussions covered efficient redirec- 

tion of light and its proper shielding; 

then this activity spread to some of the 

artistic phases; and, finally, it blossomed 

the fields of 

vision and see-ability but also 

out not only into wide 

human 

into the allied problems they encom- 

passed. Representative ones were photo- 

chemical usage, growth of flowers and 

plants, physiological effects on animals, 
photometry and standardization of meas- 

urements, vocabularies and their proper 

uses, color, shadow, brightness, and all 

manner of daily and nightly tasks that 

radiation wave lengths roughly from 
2000 to 20.000 A—could perform! 

Branches or Sections 

Through the spring and summer of 
» as membership grew and spreac 1906 bership g 1 sy | 

WV OTM ie ew or iM y ared, I Io N York Cit 

branches or sections were organized in ba 

Boston (New England), Chicago, Pitts- 
burgh, and Philadelphia. time 
later, the parent group in New York 

Some 

City also organized officially as a section. 

This and the Chicago section are con- 

siderably the largest in membership. 
As the Society continued to grow in 

membership, the larger cities in’ the 
United States, Canada, and Mexico be- 

came seats first for Chapters, or inau- 

gural groups, usually of less than 25 

members, and later for Sections. At the 

close of 1953, these local groups num- 

bered 63—53 distributed in the United 

States, 9 in Canada, and | Mexico 

City (illustration, right, page 41). Also 
eight Student Branches have recently 

been established at technical colleges. 

in 

No local groups exist outside of conti- 

nental North America, although some 200 

members are scattered in foreign coun- 
tries. Each section and chapter usually 

holds about eight regular monthly meet- 

ings annually, including presentation 
of technical papers plus some social 

aflairs. 

Membership Classes and Honors 

The ofhicial badge, of 

the Society, adopted in 1906, applied to 

just one class of membership. It was not 
long until, in addition to regular Mem- 

Associate Mem- 

bers was established; later one of Honor- 

or monogram, 

bers, a classification of 

40 

* 7 

Ty 1100 Oe 68 2S BR Rey 
. 

4104s ha ne ee 

(Ge ae an’ 188 28 ae &. 

ue 
o88 (sta me 

<« 

one 
id . 

* 

MODERN LIGHTING PROVIDES HIGH-LEVEL ILLUMINATION FOR CITY ROADWAYS AND BUILDINGS. 

then Members Emeritus: 

and Student Mem- 

bers: and the top grade of Fellows. 

ary Members: 

considerably later, 

In 1953 the membership totaled nearly 

8000 1900) full Members and 

6000 Members. Within the 

past vears the Society has added 

79 in the grade of Fellow and a 

about 

Associate 

few 

some 

growing number (over 300) of student 

members (undergraduates). 

The class of Sustaining Members was 
established some 25 

this the 

now represent approximately 15 percent 

vears ago. From 

source annual contributions 

of the Society's gross income. At present 
the regular dues and modest advertising 
constitute the major income, plus cer- 
tain special contributions to an expand- 

ing program of research, 
Certificates of appreciation, scrolls of 

thanks for leading activities, gold badges 

GENERAL 

for past presidents, and similar records 
are among the recognitions that increase 
the satisfaction of combined efforts to 

advance the cause of light and vision. 
And the Gold Medal may be 

awarded for especially outstanding serv- 
annually 

ices and devotion to the cause of lighting 

and for work on behalf of humanitarian 

advancements. 

Publications and Pamphlets 

The Uluminating Engineering Pub- 
lishing Company of 12 West 40th Street, 
New York, under its dynamic editor, 
K. L. Elliott, printed the early proceed- 
ings of the Society. Mr. Elliott was later 
followed by editors MacBeth and Marsh- 

all. The first regular publication of and 
by the Society was the Transactions, 
issued 10 times each year and continued 
until 1940. Then the format was changed 
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More 

present 

to the recently it was 

enlarged to the 8 x Il-inch 
monthly journal known as Mluminating 

Journal. 

Engineering. 
The greatest 

Society facts and literature 

30. technical committees. It fol- 

then, that the carefully approved 

and official reports of these committees 

are sold in pamphlet form to a wide 

they also have be- 

American Standard 

these re- 

sources of output of 

reside in 

some 

low S, 

range of customers: 

bases for 

Characteristically 

come the 

Practices. 

ports are on such subjects as street and 

highway lighting. residential and indus- 
trial lighting, aviation and = transporta- 
tion lighting. lighting for agriculture, 

In addition to the Lighting 
Bible of the lighting 
Society publishes the 

and so On. 

Handbook the 

fraternity——the 

majority of the papers read at national 

and regional conferences, plus related 
discussions. together with technical 
data sheets and certain codes for street 

lighting. school lighting, and others. 
Residence lighting is exceptionally 

well presented in a booklet on that sub- 

\t headquarters the L. B. Marks 
volunies on 

fect. 

Library. comprising many 

lighting. supplies a valuable reference 

for consultation. 

Management 

To accommodate the local interests of 

a membership totaling more than 8000, 
the areas within the continental borders 

of the United States and Canada are 

GENERAL ELECTRIC REVIEW 

divided into 10 regions, each under the 
jurisdiction of a regional vice president. 

with the exception of the 

usually 
Every year, 
national 

oceurring in September, 

technical conference 

each region 
holds a two- or three-day regional con- 

This facilitates an exchange of 
latest 

accessible to the 

ference. 

local information and makes the 

technical knowledge 

greatest possible number, 
The Council, composed of the execu- 

six directors, and the 

meets — bi- 

tive officers, the 

regional 
monthly to transact the 

vice presidents, 

Society's busi- 

months, the Couneil 

looks after affairs 

ness. On alternate 

Executive Committee 

of moment. 

Seven standing committees are con- 

cerned with finances, admission to mem- 

awards, and publica- 

14 general and repetitive 

handle 

tions and appointments, laws, national 
public relations, and 

When 

committees are needed for special serv- 

task committees are chosen by the 

bership, papers, 

tions, while 

committees planning. nomina- 

defense, history. 

residence forums. temporary 

ices, 

president. 

As an aid to the 

ous other societies, especially along lines 
integration of numer- 

of mutual understanding and standard- 

ization, the Society has representation 

on some 15 

American Standards 

tional Research Couneil, 

Commission on Illumination, and others. 

A capable headquarters staff 

such as 

Association, Na- 

International 

other groups 

execu- 

technical director, ad- 

editor, 

live 

vertising manager, 

assistants and clerical specialists 

secretary, 

and some 14 
com- 

plete the management group. 

General Aims and Achievements 

Because knowledge is fundamental, 

the Society has ardently sponsored re- 

search on lighting and vision. A’ sub- 
stantial fund is set aside to carry on 

approximately a dozen research projects, 
each endeavoring to disclose the bases 

character- 

field 

for vagaries of vision or the 

fatigue, 

brightness, and related matters. 
Through the medium of its technical 

the Society enables its members 

istics of strain, glare, 

papers, 
to keep alert to developments in all light 
sources and applications, At its annual 

national and regional conferences, the 
resumes of progress and the interchange 
ol experiences permit the delegates to 

proceed toward the second objective 

the dissemination of knowledge. 
In the first half century of organiza- 

tion, the task of the Hluminating Engi- 
to establish 

testing 

neering Society has been 
the foundations of vocabulary, 

standards, 

avreeable artistry, 
procedures, good practices, 

fair ethies, and wide- 

As each decade sees 

doubled—and then 

it becomes even more logical 

spread education. 

light usage 
redoubled 

and vital to enlarge the 

fluence in all phases of visual welfare. 
This 

chief 

almost 

and in- scope 

continues to be the Society's 

aim. ¢ 
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\ single operation insulates and eneases a 5000-volt current 
] transformer for indoor applications the modern way. The 

unit is placed inside a strong steel die that will be subjected 

to high internal bursting pressure, 

Insulating Instrument Transfor§n 
By ROBERT 

In 1948 General Electric introduced 

a revolutionary one-shot process — of 

encasing an instrument transformer with 

a material that not only electrically insu- 

lates its core and coils but also physically 

supports them (photo sequence). This 

eliminates a tedious one operation 

method of hand-wrapping the trans 
former with layers of asphalt-treated 
crepe-paper insulation. 

Cast or Mold? 

For many years the electrical industry 

had been experimenting with just such 
an idea. Work was mainly directed along 

casting and molding 

under The 
which is the better process? 

Iwo process lines 

pressure, question was: 
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physical properties 

In the casting technique a resin is 
poured into inexpensive forms that hold 

the transformer’s component parts in a 

fixed position. After the resin has cured 

to a solid material, the forms are re- 

moved and the insulated transformer is 

ready for a finishing operation. 
At first this process seemed the more 

was straightforward and 
But 

years numerous casting materials 

were tried with little 

desirable: it 

utilized low-cost. forms. over the 

even 

Portland cement 

success. Early difficulties included voids 

and bubbles present in the cured resin. 

These were eventually overcome by 

vacuum casting, but cracks in the resin 

caused by shrinkage stresses remained 

a serious problem, 

¥ 8 SMEFITNY 
a iss 

Open die’s mating-half is secured, a steel dome is lowered to 
form a high vacuum, and butyl rubber—an 
developed synthetic with superior electrical, chemical, and 

American- 

is injected into the die under pressure. 

In the molding process the molding 
material is injected into the form under 
pressure. With the materials then avail- 

able, however, intricate steel forms were 

needed to withstand the high internal 
pressure and to properly hold the inserts 

in place. This same high pressure also 

tended to distort the inserts 

drawback of the process. None of the 

phenolic resins and rubber compounds 

a major 

then available had completely satisfae- 

tory physical and processing character- 

istics. To make matters worse. the cost 

of the available materials was high. 
These two approaches then—casting 

versus molding—battled down the line 

to determine which would be the first 

used for insulating modern instrument 
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After the rubber has had time to cure (harden) under con- 
trolled temperature and pressure conditions, the unit is 4 
removed. Its core and coils are now encased, supported, and 
electrically insulated with butyl. 

mers—A Continuing Challenge 
S$. NORMAN 

transformers. Although the early empha- 
sis was on the casting process, in later 

years pressure molding began to pull 

ahead, culminating in General Electric’s 

announcement of a molded instrument 

transformer in 1948. 

Clear Field... 

The new transformer molding process 

butyl—a 

pound formed by the reaction of iso- 

used synthetic rubber com- 

butylene and isoprene at low tempera- 

tures. 

Although most synthetic rubber com- 
pounds were developed in Germany, 

butyl was strictly an American develop- 

ment. At the time of Pearl Harbor it had 

just come out of the pilot-plant stage. 

JULY sENERAL ELECTRIC REVIEW 1954 

When our rubber sources in the Far 

East butyl 

technology had to be rapidly advanced. 
were cut off by the war. 

All available know-how was concentrated 

on achieving greatly expanded low-cost 

production. 

The particular butyl compound for- 

mulated in 1948 for transformer insula- 

Vr. Vorman joined General hlectric 

seven years ago. After completing the 

1918, he 

entered the Meter and Instrument Depart- 

West Vass. 

Supervisor of Chemical Development, 

Company's Test Course in 

ment, Lynn, He is nou 

Vieasurements Laboratory at West Lynn. 

Inspection of finished product follows a finishing operation 
and electrical testing. Butyl is the complete insulation so 
elastic it won't erack under stresses caused by chemical o1 
thermal shrinkage. (Photo sequence continued on next page.) 

tion proved highly successful. Readily 
available, it has just the processing 

needed, Its 

chemical 

characteristics electrical, 

yhysieal, and roperties | proj 
resistance to ozone and corona, tearing 

alkalies, re- 

are completely satisfactory. 

and abrasion, acids and 

spectively 

What’s more, it has a high dielectric 
strength and excellent heat-aging prop- 

these desirable 

butyl has the 

basic advantage of being low in cost, 
Industry butyl-molded 

transformers has soared since the first 

erties. In addition to 

technical characteristics, 

acceptance — of 

unit for indoor marketed in 

1948. 

By 1951, butyl-molded transformers 

use Was 

had proved superior not only for indoor 
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Here’s the completed 5000-volt’ instrument transformer 

5 alongside its conventionally insulated counterpart. In the 6 
former process, the unit was hand-wrapped with an asphalt- 

a laborious and costly process. treated crepe paper 

As a 

result, a 600-volt) combination indoor- 

but also for outdoor applications. 

outdoor current transformer was intro- 

duced; marketed two years later was the 

corrosion-free 5000-volt outdoor current 

transformer. This unit was a big step 

forward in design because butyl rubber 
could both insulate and encase the trans- 

former, eliminating the expensive con- 
ventional metal case and porcelain 

bushings. Today, transformers of similar 
15,000-volt design in the range are 

within sight. 

. . » Now Challenged 

Since 1948, when molded butyl was 

first successfully applied to instrument 

transformers, many new materials have 

appeared to offer a challenge to butyl. 

These are being constantly surveyed 
and evaluated to be sure that no better 

material is being overlooked. For in 
selecting an insulation for instrument 

transformers many things must be con- 

sidered. Dielectric strength, heat sta- 

bility, resistance to internal corona, 
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development. 

and mechanical 

damage are physically critical. The cost 
of both the material and the process, 

including labor, tools, equipment, in- 

electrical creepage, 

vestment, and upkeep is economically 

critical. 

Recently developed casting resins that 

are commercially available include epox- 

ides and improved polyesters. Still in the 

developmental stage are the polyure- 

thane resins, such as castor-oil polyure- 

thane. In the nebulous future are the 

organoboron polymers, 

Among the rubber compounds in 
commercial production are the silicones, 

Hypalon. Polyurethane 

rubbers are available commercially in 

acrylics, and 

Kurope but not as yet in the United 

States, Within the next two to five years 

fluorinated rubbers should appear com- 

mercially in this country. 

Here’s a list of the new materials that 

vie with butyl rubber for transformer 

insulation 

Polyesters 

are polymerization products of polybasic 

Solventless resins, they 

Butyl rubber gum is compounded with other materials to 
vive it desirable properties. Most of the synthetic rubbers 
originated in Germany, but butyl is strictly an American 

GENERAL ELECTRIC REVIEW 

acids reacted with polyhydric alcohols. 

Many types are available. By the addi- 
tion of other materials, it’s possible 
within limits 

cific properties. Work has been carried 

on for several years to cast transformer 

to modify them for spe- 

insulation of modified polyesters, but it 

has only been successful for low-voltage 
applications. 

Epoxides Reaction products of bis- 

phenol and epichlorohydrin, epoxides 

too are solventless resins that can be 

modified for specific purposes, Some of 

the epoxide resins possess electrical 

characteristics similar to butyl rubber, 

and an American manufacturer recently 

introduced a 600-volt instrument trans- 

former cast in an epoxide resin. 

European manufacturers have been 

producing cast-epoxide instrument trans- 
formers for several years. (Butyl is not 
competitive in Europe because it isn’t 

readily available.) 
Polyurethanes 

reacting diisocyanate with polyhydroxy 
compounds. In Europe, where they were 

These are obtained by 
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developed, their use is expanding rapidly 
in the fields of wire enamels, surface 
coatings, and adhesives. 

Polyurethane casting resins are now 
under study in the United States, and 
initial results are promising. Already a 
castor-oil polyurethane for the military 
services has been developed by Prince- 
ton University’s plastics laboratory, 
though it is not yet available commer- 
cially. Good heat stability and chemical 
inertness are claimed for this material. 

Organoboron resin S La boratories 

throughout the country are working on 
these compounds; studies are based on 
chemical structures of boron-oxygen, 
boron-nitrogen, and boron-phosphorous. 
It will probably be many years before 
they are produced on a commercial 
basis, however. The goal is to develop 

resins with superhigh-heat stabilities in 
the range of 400 to 500 C. 

Vulcalon—Another European devel- 
opment, this is a polyurethane rubber 
prepared from the reaction of adipic 
acid, ethylene or propylene glycol, diiso- 

and Its 
abrasion is said to be greatly superior to 
cyanate, water. resistance to 

any known rubber compound; its resist- 

ance to ozone and oxidation is also 

claimed to be good. At the present time, 

however, Vulealon has at 

drawback for 

insulation—its susceptibility to hydroly- 

least’ one 

serious use as electric 

sis. 

Silicone rubber—More familiar to engi- 
neers, silicone rubber is a product of the 

field of 

chemistry. It is unusually stable at high 
relatively new organosilicon 

temperatures, flexible at low tempera- 

tures, chemically inert, and possesses 

Although 
the original silicone rubbers lacked much 
superior corona resistance. 

in mechanical properties, recent com- 

pounding techniques have overcome this. 

Hypalon S-2 

polyethylene compound is obtained by 

This chlorosulfonated 

treating polyethy lene resin with chlorine 

and sulphur dioxide. Along with a high 
degree of chemical stability, Hypalon 

5-2 resistance to has excellent ozone, 

solvents, and chemicals. 

fervlic 

of aerylie acid, this new commercially 

rubber—Obtained from esters 

available rubber includes Aerylon and 
the Hycar acrylic-based rubbers. Accord- 
ing to published statements the latter 
have exceptional heat and ozone resist- 

ance. 
The major disadvantage of the last 

three rubbers mentioned—silicone, Hy- 
palon, and acrylie—is their high ma- 
terial cost (illustration). 
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BUTYL COST is low compared with new synthetics that challenge it. Excluding the process 
butyl also has advantage of lesser density 

Meeting the Challenge 

There’s no question but that the old 

method of insulating dry-type  trans- 
formers with asphalt-treated paper is on 

its way out. Pressure-molded butyl rub- 

ber is the answer today and will be for 

some time to come. 

At the present time the process of 

pressure molding with butyl has three 

major advantages over casting with 

resins... 

e Butyl is the complete insulation, 

and its elasticity is such that despite 

stresses caused by thermal or polymeri- 

zation shrinkage, it will never crack. 

e Butyl is readily available and its 

cost is low. Even with a large percentage 

of inert fillers, all the newer materials 

are more expensive, 

e Larger poundages of the newer 
materials are required to mateh equiv- 

alent volumes of butyl because of its 

lower density. 

more volume per pound over its competitor . 

e The molding process involved with 
butyl than the 

casting process. The long casting and 
is actually less costly 

curing cycle, plus the many molds and 

additional work necessary to protect the 

cast insulation from ionization and in 

ternal stresses, all add to the basie cost 

of casting. 

Evaluating Developments 

Continuing advances in compounding 

butyl enable it to remain ahead on eles 

trical properties for istrument trans. 

former applications. 

Although none of the newer materials 
are competitive with butyl today, the 

further development of these and other 

that a 

feeling of complacency cannot be en x | 

even newer materials means 

the insulation development 

engineer. For 
constant evaluation of new materials is 

joved by 

technical alertness and 

the price of good instrument-transformet 
neg sig design, 2 
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ELECTROLUMINESCENCE DEMONSTRATED BY AUTHOR MAY PROVE AN EFFICIENT LIGHT SOURCE. 

GEWERAL %) ELECTRIC 

Electroluminescence 
By DR. WILLIAM W. PIPER 

electricity into The 
visible light is a process of major im- 

conversion of 

portance today. Considering the millions 
of dollars that are spent each year to 

produce light, any means of increasing 
lamp efficiency is important. If electric 

energy were converted into white light 

with 100 percent efficiency, about 220 

lumens of light would be produced for 
each watt of electric energy consumed. 

The most efficient fluorescent lamps to 

day are capable of delivering about 60 
lumens per watt-—a significant advance 

beyond the tungsten lamp efficiency of 
about 15 lumens per watt. But both of 

these lamps are limited in’ ultimate 

efliciency by the indirect means used to 

convert the electric energy into light. 

A fundamentally 

of producing light, which is not in 

the 

direct conversion of electric energy into 

attractive method 

herently limited in’ efficiency, is 

luminescence within a semiconducting 
The 

by the application of an electric poten- 

solid. excitation of luminescence 

tial to a erystalline phosphor or the 

suspension of such a erystal in a chang- 

ing electric field is called electrolumines 

cence (photo). The present electrolumi- 

nescent lamps (a few lumens per watt) 
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are considerably less efficient than 

the tungsten lamp. However, the basic 
theoretical limitations imposed on the 

efficieney of incandescence and ultra- 

violet fluorescence are not applicable to 

electroluminescence. With proper mate- 

rials this new means of producing light 
may prove amore efficient source, 

first 

covered a litthe over 20 years ago. The 

Klectroluminescence = was dis- 

made on 

crystals of that 

mounted between two metallic probes. 

earliest) observations were 

silicon carbide were 

When d-e voltage was applied between 

the probes, some crystals were observed 

to emit light in regions near the elee- 
trodes. The light emitted at the cathode 

was later positively identified as solid- 

state luminescence. 

e 

Dr. Piper is a research associate in the 

General Physics Department of the Re 

search The Knolls. Sche 

nectady. He joined General Electric in 

1950, 

toward a_ better understanding of the 

crystal structure underlying the physi 

Laboratory. 

{t present his work is directed 

cal mechanism of electrolumine SCCTICE 

\ few years after the observation of 

electroluminescence in silicon carbide. 

certain zine sulfide phosphors were dis- 
covered to be electroluminescent. This 

powdered phosphor when suspended in 

an insulating liquid and placed between 
two plane parallel electrodes was ob- 

electroluminesce 

an a-c potential was applied across the 

electrodes. The light emitted was the 

served to whenever 

characteristic luminescence of this phos- 

phor. 

In the past five years many improve- 
ments have been made in_ electro- 

luminescent cells that utilize powdered 

phosphors of zine sulfide and zine 
sulfoselenide. A schematic diagram of a 
typical cell is shown on the top of the 

opposite page. The microcrystalline 

grains of the phosphor are imbedded in 
a sheet of thermoplastics dielectric 

material a few thousandths of an inch 

thick. 

This mixture is then sprayed on a 
piece of plate glass that has a_trans- 

parent conducting surface on the side 

in contact with the This 

plastics layer, backed by a sheet of 

aluminum foil or a coat of conducting 

plastics. 

silver paste, becomes rigid after it has 
set. 

Light from 
from the cell through the glass. Because 
in principle the surface area of this cell 

the phosphor escapes 

is unlimited, broad-area electrolumines- 

cent panels are feasible. Rooms illumi- 

nated by such broad-area sources of 

light the 
sociated with the combination of a high 

would possess comfort as- 

level of illumination and a low surface 

brightness of the lamp. 
More recently, electroluminescence 

has been observed in single crystals of 
copper-activated zine sulfide and in thin 

transparent films of 
vated zine sulfide (illustration, lower, 

manganese-acti- 

opposite page). The single crystals may 
be grown in an evacuated quartz tube 
from the 1100. 
The thin films may be chemically de- 

vapor phase at 

posited on a glass surface heated to 

550 C in the presence of vapors of zine, 

manganese, and hydrogen sulfide. The 
electrodes for thin films are similar to 

those described for the powder cell. 

Electrodes are placed on both sides of 

the single erystals. The electrode mate- 

rial may be a thin layer of silver paste 
or a layer of metal evaporated onto the 

crystal in a vacuum. 

Electroluminescent) phenomena — in 

zine sulfide can be subdivided into two 

types. In general, when an appropriate 
voltage is applied to an electrolumines- 
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cent system, light is emitted in pulses— 
usually two per voltage cycle. These 

pulses are either in or markedly out of 
with the peak-applied ‘voltage. 

Systems exhibiting 
will also emit light when 

excited by a d-c voltage of comparable 
Single crystals and thin 
sulfide are capable of pro- 

ducing electroluminescence. 
Single crystals and powder cells of zine 
sulfide light. This 
out-of-phase component appears only 

threshold increases 

linearly with 

phase 

in-phase electro- 

luminescence 

magnitude. 
films of zine 

in-phase 

emit out-of-phase 

above a voltage, 

increasing — fre- 
kilocyeles, and 

varies superlinearly with applie -d voltage. 

\ good powder cell today has a sur- 
face brightness of about one footlambert 
when excited by 110 volts, 60 cycles. 

At 300 volts and 5 ke per second 

cell higher 
has a 25 

almost 

quency up to several 

similar designed for the 
brightness of about 

footlamberts. This level of 

is easily seen in a well-lighted room; it 

ve tage 

brightness 

would appear brighter than a piece of 

white paper illuminated by a LOO-watt 

tungsten lamp two feet away. The bright- 
ness for a given applied voltage can also 

he increased by using a suspending 
plastics that possesses a high dielectric 

constant. For example, if a_ plastics 

having a dielectric constant of 14 is used 
to suspend copper-activated zine sulfo- 

selenide, 5 times as much light is pro- 
duced as in a similar cell using a plastics 
with a dielectric constant of 6. 

In addition to the problems of a low 

brightness level and low efficiency, the 

brightness level ol present powder cells 

under constant conditions of excitation 

over an extended slowly diminishes 

period of time. 

Mechanism of Electroluminescence 

\ large fraction of phosphor materials 
is composed of inorganic crystalline 

Electroluminescent phosphors 

fluorescent 

solids. 

as well as those used in 
lamps. belong to this class. A erystalline 
solid consists of a large number of 
atoms of an element or compound ar- 
ranged periodically to form a lattice. 

To make a phosphor, a suitable crystal- 
line solid must be activated. Activation 
results from a dilute amount of a foreign 
metallic ion being dispersed atomically 

lattice. These 

ions, or activator atoms, are responsible 
for the emission of light from a phos- 
phor. The excited in 

ways. 

throughout the impurity 

activators can be 

many Two examples are the ab- 

sorption of an ultraviolet photon and the 

transfer of energy from an electron with 
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POWDERED ZINC sulfoselenide electroluminescent cell makes possible broad-area panels 
that would give 

SINGLE-CRYSTAL 
ZINC SULFIDE 

CRYSTAL of zine 

from the vapor phase at 1100 C, 

W hen an 

ground 

considerable kinetic energy. 

excited activator returns to the 

state, it may emit a photon of light. 

Inorganic crystalline phosphors be- 
long to a broad class of solid materials 

semiconductors named germanium is 

a well-known example. Some semi- 

conduct” electric current 

that are 

crystal in the 

conductors 

by electrons free to 

through the conduction 

band, others by 

band. In 

holes in the valence 

n-type 

a combination of high-level illumination and low surface 

sulfide electroluminescent cell may be 

The thin films may be chemically deposited on glass surface 

move 

semiconductors the 

brightness. 

THIN METALLIC 
ELECTRODES 

grown in an evacuated quarts tube 

current is carried by eleetrons that are 

furnished to the conduction band = by 

donors. Similarly, holes from acceptor 

centers are the charge carriers in p- 

type semiconductors 

Two mechanisms for electrolumines- 

cence have been proposed, both theo- 

One that the 

centers responsible for the 

retically sound, states 
activator 

emission of light are ionized by the eap- 
ture of a hole that has been injected into 

the erystal. The subsequent capture of 
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part of its light by this mechanism. 
That an activator center in an elee- 

trolumineseent: phosphor can also be 

‘ited by a conduction electron with 

sufficient kinetic energy is the basis of 
the 

transfers its energy to the activator by 
means of an inelastic collision. 

due 

A convenient model often used to represent ge eg and 
other crystalline solids is the band-theory model. This model 
arises from quantum mechanical considerations of the inter- 
actions of the valence electrons with the periodic electrostatic 
potential of the crystal lattice. The discrete energy levels that 

are characteristic of isolated atoms broaden into allowed bands 
of energy separated by forbidden bands when the atoms are 
placed in a erystalline array. If the highest band of allowed 
energies normally occupied is only partly full at absolute zero, 
the crystal is a metal. If this band is completely full, then the 
erystal is a semiconductor —-the class phosphors belong to. 

A composite band-theory model of a phosphor is shown in 
Fig. |. The last filled, or valence, band is at the bottom of the 
diagram. The first empty band of ailowed energies —conduction 
band —is separated from the valence band by a forbidden region. 

CONDUCTION BAND CONDUCTION BAND 
ELECTRON ®@ 

P.TYPE 
e e : ELECTRON - ONORS TRA! ra DONO @- FERMI LEVEL 

\ ATC ope] 
fr oh _ ACTIVATOR ~ 

ACCEPTOR _ er i rte Malas N.TYPE 
VALENCE BAND 

nO VALENCE BAND 

FIG. 1 FIG. 2 

Energy levels can occur locally in the forbidden region if the 
lattice is in some way perturbed in that locality. The ground 
state and the first excited state of an activator center usually 
oecur in the forbidden band as shown, In addition, trapping 
levels are present in any real crystal. These levels can be intro- 
duced by local imperfections of the host lattice. Other added 

impurities ean introduce donor or acceptor levels. Electrons can 
be introduced into the conduction band by the ionization of 

donor levels. Electrons in the conduction band are free to move 
to other regions of the lattice and can be captured by a trapping 
center or an ionized donor or activator. Free holes (empty 
states in the valence band) are produced when an acceptor center 
removes an electron from the valence band. Just as electrons 
move through the conduction band, holes in the valence band 
may migrate through the lattice until they are either recaptured 
by an ionized aceeptor center or annihilated by an electron 
trapped at a localized center above the valence band. 
\ hen a phosphor is excited by ultraviolet light. an activator 

center absorbs a photon of incident energy leaving the activator 
in an excited, or emitting, state. Neighboring ions then move 
slightly fo a new equilibrium configuration that brings the 

excited state and the ground state of the activator closer to- 

electron from the conduction band 

ves the activator atom in an excited 

te so that it can then emit a photon 

light. Silicon carbide emits at least) emission-—a 

frictional 

electron. 

force 

second mechanism. The electron 

when an electric 

\ con- 

tion electron can attain these high 

THEORY OF ELECTROLUMINESCENCE 

energies only in strong electric 

In weaker fields the electrons lose energy 

too rapidly to the lattice by phonon 

process 

experienced by the 

These high electric fields can be pro- 

duced close to the crystal surface in 
zine-sulfide single crystals because of a 
space charge that appears in this region 

potential is applied 
across the crystal. According to this 
theory, when a d-c voltage is applied be- 

gether. For this reason the photon emitted by the activator upon 
returning to. the ground state is less energetic and of longer 
wave length than the absorbed photon. The difference in energy 
appears as vibrational energy in the crystal lattice. 

In an electroluminescent phosphor the conversion of electric 
energy into light takes place within the phosphor material. This 
conversion is not necessarily efficient: nonradiative events may 
compete with the excitation and emission of light from an activa- 
tor center. Two theoretically sound mechanisms have been 
proposed for the electroluminescence phenomenon. One involves 
the injection of positive holes into the valence band that can 
ionize the activator atoms by capture. The other requires that 
electrons be injected into the conduction band and subsequently 
accelerated kinetic energies sufficient to excite an activator 
center by means of an inelastic collision, Some experimental evi- 
dence exists that is in agreement with each of those mechanisms. 

Holes can be injected into an n-type semiconductor in several 
ways. The simplest one occurs at a p-n junction (Fig. 2). In the 
n-type region, current flows predominately by means of the 
transport of charge by conduction electrons; in the p-type region 
the charge is transported by holes that travel in the vale: nee 
band. A barrier exists at the interface between these two regions. 
When a voltage is applied across the junction whese polarity 
urges electrons from the n- type region into the p-type region 

and holes from the p-type side of the interface to the n-type part 
of the crystal, the barrier contributes very little resistance to 
the flow of current. However, if the polarity is reversed, the 
region immediately on either side of A as junction is exhausted 
of its type of current carrier. The ionized donors and acceptors 
in this region create a space-charge layer, and much less current 
flows in this direction. When the current is moving in the easy- 
flow, or forward, direction, conduction electrons that move 
into the p-type region are shortly annihilated by the high density 
of postive holes. Holes moving across the junction in_ the 
opposite direction also quickly ‘recombine with a conduction 
i tron. If suitable activator atoms are present in or near the 
barrier, the electron-hole recombination may occur optically 
at the activator site with the emission of a photon of light char- 
acteristic of the activator system. Holes can also be injected 
into n-type material by positively biased point-contact electrodes 
as well as by excitation from acceptor centers present in the 
crystal. 

The second theoretically sound means of exciting activators 
is the result of a conduction electron with a large amount of 
kinetic energy suffering an inelastic collision with the activator 
center Except in electric field strengths approaching those neces- 

sary for electronic breakdown of insulators—about a million 
volts per centimeter conduction electrons moving through the 
lattice under the influence of an electric field possess no more 
kinetic energy on the average than they do when no field 

fields. 

is applied, analogous to a 

peak-applied voltage. Two pulses appear 

periment. 

the theory of electroluminescence.) 
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tween metallic electrodes on opposite 

sides of the crystal, light is emitted 
above a threshold voltage. If a-c voltage 

light appears at lower volt- 

ages out of phase with respect to the 

per voltage cycle, and the average bright- 
ness increases linearly with increasing 
frequency and superlinearly with in- 
creasing voltage in agreement with ex- 

(For your information we've 

included a more detailed discussion of 



present. This is true because these electrons are in thermal 
equilibrium with the rest of the lattice. The energy transferred 
from the electric field to the electron is shared so quickly with 
the rest of the crystal that the electron is unable to accumulate 
kinetic energy. The thermal kinetic energy of an electron at 
room temperature is about 100 times smaller than the energy 
needed to excite an activator atom. If an electric field almost 
as large as the breakdown field exists locally in a erystal contain- 
ing appropriate activator atoms, the conduction electrons can 

then successfully gain sufficient kinetic energy to collide in- 
elastically with an activater and excite it. If this high-field region 
exists close to the surface of the crystal, the electrons may be 
injected from a negatively biased metallic electrode. The elec- 

trons a!so can be excited into the conduction band by the intense 
electric field from tightly bound donor levels. 

— \ CONDUCTION BAND 
M 

f hb ~ 
Ty ‘: 

N | 
¢ F 

w , p® Ne 
OQ oOo, ® ati 
O No s 

& Rs -- 

Y EXCITED 
ia ACTIVATOR 

VALENCE BAND 

FIG. 3 

Silicon carbide can be prepared as either a p-type or an n-type 
semiconductor. Regions of p- and n-type silicon carbide fre 
quently occur side by side in one crystal. The yellow electro 
luminescent emission is known to occur at p-n unctions in the 
erystal that are biased in the direction of easy flow. These 
erystals electroluminesce by the mechanism of hole injection 
at the junction. 

When a d-c voltage is applied to a copper-activated single 

erystal of zine sulfide mounted between metal electrodes, the 
emission of light and current each increase exponentially with 

voltage. reversibly to breakdown. The nonohmie behavior of 
the crystal indicates the presence of a barrier. The current and 
light depend on the material used at the cathode. For this reason 
the cathode barrier probably is a Mott-Schottky exhaustion 

barrier that is effective because of the difference in work functions 
of the erystal and the metal electrode. Conduction electrons 

are able to escape easily to the electrode but are unable to return 
to the conduction band. When a voltage is applied across this 

Electroluminescence holds promise crystal, and a significant fraction ap- 

EE PENTA DORON EERIE REN foe MATERA IE OSE RS AEGINA EE SIN METRES! EER A ARES EER ts 

n-type semiconductor, electrons from donor levels flow through 
the conduction band. Because electrons cannot enter the crystal 
at the cathode, the donors nearest the cathode remain empty. 
The positively charged exhaustion layer widens until the entire 
difference of potential is across this layer. As the voltage is 
increased, the electric field in the exhaustion layer rises. At a 
sufficiently high voltage the barrier at the surface is thin enough 

to permit electrons to tunnel from the electrode into the con- 
duction band. These fields are more than adequate to success- 
fully accelerate electrons to high kinetic energies, thus exciting 
and ionizing activators by the impact excitation mechanism. 
With the continuous flow ef electrons, light may be emitted 
near the anode with the proper conditions for hole injection, 

When an a-e voltage is applied to these single crystals of zine 
sulfide, two distinet pulses of light in phase with the peak-applied 

ELECTRODE | CRYSTAL ELECTRODE 4 

ee, Oa 0 

FIG. 4 

voltage appear above a voltage comparable to the threshold 
voltage for d-e electroluminescence. Other similarities make it 
clear that in-phase a-c electroluminescence occurs by the same 
mechanism as d-c electroluminescence. 

The out-of-phase component of the a-c electroluminescence 
occurs at lower values of applied voltage. Each pulse of light is 
associated with a particular electrode, The activators next to an 
electrode are ionized in the exhaustion layer when that eleetrode 
is becoming more negative. These activators, excited by the 
impact excitation mechanism, emit light on the sueceeding half 
cycle when electrons are again available in the conduction band. 
The electrons are injected into the conduction band from deep 
donor levels (Fig, 3) that are too deep to be ionized thermally 

and are emptied by the strong electric field present in the exhaus- 
tion layer. An applied a-c voltage alternately depletes and _re- 
plenishes the exhaustion layers in front of each electrode (Fig. 4). 
Two pulses of light—one in front of each eleetrode—are emitted 
per voltage cycle. 

— 
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rooms. Another use under considera- 

of varied applications in lighting and 
electronics. The present electrolumines- 
cent panels are most seriously limited 
by low levels of light, low efficiency, 
and depreciation. The gravest theoreti- 
cal limitation on the efficiency (at 
present about one tenth the efficiency 

of tungsten lighting) is the nature of the 
competing parallel processes within the 
semiconducting phosphor that absorb 

energy without subsequently emitting 
light. These losses occur within the 
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pears to be the frictional forces ex- 

perienced by the conduction electrons 

as they move through the lattice. The 
directness of the conversion of electric 

energy into visible light indicates that 
much better performance can be at- 

tained—provided that proper materials 

and technology produce phosphors with 
better-suited properties. 

Electroluminescence will probably 

first appear commercially in low-level 

lighting applications for use in darkened 

tion is the visual display of information 

for military as well as commercial 

applications. Combined with a erystal- 

line photodetector, a high-speed elee- 

troluminescent cell might be used as a 
storage element for large digital com- 

General-purpose lighting — by 
electroluminescent devices will not be 

puters. 

feasible until the efficiency is at least 

equal to that of incandescent lamps. 

And this does not appear to be attainable 
in the near future. Q 
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SEMAC II—A VERSATILE COMPUTING DEVICE— runs through calculations of complex 
engineering problems with ease. Author McCracken, checking the circuit of a removable 

SOLVING 

PROBLEMS 

WITH THE 

SEMAC II 

By D. D. McCRACKEN 

control panel, joined the Company in 195] at AEC’s GE-operated Hanford Atomic Products 
Operation in Richland, Wash, He is now a Technical Engineer, Components Development 
Section at General Electrie’s Aircraft Gas Turbine Division in Evendale, Ohio. 

Initially of interest only to accountants, today punched- 
card calculators are used by mathematicians, engineers, and 
scientists everywhere. The May 1952 Review reported some 
of their engineering applications in an article titled “Let 
Punched Cards Solye That Problem.” 

The Card Programmed Calculator (CPC) is a flexible piece 
of computing equipment that 

It recognizes the holes in punched cards, performs 

each user adapts to his 

needs. 
mathematical operations with ease and relative speed, and 
records answers as holes punched in other cards. As a com- 

puting device, it is limited largely by the system designer’s in- 

genuity. For its operation is controlled by interchangeable 
control panels or plug boards. They are an integral part of 

the CPC, but unlike internal parts, their wiring arrangement 

can be altered. 

Computer Economics 

Card Programmed Calculators cost more per hour of operal- 

ing time than do desk calculators operated by one man. What 
then makes them so popular? Basically the reason is that they 

fill the gap between the mexpensive desk calculator operated 

at tedious manual speeds and the swift: but costly giant 
digital computers. 

The larger the caleulator the cheaper its operating cost 

provided there's enough work to keep il operating most of the 

time, For example, a recently built large-seale calculator 
performs nearly ove-million arithmetic operations per minute 

for one two-thousandth of a cent each-—or 60-million opera- 

tions an hour for $300, But to keep it busy requires the serv- 

ices of 20 to 30 mathematicians plus a staff of other workers. 

What's in a Name? 

The SEMAC IL (photo) is a medium-size computing system 

employed at the Atomic Energy Commission’s GE-operated 
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plutonium plant in Richland, Wash. It utilizes punched-card 

equipment whose removable control panels are so designed 

that complex calculations arising in engineering and nuclear 
physies can be effectively handled. 

The name itself 
mixed decimal, arithmetic caleulator. You get a good idea of 
its significance by observing how SEMAC I goes about evalu- 
ating a problem. The simple illustration and explanations that 
follow are intended to do just that—point up some of SEMAC 

II's distinctive features and provide information on CPC's in 

series evaluated functions. stands for 

general, 

The Problem 

Consider the equation 

vy = vo’ [( i 3 hi , 
2 cos D 

where you want to evaluate v for given values for vo’, k, and 

o. To do this you can arbitrarily choose values of the con- 

stants v’ and A, then find solutions to the equation in terms 

of @, varying the latter in steps of five degrees from zero to 

85 degrees. When the first sequence of operations is finished, 
you change the values of v! and hk, repeating the process until 
you have sufficient data, 

Manually done, this is a long and tedious task. But evaluat- 

ing the same equation with SEMAC IL is speedily accomplished 

by programming a sequence of simple operations for the 

machine to carry eut, one per instruction card. The following 
program of 10 operations, translated literally from 10 punched 

cards, would evaluate the equation for one set of values of 

vk 

1) FKorm the sum (1-+4) and store it. 
») . . 2) Evaluate cos . 

and |) 

3) Multiply cos @ by 2. 
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1) Call (1+4) out of storage and divide it by the product 

of step three. 

1+k 
5) Square the quotient, giving = 

« COS @ 

6) Subtract & from this. 

7) ‘Take the square root. 

8) Multiply this result by vo’. Place the 

storage so that it can be printed at card 10. 
9) Add five value of @ already 

that Steps one through eight can be repeated, 

10) Punch the product v into a blank eard, along with the 
corresponding values of t 

product v in 

degrees to the used 

‘ky and @. 

The l0-card block is operated on in this way until @ 

Then the values of v’ and & are changed and 

rocess repeated. To give you an idea of the speed 

equals 85 degrees. 

the whole | 

with which these operations are carried out, it takes SEMAC 

about seconds to run through the LO-card IT only seven 

block. or one sequence of 10 operations. 

Evaluating the Cosine 

Although SEMAC IP ean 
cant look up the values of trigonometric 

Of course, you could manually punch 
to select 

“read” the holes in a deck of 

punched cards, 

functions in a table. 

the values into the cards and arrange the 

or even interpolate between values. But this 

machine 

the right one 

isn’t economical compared with another method available. 

You may remember from your calculus that the cosine of 

an angle x can be evaluated using the converging series 

ur <" * 

id |! ; 6! r 

terms are factorial 

24. Depending on 

derived theorem. The 

» 2 | numbers: for example, I=] x 2.x 3x 

from ‘Taylor's 

the degree of accuracy needed, you can take as many or as 

few terms as you like. 

Suppose that for our example problem the terms through 

series is then faetored 
f v give sufficient The cosine 

2 ('- w )] 
nee de di 

aecuraey, 

into 

Although considerably more terms are practice, 

SEMAC Il 

in about three seconds by this method. In 

evaluate a cosine lo seven-de IC imal accuracy 

a similar manner it 

exponential, and other evaluates hyperbolic, logarithmic, 

Thus you can see the origin of the phrase “series functions. 

evaluated functions’ in its name, 

Logic and the Square Root 

Phe method commonly used to extract the square root is 

interesting because it illustrates the limited “thinking’’ 

ability of computers. First of all, the operator or the machine 

at the finite 

number than 

find a more accurate answer by Newton's approximation 

root which can be any makes a guess square 

vreatel zero and the computer proceeds lo 

formula 

p \ 
a,,=% + a 

a 

where a, is the ith approximation to the square root of the 

number .V, and i equals 1, 2, 3, 4, 

you didn't know the square 

wanted Newton's 

would first guess the square root to be about 12 

9 and so On. 

root of 121], 

Perhaps you 

Suppose and you 

to compute it by method. 

that is, a 

equals 12, Substituting into the formula, you whittle down 
your approximations as follows... 

12 

iy + 12) =11.04167 

+ 11.04167 11.00008 
nba O4167 

= + 11,00008 1 1.00000 
1 1.00008 

(igs + 11.00000 J = 11.00000 
ai OQOO0O 

In practice, the machine is set up to do this process over 

and over indefinitely. Each approximation is subtracted from 
until the difference indicating two 

machine then reasons: “This 

but it’s obviously 

And the machine 

the previous one is zero, 
identical approximations, The 

may or may not be exactly the right answer, 
the best Pve been instructed to do. | quit.” 
stops calculating and calls the last approximation the answer. 

Contrary to some popular notions, calculators can make 
decisions only on the basis of such zero and nonzero tests or 
plus and minus tests. Still, surprisingly many 
questions in computing work that can be phrased 
terms. This is about the extent of the thinking ability of pres- 
ent-day digital computers —the ability to modify the 
of a calculation on the basis of a previously caleulated result. 

there are 

in these 

course 

The “Floating Decimal” 

Whether rule, desk 

matic calculator, certain problems connected with the decimal 
point always crop up. When summing the numbers 0.0123 

you use a slide ealeulator, or auto- 

for example, you must line up the decimal points 

before adding. But conveying this information to a caleulator 

is something else again. Do the and 3 stand for 

0.0123, 1.2: 1230? Again, 

673.23 by 0.004521. for example 

decide where the decimal point of the quotient will be. 

The method commonly used by engineers lo keep track of 

decimal points is to write all quantities as the product of 

number less than LO and some power of LO. That is, 

is written as 6.7323 x LO*® and 0.004521 is written as 4.5: 

10°, These two numbers divided become 

6.7323 XK 10? 6.7323 

1521 x 10° 1.521 

and 1.23 

digits Re ur _ 

, 
)». when dividing two numbers 

most of us have to Slop and 

« 10° 

and the decimal point of the quotient is apparent. 
In computing language, this is the “floating 

method. For CPC work it is modified slightly, 

number is written as if it had eight significant digits; 
as in 10°, is omitted, and to avoid negative 
is added to each. The exponent plus 50 is then written behind 
the eight digits of the number like this... 

6.7323 * 10? 6732300052. and 

210 « 10% 1521000047» 

The first eight digits of a 10-digit floating-decimal number are 

called the locating the decimal 

point, are the exponent, 

The use of this system takes much detail out of the pro- 

follows 

decimal” 

however, Each 

base 10, 

exponents, 50 

673.23 

0.004521 = 4.5 

significant part; the last two, 

yvrammer’s hands. Here’s the procedure a calculator 
in adding and subtracting two numbers... 
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{a and Bh, where A is 

the significant part and a, the exponent part. The caleulator 

first examines a and b. If they are equal, A and B are added 

directly; if they are different, the number with the smaller 

exponent is shifted to the right the same number of places 

Call the two numbers to be added 

as the difference in exponents, and the numbers are added. 

To illustrate, 

HOOOQO00052. + 3200000050 6032000052 

If the significant part of a sum has nine digits instead of 
eight, it is rounded off by adding five to the ninth digit, the 

sum shifted one place to the right, and its exponent plus 50 
is increased by one. Thus, symbolically 

+ 9999999950) 777777851 

+ 9.9999999 

When two nearly equal positive numbers are subtracted, 

the leading digits of the difference will be zero. The result is 

then shifted to the left until there’s a nonzero digit in the 

high-order position, and the exponent plus 50 is decreased 

accordingly. For instance, 

1111234550 — 1111111150 1234000016 

Despite the apparent detail in floating-decimal addition or 
subtraction, the operation never takes the calculator more 

time than that required for one card to run through it—a 
considerable improvement over earlier CPC floating-decimal 
systems. SEMAC handles the decimal point in all other 

operations by similar methods. And the phrase “mixed de- 

cimal” derives from SEMAC IV's ability to switch from fixed- 

to floating-decimal notation and back again. 

Engineering Application 

Here are two fairly typical computing problems readily 
evaluated by SEMAC Il. The emphasis is on methods of 

solution only because the engineer is primarily interested in 
the advantages of high-speed computing devices—not in the 
details of 

examples, note the... 

e Reduction in time and effort required to obtain numer- 

numerical methods themselves. In the following 

ical results 

e Klimination or reduction of experiment 

e Aid in evaluating experimental results. 

Proseem: A series cireuit includes a switeh S, a battery 
of constant potential /, and a nonlinear an inductance L, 

resistance R. Suppose you know that the resistance varies 

at+bi", 

where a,b, and n are experimentally determined constants 

with the current ¢ according to the relationship R 

of the circuit element. You are required to find the current i 

as a function of the time ¢ after the switeh is closed at ¢=0. 

The basic equation is 

di 
L a 

dt t 

which, after substitution, becomes 

di 
a + ai + bi" 

An analytic solution of this equation obviously doesn’t 

exist for arbitrary values of n, but you can find a numerical 

solution, It is a matter of step-by-step integration involving 
a large number of arithmetic operations that SEMAC IT can 
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perform with ease. You can therefore see how it’s possible 

to determine the behavior of a circuit without ever going to 
assuming of course that you know enough the laboratory 

about the components. On the other hand, it might happen 
in this sort of work that experimental data on the circuit's 
behavior are available, but you don’t fully understand the 
dependence of the resistance on the current. If so, you could 
then try different values of a, b, and n or a different expression 

for R, until the combination giving the best correspondence 
with experimental data is found. 

The solution of this differential equation might therefore 
be aimed at avoiding experimentation or interpreting ex- 
perimental results. For both, an electronic calculator such as 

SEMAC II can perform the arithmetic operations much faster 

and cheaper than a man at a desk calculator. 

Propiem: Consider a thin wire heated to a high temperature 
by a known current. The dominant method of heat transfer 

from the wire is by black-body radiation according to a fourth- 
power law. If you want to compute the temperature at mid- 

point of the wire, you must solve this equation for 7; m 

dT 
[b(7T* — T,) —c(T —T,,) |* m e ie 

where 7), is the absolute temperature at the wire’s midpoint, 
7, is the absolute temperature of the surroundings, 7’ is 
the temperature at any point in the wire, and a, 6, and ¢ are 
known constants. 

This equation is intractable analytically, but it can be 
evaluated by a numerical approximation to the integral. 
Many times, however, it is necessary to try different com- 
binations of values for a, b, and ¢ to get sufficient informa- 
tion about 7). Imagine numerically integrating this equation 
50 times by hand. Yet this is just the sort of thing an auto- 
matic computer does so well. You need to set up the basic 
deck of cards only one time. To study different problems, you 
change one or two cards at the front and run them through 
again. 

Although the examples here deal with only a differential 
equation and an integration, other types of problems often 
arise in engineering and, therefore, in) computing work. 

Among others, these include transcendental equations, sys- 
tems of linear equations, matrix arithmetic, curve fitting, 
and statistical analysis. 

Versatile Tool 

The operations on SEMAC IL vary greatly 
addition in four-tenths of a second to evaluation of a complex 

from simple 

Bessel function in four seconds. 

The ability to evaluate Bessel functions makes SEMAC II 

particularly valuable at the Atomic Energy Commission’s 

GE-operated Hanford Atomic Products Operation in Richland, 

Wash. This not be true of other CPC. installations. 

however. (There are many throughout General Electric.) 

may 

For example, one installation may be called on to evaluate 
only an oceasional sine or cosine. Such a system might be 
designed to provide two floating-decimal systems on a single 
card instead of one, .as with SEMAC IL. Still another in- 
stallation might want a system that would evaluate sine, 
cosine, exponential integrals, and the error function on one 
eard. 

So you see, flexibility characterizes a Card Programmed 

Caleulator. And ultimately, as with most similar devices. its 
maximum utilization rests with the systera designer. Q 
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HOW GOO 

AMPLIFIER? 
By J. J. W. BROWN 

If you had mentioned “magnetic am- 
plifier” to engineers 10 years ago, you 
would have received a blank stare. Yet 
this comparatively “new” device (illus- 

tration) was developed years before the 

electronic amplifier. On page 797 of the 
October 1920 Review find an 

early description. For a quarter century 

you'll 

it lay idle while industry focused its 

interest and attention on the electronic 

amplifier and, in later years, on the 

rotating amplifier, known as the ampli- 
dyne. 

What brought about this paradoxical 
state of affairs? When the magnetic 

amplifier was first developed, a core ma- 

terial with the desired magnetic proper- 
Neither did 

have sufficient 

ties wasn’t yet available. 

metallic rectifiers then 

reliability and efficiency. And once set 

aside in favor of its electronic counter- 

part, the magnetic amplifier was for all 
practical purposes forgotten until shortly 
after World War II. 

By then technology had advanced to 

the point where a device more rugged 

and reliable than the electronic amplifier 

was needed for certain applications. In 

the postwar years the magnetic amplifier 

has rocketed into widespread use. 

Conflicting statements about the fu- 

ture of the magnetic amplifier were made 

during its infancy. Some engineers 

thought it was the answer to all prob- 
lems in its field. Others felt the magnetic 

amplifier was just a flash in the pan, 

interesting because of its newness. But 
only now, after nine postwar years of 

industrial growth have given rise to 
many diverse applications, are we in a 
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MAGNETIC-AMPLIFIER CONTROL SYSTEM 

A-C DRIVE 
MOTOR 

D-C GENERATOR 

GENERATOR D-C 
FIELD SUPPLY 

D-C CONTROL 
REFERENCE SIGNAL 
(DESIRED SPEED) 

D-C MOTOR 

A-C POWER 
SUPPLY 

MOTOR ARMATURE 
SUPPLY 

TACHOMETER 
GENERATOR 

FEEDBACK SIGNAL 
(ACTUAL SPEED) 

AMPLISTAT 

THE MAGNETIC AMPLIFIER, or amplistat. 
is an electromagnetic device. A d-e signal 
applied to one or more control windings 

varies the magnetic permeability--and thus 
the impedance to the flow of a-c through 
an output winding—to produce an amplify 

position to accurately appraise its worth 

or plot its future course. 

Cause and Effect 

With certain exceptions the magnetic 
amplifier works similarly to most power 

amplifiers. A low-power-input) current 

controls a higher-power-output current, 

the change in output being nearly 
proportional to the change in input. 

Typical steady-state characteristics of 
a magnetic amplifier, a rotating ampli- 
fier and a d-c generator, and an elee- 
tronic amplifier are shown on page 57. 

You can see that the magnetic ampli- 

fier’s normal operating range is selected 
so that its output increases almost 

linearly with input. The drooping upper 
portion of the curve is used only when 

the amplifier is overexcited, or forced, 

for short periods of time to obtain fast 

response. Although the curve is some- 
what similar to the saturation curve of a 
d-c generator, you Il notice that the mag- 

Vr. Brown joined General Electric's Test 

Program in 1940, A former application 
engineer, he is now Manager—- Materials 

Handling and Testing Equipment, Indus- 
trial Engineering Section, Apparatus 
Sales Division, Schenectady. 

ing action; metallic rectifiers usually convert 
output to d-e, In this system the regulated 
quantity (actual speed) is compared with the 
input quantity (desired speed), and the dif- 
ference is amplified to maintain an accurate 
match between the two. 

netic amplifier’s output doesn’t reverse 

when its input signal is reversed. In 
fact, just the opposite happens: large 

values of reverse (negative) input cur- 
rent tend to inerease output current in 

the forward (positive) direction, 

This increase in output is: opposite 

And 

sometimes it can be most disconcerting 
the normally expected results, 

if not considered in the design of a 
system. As a simple example of this 

effect, take a 

where an operator is reduc ing the speed 

hypothetical situation 

of a magnetic-amplifier-controlled —d-c 

motor drive. Were he to decrease the 

control signal beyond the point where 
itreversed — changed polarity —the drive 
would begin to pick up speed again. 

(However, recent techniques have mini- 

mized and practically eliminated this 

undesirable portion of the magnetic 

amplifiers characteristic curve.) 

The magnetic amplifier is irreversible 

because metallic reetifiers are used in 

Where 
characteristics are required, two mag- 
its output circuit. reversing 

netic amplifiers can be used whose out- 

puts are opposed. This is, however, an 

extremely ineflicient method. [t is em- 

ployed for relatively low power outputs 

where effi leney is of little concern, 
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INDUSTRIAL APPLICATIONS OF 
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, TRACTION 
CURRENT MOTORS AMPLISTAT 

(MAGNETIC AMPLIFIER) 

AMPLISTATS, or magnetic amplifiers, control speed, acceleration, and acceleration of the traction motors in response to throttle 
and tractive effort of G-E gas-turbine-electric locomotive (photo) position. The signal from the diesel engine’s governor sets up a 
and Aleo diesel-electric locomotive. In the latter (diagram), the 

amplistat regulates excitation of main generators, controlling speed 
power limit and reduces wheel speed when more tractive effort is 
needed, thus preventing the engine from “lugging down.” 

ACID (PICKLING) TANK 
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MAGNETIC RK -~ ae 
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SN 
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/ : ENTRY REFERENCE 

\ENTRY DRIVE SPEED SIGNAL 
D-C MOTOR : 

+ FEEDBACK, | 
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See FIELD J () ee 

, \*supplyT MV / ) | SPEED 
\ |FEEDBACK 

pray we — 

NIE sl AMPLIDYNE UAMPUST 

1D-C SUPPLY 

footage of steel strip in the pickling tank (diagram) without allowing 
the strip to drag. Output of the pickup, which depends on the prox- 

imity of the steel strip, is amplified by the amplistat and amplidyne 
to regulate entry speed relative to exit speed. 

UCK BOOST 
REGULATING é' 
D.C GENERATOR 

MAIN 

PICKLING AND CLEANING operation that removes scale from steel 
strip and prepares it for subsequent plating or galvanizing is speeded 
up through means of a magnetic loop control, employing an ampli- 
stat and amplidyne, The acid-resistant pick-up assures maximum 

STANDARD 
VOLTAGE 
REFERENCE 160 

SECOND KW 
AMPLISTAT 

OUTPUT VOLTAGE 
FEEDBACK 

AMPLIDY NE FIELD 

Sanat 

SUPPLY 

FIRST 

AMPLISTAT 

HYDRAULIC 

TURBINE — ame 

75,000-kw  amplidyne. The deviations of output voltage from a magnetic stand- 
ard reference (diagram) are detected and amplified by two stages of 
amplistats, an amplidyne, and a conventional d-c exciter. Note that 
only | mw controls an output of 20,000 kw. 

HYDRAULIC turbine-driven generators, similar to this 
unit being installed at California’s Shasta Dam, utilize the amplistat. 
Since 1948 their a-c output voltages have been accurately and 

dependably regulated by an amplistat: in) combination with an 
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HYDRAULIC 
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ERROR | 
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~ SHIP'S 
RUDDER 
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FIRST ELECTRICAL 
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‘il RUDDER 

STEERING ENGINE CONTROL systems of destroyers like the 
{nderson \:tilize an amplistat in combination with an amplidyne 
Two electrically connected selsyns (diagram) compare the position 
of the helmsman’s control lever with that of the rudder. When they 

‘ fest FROM 

[SS 

CONSTANT —~ ALTERNATOR 

VOLTAGE 

REFERENCE 

a ee 
| JEEP ENGINE 

a 
AMPLIDYNE ol 

A-C OUTPUT 

TO AIRCRAFT 

SUPPLY 

(A-C FROM 

ALTERNATOR) 

FEEDBACK 
RECTIFIER VOLTAGE 

A-C 

s(A-C FROM ALTERNATOR) 
= T 

[ SV} —_——__ 
SATURABLE 

lary. REACTOR 
| ae 

RECTIFIER 

penn | IE 
— I b.C FEEDBACK VOLTAGE O-C OUTPUT 
AMPLISTAT TO AIRCRAFT 

MOBILE POWER SUPPLY for jet aircraft--such as the Navy's 
MeDonnel Banshee—-employs an amplidyne-amplistat system of 
regulating voltage. The jeep’s engine drives an alternator (diagram) 

that furnishes the aircraft with d-e power by means of a rectifier 

SATURABLE 

REACTOR 
r ——_— METERING 

SHUNT 
ieee 

sop D-C OUTPUT 

TO PLATING 
TANK 

AC VOLTAGE supply) 
RECTIFIER 

RECTIFIER 

j 

— 
OPERATOR'S eon 

ADJUSTMENT 
ne ee 

“CURRENT FEEDBACK SIGNAL 

AMPLISTAT 

LARGE CURRENTS of an automatic electroplating process 
instance the silverplating of aluminum conductors—are 
via a d-c metering shunt. The amplistat amplifies the feedback 

shunt (diagram), compares it with the eurrent magnitude 

in this 

measured 

signal 

from the 
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ae 
iy le 
. er 

the error signal generated is amplified 
latter in turn excites 

hydraulic 

are not in correspondence, 
by the amplistat to excite the amplidyne. The 
a d-c motor that opens or closes a valve controlling the 

motor whieh actually moves the rudder. 

Holding this d-e output voltage constant is a series saturable reactor. 
An amplistat controls the impedance of the reactor by comparing 
output voltage with a constant reference voltage. The amplistat is 

admirably suited to this application. 

set by the operator, and controls the impedance of the saturable 
This is a distinet advantage because electroplating currents 

shunt, 

reactor, 

are high, and if a dropping resistor were used in place of the 
large power losses would result, 
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A-C GENERATING EQUIPMENT in the Lan kheed Veptune located alt 

of the pilot's compartment, utilizes an amplistat in combination with 
a d-c exeiter to regulate output of the a-c generator. The first ampli- 

stat (diagram) amplifies the difference between a reference voltage 

NEWSPRINT is rolled out at high speeds 
hour oon presses driven by d-c shunt motors. 

(diagram), controlled by an amplistat feeding its) firing circuit, 

supplies to the drive while a second amplistat fur- powel motors, 

As with all inductive circuits there's 

atime delay between the change in input 
and the 

corresponding change in its output. This 

sce" are? econd range 

signal to a magnetic amplifier 
The 

shortened by 

larger input signal, but then 
the amplification, (A. series re- 

is added to the input winding 

time delay can be using a 
you also 

reduce 

sistance load itself. Near 

to decrease IELpruat« ircuil reactance.) 

\ magnetic amplifier’s output appears 

And 
the 

ap 

ance, 

load 

pul 

as rectified pulses of its a-c input. 

the ol 

sufhiciently, can 

if you increase magnitude 
mipul you power power 

theoretical minimum time 

of the 

higher the 

faster the 

designed 

proach the 

one-half eyele a-c supply 

Thus the 

delay 

frequency, power- — fixed input: signal. 
supply voltage supply frequency the may- 

netic amplifier can be lo 

operate, For this reason power-supply 

frequencies of 400 cps for power mag- input signal, 
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60,000 newspapers per 

An ignitron rectiher 

netic amplifiers and in the kiloeyele per 

for control magnetic 

plifiers are quite common, 

characteristics 

amplifier are changed not only by vari- 
ations in the a-e supply voltage and its 
frequency .but also by changes in the 

the 

conditions, the predominant factor limit- 

ing the load current is the load’s imped- 

(Maximum load is defined as that 

at which there 

change 

power ¢ hange.) If the a 

inereases, the output will increase for a 

decreases, 
will decrease for a fixed input signal. 
For both a fixed a-e supply voltage and 

a decrease in the supply 

CONSTANT 
VOLTAGE 
REFERENCE 

AIRCRAFT 

ENGINE 

OUTPUT 

FIRST 
AMPLISTAT 

GENERATOR 

SECOND 
AMPLISTAT 
aa Df _sghl 

OUTPUT-VOLTAGE FEEDBACK SIGNAL 

and a rectified portion of the a-c output. The amplified difference 
signal controls a second amplistat. And the latter, designed to supply 
reversing output, energizes the field of a d-c exciter that in turn 

excites the a-c generator. 

D-C REFERENCE 
OLTAGE SUPPLY _~vwv~veg SHUNT FIELD 

SUPPLY 

PRESS ROLLS 

FIELD 
REFERENCE 

AMPLISTAT 
SIGNAL 

a¢, FOR FIELD 
ARMATURE suppLy 

REFERENCE 
SIGNAL 

ARMATURE 
VOLTAGE FEEDBACK D-C ARMATURE SUPPLY 

IGNITRON 

RECTIFIER 

a 2 @ | 

A-C POWER SUPPLY 

FIRING 
CIRCUIT 

AMPLISTAT 

FOR ARMATURE 

VOLTAGE CONTROL 

nishes the motors’ shunt field supplies. This combination provides 
the 50 to | speed range needed for starting up and running modern 

The amplistat-controlled ignitrons for this service 
300 kw. 

printing presses. 

are rated 150 to 

frequency will have approximately the 
am- same effect as an increase in the supply 

voltage—and vice versa. 
All of these factors must be considered 

when you use a magnetic amplifier. 

of a magnetic 

In Its Favor 

maximum output One way to judge the true worth of 

the magnetic amplifier is to compare its 

characteristics and features with those of 
competitive devices the 

tronic amplifier and the rotating amplifier. 
For reliability the magnetic amplifier 

is preferable to the electronic amplifier. 

What it amounts to is a choice between 

namely, elec- 

is a maximum out- 

input 

-¢ supply voltage 
for a given 

the a-c an amplifier with long-lived, stable, and 
output 

Likewise, if 
ihe rugged components versus one equipped 

with vacuum tubes having a long but 
still unpredictable life. 

From the maintenance standpoint the 
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magnetic amplifier is preferable to the 
rotating amplifier. For it’s a completely 
static device versus one with bearings, 
brushes, and a commutator. 

Judged, therefore, on the basis of 
reliability, freedom from maintenance, 
and simplicity of components, the mag- 
netic amplifier has no peers. 

In speed of response the magnetic 
amplifier, in general, can only equal the 
rotating amplifier with difficulty. It can 
only approach the electronic amplifier 
in speed if it is designed fora high-fre- 

quency power supply—say, LOOO eps or 

higher. 
The magnetic amplifier shares with 

the electronic amplifier the irreversible 
characteristics of the rectifier, whether 
metallic or vacuum tube. (For reversing 
applications the rotating amplifier is 
supreme.) On the other hand, it shares 
with the rotating amplifier the distine- 
tion of having its various input signals 
completely Because of this, 

magnetic amplifiers can be readily con- 

isolated. 

nected in series. 

Further, a magnetic amplifier’s com- 
ponents can be sealed for protection 

adverse environmental condi- 

And it can be constructed to with- 

against 

tlons. 

stand shock and 

either rotating or electronic amplifiers. 

vibration better than 

How Good? 

In many applications a magnetic am- 

plifier is used where its only advantage 
is the character of its components. In 

other words, the amplifier’s reactors, 

metallie rectifiers, and resistors can all 

containing 

relays, of the 

over-all system. Also, because the mag- 

be mounted in cabinets 

contactors, and meters 

netic amplifier can be completely sealed, 

high altitude and similar environmental 
applications can dictate its use. 

For applications where only a few 

watts’ output is required, the magnetic 
amplifier will be smaller than either the 

electronic or rotating amplifiers. In this 
instance all its components can be sealed 

in a single can. 
Because magnetic amplifiers are essen- 

tially power amplifiers, they are particu- 

larly useful for low-voltage high-current 
applications. Still, they can be designed 
in the same physical size to accommo- 

date any combination of voltage and 

current for a given power output. By 
way of contrast, electronic amplifiers 

are voltage amplifiers with essentially 
And 

for higher-current outputs, you must 

high-voltage low-current outputs. 

resort to larger electronic amplifiers 

because voltage amplification is inherent 

MAGNETIC AMPLIFIER ROTATING AMPLIFIER ELECTRONIC AMPLIFIER 
AND D-C GENERATOR 

D-C OUTPUT CURRENT D-C OUTPUT CURRENT 

REVERSE (—) REVERSE (—) 

D-C INPUT] CURRENT 

REVERSE (—) REVERSE (—) 

FORWARD (+) 

D-C INPUT 

D-C OUTPUT CURRENT FORWARD (+) 

FORWARD (-+-) 

REVERSE (—) 

CURRENT D-C INPUT] CURRENT 

REVERSE (—) 

MAGNETIC AMPLIFIER, like the electronic amplifier but unlike the rotating amplifier, Is 

nonreversing. A reversed input signal inereases its output in the forward direction. 

to them-——it’s there whether you want 
it or not, 

In the higher power ratings —10-kw 
and he- 

comes quite large and bulky. It needs 

above——a magnetic amplifier 

more room than an equivalent-rated 

rotating amplifier. And for reversing 
output its size would be almost prohibi- 

tive. In addition, maintenance and the 

possibility of trouble increases in’ the 

A 10-kw rotating 
amplifier, on the other hand, needs no 

higher power ratings. 

more maintenance and is no more likely 

to fail than a unit rated | kw. 

\s stated before, the input signal to 

a magnetic amplifier is completely iso- 

lated from the output signal—a_ par- 

ticularly useful feature when you must 

employ several input signals to control 

an output. Again, in this application the 

magnetic amplifier is most useful in the 
low power range 500 watts or less 

where a rotating amplifier is quite large 
and bulky in 

input, incidentally, is difficult to obtain 

comparison, An isolated 

with the electronic amplifier. 

Magnetic amplifiers can be designed 

for greater long-term electrical stability 

than either the rotating or electronic 

amplifiers. And so they are the logical 
choice for metering applications or for 

amplifying the output of millivolt shunts 

and Their 
stability suits them particularly to pure 

thermocouples. long-term 

amplifier applications where no feedback 

is used and where variations in charac- 

teristics would affect output directly. 

concluded from the You probably 

photos on pages 54-56 that the magnetic 
amplifier is employed in many diverse 

applications. That is true. A partial list 

would include the minute outputs of 

photocells and ionization chambers, con- 

trolling the output of are welders and 

the speed of paper-mill drives, and ob- 

taining isolation in) metering circuits 
Mag 

netic amplifiers have been applied to 

involving thousands of amperes. 

systems ranging from compact auto 

pilots for aireraft to the largest high 
speed motor drives for steel mills; from 

the regulation of voltages of miniature 
allernators to those of airerallt huge 

steam-turbine-driven utility generators, 

The Summing Up 

In all its applications the magnetic 

amplifier has proved to be sturdy, relia- 

detet 

mine its true value only after making a 

ble, and effective. But you can 

thorough analysis of the application 

itself. bor may be su- 

perior to all 

One Purpose il 

other amplifiers; for 

another, it may be the poorest choice, 

All of this means that the magnetic 

amplifier will not replace the eleetroni« 

or rotating amplifiers in the immediate 
future. Instead, it will remain an addi 

tional amplifier tool with clear-cut ad 

vaniages for some applications and 

equally clear-cut handicaps for others. 

Although the magnetic amplifier will 

noe doubt take an equal position with its 

predecessors, the electronic and rotating 

can be sure it won't amplifiers, you 

take a dominant one. Q 
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FOOD-WASTE DISPOSER, INDICATING THAT... 

Garbage Men Are Obsolete 
By T. T. WOODSON 

Wasted food from kitchens and dinner 

tables is a unique problem of today’s 

urban American communities. Probably 

the United States is the only country in 

the world where reducing diets are used. 
This way of life has its penalties. 

Waste 

comes 

stored in) containers soon. be- 

disagreeable, even dangerous. 
Depending on cover and security, any 
number of things can happen: rapid 

growth of bacteria, fungi, insects, or 
and rodents: creation of odorous decay: 

spilling and = spreading by prowling 
animals. 

Getting rid of this completely nega- 

usually the material is respon- tive 

sibility of municipal government. From 
the variety of choices (Table, page 60) 

all are major headaches. And, except for 

the last method, the problem worsens 

as cities expand and collection man- 

power becomes increasingly searce and 

higher priced. 
City 

emphasis on conservation, that is, re- 

managements are placing new 

58 

turning organic matter to the land by 
such techniques as compost plans. Also, 
sewage-treatment plants that produce 
fertilizer this both 
garbage and sewage are collected via 

can do easier if 

the sewers using the last two plans 
described in the Table. 

Attacking the Problem 

Back in the early 30’s, a group of 

engineers in the Schenectady labora- 

tories Klectric 

themselves in the problem of pulveriz 

of General interested 

ing household food waste and discharg- 
ing it from the kitchen sink through 

1s Manager of Disposall Engineering 

in GE's Major Appliances Division, 
Louisville, Ky., Mr. 
charge of development, design, and 

H oodson is un 

production engineering for food-waste 
disposer units. He came with the Com- 
pany in 1935 and completed both the 
Test and Advanced Engineering Train- 

ing Programs. 

GENERAL ELEC 

the sanitary sewer. With no approval 
from sanitary authorities, the group 
worked on the knowledge that sewage 

and foed waste are chemical 

twins. They also had the 

that this was the right way to solve a 
nasty problem. 

As the word spread, city authorities 
feared the method because of possible 

solids 
conviction 

damage to the whole sewage system. 
They predicted shoaling, or settling, 
of solids in the lines; 
excessive flow; and disruption of the 

overloading, or 

digestion, or natural rapid biological 
decay, that takes place in 
treatment plants. 

The first development devices were 
large and mechanically complicated to 

sew age- 

minimize jamming and to provide for 
the operator's safety. One type slowly 

and powerfully cut, crushed, and ex- 

truded the waste from a tight chamber. 
Another, and finally successful, design 
collected the waste in a hopper below 

the sink drain hole and rapidly tore the 
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PIONEER UNITS 

1935 1938 1951 

CURRENT UNITS 

1953 

NEW INDUSTRY BEGAN WITH PRODUCTION OF LARGE UNITS, ADVANCED TO SHORTER-HOPPER AND LOW-COST CURRENT UNITS (RIGHT). 

waste to shreds by shearing it between 

small rotating and stationary cutter- 

bars. Both bars automatically 
retracted at standstill to avoid stalls 
that might occur if bone splinters fell 

were 

between the mating edges. Finally in 
1935, it was put into production as the 

pioneer model of a new industry. 

Various cities were voicing formal 
objections to the installation of the de- 

vice, and this detailed 

studies of the real facts of food-waste 

precipitated 

disposal into sewage systems. In Sche- 
NY, Morris M. 

Engineer, 

nectady. Cohn, then 

Sanitary was retained to 
experiment on “dual disposal of sewage 

food His 

dicated... 

and wastes,” report in- 

@ Food-waste production amounts to 

about one-half pound per person per 

day. 

e Food waste is 25 percent solids, 75 

percent water. 

e Water the 

poser should he cold to congeal #rease, 

vehicle through dis- 

and water consumption should be 1% 

to 2! gpm. 

increase In water e The average 
consumption is only l percent, ap- 

proximately |! gallons per person daily. 

e Present sewage is 99 percent water, 
1 percent maximum solids. If all homes 

GENERAL ELECTRIC REVIEW JULY 1954 

used disposers, solids would increase 

to 2 percent. 

successful on e@ Any line 

sewage 

sewel 

solids is also successful on 

food-waste solids. 

e The recommended finenesses of 

grind are LOO percent passage, '2-inch 
screen; 90 'y-ineh percent passage, 

screen; and 5 percent maximum pas- 
sage, No. | sieve, 

® Shredding hopper should be self- 
scouring and free of safety hazards. 

e The disposer must be permanently 

connected and installed in compliance 

with local plumbing codes. 

Since Cohn’s studies were made, a 

few extra points have been brought oul: 

among them are. . 

e Operation on septic-tank systems 

is successful with slightly more fre- 
quent cleanouts. It is as if one more 

person were added to the family. 

e Because grease traps don’t fulfill 
their original purpose, they should not 

be used on disposer drain lines and 

should be bypassed if already in use in 

a prospective installation. 

More work 

sanitary engineers and consultants, and 

was also done by other 

the findings were reported extensively. 

Since then, many cities have adopted 

codes accepting the device in principle 

and preseribing their particular condi- 
tions of installation. 

The principle of the G-E  Disposall 

(Reg. trade-mark, Klectric 
Company) food-waste disposer (photo, 

General 

above) consists of pinching the food- 

waste fragment between a shallow 

raised tooth on the stationary periph- 
eral shredder ring and a= small tri- 
angulate impeller blade on the rotating 
floor of the hopper (photo, next page). 
Chis action chips off small pieces that 

the one-thirty- 
gap or the 

mittent one-eighth-inch-deep shredder 

must eventually pass 

second-inch radial inter- 

slots to go down the drain. Shredded 

only at the periphery of the flywheel, 

food the 

flushing action of the water swirling 

waste is brought there by 

down the outwardly tapered hopper and 

finally out the rotating gap. 

Although General Electric was the 

only manufacturer in substantial pro- 

duction before World War IH, now more 

than a dozen others are selling under 
about 40 The 

varieties of grinding mechanisms can be 

trade names, many 

divided into three classes: stationary or 

movable shearing shredders, hammer 
(illustration, yzraters 

61). Each has its own degree of success 

mills, and page 

on the various aspects of performance, 

such as fineness and maintenance of 
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DISPOSER PINCHES WASTE beiween station- 
ary shredder ring and rotating impeller. See 
upper left Hlustration, opposite page. 

vrind, fiber cutting, antijamming, dur- 

ability, and noise. 

Disposers Today 

Manufacturers who are actively 

moting the disposer find the greatest 

pro- 

response i progressive moder n-cim- 

phasis” markets—suburbs of large cities. 
In these areas where it was first used as 

anew-house sales aid, the disposer has 

now become a must. 

The industry has grown to a current 
rate of 350,000 units per vear, with the 

million mark reached in 1952. OF this 

number about one third are installed in 

active 

world. San 

Wash- 
ington, Detroit, and Chicago are the 

Southern California, the most 

region in the 

Houston. 

disposer 

Francisco, Cleveland, 

other most active sales areas, 

Karly installations were made with a 

low-water-flow limit switch set for |! 

gpm minimum (photo, page 62) in the 

sink cold-water line 

faucet. Called the flow interlock. its in- 

leading to the 

sured that a proper flow of water was 

established before the motor. started. 

This flow was necessary not because of 

grinding inefhiciency but) because of 
drain-line errors. Wrong bends, burrs, 
and temperature conditions are) com- 

60 

CHOICES OF DISPOSAL METHODS 

Treatment 

LAND OR OCEAN DUMPING—Garbage 
and rubbish 

SANITARY LAND FILL—18-inch earth 
cover; garbage and rubbish 

INCINERATOR—High-temperature 
bustion with added fuel 

CONTRACT HOG FEEDING—Separated 
garbage hauled to feeding 
farms 

AS FEED AND FERTILIZER—Separated 
garbage cooked, dried, and 
packaged 

CITY SEWER TO TREATMENT PLANT-— 
Either home or central plant 

plus food waste grinders, 

com- 

Advantages 

Unsanitary, but relatively 
cheap if dump is available 

Satisfactory, but 10 years are 
required for decay cycle to 
restore land 

Sanitary, but high plant and 
operating cost 

Cheap, but a serious health 
hazard unless garbage is 
boiled 

Satisfactory, except for high 
initial cost of plant 

Sanitary, low cost, and simple 

when ground in the home 

regular sewage - treatment 
plant 

mon causes of plugging. This switch 
served a useful purpose in overcoming 

plumbing defects, particularly when 
the operator is continually careless, or 

as an apartment tenant, has no vested 

interest in the drain system. However, 

the installation of more than 200,000 

units with no flow interlock showed that 

householders soon learned the neces- 
sity of the right amount of water to 

operate such a disposer successfully for 

years. When the plumber comes for the 

first plugged drain, the home owner 

learns in a hurry to remember to turn 

on the water! 

Many of the disposers on the market 

do not cut fibrous waste effectively. 

Hence, in the Midwest many users pass 

the word around to keep the corn husks 

and pea pods out. On the West Coast, 

dealers and neighbors routinely warn 
against artichokes. Moreover, some 

users, fearing that bone grinding will 
damage their disposer, keep out hard 

Actually, 

all disposers are designed to handle 

wastes, including fruit pits. 

bones, most of them operating better if 
such wastes are at least occasionally 

ground up; the walls are scoured and 

the movable impellers, if any, are rattled 

loose and freed of gummy stickiness. 

GENERAL ELEC 

Torture Test 

The General Electric unit was given 
a special torture test by an independent 

testing laboratory. For one year the 
unit was fed more than 3 tons of all 

kinds of food Added to this 

were LOOO pounds of sand, 500 pounds 

of glass bottles, 200 pounds of gravel 
and granite, 1000 pounds of 
papers, 100 pounds of limestone, plus 

ashes, tin 

waste. 

hnews- 

bushels of coal, cinders, 

cans, nails, screws, and even a few one- 

half-inch fittings. 
showed difference 

pipe Examination 

little 

waste particles discharged after this 
between the 

test and those discharged prior to the 

test. Both the lateral drain lines and 

the city sewer lines were dragged. and 
substantially no sediment was found. 
Hot water, however, caused #rease to 

adhere to the pipe walls; and the hotter 

the water, the farther down the drain 

line the adhered. 

Cold water freezes the grease; the im- 
prease cooled and 

peller and water break it into small 

globules and aerate it into a suspension 

that is easily floated away. 
Both the field performance of dis- 

posers and the report of these tests have 
encouraged municipal 

this disposal method. One large West 
acceptance of 
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Coast city, for instance, requires only 
an Underwriters’ label to accept a unit 
for connection to its sewage system. 

Other cities require such items as cer- 
tain fineness of grind, a flow interlock, 
or the use of a locking stopper. 

City-wide Disposer Systems 

Cities have finally come to look at 
the disposer as a possible answer to their 
garbage-collection problems. 

In 1947, Jasper. Ind., was faced with 
an order from the State Stream Pollu- 
tion Control Board to install a sewage- 
treatment plant. Mayor Thyen  con- 
ceived the idea of combining garbage 
disposal with sewage disposal and initi- 

ated studies on the subject by a firm of 

consulting engineers. 
The various methods considered were 

1) continuation of their past garbage 
farm sanitary land 
fill, 3) collection and hauling to central 
grinder at the sewage-treatment plant, 

arrangement, 2) 

and 4) household grinding and dis- 
charge through the sewer system. 

\s a result of the study, monthly 
costs per family were reported as... 

$ .37 

1.27 
1.04 

Home grinder 05 

must, 

Garbage farm 

Sanitary fill 

Central grinder 

As any such study these re- 

flected all the particular local condi- 
tions. A vote of the townspeople showed 

CLASSES OF GRINDING 

$s” 

. ~<a. 

. a eet 5 
SHREDDER 

sn 

7m 

VERTICAL PLANE 
MOVING IMPELLERS 

\ 

al 
GRATER 

HORIZONTAL PLANE 
MOVING IMPELLERS 

MECHANISMS 

s- rapes — 

HAMMER MILL 

LANCED AND PERFORATED 
SHREDDING RING 

( 

s—lzyjim 
SHREDDER SHREDDER 

> 

2 ea a majority favored the home grinder. y 
; ' 

Apparently they liked the tangible and is! ——— ‘o— 
LANCED FLYWHEEL FIXED IMPELLER 

ae | | I ‘ 
1 | s—N Wy 
} { \, _ 

intangible advantages of less effort com- FIXED IMPELLER 

bined with better sanitary and aesthetic S—STATIONARY SHREDDING ELEMENT 1—ROTATING IMPELLER 
conditions. Steps were then taken to 

restudy plans of the sewage treatment 
plant, choose the disposer, obtain the 
legislative permission, and enter into 
contracts, 

The disposer manufacturers were con- 
tacted and samples tested. The 1949 

Indiana State Legislature passed an 
enabling statute, stating in part: “Any 
town may acquire a garbage-disposal 
system consisting of grinders in homes, 
discharging into the sewage system.” 
As a result of these several actions, the 
city about 900 G-E 

disposers, although the sales eventually 

individual 
purchases at the agreed price. Where 

contracted to buy 

became privately owned 

necessary, the people financed the cost 

through the local banks. 
became the first town to promote city- 

Thus Jasper 

wide purchase and use of disposers. 

These units have been in operation 

up to three years now, and with about 

80 percent of the homes equipped, the 

town is reported to be very. satisfied 
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with the project. The Jasper Daily 

Herald in July, 1952. stated that a State 

Board of Health 

“almost total absence of flies and rats 

survey revealed an 

.... Many contagious diseases, especially 

those known to be carried by flies, have 

been greatly reduced. It is particularly 
notable that infantile paralysis, which 

annually claimed one or more victims. 

has not recurred in the past two years.” 

Of course no claim is made of the elimi- 

nation of this or any other disease by 

the use of food-waste disposers. 

Another municipality did a similar 

thing. Shorewood Hills is a residential 

neighboring suburb of ‘75 ~homes, 

Madison. Wis.. 

Lake Mendota. 

faced with changing its garbage disposal 

along the south shore of 

This village, too, was 

system. Cost of the land, prohibition ol 

unboiled garbage-feeding, and desir- 
ability of improvement led the Village 

Board toa l6-month study of proposals. 

They finally chose the method of home 

disposers to be bought, installed, and 

serviced by the village for every home 

or institution. The contract was awarded 

to a plumbing contractor who installed 
The new method cost about 

$70,000 

as against $5500) per 

G-E units. 

7000 

over LO 

per year--amortizing 

years 
year when the hog-fed method was used. 
‘2 

Manager, reported that their particular 

conditions made this method the best 

Tooley, Village Engineer and 

choice. The income level and attitude of 

the citizens and the conditions of sewers 

and sewage plani definitely favored the 

home units. He reported also that they 

are satisfied with the job and the per- 

formance of the units, some of which 
have been operating for more than a year. 

Other communities too have a high 

percentage of installations. At Westlake, 
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7, INCHES 

MINIMUM 

VERY SHORT HOPPER helps solve plumb- 
ing problems. White box is flow interlock. 

a promotional subdivision of the Henry 

Doelger Company, south of San Fran- 
cisco along the ocean front (photo, 
page 58). every one of the 1600 homes 

and 1000 apartments has a disposer in- 

stalled, put there by the builder, 

Present Applications 

Even more impressive is the Lake- 

wood tract of 17.000 homes between 

Los Angeles and Long Beach. Builder 
Mark calls it the 

largest garbage-free community.” 
‘Taper “world’s 

As a customer, the typical builder 

wants a unit that will operate reasonably 

well at a low cost, and he is not too 

much interested in the life of the unit. 

The reputable manufacturer, however, 

wants to stay in the business; so he must 

build quality into his units. Besides, 
the manufacturer has both builders and 

individuals as customers, 

With this in mind, General Electric 

pioneered in the five-year warranty and 

high-quality product and met the in- 
dividual customer’s demand first. Then 

a low-cost model was marketed with 

high basic quality but no extra features. 

It grinds as well as the deluxe product 
but is a continuous feed, with a wall 

switch for operation; it does not have 

the stopper control feature. 

Today many disposers are being in- 
stalled in rental homes and apartments, 

usually with the flow interlock, for more 

dependability in the drain line. 

More than a hundred units have been 

installed in railway dining cars to 
simplify the problems of collection in 
the crowded galley. Units put in com- 

such as hotels, mercial institutions 
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tea rooms, hospitals, camps, and clubs 

have extreme duty because of the fre- 

quent carelessness of the help; crockery 

and silver often go through if there’s no 
supervision. Some manufacturers are 

producing special commercial units. 

Samples have been made for tests on 

railway-car toilets. The problem is the 

track-side 

discharge; the railroads are to come up 
pollution of waterways by 

with an answer on a deadline set by the 

authorities. The solution, using waste 
disposers, is the pulverizing and storage 
of the sanitary wastes for discharge at 

rail terminals. 

The disposer unit's most valuable 

application is where convenience, sani- 

tation, aesthetic demand, and economics 

are at a maximum. Of course, any one 

reason might be controlling in a given 
instance; but for a single-family modern 
home, they all are important. In a 

large apartment house, however, the 
incinerator hopper in’ the hall takes 

care of all waste: so with some incon- 

venience, the factors of economy and 

outdoor sanitation are met without a 

disposer. Consequently, apartment dis- 

posers are installed as extra margin of 
convenience and sink sanitation. On 

the other hand, hospital diet kitchens, 

churches, and even automobile house 
trailers are especially well-suited new 

applications on all four counts. 
It is interesting to note here that the 

disposer, together with its cousin, the 

electric dishwasher, is an electric ap- 

pliance that can be more at home in the 

plumber’s showroom than in the appli- 

ance or department store. When a store 

makes a sale, the customer is sometimes 

left with an uncertain installation cost. 

But if the plumber sells it, he can visit 

the customer's home and = submit a 

lump sum installation price. This is 
particularly significant because of the 

critical importance of the existing sink 
plumbing. If the center line of the sink 
drain pipe going back into the wall 
(photo) is greater than 7!2 inches. be- 

low the bottom of the sink, practically 

any disposer will fit. The plumbing cost 

is usually less than $30, because the 

job is simply that of taking out the 
trap and shuffling a few pipe fittings. 

If the distance is less than 7!2 inches, 

the job is much more complicated. The 
plaster has to come off the wall, the 

wall line cut into, aad the drain-line 

the 7!%- 

inch dimension. This complication can 

make the plumbing cost $40 to $150. 
This 

only because over the years various 

connection lowered to meet 

7'2-ineh dimension is’ sacred 
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members of the industry each assumed 
that the average customer needs a 1'- 
quart 3'-inch- 
diameter sink flange became standard; 
the flywheel was made large enough to 
cut 6-inch grapefruit halves: and the 
drain line, coming out just below the 
flywheel, was thus defined. Certain city 
codes prevent the sink drain line going 
into the wall higher than the level of the 
disposer drain hole. Also, any horizontal 
drain pipe that runs below the floor 
leading into the 4-inch stack should for 
hest performance be pitched at the 
customary practice of one-fourth inch 
to the foot. At this slope the water 

at much greater or 

hopper. A disposer 

carries the solids; 

less slope, the solids may separate out 

of the stream. When these installation 

problems are added to those of nearby 

dishwashers, double sinks, old-fashioned 

lead-pipe 

restrictive city codes, you can see how 

sinks, traps, and specific 

the installer is the logical salesman. 
To avoid the less-than-7!9-inch prob- 

lem, some manufacturers have intro- 

duced models with shorter hoppers, but 

conclusions cannot as yet be drawn. 

In San Diego the disposer business 
has been so brisk that one man. is 

specializing as a disposer installer. He 
employs three men and does nothing 
but make installations. He has special- 

ized to the point where he can offer a 

flat installation fee of $27.50 for both 

plumbing and electrical connections. 
If the wall tee must be lowered, the 

charge is $15 more. Another man in 
San Diego has become a service special- 
ist, acting as authorized representative 
for several manufacturers. He stocks 

replacement parts for quick action, 

Future Ideas 

Basically, the disposer needs to be 

only a bulge in the drain pipe, designed 
to reduce solid wastes to suitable con- 

dition for drainage. This is the future 
objective. Safety, convenience, and the 
limitation of present ideas have brought 

forth its present shape. 

The ideal units meet requirements of 

noise, life, cost, and performance in 

common with all electric appliances; 
reduce all types of food waste to small 

particles, approximately one-eighth-inch 
maximum dimension; and withstand 
extreme abuse due to foreign objects. 

Waste disposers of the. future will 

incorporate automaticity in operation 

and control, reductions in noise, and 

extra features that will make them per- 

form services even greater than the 

valuable ones they perform today. Q 

JULY 1954 



Silicone-rubber insulated cable being sub- 
jected to 1400°F flame for 24 hours in 

laboratory tests. Superior materials and 

rigid testing go into each G-E cable. 

4 

GENERAL €@ ELECTRIC 

How can G-E silicone-rubber insulated cable keep control circuits in opera- 
tion—although engulfed in flame? Why can this cable operate at temperatures 
up to 257° F? What gives it the moisture resistance of the best grades of 
rubber? In short, what makes it an outstanding cable for vital control circuits, 
for boiler room installations, and for high-temperature processing operations? 

The answers to all these questions are the unique properties of the special 
silicone-rubber insulation—and each vital property has a history of G-E re 
search, development engineering, and testing. Flame tests at 1400°F proved 
that this new insulation would remain nonconducting even when completely 
oxidized, Accelerated-aging tests proved that the cable would dependably 

withstand continuous ambient or conductor temperatures up to 257° F. Sili- 

cone rubber was compounded in many different ways and proportions to 
produce a cable that would retain its electrical and physical properties through 
prolonged water-immersion tests—and that could be handled and terminated 

as easily as an ordinary rubber-insulated cable. 

When you specify G-E silicone-rubber insulated cable or any G-E cable you 
can be sure that the research, knowledge and equipment of the entire General 
Electric Company have been combined to produce the best possible product. 
For more information write Section W137-737, Construction Materials Divi- 

sion, General Electric Company, Bridgeport 2, Connecticut. 
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FASTER STARTING AND STOPPING HELPS THIS AUTOMATIC LATHE TO PRODUCE MORE 

General Electric Selenium Rectifiers 
Help Make This Lathe More Productive 

Speeding up starting and stopping 

operations has increased the produc- 

tivity of many of today’s finest machine 

tools. In the Sunstrand automatic lathe 

pictured above, an electric brake and 

clutch combination starts and stops 

the machine spindle. Another electric 

brake provides a fast stop when the 

tool carriage is advanced to the work, 

or backed off to the unloading position. 

D-C POWER to operate the electric 
brakes and clutch on this lathe is sup- 

plied by General Electric selenium rec- 

tifiers shown in the smaller photo- 

graph. Their high quality (see C.E. 

D-C POWER for the lathe’s clutch and brakes 
comes from this selenium rectifier. 

Hamann’s article at right) makes G-E 

selenium rectifiers ideal for almost all 

machine tool applications. 

TOP PERFORMANCE of G-E selenium 

rectifiers is the result of a unique 

“evaporation” process and careful in 

spection and testing. Besides providing 

stacks with exceptionally low forward 

voltage drop and low reverse leakage, 

this process assures greater uniformity 

of these characteristics among different 

stacks. These qualities last in service. 

On test in the laboratory, and on-the- 

job in almost every field of application, 

G-E selenium rectifiers are demonstrat- 
ing their extremely slow aging. 

OTHER APPLICATIONS for G-E selenium 

rectifiers include supplying power to 

operate d-c relays in various control 

circuits and as components in elec- 

tronic equipment. A complete range of 

ratings is available in either open stacks 

or various types of sealed cases to meet 

special operating conditions. Contact 

your nearest G-E Apparatus Sales 

Office for complete information, or 

write Section 461-33, General Electric 

Company, Schenectady 5, New York. 
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FACTS FOR ENGINEERS 

Quality 
by C. E. Hamann 

One of the most overworked terms 
used in the selenium rectifier in- 

dustry is “high quality.’”’ Every 
manufacturer claims “high quality” 
for his product. Every user wants 
“high quality” in the selenium com- 

ponents he buys because the quality 

of the end device can be no higher 

than that of the components as- 

sembled into it. 
There are many yardsticks for 

measuring the quality of a selenium 

stack. Electrical characteristics, for 

example: low forward drop and 
low reverse leakage. Often one is 

sacrificed in favor of the other. 

* LOW FORWARD DROP -- 

LOW LEAKAGE 

‘+s UNIFORMITY 

STABILITY 

‘+> RELIABILITY 

Which “‘yardstick’’ measures quality? 

Real quality insures that both the 

forward and the reverse character- 

istics are good. 
Uniformity of characteristics is an- 

other yardstick. If the characteristics 
vary from stack to stack the per- 

formance of the end equipment will 

be questionable. 

Stability is another important 
standard in determining quality. The 

initial characteristics must be good, 

but they must stay good and not 

deteriorate with time and use. 

Reliability is still another measure 

of quality. No matter how liberal 

the manufacturers replacement pol- 

icy, frequent failures in the field 

are costly to the equipment manu- 

facturer, and annoying to the equip- 

ment user. 

All of these yardsticks must be 

considered carefully in determining 

quality. To really earn the title 

of “high quality” a selenium stack 

must measure up to a high standard 
of performance by every one of 

these yardsticks. 
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