S Proceedlngs of
VsThe Radio Club of Amerlca, Inc.

"~ Founded 1909

" Volume 30, No.1
1953

THE WORLD SOURCES OF ENERGY
: by
LLOYD V. BERKNER

THE RADIO CLUB OF AMERICA
11 West 42nd Street ~ * % % New York City




The Radlo Club of Amerlca, Inc.

ll West 42nd S'l'reei' ‘New York City

Vice President
Ralph R. _Batcher

Corresponding S,ecretary‘

Frank H. Shepard, Jr.

Ernest V. Amy ,
Edwin H. Armstrong
George E. Burghard
Alan Hazeltine

Advertising
Edgar M. Weed

Affiliations

. William H. Offenhauser, Jr. -

: Budget
Joseph J. Stantley

Officers for 1953

President
John H. Bose

Directors
R. A. Heising
Sidney K. Hopkins
Harry W. Houck
F. A. Klingenschmitt
O. F. Masin

Commitiee Chairmen

Entertainment
Ernest V. Amy

Medals
Harry Sadenwater

Membership .
F. A. Klingenschmitt

_Telephone — LOngacre 5-6622

Treasurer
Joseph ]. Stantley -

. Recording Secretary

Frank A. Gunther

Jerry, B. Minter

W. H. Offenhauser, Jr.
Harry Sadenwater

S. Ward Seeley

Papers
Frank H. Shepard, ]Jr.

Publications
Jerry B. Minter

Publicity
S. Ward Seeley

Year Book and Archives
Harry Sadenwater

MEETINGS . MEMBERSHIP
Application blanks for membership
are obtainable at the Club office.
For the Member grade the invitation
fee is one dollar and the annual dues
are three dollars.

Technical meetings. are held on  the
second Thursday evening each month
from September through May at the
General Electric Auditorium, 51st
Street and Lexington Avenue in New
York City. The public is invited.

PUBLICATIONS

Subscription: Four dollars pét year; or
fifty cents per issue. Back numbers to
members, twenty-five cents each.




- PROCEEDINGS
| OF THE
- RADIO CLUB OF AMERICA

No. 1

Volume 30 ' 1953

THE WORLD'S SOURCES OF ENERGY
: by, '
LLOYD V. BERKNER
Presented at the 43rd Anniversary Banquet on December 12, 1952

Introduction

I am greatly honored to have this opportunity
to speak to this distinguished club this evening.
The radio profession is one that encourages’
its members to graduate from the ranks of the
amateur to the ranks of the professional. It is
honorable to be both amateur and professional at
once. I suspect that a fair share of the members
of the Radio Club of America.are occupying this
dual role. As professionals, we have a job to do
in the field of electronies, communications or
industry. As amateurs, we are free to follow our
curiosities wherever they may lead. This dual
status has been responsible for the position of
the radio amateur in the van-guard of many areas
of modern scientific discovery. )

Amateurs are not content to look at one scene
too long, when a whole universe remains to be ex-
plored. Tonight, I would speak of a fascinating
field closely related to and deeply involving
electronics. This is the field of nuclear energy;
or more broadly, just of energy.

So that we can better understand the place
that will be occupied by controlled nuclear power,
let me briefly look at our world from an energy
‘point of view.

That energy is fundamental to man's existence
is hardly necessary to emphasize. Aside from the
energy needed for fbodrand a minimum of warmth
that is common to all.biology, it is energy under
man's control that forms the very basis of his
civilization. 1In his quest for better living, and
for time to follow intellectual pursuits, which
are the bases of civilization, man first used
slaﬁes, both human and animal, as his principal

to sail his ships, and a little waterpower to
grind his flour. But until two centuries ago,
this was about the limit. The man without slaves,
or without the favor of a court that had slaves,
was poor indeed.

The industrial revolution and with it, the
revolution in our civilized habits was started by
James Watt, who with his steém engine contrived to
make controlled energy abundant. With the coming
of simple electrical transmission of energy over
great distances by fixed conduétors, the first
stage of the industrial revolution was complete.
Each man, woman, and child in the United States
now has the equivalent of 200 slaves at his dis-

‘posal. Energy has made each of us a king in con-

trast to the miserable situation of our forebears.

This change has not been a slow evolution.
It has been, rather, a sudden revolution. Man's
written history is but 300 generations old. So
close are we to the beginning of civilization that
about 7% of all men born throughout history are
still living. Power in substantial quantities
under man's control goes back only 6 or at the
most 7 generations. Yet we routinely accept the
mechanical slaves that power gives us as though
they had always been present. What then are the
sources of power that provide these slaves?

Our energy sources can be classified in a
number of ways, but for convenience we shall con-
sider them under four categories:

1. Mechanical momentum of the solar system

2. Natural disintegration of heavy elements

3. The thermo-nuclear reactions of the sun

4. Controlled chain-reactions of heavy ele-
ments in nuclear reactors

The first three of these sources have been

energy-source. Then man learned to use the wind used under control by man to some extent since the

EDITOR'S NOTE: The author, now President of Associated Universities, Inc. has had an outstanding professional career.
1925-1927, engineer-in-charge of Radio Station WLB-WGMS, Minneapolis, Minn.; 1928 with first Byrd Antarctic Expedition
as radio engineer representing National Bureau of Standards; 1930-1941, director of research engineering and lecturer;
1941-1946, active duty as officer in U.S. Navy; 1946-1947, First Executive Secretary, Research and Development, Board
of Defense; 1947 to present, director of research and consultant.

-3-



PROCEEDINGS OF THE RADiO'CLUBhéF AMERICA, INC.

beginning of civilization. But .the fourthis en-
tirely new in our experience and has been Ereated~
-entirely synthetically by man within the last
-decade . - Moreover, the last three sources named
are the direct result of the conversion of mass

to energy by radioactive disintegration or:in-i.
tegration of certain elements. The mechanical

™y

momentum of the solar system, according to modern. -
physics, was also derived from energy produced by ’

nuclear reactions during‘ihe formation of the
universe. So we see that all of our energy is
derived from the conversion of matter to energy
through one intermediate process or another. - Go-
ing still deeper, one would like to believe that
matter and energy are just perturbations om "no-:
thing", but in our present state of science we-
certainly can't as yet prove this. R

% ““The Mechanical Energy of the Solar System

'"*The ‘mechanical momentum of the Earth is-very-
large, but we use very little of it under con-
trolled conditions.. ‘In‘its revolution' around the-
sun, ‘for''example;, the change in the potential -
energy of ‘the Earth from aphelion to perihelion is
of “the -order of 1018 HiroshimaA-bombs. Moreover,
our best measurements of time indicate that the
rotational period of the Earth is slowing down by
about 1/1000th second per century. This corres-
ponds’ to - a decrease in the kinetic energy of rota-
tion-at a.rate of 1,500,000 megawatts -- continu-
'oﬁsly day after day; year after year. This energy

is"dissipated through the tides and the-ocean cur-

rents; for an independent estimate of the energies
invol&ed in:these huge flows of ocean waters has .
given a figure of the same-order as that computed
from' the diminishing rotational period of the
Earth... We believe that the Earth once rotated a
revolution:-'each four hours,:but this energy loss-
has slowed: it to its present daily period. We
could mention other mechanical sources of energy,
suchs as: the drunken, irregular wobbling of the
Earth's. axis known as "nutation', caused by lunar
and solar attraction on the equatorial bulge of
the Earth, or variations smaller than the "nuta-
t1on", wh1ch are probably due to the transfer of
varylng amounts of ice and snow mass from one pole
to the other between the seasons. But we have
tapped almost none of this energy source since we
do/notiknOW-how-to‘proceed efficiently.

The Heat of the Earth's Crust

The natural dls1ntegration of the heavy ele-
ments such as radium and uranium, replenishes the -

—4-

~duce some 250 megawatts.
“iat ‘Wairaki, New Zealand that emits through an 18

#~heat of the Earth's crust at a rate that now ex-

ceeds the outward conduction of original heat in
the Earth's core. We use very little of this. .
energy. The steam wells at Larderello, Italy pro-
The famous. "blow-hole"

inch orifice steam said to be at 175 pounds pres-

- sure and superheated to 12000F is about to be

harnessed. We could speak of space-heating from
hot springs, such as those, that make possible the

_year-round greenhouses at Circle Hotsprings,

Alaska on the Artic Circle. But obvious limita-
tions have prevented production of more than a
negligible amount of power from the heat of the
Earth's crust. :

- Energy from the Sun

" The vast majority of our energy comes direct-
ly or  indirectly from the thermonuclear reactions-
of the sun. The H - He nucléar cycle heats the

sun. “In this reaction, the nuclei of hydrogen are

- synthesized to form helium through the intermedi-

ate formation and destruction of nitrogen using’:
carbon as a catalyst. ‘We'mist remember that such-
thermonuclear reactions are not uncommon, for we
have some 109 such thermo-reactors as suns in our
galaxy, and according to Britain's Astronomer -
Royal, there are more than 108 galaxies, giving a
grand total of perhaps‘1017 known thermonuclear
reactors in our- universe.: i

- While our own :sun is a very 'average sun, be-
ing neither very big or very small, to us its
radiated energy ‘is very great. ‘The Earth inter-

~ cepts only some 4 or 5 parts in ten billion of the

total radiated (4.55 x 10710).1.fNevertheless, the
total ‘energy received by the Earth arrives at the
rate of 4.14 x 1016 .cal/sec or 1.73 x 1014 kw out
of the total of 3.8 x 1023 kw radiated from the .
sun. Sometimes I think our 30 megawatt nuclear
reactor at Brookhaven ‘is pretty big, but it would
take 6 billion such reactors to equal the power
supplied to the Earth by the sun. We must not -
forget that at midday in mid-summer at Brookhaven,
the power from the sun received over 5 or 10 acres.
is the’same as that generated by the Brookhaven
reactor. . ;

How. well do we usethe sun's: energy?-

lThe Earth receives energy at a rate of about 1.94
calories per minute per square centimeter or about a

" watt per 7.4 square centimeters projected toward the.

sun. -“The average rate at which 'a particular area on

the Earth's surface receives energy will be something
under 1/6 of this depending on the. latltude, season,

and atmospheric absorptlon
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Direct Use of Solar Energy.

Very'little of it is used directly. And
there is good reason. Storage of any substantial
amount of energy is very difficult w1th techniques
that we now know, and heat storage and heat trans-
fer with small temperature differences ‘are very
1neff1c1ent. No doubt direct utilization will
increase somewhat with time, but from what we know
of the specific and latent heats of convenient )
materials, it is doubtful that direct utilization
can ever be important in relation to the gross
amounts of energy needed for 1ndustry, commerce,"
and ordinary 11v1ng On the other hand, there is
some possibility that 1norgan1c chemical reactions
can be found that will permit more efficient ' _'
absorption and storage of the sun's energy in in-
organic chemicals from which the energy can be
obtained for controlled release at higher tempera—
tures. Very little has been done to concentrate
the sun's energy u51ng large but perhaps 1nexpen—
sive lenses to focus the energy for production of
such reactions. Likewise, we may yet perfect a
heat pump that can concentrate heat energy. at use-
ful temperatures and in quantities 51gnificant1y
greater than it uses. But while, at the moment,
there are many attractive avenues for research and
development direct utilization of the sun's
energy remains both unimportant and difficult to
assess for future .consequence.

Solar Energy in the Atmosphere B

About one third of the solar energy incident
on the Earth is stored in the atmosphere and given
up in the form of atmospheric circulation or in
rainfall In the neighborhood of 1.6 x 107 tons
of water per second are involved. We recall that
about 560 calories or more than 2‘BTU are required
to vaporize a gram of water. Thus a gallon of
water requires the heat equivalent of a pound of
coal to vaporize it without "any 1ncrease in its
temperature.

Energy“from the sun evaporates water near the
equator. This vapor is circulated toward the
poles where it is condensed, giving up the heat -of
one pound of coal for each gallon condensed. The
heat transferred to the poles in water vapor is
equivalent to an extra day of polar sunlight for
each inch of pre01p1tation that is condensed in

the polar regions. This is not an 1ns1gn1f1cant

proportion of the total heat received at the poles.

Thus the atmosphere is a huge heat engine with
_ heat absorption by evaporation at the equator

‘ica and 3% in island areas.

~where the sun provides the energy.

heat transfer through transport of water vapor,

and heat radiation from the cold areas at the
poles. It is probably the only large heat engine
thatvuses a radiator as the condenser! But this -
engine produces circulation that provides mechani=
cal energy of the wind, and 1ifts huge quantities’
of water to the plateaus. This water flows to the
sea in rivers to provide substantial useable
energy in the form of water power. But the supply
of water power is limited to the’Water'thatffalls:
on areas substantially above sea level. This pro-
vides potentially about 500,000 megawatts of use- o
able power of which less than 15% is developed.
It is interesting to observe that potential water -
power is distributed 42% in Africa, 23% in Asia,
10% in Europe, 10% in South America, 4.5% in the
United States, with 7.5% in remaining North Amer-

» But the total poten-"
tially available water power is only about one
third the present U.S. demand alone and is’ we11
behind the total world demand for energy. :

‘We have not yet learned to use very effect—
ively energy directly from the wind. * We can
estimate that’ various w1nd driven devices produce'
an average of 40 megawatts of power, but this" 1s ’
the output of a 81ng1e small nuclear reactor.
After a11 this is less than one third the power
used to drive ‘electric fans to produce small winds
in our homes, offices, and factories. f

‘Solar Energy from Organic Chemicals

The vast supply of our energy from the sun is
derived from chemical storage of that energy:
This supply is available in two forms:

1. ‘Fossil fuels stored in the earth, such as
coal, oil, gas, lignite.and peat, and

2. Biological forms currently growing or even
cultivated deliberately for chemical stor-
age of-energy currently received, such as:
.wood, crops, or "chlorella" that I will
mention 1n a moment .

"Chemical‘storage'inVOlves'an indothermic re-*
action during the growth of the biological foris,
Chlorophyll,
or similar chemicals, make possible the vital re-
action known as photo-synthesis. The energy can
be obtained at any later time through exothermic
chemical reactions, usually burning. ~While chemi-
cally stored, the energy can be chemically trans-
ferred into any convenient form and is easily
transported and retained more or less’ 1ndef1n1tely
for controlled use. : ' S
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The Fossil Fuels

_Coal represents 96% of our store of fossil
fuels, with 4% in oil, lignite, shales, natural
 gas, and other forms. The total accessible fossil
fuel reserves of the United States is between 2 x
1015 and 2 x 1016 K.W.H. depending on the degree
of optimism of the estimator. Certainly the fos-
sil fuel supply of the.whole Earth is much less
than the solar energy falling on the Earth in one
year. So the efficiency of fossil fuel storage
hds<been'incredib1y low, at most a few parts in a
billion depending on how far back you care to
start counting.

At present, the United States uses about 1 x
1013 x.w.H. annually including conversion loss.
By conversion loss, I mean the energy required to
get the fuel and make it useable. Obviously, if
we expend a pound of coal to provide energy to
obtain a pound of coal, the conversion loss is
100%, for we are back where we started and have
gained no energy. Likewise, if we must have our
energy in liquid form, such as gasoline, there is
an aqditional heat loss if it is converted from
coal. Clearly in obtaining heat from fuel, we
must come out with more than we put in or the
initial fuel is useless as a source of energy.
Our present conversion losses are about 16%, that
is one pound to obtain six. But we are now mining
the coal and oil that is easy to get. In a hun-
dred years, all the fuel that is easily accessible
will be gone. The most conservative estimate in-
dicates that a century from now the conversion
loss will be above 50%, that is one pound for two.
How much farther can we go with this? .

Because of increased useful demand and higher
conversion loss, we can estimate that the United
States energy requirements in 100 years will
multiply by 5 or 6, to perhaps 6 x 1013 g.w.H. per
year. A few curves and some simple calculation
show that our fossil fuels will be pretty well ex-
hausted in 150 to 175 years. Those who have pre-
dicted that coal will last a thousand years have
failed to appreciate the significance of conver-
sion loss, where the billions of tons in thin
seams are useless as fuel. k

This is so startling that we must look at it
more closely. What about the rest of the world?
Unfortunately; fossil fuels are only found in the
témperate'zone.i They havevnot accumulated near
the equator since biology rots too quickly. Not
enough biology has lived near the poles. There-
fore, such fuels are available in substantial

" task before us.
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quantity only over very limited land areas. 'For
these and other geologic and meteorological rea-
sons, other areas of the world are generally less
prolific in fossil fuel than the United States, so
that their total cannot be much more than twice.
that of the United States. If in the next 50
years, the people of the world develop the social
consciéusness they appear to be acquiring, they
will use up the remaining stores faster than we,
for our population is only 5% of the whole.

In a philosophical sense, man was provided
with easy access to a store of energy, the fossil
fuels - to develop his mechanical potentialities.
But these resources are extremely limited and, in
the expanding economy that they encourage, can
last a total of only 10 or 15 generations of
civilized history. That is 3 to 5% of his time,
He is given this short interlude to use his newly
developed mechanical skill to acquire new and more
permanent sources of useful energy. This is the
Where shall we turn?

New Sources of Energy. from the Sun

First, what about better use of the sun's
energy? We have long burned wood, and the like,
for heat. Except in the earliest heat engines
such fuels have not been very important as large
sources of energy, for the supply is extremely
restricted.; Nevertheless, it is worthwhile to
push our examination of this possibility more
vigorously, since the supply of the sun's energy
is unbounded when measured by even the most opti-
mistic future need. A hybrid corn plant appears
among the most efficient common photosynthesizers,
capturing perhaps 0.3% of the energy incident on
it during the growing season. But in recent years,
certain algae similar to the green scum on ponds,
have been found to synthesize about 3% of the in-
cident solar energy. These algae having the
property of efficient photosynthesis are known as
"chlorella". Chlorella have been cultivated ex-
perimentally by the scientists of the Carnegie
Institution of Washington and pilot plants for
their production have been set up experimentally
by the Stanford Research Institute, and the A.D.
Little Company of Cambridge.

A small tank exposed to the sun and supplied
carbon dioxide and chemical fertilizer can produce
several tons of chlorella per day to be dried and
burned. The carbon dioxide and mineral fertilizer
can be retained as residue and fed back into the
process so that all basic elements appear only as
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catalysts in the process. Only the;heat is ab-
stracted. Fortunately, chlorella can be selected
to produce either proteins or carbohydrates. Ex-
periments up to the present have been directed
primarily toward a chlorella to produce food,
since some strains produce a dry weight content of
as much as 50% proteins. But there appears no bar
to mass production of carbohydrates for fuel in
the same way. The cost is still high, but not too
much higher than coal, and the work along these’
lines has only begun.

The whole process of photosynthesis is due
for much more intensive research, particularly
with the new radioactive tracers to follow the
controlling factors underlying each step in the
reaction.. Photosynthesis may be ‘the key to gross
chemical storage of the sun's energy.

We shall learn in a moment that because of
intense radioactivity reactors cannot be built in
‘small units, to supply small mobile vehicles, for
example. Certainly, nuclear energy can supply
large ships; or perhaps even specialized aircraft
" or large railway prime-movers of a kind that we do
not yet conceive. But I suspect that our cars and
trucks must always use a simple chemical fuel. It
is not hard to imagine this fuel in the form of
alcohol derived from chlorella-like biology.

Therefore, chlorellaflike bioiogy seems prom-
ising as a future means of storage of the sun's
energy'in useful form and in large quantities. The
efficiencies of the chlorella permit us to dream
of tank farms extending over the deserts, synthe-
sizing the sun's energy in huge quantities. But
we have a long and arduous experimental row to hoe
to achieve this promise. We must understand much
more about biological processes, and the funda-
mentals of photosynthesis before we can realize
success. ' o ‘ ‘

Energy from Nuclear Reactions

I w111 now turn to the most fundamental
source of energy we know, i.e. the nuclear energy
released in the transmutation of certaln ‘elements.
There are two poss1b111ties

1. D151ntegrat10n of heavy elements, known as
the fission process.

2. Integration of the light elements, known
as the thermonuclear reaction.

The thermonuclear process is typ1f1ed by the
reactlon that goes on in the sun; this_ 1nv01ves

J

the synthesis of .light nuclei into heavier nuclei
up toward the ‘middle of the periodic table. ' We.
as yet, know how to . produce ‘such
So we

certainly do not,
a reaction under controlled conditions.
will turn to the conventional nuclear reactor that
can maintain a high level fission process under--
controlled conditions. e )

A nuclear reactor is a device for the control
of nuclear energy derived from the -disintegration
of heavy elements as a consequence of the chain

reaction. It produces three products*

1 Heat

2. Fission products

3. Fissionable material

Let us look at a typical chain reaction. ' We
start with uranium which in nature consists of
0.7% U-235 and 99.3% U-238. Now, the U-235 has »
the property that when hit by a low moving neutron,
it explodes or "fishes" into several new and’
lighter elements generally near the middle of the
periodic table. In the process of fission several
high speed neutrons are given off. These neutrons
can then be slowed down by a'suitable‘"moderator"
so they will be captured by several other U-235"
nuclei. Each of these fission and glve off 'several
neutrons for further use. This process of succes-
sive multiplication of emitted neutrons is known

as a chain reactlon. The much larger quantlty ‘of
U-238 is in itself not fissionable in the thermal
reactor, so that if natural uranlum is used, only
the minute fractlon that is U-235 enters in the
reaction. ’

Obviously, we have a lot of spare neutrons in
this process, since if we used them all to multiply
the reaction, it would grow unt11 shall I say, the
energy output became excessive. Fortunately,»the
U-238 can capture neutrons, and when it does so, a
curious thing happens. The U-238 retains the
neutron and becomes U-239 which promptly gives off
an electron and becomes Ne- 239 which eJects i
another electron and becomes Pu-239. And plutonium
is a stable fissionable material that like U-235
can sustain a chain reaction (though ‘this must be
done in another type of reactor). Therefore, like
U-235, Pu-239 is a nuclear fuel. This process of
making a fuel such as Pu-239 from a non-fuel such
as U-238 is known as breeding. Since each fission
of U-235 gives off several neutrons, and only one
is needed to maintain the reactlon, the others are
ava11ab1e for breedlng purposes. Th1s permlts us
to have more fuel at the end than we had at the

start. Through breeding, we can burn our whole
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stock ofgurénium as nuclear fuel, by first trans-
forming the 99.7% of U-238 to nuclear fuel in an
operating reactor,

There are other possibilities for breeding,
such as the breeding of thorium into U-233 that is
also a nuclear fuel.

During the chain reaction and breeding pro-
cess, heat. is derived in large amounts. . It comes
from the fact that the sum of the masses of the
fission products is less than the original mass.
The balance of mass has gone into energy accbrding
to the famous Einstein equation

E = mc2

The nuclear reactor to control the chain
reaction consists of a number of basic elements.

1. An initial source of neutrons, usually the
U-235, that "fishes" at a naturally slow but suf-
ficient rate to start the reaction in a properly
designed reactor.

2. A supply of fuel which could be U-235,
U-233, or other fissionable material amounting to
more than the critical minimum mass necessary to
sustain reaction in the particular reacﬁor con-
figuration involved.

3. A moderator such as carbon or heavy water
that will slow the neutrons, but not capture them.
(We should observe, parenthetically, that in a
fast reactor, that is one using a fuel such as
plutonium that will capture fast neutrons to pro-
duce fission, no moderator is required).

4. A means of control to regulate the level
of the reaction. To prevent reaction;‘?ny rod of
high neutron absorbing material such as cadmium
can be inserted into the fuel until the fuel mass
is no longer critical. The rod is just pulled out
slowly until the reaction begins and the neutron
flux reaches the proper value.  Additional safety
rods can be arranged to drop automatically into

the reactpr by gravity if it gets too hot thereby -

v shutting it down.

5. A breeder material suitably arranged to
keep the efficiency high by capture of excess
neutrons for production of new fuel.

6. A means of heat transfer from the reactor
to regulate the reactor temperature. This may be
air, or water, or any liquid that does not absorb
neutrons.

-activity in the whole surrounding area.

7. A means of shielding to prevent neutrons
from coming out and producing dangerous radio-
r Several
feet of concrete will suffiqe, though any material
that effectively absorbs neutrons and gamma rays
will do.

There are innumerable configurations that
reactors can take, depending upon the materials we
use and the properties that we want. But the con-
figuration should always be directed to high neu-
tron efficiency. The objective must be to use
every possible neutron for useful purposes in pro-
ducing fission or in breeding fuel, and to waste
as few as possible in shields, controls, cooling,
and auxiliary devices. To keep the reaction going,
an average of one neutron from each fission is
captured by another fuel atom to produce the next
fission. When a second neutron from each fission
is captured to make a new fuel atom, our net loss
of fuel is zero, since a fuel atom is made for
each one burned. So our neutron efficiency might
be called 100%. If we can capture more than one
neutron to make fuel from each fissioned atom, the
efficiency is more than 100% and we are breeding
fuel faster than it is burned. Therefore, high
neutron efficiency in reactor design is at a pre-
mium and the self-respecting reactor of the future
should have an efficiency of more than 100%.

If the reactor breeder efficiency is over
100%, it need be supplied only with raw uranium or
thorium, at a few dollars per pound. Then it sup-
plies as much fuel as it uses, and produces some
extra fuel for new reactors or other applications.
Needless to say, this extra fuel is quite valuable
as one of the products of the reactor, and is the

‘first output of the reactor to be considered in

reactor. economy.

The fission products, sometimes called radio-
active waste, are the second principal output of
the reactor. When the fuel fissions, it breaks
into atomic fragments having a mass near the cen-
ter of the periodic table. Caesium, barium and
lanthanum are common fission products. Fission

- products are usually the unstable radioactive

isotopes of such elements. Unfortunately, many
such fission products are good neutron absorbers.
So if fission products are allowed to accumulate
in the reactor, they wastefully absorb neutrons,
and the neutron efficiency of the reactor goes
down with time. Therefore, the fuel must be fre-
quently reprocessed to remove these products. This
is a difficult procedure, since the fission pro-
ducts are highly radioactive. Remote control and
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special shielding are involved, both upon removal,
and during reprocessing. The fission products or
wastes are usually removed in liquid form and con-
centrated, for the cost of protected storage is
very high, and wastes must be stored for perhaps
50,000 years to permit the radioactivity to fall
below dangerous levels.

There is some hope that some substantial re-
turn can be obtained from this costly process.
We recall that, at one time, radium was our only
useful source of radioactivity and it cost several
" thousand dollars a pound.
aged thought of its use for other than medical
purposes.
radioactive materials from these fission product
"wastes", at a dollar or so a pound, we can afford
to explore possible commercial applications for
quantities of radioactive material. This explora-
tion is going on. A large packing company is
testing the effectiveness of food sterilization in
radioactive fields. (Perhaps canned raw steak is
around the corner.) We find thaf new kinds of
plastics can be polymerized in a radioactive
field. Special isotopes.abound in these "wastes'".
So the removal,'concentration, and storage of
fission products, now a heavy cost-load on reactor
operation,‘may yet be turned to provide a useful
‘and profitable reactor by-product.

If now, we can concentrate particular

Now let us turn to the third and perhaps
ultimately the most important reactor pfoduct, or
its heat output. A pound of uranium when burned
completely in a reactor produces 2.5 million
K.W.H., the heat equivalent of at least 1,000,000
pounds of coal. Our present U.S. economy would
burn about 200 tons of uranium annually to supply
its entire fuel requirements. The problem is to
transfer and transform this heat into energy in
useful form, preferably electricity. There is no
known way, nor may I‘add, even a good lead, to
transformation of the energy of fission directly
into electricity. Therefore, we must go through a
heat cycle very similar to that used between the
fire-box and the generator in the ordinary elec-
tric plant. In this analogue, the reactor is just
the fire-box. It is not a simple fire-box, but a
highly radioactive source on which any work is
very difficult after the reactor has been oper-
ated.. It is .not a simple matter to overhaul the
boiler, or-heat exchanger that removes the heat
from the reactor, since no man can go near it.
The. job must be done entirely by remote control. -
Can you imagine trying to run your furnace entire-
ly by remote control for 30 years? It would be
expensive. Yet this is the problem of heat ex-

change from,therreactcr. Obviously, we must achieve
extreme simplicity of design and replacement main-
tenance of every element of such a unit.

At this point, we cannot avoid the subject of
neutron corrosion and neutfon—induced distortion.
We have already said that if materials used in the
reactor have large capture cross séctions for neu-

. trons, they reduce the neutron efficiency of the

Its great cost discour- -

reactor. But in addition, when an element captures
a neutron, it transmutes to another element. While
our initial material may be strong, it may trans-
mute to a weak element or to one that makes the
metallurg1ca1 structure of which it is a part very
weak, or one that chemically corrodes.
when fast neutrons collide with the atoms of the
crystal structure of reactor materials, they knogk
the atomic corners of the crystal-lattice out of
place. As this process goes on, the mater1a1
"grows' in size and distorts in'éhape. These are
but a few examples of change in the character of
materials that occur when they remain in reactors
for long intervals. To remain reliable, the
materials selected for reactor construction must
meet structural performance requirements not
ordinarily experienced. Designs must allow;for )
unavoidable distortion. Therefore, entirely new
structural mater1als and de51gns are coming into
use because of reactor technology And, need I,
add, a whole new area of structural engineering is

Likewise,

. being develcped.

As in any power plant,. the temperafure dif-
ference across the heat exchanger should be. as
large as possible to permit efficient heat trans-
fer from a moderate sized reactor. This means
that the reactor must operate at the highest prac?
tical temperature, and use the most efficient
methods of heat transfer at these high tempera-
tures, to achieve reasonable efficiency. Bnt high
temperature operation of reactors introduces some
new and difficult problems. concerning reactor be-
havior that require extensive research. o

In the foregoing discussion, I have tried to
poinf out the principal general areas of reactor
research and engineering that underlie the develop-
ment of reactor design for power production. I
have no intention of making such prbblems look un-
surmountable,. because they aren't. -As in all en-
gineering development we must classify the prob-
lems, determine the fundamental limitations, and

.then solve the problem with an acceptable ultimate

efficiency. Research on these basic problems has
evolved so rapidly that we are about ready to see
some pilot plants built. o
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Summing up the economy of power from reactors,
it works out something like this:

1. If the neutron breeder efficiency is more
“than -100%, we will have rather valuable
fuel for sale. It is hard to value this
fuel, depending on future demands for its
use in bombs, or to load other reactors.
Our input costs of raw uranium fuel are
relatively low.

2. We have fission products that are now
costly to handle and store, but may be
saleable as a profitable by-product in the
future.

3. The reactor and heat exchanger are a
rather expensive form of fire-box and
- boiler. The_remainder of the plant will
be rather standard.

In comparing costs of reactor power with coal-
generated pdwer, it is important to remember one
fundamental point. In coal generation, the cost

~ of fuel, over the life of the plant, is very much
more than the cost of the plant itself. There-
fore, the amortization of the plant is a small
fraction of the total cost of operation. On the
other hand, since a reactor produces more fuel
than it uses, the fuel cost per kilowatt is almost
negligibly small, since the only fuel material
that need be supplied is raw uranium or thorium in
relatively inexpensive quantities. Since the re-
actor fuel-costs are negligible, the principal

costs derive from operation and investment. As a -
consequence, we are permitted to think in terms of -

much higher investment charges for reactor-gener-
ated power than for coal-generated power. We must
balance the low cost of raw uranium, and the value
of the heat generated and the fuel -bred in the re-
actor, against the high cost of the reactor and
heat exchanger, the problem of maintenance, and
the handling of fission products.

Until we try an actual operation, we cannot
formulate firm or even close cost. comparison
figures between reactor and coal-generated power.
Authorities will differ a good deal on probable
cost. A few things seem sure. As long as plu-
tonium is valuable as a bomb material, it should
certainly be cheaper to make it in a reactor that
sells its heat at a few mils per K.W.H. than one
that sends it up a stack or down a river. More-
over, the actual cost of operation will certainly
come down when we have had experiénce to -assess.
what we believe to be the important sources of ex-
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pense in actual operations. We first must develop~
some technological and operating "feel" for the
problem.

Even at the present time, there are places
where coal or other conventional fuel is so ex-
pensive that the reactor now could do an efficient
job. I think of the Arctic regions or other fuel-
starved regions as an example. There are military
applications for submarines and ships, where per-
formance ‘cannot be measured in dollars. Here is
obviously an important and suitable application
that our government is pushing vigorous}y.

I believe we are getting very close to the
time when the economy of reactors will permit them
to compete effectively with coal generation. The
first experimental reactors will probably not be
competitive unless the fuel bred in the reactor is
sold as bomb material. But, with actual operating
and design experience, the cost will come down
quickly, and the completely competitive reactor
will very likely be put in operation in the next
decade. The research program of the AEC is begin-
ning to pay off, and we are becoming more confident
of improved designs on paper, and of new materials.
The next five years will certainly see a number of
pilot plants 6perating to test a variety of re-
actor configurations. These scale-test operations
should put us over the hump.

There is no doubt whatever that nuclear gen-
erated power will become important in the future.
We have already seen that we must find new sources

of power, and power from the atom is a powerful

possibility. But, you ask, what about the uranium

supply?

Uranium is about as common as lead.  True,
most of it is spread out in low grade ores. But
there is an accessible uranium supply with reason-
able conversion losses that is at least equal to
the heat capacity of all of our coal reserves.
According to reliable estimates, there are at least
100,000 tons of uranium available in the U.S. in
minable ores. This is equal to 1016 X.W.H. if
used for controlled energy release, or somewhat
more than our coal reserves. Thorium is also an
important element. And with improved methods of
handling low grade ores and utilization of by-
products in ore reduction, this may be multiplied
several times. Particularly, large quantities of
uranium and thorium will be produced as profitable
by-products of other mining operations.2 Also,

YZUrénium prbductibh from processing of phosphate ferti-

lizers has already been significant.
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such profitable by-products inevitably make new
mining ventures possible.

We might remark at this point that we could
afford to expend as much as the equivalent of 250
tons of coal, per pound of uranium mined and pro-

. cessed before the fuel conversion efficiency would
" drop as low as 50% earlier mentioned as a limit

- for coal. This would permit the processing of
incredibly low grade ore. \

The first nuclear plants to be built will
produce power at a higher cost than coal. But,
with experience and development of technical
skill, this cost will undoubtedly come down to two
or three mils. This is comparable to generation
costs at present with coal.

We can estimate that nuclear powered plants
will add to our coal generation capacity starting
modestly perhaps in five years, and in significant
numbers in ten years. But I seriously doubt that
any nuclear plant will supercede a coal plant
until that coal plant is ready to abandon. The
process will be one of supplementation rather than
substitution. '

We said earlier that we had been given 10 or
15 generations of grace within which to find more
permanent sources of energy. More than half of
this is gone. But the search is on. We and our
children will hear a lot about it in the future,
and the availability of new sources of energy in
new'places will inevitably produce vast changes-in

our economic structure.

From The Pen of CHARLES F. JACOBS, Radio Club of America

“Uneasy lies the head that wears the crown" --

no truer words were ever spoken.

At the turn of the century Great Britain led
the world in international commerce and banking.
Her influence was felt in all corners of the globe
and his philosophies were respected by all.

In the last decade,  as you well know, the
United States has replaced Great Britain as the
leader in the Free World. However, when any
nation accepts such leadership, they likewise have
to accept the responsibilities that go with it.
‘This is just what is happening now to the United
States.

More and more of the production and financial
load is being piled upon us all the time. We are
also gaining leadership in international communi-
cation and transportation. This should prove to
be a wonderful thing, provided we are able to
train ourselves to handle the situation in the
proper way.

-11-

When I say "train ourselves" I mean from now
on out, more and more of our industrial leaders;
bankers; statesmen and executives should be able
to speak at least 2 or 3 foreign languages flu-
ently. They will also have to better acquaint
themse'lves with the living habits of Europeans,
Asiatics, Castillians and Orientals.

All this requires time and training. The men

~of our armed forces during World War 1 and 2, and

now, are spread all over the universe, and this
should help us become a factor in international
affairs.

I look forward to the time when the federal
government will control and operate schools in
which qualified civilians of the U.S. can take
courses in international banking; diplomacy; for-
eign languages; communications and export customs.
This would train personnel for specific govegnment
jobs, and, of course go a long way toward carrying
on a systematic and scientific approach to some of
the most important tasks confronting the United
States for a long while to come. ’



Accurate — Portable — AVAILABLE

The Type H -12

. This compact, self- contained unit, weigh-
ing only 43 lbs., provides an accurate
source of CW or pulse amplitude-modu-
lated RF. A well-established design, the
Type 12 has been in production since 1948.
The power level is 0 to —120 dbm, con-
tinuously adjustable by a directly cali-
brated control accurate to =2 dbm. The
frequency range is controlled by a single
dial directly calibrated to *19,. Pulse
modulation is provided by a self-contained
pulse generator with controls for width,
delay, and rate; or by synchronization
with an external sine wave or pulse gen-
erator; or by direct amplification of ex-
ternally supplied pulses.

Gold Plating of the oscillator cavity and tuning

plunger assures smooth action and reliable performance
. over long periods. Generous:‘use of silicone-treated
ceramic insulation, including resistor and capacitor
terminal boards, and the use of sealed capacitors,
transformers, and chokes, insures operation under con-
ditions of high humidity for long periqu.

HF SIGNAL GENERATOR

900-2100 Megacycles

Built to Navy speciﬁcatiohs for tesearch
and production testing, the Type H-12
Signal Generator is equal to military
TS-419/U. It is in productlon and avail-
able for delivery.

Price: $1,950 net, f.o.b. Boonton, N. J.
Type H-14 Signal Generator

(108 to 132 megacycles) for testing OMNI
receivers on bench or ramp. Checks on:
24 OMNI courses, . left-center-right on
90/150 cps localizer, left-center—right on
phase localizer, Omni course sens1t1v1ty,
operation of TO-FROM meter, operatlon
of flag alarms.
Price: $942.00 net, f.o. b Boonton, N. J.

WRITE TODAY for descriptive litera-

® . , ® ture on A.R.C. Signal Generators or air-
‘ * borne LF and VHF communication and
.rc ra . c lo navigation equipments, CAA Type Cer-

CORPORATION —~BOONTON, N. J.

tificated for transport or private "use.

Dept. 1 - Dependable Electronic Equipment Since 1928




The strong conviction instrument users hold for
measurements by WESTON has its foundation in their
own instrument experience-. . . years during which

" WESTON instruments have given unfailing serice . .".

proved beyond doubt their unequalled precision, stam-:

_ina and dependability. It is evident in the widespread
preference shown for WESTON instruments for panel

and built-in needs . . . where so much depends on the

- WESTO

9360

" MICROAMPERES
. WESTON

movement of a pointer. Regardless of the service . . .
or the type, range or sensitivity of the instrument . . .
truthful measurements and long, carefree service are
taken for granted. Copy of panel instrument bulletin
A7C: gladly sent on request. WESTON Electrical -
Instrument Corporation, 617 Frelinghuysen Avenue,"
Newark 5, New Jersey . . . manufacturers of Weston
and TAGliabue instruments.




18 years of lmprovements are

combmed in this NEW Q Meter

- NEW. FEATURES

Lo Q Scale permits Q readings down toa value of
10. >

A Q Scale reads the difference in Q of two circuits

or components up to a value of 125.

Thermocouple for indicating current mserted into
measuring circuit redesigned for high burnout
point well above operating current.

Oscillator ma:.xim'um output level adjusted to
minimize possibility of thermocouple failure.

Voltage insertion resistor decreased to 0.02 ohms
to minimize effect on measuring circuit. New type
low reactance metalized coaxlal resistor used.

All indications on la;'ge meters with parallax cor-.
rection and accuracy of =19 full scale.

Range switch controls mask and arrow which in-
dicate correct scale on frequency dial.

Oscillator rigidly supported by casting which sup-
‘ports turret ball bearings and circuit using long
life subminiature triode.

Visit our bobfhs F2-521 and #2-522 at the I.R.E. Show

The Q Meter Type 260-A replaces our Type 160-A, one of
Boonton Radio’s Q Meters which has been standard equip-
ment in laboratories and on- production lines for eighteen
years. Many improvements have been made during this time,
but several of our ideas for a better instrument were too ex-
tensive to put into a model already in production. These
ideas were carefully tested for use in a new model. The Q
Meter Type 260-A includes all past improvements and the
extensive changes that we have accumulated.

SPECIFICATIONS:
FREQUENCY COVERAGE: 50 KCto 50 MC Confinuously-vcriuble in eight ranges.
FREQUENCY ACCURACY: Approximately =1%. Lo
RANGE OF Q MEASUREMENTS: 10 to 625.
RANGE OF DIFFERENCE Q MEASUREMENTS: O fo 125.

INTERNAL RESONATING CAPACITANCE RANGE:
Main Tuning Dial: 30 to 450 mmf (direct reading) calibrated in. 1.0 mmf
increments from 30 to 100 mmf: 5.0 mmf increments from 100 fo 450 mmf.
Vernier: —3.0 to +3.0 mmf (direct reading) calibrated in 0.1 mmf increments.

ACCURACY OF RESONATING CAPACITOR:

Main Tuning Dial: Approximately =1% or 1.0 mmf, whichever is the greater.
Vernier: =0.1 mmf.

POWER SUPPLY: 90-130 volts—60 cps (internally regulated).

POWER CONSUMPTION: 65 Watts.

Model available for other Power Supply voltages and frequencies.

Type 103-A Accessory Inductors Available for entire frequency range.

PRICE: $725.00 F. O. B. FACTORY




To ser VE YOU ,BE.TTER‘. i

| 'Yeur neede for MM willvbe
further served through the addition of this new
, plcmt to our advanced manufacturmg facilities.

Here, as in our other plants, exachng engmeer- '
ing control insures you of accurate cmd depend- -
able instruments.

: 'I'hroughout the world, those who work with the
best electronic equupment rely on Measure-
ments’ _ _ .

MEASUREMENTS CORPORATION

BOON'I'ON, NEW JERSEY




SCIENTISTS
'ENGINEERS

Since 1926, the Generé.l Radio : @ A versatile new Resistance-Limit Bridge

EXPERIMENTER has been sent with-
out charge to thousands of persons’
interested in new developments in
audio and communication-frequency -
techniques. This monthly periodical
features descriptions of latest circuit
developments, details of new G-R lab-
oratory instruments and accounts of
interesting applications. Included are
articles on electronic instrumentation,
and control devices for the solution
of practical industrial problems.

@ Industrial and medical applications
of the @ Sound-Survey Meter

@ Means of simulating a noisy signal from
a typical radar receiver by adding a video pulse
to the output of a Random Noise Generator

@ A new Guard Circuit for the measurement of
dielectric properties and for i |mprovmg accuracy.
of three terminal measurements

@ An Impedance Bridge used for detechng aleak in a

Recent issues have featured: ) concrete pipe at the bottom of the Detroit River
_________________ e
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