


lighter in weight, and was high-speed for its time—that is it ran at
800 to 1000 revolutions per minute instead of the 150-200 rpm of its
slow and heavy predecessors. Thus Daimler had in this engine most
of the essential features of the gasoline engine of today.

A number of these engines were built and used successfully for
various purposes, but perhaps their greatest importance was the
effect on the development of the automobile. Many people were
experimenting with different forms of individual transportation
during this period, and there will never be agreement on who built
the first gasoline automobile. Daimler was probably not the first,
but there can be no doubt that his light and fast engine greatly
accelerated the progress of this development. People in several
countries bought rights to the design and many others began or
continued their independent work along the same lines.

In the United States, the Duryea brothers built the first gasoline
automobile in 1893, People called it a horseless buggy, and it certainly
was more a buggy than an automobile as we know it today. A num-
ber of people had been working
in this field, and in the next few
years several brought out their
versions of a gasoline car,
Charles B. King, Henry Ford
and Elwood Haynes among the
iy first. Another was Ransom E.

o s (Olds, who had built some steam
cars earlier and then switched to the internal combustion engine.

His first one was in 1895 and a few years later he brought out his
famous curved-dash Oldsmobile run-about. This was still essentially
a buggy, with a one-cylinder engine developing 3 }‘ILGI'SEPGWEI‘_ But
it ran, was comparatively reliable, and sold at a price people could
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afford. In its first year 425 were
built, and three years later in 1904
sales reached 5000. This was the
first car to be produced in quantity.

Most of these early cars had
single-cylinder engines, but this S
did not last long. Two cylinders, ;
then four, six, eight and more. In 1914 Cadillac pioneered the V-8
engine, which was used later in various cars, and forty years after-
ward—with the advent of higher compression—became the pre-

dominant type throughout the industry.

The gasoline engine revolutionized individual transportation
just as the steam engine revolutionized mass transportation a
hundred years earlier. The automobile engines in the United States

today represent the greatest amount of power ever assembled. Tak-

ing a very conservative average of 100 horsepower per vehicle, we
have more than 5 billion horsepower. This is 50 times the installed
horsepower in all the central power plants in the country.

All this has come from the few crude single-cylinder putt-putts
which astounded our grandfathers little more than half a century ago.
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Automobile Engine

Here is one eylinder of an automobile engine. A piston slides up and
down in the cylinder and is fastened to the crankshaft by a connecting rod.
As the piston moves up and down it causes the crankshaft to rotate. Usually
there are several cylinders in a row, and often there are two rows arranged
in a V as shown here.

All automobile engines in this country operate on the four-stroke cvcle,
or Otto cycle. This means it takes four strokes of the piston to give one
power stroke,

O INTAKE :
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On the first or intake stroke the piston moves down, pulling a mixture
of fuel and air into the cylinder through the open intake valve. The fuel and
air have already been mixed in the proper proportions in the carburetor.
There is usually just one carburetor for all the cylinders.

Then the intake valve closes and the piston moves up, squeezing the
mixture nto a small space at the top of the cylinder. This is the compression
stroke.

Ignition then takes place. An electric spark from the spark plug sets fire
to the fuelair mixture, causing it to expand rapidly, or “explode.” This
forces the piston down on the power stroke.

On the exhaust stroke the exhaust valve opens and the piston moves up,
forcing the burned gases out of the

cylinder. This is the final stroke of the _ ' gy -
cycle, and leaves the eylinder ready | ¢ i
to start all over again with the intake | "II R

stroke. e B |: - 5l iyl

The power stroke is the one that
does the useful work, but the com- ;
pression stroke has a great deal to do | P e
with how much power we get. The | - H
more the mixture is compressed—the | ' B -~
tighter it 12 squeezed in the top of the : ! Q
cylinder—the more power it produces, ; O
Engines used to have a compression
ratio as low as 4 to 1, which means
that when the piston is at the top of
its stroke the mixture is squeezed to 1{ its volume when the piston was at
the bottom. Today's “high compression™ engines have a ratio of 8 to 1 or
higher, and most of our gain in power and economy is due to that fact. When
compression is too high, the engine “knocks,” and it 15 only because of
improvement in gasoline that we have been able to realize those gains.

DIESEL ENGINE

Another type of internal combustion engine also had its start in
Germany. Not long after Gottlieb Daimler had built his first gasoline
engine, Rudolph Diesel began experimenting along a somewhat dif-
ferent line in an attempt to produce an engine more efficient than the

steam engine. His first model was wrecked, but proved that his prin-
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ciple was right. Five years later,
in 1897, he built the first suc-
cessful engine of the type which
still bears his name.

The operation of a Diesel
engine is based on the fact that
air becomes warmer as it 1s com-
pressed. If it is compressed
sufficiently, it becomes hot
enough to ignite fuel. So in-
stead of an electric spark for

ignition, we simply have a very

high compression ratio. And to prevent ignition taking place too
soon, we compress the air alone and inject the fuel into the cylinder at
just the moment we want it to start burning. This also eliminates
the problem of “knock™ due to
high compression.

Largely because of the high
compression ratio, the Diesel is
a very efficient engine, and Dr.
Diesel’s development quickly
attracted wide-spreadattention.
He soon won personal fame,
and his engine began to be used
for many purposes. These early
designs ran at very slow speed
and were extremely heavy, and
in general were used to replace

large steam engines in station-

ary applications. Even though
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the weight was reduced somewhat
in later years, they were still not
considered practical for most
transportation purposes.

In the 1920's Charles F.
Kettering and the General Motors
Besearch Laboratories began ex-
perimenting with Diesel engines.
After some years of work they developed an engine which ran at
higher speeds and was lighter in weight. Much of the saving in
weight was made possible by going to the two-cycle principle, in
which every downstroke of the piston is a power stroke and thus an

engine of the same size would develop twice the power.

This engine was taken up by the railroads, first doubtfully, then
enthusiastically, In a comparatively few years the conventional
steam locomotive was no longer being built, and many railroads had
scrapped all steam equipment and were using nothing but Diesel
power.

Diesel engines are now used in a great many other ways also—
in large sizes and small. Boats, tractors, trucks and buses, oil well
machinery and a multitude of other types of industrial equipment
are benefiting from the advantages of the madern, high-speed Diesel.
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Four-stroke Cycle

The four-cyele Diesel operates very much like the gasoline engine we
just considered. The spark plug, however, is replaced by a fuel injector,
which is essentially a high-pressure pump. The fuel 1s different also. The old
slow-speed Diesels could use almost any kind of heavy oil, but today they
use a light eil, somewhat like kerosene, tailor-made for the purpose.

On the intake stroke air is pulled into the eylinder, not a mixture of fuel
and air,

On the compression stroke this air is squeezed very tightly in the top of
the cylinder, to about 1/16 or 1/20 its previous volume. This raises its
temperature to as high as 1000°F,
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Now the fuel is sprayed into the cylinder by the injector. It is in the
form of a fine fog and thus immediately starts burning. The hot gases expand
and force the piston down on the power stroke.

The exhaust stroke completes the cycle, with the piston forcing the
burned gases out the exhaust valve. It is now ready to start the next cycle.
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Two-stroke Cycle

The two-cycle engine is just what its name indicates. There are only
two strokes to each cycle, one up, one down, and every down stroke is a
power stroke.

In one form of two-cycle Diesel, the injector and valves remain the same,
but the valves are now both exhaust valves. In place of the intake valve we
have holes, or ports, in the cylinder wall, which are opened and closed by
the movement of the piston. On the outside of the engine we add a blower,
or air pump, to blow the air into the ports.

With the piston at the bottom of its stroke, the ports are open and
fresh air is being forced in under pressure by the blower. The exhaust gases
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are being blown out through the valves at the top of the cylinder. As the
piston rises, the ports are covered, the exhaust valves close, and the air is
compressed just as in the fourcycle Diesel,

Fuel is injected near the top of the stroke, is ignited by the hot air, and
the expanding gases force the piston down on the power stroke.
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A little more than halfway down, the exhaust valves cpen and the
burned gases start to escape. Then the piston uncovers the ports and air
rushes in. This pushes the exhaust gases out and fills the cylinder with
fresh air ready for the up-stroke of the next cycle.

Thus all the same events take place as in the four-cycle engine, but in
two strokes instead of four.

JET ENGINES AND
GAS TURBINES

The general public first heard about jet planes in the early part
of 1044, at the peak of World War I1. But many people had seen or
heard them prior to the official announcement, and it gradually
came out that the Germans had flown their first jet in August, 1939.
It was in May, 1941, when the first English jet plane took flight, not
as a result of the German experiment but due largely to the inde-
pendent work of Frank Whittle, Group Captain in the RAF.
Whittle had taken out his first patent on a jet engine in 1930, and
had labored on this “visionary™ project for many years. It was his

engine which was the basis for the early work in this country
resulting in the first flight in 1942.
But the principle of jet propulsion might be said to go back

again to Hero and his Aeolipile,
or certainly to Sir Isaac Newton
in the 17th century. Newton

e
designed and may have built a 41‘
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model of a carriage which was
to be driven by shooting a jet
of steam out the back. And gas
turbines, which are close to
being the same thing as jet en-
gines as we shall see shortly, go back almost as far. John Barber
secured an English patent on one in 1791, and people have been
inventing variations of them ever since.

How does a jet plane work? First of all a turbo-jet, as it is more
properly called, has no propeller. It shoots a jet of hot gases toward
the rear at high speed, and the reaction to this jet drives the plane
forward. It is the same principle as the kick of a gun backward
against our shoulder when a bullet is fired forward. Closer still, it

L
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is the forward motion of an inflated balloon when we suddenly let
go of the stem. This motion does not last long, but if we had any

way of creating a supply of air under pressure, the balloon would
continue to move in a direction opposite to the stem.

In the turbo-jet engine a large volume of air is drawn in the
front, is squeezed together by a compressor and forced into combus-
tion chambers. There fuel is injected and burned and the hot gases
expand tremendously, seeking a way to get out. They first strike a
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turhine wheel which drives the

compressor in front, and then
shoot out the rear as a high speed
jet of burned gases and air. This
entire action takes place contin-
uously; there is no cycle as in a

reciprocating piston engine.

Jet engines proved immediately that they were invaluable for
military use, largely because of two things—speed and altitude.
They develop tremendous power with comparatively light weight,
and do not have the limitations of the propeller to contend with at

* high speeds and high altitudes.
Within limits their performance
improves in the thin atmosphere
high above the earth. So the turbo-
jet has quickly made its mark
| wherever these features are im-
e — pOTtant.

But for certain types of service a propeller has advantages. This
is recognized in the development of the prop-jet, or turbo-prop, a

combination of jet engine and propeller. By fastening several turbine
wheels to the shaft instead of one, practically all the power of the
jet 1s absorbed and delivered by the shaft. Then we extend the
shaft forward, fasten a propeller to it and the turbine drives
that as well as the compressor. This gives us an engine furnishing
about twice as much power as a piston-type engine of the same
weight.

The prop-jet shows how we can use the jet engine principle to
make a shaft turn just as in other engines. Actually it isa gas turbine,
and might be used for many purposes other than driving a propeller.
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Most gas turbines are arranged a j— e ——
little differently however. Instead = — =~ wwoe e

CORAPRES SO

of fastening extra turbine wheels
on the shaft which drives the com-
pressor, a turbine is added which
is fastened on a separate shaft ex-
tending rearward. It is not connected to the first turbine but is
driven by the same gases. Its shaft can turn the wheels of a car or
locomotive, drive an electric generator or perform almost any other
service of this type.

A variation on this is the free-piston engine, recently announced
by General Motors as the power 'T'ﬁ‘i%’ﬁ"ﬁ E .,

._M..-_.‘

plant of an experimental car, In =

this arrangement an engine operat-

ing on the Diesel principle is sub-
stituted for the compressor and

combustion chambers, its exhaust

being fed to a power turbine. Its

high efficiency and the fact that the exhaust gases striking the turbine
blades are comparatively cool offer possibilities of overcoming two
of the major problems of the gas turbine.

The gas turbine is not new in principle, and various sorts have
been designed over the years. Great strides have been made recently,
however, in solving some of the difficulties associated with them.
Many engineers believe that the gas turbine is the power plant of
the future, bringing possibilities of many new fields for the in-
ternal combustion engine.

Turbo-Jet

Air comes in the intake at the front and is squeezed together by the com-
pressor. This is an axial type compressor, which is the most common, but

33



Poagt f.;

T 3r5|1‘i':|'1'7b'—_—""

LIRS o St "&5-;
oo ———=i
= =

the centrifugal type is also used, The air is forced under pressure into the
combustion chambers, which are tubes arranged in a circle around the shaft.
In the front of each combustion chamber is a nozzle which injects a spray
of fuel into the air in a continuous stream. Igniter plugs are used to start
the fuel burning, but once started it burns continuously, like a blow torch.

The burned gases and heated air in the combustion chambers expand
tremendously, and try to escape out the rear. But first they must pass
through the turbine, and in striking the curved blades of the turbine wheel
they rotate it at high speed. This turns the compressor, which is fastened
to the same shaft.

The gases still have a great deal of energy left in them and shoot on out
the tailpipe at very high speed. This is the jet which drives the plane; or
rather, the reaction to the force of this backward jet drives the plane forward.

Turbo-Prop

The turbo-prop, or prop-jet, is basically the same as the turbo-jet. Every-
thing operates the same way, but we make additions to it. :

We extend the shaft backward and fasten some more turbine wheels to
it. We extend the shaft forward and fasten a propeller to it, inserting a
reduction gear to keep the propeller at an efficient speed.

Now when the engine operates, practically all the energy in the hot gases

PEE— —————— - |
— "‘-Tm..'_'._-“-_h'-"ﬂ":__ — . - B R N i
v . - # & o & & -

e EOMPRES SO0 —— ]_ff
|

_____ i

o e ] alale
Hizials

5
—— ]

LU \ T'"l':': = -
PROaTL TR REDLC TN GEAN Ly .'|"\|."d|'u; TLIAAWT
o —— . e — "',_.,'___;qg' =._-.' 3
» e ]

34

is absorbed by the multi-stage turbine. The jet contributes very little to the
forward motion of the plane. Practically all the power goes to turning the
shaft, which now drives not only the compressor but also the propeller.

Gas Turbine

This is a small gas turbine as installed experimentally in a motor vehicle.
The front section is the same as a turbo-jet engine. It uses a centrifugal
compressor and has only two combustion chambers, but its operation is just
as described earlier.

Behind this section is located the power turbine, fastened on a shaft
which delivers power to the rear wheels of the vehicle. The power turbine
is not connected in any way with the turbine which drives the compressor.
But it is located right in back of it, just as though it were another stage of
the same turbine, and is driven by the same expanding gases.

There is still a great deal of heat left in the exhaust gases after they pass
through the turbine. To increase the over-all efficiency, the exhaust is led
to a heat exchanger through which the incoming air passes. This heats the
air and cools the exhaust, thus saving some of the heat energy which would
otherwize be wasted.
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Free-Piston Engine

This free-piston engine has a horizontal cylinder containing two opposed
pistons, The inner ends of the pistons and the center part of the cylinder
function as a very high compression, two-cycle Diesel engine. The large
outer ends compress air in the closed chambers which “bounces™ the pistons
back toward the center. The pistons are “free” after a fashion, but they are
linked together to keep them in phase.

As the pistons approach the center, they compress the air in the cylinder
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and consequently heat i1t to a high temperature. The fuel 15 injected and
starts burning immediately. This forces the pistons curward.

The right hand piston as it moves outward uncovers exhaust ports in
the cylinder wall. The exhaust gases, still under very high pressure, rush
out and rotate the turbine wheel at high speed. It 15 this turbine from
which we get our power.

At the same time the left hand piston is uncovering the intake ports.
Air, under pressure in the air box, pushes into the eylinder, forcing out the
remaiming exhaust gases and flling the combustion space with fresh air for
the next cycle.

The pistons continue to move outward until the air in the end chambers
is compressed sufficiently to stop them and bounce them back to the center
again.

We do not take any power directly from the free-piston engine, All it
does is furnish gases to drive the turbine,

ATOMS

People have been trying to “split the atom™ for centuries. Until
recently they didn’t know that was what they were trying to do;
in fact they didn’t know there
were atoms. But the alchemists of
ancient times spent their lives at-
tempting to change other metals

into gold, and we know now that
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to change one element into another requires a change in the

structure of the atom.

Atoms are important to us, and always have been, long before
bombs or even alchemy. For all matter is made up of atoms. Every-
thing in us and around us is composed of atoms, of different kinds
and in different combinations. There is a great deal we do not know
about them, but we have learned much in recent years and now have

quite definite theories concerning their various parts.

Every atom is composed of a

nucleus around which one or more

—l *, !
electrons revolve like planets # _«_&‘_‘-T ;
around the sun. Each electron is (™ O‘-\

a particle of negative electricity LN LI
and has practically no weight. It TR ‘ =
e \

takes 31 billion billion billion of
them to weigh as much as a pin-  accmos
head. The electron was first discovered by Sir Joseph John Thomson,
British physicist, in 1897.

The nucleus contains one or more protons. These are particles
with a positive charge of electrici-  yyprogen

s ¥ | ELECTRON
ty, and have considerable mass com- Pt

pared to the electron, weighing O A

about 1840 times as much. There

are always the same number of

e
protons and electrons in an atom, R /
& ELECTRONS A ;
because the positive and negative e — \
& NCUTRONS

charges must balance. It is this

number which determines what i *
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the atom is; hydrogen, the lightest, has one proton and one electron,
while uranium, the heaviest natural element, has 92 of each. In
between come all the others.

Lord Rutherford, of Cambridge University, was the discoverer
of the atomic nucleus, and in 1919 was the first man to change one
element to another. Bombarding nitrogen atoms with radicactive
particles he changed the nitrogen to oxygen, thus opening up a
new world for scientific investigation.

Later it was determined that the nucleus contained something
more than just protons, and in 1932 Sir James Chadwick, a student
of Rutherford, identified these unknowns as particles of about the
same weight as protons but with no electric charge. Being electrically

neutral, he named it neutron. Ordinarily hydrogen has only a single
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proton for its nucleus, but nuclei of all other elements contain neu-
trons, either equal to or greater than the number of protons. The
neutrons and protons are clustered tightly in the nucleus of the atom

and are held together with great force.
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Sometimes the same element will have more than one form. It will
always have the same number of electrons and protons (otherwise
it would be a different element) but the number of neutrons may
vary. Hydrogen as we ordinarily know 1t has nothing but one proton
in its nucleus; but there is a form of it—heavy hydrogen or deuterium
—which has one proton and one neutron. These different forms of
the same element are called isotopes. Uranium as 1t occurs in nature
is a mixture of three isotopes—U-234 with 92 protons and 142 neu-
trons, U-235 (92 protons — 143 neutrons) and U-238 (92 protons
— 146 neutrons). One of these isotopes—U-235—has unusual prop-
erties that caused it to play an important part in the imitial develop-
ment of atomic power.

But before we get into that, let's consider the size of these atoms
whose parts we talk about so glibly. We can’t see an atom. Its diam-
eter, including the orbit of the electrons, is about 5 billionths of
an inch, which means that it would take a half million atoms in a row
to extend across the width of a human hair. And the electrons are a
long distance from the nucleus—comparatively speaking. If we could
enlarge the atom until the nucleus was the size of a baseball, the
electrons would be mere specks several miles away. So an atom is

actually mostly empty space.
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After the neutron was discovered, it proved to be the most
effective bullet yet found to shoot at atoms in an attempt to change
their structure. In the next few years many atoms were split, but in
each case only a tiny splinter came off the nucleus, and the energy
released was not as great as that required to do the splitting. But
in the late 1930's some strange results were noted in working with
the uranium atom, and it was discovered shortly that the isotope
U-235 was responsible. U-235 made up less than one per cent of
natural uranium, but it possessed three characteristics which quickly

made it famous with scientists all over the world.

FISSION OF U-235
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First, when a nucleus of uranium 235 split, it split into two
almost equal parts, forming usually the elements barium and krypton.
This splitting was called fission.

Second, it split rather easily.
Third, and perhaps most important, when it split, several free
neutrons were released which were then available to split other
= ,—4;'#- '

nuclei. Thus a chain reaction was made possible—one atom was
split, neutrons from this split other atoms which in turn furnished

neutrons to split more atoms, and so forth.
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Thus the stage was set for atomic nuclear energy, but to make
the story complete we must go back to 1905. In that year Albert
Einstein announced his fundamental equation, E = MC?. It was
based entirely on mathematics, not experiment, and was looked on
by many people as theoretically interesting but of little practical
value. Einstein’s contention was that energy and matter were
actually the same thing, and his equation stated that when matter

was completely converted to E M Cz i

energy the amount was equal el
to the mass times the square 2
of the speed of light. Because
this last term is so large, it is
evident that a small amount
of matter will produce a STORNCE N (MRS L Conmaipn ) ENE)

huge quantity of energy if completely converted. In fact, one ounce
is equivalent to an entire month's output of the Hoover Dam

power plant.

The fission of U-235 was the first time that this Einstein equation
could be demonstrated on a scale recognizable by the average person.
When the uranium nucleus splits into two parts, the mass of the
two parts is not quite as great as the mass of the original nucleus,
and it is this difference in mass which is converted into energy. The
difference in mass is very small—something on the order of one-tenth
of one perctnt—hut as we just pnintr:d out, we need very little

mass for a tremendous amount of energy.

Thus we have the fundamentals for an atomic bomb or useful
atomic power. A chunk of uranium 235, when once started, gives

off energy through the chain reaction of its atoms’ splitting. A bomb
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EXFERIMENTAL REACTOR
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is designed so that this reaction will take place just as fast as possible,
so the energy is concentrated in the form of an explosion. But for
useful power we slow this down, so the energy is put forth as heat
at a lower and more usable temperature. The equipment for doing
this is called a reactor.

There are many possible types of reactors, and what will be
most used eventually is largely a matter of guess work. The earliest
ones had rods or bars of natural uranium surrounded by graphite. The
graphite decreased the number of neutrons escaping from the pile
and also slowed them down so they would be more efficient in
splitting other atoms. The pile also contained movable control rods
made of a material which would absorb neutrons. By moving these
in, more neutrons would be absorbed; this would leave fewer for
atom splitting, thus slowing down the reaction. When the rods are
moved outward, the reaction speeds up.

In this type of reactor, in Mmavmeierou s
addition to the splitting of U-235

atoms, some of the U-238 atoms
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are converted to plutonium.

Plutonium 1s a new, man-made

element, not occurring in nature,
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which has 94 protons and electrons—two more than uranium. It
has the same fission characteristics as U-235; that is, it can be easily
split and emits neutrons to form a chain reaction. It 1s often used
instead of U-235, because it is easier to make it in a reactor such as
this and then separate it from the uranium than it is to take natural
uranium and separate the U-235 from the U-238.

Reactors may vary greatly in form and in materials used in them,
but essentially they are a means of carrying on a chain reaction of
nuclear fission under conditions where the rate of the reaction may
be controlled. The uranium or other material becomes very hot in
this process, and the heat can be used to make steam for a steam
turbine or steam engine or for other purposes.

Thus this new form of energy, hastened into existence by the
urgency of war, is taking its place as a useful source of power in
peace time. So far it appears practical only in large installations,
and electric generating plants seem its most promising application.
But it is a new form of power, though its source is as old as the

universe, and its future opportunities are limited only by our own
lack of knowledge.

Atom Powered Turbine

In using the power of the atom to generate electricity, we are really sim-
ply substituting a new kind of bailer, A reactor furnishes the heat to make
steam, which is used to drive a turbine and generator in the conventional
manner.

The illustration is a schematic diagram of how such a system might be
arranged, The reactor could be one of several varieties. It is shielded by a
large mass of concrete to prevent exposure to the radicactive materials. In
operation the material in the reactor becomes very hot, as regulated by
the control rods, and a coolant, liquid sodium, is pumped through it in a
continuous flow. This cools the reactor and carries the heat away to the
first heat exchanger, The heat exchanger is like a radiator and transfers heat
from the first cooling syatem to the second.
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We could have water in the second system, which would be turned into
steam for the turhine, But the liquid sodium in the first system has become
radicactive from passing through the reactor, and we do not want it to
affect the steam going to the turbine. So we use a second sodium circulating
system and carry the heat to a second heat exchanger, The first system is
shiclded by concrete just as is the reactor,

This second heat exchanger is really the boiler of our system. Instead
of heat from burning coal or oil to turn the water into steam, we have the
heit carried by the sodium. The steam goes to drive the turbine just as we
have seen earlier in the booklet, then to the condenser where it again
becomes water and returns to the boiler to start all over again.
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SUN WORSHIPERS

Sometimes we laugh at the poor ignorant savages of ancient
times who made a god of the sun and worshiped it with many
strange rites. Perhaps the rites were strange and barbaric, but maybe
they were not so far wrong in
recognizing the sun as the most
important thing in their lives. For
it is in our lives also.

Since this book is about power
and energy, we will forget all the

other things the sun does for this

world and consider it only from . :
the power standpoint. With the exception of atomic power, every
D”"I.ET t}pf e hd'l'l:’ d'I:SCHSSEd Comes J‘Tﬂ?ﬂ [hf SUN.

Human and animal muscles would not develop without food
grown by the sun. Wind is simply the circulation of air produced
by solar heat. Water power is the result of evaporation of water by
the sun’s heat, returned to earth in the form of rain or snow. The
fuels we burn for power all received their energy from the sun.
Wood is the trees grown in the last few years. Coal and petroleum—
the fossil fuels—are the result of
vegetation grown in the sun's

rays millions of years ago.

(e 4T
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A

S0 we are already getting
practically all our power from the

sun. But Nature does things at
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her own pace and in her own way, and all the present methods of
using solar energy are slow, indirect or inefficient. As much energy
falls on the earth from the sun in one minute as the entire human
race uses in a year. But we capture only an infinitesimal amount of
it. The only large-scale storage of the sun’s energy is in plant growth,
and the average efficiency of this process is about 1/10 of 1 percent.

The total energy radiated out by the sun 1s beyond compre-
hension, particularly when we realize that only one two-billionth of
it strikes the earth. If the sun were just a fiery ball, burning as we
usually think of the term, it would have burned itself out in about
1500 years. But we know it has been burning for something like 2
billion years, and is still a young star.

The solution which is pretty well accepted now is that this
“burning” is a form of atomic nuclear reaction. In fact it is very
similar to the H-bomb. The sun is made up almost entirely of hydro-
g:en and helium. No one knows all the reactions it goes through,
but the overall result seems to be that a small part of the hydrogen
is continually being changed to helium. Four hydrogen atoms become
one helium atom, and as the final product has slightly less mass
than the original atoms the differ-
ence is given off as energy. This
mossee 18 fusion, as contrasted to the

fission of UJ-235.

Could we duplicate this on a

small scale to produce useful
T £5 ESTIMATED

U THAT RADIATION power? It's hard to say at the
ﬁ- - OF THE SUN 4
.y USESUPAMOMOTONS  moment. The temperatures in-
RS OF (TS MASS

PER SECOND i

volved are measured in millions of degrees, and one problem is how
to contain and handle a reaction which is way beyond the boiling
point of any material on earth. But it is being worked on, and some
people feel that if we can produce a bomb using this principle, we
should be able to learn how to put the same principle to constructive
use.

With all this energy being put out by the sun, and most of it
wasted, it is no wonder that man has practically always been looking
for better ways to make use of it. The earliest attempts involved
optical means to concentrate rays from the sun at one point and thus

obtain a high temperature. Twenty-five hundred years ago concave

mirrors of bronze were used to start fires. Recently similar means
have been used to boil water for steam power and in another case
to create a high temperature for the melting of metals. These things
can all be done successfully, but thus far have not proved practical
for any wide-scale use.

There are ways by which sunshine can be converted directly to
electricity. One is the photocell, familiar to us in photographic
exposure meters or as the gadget which controls the automatic
opening and closing of doors. Another is the thermo-couple, where
it is heat rather than light which generates a minute amount of

electricity. The solar battery made of pieces of special, highly
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purified silicon has reached a stage
of efficiency where it can be con-
i B Jé: f;,g.; T_g'é? sidered for practical use rather
‘—Eeﬁ X _;ti'é.:r _i"r&t‘é than a play thing. \:V]ule none of
PN iF_za".i" ";,. ,1:4 A these may be feasible for large

£ scale power generation, they offer
an inkling of some of the avenues

of attack open to investigation.

A great deal of the research on
solar energy has had to do with a couple of long words, photosyn-
thesis and chlorophyll. Photosynthesis is the process by which
plants grow, and chlorophyll is the green in the leaves which acts
as a catalyst and makes the process work.

Plants grow by taking carbon dioxide from the air and water
from the ground, plus energy from the sun. These are changed by
a chemical reaction to some form of carbohydrate and oxygen.
Writing it as an extremely simplified chemical equation it looks
like this:

CO., + H.O + energye*carbohydrate + O,

NATURAL PHOTOSYNTHESIS TO PRODUCE FUEL :;,'r' ;
e e i ety -,

L

As the two arrows in the middle of the equation indicate, this
reaction is reversible. To make it go from right to left is easy; that
happens any time we burn fuel, a stick of wood for instance. But
to make it go the other way and produce fuel is a different matter.
We know that chlorophyll serves as a catalyst; that is, it doesn't
actually enter into the reaction but it has to be there to make it
work. But we don’t know how to do it except by letting nature
take its course. There is considerable research in progress on chloro-
phyll and on this whole problem, and there is reason to hope that
some day soon we will learn enough about this to be able to judge
its possibilities.

People have tried various other ways to use the energy from the
sun, but we do not need to go into any more here. It is plain to see
that the sun is our one practically inexhaustible source of energy.
It also appears that some means will be found to use this energy in
a direct and practical way. And when that day comes, we may
look on the sun with new respect, and think more sympathetically
of the ancient ones who worshiped that flaming orb without know-

ing why.
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PROGRESS AND POWER

Summlng LIF‘ Wi Can sceg th.ii.t thE!’L’ A2 VATIOWUS sources ﬂf EI'.It’l'g}"
and various ways of using them to produce useful power. At the
same time, they all have a great deal in common. But what is the
significance of all this? What effect does it have on us in our daily
lives?

Probably the greatest reason for the strength and prosperity of
this country is our use of more and more power, continually in-
creasing. One hundred years ago, about a quarter of our work-
energy came from machine power; today it is 94 percent. And the
results can be seen in the larger amount we can produce in the same
length of time and the greater quantity the individual worker can
buy with the wages of his labor.

How does it happen that a person in the United States has more
power at his command than an individual in any other country? It
is not the natural resources, because they are more abundant in
various parts of the world. But perhaps it’s because we know what
to do with what we have; and if we don’t know, we go to work
and find out. Organized research—constantly seeking more efficient
power-producers and developing new products—and mass pro-
duction—making these developments available to every one at a
price he can afford—have played a major part in bringing this
country to its present position.

And it will be the scientists and research laboratories that we
will look to for continual improvement in the future. For example, we
have been hearing off and on for years that the world's oil reserves
would be exhausted shortly. Thus far new findings of il have been
greater than the oil consumed so we have been catching up instead

of losing ground. It will be a good many years before we run out of

20

fuel for our automobiles, Diesel engines and jets. But there is a
definite limit to the petroleum which can be easily and economically
obtained from the ground, and sooner or later the pinch will come.

Research can help, first, by making it later rather than sooner,
and already they have made enormous strides in saving fuel. If we
had 1930 automobiles and 1930 gasoline today we would burn at
least 250 million barrels more every year than we do with our
present high compression engines and anti-knock fuel. And ad-
ditional savings of the same amount can be plainly foreseen as engines
and fuels continue to improve.

Second, it is up to research to develop a new kind of power plant
or 2 new kind of fuel sometime before we use up our present supply.
We have a source of energy—the sun—as we pointed out in the
last chapter. And it is an inexhaustible source, or at least it is esti-
mated to be good for 10 billion to 50 billion years, which is almost
the same thing. There are various ways theoretically in which this
energy can be put to useful purposes, and one does not have to be
an incurable optimist to feel sure that one or more of these ways—
or something entirely different—will be worked out to a practical
solution.

Scientific research is actually an insurance department to insure
that our way of life will not stagnate but will continually progress

and expand as we go into the future.
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