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PREFACE TO REVISED EDITION

for meny years, Scientific discoveries and inventions

were slow in coming, few and far berween. Gradually,
howeves, the tempo has incressed. ‘Today, new scientific devel-
opments appeat with such bewildering rapidity that many people
ave lefe €as bebind in their attempts to keep abreast.

Thus, in these modern times, science books tequire frequent
revision if they are to keep pace. The time has come, because
of the many new applications of scientific fundamentals, to bring
Understanding Science up to date,

! HUNDRED TEARS AGO, 2 book on science could stand pat

It is particularly timely for the revision to appear on the eve
of the International Geophysical Year (1957-1958). As part
of the activities of the International Geophysical Yea, scientists
the warld over 9ill be working together in the most concen-
trated assault in history vpon the secrets of nature, Many new
discaveries about our world and our universe will be made, "This
new editon of Understanding Science will help the reader 1o
understand these new discoveries.

The presens edition retains the basic plan of the earlier edition,
which is to esphin scientific principles and to show how men
have used them to invent the telephone, radio, television, motion
pictutes, airplines, turbojer engines, rockers, atomic-energy
reactoit, snd many other sciennfic marvels. The book shows

the close relavionshup between the many branches of science and
4 ates, for

. .
ple, how an understanding of the human
eye teads to easy comprehension of the camera,

° motion pictures
and television. '
If we are 1o be good citizens in this modern, scientific world

3

H



PREFACE TO REVISED EDITION
we must have some understanding of the principles and func-
tion of science in modern society, Toward helping provide that
understanding, this book is respectfully dedicated.

Wnoam H. Croust
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Chapter One
SCIENCE AND
DEAS

ow pors color television work? How are

H we gong to put a space platform in an

orbit 2 thousand miles from eartht How

do ten plan to travel to the moon in rocket ships?

What is a solar battery? How does a transistor
work?

1f you ever ask yourself such questions as these,
you have the curiosity of a scientist, Scientists are
among the most curious people in the world, cons
tnually asking questions about the world around
them. But they do more than ask questions. They
study and experiment to find the answers,

Soif you ask questions and are curious about the
things that go on in the world around you, then
you have a little of the scientist in you. And you
showed the scientific attitude when you opened this
book, for you want answers to your questions,
You want to know about automobles, submarines,
airplanes, earth satellites, space ships, atomic en-




SCIENCE AND IDEAS
ergy, television, and the other marvels that have
been or are being invented by scientists.

In the pages that follow, you will learn some-
thing of the ways of scientists and the many things
they have discovered. You may be surprised to
learn how most of our present-day inventions came
about. For we sometimes think of scientists and
inventors as mysterious men and women working
alone in strange laboratories, making magic past
and producing miracles, Yet, as we read on, we
will find that the remarkable discoveries which led
to our modern inventions were usually the result
of many persons’ efforts, Every great invention of
discovery has a starting point. Someone did some
thinking, and experimented, and tested.  An ides
was born. Another person took the ides, did fur-
ther work with it, changed it, and passed it on to
still other people. Sometimes this process took
many hundreds of years.

For cxample, some of the effects of clectricity
were discovered more than twenty-five hundred
years ago, The first stcam engine was buile more
than two thousand years ago. The basic principles
of the camera were known about eight hundred
years ago. Airplane principles and a helicopter de-
sign were suggested, and the parachute was ine
vented, more than four hundred years ago.  Yet it
took hundreds of years to develop these ideas into
practical inventions.

There are many reasons why it took centuries
for these inventions to be developed.  One of the

10



SCIENCE AND IDEAS

most important reasons is thist In past Cm“fﬁ“'
there was litde chance for men to communicate
with one another. There were no telephones, no
reliable postal service. Traveling from one place
to another was a long and dangerous business be-
cause there were no automobiles or trains, and not
many roads. Books were sare, expensive, and hard
to get. Therefore, 2 man who made 2 scientific
discovery had almost no way of telling men in other
parts of the world what he had found. Because of
this, other men could not benefir from the new
discovery. Before these other men could have any
success along the same lines, they bad to make that
same discavery all over again,

You can see that, under these conditions, the out-
lock for scientific progress was not very bright,
Imagine trymg to invent the telephone without
knowing anything about the principles of electric-
ity orsound! Fortunately, Alexander Graham Bell,
who invented the telephone, did not have to dis-
cover these principles. Other men who had lived
before hum had 2lready discovered them. They
had explained their discoveries in books that Bell
could read.

You can sce how important it is to scientific
workers to Jearn all about earlier discoveries. An
Ttalian invented an electric battery that would
produce a flow of current. A Frenchman dis-
coveced the relationship between magnetism and

electricity, A German warked out the principles
of electric resistance,

And an American made use
11
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SCIENCE AND IDEAS
ergy, television, and the other marvels that have
becn or are being invented by scicntists.

In the pages that follow, you will learn some-
thing of the ways of scientists and the many things
they have discovered. You may be surprised to
learn how most of our present-day inventions came
about. For we sometimes think of scientists and
inventors as mysterious men and women working
alone in strange laboratories, making magic passes
and producing miracles. Yet, as we read on, we
will find that the remarkable discoveries which Jed
to our modern inventions were usually the result
of many persons’ efforts. Every great invention or
discovery has a starting point. Somcone did some
thinking, and experimented, and tested.  An ides
was born, Another person took the idea, did fur-
ther work with it, changed it, and passed it on to
still other people. Sometimes this process took
many hundreds of years,

For example, some of the effects of clectricity
were discovered more than twenty-five hundred
years ago. The first stcam engine was built more
than two thousand years ago. The basic principles
of the camera were known about eight hundred
years ago. Airplane principles and a hehicopter de-
sign were suggested, and the parachute was in.
vented, more than four hundred years ago. Yet it
took hundreds of years to develop these ideas into
practical inventions,

There are many reatons why it took centurics
for these inventions to be developed.  One of the
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wE is mews good and faichful servant. It
heats your home. It cooks your food. It
makes the steam that runs the engines on
which industry largely depends for power. It runs
the engines that drve the electric generators which
produce most of our electricity. It is used in
thousands of processes in industry. A special form
of fire, flaming in rapid and rhythmic patterns,
furnishes power for the gasoline and oil engines in
our automobiles, trucks, farm tractors, diesel trains,
and airplanes. There is scarcely any product of
human industry—food, clothing, electricity, home-
building materials, books, automobiles, electrical
appliznces—that fire does not help to produce and
bring to you.
But scientists say this about fires it is a very

wasteful means of getting the heat and energy
needed to keep our civilization going. For fire uses

13
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Chapter Two
FIRE AND ATOMI
ENERGY



SCIENCE AND IDEAS
of all these discoveries to invent the telephone.

But this is not an example that stands all by juself,
We cannot think of any modern invention that has
come about entirely through the efforts of one
person alone, All such succesees arise from the
work of many men and women, of many national-
ities and ages, who have hid the groundwork of
original discovery.

People like to give eredit 1o individuals for in-
ventions, They say that Watt invented the steam
engine, that Edison invented the electric [ight, that
the Wright brothers invented the airplane. It is
true that these geniuses can hardly be given enough
credit for their wonderful work; but it is also true
that none of them could have done their wotk
alone. Other men before them provided the ongi-
nal material—~the foundation 1deas—that made pos-
sible their marvelous discoveries.

As you read the pages that follow, you will see
how important ideas have come from the brains
of many great men of many nations. No on¢ n1-
tion has a monopoly on bramns.  The free inters
change of ideas between the great minds of many
nations is necessary if scientific progress is to con-
tinue unabated, With new ideas passing between
scientists throughout the world, we can count on
continuing scientific progress and discavery,

-~
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SCIENCE AND IDEAS
of all these discoveries to invent the telephone.

But this is not an example that stands all by itself,
We cannot think of any modern invention that has
come about entirely through the efforts of one
person alone.  All such successes arise from the
wark of many men and women, of many national-
ities and ages, who have hid the groundwork of
original discovery.

People like to give credit to individuals for in-
ventions. They say that Watt invented the steam
engine, that Edison invented the clectric light, that
the Wright brothess invented the airplane. It is
true that these geniuses can hardly be given enough
credit for their wonderful work; bue it is also true
that none of them could have done their work
alone. Other men before them provided the osigi-
nal material~—~the foundation ideas—that made pos-
sible their marvelous discoveries.

As you read the pages that follow, you will see
how important ideas have come from the brains
of many great men of many nations. No one na-
tion has 3 monopoly on brains. The free inter-
change of ideas between the great minds of many
nations is necessary if scientific progress is to con=
tinue unabated. With new ideas passing berween
scientists throughout the world, we can count on
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FIRE AND ATOMIC ENERGY
ientific truth for s all.
whole pew world of scienti

You need not fear that the atom is to complex
rounderstand. Tt is as simple asa ball on a piece of
string, whirled about your head, All things in our
universe are made up of atoms, Your clathes, the
wood of the floar and furniture, the glass of the
windows, the metal lamps, the tle or brick of the
fireplace, and all other things, are made up of about
ninety different kunds of atoms.

One particular type of atom is known as iron,
another type a8 oxygen. Others are copper, silver,
gold, nitrogen, hydrogen, and sulfur, These dif-
ferent substances are called “elements.”  The ele-
ment iton, for example, is made up of one type of
atom. ‘The element oxygen 15 made up of another
type of atom. These ninety-some different kinds
of atoms can be grouped or compounded in many
ways to form the hundreds of thousands of sub-
stances we see about ws, You can compare this
to the lettets of our alphabet. There are twenty-
six Jetters in our alphaber, but by putting the letters
wgether in different ways, we can form thousands
of words. Likewise, the atoms of the different ele-
ments can be put together in many ways to form
the many substances that make up our world, On
Yater pages we shall have mote to say about this.
Meanwhile, let us fook more closely at the atom it-
stif and learn what we can about its make-up.

Tre Atom

Amintrying tosec a single atom would be some-
what like 2 man trying to see 2 single drop of waver

15



FIRE AND ATOMIC ENERGY
less than one-billionth of the energy stored awap
in the fuel that is burned.

Well, if that is so, you might say, why don't we
find a way to use a larger part of the energy in the
fuel? Why not use all the energy? It would be
wonderful if we could. For then a pound of fuel
would supply enough power to move the largest
ocean liner to Europe and back, or to fly the largest
airplane around the world, A small fraction of an
ounce would heat a house all winter or operate an
automobile for many months.

These marvelous things, it scems, may be about
to start happening. Already submarines capable of
running for months on a few pounds of fuel are
driving through the underseas. Ocean liners o
airplanes may be next to operate on this new system
of using fuel. There is talk of using it to heat
homes, to run Jocomotives and automobifes. And
some newly buile electric power plants are now
running on this new method.

As you have already guessed, the new system we
are talking about is called “atomic energy.” All
of us, of course, have heard something of the atom.
We even talk of our present age, the twenticth
century, as the atomic age. It is importsnt for us
to have some understanding of the atom, Our
whole future may depend upon putting the atom
to work for us in many ways, some of which we
have already mentioned. Understanding the atom
helps us also to understand the telephone, radio,
television, automobile, airplane, and other scientific
marvels of the modern world, thus unlocking a

14
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FIRE AND ATOMIC ENERGY .

We will stare with 2 cubic inch of hydrogen at
amospheric pressure (ot the alr pressure at the
atesurface). 1f it were at a temperature of 32
degrees Fahrenheit, this cubic inch of hydrogen
would contain about 880 billion billion atoms.
Next, suppose we could increase the size of this
cube unod it became lasge enough to contain the
earth, Tt would then measure 8,000 railes on each
side. Now, if the atoms in the cube were increased
i size a bke amount, we should find that they had
became large enough to see~—for each atom would
fnow measure about 10 inches in diameter!

You would note, first of all, that the atom is
lagely empty space. ‘Then, if you could slow
down the moving parts of the atom, you would
ste thot it consists of nothing more than two parti~
clest There is one particle at the center. Another
particle whirls around this central particle at a
tremendous speed—much as a ball on the end of 2
string might be whirled around your head.

The center of the hydrogen atom consists of a
single particle called a “proton.” The smaller par~
ticle which is whithng madly 2bout the proton is
called an “electron” "This, then, is the hydrogen

tom: 3 proton i the center, and an electron
whirling about it,

The viddle of electricity
The Proton and the elestron are two farms of
elecericity. The proton has a charge of positive

decm.c:'ty. The clectron has a charge of negative
electricity,

17
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FIRE AND ATOMIC ENLRGY
in the ocean while flying many miles above it. He
would see the results of 2 great many drops of water
having come together. But he certainly would not
be able to see a single drop of water.

In much the same way, we can sec the results
when a great many atoms have grouped together to
form a grain of sand or a drop of water, But there
is no method known to science today that can make
it possible for us to magnify a drop of water enough
to see one single atom-—atoms are so very, very
small. In just one drop of water there are about
3,300 billion billion atoms! That number is writ-
ten by putting eighteen zeros after the 3,300!
How long do you think it would take you to count
that many atoms, if you could count one a sccond
day and night? It would take one hundred thou
sand billion years! We can begin to realize how
tiny atoms are when we know it would take that
long just to count the number of atoms in a single
drop of water.

In spite of its smallness, however, we can get 3
reasonably clear picture of the atom by using an
instrument that is more powerful than any miscro-
scope. That instrument is our imagination, and
with its help we ean magmfy the atom enough so
that we can examine its make-up,

Examining an atom

Let us examine the simplest of afl the atoms—an
atom of hydrogen. Hydrogen is a gas, the lightest-
weight gas there is. In fact, no other substance in
the world is as light as hydrogen.



HE HYDROGEN ATOM i3 the simplest and
Tlightest of atoms, The atoms of other le-

ments are more complex and heavier. The
actual weights are, of course, exceedingly small.
1t would take 754 million billion billion atoras of
fhydrogen to weigh a pound!

‘The next element above hydrogen, as we go from
the simplest to the most complicated elements, is
helium, Helium, like hydrogen, is a gas. It is
heavier than hydrogen because its atoms have more
particles in them than the hydrogen atoms do.
Next to hydrogen, however, it is the lightest sub-
stance known on the earth.

The nucleus of 2 helum atom contains 2 protons,
while 2 efectrons circle sbout it. But the helium
nucleus contains two other particles besides the 2
protons. These other particles, while they have
the same mass or weight as the protons, have no
clectric charge, Because they are neutral elec.

19
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FIRE AND ATOMIC ENERGY

When we have said this, we can go no further.
For we are up against one of the great mystecics of
the universe: the riddle of electricity itsclf. No
one can say—yet—just what these basic positive
and negative charges of electricity are. But thiswe
do know: they are two of the basic building blocks
from which the atom is constructed.

Between these two tiny particles, the proton and
the electron, there is a powerful ateraction—the
attraction that is always present between negative
and positive clectric charges. This attraction tends
to pull the electron in toward the proton. Counter-
balancing it is the tendency that the electron has
to move in a straight line. In other words, if there
were no attraction, the electron would fly away
from the proton in a straight line. But the attrac-
tion between the proton and the electron overcomes
this tendency, so that the electron continues to
whirl about the proton. This is very much fike the
combination of forces that are set into motion
when you whirl 2 ball on the end of a piece of
string. If the string should break, the ball would
fly away from your hand. But if it does not break,
the string acts as an attractive force heeween your
hand and the ball. The string keeps the ball mov-
ing in a circular path around your hand.

Two important ideas we have discussed in this
chapter are (1) all material things in our world
are made up of tiny particles cailed atoms, and (2)
the hydrogen atom is made up of two cleceric par-
ticles, a proton and an electron.

18



MORE COMPLEX ATOMS
(6 a0d 6, atomic weight 12)3 nitrogen ('7 ’""i 7
stomic weight 14) 3 oxygen (8 and 8, acomic weight
16); 2nd sa on.  Each atom normally has the same
aumber of electrons revolving about the nucleus as
it has protons in the mucleus.

From these facts it should be clear that to change
the number of protons and neutrons in an atom is
to change the atom from one element into another
clement. We can visualize some supergenius of the
future who will take protons, neutrons, and elec-
trons and combine them in any way he choases to
make iron, or oxygen, or gold, or any other element.

We have nat yet progressed as far 25 that, bur
already we have changed one element to another
with 2 bombardment of proton or neutron “bul-
fets” Under certain conditions, the bombardment
can produce brand-new elements never before de-
tected in pature! These amazing feats are made
possible by marvelous mstruments thar sclentists
have developed.  One such instrument sends a hail
of proton or neutron bullets (or often, combina-
tion proton-neutron bullets) into a quantity of
some element.  As the bullets strike the atomic
nuclar of the element, they often change the ele-
ment into a different element,

Nitrogen can be changed into oxygen in this
mannes, sinee the bombardment causes the nitro-
&en atom (with 7 protons) to acquire one more
proton, so that it has § protons and thus becomes
exygen. This chaging of one clement into an.
other is called “transmutation” Although trans.

21
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MORE COMPLEX ATOMS

trically, they are called “neutrons.” Neutrons are
of vital importance to atoms, since they overcome
the natural tendency of the protons to fly away
from one another.

Just as there is always a powerful attraction be-
tween two nnlike electric charges, so there is a pow-
erful repulsive force between two like electric
charges. Two electrons brought closely together
will fly apart. Two protons brought together will
also fly apart—if neutrons are not present to hold
them together. The neutrons supply a sort of bind-
ing force, or nuclear “'glue,” to hold the two pro-
tons together in the nucleus of the helium atom.

A neutron has approximately the same weight 25
aproton. Thus, with 2 neutrons and 2 protons, the
helium atom weighs four times as much as a hydro-
gen atom. On this account helium is said to have
an atomic weight of 4. The weight of the electrons
is neglected in this calculation, since it takes 1,848
electrons to weigh as much as one proton or on¢
neutron,

If, instead of 2 protons, the nucleus of an atom
should contain 3 protons, we would normally find
4 neutrons in that nucleus. This combination gives
us, instead of a gas, a solid—the metal lithium
(lith’i-tim). Three electrons normally circle the
lithium nucleus. ‘The lithium atom, with 3 protons
and 4 ncutrons, has an atomic weight of 7.

Next come the clements beryllium (bé-ril'i-tim)
(4 protons, § neutrons, atomic weight 9); boron
(5 pratons, § neutrons, atomic weight 10) ; carbon

an



MORE COMPLEX ATOMS
6 and 6, atomic weight 12); nitrogen {7 and 74
omic weight 14) ; uxygen {8 and 8, atomic weight
6);and so on, Eachatom normally has the same
rumber of electrons revolving about the npcleus a8
¢ has protons in the nucleus.

From these facts it should be clear that to change
the number of protops and neutrons in an stom is
to change the atom from one clement into another
element. We can visualize some supergenius of the
future whe will take protons, neusrons, and elec~
1rons and combing them in any way he chooses to
make tron, or oxygen, ar gold, or any other element.

We have not yet progressed as far as thag, but
already we have changed one element to another
with a bombardment of proton or neutron “‘bul-
lers.” Under certain conditions, the bombardment
c1a produce brand-pew elements never before de-
tected in nature! These amazing feats are made
possible by marvelous instruments that scientists
have developed. One such instrument sends a hail
of proton or neutron bullets (or often, combina~
tion proton~neutron bullers) into 2 quantity of
some clement.  As the bullets strike the atomic
nucles of the element, they often change the ele-
ment into a dufferent clement,

Nitrogen ¢an be changed into oxygen in this
minaes, since the bombardment causes the nitro-
Ben atom {with 7 protons) 1o acquire one more
Provon, 50 that it has 8 protons and thus becomes
osygen. This changing of one element into an-
oiher 35 ealled “eeansmutation.” Although trans.
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MORE COMPLEX ATOMS
mutation seems simple enough in the telling, such
work is accomplished only with great difficulty.

The reason for this lies in the smallness of the
nucleus in the atom, as well as in the relatively small
number of atoms that populate space. Trying to
hit a nucleus with a proton-neutron bullet is some-
what like trying to hit a particle of dust in the air
with a rifle bullet fired at random, when there are
only a few particles of dust per cubic mile. But
scientists overcame this difficulty, as we shall st
in a later chapter,

Let us return to our atom of oxygen, and ler us
add more protons and more neutrons to its nucleus
and send additional electrons spinning in orbits
about that nuclens, We see the atom becoming
more and more complicated as it is changed from
an atom of oxygen to one of fluorine, one of neon,
and so on up the atomic scale. Finally, we shall
have added enough protons and neutrons to have
concentrated in the nucleus 92 protons and 146
neutrons, so that the atom has an atomic weight
of 238. This atom, with 92 clectrons spinning
about the closely packed and complex nucleus, is
the element uraniom, which seems to be the most
eomplicated of the natural atoms.

Man has improved upon nature, however, by
creating atoms even more complex than this one.
By bombarding atoms of uranium and other heavy
elements with nuclear bullets, scientists have stuffed
still more neutrons and protons into their closcly
packed nuclei. They have thus created a whole

22



MORE COMPLEX ATOMS
seties of new “man-made” elements. The names
of these elements, and the number of protons their
atomic nuclei contain, are listed to the right. The
atoms of these synthetic elements are generally
quite unstable and soon throw out the excess pro-
tons, or even fly apart. This “flying apart,” or
fission, of certain types of atoms is utilized to

produce atomic energy, as explained in a later
chapter.
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EFORE Wwe continue our story of atomic en-
B ergy, let us discuss a form of energy that
has been with us for many ages. ‘This is the
energy produced by fire, No one knows what
ancient savage ancestor of ours first began to make
use of fire, but probably he borrowed it secondhand
from the sky; that is, during a thunderstorm, when
lightning struck a dead tree and set it afire. This
brave savage, overcoming his natural fear and awe
of 50 strange a spectacle, went near the fire and
found its warmth pleasing. He learned, further-
more, that the jungle animals were even more
afraid of fire than he had been, and that they would
keep away from it. ‘Thus, in time, fire came to be
not only a source of comfort, but also a means of
safety.

Later, some early human being learned how o
make fire by rubbing dry wood together, or by
striking sparks with flint stones. Man began to
cook his food, and finally he found out how to

24



FIRE AND OTHER GHEMICAL REACTIONS
refine ison and other meeals with fire and to shape
these metals into tools and ornaments, thus layiog
the erude foundations for our modern industrial
systen.

These steps of progtess must fiot be thought of
25 having happened in a short time. It rook many
weacy centuries for man to learn to adape fice to
His needs in these different ways. But finally man
learned the many uses of fire. ‘This knowledge has
ensbled him to create the advanced civilization in
the midst of which we live today. For, as we men-
tioned in Chapter Two, our civilization is founded
on our abiiry to make and use fire.

Cuemcar. ReacTions

Fire is a chemical reaction, or an action taking
place between different chemical substances, Many
people think of chemicals as powders or liquids
found in a drugstore. But we should think of
everything in our world as chemicals. They are
made from the elements which have been put to-
gether in different forms to make wood or glass or
Ugs of water, or even the boues, blood, and muscles
of aur bodies,

Whenever the stoms of different elements corn-
bine or reace chemically, they form what are calfed
“molecules”  An atom of the gas chiorine and an
stom of the metal sodium can combine, for ex-
ample, 1o form 2 mokecule of sodivm chlaride
(comman able wle), Practically everything we
st about ws is made up of molecules compounded
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FIRE AND OTHER CHEMICAL REACTIONS

from the atoms of the different natural elements.

There are some niety-two natural elements
But most things in our world are largely made vp
of abour fourteen elements, including the gua
hydrogen, nitrogen, oxygen, and chlorine, and the
solids carbon, sodium, magnesium, aluminum, siti
con, phosphorus, sulfur, potassium, caleium, and
iron.

Fe

Fire is a chemical reaction in which atoms of the
gas oxygen combine with atoms of certain other
elements, such as hydrogen or carbon. We can
understand this reaction more easily after examin-
ing an atom of oxygen.

An atom of oxygen has 8 protons and 8 neutrons
in its nucleus, with 8 electrons circling about that
nucleus. These electrons whirl about the nuclew
in two paths, or orbits, one slightly smaller than
the other. The inner orbit carries only 2 clectrons,
while the outer orbit carries the remaining 6 clec-
wrons.  This outer orbit condd carry 8 electrons.
In face, the oxygen atom will actually fill out its
outer orbit with 2 additional electrons if theee are
free elecerons handy.

Fire will take place if the gases hydrogen and
oxygen are mixed and ignited. When oxygen and
hydrogen atoms mingle with each other, the oxygen
atoms will try to take clectrons from the hydrogen
atoms. But at ordinary temperature, cach hydro-
gen nucleus (which is a single proton) manzges o
hold fast to jts electron.



FIKE AND OTHIR CHEMICAL REACTIONS
However, if the mixtute of the two gaswes is
heated (by a spark or 2 lighted match, for exam-
pit), something will happen that will cause the
hydrogen atoms to fose their electrons. For the
heat, in effect, gives the clectrons an electronic
“hotfoot,” so that they begin to spin much faster
in their orbits. Indeed, they begin to circle their
nuclei so fast that they fly off and leave the hydro-
gennuclei, This is the same thing that wauld hap-
pen if you should whirl about your head very rap-
idly a ball on the end of 2 piece of string. The
string would break and the ball would fly away,
When the electsons fly away from the hydrogen
nuclei, they are ateracted toward the oxygen atoms
and cach oxygen atom immediately acquires 2 of
these electrons. This fills up the oxygen atom’s
outer otbit with 8 electrons. This action gives the
oxygen atom a negative clectric charge of 2 (one
for each electron). Each hydrogen atom, stripped
of its electron, has a positive charge of 1. The re-
sulting electrical attraction berween these oxygen
and hydrogen atoms causes each oxygen atom to
trap into combination 2 of the hydrogen atoms to
forma molecule. The molecule that is shus formed
from 2 atoms of hydrogen and one atom of oxygen
har the chemical symbal H;0, and the common
name water,  Thus, water is formed from the
combustion of the two gases—oxygen and hydrogen,
Y6 may seem somewhat odd to get warer from fire,
bu:dwc shall find that water i a common by-
2:“‘““ of any fire in which hydrogen takes

aw
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WHEN A CHEMICAL RE.
ACTION BETWEEN OXY-
GEN AND CARBON TAKES
PLACE, THERE IS AN EX.
CHANGE OF ELECTRONS
BETWEEN THE ATOMS.
THE NUCLEI REMAIN
UNCHANGED

FIRE AND OTHER CHEMICAL REACTIONS

Another example of fire

Let us take another example of the chemical reac-
tion known as fire. Most commonly, fire as we
know it is the result of oxygen combining with
cachon. Air is about one-fifth oxygen. Carboats
a major ingredient in coal, wood, gasoline, oil, or
any other fuel. Carbon, with 6 protons and §
neutrons in its nucleus, has § electrons. Two of
these circle an inner orbit and 4 move about in an
outer orbit. When we “sct fire to” a picce of wood,
we start the electrons in the carbon atoms moving
at increased speed, so that they begin to fly out
of their orbits, Each carbon atom thus loses ity
4 outer electrons, so that it ends up with a positive
charge of 4. The oxygen in the surrounding s
immediately snatches up these clectrons, each oxy-
gen atom acquiring 2 clectrons.  So, as you s¢¢ it
requires 2 oxygen atoms to absorb the 4 electrons
that each carbon atom loses. One carbon atom
then combines with 2 oxygen atoms to form 1
molecule of carbon dioxide, or COx

It may interest you to know that there is a form
of fire going on inside your body at all times. The
food that you ecat contains carbon. You absorb
oxygen from the air that you breathe into your
lungs, and this oxygen, carried through your body
by your blood, combines with the carbon in a sort
of slow, low-temperature fire, which keeps your
body warm. Some of the carbon dioxide formed
is disposed of through your lungs as you exhale.
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Chapter Five
AN EXPLANATION
= OF HEAT

£ Al &NOW that fire produces heat,

-\ ; \ ’ When you stand before a fice you can

“feel” wt.  And 1f you put a kettle of

water on 3 fire, the water will soon get hot and

start 1o bod.  Then, if you don’t take the ketdle
off the fire, the water will all bod away.

What » this strange thing, heat, that brings
about such changes? When we try to explain what
itis, we come up agamst a new idea that may puzzle
you for 4 moment: heat is nothing more than the
speeding up of atoms and molecules as they move
about i space!  You may think that a piece of
wood or ston, ot a Hiquid such as water, is pretty
solidly packed with molecules, and that there is
not much room for the molecules to move around.
Strangely enough, however, there is considerable
foom between the molecules, and they are in con-

stant motion, The higher the temperature, the
faster they move.
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GEN AND CARBONTAKES
PLACE, THERE 15 AN EX-
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BETWEEN THE ATOMS.
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FIRE AND OTHER CHEMICAL REACTIONS

Another example of fire

Let us take another example of the chemical reac-
tion known as fire. Most commonly, fire as ¥t
know it is the result of oxygen combining with
carbon, Air is about one-fifth oxygen. Carbon i
2 major ingredient in coal, wood, gasoline, ofl, or
any other fuel. Carbon, with 6 protons and 6
neutrons in its nucleus, has 6 electrons. Two of
these circle an inner orbit and 4 move about in 38
outer orbit. When we "sct fire to” a piece of wood.
we start the electrons in the carbon atoms moviag
ar increased speed, so that they begin to fly out
of their orbits. Each carbon atom thus loses i8S
4 outer clectrons, so that it ends up with a positive
charge of 4. The oxygen in the surrounding 3t
immediately snatches up these clectrons, each o3y
gen atom acquiring 2 clectrons,  So, as you 56 it
requires 2 oxygen atoms o absorb the 4 clectron
that each carbon atom loses. One carbon atom
then combines with 2 oxygen atoms to form 1
molecule of carbon dioxide, or CO:.

It may interest you to know that there is a form
of fire going on inside your body at all times. The
food that you eat contains carbon. You absorh
oxygen from the air that you breathe into your
lungs, and this oxygen carried through your body
by your blood, combines with the carbon in a soft
of slow, low-temperature fire, which keeps youf
body warm. Some of the carbon dioxide formed
is disposed of through your lungs as you exhale.
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AN EXTLANATION OF HEAT

cules will begin to move so fast that they will jump
clear of their neighbors and shoot up into the air;
that is, the water boils. Soon the ketle will boil
dry. Then, if the molecular bombardment con-
tinues (if we leave the kettle on the fire), the iron
molecules will be bombarded into such rapid mo-
tion that they can no longer hold together in the
shape of 2 keutle. "The kettle will begin to melt
and change to a liquid. If we could continue to
increase the temperature of the liquid, its molecules
would finally begin to act as the water molecules
did; that is, iron molecules would leap clear of their
neighbors and shoot up into theair. In other words,
the iron would turn into vapor!

This is far from being the entire story of fire and
heat. The molecules not anly move faster as tems-
perature increases, but also certain forms of radis-
fion are produced, which we sce as light and feel

23 fieat. More about these radiations in 2 later
chapter,
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AN EXPLANATION OF HEAT

To get this clear in our minds, let us look at the
action in the kettle of water, First we start the fire.
Fuels such as wood and coal are made up of mole
cules. These molecules are, in turn, made up of
atoms of such elements as carbon, hydrogen, and
oxygen. ‘The most common type of wood molt-
cule, for example, has 6 atoms of carbon, 10 2toms
of hydrogen, and § atoms of oxygen, and has the
chemical formula CoHiOs.

When the wood is cool, the molecules move
slowly and in rescricted paths. But when the wood
begins to burn, the molecules move very rapidly.
In fact, they move so fast that they begin to §0
to pieces. Then the atoms fly out of their molecu
far framework. As this happens, che carbon atoms
combine with oxygen atoms from the air to form
carbon dioxide (sce page 28). At the same time,
the axygen and hydrogen atoms in the wood com-
bine to form water.

Al this activity causes the newly formed mole-
cules to dart about with speeds up to several miles
asecond. The kettle above the fire is right in the
path of these fast-moving molecules, and thus, the
iron molecules in the kettle ace bombarded quite
hard. ‘This sets the iron mofecules into rapid mo-
tion. The fast-moving iron molccules now bump
the water molecules in the kettle, and the water
molecules are therefore set into more rapid motion.
If you put a finger into the water, you would say
that the water is getting warm.

As this action continues, some of the water mole-
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AN EXPLANAYION OF HEAT

cules will begin to move 5o fast that they will jump
clear of their neighbors and shoot up into the air;
that is, the water boils. Soon the kettle will bail
dry. Then, if the molecular bombardment con-
tinues (if we leave the kettle on the fire), the iron
molecules will be bombarded into such rapid mo-
tion that they can no longer hold together in the
shape of a kettle. The ketele will begin to melt
and change to a liquid, If we could continue to
increase the temperature of the liguid, its molecules
would finally begin to act as the water molecules
dids thae 1, iron molecules would leap clear of their
neighbors and shoot up into the alr, In other words,
the ison would turn into vaporl

Thisis far from being the entire story of fire and
heat. The mulecules not only move faster as tem-
perature increases, but also certain forms of rodia-
fion ate produced, which we see 25 light and fect

a5 heat. Mare about these radiations in a fater
chapter,




Chapter Six
PUTTING STEAM
TO WORK

NEWCOMEN'S ENGINE,
1705

HERE 15 2 story about a Scottith boy namad

l James Wate (1736-1819), The kentle wss

on the fire, and the water was boiling. Ashe
sat watching the kettle, Watt noticed that tht
heavy Lid was raised by the force under it. He s
s2id to have declared that, if steam could raise the
kettle Iid, it could be made to do heavier and more
useful work. Then, the story goes on, he proceedsd
to "invent” the steam engine. This account, how-
ever, is not entirely true, for it is seldom that any
great human invention is the product of only ont
man's genius.

Years before Watt was born, other men were
experimenting with the power n the steam from
boiling water. The work that these men did, the
crude engines that chey butle, laid the foundations.
Then men like Watt came along and improved the
crude engines, made them workable.  Later, other
men further improved the engines.  Todsy, steam



PUTTING STEAM TO WORE
engines are marvels of engineering. Suam,.direcdy
or indirectly, turns many of the wheels of industry
and drives the huge generstors that produce much
of our electricity.

Wit Stead Pressure Is

Steam does its job by developing pressure. When
you push againsc someching, you apply pressure to
it. Steam applies pressure, 100, When water boils,
molecules of water move so fast that many of
them fly out of the hquid. We call these free-
ftying molecules “water vapor” or "steam.” When
many of these fast-moving molecules are confined
in an enclosed space, we say that the steam pressure
in that space is high. The more molecules there
are and the faster they move, the higher the pres-
sure.

But this does not tell us what "pressure” is.  Sup-
pose we take 2 metal bottle half-filled with water,
cork 1z, and put it over a fire. Presently the water
bas, and water molecules fly up into the air in
the upper part of the bottle. ‘These flying molecules
bump agamnst the sides of the botdde and against
the cork.  As the water continues to boil, more
and mote of the molecutes feave the water to bom-
batd the ndes of the boete and the cork, Finally,
thete will be billions upon billions of molecules
daing thus; that is, the steam pressure will go very
high.

A few molecules hittung the bottom of the cork

-e




Chapter Six
PUTTING STEAM
TO WORK

NEWCOMEN'S ENDINE,
1708

PAPIN'S STEAM ENGINE,
17207

HERE I5 3 story about a Scottish boy name
I James Watt (1736~1819). The kettle ¥
on the fire, and the warer was boiling. Ask:
sat watching the kettle, Watt noticed that the
heavy lid was raised by the force under it. Hes
said to have declared that, if steam could raise the
kettle lid, it could be made to do heavier and mort
useful work. Then, the story goes on, he proceedsd
to “mnvent” the steam engsne.  This account, how-
ever, is not entirely true, for it is seldom that aty
great human invention is the product of only one
man's genius,

Years before Watt was born, other men were
experimenting with the power in the steam from
boting water. The work that these men did, the
crude engines that they built, lad the foundations.
Then men like Wate came along and improved the
crude engines, made them workable.  Later, other
men further improved the engmes.  Today, steam
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PUTTING STEAM TO WORK
28 countless water molecules darting about in the
cylinder and hammering on the end of the piston.
This heavy bombardment makes che piston move.

1f we did not have some means of stapping the
piston, it would be blown clear out of the cylinder,
just a3 the cork was blown out of the botde, But
his is prevented by the arrangement shown below,
Both ends of the cylinder have been closed off, ex«
cept for an opening through which the piston rod
can move back and forth. We have also connected
four pipes, with four valves, to the cylinder, The
valves are much hke the water taps in your kitchen
sink. When you rurn the warer tap on, water
flows. When you turn it off, the water is shut off,

1 we turn valve 1 on, steam from the boiler will
flow into the left end of the eylinder. "This pushes
the pistan to the right. Opening valve 4 at the
same tme allows the air in the right end of the
eylinder to mave out (or exbaust) into the open
air.

After the piston has moved to the righr, closing
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PUTTING STEAM TO WORK
would have little effect. Bur when tremendou
numbess of them hammer at it, they soon keok
it Joose and send it flying with a loud “pop!” 1
the cork were fastened so tightly that it could net
come loose, the steam pressure would contime
to build up. Finally the pressure could become
high that the bottle would explode—shattered in
bits by the molecular hammering, The fores of
the explosion would be likely to be so great that
anyone standing nearby would be hurt, Thisiss
dangerous experiment which demonstrates the
power in steam pressure.

How tHE Stram ENciNr Works

Think of a tin can with one end cut out. Thes
think of a short and slightly smaller can with 3
rod fastened to it. The smaller can fits into the
larger can. You could make it slide back and
forth in the larger can by pushing and pulling oa
the rod.

H you did this, you would have put together 3
rough model of 2 stcam engine. For the steam
engine uses a cylinder (the larger tin can) and 3
piston (the smaller tin can), Steam pressure B
used to move the piston back and forth in the
cylinder,

The steam engine has a bodder; this is an enclosed
chamber where water is boiled.  The steam then
goes through a pipe to the engine and causes the
piston to move. To understand how the steam can
make the piston move, think 3gain of the steam



PUTTING STEAM TQ WORK
20d shides back and forth in the hole 25 the piston
moves back and forth.

The piston rod is connected to 3 crovshead, which
i 2 metal block that stides back and forth in 2 metal
frame. 'The crosshead is attached to 2 connecting
rod, which, in turn, is connected to ¢ crank pin
on 2 shaft. A wheel or gear is mounted on the
shafe.

When steam pushes the piston to the right, the
croshead also moves to the right. ‘The crosshead
thus puches on the connecting rod, causing it to
push againse the crank pin. This forces the shaft to
tuen, 35 shasn by the arrow at 1. When the piston
has moved to the right, as at 2, the engine valve
shuts off the steam to the left end of the cylinder.
At the same time, the valve admits steam into the
night end of the cylinder, so that the piston is
puthed 1o the Jeft, 21 shown at 3. Then, after the
piston hias moved 1o the lefx, as at 4, it starts to the
right again.

As the piston moves back and forth, the con-
necting rod is pulled and pushed, causing the crank
pin to move in 2 circle so that the shaft rotaes,
The teciprocating motion of the piston is thus
changed into rotary mation,

This ratary motion can be carried from a wheel,
or gear, on the engine shaft through a belt or mesh-
g gears to almost any satt of machine,

A typirad seameengine valye

’0:: common type of valve is called the “D-
$3e” valve, This valve, shaped somewhat like 2

haall
R 2

TO HOYE IN A CIRCULAR
PATH AROUND SHAFT SO
SHAFT 5 ROTATED



PUTTING STEAM TO WORK

valves 1 and 4 and opening valves 2 and 3 causes
the piston to move to the left. Opening valve 2
allows steam to enter the right end of the cylinder
so that the piston is pushed to the left, and opening
valve 3 allows the steam in the left end of the
cylinder to leave, or exhaust from, the cyfinder.

Thus, with the arrangement shown, and with
two alert young peaple to open and close the valves
quickly, we could get the piston o move back and
forth rapidly. Bur that job would certainly be-
come monotonous for any person, and, besides, it
isn’t necessary. For connections can be made be-
tween the piston and valves that will cause the
valves to open and close automatically as the piston
moves back and forth. Naturally, with this ar-
rangement, valves such as those shown on page 3J
would not be used. Instead, the engine has specisl
“built-in* valves.

Changing reciprocating fo rotary motion

Before looking at the valves, ot us see how the
back-and-forth (or rectprocatng) motion of the

(P{SYON ROD

CROSSHEAD

CONNECTING ROD

piston can make 2 wheel rorate.  You can see how
this is done by studying the iflustranons.  Note
thae the piscon has a rod atsached to . This rod
passes through a hole in one ead of the cylinder,
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PUTTING STEAM TO WORK
and stides back and forth in the hole as the pistan
moves back and forch. .

The piston rod is connected to 2 crosshead, which
tsametal block that slides back and forthina metal
frame. The croshead s ateached to 2 conmecking
rod, which, in turm, is connected to 2 crank pin
on s shaft, A wheel or gear is mounted on the
shafe.

When steam pushes the piston to the right, the
crosshead also moves to the right, The crosshead
thus pushes on the connecting rod, causing it to
push 2painst the crank pin, This forces the shaft to
turn, s shown by the arraw at 1. When the piston
f1s moved to the right, as at 2, the engine valve
shits off the steam to the left end of the cylinder,
At the same time, the valve 2dmits steam into the
right end of the cylinder, so that the piston is
pushed to the left, as shown at 3. ‘Then, after the
piston has moved to the left, as at 4, it starts to the
right again.

As the pistan moves back and forth, the cone
neeung sod is pulled and pushed, cavsing the erank
IR 10 move 1n a circle so that the shafe cotates,
The reciprocating mation of the piston i thus
changed inta totary metion.

This rotary motion ean be carried from a wheel,
€ geus, on the engine shaft through a belt or mesh.
118 geans to almost any sort of machine,

A typreal steam-engine valye

One common rype of valve js called the “D.

ide” valve, This valve, shaped somewhat like o
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AS CROSSHEAD MOVES
BACK AND FORTH, THE
CONNECTING ROD
PUSHES AND PULLS ON
CRANK PIN, CAUSING (T
TO MOVE IN A CIRCULAR
PATH AROUND SHAFT SO
SHAFT 15 ROTATED
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STEAM CHEST VALVE STEM
D-SLIDE YALVE

“D,” slides back and forth on a flat surface on one
side of the cylinder. During this motion the valse
uncovers apenings, or porks, in the engine cylinder
to permit steam to enter or to exhaust from the
cylinder. Thus, when the valve moves to the right,
it uncovers the Ieft-hand cylinder port so that
steam can enter the left end of the cylinder from
the steam chest.  This pushes the piston to the right.
At the same time, the slide valve has uncovered the
right-hand cylinder port so that the steam in the
right end of the cylinder has a chance to escape 3
the piston moves to the right.

A moment later, when the valve moves to the
Ieft, these actions are reversed, so that the piston
is forced to the left.

The shide valve is moved by means of 3 crank pin
on the crankshafc and a connecting rod. The rod

conneces the crank pin and the valve stem.



ERE 15 3n example of an invention that had
H to wait many centuries before men dis-
covered a practical means of wing it. We
are tatking about the steam turbine, More than
two thousand years ago a man named Hero, who
lived in Alexandria, Egypt, made the first steam
turbine, It was a steam engine that produced
totary motion. It did not use a piston and cylinder,
3s do the steam engines described in the previous
chapter; instead, the steam from a boiler was car-
fied into 2 ball which had a pait of bent tubes,
The steam shot out of these tubes, forcing the ball
0 3pin on its supports.

For slmost two thousand years, men did litele
with this ideq. They could not see how to make
the engine do any amount of work. Then, 2 few
hundred ¥ears ago, thoughtful men began to work
and experiment with this device, But the prob-
Yem of making it practical eluded them. Finally,

Chapter Seven
STEAM TURBINES



STEAM TURBINES

about 1890, De Lavel of Sweden and Parsons of
England, working independently and along separate
lines, brought out practical steam-turbine designt
The work of these men, and the men who came be-
fore and after them, has led to the modern stem
turbine which can produce more than 400,000
horsepower.  That is, one of these marvelous ma-
chines can do as much work as 400,600 horses!

A simple steam turbine is illustrated on this page.
‘The rotor, mounted on a shaft, has many small
curved blades around its outside edge. Nozzls
direct jets of steam against these blades, causing
the rotor to spin at high speed. This rotary mo-

STEAM COMES IN HERE

@ STEAM EXHAUSTS HERE

ROTOR 8LADES

tion can be taken off the rotor shaft by gears, o
drive other machinery or an electne generator.

A modern turbine urually has not just one, but
a whole series of bladed disks, wlich rogether make
up the rotor. They are all mounted on 2 sungle
shaft, so that all rotate together.  Between each
pair of rotors there is a stationary nng in which is
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$TEAM TURBINES
set aseries of blades that curve in the opposite direc~
tion from those in the rotars. After the steam has
pned through the first disk and given the rotor 2
powesful rotary push, it reverses directions. It
 then goes through the curved blades on the stas
tionary fing, which reverses jts direction again,
. so that it can thrust against the blades in the sec-
ond ditk. In this way the steam goes zigzagging
through the tutbine, pushing against the rotor
blades and changing direction, changing direction
apain in the stationacy blades, and so on. By this
process most of the energy mn the steam is utilized.
In modern turbines, steam enters at a pressure
of a5 much 35 2,500 pounds a square inch, This
means that the steam molecules are bombarding
every equaee inch of the rotor-blade surface hard
enough 2nd aften enaugh to segister a 2,5 00-pound

push. The rotor may spin as fast as 10,000 revolu-
tions 3 minute.

STATIONARY
BKAD S

14
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'\\

ROTOR ROTOR
BLADES BLADES

A 400,600.
HORSEPQWE)
STEAM
TURBINE



Chapter Eight
EARLY INTERNAL-
COMBUSTION
ENGINES

HUYGENS® GUNPOWDER
ENGINE

TEAM ENGINCS and turbines ace “externsh
combustion™ engines, because the fire thst
causes them to run takes place ontside the

engine. In contrast, the type of engine that fur-
nishes power in our modern automobile is an “in-
ternal-combustion” engine, because the fire that
causes it to run takes place inside the engine. This
fire results when gasoline or other fuel is mixed with
air in the engine cylinders and is then ignited. The
pressure produced in the cylinders moves pistons,
and this motion provides the power that turns the
wheels and moves the automobile.

The first internal-combustion engine on record
must have been a very dangerous machine to have
around; for, instead of using gasoline or some sim-
ilar fuel, it used gunpowder, This engine was built
about 1680, and the brave scientnt who experi-
mented with it was Christian Huygens, 2 Dutch-
man. Of course, hit engine was a curiosity rather
than something useful, because it would have been
both difficult and dangerous 1o Joad and fire the
machine repeatedly in order to stace the piston and

2"



EARLY INTERNAL-COMBUSTION ENGINES
keep it moving back and forth in the W!i“d“’"

In fact, about 1en years later the inventor Dennis
Papin decided that the machine would run bevter
if it used easily controlled steam instead of the
dangerows gunpowder, And not long after that,
reciprocating-piston stearn engines were being buile
and used. Here, then, is another example of 2
tremendously important invention that was given
aneatly start and then sidetracked for a long period
of time,

1t was neatly two hundred years later that men
once more turned cheir inventive genius to the
internat-combustion engine, Then, in a remarke
thly short span of time—dess than a hundred yeaes
~~this engine was hrought to a state of such high
performance that it has become a commonplace
necewsity in our modern world. ‘Thousands of
people speed along the highways, through the sky,
and across the ses, day and mghe, thrust forward
by rapidly repested explosions in the cylinders of
intermal-combustion engnes.  Such engines also
furnnh the pawer to plow and culdivate fields, 1o
rump water and o, to drive electric generatars,
ta budd highways, to erect skyscrapers, A list of
all the services that thas engine performs for man
would fill many pages.

5 1950 men in miIny countries were working
ff‘“hh‘Y on this new device, the internsl-combsa
:I::Ihe::: S:n after d\e. b:_ginning of the twen-
vt of inrt):rm;.:momﬂ".lx ¢ mdux_try, che greatest

ombustion engines, started to
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reax pNcines and turbines are “extemnils
combustion” engines, because the fire thit
causes them to run takes place outside te
engine. In contrast, the type of engine that fur-
nishes power in our modern automobile is an i
ternal-combustion” engine, because the fire that
causes it to run takes place auside the engine. This
fire results when gasoline or other fuel is roixed with
air in the engine cylinders and is then ignited. The
pressure produced in the cylinders moves pistons,
and this motion provides the power that turns the
wheels and moves the automoble,

The first internal-combustion enginc on record
must have been 2 very dangerous machine to have
around; for, instead of wsing gasoline or some sim-
ilar fuel, it used gunpowder. This engine was built
about 1680, and the brave scientnt who cxperis
mented with it was Chnstian Huygens, 3 Dutch-
man. Of course, his engine was 2 cunouty eather
than something useful, because «t would have been
both difficule and dangerous to load and fire the
machine repeatedly in order to start the piston and
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A 4-CICLE ENGINE

HE internal-combustion engine is, in certain
Tways, much like the piston-and-cylinder

steam engine. In both, pressure in a cylinder
forces a piston to move, and this thrust is carried
through a connecting rod to a crank on a shaft, so
that the shaft is rotated, But in the steam engine
the pressure comes from steam produced by fire or
combustion ontside the engine, while in the in-
teenal-combustion engine, the pressure results from
fire or combustion inside the engine cylinder.

In order to see what an internal-combustion en-
gine looks like, we need only lift the hood of the
rearest automobile.  But by merely looking at the
outiide of the engine, we cannot very well under-
stand what makes it operate. 'We must look down
inude the engine for that. 1f we were to shice
through the side of an engine, we should see some-
thing Like what is shown on the next page. This
#all won't make much sense to anyone unfamiliar

45
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EARLY INTERNAL-COMBUSTION ENGINES
grow. In the United States such famous names s
Olds, Buick, Ford, Packard, and Cadillac were 2
ready appearing on the name plates and hubcaps of
automobiles. European engine and automobile
pioneers such as Daimler, Benz, Panhard, Levasor,
and Royce were well-known, These and other
automobile manufacturers have not only become
the leading users of the internal-combustion enging
they are also the ones whom we must thank for
maost of the improvements that have made ths
engine the reliable servant of mankind that it is
today.




1OY INTERNAL-COMBUSTION ENGINE WORKS
park occury, causing an explosion to take place
hat pushes the piston down.

This wp-and-down moticn of the piston is
thanged 10 rotary motion in much the same way
ssin the steam engine.  The piston is attached 1o 2
connecting rod.  The other end of the rod is con~
nected to 1 crank pin on the engine crankshaft,
When the piston is pushed down by an explosion
in the cylinder, the push is carried through the con.
tecting tod to the crank pin.  This cavses the
crankshaft to turp.  As the crankshaft continues
1 rotate, the crank pin pushes the piston back up
into the cylinder again, This series of actions is
Wlustrated below,

To keep the piston moving up and down, the
cylinder must be supplied repeatedly with * “charges”
of air and gaschine vapor. These charges must be

CRANKSHATY

aw

1

THE EXPLOSION PUSHES
THE PISTON DOWN

PISTON

PIN
% @ PISTON
@ ONNECT (L



CYUNDER

PISTON
THE PISTON FITS INTO
THE CYIINDER

(L)

AIR 1S TRAPPED AND
COMPRESSED IN THE
CYUNDER

HOY INTERNAL-COMBUSTION ENGINE WORKS

with the engine, because so many different things
are shown in the one picture,

Let us therefore start with a single cylinder and
piston. Most automobile engines have six or cight
cylinders; but as all cylinders are alike, we c22
understand the entire engine if we study one eyl
inder.

The engine cylinder may be compared to 22
empty tin can wich the bottom end cut out, The
piston is a slightly smaller cylinder that fits snugly
into the engine cylinder. When the piston B
pushed up into the cylinder, it traps and compresss
air. Now suppose this compressed air conesined
gasoline vapor. If a spark occurred, it is easy to
sce what would happen. There would be an ex-
plosion that would push the piston downward.
This series of events is abour what takes plice in
the engine cylinder. The piston moves up, com-
pressing a mixture of air and gasoline vapor. A
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: émply 2 rapid burning process, such as was dis-

: in the gasoline combine with oxygen in the air to

A 'Y

. HO¥ INTERNAL-COMBUSTION ENGINE WORKS

“plugin che top of the cylinder. The gasoline vapor

Nest, an electric spark takes place at 2 spatk.
explodes {or ignites, as engineers say). This i
tusted in Chapter Four. The carbon and hydrogen

{orm molecwles of carbon dioxide (COs) and wa-
ter (H:0). These molecules are fast-moving {com-
bustion temperatures ate high, and they bombard
the piston head hard. The downward push on the
riztan head may be more than two tons~—the same
is though 2 4,000-pound weight were suddenly
phiced on the piston!  This gives you an ides of
how heavy the bombardment is.

The push on the piston is carried through the
canaecting rod to the erank pin, causing the engine
enankshafe to rotate. In the automobile, the rotary
motion 1 carried through shafts and gears to the
€t wheely, so that the wheels turn and the car
maves,

After the psston has reached bottom and has
surted up again, the exhaust valve opens. The
spward-moving piston then pushes the burned gas
out of the cylinder.
bttt 5 2 e
xbole round of actions—intake, o "Pﬂ.“c e
tlofion, and exhasst—the ke e e'x -

n takes place again,

These four evenss continue to {ollow one another
along as the engine iy Tunning,
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HOW INTERNAL-COMBUSTION ENGINE WOAKS
repeatedly exploded by sparks. Also, the buredd
gas from the explosions must be cleared out of the
cylinder.

The repeated “charging™ of the eylinder and -
moval of burned gases is sccomplished by valves
There are two valves in the top of the eylindess an
intake valve, which lets in gasoline vapor and sie, 3nd
an exhaust valve, which opens to allow the bumad
525 to get out of, or exhaust from, the cylinder.

Each valve is a flat, stecl disk on a long mas
stem, ‘The disk fits 2 marching hole in the ¢y linder.
When the valve is seated, it closes off this hole;
when it is raised, the hole is open, so that 35 67 st
can pass throughit.

The four pictures below and on the next pagt
will help you o understand how the valves and
the piston work together n the engine cylinder.
The first picture shows the start of the wtske.
The valve to the left, the intake valve, is open. The
piston 15 moving down, and a muxture of gasohn
vapor and air is rushing past the valve and into the
eyhnder, to fill the voud lefe by the descendinf
piston.

As the piston moves down, the cyhnder fills with
gasoline vapor and air.  Then, as the puston reschet
bottom, the mtake valve clows. The puton stars
upward and the mixture pecomes comprensed. By

the time the puton reaches the top poution annn.
e sapor and air hay been

the mixture of guoln
—aphth of

squeezed together into 31 histle as onc
its original volume.
i
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HOW INTERNAL-COMBUSTION ENGINE WORKS

Next, an clectric spark takes place at a spark
vlugin the top of the cylinder. The gasoline vapor
explodes (or igniles, as engineers say). ‘This is
smply a rapid burning process, such as was dis-
cussed in Chapter Four. The carbon and hydrogen
in the gasoline combine with oxygen in the air to
$oim molecules of carbon dioxide (COs) and wa-
ter (H:0}. These molecufes are fast-moving {com-
bustion temperatures are high, and they bombard
the piston head hard. The downward push on the
piston head may be more than two tons—the same
a3 though 2 4,000-pound weight were suddenly
phced on the piston! This gives you an idea of
how heavy the bombardment is.

The push on the piston is carried through the
connecting rod to the crank pin, causing the engine
ceankshaft 1o rotate. In the automobile, the rotary
motion is cartied through shafes and gears to the
c2r wheels, so that the wheels turn and the car
maves,

After the piston has reached bottom and has
stirted up again, the exhaust valve opens. The
upwaed-moving piston then pushes the burned gas
out of the cylinder.
h::‘:&cnf:n :;:;h’.‘ the op again, the ex-
whele round ot ;n’ e Enuke valve opcn.s. The
plosion, and uh:"’“"m“kt. compresion, ex-

v ust—~then takes place again.

Thewe four events continge to follow one anather
3slong a1 the engine is running,
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HOW INTERNAL-COMBUSTION LNGINE WORLS
repeatedly exploded by sparks. Also, the burmad
gas from the explosions must be cleared out of the
cylinder.

The repeated “charging” of the cylinder and re-
moval of burned gases is accomplished by vibet
There are two valves in the top of the cylinders 11
intake valve, which lets in gasoline vapor and air, 12d
an exhaust valve, which opens to allow the burns!
835 to get out of, or exhaust from, the cylinder.

Each valve is a flat, stec] disk on a Jong metd
stem. The disk fits a marching hole in the ¢y linder,
When the valve is seated, it closes off this bole:
when it is raised, the hole is open, so that gas oz 2t
can pass through it.

The four pictures below and on the next page
will ficdp you to understand how the valver and
the piston work together in the engine cylinder,
The first picture shaws the start of the infske
The valve to the left, the intake valve, i open. The
piston s moving down, and a mixture of ;::m’mr
vapor and air is rushing past the valie and into the
cyhnder, to ill the voud feft by the descending
piston.

As the piston moves down, the eyhnder ills with
gasoline vapor and air.  Then, as the prton reschey
bottom, the intake valve closes.  The puton starty
upward and the mixture becomes comprened. By
the time the piston resches the top postion again,
the mixture of gasohne sapor and ar has been
squeezed together into as hittle as onc-ciphth of
its original volume.
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HOW TNTERNAL-COMBUSTION ENGINE WORKS
on trucks and passenger cars. Some engineer$ saY
that in the nesr future most new automobiles will
have turbine instead of piston engines,

The turbine engine has 2 compressor which turns
athighspeed. The compressor blades, s they spin,
force air through a large duct or passage into the
turbine section. Before the air enters the turbine,
fuel is sprayed into it. ‘This fuel can be gasoline,
kerosene, ot o, Tt burns with a steady flame and
produces high temperatures and pressures. The
hot, highly compressed gases pour through rhe tur-
bine wheels and set them spinning. This action is
very much ke the action that goes on in the steam
turbine, One turbine wheel drives the compressor.
The other drives a set of gears and shafts that are
connected to the car wheels. “Thus the rotstion of
the turbine wheels causes the car to move, After
the hat exhawse gases pass through the turbine, they
fow around the gutside of the air duct from the
compressor. The hot exhaust gases thus beat the
intoming air. Heating the compressed it im-
praves the efficiency of the turbine.

TURBINE GFAE
CONPRESIOR s

GASOUNE TYRBINE
51



DIt PASSAGE
VALVE UFTER
CAMSHAFT

HOW INTLRNAL-COMBUSTION ENGINE WORLS

How tHE Vawves Are Orrnareo

The illustration shows a valve with the otz
parts that are needed to make it operate. Whka
the valve is closed, the valve spring keeps the vl
seated so tightly that no gas or air can leak outof
the cylinder. But at the proper time the valve must
be opened.  This is accomplished by the carnbuft
The camshaft has a cam, on which there it 3 lok,
or “burap.” The camshaft turns when the engint
crankshaft tuens, because the two are geared to-
gether,  As the camshaft turns, the lobe move
under the valve lifter, pushing the lifter upward »
that the valve is raised, or lifted, off its seat. Then
further camshafe rotation carries the lobe out froe
under the valve Jifrer, so that the valve spring €38
reseat the valve,

The camshaft has two cams for each engine eyl
inder—onc for the intake valve, and the other {
the exhaust valve, The cam lobes open and cloe
the intake and exhaust valves st the proper times
as shown,

Tur Turbine ENciNe

1f you were to say that the nsides of the gaaline
engine we have just been describing are compli-
cated, you would be right. It hat pustans, connect-
ing rods, valves, valve biters, and numerous other
parts. In contras, the tuthine engine a5 tather
simple.  The turbine cngine is conunp into we

-
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RUNNING THE PISTON ENGINE

of the cacbaretor. When this float bowl has filled
wp, 3 meual foat raises 2 needle valve into an open-
ing, thutting it off. This prevents the delivery of
sny mose gasoline until the gasoline level has fallen
again,

From the flost bowl the gasoline moves up
through 2 small tube, or fuel nozzle, that ends in
the carburetor air horn. The horn is merely a
found tube through which the air moves on jts way
into the engine cylinders. As it rushes past the
end of the fuel nozzle, it draws the liquid gasoline
out in the form of fine droplers. The droplets of
sascline quickly evaporate, or turn to vapor, and
this mixes with the air as it moves on past the
apenced intake valve into the engine cylinder.

The “thrortle” valve, located in the lower part
of the air hora, controls the amount of power that
the engine can develop, The throttle valve is con-
nected by rods and levers with the aceelerator pedal
in the driving compartment of the car.  When the
driver wants more speed or power, he “steps on the
2475 shat s, e pushes the accelerator peda) down.
This opens the throttle, and more gasoline vapor
“\3' =§r ©an move past it into the engine cylinders,
This in vurm inceeases the pressure when the mix-
ture wagnited, so that a stronger push is exerted
©n the gicon during esch power sroke.
Po¥er and higher speed resule,

When the driver takes his foot off the sccelerator

Zd:‘\;l)x theotele valve closes and the engine slows

More
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ELECTRICITY

gasoline engine, These engines have beez
widely used for many years, and there 2t
miillions of them in operation. In order to rua
this engine must have a supply of gasoline vaper
mixed with air. It must also have electric sparks

]-_z:r Us TALK a litele more about the piston-typ

to sct the mixture on fire, as we saw in the hot
chapter. Since combussion produces heat, the e+

gine must be cooled by a cooling system so thit it
does not get too hot.  And the moving partsin b
engine must be supplied with lubricaung oif so tht
they will not wear out rapudly.

Mixine THE GASOLINE AND AR

The carburetar, which sits on top of the engint
mixes liquid gasoline with air to form the combw
tible mixture the engine needs to run. A fur
pump, mounted on the side of the engine, draw:
gasoline from the fuel tank and deliven it 10 1k

carburetor.
The gasoline enters 3 smsll foat bowl on the side
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RUNNING THE PISTON ENGINE
of the carbureror. “When this float bowl has filled
up, a metal float raises 3 needle valve into an open~
ing, shutting it off, “This prevents the delivery of
any more gasoline until the gasoline level has fallen
agsin,

From the flost howl the gasoline moves up
through a small tube, or fuel nozzle, that ends in
the carburetor sir horn. The horn is merely 3
tound tube through which the air moves on its way
into the engine cylinders, As it rushes past the
end of the fuel nozzle, it draws the liquid gasoline
out in the form of fine droplets. The droplets of
gasoline quickly evaporate, or turn to vapor, and
this mixes with the air as it moves on past the
opened intake valve into the engine cylinder.

The “throttle” valve, located in the lower part
of the air horn, controls the amount of power that
the engine can develop. The throttle valve is con~
Beeted by rods and levers with the accelerator pedal
in the driving compartment of the car. When the
driver wants more speed or power, he “steps on the
838" that is, be pushes the accelerator pedal down.
Thas ?Wm the throttle, and more gasoline vapor
18d air can mave past it mto the engine cylinders,
Tha = torn increases the pressure when the mix.
ture it ignited, 30 that 2 stronger push is exerted
o1 the piton dusing each power steoke. Mote
vower and higher speed remlt.

}’:‘.c:;x the deiver takes bis foot off the accelerator
e, it
e_; :,,_ throtle valve closes and the engine slows
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ET US TALK a little mare about the piston-tpe
Lgasolinc engine. These engines have ke
widely used for many years, and there az
millions of them in operation, In order to run
this engine must have a supply of gasoline vapx
mixed with air. It must also have electric spicht
to set the mixture on fire, 35 we saw in the bt
chapter. Since combustion produces hieat, the en-
gine must be cooled by a cooling system so that &
does not get too hot.  And the moving parts in the
engine must be supplicd with lubricating oil so that
they will not wear out rapidly.

Mrane THE Gasouns anp Am

The carburetor, which sits on top of the engine,
mixes liquid gasoline with air to form the combus-
tible mixture the engine needs to sun. A fuel
pump, mounted on the side of the engine, drawt
gasoline from the fuel tank and delivers it to the
carburetor.

The gasoline enters 3 amall float bowl on the vide

ey



RUNNING THE PISTON ENGINE
of the casburetor. When this float bowl has filled
wpy 3 metal float raises 3 meedle valye into an open-
ing, shutting it off. This prevents the delivery of
any more gasoline until the gasoline Tevel has falles
again,

From the floar bowl the gasoline moves up
through 2 small tube, or fuel nozzle, that ends in
the carburetor air horn. The horn is merely 2
round tube through which the air moves on its way
into the engine cyfindect.  As it rushes past the
end of the fuel nozzle, it draws the liquid gasoline
out in the form of fine droplers. The droplets of
gasoline quickly evaporate, or turn to vapor, and
this mixes with the air 23 it moves on past the
opened intake valve into the engine cylinder.

The “theottle” valve, located in the lower part
of the air horn, tontrols the amount of power that
the engine can develop. The throttle valve is con-
nected by rods and levers srich the sceeleravor pedal
in the driving comparsment of the car. When the
driver wants more speed or power, he “steps on the
3“'.'3 that is, he pushes the accelerator pedal down.
This opens the throtdle, and more gasohne vapor
:;i. =?r €an move past it into the engine cyfinders.
m ': ::' ,::: t;ncrn:;x the pressure when.dx: mix-
on the rhmn‘d‘zrin“ ? ronges puh b exerted

5 each power stroke, Mare
Powee and hugher speed cesule, .
When the driver takes hus foot off the seeelerator

% 3 t
Sztmlhc throttle valve closes and the engine stowy
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gasoline engine. 'These engines have bez

widely used for many years, and there 2t
millions of them in operation. In arder to
this engine must have a supply of gasoline vapor
mixed with air. It must also have electric spikt
to set the mixture on fire, a8 we saw in the i
chapter. Since combustion produces heat, the ea-
gine must be cooled by a cooling system so that it
does not get too hot. And the moving parts in th
engine must be supplicd with Jubricating oil so thst
they will not wear out rapidly.

I—x:r Us TALK a little more about the piston-type

MpunG THE GASOLINE AND AR

"The carburetor, which sits on top of the engins,
mixes liquid gasoline with air to form the combus-
tible mixture the engine needs to run. A fud
pump, mounted on the side of the engine, draw
gasoline from the fuel tank and delivers it 10 the
carburetor,

‘The gasoline enters a small fost bowl on the side
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RUNNING THE PISTON ENCGINE
enpine fan, 2 well 45 the car movement, kecvps air WATER PUMP
toving through briskly, The heated wates is thus
codled as it goes through the radiator, and returns
10the engine water jackets ready to take up more
heat and carry it away.

WATER DISTRIBUTING.
TuRE

RADIATOR

THE ENGINE-OIING SYSTEM

When you put a drop of oil between your finger
and your thumb, they ship over ecach other more
iy than when they are dry. In the same way,
o between the moving engine parts allows them
to3hp or move eanly. The engine-oling system
supplies o 1o alf the moving parts of the engine
3 that they are properly tubricated.

A teserve of several quarts of oil is carried in the
ol pa at the battom of the engine. From there,
& pump pulls the oil up and sends it in streams o

3
all the berange and orfier moving surfaces in the
tt:;u:c.



THE SPARK Jumps
ACROSS HERE TO IGNITE
THE GASOLINE VAPOR

RUNNING THE PISTON ENGINE
PRODUCING THE SPARK

The mixture of gasoline vapor and air in the il
inder is ignited by a spark. A marvelous lictle high-
voltage electric power plant on the engine ealled
the “ignition system” produces the spark. The
electrical principles of this system will be tabea
up in detail in later chapters.  All we need tos2y
at this point is that the ignition system takes the
low voltage of the storage battery on the car {60
12 volts) and steps it up to as much as 20,000 volss.
“This high voltage is then applied to a spark plug iz
the engine cylinder just at the end of the compres:
sion stroke. The high voltage causes the spark thit
sets fire to the mixrure of gasoline vapor and 2if.

Tre ENGINE-COOLING SYSTEM

Heat is produced in the engine by burning fed
To prevent overheating of the engine, a cocling
system is built in to take away the heat as fast 2
it is produced. The picture shows an engine pardy
cut away so that the cooling system can be seen

Around the engine cylinders is 2 water jacket.
This jacket is an open space between the cylindess
and the outer shell of the engine. Water circu-
lates through this space, absorbing heat from the
cylinders,  The heated water is then pumped
through the engine radiator, which has a series of
ait passages. Water goes through some of these
passages, and air passcs through the others. The
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©HO DISCOVERED ELECTRICETY?
cens of thousands of yeats sgo. In the ages since
1t pozed Srom those Ancient pine trees, this sap has
become covered wich eacth 2ad hardened into an

- almosk vocklike substance. Tt has long been much

srized for use in jewelry, and in the time of Thales
such amber ornaments were often seen.

‘The story goes that one day, when Thales rubbed
2 picce of amber against his sleeve {perhaps to
make it shine more brsghtly), he found, to his great
interest, that 1t attracted small bits of lint or dtied
leaves. After further experimenting, be concluded
that dhus sttractuve force was a praperty that amber
atone possessed,  Accordingly, he called this char-
stresisug “dekencity”™ because, as we have said, the
Greek word for amber was efektron,

Thaley’ great duscovery remained merely 2 curi-

. onity foc more than two thousand years, About

1600, in the ume of Queen Elizabeth, Sir William
Gilbert, 2n Englihman, reported that many other
tubstances besdes amber, including glass, sulfur,
mica, and dizmonds, 2lo had this curious properry
of “electriciey.” Naturally, the people of that time
had 0o idea of whar clectricity was. Some thought
thas it w21 2 sort of steam that boiled out of the
rubbed matenal and that, when is condensed and
went bick wto the matenal, it pulled light objects
_—aud\ 3t bits of paper or died leaves—back with
it Othens thaught of elecrsieity as"rays™ thae shat
eut from the rubbed material; these rays, they be-
leved, coud pencrste the pater of the

Paper or
lesves and crmerons, Then,

when the .-hst
7
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HE WORD “electricity” comes from the a-

I cient Greek name for amber, which wu

elektron. Tt scems o very odd thing indeed
to have named this greac servant of mankind after
amber, which is the fossilized sap of pine et
But this is not the oddest feature of man's mon-
than-two-thousand-year-old study of electricity:

It was about six hundred years before the binh
of Christ that electricity might be said to have beea
discovered.  Yet neacly twenty-five hundred yesss
were to pass by before men began to make pr:xclfﬂ)
use of electricity, and 1o design lights, telephones,
radios, refrigerators, motion pictures, and the
countless other electrically operated devices upon
which we depend so much.

The story of the "discovery” of electricity, some
six hundred years before Christ, features the wise
man Thales (thi'léz), of Greece, and a piece of
amber. Amber, which looks much like lumps of
solidified honey, is sap from pine trees that grew
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110 DISCOVERED ELECTRICITY?
wic cutrent through wires, In honor of this dis-
covery, the unit of electric pressure, the volt, was
named after him,
Then, in 1820, the Frenchman Andeé Ampére,

: using voltaic batteries, discovered a very interesting

selationship between magnets and the flow of elec-
tricity. Magnets had been known for thousands
of years as picces of iron ore which would pull
other pieces of iron to them, If suspended by
string, they would swing around until they pointed
nerth and south. But no one had suspected, wacil
Ampére's time, that electric current and magnets
kad 2 strange and intimate relationship.

Tt s true that, a few months before Ampire's
dicovery, the Danish scientist Qersted (er'stéth)
had reported that the needle of a compass (whichis
2 small magnet) acted strangely if it were held
clow ta 3 wire vheough which electsic cursent was
Coxing. DBut Ampire went much further. He
demomtrated that electric current acrually pro-
duced magnetsm. To prove this, he sent a cur-
reat of electnicity through 2 coil of wire and
showed that the coul then acted exactly like 2 mag-~
r:u. The electrified col would ateract picces of
iren and, when 1t way suspended, it would swing
sround 10 indicate north and south, in the same
LT e, e e
et o o eeine current, the ampere,

aftes bum,

L: {ow years tater, 3 German, G. §. Ol (5m)
! '
showed that wirer offer resivtance to electsic cus-
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WHO DISCOVERED ELECTRICITY?

shrank, they pulled the paper or leaves back to e
rubbed material.

Even the scientists of the next century or two
after Gilbert had no clearer idea of what electriciy
might be, but they made great progress in studyisg
how it acted. The work of the scientists from tht
time on reminds one of 2 relay race in which on
racer carries the baton around the track for 2 lip
and then passes it on to the next. For each mn
took the discoveries of those who had gone before
him and, from them, moved forward to gloriow
new discoveries of his own.

Think for 2 moment about the Iralian doctor
Luigi Galvani (gal-vi'ng). He poblished, in 179%
the strange results of some experiments he had beea
carrying on with dissected frog legs. He had found
that the muscles of a frog leg would rwitch whes
touched with two different metals, such as coppet
and iron, provided that the two metals were in con®
tact. Galvani thought this action resulted from
actions inside the muscles themselves,

But a fes years later, another Italian, Alessandro
Volea, proved that the muscular action had resulted
from tiny electric currents produced by holding
the two metals together. He proved this by ac-
tually constructing a device that would produce

electric current. This device, called a "voltaic
(v8l-ti’ik) pile,” or battery, consisted of a stack
of zinc and copper disks with lyc-sozked pieces
of leather or cloth berween them.  This voltaic bat-
tery created enough clectric pressure to push elec-
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WO DISCOVERED ELECTRICITY?
tric cursent through wites. In honor of this dis-
covery, the unit of electric pressute, the volt, was
named after him,

Then, in 1820, the Frenchman André Amptre,
wsing veltaic basseries, discavered 2 very interesting
selasionship between magnets and the fow of elec-
tricity. Magnets had been known for thousands
of years as picces of iron ore which would pull
other pieces of iron to them, If suspended by
string, they would swing around until they pointed
north and south, Bat no one had suspected, uatil
Ampire’s time, that electric current and magnets
bad 1 strange and intimate selationship.

1t s true that, 2 few months before Ampére's
discovery, the Danish scientist Oersted (er'stéch)
had reported that the needle of a compass (which is
3 small magnet) acted strangely if it were held
clne 10 2 wire through which electric current was
flowing, But Ampére weat much further, He
dercomstrated that clectric current actually pro-
duced magnetism. To prove this, he sent 3 cur-
rent of clectnicity through 3 col of wire and
thawed that the cod then 3cted exactly fike 2 mag-
met The eheetnfied col would ateract picces of
ton and, when st was suspended, it would swing
¥ald 1o indicate north and south, in the same
Mar 1 2 compan needle,  Becapse of Ampire’s

xcovery, the unst of electric current, the ampere,
>3 named after him.

. Afew yesry Iter, 2 Germag,
vaowed that w,

G. S. Ohm (o),

urey offer censtance to electric cyre

9
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WHO DISCOVERED ELECTRICITY?

rent and thar this resistance varies according &
the size and length of wire and the material of
which the wire is made. For his great contribe-
tions, the unit of electric resistance, the obm, ¥
named after him.

Thus we see that the three fundamental unitsof

ement used in deali S Wid’l ClCCtﬁdt}', the
volt, the ampere (im’pér), and the ohm, wer
named after three famous scientists, who were
Italian, French, and German—truly a demonstrs-
tion of the one world of science.

Meanwhile, men of other nationalities were bus-
ily at work delving deeper into the many man
festations of the mysterious substance, electricits.
In the United States, Benjamin Franklin had proved
by a dangerous experiment in 1752 that lightning
is electricity. During a rainstorm, he flew 3 kit
and drew electric sparks from the wet string
Later, other experimenters who tried this wert
killed by heavy clectric discharges. Franklin pst
forth the idea that electricity could exist in w0
states, which he called positive and negative, and
that it could flow through conductors much
water flows in a pipe.  This is the basis of our pres-
ent ideas of electricity.

In 1830 the grear English scientist Michacl Farz
day began to ask himself this question: If electric-
ity could create magnetism, as Oersted and Ampées
had demonsteated, couldn't magnetism create elec
tricity? In other words, was this a reversible ac-
tion? At the same time, Joseph Henry in the

£0
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110 DISCOVERED FLECTRICITY?
United States was pondering the same question.

Here were two men, teetering on the edge of 2
discovesy that would change the course of civiliza-
ton. Scldom has the fare of nations waited so
direetly on the inventive genivs of individnal men.
For when Faraday, in England, and Henry, in the
United States, actually produced electric cussent

* by magnetic means, they set off a chain reaction of
* development that led to our marvelous preseat-day

dectrieat ena, with its cleetric Lights, sadios, tele~
shanes, and 3ll the other electrical devices upon
whith 30 much of our comfort and pleasure de-
end.

Edison, Tels, Westinghouse, Morse, Bell, and
others were the men who actually pue this geeat
discovery to work for mankind. Credit it given to
Ednon for the development of the electric-light
bulb, and he designed and butlt the fisse practical
central electric power plant.  This plant, which
watin lower New York City, serviced an srea of
21qute mile~s tremendous project for that time.
Teda propored wnng a new form of electric pawer
~lternating current—and he designed equipment
ta produce, ditnbute, and wse it Westinghouse
backed Teda and buide the eleceric rmachinery re~
:u:m! t0 make and we alternating cuesent, To-
ol s s
Eave mare 1o 137 about ::v.;n\ Pm‘f‘“’ b ‘;hz“
currnt o e o 3 lcrf\mng and direct

at follow,

?,
Mer and Belt hurnessed electricity 5o thae ic
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WHO DISCOVERED ELECTRICITY?

would carry messages over wires by telegraph and
telephone, and out of their discoveries grew the
works of Marconi and De Forest, who found mens
of sending messages without wires, or by radia
Then, as a direct result of #heir discoveries, othet
men were able to give a voice to motion pictures, to
send motion pictures through space by television,
i and to see through fog or darkness by radar, Thest
/ ‘il‘; marvels of modern science will have special atten-
tion later in our book., Before we can understand
/ f how they work, we must understand something of
4 electricity itself; but as we look into the next chip-
ter, we shall find that this is not difficult, for w¢
f have already touched upon the essentials of elec-

f tricity.




Chapter Tweln
WHAT 18
ELECTRICITY.

l

. NLY & £Ew years 2go, scientists had very
O \ague wdeas about electricity. Many of
them thaught of 1t as a sorc of “fuid”
that flowed through wises as water flows through
pipes, but they could not understand what made it
flow. Many of them felt thay edectricity was made
up of tiny particles of some kind, but trying 0
wparste electricity woto individual particles bafled
them,

Then, the great Ameritan scientise Miflikan, in
1903, atounded the scientific world by actually
weighing 2 smgle partcle of clecericiey and caleu-
Inting ity electric charge. This was probably one
of the most dehcate weighing jobs ever done by
man, for 3 single electric pasticle weighs only abowt
Half of 2 millanth of 2 millionth of a millionth of
2 millonth of a millieash of 3 pound, To make
“z' 3 pound it would take more of those particles
han there ate dropr of water in the Atlantic Ocean.
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WHO DISCOVERED ELECTRICITY?
would carry messages over wires by telegraph and
telephone, and out of their discoveries grew the
works of Marconi and De Forest, who found mers
of sending messages without wires, or by radia
Then, as a direct result of #heir discoveries, other
men were able to give a voice to motion pictures, o
send motion pictures through space by television,
and to see through fog or darkness by radar. Thes
marvels of modern science will have special atten-
tion later in our book. Before we can understind
how they work, we must understand something of
clectricity itself; but as we look into the next chip-
ter, we shall find that this is not difficult, for 5¢
have already touched upon the essentials of eec-
tricity.
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NLY A FEW years 2go, scientists had very
O vague wdeas about electricity. Many of
them thought of it as a sort of “fluid”
that flowed through wires as water flows through
pipes, but they could not understand what made it
flow, Many of them felt that electricity was made
up of tiny particles of some kind, but trying to
sepacate electricity into indwidual pacticles baffled
them,

Then, the great American stientist Millikan, in
1909, astounded the scienufic world by actually
weighing a2 single particle of electricity and calew-
lating its electric charge. This was probably one
of the most delicate weighing jobs ever done by
man, for 2 single electric pasticle weighs only abont
half of 2 mullionth of 2 millionth of 2 millionth of
a millionth of 2 millionth of a pound. To make
Up 3 pound it would take more of those particles
than there are drops of water in the Atlantic Ocean.

Chapter Twelve

WHAT 18

ELECTRICITY?



WHO DISCOVERED ELECTRICITY?
would carry messages over wires by telegraph snd
telephone, and out of their discoveries grew the
works of Marconi and De Forest, who found means
of sending messages without wires, or by radi.
Then, as a direct result of their discoveries, other
2y men were able to give a voice to motion pictures, to
S ey send motion pictures through space by television,
l, and to see through fog or darkness by radar. Thee
/} 1 marvels of modern science will have special atten-
/ tion later in our book. Before we can understand
how they work, we must understand something of
clectricity itself; but as we look into the next chap-
! ter, we shall find that this is not difficult, for we
have already touched upon the essentials of elec-
tricity,

L
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Chapter Twely
WHAT 18
ELECTRICITY

NLY A FEW years ago, scientists had very
O vague ideas about electricity. Many of
them thought of at as a sort of “fluid”
that flowed through wires as water flows throngh
pipes, but they could ot understand what made it
flow. Many of them felt that electricity was made
wp of uny particles of some kind, but trying to
separate eleceercity into indovidwal particles baffled
them.

Then, the great American scientist Millikan, in
1999, astounded the sciennfic world by actually
weighing a single particle of electricity and caleu~
lating its eleceric charge. This was probably one
of the most delicate weighing jobs ever done by
man, for a smgle dectric particle weighs only about
half of a mifhonth of 2 millionth of 2 millionth of
3 tadlionth of 2 millionth of 2 pound. To make
VP 2 pound it would take more of those particles
than there are drops of water in the Atlantic Ocean.
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COPPER ATOM

WHAT 15 ELECTRICITY?

They are no strangers to us, these clectric pare
ticles, for we know them as electrons. In eaiee
chapters we exphined how electrons circle the
nuclei of atoms,  When large numbers of electrons
break away from their atoms and move through s
wire, we deseribe this action by saying that el
tricity is “flowing” through the wire, Yes, the
electrical “fuid” that early scicntists talked about
is nothing more than electrons flowing along a wire!

Bue how can individual clectrons be made ©
break away from atoms?

And how can these free electrons be made to
move along a wire?

‘The answer to the first question lies in the strue-
ture of the atoms themselves, Some atoms are %
constructed that they lose electrons casily. An
atom of copper, for example, is continually losing
an efectron, regaining it {or another clectron), and
losing it again. A copper atom nermally has 29
clectrons, arranged in four different orbits sbout
its nucleus. The inside orbut has 2 elecrrons. The
next larger otbit has 8. The thicd orbit is packed
with 18 clectrons. And the outside orbit has only
one clectron. It is this outside electron that the
copper atom is continually losing, for it 15 not very
closely tied to the atom. It wanders off, is rephiced
by another free-roving clectron, and thea thu sec-
ond electron also wanders away,

Consequently, in a copper wire free electrons are
floating around in ail directions among the copper
atoms, Thus, even though the copper wire looks

reyl



WHAT 15 ELECTRICITY?
quite motionless to your ordinary eye, there is a
great deal of activity going on inside it.

1 the wire were carrying electricity to an elec-
tric light or to some other electrical device, the
electrons would not be moving around at random.
Instead, many of them would be rushing in the
syme direction~—from one end of the wire to the
ather,

This brings us to the second question. How can
free lectrons be made ta move along 2 wire? Well,
men have found several ways to do that, Qgse way
is chemical. Volta's voltaic pile, or battery, is a
chemical device that makes electricity (or elec-
trons) flow in wires. Another way is maguetic.
Faraday and Henry discovered how magnets could
be used to make elecericicy flow in a wire.

MacNers

Almost everyone has seen horseshoe magnets—
30 called because they are shaped ke horseshoes,
Probably you have experimented with a magnet,
and noticed how 1t will pick up tacks and mails,
or ather small iron objects. Men have knows about
wmagners for thousands of years,

Several thousand years ago, according to Jegend
3 shepherd named Magnes lived on the island o}
Crete, in the Mediterranean Sea. He had 2 shep-
herd's crook upped with sron, One day he found
m oddly shaped black stone that stuck to this iron
tp. Later, when many other such stones were
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WHAT IS ELECTRICITY?

found, they were called “magnets” (after Magnes).
These were natural magnets.

In recent times men have learned how to make
magnets out of iron. More fmportant suill, they
have discovered how to use magnets to push elec:
trons through wires—that is, how to make clectric-
ity flow.

Before we discuss this, there are certain chir-
acteristics of magnets that we should know about.
If a piece of glass is laid on top of a horseshoe mas-
net, and if iron filings are then sprinkled on the
glass, the filings will arrange themselves into lines
If this same thing is tried with a bar magnet (2
horseshoe magnet straightened out), the lines can
be seen more easily, These experiments demon-
strate what scientists call magnetic “lines of force.”
Magnets, they explain, work through lines of force
that extend between the two ends of the magnet.

But clectrons seem to have magnetic lines of
force around them, too. This can be proved by
sticking a wire through a piece of cardbord:
sprinkling iron filings on the cardboard, and con-
necting a battery to the wire. The filings will tend
to form rings around the wire, as a result of the
magnetism of the moving electrons (or clectricity)-
So we can sce that there 1s a relationship between
moving clectrons and magnetism.  Magnetism re-
sults from the movement of clectrons,

Of course, electrons are not really “flowing™ in
the bar magnet, but they arc 1n mouon, circling
the nucleiof the iron atoms.  However, in the mag-

r<s



WHAT 15 ELECTRICITY?
net, the atoms are lined up in such 2 way that their
clectrons are circling in the same direction, Pes-
haps 2 good comparison might be a great number
of boys whitling balls on strings in 2 clockwise
direction around their heads.

GINERATORS AND MoOTORS

Genecators use magnetism in producing 3 flow
of electricity {or electrons). In motots, a flow of
electricity causes magnetism, which produces rotary
motion, This motion can be used to run 2 lathe
or some other machine, a vacuum cleaner, a re-
fri vandsoon. G

and motors may
took like rather complicated devices, but they are
teilly very simple, In fact, we have already ex-
phained the pri on which and
motors work, Those principles are:
3. Electrons in motion are called “electricity.”
2. Electrons in motion produce a2 magnetic field,
3. & magnetic £eld can make electrons mave,
In the nexe chapter, we shall apply these prin-

ciples and wee how simple generators and motors
really ase,
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WHAT IS ELECTRICITY?
found, they were called “magnets” (after Magnes).
These were natural magnets.

In recent times men have learned how 1o mske
magnets out of iron. More important still, they
have discovered how to use magnets to push ke
trons through wires—that is, how to make electric-
ity flow.

Before we discuss this, there are certain char-
acteristics of magnets that we should know about.
If a piece of glass is laid on top of a horseshoe mag-
net, and if iron filings are then sprinkled on the
glass, the filings will arrange themselves into lines.
If this same thing is tried with a bar magnet (3
horseshoe magnet straightened out), the lines can
be scen more easily. These experiments demon-
strate what scientists call magnetic “lines of force”
Magnets, they explain, work through lines of forc¢
that extend between the two ends of the magnet.

But clectrons seem to have magnetic lines of
force around them, too. This can be proved by
sticking 2 wire through a picce of cardboard.
sprinkling iron filings on the cardboard, and con-
necting a battery to the wire. The filings will tend
to form rings around the wire, as a result of the
magnetism of the moving electrons (or electricity)-
So we can see that there is a relationship between
moving clectrons and magnetism.  Magnetism re-
sults from the movement of electrons.

Of course, clectrons are not really “flowing” in
the bar magnet, but they arc in motion, circling
the nuclei of the iron atoms.  However, in the mag-
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PUTTING ELECTRICITY TO WORK
sot flow through this material. This prevents our
getting an electric shock if we should touch the
wize of 2 floor lamp, for example.

RESISTANCE

T is easy to believe that a very fine wire would
sesist the flow of electricity more than would a
heavy, thick wire, In the heavy wire there are
more free electrons to be pushed and there is more
room for them to move about.

A long wire has greater resistance than a short
wite, since the electrons have a longer way to go.
No matter what the size or lenzth of a wire, how-
tver, it does offer resistance o 2 flow of electricity.
The free electrons resist being forced to give up
their random movement; they resist being pushed
in the same direcuon along a wire.

The push that makes the electrans mave is called
“soltage,” after Volta. Tf there it a long wite
through which electricity must be pushed~from
Wisgaea Falls to New York City, for example~
the electrons must be pushed very hard, Thas 3,
2 Bigh voltage must be used. The voltage on such
long-distance fines may be as much as 230,000 volts,
Shorter distances require much lower voltage. The

.vohzge aeeded for 2 house wiring system pormally
ixonly 110 volts,

GENERATORS

uthemon are electric machines that force elec-
o0 10 move along 2 wite, so that a flow of elec.




Chapter Thirteen
PUTTING
ELECTRICITY
TO WORK

YON GUERICKE'S
GENERATOR, 1440

ARLY EXPERIMENTERS with electricity found

E that some materials, such as copper of ifon

would carry a flow of electricity (or che

trons) with case. Other materials, like rubber o

glass, would not. They did not kaow the reasen

for this, but they called those materials that would

carry electricity condnclors; those that would net
they called wonconductors, or imsulators.

Now that we know how atoms are made 3nd
what electriciey 15, we can explain the difference
between conductors and nsulators.  Conductor?
are materials that lose clectrons from theic atoms
casily. You will remember how copper atoms 31t
continually losng thar outer electrans; these free
clectrons can be pushed along the copper wire 80
that elecericity flows in the wire,  Nonconductors
or insulators, are materials made up of atoms that
hold on to their electrons.  There are few free clec-
trons to be pushed to produce a flow of clectricity,

For the sake of afety, electric wirer are covernd
with insulsting material, because the elecrricity will

r<]



PUTTING ELECTRICITY TO WORK
ina power plant that supplies electricity to many
hosaes and faceories must be large enongh to pro-
duce thousands of amperes of electric current.
Electricity must have a complete path, or circuit
outside the gencrators so an electric Yight in your
fiome, for example, is connected by two wires to
the generator in the power plant, Electricity flows
frons the genesator through one of the wires.
After the elecrricity passes through the Jight bulb,
it flows back Jo the generator through the other
wite, The complete circuit includes both wires and

the Yight bulb.

Movors

Motors are electrical machines that produce ro-
tary motson when electricity flows through them,
Yon might be surprised if you made a list of the
jobs that matars do for you every day. Motors run
nuchimes in factonies; they run vacuum cleaners,
elevators, streercars, motion-picture machines. An
elecaric motor starts the engine in your autonsobile.

We can show electnic-motot principhes i we
place a wice berween the two ends of 2 horseshoe
magnet, and then connect the eads of the wice 5o
the generator.  For when clectricity flows through
the wire, the wire will move out from beneath the
ends of the magnec.

We can understand how this movement oecurs i
%e pot twe bar sagnets 1ogether, as shown, 1
You have one magnet lying on the table, and you
bring, one end of the second magnes toward it, the
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PUTTING ELECTRICITY TO WORK
tricity results, If you were to visit 2 modern elec-
tric power plant and see its huge generators, it
might give you a queer feeling to realize that these
tremendous machines were built to push through
wires tiny particles that no one ever sees.

We can make a simple generator with 2 hocse-
shoe magnet and a loop of wire, If we connect the
ends of the wire to an electric meter of the proper
kind, and if we then push the wire between the
ends of the magnet, the meter will indicate that
electricity is flowing,

What happens is this: As the wire maves through
the magnetic lines of force, free electrons in the
wire are pushed along the wire. The electrons are
surrounded with a form of magnetism, and the
lines of force act on this magnetism to push the
electrons along the wire. We mighe say that mov-
ing the wire through the magnetic lines of force
creates a magnetic “brecze™ which “blows” the
clectrons along the wire.

Generatoss contain many wires so that they can
produce 2 heavy current.  Each wire supplics some
electrons; the many wires together supply a heavy
current of electrons, or clectricity. The amount
of electric current supplied is measured in amperes,
named for Ampére. A small generatar mighe sup-
ply only one ampere; however, the actual number
of electrons is enormous. A ane-ampere gencrator
supplics more than 6 billion bilhoa clectrons esch
second!

An ordinary clectsic-light bulb may require 3
amperc of electric current.  Therefore, 2 pencrator
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PUTTING ELECTRICITY TO WORE
2 2 power plant that supplies electricity to many
omes aad factaries must be large enough to pro-
duce thowsands of amperes of electric current.

Electricity must havea complete path, or circuit,
outside the generator; so an electric Light in your
bome, for example, is connected by two wires to
the generator in the power plant. Electricity flows
fram the generstor through one of the wires.
After the electricity passes through the light bulb,
it flows back fo the generator through the other

wire. The complete circuit includes both wires and
the light bulb,

Morvors

Motors are electrical machines that produce ro-
tary motion when electricity flows through them.
You might be surprised if you made a lisc of the
jobs that motors do for you every day. Motors run
machines in factories; they run vacuum cleaners,
elevators, streetcars, motion-picture machines. An
clectric motor starts the engine in your automobile,

We tan show eleceric-motor prinuiples i we
plice 2 wire between the two ends of 2 horseshoe
magnet, and then connect the ends of the wize to
the gef\crator. For when electrrcity flows shrowgh
the wire, the wire will move out from benesth the
ends of the smagnet,

‘: ;:i\ ;:xt\':t:d ::W his movement aceurs if
e 3 1? together, as shown, If
A xi;::xz ;:i :; the table, and you

2gnet toward it, the
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PUTTING ELECTRICITY TO WORK
tricity results, If you were to visit a modern elec-
tric power plant and see its huge generators, it
might give you a queer feeling to realize that these
tremendous machines were built 1o push through
wires tiny particles that no one ever sees.

We can make a simple generator with 2 horse-
shoe magnet and a loop of wire. If we connect the
ends of the wire to an electric meter of the proper
kind, and if we then push the wire between the
ends of the magnet, the meter will indicate that
electricity is flowing.

What happens is this: As the wire moves through
the magnetic lines of force, free electrons in the
wire are pushed along the wire. The electrons are
surrounded with 2 form of magnetism, and the
lines of force act on this magnetism to push the
electrons along the wire. We might say that mov-
ing the wire through the magnetic lines of force
creates a magnetic “breeze” which "blows” the
electrons along the wire.

Generators contain many wires so that they can
produce a heavy current. Each wire supplies some
electrons; the many wires together supply 2 heavy
current of electzons, or electricity. The amount
of electric current supplied is measured in amperes,
named for Ampére, A small generator might sup~
ply only one ampere; however, the actual number
of electrons is enormous. A one-ampere generator
supplies more than § billion billion electrons each
second!

An ordinary electric-light bulb may require %
ampere of electric current.  Therefore, a generator
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PUTIING ELECTRICITY TO WORK
in 2 powec plant that supplies electricity to many
hames and factories must be large enough to pro-
duce thousands of amperes of electric current.
Electricity must have 2 complete path, or circuil,
outside the generator; so an electric light in your
bome, for example, is connected by two wires to
the generator in the power plant, Electricity flows
fram the generator through one of the wires.
After the clectricity passes through the light bulb,
it flows back 7o the generator through the other
wire. The complete cireuit includes both wires and

the light bulb.

Morors

Matoss are electrical machi

that produce ro-
tary motion when electriesty flows through them.
You might be surprised if you made a lisc of the
jobs that motors do for you every day. Motors run
machines in factories; they run vacuum cleaners,
elevators, streetears, motion-picture machines. An
clectric motor starts the engine in your automobile,

Ve can show electric-mator principles if we
place 2 wire between the two ends of a horseshoe
migner, and then connect the ends of the wice to
the generator. For when electnesty flows through
the wige, the wire will move out from beneath the
ends of the magner.

‘We £an understand how this movement occurs if
¢ put twe bar magnets together, as shown, If

C::, have one magnet lying on che tsble, ang you
8 one end of the second magnet toward it, the

7

7

MACNETS Witk puy



N
2

MAGNETS Wilt PUSH
APART

TUNGSTEN FILAMENT

PUTTING ELECTRICITY TO WORK
two magnets will pull together. If you now bring
the other end of the second magnet toward the fist
magnet, the two will push apart.

The movement of electrons in & wire produces
magnetism around the wire, When the wire is put
between the ends of a horseshoe magnet, the wire
will move because the magnetism around the wire
pushes against the magnetic lines of force between
the ends of the magner. This is much like the
pushing apart of the two magnets, as shown.

In an actual motor, many wires are arranged in
1 magnetic fleld so that all of them can be pushed s
electricity flows through them. This strong united
push causes a rotor to spin. The resulting rotary
motion can then be used to operase any mechanism

or machinery.

Erzernic LicHTs

If you could open an electric-light bulb, you
would see two heavy metal wires sticking up from
the base, with a very fine wire stretching between
their ends. This fine wire, which is catled a “fila-
ment,” s made of the metal tungsten, Tungsten
is a conductor of electricity because its atoms atlow
electrons to escape so that there are free clectrons
in the tungsten wire.

When the light filament is connected to a genera-
tor, electrons try to rush through the filament.
The filament is hardly farges than a human hair,
however, so not very many electrons are able to
get through easily.  Inspite of that, many electrons

-y



PUTTING ELECTRICITY TO WORK
try to push through, because electric pressure, of
valtage, is pushing them. Asa result, the filament
becomes crowded with electrons, and electrons are
constanly “jostling” the atoms of tungsten.

Soon the atoms ate in viclent movement. 1f you
remember what we said in Chapter Five, you will
seeall that fast atomic or molecular movement is
Beat, Thus, the vangsten filament becomes hot and
begins to glow—to give off light.

The filament is enclosed in the glass bulb so 25

. tokeep oxygen in the air away from the flament.
1 oxygen were present, it would combine with
the hot tungsten. In other words, the tungsten
would burn up. The bulb keeps the air out and
peevents this from happening.

BATTERIES

Batteries produce electron flow by chemical
means—that is, chemical reactions take place inside
the battery that sesylt in a flow of electricity, One
type of battery is made up of “dry” cells. This is
the sort of battery you ute in a flashlight. It is
dey only in the sense that there is no liquid in it
However, the chemicals inside are damp. Another
tPpe B8 made up of “wet cells”; the cells are filled
with liquid, One common variety of wet-cell bat~
tery is the type used in automobles,

In a battery, chemical actions take place which
g‘f:duce : flow of electrons, or electdie current.
emind o ke G s e ST

m the other bat-
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BATTERIES

PUTTING ELECTRICITY TO WORK

tery terminal. When a wire is connected betwee
the two terminals, the electrons (or electric cur-
rent) will flow through the wire, They will flow
from the terminal having many electrons to tht
terminal that lacks electrons. After a certin
amount of current has been taken out, the battery
cells are run down, or discharged. Dry cells cane
not be recharged; after they have run down they
are worn out and must be thrown away, However, |
wet-cell batteries such as those used in automobis
can be recharged. During recharging, current is
forced back through the battery so that the chem-
ical actions are reversed. ‘This brings the bateery

up to charge again.

The solar battery

The solar battery “makes" electricity from sun-
light. It is a new invention which had its first
practical workout in 1955, In that year a solsf
battery was placed on top of a telephone pole and
connected to a telephone system. It furnishes
enough electricity to operate several telephones-
Inside the battery there are a number of disks made
of the element silicon. The disks are connected by
wires, When the sun shines on the disks, they give
off electrons. This is the “photoelectric effect”
which is explained on pages 137 and 138, The
dectrons flow in the wires to become an clectric
cursent.

Since the solar battery produces electric current
only when the sun is shining, the system must also
use chemical batteries of the type mentioned in
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PUTTING ELECTRICITY TO WORK

the preceding patagraphs. The chemical batteries
supply current at night, Then, during the day, the
solar batteries supply the current and also recharge
the chemical batteries,

This may appear to be a great deal of trouble
for so small an amount of electricity; yet we must
remember that the firse electric generators were
small and fecble, while modern generators produce
¢notmous amounts of electricity, In the same
manner, 3s scientists continue to experiment with
salar batteries, they may some day find ways to
produce huge amounts of current from them. If
this should happen, you may have, in your own
back yard, a solar battary thar will supply your
home with al{ the electricity you need,

L8 S
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Chapter Fourteen
ALTERNATING-
CURRENT
ELECTRICITY

push, to make electricity flow long distances

As we said in the last chapter, electric power
lines that stretch fong distances between cities may
require as much as 230,000 volts’ pressure.  After
clectricity at this high voltage arrives in a city, it
must be cut down to a reasonable pressure for ust
in homes and factories. It would be very dangecows
to try to use such high-voltage eleciricity in 2
house. The high electric pressure would push clec-
tricity through ordinary insulation and make it
jump through the air for as much a5 a foot; peoplt
would be electrocuted and fires would start. Such
high-voltage clectricity would not be a servant in
our homes, but a dangerous encmy.

To bring the voltage down to a safe range, frars-
formers are used. But in order for transformers 10
work, they must be fed a special form of electricity.
This special form of electricity, called “alternating
current,” or “AC,” may seem very strange to you.
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ALYERNATING-CURRENT ELECTRICITY
Ih 3 wite carrying altesnating Current, the elec-
wicity alternates in its Jirection of fow av rapid
inwervals, That i, it flows in one direction fora
fraction of a second, then reverses and flows in the
other direction, The change from ane direction to
the other and back agsin is called a “cycle” The
dtesnating current we normally use does this sixty
dimes 1 second, and is thus known as “60-cycle”
sfternating correns. ¥ you will look at the manu-
facturer’s name plate on an A-C motor, you may
find “60-cycle” stamped on it.

Why go ta off the trouble of pushing the elec-
i10ns in & Wite in one ditection ang then in the op-
posite direction? Wouldn't 1t be simpler merely
to start the electrons moving in one direction and
then keep them moving?

These were questions thay advocates of alter-
nating cutrent had 1o answer, some ity years ago,
when they proposed the use of alternating current
in place of the one-ditection diect current, Their
answes was simple.  High voltage was needed to
transport electricity long distances. Low voltage
wat needed for homes and factories. With alter-
nating current, transformers conld STEP up of step
down the valtage 35 needed, Transformers have
Pamasing parts, and they can handle much higher

1. A

voltages than can effic

Y P

.thh disect current, hawevee, no such simple de-
;wt # 2 taansformer would work to increase or
d:::-&:u:i:: voltage, To chamge the woltage of
1, 2 motor-generator outfit is required,

Another 2dvantage of alternating current is that

N 7
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ELECTRICITY FLOWS ONE
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push, to make electricity flow long distances.

As we said in the last chapter, electric power
lines that stretch long distances between cities may
require as much as 230,000 volts’ pressure. After
electricity at this high voltage arrives in a city, it
must be cut down to a reasonable pressure for use
in homes and factories, It would be very dangerous
to try to use such high-voltage electricity in 2
house. ‘The high electric pressure would push elec
tricity through ordinary insulation and make it
jump through the air for as much as a foot; people
would be electrocuted and fires would start. Such
high-voltage electricity would not be a servant in
our homes, but 2 dangerous enemy.

To bring the voltage down to a safe range, frans-
formers are used. But in order for transformers to
work, they must be fed a special form of electricity.
This special form of clectricity, called “alternating
current,” or “AC,"” may scem very strange to you.
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ALTERNATING-CURRENT ELECTRICITY

The secondary coil has a flow of electrons in-
duced in it by the constantly moving magnetism,
The amount of electric push, or voltage, developed
in the sccondary coil depends on the number of
wums of wire in the two coils. If the first, or
primaty, coil has 100 turns, and the secondary ¢oil
Yas 260 turns, ot Tice 3s many, then the voltage
developed in the secondary will be twice that ap~
phied to the primary.

This may be explined by stying that the mag.
rene "breeze” from the moving magnetism is act-
ing on a wise twice a3 fong as the primary wire,
This magnetic “breeze” thus gets 1n 2 pwsh that is
twice as great; or, the voltage is twice that in the
primary.

It works the other way, too. With more turns
of wire in the primary, there will be less voltage
in the secondary. Thus a transformer can be made
that wilf change 130-volt AC to 558-volt AC. Or
itcanchange the $50 10110, Almost any combina-
tion of voltage can be arranged for, merely by

changing the number of turns of wire in the turo
transformer windings.

Tue lenmon Cow

The ignition coil on an automobile s 2 smalt
:m(ormu. It wransforms the 6 or 17 volts of
< ¢a¢ batery 10 2 high voltage, which may be as

:nuc}x 3 20800 voles. This high voltage then
s 2 3park at she spack plug insid i
T plug inside the engine

The spark ignites the pasoli i
solin
the eylinder, 5 © viborin
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THE SECONDARY COL



ALTERNATING-CURRENT ELECTRICITY
A-~C generators can be built in much larger s
than D-C generators. For example, a single AL
generator might be able to supply enough elecuic-
ity for a city of half 2 million people, while it would
take at least 100 D-C generators to supply the s
amount of electricity.

How TtHE TransrorMER WORKS

The transformer works on the principle of mag-
netism. We can make a simple transformer by
putting two coils of wire side by side. If we con-
nect one cotl to a source of alternating current, we
will find that current will flow in the second col,
even though there is no connection between the
two.

TO AC SOURCE “This is the reason why: There is 2 magnetic field
around the first coil of wire only so long as current
is flowing in the wire. But since alternating cut
rent is constantly changing direction, it is con-
tinually stopping and then starting again, This
means that the magnetic field disappears and then
reappears every time the current alternates, of
changes direction, Consequently, the magnetic
field is in constant motion, As the magnetic eld
appears, it moves outward from the coil. As it
disappears, it moves in toward the coil. Magnesism
is thus constantly moving through the second, of
secondary, coil. Essentially, the action is no differ-
ent from that in the generator, except that in the

MAGNETISM SURROUNDS " . .
THE COL WHEN ELEC- tr:x:xsformcr the wires are stationary and the mag
TRICITY §LOWS netism moves.
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THE TELEPHONE
the way our ears detect sound; that is, how we
hear, We shall have more to say about this later
in the chapter,

The stage was set, then, for Alexander Graham
Bell, the great American inventor of the telephone.
Volts, Ampére, and others had worked out laws
covering the basic characteristics of electsicity.
Kelvin, Helmholtz, and others had explained how
sound is produced and how we hear at. All that
way needed was a2 man who could weave these two
fields of knowledge togecher so that sound could BELL'S FRST THEPHONE
be carried on wires. Bell was that man, and in
1876 hismany yeaes of hard labor and experimenta-

tion were crowned with success. The telephone
was born.

Mare than thay, his experiments and his success
hid the foundations upon which other stientists
cau!d build, The inventors of the phonograph,
;jm, television, and ather clectronic devices owe
1 2 debt, just 2s Bell himself was ind D
3 ebted 10
those scientists who came before him. G o

Sounp

. Before we explain the telephone, it may be well
or us to desceibe what sound is and how we hear

it. Pleture yourself seated in 2 ball pack, watchi

:;::zsch;\\ game. The pitcher winds u,p :m;h;f- N

. i and the batter connects and lines the ball

:n mt‘? lefe field for a it You hear the sharp

t:::‘\; of the bat conneesing with the ball, What
that sound and how d&id ic g2t to your ear?
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Chapter Fifteen
THE TELEPHONE
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K“, ’ HEN YOU TALK into a telephons, tht
‘\"‘ -\. ; -\ / sound of your voice is changed inte

electric impulses, These electric i
pulses travel over wires and then are changed back
into sound in the receiver.

Men have thought about and experimented with
sound for thousands of years, but only in the pat
hundred years or so has sound come to be reasonsbly
well understood. Aristotle, 2 Greek philosophet
wha lfived 2,300 years ago, made a brilliant guest
about the nature of sound. He suggested thit
sound is caused by bodics striking the air so that
the air contracts and expands. But lirtle was done
for many centuries to prove or disprove his theoty:
At last, in the nincteenth century, interest was £e-
vived and many men began to study and experi-
ment with sound. G. S, Ohm, Lord Kelvin, H.
von Helmholtz, and others worked out many of
the basic laws of acoustics (the science of sound).
In addition, Helmholtz proposed an explanation of

04U




THE TELEPHONE

20d your ear g8 2 series of basketballs, hung on
stiings and several inches apart. The firse basket-
tall (or mofecule) is pushed out from between the
baseball and the bat zs they corne together, This
firse basketball then bumps the second, the secand
the hird, and so on down the line. As this i~
prlie travels forward, bafls are momentadly
bunched together, leaving behind a place in the
Yine where they are relatively far apart. 'The space
where they are bunched together is called 2 “high-
prevure area”; the space where they are far apast
is called 2 “low-pressure area.”

"Che terms “high presure” and “low presure”
setmlly refer to the pressure in the air; for when
the molecules of air are close together, the air pres-
suee it high, just as packing many water-yapor
molecules together 1 the steam-engine cylinder
creates 2 high steam pressure. Tt is these high-
Pressure and low-pressure areas, moving in waves
Past our ear, that cause the easrdrum to vibrate so
thst we “hear” sound, The high- and low-pressure
areas move out from the soutce of sound at about
LI0Q feer 3 second 2t ordimary temperatures.
Thus, of you were a mile (5,280 feet) away from
an explosion, 1t would be nearly 5 seconds befoce

the sound waves reached you so that you would
hear iz,

Hovw Wr Hear Sounn

. The human ear is a marvelous mechanism, The
tnner end of the ear channel is closed off with an
tardrum—an elastic, skinlike diaphragm, Back of
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THE TELEPHONE

Before we can answer that, we must know more
about the air through which the sound traveled.
The air is composed of atoms or molecules of df-
ferent gases, such as nitrogen and oxygen. These
molecules are in rapid motion, moving about in all
directions, bumping into each other, and bounding
off in new directions. There are billions of these
molecules in every cubic inch of air.

When the bat hits the ball, the air between the
two is driven out. Let us take a supermicroscopic
look at this action. As the bat approaches the ball,
the air between them is pushed out of the way.
The last few molecules have to move very rapidly.
You can get an idea of this action with 3 hammer
and a puddle of water on a concrete sidewatk. i
you hit the puddle with the hammer, water wil
be splashed quite a distance. The water is squeezed
out from under the descending hammier head, 80
that it squirts out in all directions.

In much the same way, the air molecules between
the bat and the ball are squeezed out as bat and bal
connect. The high-speed movement of these mole-
cules causes them to bump aganst molecules just
ahead of them. These molecules then bump other
molecules farther out, and the high speed is thus
passed on from molecule to molecule in an ever-
widening circle. Finally, the air molecules in our
ears are bumped and they then bump our eardrums,
so that our cars report to us that we have “heard”
the crack of the bac hitting the ball,

Tt might help you to picture this if you consider
the line of molecules berween the ball and the bat

82



THE TELEPHONE
‘Me. BeLr’s REASONING

We can almose follaw Alexander Graham Bell's
fine of reasoning point by point. Sound is a series
of high-pressure and Jow-pressure waves moving
through the air. When they pass our eardrums, the
drums are set into motion. 'The smotion is Trans-
Ited into nerve impulses that enter the brain to
inform us we are hearing sound. Why couldn’t
2 mechanical eardrum be made that would translate
the sound impulses into electric impulses, that s,
into surges of electricity? These electric impulses
could be carried through a wire and then recon~
erted mto sound by some sort of mechanical
saunding device,

After much difficulty, Me. Bell found his me-
chanical eardrum. It was made up of a small dia-
phragm behind which were packed many tiny
grains of carbon, These grans of carbon had a
Certsin amount of electric resistance and, if con-
neeted v an electnic battery, would allow 1 certain
definize amount of electric current (or number of
clectrons) o get chrough, But if the diaphragm
were pushed inward, the grains of carbon would be
crowded together so thar there would be more
Points of contact between them, These additional
Points of contact then would allow more electrons
(ot electric currenc) to pass through. 1f the dia-
:‘:’i“h:‘“‘ pulled outward, the grains of carbon

< tote room and there would be fewer

peints of contace berween grains, and so fewer
tlectrons could flow thraugh.

8s

CARBON GRAINS

8ACK

DIAPHRAGM

WHEN THE DIAPHRAGM

{5 PUSHED INWARD,

MORE CURRENT CAN GET
THROUGH

WHEN THE DIAPHRAGM
MOVES OUY, 1ESS CUR.
RENT CAN GET THROUGH
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THE TELEPHONE

the drum are three tiny bones, hinged together
Ope of these bones is attached to the eardrum. An-
other of the boras is attached ta the cochlea {kok
{g-3h), a hollow structure shaped something [k
2 snail shelt and parcly filled with liquid. '

When a high-pressure area moves past the ear, the
eardrum is forced inward slightly. When alow-
pressure area moves past, the drum is pulled ou
ward slightdy, This in-and-out movement, or ¥i-
bration, of the eardrum, causes the three banes {the
hammer, the anvil, and the stirrup) to move in uok-
son, as they are hinged togethes. Theic movement
sets the end of the cochlea to vibrating, so that 3
ripple passes through the liquid inside the cochker
Abave this liquid is a series of tiny, stringlike fitken
in which tiny hairs are sce. The rippling of ¢
fiquid causes these fibers to sway, and then the haie
mave back and forth under the stationary mesv
brane,

¥f these hairs were ousside, on your skin, yo!
would say that something was tickling you. But
because the hairs are inside your ear and are com
nected to a different pare of yonr brain by the
auditory, or ear, nerve, you interpret this “rickling”
of hairs as 2 sound.

You can actually feel the vibrations of sound
with your fingers. Hold a large sheer of papes
tightly between your hands and close to you
mouth. If you sing the scale loudly, you will fes
a tickling in the fingers that grip the paper, as yo
ying certain notes. Those fingers are fecling, of
“hearing,” the sound.

~a



EDISON'S FIRST
PHONOGRAPH, 1877

could change sound impulses into electric
impulses and then change the electric im-~
pubses back into sound impulses. With the in-

vention of the telepbone, he proved that this idea
was practical.

! 1Exanner Graham Bell had the idea that he

Thomas Alva Edison, the great American inven-
tor, had a different idea. Why couldn’t the sound
impulses be made to imprint their characteristics
omo 3 soft plastic matenal? The record made in
that way could then be played back at a fater time,
10 teproduce the sound,

Basically ehis was 2 very simple idea, but many
years of experimenting and work were needed be-
fore Edison's “talking machine® became a reality.
The exdy talking machine looked very fittle like
the phonographs or record players that we have
day. Lven the shape of the recards has changed.
The first records were shaped Yike cylinders, Mod-
€t records, as we all know, are flax.
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THE TRANSMITTER
CHANGES THE HIGH-
AND LOW-PRESSURE
AREAS, OR SOUND, INTO
ELECTRICAL IMPULSES

THE VARYING BLECTRICAL

1MPULSES MOVE THE RE.

CEIVER DIAPHRAGM N

AND OUT TO REPRODUCE
SOUND

THE TELEPHONE

This, then, is the telephone irammitter—the
part that you talk into. When high- and low-
pressure areas {or sound waves) strike the dix
phragm it moves inward and outward, allowing
first more and then less electric current to pis
through. This means that the high- and low-pres-
sure areas are converted into first strong and thea
weak electric impulses,

In the receiver, these electric impulses of varying
current strength are converted back into sound.
The receiver contains a thin iron plate, of dis-
phragm, under which there is a tiny coil of wire
surrounding a magnet. The current from the
transmitter passes through this coil of wire, causing
the magnet to vary in strength.  When the current
is strong, the magnetism is strong; when the cur
rent is weak, the magnetism is weak. The iron
diaphragm is pulled inward when the magnetism i
strang, moves ontward as the magnetism weakens.

Thaus, as the amount of curren varies (in obe-
dience to the movement of the transmittef duar
phragm}, the receiver diaphragm moves 0 and outs
This causes the receiver duaphragm to bump air
molecules and set them into motion m high- and
low-pressure arcas. These igh- and low-pressure
aress are reasonable copics of the high- and low-
pressure areas (or sound) that are wibraung the
teansmitter diaphragm. When you say, “Hello™
into a telephone transmtrer, the diaphragm in the
receiver at the other end of the fine wall vibrate 20d
give off 2 “Hello.”
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"the,” and “lip” out loud, to see how your tongue
1nd lips change your “Abbhh” into words.

Maxme A Recoro

Tasly record makers, or recorders, used 2 sort
of mechanical “eardrum,” which vibrated w any
wund. A sharp needle was pivoted to the center of
the "eardrum,” or diaphragm, so that the end of
the needle would mave back and forth as the dis-
phragm vibrated. The record, made of a plastic
material, was Jaid on 2 turn vable and the end of
the needle was placed on it. When the record ve-
volved, the needle cut a groove in it. ‘The needle
maved inward toward the center of the record as
the record continued to revolve, so the groove
spiraled m toward the center of the record.

Any sound that was saade caused the diaphragm
% vibrate, and thy vibration, in turn, caused the
end of the needle to move back and forth stightdy.
Consequently, the groove cut was not uniform, but
wat shghely wregular, or wavy, in shape.

. 1f we were to look closely at one of the grooves
14 pecord, we could sce the waviness of the grooves.
?ﬂxm 1 foud sound has been recorded, the waviness
% mote pranounced than when a soft sound has
been recorded. That 15 batanns the s welevdas
i’;::“l;:;hbz:: :}\;ﬂ;ﬂ :hen the sound is loud;
the needle move throw ‘;P “f? arder and make
ethinde. Thus \heg:nma e of o Ertt

phtude of the waves, or
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THE PHONOGRAPH

Before we can understand just how 2 phonor
graph record is made, we need to know some add
tional things about sound. We learned in the pre-
vious chapter that sound is a series of high- and
low-pressure areas, or waves, moving through the
air. If we pluck a string of a banjo or any other
stringed musical instrument, we hear a sound.
This sound is caused by the vibration of the string
—that is, the string is flipping back and forth very
rapidly, as we can see by looking closely atit. The
vibration of the string repeatedly bumps air mole-
cules, thus causing the high- and low-pressure areas
to move out from the string to our ¢ars.

If you haven't any stringed instrument handy,
stretch a rubber band between your hands and
pluck it with your thumb. It will give off a some-
what musical note, and you can sec it yibrating 2
the note is sounding.

When you say, “Abhhb,” that sound is caused by
the vibration of “strings” in your throat. These
strings, which are called "vocal cords,” are set inte
vibration by air rushing out from your lungs.
"Thar is, when you sound your “Ahhhh” certain
throat muscles are directing the air past these vocal
cords. You can set the strings of any stringed musis
cal instrument vibrating by blowing on them. In
your throat, as the vocal cords are sct to vibrating,
they bump air molecules to produce the “Akhhh.”
You form this sound into speech by moving your
tongue and lips in such a way as to cut off or change
¢he character of the sound. Say the words "papa,”
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THE THONOGRAPH
“the” and “lip” out loud, to see how your tongue
and lis change your “Ahhhh” into words.

MakING A REcorp

Early record makers, or recorders, used a sort
of mechanical “eardrum,”* which vibrated to any
sound. A sharp needle was pivoted to the center of
the “eardrum,” or diaphragm, so that the end of
the needle would move back and forth as the dia-
phragm vibrated. The record, made of a plastic
matetial, was 12id on 3 turn table and the end of

+ the needle was placed an it. When the record re~

wolved, the needle cut a groove in it. The needle
moved inward toward the center of the record as
the record continued to revolve, so the groove
spiraled in toward the center of the record,

Any sound that was made caused the diaphragm
ta vibrate, and this vibration, in turn, cansed the
end of the needle to move back and forth slightly.
Comcquendy. the groove cut was not uniform, but
was thightly ieregular, or wavy, in shape.

. If we were ta look closcly at one of the grooves
narecord, we could see the waviness of the grooves.
.Whm 2 loud sound has been recorded, the waviness
B more pronounced than when a soft sound has
been recorded. This is because the air molecules
bump exch other harder when the sound is loud;
then they bump the diaphragm harder and mzk;

the needle move thr .
augh 2 wi
enthifudy, ush 2 sider sangs, or preater

Thus the amplitude of the waves, or
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PAPER CONE

1OW NOTES

THE PHONOGRAPH
the distance between the top and the botwom of 1
wave, is determined by the loudness of the sound.
High amplitude means a loud sound; low amplitude
means a soft sound,

‘When the record is put into a record player, 2
needle follows the groove as the record revolves.
In early record players, the necdle was pivored 10
a diaphragm in much the same way as in the re-
corder. ‘The rapid vibration of the needle end asit
followed the waves in the groove made the di-
phragm vibrate. This vibration of the diaphragm,
bumping air molecules, reproduced the original
sounds that had caused the waviness in the grooves
when the record was cut. When the original sound
was loud, the amplitude of the waves was large and
the record-player needle and diaphragm would vi-
brate harder, to produce a louder sound.

You can feel and hear these vibrations by rolling
up a sheet of paper mto a cone and sticking a pin
through the end of the cone. Put the paint of the
pin into a groove of 2 record that is revolving in
a record player. You will fect 2 tnghag in your
fingers as they hold the cone.  And you will hear
the sound, too.

One other matter we must chink about, and that
is the pitch of the sound, If you pluck one of the
short strings of a harp, you will hear 3 high-pstched
note; if you pluck onc of the long strings, you will
hear a low-pitched note. The difference between
the two hes in the speed with which the string vi-
brates. The short string vibrates more rapidly; that
is, it swings back and forth more quickly, and thus
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THE PHONOGRATH
bumps the ir molecules mote often. One of the
middle strings can be made to vibrate 256 times 2 HIGH NOTE
wcond (this is middle C). This means that it
swings one way and then back 256 times each P~ —r e —e
seeond. 1OW NOTE
What does that mean in terms of the waves that
ate eut in. the record groove? 1 we could look
closely at a groove, we would see that the peaks
of the waves are close together when a high-pitched
nate has been recorded, and that they are far apart
when 2 low-pitched note has been recorded.
1£ the sound of a steing that vibrates 256 times a
sicond §s cut into a record groove, we find that 256
waves are made each sccond. By bigher-pitched
notes, more waves per second would be made; by
lawer-pitched notes, fewer waves per second. ‘The
number of waves per sccond is called the frequency.
In the case of high-pitched notes, the waves occur
more frequently and consequently the waves have
2 bigh frequency. Low-frequency waves produce
low notes,
Thus, in our investigation of how the phono-
8exph operates, we have come across two important
shanacterstics of sound waves: am plitude apd

f"q,‘("(.),_ A ‘1 de d. foud

s fre-
quency determines pitch.

Maxine Duruieate Recoros

After 2 record is made 1n the recorder, thousands
of duplicater czn be produced, These duplicares
!}: the ones that youbuy at a record shop and take

=2 to phiy on your own phonograph. The
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LOW NOTES

THE PHONOGRAPH
the distance hetween the top and the bottom of 2
wave, is determined by the loudness of the sound.
High amplitude means 2 loud sound; low amplitude
means 2 soft sound,

When the record is put into a record player, 3
needle follows the groove as the record revolves,
In early record players, the needle was pivoted to
a disphragm in much the same way as in the -
corder. The rapid vibration of the needleend 25kt
followed the waves in the groove made the dis-
phragm vibrate. This vibration of the diaphragm,
bumping air molecules, reproduced the origind
sounds that had caused the waviness in the grooves
when the record was cut. When the original sound
was loud, the amphitude of cthe waves was large and
the record-player ncedle and diapheagm would vi
brate harder, to produce a louder sound.

You can feet and hear these vibrations by rolling
up a sheet of paper into a cone and sticking a pin
through the end of the cone. Put the point of the
pin into a groove of a record that js rovolving in
a record player, You will feel a tingling in your
fingers as they hold the cone. And you will hear
the sound, too.

One other matter we must think abour, and that
is the pifch of the sound. If you phuck one of the
short strings of a hacp, you will hear a high-pitched
note; if you pluck one of the long strings, you will
hear a low-pitched note.  The difference between
the two lics in the speed with which the string vi-
brates. ‘The short string vibrates more rapidly; shat
is, it swings back and forth more quickly, and thus
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Chapter Sevenfeen
ELECTRON TUBE

one place to another over wires, the next
step was to find some way to send sound be-
twsen distant places without wites. In England,
this sort of communication is called “wireless”; we
cllit "radio” Radio, as we know it, is less than
fifty years old. Even so, many of the basic prin-
ciples of sound and eloctricity that are utilized in
radio have been known for hundreds of years.
Frankln, Volta, Ampére, and others made es-
untill eleetneal discoveries,  Ohm, Helmhaltz,
Bell, and other men did important wotk with sound.
Then, 1n 1883, Thomas Alva Eduon discovered a
Peculiat action 1n one of bis early electric-light
bulbs. A gencration later this action was to be
known 2y the Ldigon effect. The operation of our
modern tahio sets 3 based upon this effect.
kf::o:ud invented his eleetric-light bulb shorely
2 but the filaments were not satisfacrory be-

ﬁm sew discavered how to send sound from
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CRYSTALS

Q%G

THE PHONOGRAPH

duplicates are made by first preparing 2 mold, or
form, which copies, in reverse, the grooves in the
original record. This mold can then be used 10
press out in plastic as many duplicates of the orig-
inal record as are needed.

MoperN Errctric PHONOGRAPHS

Modern electric phonographs, or record players,
make use of electron tubes (such as radio tubes),
so we shall have to wait before explaining them une
til we have discussed radio, in the next chapter.

However, the record player still uses a needle that
follows the groove in the record; only here, the
vibration of the needle is not converted directly
into sound but into electrical impulses, in much the
same way as vibrations are in the telephone. In
many record players the needle is mechanically con
neeced to a special type of crystal. Crystals are
very common, smce many chemical compounds
form crystals. Water crystallizes into snow or ice.
Sugar and salt are crystals. Record players make
use of crystals of Rochelle (rd-shel’) salts.

These crystals have a very interesting property.
When they are squeezed and released, they generate
tiny currents of clectricity.  Thus, when the rece
ord-player crystal has varying amounts of pressure
put upon it as the needle moves back and forth,
varying amounts of electricity flow from it. The
varying elecerical flow then goes through electronic
circuits (including radio tubes) and finally cames
the loudspeaker diaphragm to vibrate, as explained

in the next chapter.
rF. 3



FLECTRON TUBES

Fleming, made use of the Edison effect as he created
the first working electron tube. It was crude com-
pared with baver ones, but it found practical use in
the early radio sets with which men were experi-
menting at that time,

‘Then, in 1906, Dr. Lee De Forest, an American,
added a third part to the electron tube, This third
pet he named the grid, and the tube was known as
1 three-element tube, or a triode. The elements
wete filament, plate, and grid. The addition of the
grid made the electron tube far more wseful, for the
2oid could very quickly change the number of elec-
trons flowing between the filament and the plate.
Tt could let many flow, and then cut off the flow
tmost instantly. As we shall find, this is an ex-
stedingly important activity of the electron tubes
ved in radios. Such tubes are often called
"vacuum tubes,” since the arr is removed from
them so that there is a vacuum inside them,

How tHE Grmo Works

) Suppose that we have 2 very weak signal coming
over 3 elephone line. The electric impulses {or
vgnal), which have traveled 2 long way, are not
$1ong enough to cause the deaphragm in the tefe-
;‘Emc recaver to vibrate enough to be noticed.
You 'f‘“ remember that the receiver works on
v:rx.zx{onx of electric-current strength, which cause
¥inistions in magnetic strength around the coil of

*ire i i fati
n the receiver, These vatiations of magnetic

93

DE FOREST'S TRIODE

PLATE

GRID

FILAMENT
SYMBOL FOR TRIODE



ELECTRON TUBES
cause they did not last very Jong, To analyze this
shortness of filament life, Edison sealed a metal plate
into the top of the glass bulb of a light, connected
an electric battery to the plate, and turned on the
light. To his surprise, he noticed that electric cur-
rent was passing from the filament to the phre
across empty space. In other words, electricity v
moving between the filament and the plate, even
though there was no electrical connection, or wire
between them.

This is what was happening: The light filament
was crowded with electrons; electric current was
passing through it. The metal plite was con-
nected to the positive terminal of the electric bat-
tery. The filament, therefore, had many mote
electrons than the plate had.  You will recall that
like electric charges repel each other, while opposing
electric charges attract cach other. In other words,
the many negatively charged clectrons in the fila-
ment were pushing against cach other, while the
positively charged plate was attracting them. As
2 result, many of the clectrons left the filament 10
fly through space to the plate; that is, electric cure
rent passed from the filament to the plate.

Fremine anp Dr Forost

Edison did not follow up investigstion of thit
interesting effect because he was engaged in the im-
portant business of improving the electric-fight
bulb. But 20 years later, an Englishman, Sir Jobo

24



FLECTRON TUBES

Fleming, made use of the Edison effect as he created
the first working electron tube. Je was crude com-
pared with Iater ones, but it found practical use in
the early radio sets with which men were experi-
menting at that time.

Then, in 1904, Dr. Lee De Forest, an American,
28ded 2 third past to the electron tube. This third
part be named the grid, and the tube was koown as
3 three-clement tube, or a triode. The clements
weze filament, plate, and grid. 'The addition of the
grid made the electron tube far mose useful, for the
grid could very quickly change the number of elec~
trons flowing berween the filament and the plate,
Tt could Jer many flow, and then cut off the flow
almest instandly.  As we shall find, chis is an ex-
ceedingly smportant actvity of the electron tubes
wed in radios. Such wbes are often called
"vacoum tubes,” unce the air is removed from
them so that there is 3 vacuum inside them.

How e Griy Worss

. Suppose that we have a very weak signal coming
u} over 3 telephone line, The electric impulses {or
gnal), which have traveled 2 long way, are not
surong enough to cause the disphragm in the tele-
mee receiver ta vibrate enough to be noticed.
\‘7“1 Wm remember that che receiver warks on
“ﬂ_mfms of electric-current strengrh, which canse
"f‘i?uﬂs in magnetic strength around the coil of
*irtin the receiver, ‘Thess variations of magnetic
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ELECTRON TUBES

cause they did not last very long., To analyze this
shortness of filament life, Edison sealed a metal phte
into the top of the glass bulb of a light, connccted
an electric battery to the plate, and turned on the
light, 'To his surprise, he noticed that electric cur-
rent was passing from the filament to the plate,
across empiy space. In other words, electricity was
moving between the filament and the plate, even
though there was no electrical connection, or wire
between them.

This is what was happening: The light flament
was crowded with electrons; electric current Wt
passing through it. The metal plate was con-
nected to the positive cerminal of ¢he elecric bat-
tery, The filament, therefore, had many mort
electrons than the plate had.  You will recall thit
like electric charges repel each ather, while apposing
electric charges aceract cach other. In other words,
the many negatively charged electrons in the fils
ment were pushing against each other, while the
positively charged plate was atcracung them. A
a result, many of the clectrons lefe the filament 10
fly through space to the plate; that is, cleceric cur-
rent passed from the filament to the plate.

Fresing axe D Forest

Edison did not follow up investigation of this
interesting effect because he was engaged in the im-
portant business of improving the elecrric-light
bulb. But 20 years Jater, an Enghshman, Sir John
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ELECTRON TUBES

dred grid electrons manage to sepel all bur the
thousand electrons. However, when the number
of ¢lectrons on the grid drops to only 10, many
more electrons can get through. As many as
2,000,000 electrons can get through each second
insome types of electron tube. Thus the incoming
signal, varying between 10 and 100 electrons a
second, is amplified by the tube until it varies from
1,000 to 2,800,000 2 second.  Now, what do we
have? The mcoming signal is weak; it can put onto
the grid only from 10 to 100 electsons. But the
outgoing signal is strong; as many as 1,000 to
2,000,000 electrons a second flow from the filament
to the plate.  They then flow through the receiver.
The ignal is now strong enough to vibrate the da-
phragm so we can hear sound. If the signal is still
not great enough, a second tube can be used to
produce furcher amphification.

Electron tubes can be used to step up the signal
comung 1 from an electric-phonograph crystal,
That 1, the vanavions in electric current are made
great enaugh 1o vibrate the diaphragm of the
phonogtaph loudspeaker. The construction of the
loudspeaker is very much like that of the telephone
recever. Tr contains 2 codd of ware, through which
the current passes.  As the strength of the current
changes, the magnetic field changes, caustng the

dﬂp?;ragm to move, or vibrate, and o to produce
saund,

o

10 TO 100 ELECTRONS
COMING (N EACH SEC-
OND HERE MEAN 1,000
TO AS MANY AS 2,000~
000 ELECTRONS A SEC.
OND LEAYING HERE

A SECOND TUBE GIVES
FURTHER AMPUFICATION



RECEIVER

TELEPHONE UINE

NO CURRENT TO GRID,
MANY ELECTRONS ROW
TO PLATE

ELECTRONS ON GRID RE.
PEL ELECTRONS FROM
FILAMENT, FEW ELEC.
TRONS FLOW TO PLATE

ELECTRON TUBES
strength cause the diaphragm to vibrate so that
sound is produced, However, if the incoming sig-
nal is weak, the variations will not be grest enough
to cause the diaphragm to vibrate sufficiently for
us to hear any sound.

A three-element electron tube can be used ©
amplify, or increase the strength of, the electric i
pulses so that the vibrations of the diaphragm il
be strengthened. This is done by connecting the
telephone line to the grid of the electron tube. If
no current were coming in on the ling, the gnd
would have no excess clectrons on ir. Comse
quently, large numbers of clectrons would flow
from the filament to the plate. Howeves, if cure
rent were coming into the grid from the telephone
fine, there would be numerous clectrons on the
grid. Now electrons trying to go from the filx
ment to the plate would be repelled. They woul
not be able to get to the plate. Electrons, you wil
recall, repel each other, or push cach other awsy
when they come close together.  Thus, as the elecr
trons leave the filament and start toward the plate,
they approach the grid; the electrons on the grid
repel them. They cannot ger through.

It docs ot require vory many clectrons on the
grid to produce this effect. Ler ut think about 2
simple example.  Suppose that the variation in cur-
rent coming in puts from 10 to 100 clectrons on
the grid.  With 100 ¢lectrons on the grid, suppose
that only 1,000 clectrons can flow from the fila-
ment to the plate every second.  That is, the hun-
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TRANSISTORS

Scientists, realizing this and other drawbacks of
lectron tubes, searched for other ways of doing the
obs that electron tubes do. Then, just a few years
ago, 3 new deviée, the transistor, was announced by
Bell Telephone Laboratories. After years of work
two Bell scientists, Brattain and Bardeen, were able
10 show to the world, in 1948, one of the first of
these remarkable devices.

1t did not look very impressive. In fact, it was
s small that you had to look carefully to see it.
For many transistors are smaller than the eraser on
the end of 2 lead pencil. Yet some transistors can
replace electron tubes hundreds of times their size!
Transistors need far less current, and produce far
less heat, than comparable electron tubes,

Bat what are transistors? And bow do they
work?

Transistors are made of small stices of germanium
erystals. Germanium 15 an element, just as copper
and oxygen and hydrogen are elements. It is crys-
tlline in form. The slice of germanium crystal
used in 3 rypical transistor may be less than %
inch square and less than %2 inch thick. Laok at
3 ruler 10 see how small ehis is.

In one kand of transistor, three wires are fastened
zet:l:ecur:;s:al :;‘i g:rma‘nium. Let ‘?s imagine that
signal, Thf hmk‘:““"“"f b oy a eleghone
. p would be about as shown on

® next page.
inx:n‘}:x:: r:‘s:o;h“k“P Showr{, the signal comes

nd B, The receiver is hooked up
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Chapter Eighteen
TRANSISTORS

ELECTRON TUBE

2 2

TRANSISTORS

LECTRON TUBES are wonderful devices, B

E sides their indispensable vse in radios 3nd

television sets, they do many other jobs

They are uvsed in radar and motian-picture cquip-

ment, they control manufacturing processes, and

they are basic in “electromic brains” such as the

UNIVAC. We shall find out more about these in
later pages of the book.

But vacuum tubes have a few drawbacks, Fot
one thing, they waste 2 good deal of clectricity.
One of the elements in 3 vacuum tube must be
heated so that 1t will give off clectrons. ‘This hest-
ing requires electricity and produces unwanted
heat.  You probably know from expericnce tht
the inside of a radio gets quite warm. Imagme how
much heat is produced by the hundreds of vacuum
tubes in the electronic controls of a supersonic jet
airplane!  Such planes have to use specual cooling
cquipment to help get rid of the heat.
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TRANSISTORS

Scientists, realizing this and other drawbacks of
dectron tubes, searched for ather ways of doing the
obs that electron tubes do. Then, just a few years
50,3 new device, the transisfor, was announced by
Bell Telephone Laboratories. After years of work
two Bell scientists, Brattain and Bardeen, were able
to shaw to the world, in 1948, one of the first of
these remarkable devices,

It did not look very impressive, In fact, it was
% small that you had to look carefully to see it.
For many transistors are smaller than the eraser on
the end of a lead pencil. Yet some transistors can
replace electron tubes hundreds of times their size!
Transistors need far less current, and produce far
less hear, than comparable electron tubes.

But what are transistors? And how do they
wark?

Transistors ate made of small slices of germanium
crystals, Germanwm 1s an element, just as copper
‘“dv“ngm and hydrogen are elements. It is crys-
ullme. in form. The slice of germanium erystal
f‘”d 2 typical transistor may be less than %
inch square and less than Y%z inch thick. Look at
2 ruler to see how small thus is.

(DI:;’ :r::; I::li :: transnst?r, three wires are fastencd
We are using ‘hisg:x:::':s\:um‘ - “Sf o e
Ngazdl, The hookup wo olrz:l"ll: Ty 2 tlphone
e noxe uld be about as shown on
page.
inx:nﬂ:i:: TZSW: hookap shows, the signal comes
and B. The receiver is hooked
p
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SIGNAL IN HERE

A [+

TRANSISTORS

through a battery to wires Band C.  With no signd)
no current would flow from the batrery through
the receiver. But when a signal comes in, the tran-
sistor amplifies it in the following way, Thesign
consists of surges of electrons, or electric currens,
as explained on page 64, The clectrons enter 2t
wire B and leave at wire A. As clectrons move ous
of the germanium, they leave behind germaaive
atoms with positive charges (that is, some of the
atoms lose electrons). Some of these positive
charges are then satisfied by electrons flowing in
from wire B. But other positive charges are sitis
fied by electrons coming in through wire C.

Here is the way to think of the actions taking
place in the germanjum, Positive charges are pro-
duced in the cryseal around wire A, These positive
charges can be thought of as holes, since they are an
absence of clectrons. When a signal comes in on
wires A and B, many "holes” are produced in the
germanium,  Electrons then flow in from wire €
to fill these “holes”; that is, current flows between
wires C and B. This current causes the receiver
to operate.

AMPLIFIED SIGNAL HERE

. BATTERY

TRANSISTOR

RECEIVER

B

T-
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TRANSISTORS

"The amazing thing about all this is that 2 very
small current, o signal, coming in on wires A and
B produces many “holes,” and ¢hus 2 large current
in the germanjum, between wites C and B. In
other words, the signal is greatty magnified, ‘This
is the same job the electran tube daes (see pages
94 10 97,

There are other types of transistor in use, and
still more are being developed in laboratories, Al
ready you can buy tiny radios that we transistoss
instead of electron tubes, Television sets and many
ather types of electronic equipment are using, or
soon will be using, transistors instead of electron
1obes,  With ransistors all this equipment can be
made much sraaller,

One remarkable use for transistors is in hearing
aids. People who are hard of hearing wear special
devices that amphiy sound so that they can hear.
These amplifiers have fong been made with tiny
tlectron tubes. But still smaller hearing aids, using
transistors, are now being built into horn-rimmed
ghasses. When you put these on, one of the elbows
that fit over vhe ears carries the amplified sound
to the bone above the ear. From there it passes
through the bone to the inner ear. Chapter 15
Seseribes the ears and how they wotk.




SIGNAL IN HERE

TRANSISTORS
through a battery to wires Band C. With nosignil,
no current would flow from the battery through
the receiver. But when a signal comes in, the tran-
sistor amplifies it in the following way. The siged
consists of surges of electrons, or electric current,
as explained on page 64. The electrons enter &t
wire B and leave at wire A. As electrons move ont
of the germanium, they leave behind germanivm
atoms with positive charges (that is, some of the
atoms lose electrons). Some of these positive
charges are then satisfied by electrons flowing in
from wire B. But other positive charges are sitis
fied by electrons coming in through wire C.

Here is the way to think of the actions raking
place in the germanium, Positive charges are pro-
duced in the crystal around wire A. These positive
charges can be thought of as holes, since they are 28
absence of electrons. When a signal comes in 00
wires A and B, many “hales” are produced in the
germanium. Electrons then flow in from wire C
to fill these “holes”; that is, current flows between
wires C and B. This current causes the receiver

to operate.
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TRANSISTORS

The amazing thing about all this is that a very
small cutrent, or signal, coming in on wires A and
B produces many “holes,” and thus a large current
in the germsnium, between wites C and B. In
othet words, the signal is geeatly roaguified. This
s the same job the electron tube does (see pages
94 to 97,

Thete are othet types of transistor in use, and
vl more are being developed in laboratories. Al-
ready you can buy tiny radios that use transistors
instead of electron tubes. Television sets and many
ather types of electronic equipment are using, or
soch will be using, transistors instead of electron
whes. With transistors 21l this equipment can be
made much smaller.

One remarkable use for transistors s in hearing
aids. People who are hard of hearing wear special
devices thar amplify sound so that they can hear,
These amplifiers have long been made with tiny
dlectron tubes. But still smaller hearing aids, using
taansistors, are now beng built into horn-rimmed
tlases. When you put these on, one of the elbows
that fit over the ears carries the amplified sound
to the bone above the ear. From there it passes
through the bane to the inner ear. Chapter 15
describes the ears and how they work.




Chapter Nincieen
RADIO WAVES

RECTRONS FLOWING IN
A WIRE PRODUCE ELEC-
TROMAGNETISM

P Mo
(s

ST
| X

EFORE WE AsK how radio, of electron, tubst

B work in an actual radio set, fet us first find

out how radio signals get from the broad-

casting station to your receiver. We know thit

sound signals travel through the air in waves of high

pressure and low pressure. In a somewhat similar
way radio signals travel in waves of magnetism.

Magnetism, you remember, is produced when
electrons flow through a wire. Such magretis™
because it is electrically produced, is called electro
magnetism (E-lék’tré-mig’né-ﬁz'm)‘ "The heavitt
the electric current, the stronger is the electror
magnetism.

In a transformer, current alternares, of £
peatedly changes direction, in the primary winding:
*This causes waves of electromagnetism to move out
from the winding, and these waves, cutting acrost
the secondary winding, cause electrons (or cur”
rent) to flow in the secondary winding.

=09



RADIO WAVES

In very nearly the same way, the ’3di? broad-
casting station sends out electromagnetic waves
that induce electron movement in the radio re-
céiver. This electron movement then results in
sound, so that you can hear whatever program the
radiq station is broadcasting, One of the remark-
able things about it is that the electromagnetic
waves can move through great distances.

At the broadcasting station, the antenna (in-
tén'ah) provides the starting point for the electro
mignetic waves. ‘The antenna is esther a long wire
or 2 high tower, The broadcasting equipment
forces electeans to rush back and forth in the an-
tenna at very hugh speed. This is alternating cue-
rent, bue it alternates much more rapidly than the
AC we use in our homes. For when the radio an-
a0unger says, “This 1 station XYZ broadcasting on
2 frequency of 760 kiloeyeles” (kila-st'k'ls), he
means that the current 13 moving in the antenna in
ons direction, stopping, and then going in the op-
Pasite direction 760,000 times every second! “Kile”
(k116) means 1,000, therefore, 760 kilocycles
means 760,000 cycles,

Do you recall what we sad back on page 78 abaut
the transformer? In the transformer, alternating
current in 2 coil of wire causes 2 changing maguetic
field around the cail, In the same way, alternating
Cﬁl:;;:::oi: ;h:h;nte:m: canses n chmgéng ngnm’.c
Beld travels ouct :(: :;;n; o Shanging migets

irections from the antenna

2 .
't ttemendous speed,  Since the magnetic field is
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EECTRONS RUSH BACK
AND FORTH IN BROAD-
CASTING ANTENNA.

AND THIS CAUSES ELEC.
TRONS TO RUSH BACK
AND FORTHINRECEIVING
ANT
g
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760 KUOCYCIES MEAN
ELECTRONS MOVEIN ONE
DIRECTION, THEN IN THE
OTHER DIRECTION 744.
000 TIMES A SECOND



Chapter Nincteen
RADIO WAVES
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ELECTRONS FIOWING IN
A WIRE PRODUCE ELEC.
TROMAGNETISM

EFORE WE ask how radio, or electron, tubes

B work in an actual radio set, let vs first find

out haw radio signals get from the broad:

casting station to your receiver. We know thit

sound signals travel through the air in waves of bigh

pressure and low pressure. In a somewhat similar
way radio signals travel in waves of magnetism.

Magnetism, you remember, is produced when
electrons flow through a wire. Such magnetism,
because it is elecerically produced, is called electro-
magnetism (3-16k’trd-mig'né-tiz’m). The heavier
the electric current, the stronger is the electro-
magnetism.

In a transformer, current alternates, or ¢
peatedly changes direction, in the primary winding-
This causes waves of electromagnetism to move out
from the winding, and these waves, custing acrost
the secondary winding, cause electrons (or cur-
rent) to flow in the secondary winding.
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changes sound into electrical impulses. The

microphone, you see, acts much like a tele-
phone transoutter. The electric impulses coming
from the mucrophone are amplfied by electron
tubes, but something further must be done to them
before they can be sent to the broadcasting antenna:
they must be mixed in with the high-frequency
alternating ewrrent thar passes back and forth in
theantenna, This high-frequency alternating cur-
fent produces the high-frequency radio waves men-
tioned in the previous chapter. These waves are
called the carrier waves, because they carry the sig-

b from the micraphone with them as they move
out from the antenna.

!T w1t broadeasting station, the microphone

The carrier waves are
changed, or modulated, by the signals coming from

the microphone. This modulation is what the radio

receiver utilizes to reproduce the radio program
from the broadeasting station,
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RADIO WAVES TRAVEL AT
186,000 MILES A SECOND

RADIO WAVES
constantly changing, it moves out in waves; thee
waves are called radio waves, Radio waves travd
with a speed of 186,000 miles a second.

These radio waves, or waves of magnetism, 5
they move out from the broadcasting antenna, cut
through the antenna of your receiving set. This
causes tiny currents of electricity to alternate in the
receiving antenna. It is much the same as the
transformer, in which alternating current in the
primary winding creates waves of magnetism, and
these electromagnetic waves then induce current in
the secondary winding of the transformer. The
broadcasting antenna is the primary and the re-
celver antenna is the secondary.

The tiny electric currents induced in the re-
ceiving antenna are very small. They may be com-
pared to the weak signal coming in over a Jong-
distance telephone line. You remember that this
extremely weak signal is scepped up, or amplified,
by electron tubes until strong enough to vibrate
the telephone-receiver diaphragm so that sound is
produced.

The radio signals coming in on the antenna of
your set are amplified in a very similar fashion, We
shall find out more about this in the follewing
chapter.
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RADIO WAVES
constantly changing, it moves out in waves; thest
waves are called radio waves. Radio waves travel
with 2 speed of 186,000 miles a second.

These radio waves, or waves of magnetism, 3
they move out from the broadcasting antenns, cut
through the antenna of your receiving set. This
causes tiny currents of electricity to alternate in the
receiving antenna, It is much the same as the
transformer, in which alternating current in the
primary winding creates waves of magnetism, and
these electromagnetic waves then induce current in
the secondary winding of the transformer. The
broadeasting antenna is the primary and the re-
ceiver antenna is the secondary,

The tiny electric currents induced in the re-
ceiving antenna are very small, They may be com-
pared to the weak signal coming in over & long-
distance telephone line. You remember that ths
extremely wesk signal is stepped up, or amplified,
by electron tubes uncil strong enough to vibrate
the telephone-receiver diaphragm so that sound is
produced.

The radio signals coming in on the antenns of
your set are amplified in a very similar fashion. We
shall find out more about this in the following
chapter.
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phone transmitter. The electric impulses coming
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AMPUTUDE GREATER

WHEN MICROPHONE
ELECTRONS ADD TO CAR-
RIER-WAVE ELECTRONS,
MORE THAN 1,000,000
ELECTRONS MOVE

VARIATIONS IN THE

NUMBER OF MICRO-

PHONE ELECTRONS MOD-
ULATES THE WAVES

RADIO BROADCASTING AND RECEPTION

Yer us see how the modulation takes place. The
broadcasting equipment sends electrons surging
through the antenna in one direction and thenin
the other. Suppose, for example, that when no
electric impulses are coming from the microphont

(meaning no sound is being made), there are on¢
million electrons moving first one Way and then
the other in the antenna, In a radio station broxd-
casting on a frequency of 760 kilocycles, these elee
trons would be moving one way and then the other
760,000 times a second, These moving electron
are producing carrier waves.

1f this electron movement is modified {
lated) by having the electric impulses
microphone mixed with them, an interesting thing
will happen. For when a sound is made and then
changed into electric impulses by the microphonts
considerably more than 2 million elcctrons will
move in the antenna. In other wards, the micro-
phone electric impulses (or electrons) add t© the
carrier-wave electrons.

This makes a stronger electron surge in the an
tenna and thus a stronger clectromagnetic, 0f radio,

wave. This particular wave, as it cuts through the
¢ 2 flow of elec

or modw
from the

antenna of a receiving set, will caus
trons in the receiver antenna that is stronger than
the flow caused by the carrier wave alone.

Thus variations in sound at the microphont caust
variations in the strength, or @ phitnde, of the radio
carrier waves. These amphtude variations €ausé
variations in the number of clectrons flowing in the
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RADIO BROADCASTING AND RECEPTION
receiver antenna.  The receiver then wuses these
vatiations to reproduce the sound that is made be-
fore the broadcasting-station microphone, ‘The
- way in which this is done will be described below.
This system of modifying the carrier waves is
called “Amplicude Modulation,” or “AM.” Until
a short time ago, practically all radio sets worked
on this principle, There is one fault to be found
with AM sets: they pick up static, a popping or
erackling noise that sometimes makes radio recep-
tion very poor, Static is caused by lightning or by
cettain electrical machines that give off electro-
magnetic waves. These waves, which are much like
the waves from a broadcasting station, are picked
up by the receiver. During electrical storms, the
static may be so bad that n

o radio programs can be
heard at o,

To reduce staric trouble, a somewhat different
o1t of radio-wave modulation was adopted, and
ew broadcasting statrons and many late-made]
radio receivers are being built to work on this dif.
ferent principle. The sort of wave modulation used
is called “Fre
f‘M radio, the mixing of the roucrophone electric
mpulses wich the carner
frtqu:ncy of the cycles
slectric impulses (or e
wave electrons 1o mov

0

:’ favter rages, The waves remain of the same

stry H i

”tngxh. that s, their amplitude does not change.
Owever, the frequency with which the cycles
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BACK AND FORTH IN THE
ANTENNA, THE NUMBER
OF ELECTRONS jny MoO.
TION STAYS ABOUT THE
SAME
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CATHODE ELECTRONS
REACH THE PLATE

RADIO BROADCASTING AND RECEPTION
occur does change, and this is due to the modulating
effect of the microphone electric impulses. Fre-
quency modulation does not allow static to creep
in, because the carrier waves vary through a wide
range of frequencies, while the static waves cinnot
follow this variation of frequencies.

Tre Demopuraror Tune

After the electrons are set to alternating in tht
receiver antenna, their back-and-forth movement
{called the “signal”} is utilized to produce sound.
"The first step in this process is to amplify the signal
This is done by connecting the antenna w0 the grid
of an electron tube. We have already explained
how 2 tube can amplify an incoming signal.

The much-strengthened signal is taken to 3 de-
modulator tube which “strains out,” of eliminates,
the high-frequency carrier waves. What remains
of the signal then consists of clectric impulses, of
a varying flow of clectrons, that correspond to the
microphone electric impulses at the broadeasting
station.

Let us see how the demodulator tube works. The
tube contains a plate, a heating filament, and 3
cathode. When the cathode is heated, it gives off

electrons. These clectrons can move to the plate
when the plate is positive, but if the plate is neg-
tive, the electrons will be repulsed. In other words,
current will flow through the tube when the plate
is positive, but no current €an flow when the plate

is negative.



2ADI0 BROADCASTING AND RECEPTION
The plate is made to become positive and negative
by bringing to it the signal from the antenna after
this signal has been strengthened by amplifying
tubes. This signal, consisting of electrons rapidly
wurging back and forth, causes the plate to change
repeatedly from positive to negative and back again,
The tube thus permits a series of current impulses
to flow through it from the cathode to the plate,
‘The stzength of these current impulses varies ac-
cording to the amount of modulation produced by
the microphone electric impulses at the broad
ing station. ‘The current impulses thus correspond
to those microphone electric impulses. If they are
strengthened by additional amplifying tubes, and
then are passed through the radio loudspeaker, they
will cause the speaker diaphragm to vibrate so that
the sound of the broadcast progsam is reproduced.
In FM sers, the demodulator tube operates on
safiations in the frequency of the radio waves,
father than on their amplitude, So far as the basic

flpemmn of the tube is concerned, however, there
0 difference.

Tuning

) When you tune 1 radio set, you select some par-
fxcuhr station.  Whay you do by turning the knob
i place ¥oUT 3¢t tnto resonance with the broad-
(}:::: ’s!:.l;‘om This mig;ht be compared to what
. mmh:n‘:h; G string of a violin is plucked
o 4 10 in is nc.arby. The G string of the

violin will also vibrate and give off sound,

TUNING CHANGES
ELECIRON PATH 1N 71:5
RECEVER



RADIO BROADCASTING AND RECEPTION

provided that the two violins are iz fune. Whe
happens is that the string on the first violin sends
out sound waves of the right length and frequency
to set the string of the second violin to vibrating.

In the radio set, what actually happens is that
turning the tuning knob lengthens or shortens the
electron path inside the radio. The various radio
stations near the receiver all cause electrons to move
back and forth in the receiver antenna. Becaus
each station is broadcasting on a different fre-
quency, the electrons are moving back and forth
at different frequencies. When you tune a radio
you adjust the length of the electron path in the
radio so that it can “receive” electrons moving back
and forth at only one particular frequency. In
other words, you tune in one station and thus
tune out all others.




Chapter Twenty-one
LIGHT

=)

15 small wonder that light has been one of
I'the most interesting things in the world to
thoughtful men, for we are all conscious of
kight. We miss it very much when there is no
Yight, because then we can see nothing at all. But
when there is light, out eyes can report to us the

shapes, sizes, and colors of everything in the world
around us,

Wl

Light streams from distant stars across vast space
to this earth of ours, and the lenses and mirrors 1n
the telescapes and other intricate instruments of
steonomers report to us the size, speed of motion,
distance, and even the chemical composition of
thase distant stars, In 2 microscope, on the other
fund, bight is bent, or refracred, through a series
of kenses 5o that the world of infinitely small things,
bke bacteria, i magnified into visibility, Light
rellected from the pages of this book you are read-
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LIGHT
ing carries to your eyes images of the words on the
pages. When your brain interprets the images
the book makes “sense” to you.

What is this strange thing, light, that helps w
in these many ways to understand the univers iy
which we live? Some men of many centuries 250
thought of light as a series of rays that shot out
from our eyes. These rays were supposed to have
been drawn out of our eyes by the heat or by some
other property of the source of light. Later, other
men suggested that light was a series of tiny pur-
ticles, or corpuscles (kér’piis-Ts), that were speed-
ing out from the light source. Still another ids
was that light was a vibratory activity—the spxe
between the light source and our eyes vibrated in
such a way that the sensation of light traveled to
our eyes. However, as we shall find, light is 2
serics of midget electromagnetic waves—very much
like radio waves, except that they are much smaller

BACKGROUND

Claudius Ptolemy (t5l'é-mi), an Egyptian scien-
tist who lived in Alexandria in the second centusy
after Christ, made some of the carliest known ex
periments with light. He noted that hghe scem!
to bend as it passes through water or glass, You
can see this for yourself by putting a knife into 3
glass filled with water. The knife actually scems te
be bent when you look at it from a certain angle.
You know that the knife is not bent, and so you
can be sure that the light itself is bent. Bur Pol-
emy did more than observe this curious fact. He
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LIGHT
worked out some general rules about the manner
in which light acts,

Then, in the twelfth century, the Arabian scien-
tist Alhazen contributed a considerable amount of
information on hight, even going so far as to pro-
post an explanation of how we see; that is, how
our eyes function. A few decades later, in 1276,
Roger Bacon, an Englishman, wrote a remarkable
document, Opus Majus (5p'tis mi‘jus), which de-
scribed how glass lenses could be used to magnify
ditant objects. But more than three hundred years
were ta pass before this knowledge was put to prac-
tical use, for it was not until about 1600 that Galileo
{gil-i-1¢'6),, the Iralian astronomer, built his first
telescope,  And almost another hundred Years went
by before Anton van Leeuwenhoek (vahn li'vén-
hook'), 2 Dutchman, built his first microscope.

Meantime, other men were trying to understand
how light could eravel from one place to another,
Sit Tsaag Newton, the English scientist, about 1700
Proposed the corpuscular theory of light, by which
be meant thay light consists of tiny particles that

$tream out from the light source, Ch
Bens, the Dutchman,

time thay Tight eeavels

tistian Huy-
proposed almost at the same
by vibrations through space.

Waar Licur Is

ki only in recent times that scientists have
Cfmr lo_mlizc that neither Newton nor Huygens
::;::h:iy 1;right angd yetlncither Wwas_ entirely
w:ncﬁmul,l gl.u :cfs sometimes like particles and
¢ vibrations. Seientists often think of
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ing carries to your eyes images of the words on th
pages. When your brain interprets the images,
the book makes “sense” to you.

What is this strange thing, fight, that helps
in these many ways to understand the universe in
which we live? Some men of many centusies 20
thought of light as a series of rays that shot out
from our eyes. These rays were supposed to have
been drawn out of our eyes by the heat or by som
other property of the source of light, Later, other
men suggested that light was a series of tiny par-
ticles, or corpuscles (kér'pis-ls), that were speed-
ing out from the light source. Still another ide:
was that light was a vibratory activity——the spatt
between the light source and our eyes vibrated in
such a way that the scasation of light traveled to
our eyes. However, as we shall find, fight is 2
series of midget electromagnetic waves—very much
Like radio waves, except that they are much smalfer.

Bacxorounnp

Claudius Prolemy (té!'e-mi), an Egyptian scien-
tist who lived in Alexandria in the second century
after Christ, made some of the carliest known ex-
periments with light. He noted that light seerns
to bend as it passes through water or glass, You
can sce this for yourself by putting a knsfe into 2
glass filled with water. The kmfe actually seems 0
be bent when you look at it from a certain angle.
You know that the knife is not bent, and so you
can be sure that the light itself is bent, Bur Prol-
emy did more than observe this curious fact. He
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wotked out some general rules about the manner

in which light acts.

Then, in the twelfth century, the Arabian scien-

 tist Alhazen contributed a considerable amount of

information on light, even going so far as to pro-
' pose 2n explanation of how we see; that is, haw
- oureyes function. A few decades later, in 1276,
Roger Bacon, an Englishman, wrote a remarkable
document, Opus Majus (5p'is mi'jus), which de-
scribed how glass lenses could be wsed to magnify
distant ebjects. But more than three hundred years
were o pass before this knowledge was put to prac-
tical use, for it was not until about 1600 that Galileo
(gil1-18'5), the Iralian astronomer, built his first
telescope. And afmost another hundred years went
by before Anton van Leeuwenhoek (vahn 13'vén-
book'), 2 Dutchman, built his first microscope.

Mesntime, ather men were trying to understand
bow light could travel from one place to another.
Sir aae Newton, the English scientist, about 1700
Peoposed che corpuscular theory of light, by which
be meane tha light consists of tiny pasticles chat
#tream out from the hight source. Christian Huy-
Sfm. the Dutchman, proposed almost at the same
time that light travels by vibrations through space.

WHar Licsir Is

Tt is only in recent times that scientists have
?:ct:rt;liz{ that neither Newton nor Huygens
o xr;cy rnih: and yct.neizhcr was entirely
— 1; ight :c?: sometxf!\es tike particles and

imes like vibrations, Seientists often think of
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LIGHT

light as vibratory—that is, as a series of electromag-
netic waves very much like radio waves, except
that they are much shorter and have s smuch higher
frequency. But these waves are produccd in Bitdde
bursts or bunches (called quanta). Bunches of
waves sometimes act as particles, or corpuscles. S0
you sce, light is both waves and particles!
Radio waves, we learned in an earlier chaptes,
are produced by the rapid motion of clectrons alter-
nating in an anteana. In a somewhat similar 3%
light is also produced by electron motion., How
ever, this electron motion is inside the atom iself.
For example, suppose that 3 piece of iron i heated
until it is white-hot. It gives off a strong bght
You will remember that when an object is heated,
the atoms composing that object ace set into faste?
and faster motion. As these atoms move faster and
faster, so do their electrons whirl more and mor¢
rapidly about the atomic nuclei. Presently 2 P&
culiar thing happens: an clectron in onc of theinnet
orbits gets an extra burst of speed and flies out of
its orbit, Almost instantly another electron from
an outer orbit flies inward tQ £l the innet orbit.
This orbit hopping is accomplished very quichlys
“The electrons move across the short distances at
high speed; and, as we know, when electrons movey
clectromagnetic waves arce produced. But the
waves are very short, because che distance the clec
trons move between orbits is very short. We can-
fot see a single wave. In white-hot iron, howeven
many clectrons are orbit hopping; thus many waves
feave the iron. Our eyes tgep” these Waves 3§ light.
132



Chapter Twenty-two

HOW WE SEE
- LIGHT
N THE EAR, sound waves produce movement of MUSCLE
1 2 membrane that “tickles” certain fine hairs,

and the brain interprets this “ticklng” as
sound. Likewise, in the eye, light waves “tickle”
cerusin tiny nerve endings shaped like rods and
cones, and the nerve impulses thus produced are
interpreted by the bramn as sight.

The back of the eyeball, called the “retina,” is
covered with millions of the uny rods and cones
thit are sensitive to light. They all work together
toinform the brain about the size, shape, and color
of the object being seen.  But 1 order for them
1o do this, they must be highted with a clear, sharp OUTER COVERING
I-'m_r,.e of the object. The lens of the eye performs
the job of producing the sharp image.

The lens is made of a transparent and flexible
mfmbnne filled with 2 watery substance. It is
vuspended from a circular muscle, which performs

Ge w . :
e work of focusing the lens in such a way that ROD l
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LIGHT

light as vibratory——that is, as a series of electromag-
netic waves very much like radio waves, exeept
that they are much shorter and have 2 much higher
frequency. But these waves are produced in linte
bursts or bunches (called quanta). Bunches of
‘waves sometimes act as particles, or corpuscles. S
you see, light is both waves and particles!

Radio waves, we learned in an earlier chapter,
are produced by the rapid motion of electrons altet-
nating in an antenna. In a somewhat similer w35,
light is also produced by electron motion. How-
ever, this electron motion is fuside the atom irself.
For example, suppose that a piece of iron is heated
until it is white-hot, It gives off a strong light
You will remember that when an object is heated:
the atoms composing that object are set inte faster
and faster motion. As these atoms move faster and
faster, so do their electrons whirl more and mort
rapidly abour the atomic nuclei, Presently a pe-
culiar thing happens: an electron in one of the inner
orbits gets an extra burst of speed and flies out of
its orbit. Almost instantly another electron from
an outer orbit flies inward to fill the inner orbit

This orbit hopping is accomplished very quickly.
The electrons move across the short distances 3t
high speed; and, as we know, when electrons move,
electromagnetic waves are produced, But the
waves are very shore, because the distance the elec-
trons move between orbits is very short. We can-
not see a single wave. In white-hot iron, howeven
many clectrons are orbit hopping; thus many waves
leave the iron. Our eyes “scc” these waves a1 light.
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N THE TAR, sound waves produce movement of
-[ 2 membrane that “tickles” certain fine hairs,

and the brain interprets this “tickling” as
sound,  Likewsse, 1n the eye, light waves “tickle”
tertain tiny nerve endings shaped like rods and
tones, and the nerve impulses thus produced are
interpreted by the brain as sight.

The back of the eyeball, called the “retina,” i
covered with millions of the tiny rods and cones
thit are sensitive to light, They all work together
toinform the brain sbout the size, shape, and color
of the object being scen.  But in order for them
ta do this, they must be lighted with a clear, sharp
image of the object. The lens of the eye performs
the job of producing the sharp image.

The fens s made of 3 transparent and flexible
membrane filled wich 2 watery substance, It is
Tetpended from 1 circular muscle,

which performs
the work of focusing the lens 1n

such a way that
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HOW WE SEE LIGHT

a sharp image will be thrown on the retios

A telescope or a microscope is focused by moving
the lens until the image sharpens so that it can be
seen clearly, You yourself can do a bit of focusiog
with 2 round magnifying glass, or reading glss
which is a lens formed of glass. Stand acros the
room from a reading lamp that is turned on and
hold the glass several feet from the wall Morve
the glass toward the wall slowly until an imge
of the reading lamp comes into focus on the wall
You will notice that the image is pside dova—
the image made by a single lens is always inverted.

The lens muscle in the eye produces focusing
in about the same way. In this case, however, fo-
cusing is done by either thickening or thinning the
lens. When the lens is thicker, the light wa¥eh
or light rays, going through arc bent more. When
the lens is thinner, they are bent less. This is im-
portant, since the lens can thus accommodate juself
to cither distant or nearby objects, For examplte
suppose that you are looking at 2 distant dot of
light. For such a condition, the lens muscle will
relax and permit the lens to become thinner. When
the lens has taken the thinner shape, it bends the
rays of light just enough to focus a sharp dot on
your retina. Bue if you should be Jooking 2t 3
nearby dot of light, a thin lens would not bend the
rays of light enough and that would make the dot
out of focus. 'To prevent this, the lens muscle con-
tracts, so the lens becomes thicker. The thicker
lens then bends the rays more and the dot comes
into focus on the retina of your eye.
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HOW WE SEE LIGHT

THE LENS FORMS AN
IMAGE ON THE RETINA

After the image has been thrown into focus on
the reting, certain of the vods and cones will be
lighted up, while others will be dark. When you
Yook at the dot of light, relatively few of the rods
and canes are brightly lighted, while those around
them are in the dark.  The lighted rods and cones
wt stimulated to send or nerve impul
10 the brain, Those that are lighted report the
fact 1o the brain, and the brain interprets the re-
ports from the lighted rods and cones as 2 small
circle of Light,

You might think that a strong fight on 2 rod
¢ cone would cause it to send a strong nerve im-
pule, while 2 weak light would produce 3 weak im-
pubie. However, every netve impulse has the same
srengtht But with 2 weak light, the rod or cone
“nds nerve imputses relatively infrequently, The

“ronger the fight, the more often the rod or cone
Froduces nerye impulses,

These nerve impulses, or signals, enter the visual
fg;m of the brain through connecting nerves.
3

T’iml center i3 2 group of special brain eells
¢ interpret the signals from the rods and cones,
53 put them together ingo 3 * picture” When 2

Of tone i sending in messiges only infre-
ently, the brain eells connected to that rod

11y
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HOW WE SEE LIGHT

or cone are receiving only a few messages. When
a rod or cone sends in messages frequently, tht
connected brain cells are receiving many messages

Now let’s compare these brain cells with dos
on a printed page. Look at a picture in 3 ness
paper. If you look closely, you can see that it is
made up of dots of different sizes. Where there
are many large dots, the area is dark. Where the
dots are small, the area is light, When you hold
the picture away from you, the dots blend into
each other so that you see only a piceure mad
up of varying gray tones. Ina similar way, the
brain cells in the visual center are variously stims:
Tated to “form™ large or small “dots.” The visus
center puts these dots together into the image thit
we see with our eyes.

PerSISTENCE OF VISION

When you look at a light and then look aways
you will continue to “'sce” light for a moment:
“This is because the rods and cones do not instantly
stop sending their messages to the brain after the
light stops shuning on them. They continue 10 16~
port “light,” even though the light is gone. Not-
tmally, this goes on for only a fraction of 2 second.
This action is called persistence of vison, becavs®
your eyes persist in "sceing™ the light after it is gone
This is very important to us when we are loohing
at a motion-picture of television screen; but we'll
hear more abous that in a later chapter.
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HOW WE SEE LIGHT

If the light is very strong, the rods and cones will
continue to send their messages for several sec-
onds after you look away from the light or close
your eyes. You have probably been temporarily
“binded” by looking into a strong light. ‘This is
not pleasant and can be rather painful.

The eye tries to protect itself against too much
light; and it has a special muscle, called the “iris,”
todo that job. The isis is a circular muscle in the
front part of the eyeball, with a hole in its center.
This hole is the pupil. The iris is the part of the
¢ye that you refer to when You say someone has
blue or brown or black eyes. When the light is
steong, the iris contracts, to make the pupil small;
d when the light is weak, it expands to make the
pupil large. When the pupil is large, much more
Bight can getan, You can test the iris action in your
o%n eyes by looking into a mirror in a dim light
nd then turning on a bright light. You will see
the pupil suddenly become small,

CoLor

When 2 piece of iron is gradually heated,
10 glow a dylf red, Soon it tur,
zﬂnge, yellow, bluish-white;

*hitehoe, ;¢ gives off a strof

© explanstion for this 1
o:bix-bopping electrons jump
distancey 5y the iron becomes

ese shorter and shorter *

it begins
ns bright red, then
finally, when it i
ng white lighe,

that many of the
shorter and shorter
hotter and hotser,
"hops™ result in shorter
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HOW WE SEE LIGHT

or cone are receiving only a few messages. Whea
3 rod or cone sends in messages frequently, dhe
connected brain cells are receiving many messages.

Now let’s compare these brain cells with dox
on a printed page. Look at a picture in 3 ness-
paper. If you look closely, you can see that it i
made up of dots of different sizes. Where thert
are many large dots, the area is dark. Where the
dots are small, the area is light, When you hold
the picture away from you, the dots blend into
each other so that you see only a picture made
up of varying gray tones. Ina similar way, the
brain cells in the visual center are variously stims-
Iated to “form” large or small “dots.” The visuil
center puts these dots together into the image thit
we see with our eyes.

PeasisTENCE or VIsIoN

When you look at a light and then Jook away:

you will continue to “see” hght for a moment:
"This is beeause the rods and concs do not instantly
stop sending their messages 0 the brain after the
light stops shining on them. They continue 10 re«
port “light,” even though the lighe is gone. Nor-
raally, this goes on for enly a fraction of a sccond.
"This action is called persstence of vistos, because
your eyes persist in “sceng” the hight after it is gont
This is very important to us when we are looking
at a motion-picture or television screen; but we'll
hear more about that in a later chapter.
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HOW WE SEE IICHT
wehave slready mentioned, light sesults when elec-
trons move very short distances, or from one atomic
orbit to another. When the distance over which
the electrons move is somewhat greater, the electro-
rasgnetic waves produced are longer; these longer
¥aves produce the sensation of heat,

We have found out that radio waves, heat waves,
and light waves are all electromagaetic waves of
different lengths. We have to use a radio 1o re~
ceive the radio waves, Our eyes respond to the
Heht waves, And certain nerve endings in our skin
stspond ta the heat waves so we "feel” heat,

The heat waves, however, produce anather ac-
tion. They warm nearby objects, That is, they
speed up the molecular activity and make the mole-
celts of these nearby objects move faster. They
oroduce this zction in somewhat the same way that
radio waves moke electrons move back and forth in
2 receiver antenna. As they strike an object, they
#t the molecules of which the object 15 made inta
fastey Taotion, 5o that the object becomes “hot”

p((

RATIOS RECEVE RADIO
WAVES

a( (((

EYES RECEIVE LUIGHT
WAVES

-

CERTAIN NERVES RECEIVE
HEAT WAVES



ONLY RED WAVE
LENGTHS ARE REFLECTED

HOW WE SEE LIGHT

and shorter electromagnetic waves. Some of the
cones in the eye respond to the longer electromag.
netic waves, others to the shorter. On that account,
some of the cones “see” the red, others “sec” the
blue. They not only report to the brain how much
or how little light they are receiving, but they dso
report what colors the light is.

When all the visible colors are being reported
together, the brain interprets this as “white” light.
White, then, is 2 combination of the various colors
that cones can “see.”

When white light shines on 2 white object, al+
most all of the light is reflected, so the object is
white. Buc if the object is red, the coloring matter
absorbs all the wavelengths except red. Only the
red is reflected to our eyes, so the object Jooks red
to us.

The coloring matter, or dye, on any object thit
we sce by reflected light acts much like a sieve, I
allows certain wavelengths to sifc through, but
bounces back others. A black object allows al-
most all wavelengehs of light to sift through. Lit-
tle or no Light is bounced back, o reflected, and w¢
thercfore say thar the object has no color, or i
“black.”

Hear

An object heated to a high temperature not onlf
gives off light; it also gives off heat. When you
stand in front of a fire, you can e the light and
feel the heat from ir. These two different senss-
tions are both produced by clectrons in motion, As
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HOW WE SEE LIGHT

we have slceady mentioned, light results when elec-
trons move very short distances, or from one atomic
orbit to another, When the distance over which
the electrons move i somewhar greater, the electro-
magnetic waves produced are longer; these longer
waves produce the sensation of heat,

Ve have found out that radio waves, heat waves,
and hght waves are all electromagnetic waves of
different lengths, We have to use a radio to re-
ceive the radio waves, Our eyes respond 1o the
light waves, And certain nerve endings in our skin
respond to the heat waves so we “feel” heat,

The heat waves, however, produce another ac-
tion. ‘They warm nearby objects. ‘That is, they
tpeed up the molecular activity and make the mole-
cules of these nearby objects move faster, They
stoduce this action in somewhat the same way that
radia waves make electrans move back and forth in
frectiver antenna, As they strike an abject, they
%t the molecules of which the object 15 made into
faster motion, sa that the object becomes “hat™

el

RADIOS RECEIVE RADIO
WAVES

a((((

EYES RECEIVE UGHT
WAVES

-

CERTAB NERVES RECEIVE
HEAT WAVES



ONLY RED WAVE
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HOW WE SEE LIGHT
and shorter electromagnetic waves. Some of the
cones in the eye respond to the longer electromsg-
netic waves, others to the shorter. On that account,
some of the cones “see” the red, others “sec” the
blue. They not only report to the brain how much
or how lirtle light they are receiving, but they sl
report what colors the light is.

When all the visible colors are being reported
together, the brain interprets this as “white” light.
White, then, is a combination of the various calors
that cones can “see.”

When white light shines on a white object, -
most all of the light is reflected, so the object B
white. But if the object is red, the coloring matte
absorbs all the wavelengths except red. Only the
red is reflected to our eyes, so the object Jooks red
to us.

The coloring matter, or dye, en any object that
we see by reflected light acts much like a sieve. I
allows certain wavelengths to sift through, but
bounces back others. A black object allows 3+
most all wavelengths of light to sift through. Lit-
tle or no light is bounced back, or seflected, and we
therefore say that the object has no color, of B

“black.”
Hear

An object heated to a high temperature not only
gives off light; it also gives off heat. When you
stand in front of a fire, you can sce the light and
feel the heat from it. These two different sensd-
tions are both produced by electrons in motion. A



PHOTOGRAPHY

Tt was not until 1822 that the cherical processes
of photography were improved enough to permit
e taking of successful photographs. Even then,
the earliest photograph was a very poor one, and
many bours were needed to make it. Nevertheless,
the man who made the first photograph, 3. N.
Niepee (nyéps), a Frenchman, was elated at this
degree of success after his many years of experi-
menting snd work, It was a beginning of some-
thing important.

A few years Tater, snother Frenchman, Lowis J.
M. Daguerre (d3'gir’), made several improvements
tn the chemical processes used in photography. In
1829, Niepee and Daguerre formed a partnership.
By 1839, after 10 years of difficuls labor, they had
worked gut the fist reasonably good photographic
method. In place of the film and paper that are
naw used, they made photographs on metal sheets,
These photographs were called “daguerreotypes”
(di-g3r'5-tips) (after Daguerse) or “tintypes.”

Thas photographic process was still rather cum-
bersome and slow, and other men were secking still
better ways of taking photographs. Talbat, in
England, invented a means of making photographs
on themically treated paper as early as 1839. Al
though this process was improved during the next
few years, was still not entirely satisfactacy,
Then, 1n 1889, George Eastman, in the United
States, produced 2 flexible and transparent photo-
graphic fim, very much like the film used today,
Tha film, afeer expoture in a camera, can be de-
vdoped by certain chemical processes.  Finally,

121
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Chapter Twenty-three
PHOTOGRAPHY

LEXANDER Graham Bell had the idea of making

a mechanical ear that would react to sound;

this idea led to the invention of the tele

phone. Thomas Alva Edison wanted to make 2

permanent record of sound or music; his talking

machine was the result. In a somewhat similar

manner, men of past centurics studied the human

eye and perhaps wondered whether a mechanical

“eye” might be built that would produce a permz-
nent record, or picture, of a scene.

The basic principles of the mechanical “eye” that
we know as the camera were described as Jong age
as the ewelfth century A, by Alhazen, an Arabian.
Baptista Porta (bit-tds'td por’td), in 1553, is sup-
posed to have invented che first camera. DBut it
was a crude affair, which did no morc than throw
a small image of a scene onto a flat surface. of

;g%i%sgz\fwﬁeé coursc, at that time, there was no such thing 35
ONTO A FIAT SURFACE. hotographic film thac could be used to make 3
THEY TOOR NOFICTURES. :crm:mc:t record of the scene.
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THOTOGRAPHY

Tt was not until 1822 that the chemical processes
of photography were improved enough to permit
the taking of successful photographs. Even then,
the earliest photograph was a very poor one, and
many hours were needed to make it. Nevertheless,
the man who made the first photograph, J. N.
Niepce (nyéps), a Frenchman, was elated at this
degeee of success after his many years of experi-
menting and work. It was a beginning of some-
thing important,

A few years later, another Frenchman, Louis J.
M. Daguerre (di'gir'), made several improvements
in the chemical processes used 1n photography. In
1829, Niepce and Daguerre formed a partnership,
By 1839, after 10 years of difficult labor, they had
worked out the first reasonably good photographic
method. In place of the film and paper that are
oW used, they made photographs on metal sheets.

These photographs were called “daguerreotypes”

(di-g35-tips) (afeer Daguerre) or “tintypes.”
This photographue Pprocess was still rather cum-
ame and slow, and other men were seeking still
better ¥ays of waling photographs. Talbot, in
Eﬂslmd. invented 2 means of making photographs
on ehemically treated Paper as early a5 1839, Al-
ough this process was improved during the
few )'c.m. 1 was still not entirel
?:: mm?“' Georg.e Eastman, in the United
gn-h‘:ﬁl uced 3 flexible and transpatent photo-
T‘h‘; . M very much like the film used today,
“‘wm!.,a((zr c:.xposurc in a camera, can be de-
Y certain chemical processes.  Finally,
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PHOTOGRAPHY

prints, or copies, of the picture can be made from
the film on photographic paper. Before we thisk
more about the details of these processes, Tet s
see how the camera itself works.

Tre CAMERA

T'o an amazing degree, the photographic camect
is constructed like the human eye and functions
Iike it. The eye has an iris, a lens, 2 reting, and 30
eyelid, which can be shut to close off the light
The camera also has an iris, 3 fens, 2 “ratina,” and 38
“eyelid.”

In the camera, the iris has the same function 33
the irisin the eye. Both vary thesize of the opening
through which light enters. When there is con
siderable light, the iris in the cye contracts ©0 make
the pupil smaller, so that less light is admitced 10
the eye. Likewise, the camera iris can be “stopp!
down,” as photographers sy, t0 admit less light:

The camera’s “'eyelid” consists of a shutter that
can be opened and closed. When it is Opens light
enters the camera, The shutter must norrally be
opened only a fraction of a second, when 3 picture
is being taken. If it stays open 100 long, too MY
light shines on the camera’s “retina.” If this shouid
happen, the picture would be ruined by “oves-
exposure.” We'll hear more of that fater.

The camera lens is made of glass and can be ad-
justed by being moved nearer tor farther from the
back of the camera, where the retina® is focated:
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PHOTOGRAPHY
Thisadjusement is called “focusing” Ina propesly
focused camera, the fens throws 2 sharp, clear image
of the scene that is being phatographed onto the
camera’s “retina.”

The “retina™ in the camera is the photographic
§im, and it, Iike the retina in the eye, is sensitive
tolight, The film is made of a transparent plastic
materiat that is costed with gelatin, The gelatin
cantaing 4 great number of tiny particles of silver
bromide (bed-mid), a chemical compound made
up of sitver and bromine. There are millions of
these tiny particles on every square inch of the film.
When light falls on one of these particles, some of
the molecules of silver bromide split up into bro-
wine and silver atoms. If the light is weak, only
# few molecules split up; but if the light is strong,
miny malecules split up,

After the film has been exposed to the light in
fh: camera, it is remaved from the camera and put
tnto 3 developing solution. This chemical fizes the
Homs of silver on the flim. Then the film is washed
in2"hypo” bath, which removes any unsplit silver
bromide molecules. That leaves only the silver
#ems. Finally, the film is washed in clean water
nd then dried,
h;h:hﬁ:‘::‘:"w ‘;W black where strong lighs hit
Kk, Uog :312::‘ transparent where lirele light
Xold o s o f:nmcrosc:cpc, the .b!zck areas
Becaue th, b pm?:{?;:m rs of silver atoms.
trirhed + ¢ scene that was photo-

i PPear very dark on the film, and the

THE RETINA 15 THE FILM
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prints, or copiss, of the picture czn be madr
the film on photographic paper. Beforr wr 2k
more zbout the derails of thesr process, In =
see bow the camera jrself warks.

Trz Canera

To an amazing degres, the photograplic ea
is constructed like the human eye znd feamies
Iike it. The eye has an iris, 2 Jens, 2 resing, snd =
eyelid, which can be shur to close of the Eg=
The camera also has an iris, 2 lens, 2 "redine,” sd 2
“eyelid”

In the camers, the iris has the sz foncdin
the irisin the eye. Both vary the size of the opes®s
through which Light enters. When there i e
siderabls Light, the iris in the epe coatracs o mile
the pupil smaller, so that les light & sdemireed ©
the eye. Likewise, the camers 1is ¢an be swopped
down,” s photographers say, to sdmit Jess Bt

The camera’s “eyehd™ consisss of 2 shuwer £
can be opened 2nd clossd. When it i ope ke
enters the camera. The shutzer maust pormsly 3¢
opened only 2 fraction of a second, when 3 pisTET
is being ke If nt stys open too long, 100 =58
light shunes on the camers’s “retina.”  If this shosld
hsppen, the picture world be rained by Tove-
exposere.” We'll hear more of that been

The camera lens is made of glass and czn be 23
juszed by being moved nearer to or farther from ©2
back of the camera, where the "resizma™ i Jocated
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PHOTOCRAPHY
“This sdjustment is called “focusing.” In a properly
focused camera, the Jens throws 2 sharp, clear image
of the scene that is being photographed onto the
camera’s “reting,”

The “retina” in the camera is the photographic
£lm, and it, ike the retina in the eye, is sensitive
tofight. The fifm is made of a transparent plastic
materia] that is costed with gelatin, ‘The gelatin
containg 2 great number of tiny particles of silver
bromide (beg-mid), a chemical compound made
op of silver and bromine, 'There are millions of
these tiny particles on every square inch of the flm.
When tighe falls on one of these particles, some of
the molecules of silver bromide split up into bro-
tine and silver atoms. If the light is weak, only
& few molecules split up; but if the light is strong,
many molecutes split up,

After the film has been exposed to the light in
f!\e ©amera, it is remaved from the camera and put
o 3 develaping sotution. This chernical fixes the
Wm:! of silver on the film. Then the film s washed
2 .h)‘vo" bath, which removes any unsplit silver

ide molecudes. “That feaves only the silver

#toms. Finally, the film ashed i
tod then dried, e n on e

. :‘:fh f:lr: ¥ now very black where strong light hie
oy U:r;:u and tm};partnt where liedle Yighe
i o <f 2 supermicroscope, the black zreas
i W up 3 fatge numbers of sitver atoms,

we the fight parey of the scene that was photo-

%,
$Phed apneyr very dark on the film, and the
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prints, or copies, of the picture can be made from
the film on photographic paper. Before we think
more about the details of these processss, It s
see how the camera itself works.

Tre CaMERA

'To an amazing degree, the photographic cames
is constructed like the human eye and functiass
Iike it. The eye has an iris, a lens, 2 retina, 2 2
eyelid, which can be shut to close off the fight
“The camera also has an iris, 2 lens, a “reting,” sd 3
“eyelid,”

In the camers, the iris has the same function 38
the irisin theeye. Both vary the size of the opesing
through which light enters. Whea these is co2°
siderable light, the iris in the eye contracts to make
the pupil smaller, so that less light is admitted to
the eye. Likewise, the camera iris can be “seopped
down,” as photographers say, to admir Jess light.

The camera’s “eyelid” consists of a shutter chat
can be opened and closed. When it is open, Eight
enters the camera. The shurter must nommally 5
opened only 2 fraction of a second, when 2 picture
is being taken. If it stays open too Jong, to0 much
light shines on the camera’s “retina.” I this should
happen, the picture would be ruined by “over
exposure.” We'll hear more of that later.

The camera lens is made of glass and can be 23
justed by being moved nearer to or fasther from the
back of the camera, where the “retina™ is Iocsted.
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PHOTOGRAPHY
4 thit the proper amount of light will enter the
cmers. Finally, he adjusts the shurter speed so
dhat che shutter will remain open the proper amount
of time. This exposes the film to the light for the
correct length of time and is of great importance.
1 the exposure is too long, the film will be “over-
exposed”—that is, so much light will get in that
most of the sitver bromide molecules on the film
will spli. “This Jeaves so many silver atoms on the
flra that it is very black 2ll aver and prints would
be much too tight to be satisfactory. If the shutter
is.open too short 1 time, the film will be underex-
pased; not enough atoms of silver will be left on
the film and the film will be practically transparent
all over, resulting in excessively dark prints.
After the photographer snaps your pictute, he
processes the film and rakes prints from it. These
Prints, ar phatographs, are then a permanent record
of the way you looked when you had your picture
tsken. In the year 2000, your grandchildren can
showr these pictures 1o their friends and say, “That's

bow granddad (or grandma) looked when he (or
she) was youngl™

Cotor Puiorocraruy

You probably have seen natural-color photo-
8raphs and have marveled st the beauty that photo-

sathie flm can capture.  Marvelous, too, is the
3y that color film docs thit. Color film is very
much hke the Black.and.

white film we have been
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MUCH UGHT SHINES
THROUGH HERE

AND THE FINISHED PRINT
LOOKS UKE THES

PHOTOGRAPHY
darker parts appear light, the film is called 2 “nega-
tive.” Everything on it is the reverse, or negative,
of the original scene.

Prints are made from the negative by use of
photographic paper. This paper is coated with
much the same chemical material as the photo-
graphic film, The negative film is laid on top of
the paper, and a strong light is allowed to shine
through the film. Where the negative is dark, very
little light shines through. Where the negative i
transparent, much light shines through. These
variations of light cause varying amounts of silver
atoms to break loose from the silver bromide mole-
cules on the paper. Then, when the paper has been
treated in chemical baths, dark and fight areas ap-
pear in the right places to produce a picture of the
original scene that was photographed.

Having Your Picrure TAREN

If you were to have your picture taken at 2
photographer’s, he would ask you to sit in front
of his camera. Then, he would turn on some lights,
fock through the camera at you, and adjust the
camera. Finally, he would close the camera shutter,
Ioad the camera with film, ask you to sit stilf for a
moment and smile, and then he would “snap” your
picture.

As he adjusts the camera, he does three things.
He moves the lens back and forth to bring your
image into sharp focus. Then he adjusts the iris
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PHOTOGRAPHY
10 that the proper amount of light will enver the
camer2, Finally, he adjusts the shuster speed so
that the shutter will remain open the proper amount
of time. ‘This exposes the film to the light for the
correct dength of time and is of great importance.
1f the exposure is too long, the film will be “over-
exposed”—thiat is, so much ligh will get in that
most of the silver bromide molecules on the film
will split. This feaves so many silver atoms on the
film that it is very black all over and prints would
be much too light to be satisfactory. I the shutter
it open too shore 2 time, the Blm will be underex-
postds not enough atoms of siver will be left on
the film and the film will be practically transparent
slf over, resulting in excessively dark prints.
After che photographer snaps your picture, he
proceses the film and makes prints from it. These
prints, of photographs, are then a permanent record
of the way you laaked when you had your picture
taken. In the year 2000, your grandchildren can
thow these pictures 1o their friends and say, “That's

bow granddad (or grandma) looked when he (or
e} was youngt”

Coton PrOTOGRAPHY

You probably have seen natursl-color photo-
£ertheand hase marveled at the beaury that photo-
i"r}:xc film can caprure, Marvelous, oo, is the
r:{ that eolor fifm does this. Color film is very

uch ke the black-and-white fim we have been
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THE FIRST MOTION-
PICTURE STUDIO

Chapter Twenty-four
MOTION PICTURES

HEN YOU ¢O to a motion-picture

-\ ; \ / show, you may not give much thought
to what makes the pictures “move,”

1nd to the men who worked out the process by
*kich they are made tomove. Thomas Alva Edison
i given the eredic for having invented motion pic-
terer, bue he would have been the first to admit
thit many other men who came before him must
shate the credit, Long before Edison’s time, as we
roted 1 Chapters Twenty-one to Twenty-three,
ien were studying hght, the human eye, and the
tmerz. In addicion, other men were studying
eheetrciey and tearning how to produce it and use it
Oneof the easly students of the human eye whose
*otk was of particylar importance to the develop.
et of motion pictures was Peter Mark Roget
{r52ht'y, an Englhman. In 1824 he reported
“"ht tmeresting facts about the persistence of
Ymn A few yeary later, Dr. Joseph Antoine
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MOTION PICTURES

Platum, in Belgium, and Dr. Simon van Stompfer,
in Vienna, made use of the persistence of vision ia
certain devices they built, These devices consisted
of disks with series of small drawings on them.
When the disks were rotated, the drawings scemed
to blend so as to produce a moving picture. Then
in 1860, Colemnan Sellers, in the United States, made
a similar device. Instead of drawings, however, be
used a series of pictures of his son driving 2 natl,
These devices could show but a few moments of
action, because ane of the rotating disks could ot
hold very many pictures. Edison realized that, in
order to show a long sequence of actions, 3 long
strip of pictures was necessary. When Eastmin
perfected his photographic film in 1889, he fur-
nished Edison with a material that could be mad¢ s
long strips to contain a great many pictures. Edi-
son made use of this film in his motion-picture
camers, and he put a strong light behind it 1o flash
a series of still pictures onto a screen. The pictures
blended; there was motion, action. A new in-
dustry—motion pictures—was born.

How THE Prctures Move

But how can a series of motionless, or stifl, pie-
tures be blended on a screen to produce motion pic:
tures? To understand this, we must first remember
that our eyes have 3 peculiar habit, called “persist-
ence of vision,” that causes them to continue 10
“see” a light for a moment after that light is twrned
o



MOTION PICTURES

You can test this for yourself by looking steadily
for a fow seconds directly at the dot in the center
of the star on this page, Then look away at the
will and Blink your eyes rapidly. You will con-
tinoe to “see” the star for some morents.

In somewhat the same way, when a still picture
# flashed on 3 screen and is then suddenly turned
off, the eyes will continue to “see” it for a fraction
of 2 second. 1, in the meantime, 2 second still
pictute it flashed on the screen, the eyes will not
be conscious that the screen has been momentarily
darkened, Suppose that the fiest pictore shows a
Baskerbalt soaring through the air roward the hoop.
Tehas just fefe the player’s hands. The second pie-
ture shows it an inch or so farther along 1n its pach.
Thena chird picture is flashed on the screen showing
it ailt farther along,  Other pictures follow in
B0 successon, each one showing the ball ad-
vaneed in nts path 2 fiecle farther than in the one
f‘fcm To the eyes, as persistence of vision fills
i the dark ingervals between pictores, the ball
<G mave swnftly toward the hoop and, finally,
1o 5%uh the neg for o points, if the shot was 2
£d one,

The pictures fallow one another 1n swift sue-

:“:”i‘l: £¥ery second, ewenty-four separate pic-

56 fatk on the sereen, one after another, Each

ra;m.-c son the iereen for 5o short a time, and
hiow one 1noe

detinpuah jng;

A0 481sm0nan

thes
her so £3pidly, that the eyes cannot /1

""”lll




THIS {5 THE ACTUAL SIZE

OF EACH OF THE PIC.

TURES THAT MAKES UP A
MOVIE

SOME WIDE-SCREEN
MOVIES USE PICTURES
THIS SIZE

MOTION PICTURES

Maxwne Ao Movie

"The script calls for the hero ta raise his hand o
his head. The lights are turned on, the camera s
focused on the hero. At a signal from the director,
the camera is set into operation and the hero begins
to raise his hand to his head.

This is what happens in the camera, The strip
of film moves along nearly an inch, stops, and the
camera shutter swiftly opens and closes. A sl
picture, about % by % inch in size, has been tzken.
The film is given a quick pull so that it moves along
another inch; the shutter opens and closes again 10
take another picture. ‘This occurs twenty-four
times every secand. Each time, the shutter opeas
and closes so rapidly thar the action is “stopped”
~in other words, the picture that is taken shows
no movement; it is a still picture,

Each successive piccure shows the hero’s hand in
a slightly higher position. 'The first shows it at his
side. The secand shows it raised 5 fraction of 2
inch, the third shows it still higher. Inalh it might
rake fifty pictures to show the entire action of the
hand moving up to the head. When the strip of
film is developed and run through 2 movie projector
persistence of vision in the eye blends the sequence
of still pictures into a moving picture.

Actually, the original film is not run chrough the
projector, Prints of the film are made on othes

strips of film by a process much like that used £0
make photographic prints from negatives, These

. .



MOTION PICTURES
sints are then sent out to the movie theaters,
fundreds of prints can be made from a single
viginat film, so that the same movie can be shown
3 many places at the same time.

THE ProJECTOR

When the §ilm s run through a projector, each
wdl picture is positioned before a strong light and
1 shutter is quickly opened and closed. The Bight
thus shines through the picture and throws an image
of it onto the movie screen.  Each second, twenty-
four pictures are flashed onto the screen in this

funntr, but the eyes blend them all into one moy-
ing picture,

HGHT COMES THROUGH
EACH PICTURE

THE SHUTTER LETS (T
THROUGH TO THE LENS

AND IT 15 FLASHED O}
et NTO

T SCREEN



Chapter Twenty-five
THE MOVIES TALK

HoMas Alva Edison was 2 remarkable man.
| He proposed not only that pictures should
“move” on a screen, but also that they should
“talk.” No later than 1890, he combined his
maving-picture projcctor with his ralking maching,
to produce talking motion pictures, But the sounds
that came out of the talking machine, or phono-
graph, were weak. The amplifying electron tube
had not yet been invented. Therefore, even though
the moving picture could be made large enough for
many people to see it, the sound was so weak that
only a few people could hear it. The further de-
velopment of talking pictures had to wait for many
vears, until electron tubes were perfected.

Finally, however, men found a way of making 2
photographic record of sound. 'This record B
played in the motion-picture theater as the picture
is shown, and the resulting sound is amplified, 50
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THE MOVIES TALK
tat the audience not only sees the mavie, but
bearyit 25 well,

PHOTOGRAPHING SOUND

1f you should Took at the strip of fim tha is
run through a motion-picture projector to produce
tlking pictures, you would see a series of sufl pie~
tures, These produce the moving pictures on the
wreen. Also, you would sce a matrow strip near
one edge of the film that wounld contain either a
wasy line ot dark and light areas. This narrow
serip is called the “sound track,” and it is actually
2 continuous photograph of the speech, music, and
other sounds that you hear in the motion-picture
teater,
When 2 motion picture is made, the visible action
& photographed and, at the same ume, the words
the actors speak are “photographed” on the same
£lm. This sound photography is accomplished by
changing the sound into light, and then shining the
kbt through the film sound teack.
.Tne sound is changed into light by a series of spe-
cial electron tubes. First, the sound is picked up
E{Y a .m'l.cmphon:, which converts the sound into
cecuic impulses. This is the same thing that hap-
M2 in 3 telephone.  These impulses are amplified
" "“f'“" tubes and then carned through a special
;;‘:’:&:ﬁt bulb. Thu is not the same sort of
Srrcm that you use in your home, but a tube
P vary greatly in brightness in an exceedingly

15

\ SOUND TRACK

~goguggudgi



Chapier Twenty-five
THE MOVIES TALK

Honas Alva Edison was a remarkable man.
I He proposed not only that pictuses should
“move” on a screen, but also that they should
“talk.” No later than 1890, he combined his
moving-picture projector with his talking machine,
to produce talking motion pictures. But the sounds
that came out of the talking machine, or phono:
graph, were weak. The amphfying electron tub
hiad not yet been invented. Therefore, even though
the moving picture could be made large enough for
many people to see it, the sound was so weak that
only a few people could hear it. The further de-
velopment of talking pictures had to wait for many
years, until electren tubes were perfected.

Finally, however, men found a way of making 2
photographic record of sound. This record 8
played in the motion-picture theater as the picture
is shown, and the resulting sound is amplified, 50
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THE MOVIES TALK
RepropuciNG THE Sounp

The photatube (£5'13-t3b"), a very special type
of electron tube, is the heart of the talking-picture
projector, It has the job of changing the phota-
graphs of the sound on the film sound track back
inta sound agzin. The phototube does not do the
whale job, but it takes care of the first important
np,

The phototube is a special electron tube contain-
ing two parts—~a curved metal sheet and a metal
tod. The metal sheet 1 coated with a cestain special
aterial, such as cesium (s2°2i-Bm). This material
eprgesn an odd activity when light shines upon it
~it gives off clectrons, The atoms of the material
ozt have 3 very firm hold on some of their elece
trons. When tight strikes these atoms, electrons
sreknocked foose, “Thus is called the “photoelectric
#ect” The clecerons chus freed in the phototube
€73 over 1o the metal rod—in other words, elec-
trcaey lows from the metal sheet to the rod,

‘Wn the fight iy strong, many electrons flow to
‘f“‘ rod, and when the bight is weak, only a few
:’:g: :ﬂ:\w d(‘:f electnaity results thar varies in
Sl in fromt of the s o e
fey et N ¢ film sound track. A strong
1 Kiney g ch :;kof the found track, so that
i by g :s. 3 :ndf inta ‘thc photorube.

ik is dark, Brde light ean shine
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VARIABLE-DENSITY TRACK

VARIABLE-AREA. TRACK

THE MOVIES TALK
shore time; it can change from bright 1o dim and
back to bright in a few millionths of a second.

Thus, the sound is changed into electsic impulses
and then into light impulses. A strong sound will
produce a strong kght, and 2 weak sound will pro-
duce a dim light. When this light of vagying
strength is made to shine through the sound track
of the film, it causes varying numbers of sifver
atoms to appear. ‘This is the same action that takes
place when a photograph is made. The silver atoms
appear as the silver bromide molecules split up be-
cause of the action of the light.

Afrer the film is developed, the sound track will
be light or dark according to whether the origind
sound was weak or loud. One part will be dark,
indicating a loud sound; anosher pace will be light,
indicating a weak sound. When the sound trck
passes through the motion-picture projector, the
sound will be reproduced in the way CXPhi”fd
below. Then, as you sit in the audience, you wil
hear the orchestra play and the actors speak-

The type of sound track that has just been dc"
scribed is called a variable-demsity track, because 18
varies from transparent to very dark, of d"f“‘
There is a second sort of sound track thar consu®
of a wavy line. This is called a variable-ascs tra?k-
because the dark area covered by the wavy liae
varies. Both sound tracks have the same effect
when they are used in the motion-picture pro-
jector,
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THE MOVIES TALK
REPRODUCING THE SOUND

The phototube (£5°c5-tl'), a very special type
of electron tube, is the heart of the talking-picture
projector, It has the job of changing the photo-
graphs of the sound on the film sound teack back
into sound again. ‘The phototube does not do the
whole job, but it takes care of the first important
sep.

The phototube is 2 special electron tube contain-
ing two parts—a curved metal sheet and a metal
tod. The metal sheet is coated with a certain special
material, such 25 cesiom (s&'zi-tim). This material
tugiges in an odd activity when light shines upon it
~it gives off electrons. The atoms of the material
oot have 2 very firm hold on some of their elec-
wors. When light strikes these atoms, electrons
areknocked loose. This is called the "photoelectric
tfect” “The electrans thus freed in the phototube
c:?-; over to the metal rod—in other words, elec~
ity flows from the metal sheet to the rod.

When the light is strong, many electrons flow to
the £0d, and when the light is weak, only a few
f;: ;& ;fi‘;w !;f dect.ricity fc:ults that v:rifs in

T the vl e varying br'xghmess of the light.
apbedin B-picture projector, the photorube
e : e:;ntof the film sound track. A strong
g d; : d:t the back of the ’sound track, so that
Thes g u:::&h the tracl.; into the phototube,

is dark, litde Lght can shine
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VARIABLE.-DENSITY TRACK

YARIABLE-AREA TRACK

THE MOVIES TALK
short time; it can change from bright to dim snd
back to bright in a few millionths of 2 second.

Thus, the sound is changed into electric impulses
and then into light impulses. A strong sound will
produce a strong light, and a weak sound will pro-
duce a dim light, When this light of varying
strength is made to shine through the sound track
of the film, it causes varying numbess of silver
atoms to appear. 'This is the same action that tkes
place when a photograph is made. The silver atoms
appear as the silver bromide malecules split up be-
cause of the action of the light.

After the film is developed, the sound track will
be light or dark according to whether the origindl
sound was weak or loud. One pare will be dark,
indicating a loud sound; another part will be fight,
indicating a weak sound. When the sound track
passes through the motion-picture projector, the
sound will be reproduced in the way exphained
below. Then, as you sic in the audience, you will
hear the orchestra play and the actors spezk.

The type of sound track that has just been de-
scribed is called a variable-density track, becaus 38
varies from transparent to vesy dark, or dense.
There is a second sort of sound track that consists
of a wavy line. This is called a varigble-area cracks
because the dark arez covered by the wavy line
varies. Both sound rracks have the same effect
when they are used in the motion-picture pro-
Jector.
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Chapter Twenty-six
TELEVISION

ITH motion pictures, 2 Scene in 2

studio can be captured on film and

reproduced at any later time on a

«reenina theater. But with television, the scene in

the scudio is veproduced, sithout 2 second’s delay,

o0 the viewing screen in the television receiver.
There is no in-berween period of developing and
cpying the film and shipping it to the theater.

In television, the scene is translated into electric
impulses, which 1 turn are broadcast as electro-
magnetic, or radio, waves. The recerver then cone
STt the electromagnetic waves wnto electric tm-
Bultes, which finally are changed into lighe, This
bisht appeacs as o pattern of moving dots of light

on the receiver screen ta reproduce the scene in the
®udio,  Astanishing as 1t seems, this whole seties

of actions rakes place in a tiny fraction of a second.

| The names of the men who have made television
- Potsible would make 4 long list indeed, The tist
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THE MOVIES TALK
through; but when the track is transparent, a strong
light shines through into the phototube.

In this way, the light and dark areas of the sound
track result in light impulses of varying brightness;
and these varying light impulses are changed in
the phototube into electric impulses of varying
strength, The electric impulses are then amplified
in electron tubes, which are similar to the amplify-
ing tubes used in radios. The greatly strengthened
electric impulses finally pass through a loudspeaker,
which changes them into sound.

This is certainly a fascinating process. When an
actor says, “Good morning” in the studio, the sound
is changed into light impulses so that it is, in effect,
photographed on the film. In the motion-picture
theater, the photograph is changed back into sound
with the help of the phototube, so that you hesr
the actor say, “Good morning.”




TELEVISION
dectric impule, ¥f the dot is small, the impulse
issmall; if the dot is farge, the impulse s large.

After the dot changer has scanned the first line
of dots, it jumps to the left and starts across on the
wecond line, ‘This is the same way that your eyes
move when you read 2 book. You read from left
to dight, moving down from line to line toward
the bottom of the page.

43 the dot changer thus changes one dot after
another into an electric impulse, the receiver
changes these electric impulses of varying strength
into “dots” of varying sizes. The action is so fast
that the dots blend to produce a moving scene of
the sction that is soing on in the television studio.

Tue Carvera Tuss

The “dor changer™ we have been referring to is
2 very special sore of electron tube which is the
beart of the television camera. There are different
inds of cammers tubes, but all work on the same

sneal pnciples.  One type is the fconoscope
Gkdnsskopy, 1o contains three essential parts—a
Toiic, a collectoy nng, and an electron gun,
. The mosaic consists of 3 metal plate covered with
insslating material, One surface of the insulating
Ratetial containg hundreds of thousands of tiny
globules, ¢ round spots, of sitver, each coated with
‘llPCCial substance such 4y cesium (the same mate-
:‘;:;tf}m !;\: x::::gnmbcs du?ribed in th‘e previous
. 300t of silver acts Like o tiny
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THE DOT CHANGER
WOULD MOVE ACROSS
THE SCREEN LIKE THIS,
BUT THE LINES WOULD
BE MUCH CLOSER TO-
GETHER, IN ORDER TO
COVER EVERY DOT

TELEVISION

would include all those carlier scientises who studied
and experimented with light, electricity, and radio
Besides, it would certainly include the names of
those latter-day scientists such as Boris Rosing and
Dr. Vladimir Zworykin who built upon the knowt-
edge that the earlier scientists had accumulated, to
create the marvel of television.

How THE Picrure Is TELECAST

Before a picture can be broadcast, or felecath
it must be broken down into a series of tiny frag-
ments. To get some idea of how a picture can be
broken down in this manner, look closely at a news-
paper picture, as you did when we were talking
about the way the rods and cones in the eye work
to produce a picture. Note that this newspapes
picture is made up of row after row of tiny dots
Some of the dots are large, some small. Many Jorge
dots together produce a dark area; small dots to-
gether produce a light area.

If every one of these dots were changed into a8
electric impulse (strong impulses for large dots
and weak impulses for small dots), the first step
in telecasting the picture would be made. Suppost
that, for the moment, we call the instrument that
changes dots into electric impulses 3 “dot changer.”
To tclecast the picture, the dot changer starts in
the upper left-hand corner of the picture and moves
across the top line of dots.  As it comes 1o each dot
in torn, the dot changer changes the dot into 38
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TELEVISION
ne. However, some of them stteam theough
he hole, just as ight would streand through 2 hale
a4 picce of cardboard held in front of a lighted
imp bulb, This electson stream, fine as a hait, i
denbent one way and then another by two sets of
ghites placed at right angles to each other,

The first set of plates makes the electron stream
bend up and down. ‘This bending action is pro-
duced by putting different amounts of positive
1nd negative charge on the plates. For instance,
it 1 pasivive charge is put on the upper plate and
» negarive charge is put on the lower plate, the
dectron stream (composed of negatively charged
dectrons) will bend toward the upper plate and
away from the lower plate. 1f the amovnt of posi~
tive and negative charges is varied, the electron
stream can be made to bend up or down in varying
amounts,

The second sev of plates makes the electron
‘:hmm bend 1o the right or the lefr. You see, then,
. ::‘;ﬂ; d:; :klcmc chacges on both sets of plates

, che electron stream can be directed 1o

a9y part of the mosmic,
i:’:}:‘;s way, the electron stream is made to start
”iecps“f,;:: :eit-hmd corner of the mosaic, It
hotetube r:o;zubng‘\:t acrc:s the first row of
8 e ot o ‘:ca ;o the left and sweeps
it momic. , and so moves on down the
mgznl"::f:%‘ho: zlhis is to testore to each photo-
electrons that it lost when light

IF AYPHOTOTUEE" HAS

LOST 1,000 ELECTRONS,

17 MUST GET THEM BACK
FROM, THE BEAR




TELEVISION

phototube. The mosaic is made up of hundreds of
thousands of these tiny “phototubes.”

When light falls on one of the phototubes, elec-
trons leave it. The stronger the light, the mote
electrons are lost. Since the electrons are negative
in electric charge, loss of electrons leaves the photo-
tube positively charged. Therefore, any picturt
projected on the mosaic will be changed into 2
pattern of positive electric charges; or, we might
say, the picture has been broken up into different-
sized “dots” of electric charge.

The electrons lost by the phototubes are collected
by the collector ring, and so are removed from the
iconoscope.

The electron gun contains a filament and 3 plate
with a small hole in it. The filament serves as the
source of electrons. They fly out in all directions
from it, but most of them are captured by the

ELECTRON STREAM

THE SCENE ENTERS THE
{ENS OF THE TELEVISION
CAMERA AND i5 PRO-
JECTED ONTO THE
MOSAIC

MOSAIC

THE COMECTOR RING
COUECTS ELECTRONS

FLAMENT IN BLECTRON AND CARRIES THEM OUT
GUN OF THE ICONOSCOPE
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TELEVISION

plate. However, some of them stream through
the hole, just as light would stream through a hole
ina piece of cardboard held in front of a lighted
bump bulb. 'This electron stream, fine as a hair, is
then bent ane way and then another by two sets of
plates placed at right angles to each other.

The first set of plates makes the electron stream
bend up and down. This bending action is pro-
duced by putting different amounts of positive
ad negative charge on the plates. For instance,
if a positive charge is put on the upper plate and
3 negative charge is put on the lower plate, the
dectron stream (composed of negatively charged
tectrons) will bend toward the upper plate and
%3y from the lower plate,

1f the amount of posi-
e and negative charges 1

s varied, the electron

stteam can be made 1o bend up ot down in varying
amounts,

The second set of plates makes the electron
ftream bend to the tight or the left. You see, then,
that when the electric charges on both sets of plates
e varied, the electron stream can be directed to
ny part of the mosaic.
_ Inthisway, she electron stream is made to start
2 the upper Teft-hand corner of the mosaic, Tt
etps from et o night across the first row of
thotorubes, moves back to the lefe an
1cr?n the second row,
tatire mosare,

d sweeps
and so moves on down the

tube? Purpose of this is 1o restore to each photo.
M turn the elecrrons that it lost when light

IF A “PHOTOTUBE" HAS

LOST 1,000 ELECTRONS,

1T MUST GET THEM BACK
FROM THE BEAM




TELEVISION
phototube. The mosaic is made up of Tundreds of
thousands of these tiny “phototubes.”

When light falls on one of the phototubes, elec
trons leave it. The stronger the light, the more
electrons are lost. Since the electrons are negative
in electric charge, loss of electrons Jeaves the photo-
tube positively charged. Therefore, any pictore
projected on the mosaic will be changed into 2
pattern of positive electric charges; of, we might
say, the picture has been broken up into different-
sized “dots” of electric charge.

The electrons lost by the phototubes are collected
by the collector ring, and so are removed from the
iconoscope.

The electron gun contams a filament and a plate
with a small hole in it, The filament scrves 33 the
source of elocerons. They fly out in all directions

from it, but most of them are captured by the
ELECTRON STREAM

THE SCENE ENTERS THE
LENS OF THE TELEVISION
CAMERA AND I8 PRO-
JECTED ONTO THE
MOSAIC

MOSAIC

THE COUECTOR RING
COUECTYS El[CTﬂOl{l}-‘;

FILAMENT IN ELECTRON AND CARRIES THEM O
GUN OF THE ICONOSCOPE
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TELEVISION
plate. However, some of them stream through
the hole, just as light would stream through a hole
in a piece of cardboard held in front of a lighted
lamp bulb. This electron stream, fine as a hair, is
thea bent one way and then another by two sets of
plates placed at right angles to each other,

The first set of plates makes the electron stream
bend up and down, This bending action is pro-
dueed by putting different amounts of positive
1nd negative charge on the plates. For instance,
i 2 positive charge is put on the upper plate and
3 negative charge is put on the lower plate, the
dectron stream (composed of negatively charged
dectcons) will bend toward the upper plate and
!.le from the lower plate. If the amount of posi-
use and negative charges is varied, the electron
#tream can be made to bend up or down in varying
Tounts,

The second set of plates makes the electron
#ream bend o the right or the left. You see, then,
that when the electric charges on both sets of plates
e varied, the electron stream can be directed to
7 part of the mosc,

Inthis .
N d"“}’“ way, the electron stream is made to start
] ¢ Upper left-hand corner of the mosaic, Te
eps from |

eft to nght ac
F}mumbc;' - ght across the first row of

o g es bick to the left and sweeps
¢ secand row, and
° » and s0 moves on
e down the

The pyy, i
Wy Pose of this js o restore to each photo-

in
ten the electrons the je lost when light

IF_ A “PHOTOTUBE” HAS

LOST 1,000 ELECTRONS,

IT MUST GET THEM BACK
FROM THE BEAM
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CATHODE-RAY TUBE

TELEVISION
struck it. Suppose that a phototube has Jost s
thousand electrons. This attracts about 3 thousang
electrons into the metal plate that forms the frame-
work of the mosaic, They cannot pass into the
phototube because of the insulation on the metz
plate. When the electron stream from the electron
gun restores the electrons to the phototube, the
thousand electrons are driven from the metal plate.

These electrons, flowing from the metal plare,
make up an electric impulse—an electric impuls
that is proportional to the amount of light on the
phototube. When the light is strong, the dlectric
impulse is strong.

The impulses follow one another in rapid succes-
sion 15 the electron stream moves from phototube
to phototube, They are then amplified ond mads
to modulate the television carrier saves, much 25
the electric impulses from 3 radio microphone mod-
ulate radio carrier waves, The resulting wave
produce electron motion, or electric impulses, in
the relevision receiver. These impulses are then
translated into a picrure on the receiver screed.

THe RECLIVER

The television receiver contains 1 very special
sort of electron tube, called a “cathode-ray™ (kith™
8d-rd’) tube. This tube has an electron gun similar
to the electron gun in the iconoscope. It shoots 2
stream of clectrons onto a fluorescent (A50-5-18-
&nt) screen in the tube end. This screcn is coated
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TELEVISION

THESE PLATES DIRECT
THE STREAM

HECRON GUR
SHOOTS FLECTRON
STREAM

HOW THE CATHODERAY
TUBE WORKS

FLUORESCENT SCREEN

with fluprescent material that fixoresces, 0% glaws

with fight, when electrons strikeit. These electrons
caute dlectran orbit hopping in the atoms of fluo-
recene material and, as we learned in Chapter
Twenty-one, clectrons that orbit-hop produce fight.
Thus, wherever the electron stream strikes the
fluocescent screen, 2 dot of light appears. ‘The

stronger the electron stream, the brighter is the dot
of ight,

The dectron gun in the cathode-ray tube bends

the dectron stream in exact step with the electron

gon in the transmutter iconoscope,  Both streams

mave across the tops of their respective screens
togecher, and then scan the second, third, and lower
%t i order.
"ihc dectron stream in the cathode-ray tube
‘;;:\ﬂ in strength 23 the electric impulses leaving
iconoscope mosase vary m strength, When 2
strong impulse Teaves the mosaic, the cathode-ray-
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CATHODE-RAY TUBE

TELEVISION
struck it. Suppose that a phototube has lost 2
thousand electrons, This attracts about a thousand
electrons into the metal plate that forms the frame-
work of the mosaic. They cannot pass into the
phototube because of the insulation on the metal
plate. When the electron stream from the electron
gun restores the electrons to the phototube, the
thousand electrons are driven from the metal plate.

These electrons, flowing from the metal phite,
make up an electric impulse—an electric impube
that is proportional to the amount of Jight on the
phototube. When the light is strong, the electric
impulse is strong.

"The impulses follow one another in rapid succes-
sion as the electron stream moves from phototube
to phototube, They are then amplified and made
to modulate the television carrier waves, much 28
the clectric impulses from a radio microphone mod-
ulate radio carrier waves, The resulting waves
produce electron motion, or electric impulses, in
the television receiver. These impulses ace then
transiated into a picture on the recciver screen.

Tre Recriver

The television receiver contains a very special
sort of electron tube, called 3 “cathode-ray” { fach’
d-ri’) tube. This tube has an electron gun simils
to the electron gun in the iconoscope. It shoots 3
stream of electrons onto a fluorescent ({166-5-r&-
&nt) screen in the tube end. This screen is coased
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TELEVISION

THESE PLATES DIRECT
THE STREAM

BECTRON GUN
$HOOTS BLECIRON
STREAM

HOW THE CATHODE-RAY
TYLE WORKS

FLUORESCENT SCREEN

with fluorescent material that fluoresces, ot glows
wuh light, when electrons senke it. These electrons
cause electron orbit hopping in the atoms of fluo-
tescent, material and, as we Jeasned in Chapter
Twenty-one, electrons that orbit-hop produce light.
Thus, wherever the electron stream steikes the
Buarescent screen, 2 dot of light appeass. The
stranger the electron stream, the brighter is the dot
of light,

The electron gun in the cathode-ray tube bends
the clectron stream in exact step with the electron
g in the transmitter iconoscope, Both streams
move across the tops of their respective screens
wogether, and then scan the second, third, and lower
w3 in order.

'(:he electron stream in the cathode-ray tube
v in strength 25 the electric impulses leaving

iconascope mosaic vary in strength. When 2
#trong impulse leaves the masaic, the cathode-ray-
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TELEVISION
struck it. Suppose that a phototube has lost 1
thousand electrons. This attracts about a thousind
electrons into the metal plate that forms the frame-
work of the mosaic. They cannot pass into the
phototube because of the insulation on the mets!
plate. When the electron stream from the electron
gun restores the electrons to the phototube, the
thousand electrons are driven from the metal plate.

These electrons, flowing from the metal plite,
make up an electric impulse~—an electric impulse
that is proportional to the amount of light on the
phototube, When the light is strong, the lectric
impulse is strong.

The impulses follow one another in rapid succes-
sion as the electron stream moves from phototube
to phototube. They are then amplified and made
to modulate the television carsier waves, much 25
the electric impulses from a radio microphone mod-
ulate radio carrier waves. The resulting waves
produce electron motion, or electric impulses, in
the television receiver. These impulses are then
translated into a picture on the receiver screes.

THE RECEIVER

The television receiver contains a very special
sort of electeon tube, called a “cathode-ray™ (kith™
5d-ri’) tube. This tube has an electron gun simila?
to the electron gun in the iconoscope. It shoots 3
stream of electrons onto a fluorescent (165-5-185'-
&nt) screen in the tube end. This screen is coated
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MIRRORS 1ENS  FILTER

sin the black-and-white picture tube. In addi-
ion, the Ruorescent screen is costed with three
fiferent types of fuorescent moterials, One type
will glow blue, the second type greem, the third
type red. In operation, each of the three electron
gunt responds to only one of the three color pic-
tuees being telecast,  For example, one of the elec-
tron guns works on the blue picture. In action, its
tlecteons kit ondy the blue dots on the finorescent
freen. The second electron gun shoots efectrons
only on the gteen dots, Electrons from the third
tlectson gun bit only dhe red dots. Thus the pic-
ture you see an the fluorescent screen of the picture
tabe is made up of threa separate iroages. They

Hend 10 gave you the color picture you see.
Television pictutes sent out in colar can also be
meeived in black-and-white television sets. The
t’:‘::d-‘;'hiu sets put the three different pic-
o g i:mclx; before they get to the electron gun
e tube. Thus the black-and-whire

peture tube shows the same picture, but it is in
ack and whice anly,

TRANSMITTER

RECUVER
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tube electron stream is strong; a bright dot appears
on the fluorescent screen. If the impulse is weak,
the dot isdim. Thus, the "dots” of varying electric
charge on the iconoscope mosaic, produced by vary-
ing amounts of light from the scene that is being
telecast, reappear on the fluorescent screen s mov-
ing dots of light. These bright and dim dots form
a picture on the fluorescent screen of the scene that
is being telecast. .

The entire screen is covered thirty times a second
to produce thirty pictures every second. Our eyes,
because of their persistence of vision, blend these
separate pictures into a moving scene of the action
that is taking place in the television studio.

Coror TELEVISION

Do you remember how we take color phato-
graphs? We use a film that has three separate
layers: one sensitive to blue, one sensitive to §reet
and the third sensitive to red. DBlending thest
produces the different colors in the picture.

In the same way, color television breaks down the
pictures into three colors—red, green, and blue. 3"
effect, three separate pictures are telecast: one i
red, one in green, and one in blue. A system of
fenses, mirrors, and filters in the camera breaks the
pictuce up in this way.

"Then, in the receiver, the three separate pictures
are put together again. One type of receiver color-
pictuse tube has three electron guns instead of one,
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MIRRORS LENS  FILTER.

35 in the black-and-white picture tube, In addi-
tion, the fluorescent screen is coated with three
dfferent types of fluorescent materials. One type
will glow blue, the second type green, the third
typered. In operation, each of the three electron
guns responds to only one of the three color pic-
turss being celecast.  For example, one of the elec-
tron guns works on the blue picture. In action, its
dectrons hie only the blue dots on the fl

TRANSMITTER

sreen. The second electron gun shoots electrons
erly on the green dots. Electrons from the third
dectron gun hie only the red dots. ‘Thus the pic-
tare ¥ou zee on the fluorescent screen of the picture
“‘i& it made up of three separate images. They
blead tu'gi\‘: you the color picture you see.

fle\ ision pictures sent out in color can also be
:;:l;'td‘;n b!.zck-md-white television sets, The
. :: -‘hwhue sets put the three different pic-
) i:“ ::ebcfr:: they get to the electron gun
i ;),m Thus the Black-and-white

ows the same pi but it is i
: ; picture, but it is in
ek ang white only, '

RECEIVER
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RADAR
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ELEVISION makes it possible for us to se¢

a distant scene as a transmitter at the tele-

vision studio telecasts the scene to our re-
ceiver. But by means of radar (ri’dar), the out-
Iines of distant objects are shown on the viewing
screen on the recetver, even though there is no dis-
tant transmitter to telecast the scene.  Perhapseven
more remarkable than chat is radar’s ability to "see”
in the dark or through heavy clouds. The pilot
in an airplane equipped with radar, flying at night,
can see on the radar viewing screen distant build-
ings, or perhaps 2 dangerous mountain peak that
is miles ahead.

Radar can thus be used to guide airplanes through
darkness to their destinations. During war, it en-
ables bombers to find their targets st night or
through heavy clouds. Ground radar sets can “sec”
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enemy planes at great distances through dackness
or clouds, and can direct antiaircraft fire ac them.,
Battleship radar sets permit accurate night bom-
bardment of enemy ships or shore installations,

How Rapar Works

Radar works on the “echo” principle. If you
stood half 3 mile or 5o from 3 cliff, made a loud
saund, and then accurately measured the time re-
quiced for the sound to echo back, you could figure
outto within a few feet how far away the cliff was.
In 2 somewhar similar way, a radar set sends ont
r3dio waves, and then measures the amount of time
it trkes for the waves to returs.

Avnadar setincludes 2 transmitter and 4 receiver,
The teansmutter works somewhat like a radio broad-
casting station, but the feceiver operates more like
s television receiver and transtates the echoed radip
¥315into 3 sort of picrure.

@ transmutter is 2 very special sort of broad-
€ating station, It sends out, at regular inteevals,
short bursts of high-frcquen:y radio waves, These
¥I¢8 ate concentrated into a sharp beam. Each
st of wayes tasts anly about o milhonth of 2
0and, with pyyges of a few thousandths of a
wcond becween, bursts, 1In other words, the trans-

Fter sends gy waves for 2 mithonth of 2 second,
turny off briefly,

t and then comes on again,
Continues 1g go

and it
A thu for as long a5 the rads
1 Operation,

T set s
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Chapter Twenty-seven
RADAR

ELEVISION makes it possible for us to see

I a distant scenc as a transmitter st the tele-

vision studio telecasts the scene to our re-
ceiver. But by means of radar (ci'dar), the out-
lines of distant objects are shown on the viewing
scrcen on the receiver, even though there is no dis-
tant transmitter to telecast the scene, Pechaps even
more remarkable than that is radar’s ability to “see”
in the dark or through heavy clouds. The pilot
in an airplane equipped with radar, flying at night,
can see on the radar viewing screen distant build-
ings, or perhaps a dangerous mountain peak that
is miles ahead.

Radar can thus be used to guide airplancs through
darkness to their destinations. During war, it en-
ables bombers to find their targets at night or
through heavy clouds. Ground radar sets can "sec”

taa
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will look like 2 crude map of the building in its
relation to the airplane. 'The airplane position is
indicated by the spot in the center of the screen.
This will tell the piloc the exact location of the
building in respect to the airplane, He can fly
directly over it if he chooses, or he can turn away.
You c2n see how valuable this instrument is to
an aitplane pilot at night, or to a ship’s captain
steering his vessel at night through iceberg-infested
seas,

Ground radar can be used to detect airplanes in
asimilar way, The aicplane shows up on the
ground radar screen as a spot of light, Airports
use radar to guide planes to a landing in foggy
weather, The ground observer can see, by radar,

w)z.:rf the plane is, and can “talk it down” by
guiding the pilot in by radio.

BUILDING

THE PLANE'S RADAR
SCREEN MIGHT 100K LKE
™S
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‘These radio waves can go through clouds, and, of
course, darkness does not hinder them. They con-
tinue to move out in a straight line from the trans-
mitter until they strike something solid, such as 2
building. Then they reflect back, much as light
is reflected when it strikes an object. The reflected
waves, moving back to the radar set, arc received
and translaced into a tiny spot of light on the
cathode-ray-tube viewing screen.

Of course, if the sending beam were pointed in
one direction only, it would not enable the receiver
to supply much of an idea of the scene ahead. But
in a radar set in an airplane, for example, the an-
tenna of the transmitter keeps turning rapidly, so
that it repeatedly scans the whole area below the
plane. This is much like the scanning effect that
takes place in the camera tube in the television
transmitter,

Suppose that the area below the airplane is flat
land. Each burst of radio waves will then shoot
out and reflect back uniformly, and the whole sur-
face of the cathode-ray-tube viewing screen in the
receiver will be of uniform brightness. But sup-
pose that the plane is sbove 3 tall building. The
bursts of radio waves dirccted at the building,
the area is scanned, will have a shorter distance 0
travel to ger back ro the plane. These bursts that
are reflected from the building, therefore, will be
received ahead of those from the land around it
and will cause Jight spots to appear on the cathode-
ray-tube viewing screen. The resulting “picture”
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Later, other men were to prove that men’s
muscles were not strong enough to operate such
wings and make flight possible; but for several
cooturies men experimented along these lines.
They did not reafize that 2 source of power, such
11 guoline engine, was necessary to make “flying
machines” successful,

Leonardo da Vinci (li-6-nar’dd dah vén'chg),
the fifteenth-century Tealian genius, who has great
fenown 4s 2 painter, sculptar, engineer, and inven-
wr, wotked out several wing-fapping schemes.
But he wene further. He suggested the use of a
series of rotating wings to achieve fhght, thus antici-
pating by 400 years our modern helicopter (hali-
Yig'eee). He is believed to have been the first
enon who visuslized the arplane propeller, and
Beven given credit for inventing the parachute!

By the beginning of the nineteenth century,
““'HY men were experimenting with flying ma-
chines of one sorz or another, but their work was
onelong story of bitter disappointraent. Alchough
tey ‘“fi mort ot less settled on the principle of the
fxed wing (15 opposed to the flapping wing), they
d“"“ engines powerful enough for flight. Be-

they dd not wnderstand the princi
) principles of
#t2bility and control

"

Guming

mS: iv;crge Cayley, an English scientist, helped
° ;:,u“h the principle of the fixed wing with
-model glider experiments shorddy afrer
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Chapéer Twenty~eight
AIRPLANES

VER SINCE men first began to study the flight
of birds, they have probably wondered why
they, too, could not put on wings and fly.

The birds moved their wings and maneuvered with
such apparent case, it scemed reasonable to the an-
cient dreamers that men could do the same thing
if they could devise some sort of movable wings.
Ovid (6v'id), 2 Roman poet who lived about the
time of Christ, wrote a legendary story about two
men who escaped from a prison by flying away
on wings that they had made from feathers. Roger
Bacon, an English scientist of the thirteenth cen-
tury, was perhaps the first man to study the matter
of flying in a scientific manner. He proposed 2
wing-flapping mechanism patterned after the wings
of birds; he thought that movement of the arms and
Iegs would operate the wings so that 2 man could
fly.
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wlling or diving, On a later page, we shall ex-
Jain how this paper glider can be used to show the
principles of sirplane control,

Powrren Fuiont

Trly zit-minded men always kept dreaming of
aaching an engine to a glider, so that it could
sor upward in powered flight.  Sir Hiram Maxim
in Englind, Clement Ader in France, and Dr.
Sumuel P, Langley in the United States all tried-—
the first two with steam-powered airplanes, and
Langley with 2 plane powered by 2 gasofine engine.
Of the three, Langley probably came closest to suc-
o, but in 1903 his two attempts at flight failed.

In the ssme year that saw Langley’s failure, the
Wright brothers, Wilbur and Orville, of Dayton,
Olio, sueceeded. On December 17, 1903, at Kitry
Hawk, North Carolina, their awkward, cumber-
¥ome eraft, powered by a gasohne engine of their
¥ making, lifted from the ground with Orville
#t the controls, and flew 120 feet. At that mo-
Fent, their years of hard work wese crowned with
fuccess, and the hopes and aspirations of others
"0 had worked and planned, years before, were
teslized,

‘::::i :5: ?cx'c few years, aieplane development
urious pace.  In 1909, Louis Bleriot

:f::ryo') flew across the English Channel, 5 dis.
xq'};:f 31 mies, at an average speed of 50 miles
o _r. ~I:'x 1913, in Russia, Sikorsky's *Aerobus™

©5bis') was pue imo operation.  This was
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AIRPLANES

1800, In 1842, William Henson patented in Eng-
land 2 sort of airplane that he called the “Ardl”
{ai’i-él). It was a crude construction, which he
proposed to power with a steam engine (internal-
combustion engines had not yet been invented).
Henson even organized a company to provide reg-
ular flying service between European cities with bis
Aciels. But he was unable ta build even one plane
that would fly, so he finafly gave up his work on
them,

Henson’s partner, John Stringfellow, however,
did not give up and he continued to test his idess
with model airplanes. In 1848, he builc 3 model
plane with a wing span of 10 feet, powered by 2
steam engine, that actually flew more than 60 fect.
This is the first known power flight of 2 modd!
airplane. A step forward had been taken.

Much still remained to be done, however. Larger
and larger model gliders were being built, and,
about 1855, a French sea captain named Le Bris
is supposed to have buile a glider large enough to
carry him through the air for about an cighthof 2
mile. Other men, including the Lilienthal (1el'yén-
tahl) brothers in Germany, and Montgomery and
Chanute in the United States, earried on the gliding
experiments, and by the end of the nineteenth cen-
wry gliding was almost commonplace.

You can make a very simple glider to experiment
with by folding a shect of paper as shown in the
margin of the page. Attach two paper clips 0
the bottom edge and move them back and forth
until the glider is balanced and will fly without
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salling or diving. On 2 later page, we shall ex.
plain bhow this paper glider can be used to show the
principles of airplane control,

Poweren FuicHT

Traly sir-minded roen always kept dreaming of
sttacking an engine to a glider, so that it could
st upward in powered flight, Sic Hiram Maxim
in England, Clement Ader in France, and Dr.
Simuel P Langley in the United States all triedm
the fint two with steam-powered zirplanes, and
Langley with a plane powered by a gasoline engine.
Of the three, Langley probably came closest to suce
e, but in 1903 his two attemnpts at flight failed,

In the same year that saw Langley’s failure, the
Wright brathers, Wilbur and Orville,
Olio, succeeded, On December 17, 1903, at Kitry
Hsnk, North Carcling, their awkward, cumber-
¥t eraft, powered by a gasoline engine of their
%8 making, lifted from the ground with Orville
 the controls, and flew 120 feet, At that mo-
ety theie years of hard work were crowned with
Recess, and the hopes and aspications of others
‘1‘“ had worked znd planned, years before, sere
tualized,

of Dayton,

During the Bext few years,
¥erton gt furious pace,
(Uma’) flew seross the E

sirplane development
In 1509, Louis Bleriot
nglsh Channel, 2 dis.
+ 3t an average speed of 50 mifes
{Verg . "‘:‘ 1913, in Russiy, Sikorsky's “Aerobus”

SbW) was pur o operation.  This was
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1800, In 1842, William Henson patented in Eng-
land a sort of airplane that he called the “Aried"
(air'i-gl). It was a crude construction, which he
proposed to power with 4 steam engine (internal-
combustion engines had not yet beea invented).
Heason even organized a company to provide reg-
ular flying secvice between European cities with his
Ariels. But he was unable to build even one plane
that would fly, so he finally gave up his work on
them.

Henson’s partner, John Stringfellow, however,
did not give up and he continued to test his idess
with model airplanes. In 1848, he built 2 model
plane with a wing span of 10 fect, powered by 2
steam engine, that actually flew more than 60 feet.
This is the first known power flight of a model
airplane. A step forward had been taken.

Much still remained to be done, however. Larger
and larger model gliders were being built, and,
about 1855, a French sea captain named Le Bris
is supposed to have built a glider large enough to
carry him through the air for about an eighth of 3
mile. Other men, including the Litienthal ({&l'yén-
tahl} brothers in Germany, and Montgomery and
Chanute in the United States, carried on the gliding
experiments, and by the end of the nineteenth cen-
tury gliding was almost commonplace.

You can make 2 very simple glider to experiment
with by folding a sheet of paper as shown in the
margin of the page. Attach two paper clips ©
the bottom edge and move them back and forth
until the glider is balanced and will fly without
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stalling or diving. On a later page, we shall ex-
phin how this paper glider can be used to show the
principles of airplane control.

Powerep FLicur

Trly air-minded men always kept dreaming of
attaching an engine to a glider, so that it could
seat upward in powered flight. Sir Hiram Maxim
in England, Clement Ader in France, and Dr.
Samuel P. Langley in the United States all tried—
the first two with steam-powered airplanes, and
Langley with 2 plane powered by a gasoline engine.
Of the three, Langley probably came closest to suc-
eest, but in 1903 his two attempts at flight failed,

In the same year that saw Langley’s failure, the
Wright brothers, Wilbur and Orville, of Dayton,
Ohio, succeeded, On December 17, 1903, at Kitty
Hawk, North Carolina, their awkward, cumber-
wme craft, powered by a gasoline engine of their
%0 making, lifted from the ground with Orville
2t the controls, and flew 120 feet. At that mo-

n .
ent, their years of hard work were crowned with
¥coess, and the ho,

Pes and aspirations of others
Tbo. had worked and planned, years before, were
realized,

'::l::g the nex.: few years, airplane development
P 5'“ (; furious pace. In 1909, Louis Bleriot
um:)af )’ W across the Englich Channel, 3 dis-
b Ilnmﬂcs, 3t an average speed of 50 miles
(l'eg.;,.'b o 1913, in Russia, Sikorsky's “Aerobus”

} wat pue into operation, This was
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THIS SHAFT

AIRPLANES

an enormous plane for its time. It weighed sbout
3,000 pounds, and had four engines and a cabin
with accommodations for sixteen passengers. This
was a small plane, indeed, when compared with
our huge modern planes weighing more than 200,-
000 pounds and carrying more than a hundred pas-
sengers at speeds of several hundred miles an hour.

Witat Moves tHE Piant Forwarn?

Before an airplane can begin to fly, it must be
pulled forward through the air. The air through
which the plane rushes then acts on the airplane’s
wings, causing the plane to ift, or to become air-
borne.

It is clear, then, that che figst step in understand-
ing how an airplane flies 15 to understand how the
plane is pulled forward through the asr. The pro-
peller, which performs this job, is dnven by an
internal-combustion engme, much like the internals
combustion engines used in automobiles. There are
diffcrences, however. In the fist place, airplane
engines must be made as light as possible, because
the lighter the cngines, the greater i the load that
the plane can carry. Also, many airplane engines
have the eylinders arranged 1n 2 crscle, instesd of
inarow. Suchan engine s called a “radial” enging
because each cyhinder 1s located on a eadws of the
circle in which the engine s enclosed.

The propeller ss mounted on the engine shaft, so
that it spins when the engine runs; and as the pro-
peller spins, it acts on the air in such 3 way that it
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i pulled rapidly through the air. Since the engine
104 the airplane are attached to the propeller, the
whle plane is pulled through the air after it. Let
usee just how the propeller does its part in making
the plane fy.

The propeller may have two, three or four blades;
ind each blade may be considered a sort of scoop.
As the propeller moves through the air, it “scoops
up” 2t and pushes it backward. To look at this
action from the molecular point of view, the mole-
cules of air are momentarily pushed close together
fust behind the propeller Blades. In other words,
the scooping effect of the blades produces a high-
presture ares behind them, so that the molecules
bobard the backs of the blades harder than they
do the front. The resulting pressure on the back
of the blades pushes them forward, and so the
propeller drags the plane through the sir.

Wiar Howos THE Prane Us?

The plane s held in the air by a lifting effect on
ke wings a5 the wings are moved forward through
ke s The wings are slighddy curved on top,
beavier at the front and srailing off to a thin tip,
A the sing moves forward, it pushes the air ot
of the way. The air passing over the wing has to
filow 2 curved path. Since this curved psth i
bnger, the air moleculey, in effect, have to “spread
031" 3 heele, Thes meany that there are fewer air
moleeules directly abave the wing than there are
durecrly below the wing. The air Ppressuse on any
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an enormous plane for its time. It weighed about
3,000 pounds, and had four engines and 3 cabin
with accommodations for sixtcen passengers. This
was a small plane, indeed, when compared with
our huge modern planes weighing more than 200,-
000 pounds and carrying more than 2 hundred pas-
sengers at specds of several hundred miles an hour,

Waar Moves e Pranr Forwarp?

Before an airplane can begin to fly, it must be
pulled forward through the air. The air through
which the plane rushes then acts on the airplanc’s
wings, causing the plane to lift, or to become aire
borne.

It is clear, then, that the first step in understand-
ing how an airplane flies is to understand how the
plane is pulled forward through the air. The pro-
peller, which performs this job, is driven by an
internal-combustion engine, much like the internals
combustion engnes used in automobiles, There ate
differences, however. In the first place, airplane
engines must be made as hght as possible, because
the lighter the engines, the greater is the Tosd that
the plane can carry. Also, many airplane engines
have the cylinders arranged i a circle, instead of
inarow. Such an engine is called 2 “radial" enginty
because each cylinder is located on a radiuy of the
circle in which the engine is enclosed.

The propeller is mounted on the engine shaft, 30
that it spins when the engine runs; and a1 the pro-
peller spins, it acts on the air in such 2 way that it
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how this makes the ghder dive. Then bend the
back edges up, and see how this makes the glider
nose go up.

The silerons are movable sections along the rear
edges of the wings, Each wing has an aileron, and
they are so connected by levers and cables that,
when one moves down, the other moves up. The
alleranst peremit banking, or sideward tilting, of the
pline, This it an important maneuver, particularly
when turns are being made; for as one alteran is
moved up, the air pressure on its top side forces
thit wing down. At the same time, the other
aiferon is moved down, so that its wing is forced up-
ward, Thus the plane will circle to the right or the
Ieft, according to the direction in which the ailerons
¢ maved.

The rudder aids in turning.  As the pilot operates
pedals, e moves the rudder to the right or to the
left. If he moves it to the night, the air pressure

ALERONS

.

RUDOES

EEVATORS



BEND EDGES HERE

THIS MAKES THE GLIDER
DIVE

THIS MAKES THE GUDER
GO upP

AIRPLANES
surface is determined by the number of air mole-
cules ar that surface. Since there are more mole-
cules below the wing surface, the air pressure below
the wing is greater than thas above the wing. In
other words, there is an upward push on the wings
when they are moved forward through the aif
and this provides the life that holds the phe in
the air.

How Is THE PraNg CONTROLLED?

The airplane must be guided, or steered, so that
it will not only go left or right, but also up or down.
This steering is accomplished by means of movable
contro} sutfaces in the wings and in the tail of the
plane. These control surfaces are ealled the “siler-
ons” (i'ler-ns), “elevatars,” and “rudder.”

The tail of the plane has a fin and two stabilizess
that keep the plane in balance when it is in fight.
Atrached to the stabilizers are two movable sur-
faces called “elevators.” The elevasors are moved
up or down as the pilot moves a stick or 2 wheel.
When they are moved down, the air pressure under
them becomes greater than that above them. As3
result, the tail of the plane is pushed upward, This
means that the plane heads down, or “dives.” Oa
the other hand, if the elevators are moved up, hea
the tail of the plane is pushed down and the plane
climbs.

You can demonstrate these actions with your
paper glider. Bend down the back edges of the
wings, as shown in the margin of the page, and sc¢
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how this makes the glider dive. Then bend the
back edges up, and sce how this makes the glider
60% 80 up,

The ailerons are movable sections along the rear
edges of the wings, Each wing has an aileron, and
they are 5o connected by fevers and cables that,
when one moves down, the other moves up. The
alletons perrmit banking, or sideward tilting, of the
sane. "Thisis an important maneuver, particularly
when tutns are being made; for a3 one aileron is
maved up, the air pressute on its top side forces
thit wing down, At the same time, the other
aileron iy moved down, 3o that its wing is forced up-
%ird. Thus the plane will circle to the nght or the
feft, according to the direction in which the aderons
e moved,

The rudder aids in turning.  As the pilot operates
pedils, he moves the rudder to the nght or to the
fefe, 1 be maves it to the right, the air pressure

ANERONS

RUDDER
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BEND EDGES HERE

THIS MAKES THE GUDER
DIVE

THIS MAKES THE GUDER
GO up

AIRPLANES
surface is determined by the number of air male-
cules at that surface. Since there are more mole-
cules below the wing surface, the air pressure below
the wing is greater than that above the wing. In
other words, theze is an upward push on the wings
when they are moved forward through the air,
and this provides the lift that holds the plane in
the air,

How Is THE Prane CoNTROLLED?

The airplane must be guided, or steered, so that
it will not only go left or right, but also up or down.
This steering is accomplished by means of movable
control surfaces in the wings and in the tail of the
plane. These control surfaces are called the “ailer-
ons” (#ler-6ns), “elevators,” and "rudder.”

The tail of the plane has a fin and two stabilizers
that keep the plane in balance when it is in flight.
Attached to the stabilizers are two movable sur-
faces called “elevators.” The elevators are moved
up or down as the pilor moves 1 stick or a wheel
When they are moved down, the air pressure under
them becomes greater than that above them. Asz
result, the tail of the plane is pushed upward, This
means that the plane heads down, or “dives.”” On
the other hand, if the elevators are moved up, then
the tail of the plane is pushed down and the plase
climbs.

You can demonstrate these actions with your
paper glider. Bend down the back edges of the
wings, as shown in the margin of the page, and see
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$ow this makes the glider dive. Then hend the
back edges up, and see how this makes the glider
rose g0 Ups

Tha silerons ate movable sections along the rear
tdges of the wings, Each wing has an aileron, and
they are so connected by levers and cables that,
when one moves down, the other moves up. ‘The
altrons permit banking, or sideward silting, of the
ghane, Thisis an important maneuver, particulatly
when turns are being made; for as one aileron is
moved up, the air pressure on its top side forces
tht wing down. At the same time, the other
dleron is moved dawn, so that its wing is forced up-~
ward, Thus the plane will circle to the right or the
Ieft.sccording to the direction in which the ailerons
2f¢ moved,

The rudder aidsin turning.  As the pilot operates
redals, he moves the rudder to the right or to the
feft. 1f he moves it to the night, the air pressure
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AIRPLANES

on it causes the tail of the plane to move to the
left. "This action, combined with the aileron move-
ment, causes the plane to bank and wen. It is
difficult to execute turns with rudder contro! alone.
The forward movement of the plane will cause it
to continue in the same direction, even though the
rudder is used to force the tail to one side or the
other. In other words, the plane will “skid” for-
ward in its original direction of motion for some
distance before a turn will take place; but if the
plane is banked at the same time, by use of the
ailerons, the whole plane will turn casily,

In a large airplane, the pilot would not be strong
enough to move the contro! surfaces by himself,
They are too large, and too much effors is required.
Because of this, either electric motors or similar
devices are used. The pilot operates controls that
set the motors into action, and they then move the
ailerons, elevators, and rudder.

Tre HeLicorTeR

The helicopter, which was suggested by Leonardo
da Vinci some four hundred years ago, is a rotating-
wing device that spins a three- or four-bladed “pro-
peller’ above the plane to provide the necessary lift.
Control is achieved by shifting the blades stightly,
so that they provide more lift on one side than the
other. For example, with a forward tilt, the heli-
copter will be pulled forward. If, however, the
blades are not tilted, the helicopter can be made to
hover motionless in the air.
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Chapter Twenty-nine
REACTION
ENGINES

BOUT two hundred seventy years ago Sir Isaac
ANcwton, the f2maus English scientist, said,
“For every action, there is an equal and op-

posite seartion Yet no one could be more sur-
prised than he would have been to see rockets and
fet airplanes zooming across the sky at speeds of
miny miles 3 minute, in demonstration of this
bisic physical law, The jet engine used in such
dirplanes is 3 reaction engine; reaction pushes the
tlane through the air, just as reaction sends sky-
rockets into the heavens,

Wuat Is Rracmion?

1t we had a long cylinder that was shaped, for
exmple, like a closed tin can and filled with highly
cempressed air, the moleeules of air would bombard
all tides and both ends of the cylinder, The eyl
inder would not have any tendency 1o move, be-
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REACTION ENGINES
cause the same number of molecules would be bom-
barding each of its ends.

However, if we suddenly removed one end of
the cylinder, the cylinder would tend to move.
The movement would be in the direction of the
closed end. The reason is that the molecules of air
no longer have anything to bump against in the
open end; but they would, for 2 moment, still bom-
bard the closed end, This borbardment would
tend to move the cylinder. In other words, the
action of the molecules bombarding the cylinder
end produces the reaction of cylinder movement.

Actually, the air would escape so quickly that the
smovement would be slight. But if it were possible
to keep up a high pressure inside the cylinder, it
would continue to be pushed along by the bombard-
ment of molecules on the closed end, This is what
takes place in the reaction engine. Fuel is burned
to maintain the high pressure. A sustained push
is the result.

You can make a sort of reaction engine with an
ordinary sausage-shaped rubber balloon, Blow up
the balloon, lay it on the palm of your hand, and
then Iet go of the mouth. It would be better not
to do this experiment in the living room, or in 30y
place where there are things that might get knocked
over, for the balloon will take off and move around
quite briskly for a moment or two, until the ait
gets out of it. Remember, the balloon moves, not
because the air is rushing out the mouth, bus be-
cause the molecules of compressed air in the balloon
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e bombarding the closed front end of the balloon.
They push the balloon forward.

Two Tyres or Reacrion ENciNg

There ate two types of reaction engine, They
diffee basically from each other as to whether or
a0t they cary 3 supply of oxygen along with the
ather fuel. As you will recall, the burning of any
fuel requires oxygen, The firsc type of reaction
enging, known as the “chemical-fuel,” or “rocket,”
rection engine, catries along its own supply of
orygen. The second type of reaction engine,
known 35 the “airstream™ engine, depends upon the
srto rupply necessary oxygen.

Cherical-fuel reaction engines

The skyrockee is probably the best-known ex-
a5le of the chemuzal-fuel reaction engine, It
€31y along its pwn oxygen, locked up in mole-
6 of some chemical compound, such as gun-
posder, Gunpowder is compased of sulfur, car-

>%a0d potassium nitegre, This last has the chem-
il formul, KNo,

{one atom of potassium, one
Bom of nittogen,

and three atoms of oxygen to
"‘}’m‘tculc). When gunpowder i ignuted, the
:‘m-: nd the carbon combine 1o form carbon
=i (€0,). Also, nitrogen s freed by the
kup of the Poussium nitrate molecules,
\50'13 the carbon dioxide and the nitragen are
B8, 20 theie molecules moye swiftly about, bom-
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REACTION ENGINES
cause the same number of molecules would be bom-
barding each of its ends.

However, if we suddenly removed one end of
the cylinder, the cylinder would tend to move.
The movement would be in the direction of the
closed end. ‘The reason is that the molecules of air
no fonger have anything to bump against in the
open end; but they would, for s moment, still bom-
bard the closed end. This bombardment would
tend to move the cylinder. In other words, the
actior of the molecules bombarding the cylinder
end produces the reaction of cylinder movement.

Actually, the air would escape so quickly that the
movement would be slight. But if it were pasible
to keep up 2 high pressure inside the cylinder, it
would continue to be pushed along by the bombard-
ment of molecules on the closed end. This is what
takes place in the reaction engine. Fuel is burned
to maintain the high pressure. A sustained puh
is the result,

You can make 1 sort of reaction engine with an
ordinary sausage-shaped rubber balloon. Blow up
the batloon, lay it on the palm of your hand, and
then let go of the mouth. It would be better not
to do this experiment in the living room, or inany
place where there are things that might get knocked
over, for the balloon will take off and move :«roun-d
quite briskly for a moment or two, until the aif
gets out of it.  Remember, the balloon moves, not
because the air is rushing out the mouth, but be:
cause the molecules of compressed air in the batloon
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are borbarding the closed front end of the battoon.
They push the balloon forward.

Two Tyres or ReacnioN ENGINE

Thete are two types of reaction engine. They
defer busically from each other 35 to whether ot
not they carry a supply of oxygen along with the
other foel. As you will recall, the burning of any
fuel requises oxygen. The first type of reaction
wnging, known as the “chemical-fuel,” or “racket,”
teaction engine, carries along its own supply of
axygen. The second type of reaction engine,
known 2 the “austream” engine, depends upon the
4ir 10 supply necessary oxygen.

Chemical-fuel reaction engines

The skyrocker i5 probably the best-known ex-
wmple of the chemical-fuel reaction engine. It
wties slong its own oxygen, locked up in mole~
sules of some chemical compound, such as gun-
Powder. Gunpowder is comaposed of sulfur, car~
?on, and potasswurn nitrate, “This last has the chem.
2} formula KNO, (one atom of potassium, one
om of nitrogen, and three atoms of Oxygen ta
each molecule), When gunpowder is ignited, the
°f‘/g.:n and the carbon combine to form carbon
diotide (€O}, Also, nitrogen is freed by the
b“lk“p of the potassium nitrate molecules,

Bath the cacbon dioxide and the nitrogen are

8353, and their molecules move swiftly about, bom.
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REACTION ENGINES
barding the confined space in the rocket cylinder.
Since the back end of the cylinder is open, the mole-
cules can fly out of that end freely. Therefore,
the action of the molecules bombarding the closed
front end of the cylinder produces the reaction
that pushes, or thrusts, the rocket forward.

To make this clear, let us look at one swift-
moving molecule that happens to be rushing for-
ward toward the closed front end of the rocket
cylinder. It strikes the front end and bounces off
in the opposite direction. This molecule thus gives
the cylinder a tiny forward push. If the rear end
of the cylinder were closed, the molecule might
then strike the rear end and give the cylinder a
tiny backward push. These two pushes would
more or less balance and the cylinder would have no
tendency to move. But since the rear end is open,
the molecule simply flies out of the rocket cylinder
after it has given the cylinder a forward push.
Think of billions upon billions of molecules doing
this. Now you can see how these billions of mole-
cules that rush forward, and bombard the front
end of the cylinders, give the rocket a powerful
forward push.

In the next chapter we will look more closely at
rockets. Men have already sent rockets hundreds
of miles into the air. One of these days, perhaps,
a spaceship, powered by rocket engines, will take
men to the moon, to Mars and other planets.

Airstream reaction engines

There are three types of airstream reaction en-
gines: the jef, the ram jet, and the furboprop jet.
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Inall of these, the oxygen required for burning the
fuelis taken from the surrounding air.

The ram jet is the simplest of the three. Es-
stutially, it 35 2 Jong tube with air shutters, a fuel-
sprafing system, and a spark plug at the front end,
When the ram jet is moving forward at high speed,
the movement “rams” air into the intake end. Fuel
s then sprayed into the afr and 2 spark sets it on

- The combustion produces high pressure,
which causes the gir shuttets ¢o close momentarily.
None of the high pressure can escape at the front
td, and o the high-pressure gases must rush ont
the rere of the tube. Since the high pressure is
<ontained at the frong but released at the rear, it
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drives the ram jet forward. As soon as the high
pressure is exhausted, the forward movement opens
the air shutters so that more air can enter. Fuel
is again sprayed into the air, and combustion once
more takes place. These actions are repeated over
and over again.

The jet and the turbojet are much more satis-
factory for airplanes, because they supply an even
thrust; the ram jet provides a series of hard thrusts,
with coasts in between. The jet engine is also a
long tube. It has a rotating mechanism which
draws air into the combustion chamber. The ro-
tating mechanism consists of a turbine at the rear,
connected by a shaft to a compressor rotor. In
operation, the turbine is spun by the high-pressure
gases, and in turn spins the compressor rotor. The
compressor rotor steadily draws air into the com-
bustion chamber; fuel sprays continually into the
compressed air, and it burns with a steady flame.
Thus the combustion chamber is constantly filled
with hot, high-pressure gas. This gas passes through
the turbine and out the rear of the tube. The com-
pressor contains the high pressure at the front, but
the pressure is released at the rear. Therefore the
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igh presure drives the jet forward. Many jets
e an offerburner, ‘This device, placed near the
1l of the jet, sprays additional fuel into the stream
f hot gas, providing additional forward thrust.

The turboprop engine is very much Like the jet.
It has 2n additional part, a propeller. Both the
propeller and the exhaust jet drive the plane. The
propeller is spun by the turbine. The turbine in
the rurboprop engine is lasger and heavier so that
i can bandle this additional job. The turboprop
engine will not move a plane as rapidly as a jet, but
itis more efficient,

In these last two chapters we have discussed three
t7pes of engines for airplanes: the piston engine,
the jet, and the turboprop. Since the latter two
engines are newer, you may wonder if they will
%on replace the piston engine, Scientists say this
is not likely, The piston engine is efficient for
"%“i“‘y slow-speed, short-hop trips. For longer
trips the turboprop is better, since 1¢ can move the
#haze at higher speeds and is a simpler engine in
tuny ways. For the long trips from coast to coast,
e scross the oceans, the jet is favored. Tt can push
the plane ot speeds of as much as 600 miles an hour.

H X means you could fly from New York to Cab-
°mi in about five hours!

THE SounD BaRRIER

With; :
ﬁw‘:‘:::pmvcd piston engines, jets, and rockets,
2ve been made to fly faster and faster.
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PROPELLER

TURBOPROP

drives the ram jet forward. As soon as the high
pressure is exhausted, the forward movement opens
the air shutters so that more air can enter. Fuel
is again sprayed into the air, and combustion once
more takes place. These actions are repeated over
and over again.

The jet and the turbojet are much more satis-
factory for airplanes, because they supply an even
thrust; the ram jet provides a series of hard thrusts,
with coasts in between. The jet engine is also a
long tube. It has a rotating mechanism which
draws air into the combustion chamber, The ro-
tating mechanism consists of a turbine at the rear,
connected by a shaft to a compressor rotor. In
operation, the turbine is spun by the high-pressure
gases, and in turn spins the compressor rotor, The
compressor rotor steadily draws air into the com-
bustion chamber; fuel sprays continually into the
compressed air, and it burns with a steady flame.
Thus the combustion chamber is constantly filled
with hot, high-pressure gas. ‘This gas passes through
the turbine and out the rear of the tube. The com-
pressor contains the high pressure at the front, but
the pressure is released at the rear. Therefore the
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se¢ bow bregking through this barrier ean be very
on the plane.
h“:t spudspfmzr than the speed of sound, the
gline leaves the sound waves behind where they
canos cause the plang any trouble. Itisonly v:vhen
the plane pases through the sound barrier, eu}-wr
speeding up or slowing down, that the compression
waves are encountered.

Men ave worked out new plane shapes which
tnable the plane to go through this barner with
fule dificuley. Such planes are called “super-
sonic” planes, Some stands for sound, Supersonic
thus means faster than sound. 'The Douglas “Sky-
rocket,” for example, is a supersonic plane which
bas flown 2t twice the speed of sound, Notice the
needle nose and the thin, swept-back wings. This
shape ensbles the plane to slice through the sound

baztier, or the high-pressure ares, with relative
smoothness,

Tre Hear Barnien

Ashigher and yec higher speeds are attained, still
another problem is encountered, This is the prob-
lem of heat,

Do you remember how we defined heat in Chap-
terFive)  We said that it is simply 5 matter of the
speed with which the molecules are moving, When
the molecules move slowly, 2n objectiscold, When
the molecules move rapidly, an object is hot,

Let us see how this affects the plane a3 we push
it theough the 3ir faster and faster, We 8o far
beyond the speed of sound and reach speeds of, say,

MOLECULES OF AR

STRIKING THE WING

SURFACES HEAT THE
METAL
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Then, a few years ago, men ran into a barrier that
blocked, for  time, any further increase in speed.
The barrier appeared at about 760 miles an hour.
‘When a plane reached this speed it would suddenly
begin to shake and bounce, as though it were hitting
pockets of compressed air. Sometimes the buf-
feting was so violent that the wings were torn off
the plane.

What happened was that the plane had reached
the “sound” or “sonic” barrier, so called because it
is directly related to the speed of sound. In fact,
760 miles an hour is the speed of sound at sea level.
You will remember in our discussions of sound (in
Chapter Fifteen) that sound travels as a series of
compression waves; the molecules of air are pushed
close together, and these compressed areas travel
outward from the sound source.

When a plane is traveling slower than sound, the
sound waves from the plane can speed on ahead of
the plane. But when the plane increases to the
speed of sound, then it kecps pace with the sound
waves. At this point, the compression waves can-
not get ahead of the plane. So they pile up in front
of the wings and fuselage, or body, of the plane. In
effect, a wall of high-pressure air stacks up ahead
of the plane. Now, if the plane attempts to go
faster, it must break through this “wall.” You can

DOUGLAS SKYROCKET
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see how breaking through this barrier can be very
Bard on the plane.

At speeds faster than the speed of sound, the
plane leaves the sound waves behind where they
cannot cause the plane any trouble. Itisonly when
the plane passes through the sound barsier, either
speeding up ot slowing down, that the compression
Waves are encountered,

Men have worked out new plane shapes which
ensble the plane to go through this barrier with
liede difficulty. Such planes are called *“super~
woi” planes, Sonic stands for sound. Supersonic
thus means faster than sound, The Douglas “Sky~
rocket,” for example, s 2 supersonic plane which
has flown at vwice the speed of sound. Notice the
needle nose and the thin, swept-back wings, This
shape enables the plane to stice through the saund

bartier, or the high-pressure area, with relative
smoathness,

THE Hear Barnier

s higher and yet higher speeds are attained, stilt
mother problem 35 encountered. This is the prob-~
lem of hege,

Do you remember how we defined heat in Chap-
terFived We said thay iy 1 simply a matter of the
seed with which the molecules are moving. When
the molecules move slowly, an object is cold. When
the malecules move rapidly, an objeet is hot.

. Let us see how this affects the plane a5 we push
it through che air faster and faster. We g0 far

ond the spoed of sound and reach speeds of, say,
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THERE 15 NO HEAT
BARRIER AT VERY
HIGH ALTITUDES
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1,500 miles an hour. At this velocity, the air mole-
cules are moving past the wings at high speed; that
is, air molecules are bumping the wings very hard
and often. But that is what happens to a kettle on
afire! The rapidly moving molecules from the fire
bump the kettle and cause it to get hor. In the
same way, the air molecules, as they bump the plane
wings and fuselage, cause them to get hot.

The faster the plane goes, the hotter the metal of
the wings and body will get. The wings could get
so hot at high speed that the metal would weaken
and fail. This is one of the big problems of very
high-speed airplanes. One suggestion is to fly the
planes at very high altitudes, where there is fittle air
to sweep over the wings and make them hot,  Butif

* there is very little air, what would give the wings

enough lift to hold the plane up? Other possible
solutions offered include refrigerating the wings to
keep them cool, and using metals that remain strong
even at very high temperatures. Of course, to
refrigerate the wings effectively would require elab-
orate and heavy equipment, and a plane can carry
only so much load after all. On the other hand,
the use of metals that stay strong even when heated
offers considerable possibilities.

Of course the use of rockets that will carry the
plane up above the atmosphere would avoid the
problem of heat—except during the time that the
plane passes up through the atmosphere and when it
comes down to a landing again.
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gets into his spaceship and *‘blasts off” into
the outer reaches of space without a worry
sbout fuel. Or perhaps he adjusts the controls and
by means of “space-warp,” or some such imaginary
marvel, moves his ship through the fourth dimen-

tion to some distant galaxy in the twinkling of an
eye.

Ycu MAY HAVE READ stories in which the hero

Reality, however, is seldom that simple, We
€an do these things in our imagination, and perhaps
someday our dreams will turn into reality. Mean-
while, however, we must be content with the truth

sbout rockets, rocket fuels, and gravitational at-
traction,

EArLY DEVELOPMENTS

For hundreds of years rockets were scarcely more

thin fireworks and curiosities, Then, during the
First World War (1914-1918), a young American,
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THERE IS NO HEAT
BARRIER AT VERY
HIGH ALTITUDES
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1,500 mmiles an hour. At this velocity, the air mole-
cules are moving past the wings at high speed; that
is, air molecules are bumping the wings very hard
and often. Bur that is what happens to a kettle en
a fire! The rapidly moving molecules from the fire
bump the kettle and cause it to get hot. In the
same way, the air molecules, as they bump the plane
wings and fuselage, cause them to get hot.

The faster the plane goes, the hotrer the metal of
the wings and body will ger. The wings could get
so hot at high speed that the metal would weaken
and fail. 'This is one of the big problems of very
high-speed airplanes. One suggestion is to fly the
planes at very high altitudes, where there is little air
ta sweep over the wings and make them hot. Butif

* there is very little air, what would give the wings

enough lift to hold the plane up? Other possible
solutions offered include refrigerating the wings to
keep them cool, and using metals that remain strong
even at very high temperatures. Of course, 1o
refrigerate the wings effectively would require elab-
orate and heavy equipment, and a plane can carry
only so much load after all. On the other hand,
the use of metals that stay strong even when heated
offers considerable possibilities.

Of course the use of rockets that will carry the
plane up above the atmosphere would avoid the
problem of heat—cxcept during the time that the
plane passes up through the atmosphere and when it
comes down to a landing again.
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SPACE TRAVEL
keeping abreast of other countries. We cannot
sfford to fall behind in the development of rocket
weapons,

Brarave Graviry

We would be lost without gravity, Everything
wauld fly off the eardh, including the air, water,
autormobiles, dogs, people, and other unattached
objects. In fact, the earth itself would fly apart,
WVithout graviey, there would be no earth, no sun,
roumverse. So it is fortunate that we have that
atnattive force between material objects which
we call “graviry.”

On the other hand, men who dream of shaking
the dust of earth from their feet are perhaps 2 little
annoged writh gravity. For it is gravity that they
bave to bear if they are 1o get away from the earth.
After you theow 5 ball wpward, gravity pulls it
buck to the earth, The harder you throw the ball,
the higher 1t wif{ 80 How fast would you have 1o
throw it in order 1o beac £ravity entirely; that is,
M order for the balf 1o keep on gong and never
TR 10 the eareh? Yoy would have to throw it
2 speed of 25,000 miles an houyr!

¥en the preat pitcher Bob Feller could never fire

2 basebalf vy fast; his maximum s about 199
:‘2:“:': i‘:\:‘ﬂ Anbi a high-powfred tifle can fire
795 can e th:!t IWEU;;’,SOO miles an hour, S
fing s Wil e 3 trcmcndolus problem
fr o o ant to send snything wpward
¥ 1t 10 escape from the gravitational
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SPACE TRAVEL
Robert H. Goddard, began to study rockets seri-
ously.

Considerable work was done during the next
20 years. Rockets became bigger and faster, and
could probe higher into the heavens. Here, at last,
thoughtful men were saying, was the device that
mighe one day cacry men to the moon and beyond.

Then came the Second World War. The great
dream of space flight was debased. Rockets were
given the deadly job of carrying explosive charges
great distances. Out of Germany roared “V-2"
rockets, 46 feet long and weighing 14 tons. They
were awesome weapons as they dropped at speeds of
over 3,000 miles an hour upon England. Fortu-
nately for England, the rockets were relatively in-

'accurate. Their control systems could not always
guide them to their assigned targets, and so many
of the rockets fell harmlessly into the English Chan-
nel, or into open ficlds.

But larger, more accurate, and more deadly
rocket weapons were on the drawing boards when,
fortunately, the war cnded. There was talk of

THE V-2 WEIGHS 14 TONS huge rockets that could carry tons of explosives

across the Atlantic Ocean, Rumor had it that
highly developed control systems could guide these
rockets with astounding accuracy.

But with war past, men began once more to think
of using the rocket to escape from the earth, to
journey to the moon and beyond. So rescarch in
rockets has continued. An added motive for big-
time rocket rescarch is, of course, the necessity of
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teping abreast of other countries. We cannot
ford to fa1) behind in the development of rocket
vELPODS,

BrATING GRAVITY

We would be Jost without gravity. Every! thing
would fly off the earth, including the air, water,
awamobiles, dogs, people, and other vnatrached
objects, In fact, the earth itself would fly apart.
Without gravity, there would be no earth, no son,
20 universe, So it is fortunate that we have that
attractive force between material objects which
we call “gravity.”

On the other hand, men who dream of shaking
thedust of earth from their feet are perhaps a little
snnayed with gravity. For it is gravity that they
have to beat if they are to get away from the earth,
After you throw a ball upward, gravity pulls it
back 1o the earth, The hatder you throw the ball,
the higher it will go. How fast would you have to
fhrow it in order to beat gravity entirely; that s,
in ardes for the ball to keep on poing and never
feturn to the earth?  You would have to throw it
3t a speed of 25,000 miles an hour!

. E::é:;t 5::; pit.cl‘;:r Bob Fe!lcr could never fire
b 25t; his maximum was sbout 100
our,  And 2 high-pawered nfle can fire

& butlet at only sbout 1,800 miles an hour. So

0!

S“; ©an see that we have 2 tremendous problem
ng ug i i

; 5wt if we want to send anything upward

258 eno i
ugh for it to escape from the gravitational
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THE INSIDE OF
A ROCKET

SPACE TRAVEL
pull of the earth, If an object can be givena speed
of 25,000 miles an hour, it will escape; this speed
is called “escape velocity,”

Rockets can do it—scientists are sure of that.
As long as a rocket burns enough fuel to provide
sufficient thrust, it will cantinue to increase in
speed. The problem is to pack enough fuc into
the rocket. With present fuels, scientists agree
that a single rocket cannot attain escape velocity.
Even if you should make a rocket that is nine-
tenths fuef and only one-tenth fuel tanks, engines,
housing, and so on, you could not attain 3 speed
half fast enough. Such a rocket would reach 2
speed of less than 10,000 miles an hour before it
exhausted its supply of fuel.

Even so, we can still beat gravity with rockets.
We can do it by putting two or three rockets to-
gether, one on top of another.  For cxample, shortly
after the Second World War, American scientists
mounted a small rocket—the “WAC Corporal”—
on top of a V-2 rocket. This combination is called
a “two-stage” rocket. The V-2 is the first “stage,”
the WAC Corporal the second.  Let us sec how this
combination waorks. First, the V-2 rocket is fired.
It takes off, carrying the WAC Corporal with it.
After the two have thrust upward more than 2
hundred miles, the V-2 has exhausted its supply of
fuel, Now it is nothing more than dead weight.
Its job has been completed: it has taken the WAC
Cotporal on the first stage of the rip. The rocket
engine of the WAC Corporal now fires. At the
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SPACE TRAVEL

ame fime the V<2 s detached, and begins its long
£l back to the eacth, But the WAC Cotporal has
ey saned. On this second stage of its trip, its
rocket engines throst it ever vpward, Finally ic
bures the last of its fuel, 'This is the end of the
WAC Corporal, For 2 few soments it probes on
upward, attaining a height of perhaps 250 miles,
Buvnow i, too, must fall as gravity pulls it earth-
wud.

1£ 2 third-stage rocket could be put on top of the
second-stage rocket, scientists say the third-stage
racket could attan escape velociry, This is the

w1y we can beat graviry-~with multiple-stage
rockets.

MAN-MADE MOONS

Before men take off from earth in rockers, they
wnt 10 know about conditions far above earth,
nuch ® 1he inensity of ultravioler radution and
costaic rays, density of the atmosphere, temperature,
eresence of solid paruicles, ete. To find out all this
and more, scientists ate working to put tiny moons’
o satellies, cirching in orbits 200 miles above th;
:::m::\: :::ct;as wx\l beAuan a foot or soin dia-
immmmf: ed withantricate instruments, These
— can report, by radso, on conditions en-
it::; ::)ih: {eqires a three-stage rocket to Lift
th ls,oz ommﬁ::ky‘ There, it will ciecle the
el epne s an hour, Notice that this

'pe velocity. Gradually, over a period
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pull of the earth. If an object can be given a speed
of 25,000 miles an hour, it will escape; this speed
is called "escape velocity.”

Rockets can do it~—scientists are sure of that.
As long a5 a rocket burns enough fuel to provide
sufficient thrust, it will continue to increase in
speed. The problem is o pack enough fuel into
the rocket. With present fuels, scientists agree
that a single rocket cannot attain escape velocity:
Even if you should make a rocket that is nine-
tenths fuel and only ane-tenth fuel tanks, engines,
housing, and so on, you could not attain a speed
half fast enough. Such a rocket would reach a
speed of less than 10,000 miles an hour before it
exhausted its supply of fuel.

Even so, we can still beat gravity with rockets.
We can do it by putting two or three rockets to-
gether, one on top of anothes, For example, shortly
after the Second World War, American scientists
mounted a small rocket—the “WAC Corporal”~
on top of a V-2 rocket. This combination is called
a “twao-stage” rocket. The V-2 is the first “stage,”
the WAC Corporal the second.  Let us see how this
combination works. First, the V-2 rocket is fired.
It takes off, carrying the WAC Corporal with it.
After the two have thrust upward smore than 3
hundred miles, the V-2 has exhausted its supply of
fuel. Now it is nothing more than dead weight.
Its job has been completed: it has taken the WAC
Corporal on the fiest stage of the trip. The rockes
engine of the WAC Corporal now firss. At the

174



SPACE TRAVEL
izathe sky, carrying men and materials, As mate-
ik sccumulate, men protected by space suits will
petthespace station together. The rockets will be
eturned to earth to be refilled and returned.

The space station must be aistight so that it can
bd 2 breathesble armosphere for the men who will
beeinit, At 1,000 miles there is practically no air

atall. Also, it must be insulated against the heat
of the sun and the cold of space. Without am at-
susphere to protect it, the sun will heat the tighted
£dt to temperatures of hundreds of degrees. On
te durk side, temperatures will be close to zb-
wlute zero, or near ~459 degrees Fahrenheit.

Present designs call for making the space station
doaghnut-chaped, Tt will sevolve slowly like a
wheel to produce 1 small gravitational effect. 'This
wll make the men living inside the doughnut feel
mase 3t home; for ane of the possible difficulties
‘bfm the project is the trouble that lack of gravity
Zight cause men, Remember, at the space plat-
form centrifugal force will balance gravity so that
men will have no sensation of gravity at all. Thus
fiay scientists believe that the space station must

tvolve 3o that men can sest and sleep with the feel
of gravity on them.

THE Moon ApvenTurs

5

A-ftzr‘lhc space station is completed, rockets will
B bl:mging materials to construct the spaceships
t will take men 240,000 miles to the moon.
One p‘fr\ ealls for building three giant rocket ships.

ships must be 3ble 1o carey enouch fusl fond.

CUT-AWAY VIEW OF
A SPACE STATION

CENTRIFUGAL FORCE
WL HOLD MEN
AGAINST THE FLOORS
INSIDE THE SPACE
STATION



UNMANNED
SATELLNE

SPACE TRAVEL
of days, it will spiral back to carth because of
the earth’s gravitational pull. Once it hits hoariu
air, the air friction will turn it white-hot, and it will
completely burn up, much like 2 meteor flashing
across the heavens. But by then it will have served
its purpose of telling men what conditions arc ke
200 miles up in the sky,

SpAcE StaTiONS

Armed with the knowledge that unmanned
rockets and satellites have reported, men will be
ready for the next stage in the grear adventure of
space travel——a space station. Plans call for the
space station to be 1,000 miles above the carth. At
this distance, the speed required to keep the station
in an orbit is about 16,000 miles an hour. This is
fess than the speed for MOUSE, but remember this:
MOUSE is to be only 200 miles from carth. Farther
out, gravitational attraction is less. So at 1,000
miles, a speed of 16,000 miles an hour will keep the
space station circling permanently, just as our moen
circles the earth.

At this distance and speed, the two apposing
forces of gravity and centrifugal force will keep
a perfeet balance, much like the balancing of forces
that occurs when you swing a ball on a string
around your hand. The string acts as the gravi-
tational force holding the ball in an orbit, and the
centrifugal force keeps the ball moving in 3 circle.

To build the space station, relays of three-stage
rockets are planned. One by one they will be fired
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fnothesky, carrying men and matetials, As matf-
fisaccumulate, men protected by space suits will
petthespace station together, 'The rockets will be
wruened to earch to be refilled and returned.

The space station must be airtight so that it can
bldabreathesble atmosphere for the men who will
Intinit, At 1,000 miles there is practically no air
il Ao, it must be insulated against the heat
ofthe sun and the cold of space,  Without an at«
mnphere to protect it, the sun will heat the lighted
£k 1o temperatures of hundreds of degrees. On
e durk side, temperatures will be close to ab-
shute zero, or near 459 degrees Fahrenheir.

Potsent designs call for miaking the space station
awzhnm-shaped. It will revolve slowly like a
¥heel 1o produce a small gravitational effect, This
il make the mep living inside the doughmut feel
00t 3t home; for one of the possible difficulties
1%0ut the project is the trouble that lack of gravity
bt cavse men, Remember, at the space plar-
il centrifugal force will balance gravity so that

=ea will have ng sensation of gravity ac all. Thus
a7 scientists believe that

#evolve g thyy men can rest
ot gravity on them,

the space station must
and steep with the feel

Tux Moon Apventume

A.fzer the space statign s completed, rockets will

TR bringing materials 1o construct the spaceships

2t will take meg 240,000 miles to the moon,

One pl:m calls for building theee giant rocket ships.

ships muse be able 20 carry enough fuel, food,
177
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SPACE TRAVEL

water, oxygen, and other necessities for the crews.
For we must remember that there is no 2ir and
water out in space and on the moon, It is pro-
posed that one of the three ships should carry, in-
stead of fuel, extra supplies for the return trp.
This ship would be left on the moon, possibly 35
first fiving quarters for a permanent settlement.

Finally the great day will arsive, People all over
the world may be able to watch the scene through
television, They will see the great rocket ships
hovering near the space station, Joaded with crews
and supplies. The giant racket engines will flame
into life, and slowly the spaceships will take off on
their 240,000-mile trip to the moon. The ships
are already moving at 16,000 miles an hour—the
same speed as the space station; so shey seed to
gain only a few thousand miles an hour to complete
their escape from the earth’s gravitational pull

The spaceships will move faster and faster away
from the space station. Finally chey will be but
specks, and then will vanish into the eternal black-
ness of space.  If the ships carry television cameras,
carthbound people will be able to watch the earth
recede behind them, and finally, afrer days of
travel, the moon approaching.

This exciting adventure is yct to come, Some
of you reading this book may play a vital part in
it, for it will take many men and women to design
and build the space station and the spaceships. And
some of you may be in the spaceships as they journey
to the moon and return. Who will be the new
Columbus of the Space Age?
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NUCLEAR SCIENCE

AND ATOMIC
ENERGY

N caarTERs Two and Three we learned that
I stoms are made up of protons, neutrons, and
electrons, The protons and neutrons are con-
centeated in the nuclei of the atoms. The number
of protons determine whether the atom is oxygen,
fron, coppet, uranium, ot same other element.

For a long time men thought that atoms were
indivisible, You can break molecules down into
atoms. But that, they said, is as far as you can go.
You can take some of the electrons from an atom,
but the core, or nucleus, of the atom is unbreakable,
they explained.

Asmen pushed their studies of the atom further,
however, they realized that this is untrue, For
some atoms may throw off protons and change
from one element to another. For instance an atom
of radium, which has 88 protons in its nucleus, may
undergo spontantous change. It will emit 6 pro-
tons in a series of steps, to change to lead. During
these steps, the radium atom also emits 2 great deal
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water, oxygen, and other necessities for the crews.
For we must remember that there is no air and
water out in space and on the moon, It is pro-
posed that one of the three ships should carry, in-
stead of fuel, extra supplies for the return crip.
This ship would be left on the moon, possibly a1
first living quarters for a permanent sertlement.

Finally the great day will arrive. People alf over
the world may be able to watch the scene through
television. They will sce the great rocket ships
hovering near the space station, loaded with crews
and supplies. The giane rocket engines will flame
into life, and slowly the spaceships will take off on
their 240,000-mile trip to the moon. The ships
are already moving at 16,000 miles an hour—the
same speed as the space station; so they need to
gain only a few thousand miles an hour to complete
their escape from the earth's gravitational pull.

The spaceships will move faster and faster away
from the space station, Finally they will be but
specks, and then will vanish into the eternal black-
ness of space. If the ships carry television cameras,
earthbound people will be able to watch the earth
recede behind them, and finally, after days of
travel, the moon approaching.

This exciting adventure is yet to come. Some
of you reading this book may play a vital part in
it, for it will take many men and women to design
and build the space station and the spaceships. And
some of you may be in the spaceships as they journey
to the moon and return. Who will be the new
Columbus of the Space Age?
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NUCLEAR SCIENCE AND ATOMIC ENERGY

Avyou can see from the illustration at the tol>'°f
gt 179, it s 2 doughnut-shaped de"i“-. "“s‘de
there is 2 hollow ring; 2 vacuum pump maintsins a
very bigh vacuum in the ring. Along the ring are
Bravy dlectromagnets.

Heseis how the atom smasher works: Protons, oc
ober atomic pacticles, are shot into the ring,
There, alternating magnetic fields from the elec-
womagnets yrge the particles on, The particles
cirele faster and faster, getting an additional mag-
ntic boost with every revolution, Fimally, when
they are going at the desired speed, which may be
well above 100,000 mules a second, they fly from
the sing into a rarger. This target is made up of
toms to be “smashed.

The atamic particles act differently on different
kinds of atorms, depending upon the type of par-
ticley, their speeds, and the type of atoms they hit,
Insome cases, the tatget atoms are actually smashed,
ocbeoken intg smaller atoms. In other cases, atomic
pacticles may combine with target atoms to make
brger, and more complex, atoms.

Fission ann Fusion

When 2toms sphit, the process is eatled

“fission,”
When atormc particl

e enter atoms to make new,
frote comples atoms, the Provess is called

With euther process energy is r:le:\sed-—energy in
hoge amounts, This release of energy i the basis
of atomuc energy and atom bombs,

“fusion’”
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NUCLEAR SCIENCE AND ATOMIC ENERGY
of energy in the form of radiations and heat. Only
a few elements are capable of changing to different
elements in this manner.

Ox the other hand, elements can also be changed
by the addition of more protons to their mucli.
For instance, we mentioned on page 22 that men
have created a whole series of new elements by bor-
barding atoms of uranium and other heavy elements
with nuclear bullers.  Such bombardments can also
be used to “smash” atoms, or break them spart.
In erther case, whenever atoms are changed, energy
is released, This release of energy, of courss, is
the basis of atomic energy.

ATtoM SMASHING

The study of the insides of atoms, or of atomic
nuclei, is called “nuclear science,” or “nucleonics.”
Men have built amazing instruments in their at-
tempts to learn mote sbout nuclear strucrure, For
nuclear knowledge can be put 1o work in many
ways for the benefiv of mankind. Already we
have fearned to split atoms in such a way as o
obtain huge amounts of energy. This atomic en-
ergy is already propelling submarines and driving
generators in electric power plants.  And we have
learned 1o make atoms that are unstable (in the
way that radium is unstable) ; such unstable atoms
have many uses in medicine, agriculture, and in-
dustry. We shall come back to this on a later page-

First, let us discuss one type of atom smasher.
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NUCLEAR SCIENCE AND ATOMIC ENERGY
Asyou can see from the iHlustration 2t the tOP’Of
age 179, it is 2 doughnut-shaped devxce.. I:}sxde
theres 2 hollow ring; 2 vacuum pump maintains 2
sery high vacuum in the ring, Along the ring are
feavy electromagnets.

Here s how the atom smasher works: Protans, or
other stomic pacticles, are shot into the ring.
There, ahernating magnetic fields from the elec-
tromagnets urge the particles on. The particles
cirele fastee and faseer, petting an addirional mag-
netle boost with every revolution. Finally, when
they are 8oing at the desired speed, which may be
well above 100,000 miles 2 second, they fly from
the ring into 3 targee. This target is made up of
toms to be “smashed

The atomic paricles act differently on different
kinds of atoms, depending wpon the type of par-
veles, dheit speeds, and the type of atoms they hic,
Tnsome cases, the $ATEET atorms are actually smashed,

orbroken into smaler atoms. In other cases, atomic

Pamticles may combine with target atoms to make
"8e% 2nd more complex, atoms.

Fission ano Fuston
When aroms split, the process is called
Fhen atame particl
fmore complex atoms, “fusion.”
With either Process energy is td:a:edﬂncrgy in
buge smounts, This release of energy is the basis
of atomic enCISY and atom bombs,

“fission,”
€S eNLer atoms to make new,
the process is called
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" NUCLEAR SCIENCE AND ATOMIC ENERGY
of energy in the form of radistions and heat, Only
a few clements are capable of changing to different
elements in this manner.

On the other hand, elements can also be changed
by the addition of more protons to their nuclei.
For instance, we mentioned on page 22 that men
have created a whole series of new elements by borm-
barding atoms of uranium and other heavy elements
with nuclear bullets. Such bombardments can also
be used to “smash” atoms, or bresk them apart,
In either case, whenever atams are changed, energy
is released. This release of energy, of course, is
the basis of atomic energy.

ATOM SMASHING

"The study of the insides of atoms, or of atomic
nuclei, is called “nuclear science,” or “nucleonics.”
Men have built amazing instruments in their at-
tempts to learn more about nuclear structure, For
nuclear knowledge can be put to work in many
ways for the benefit of mankind. Already we
have learned to split atoms in such a way a3 10
obtain huge amounts of energy. 'This atomic en-
exgy is already propelling submarines and driving
generators in electric power plants. And we have
learned to make atoms that are unstable {in the
way that radium is unstable) ; such unstable atoms
have many uses in medicine, agriculture, and in-
dustry. We shall come back to this on a later page.

First, let us discuss ane type of atom smasher.
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NUCLEAR SCIENCE AND ATOMIC ENERGY

As you can see §rom the ilfustration at‘lhc top 'Of
pge 9,3t is a doughnut-shaped devxce.. Xr_mde
there is 3 hollow ring; 2 vacuum pump maintans 2
sery bigh vacuum in the ring. Along the ring are
beavy electromagnets.

Here is how the atom smasher works: Protons, or
ather awomic pasticles, are shot into the ring.
There, alternating magnetic fields from the elec-
tromagnets wsge the particles on. The particles
cirele faster and faster, getung on additional mag-
netic boost with every revalution. Finally, when
they are going at the desired speed, which may be
well sbove 100,000 miles a second, they fly from
the ting into a target. This targes is made vp of
toms to be “smashed.”

The atomic particles act differently on different
Kinds of atoms, depending upon the type of par-
ticles, thete speeds, and the type of atoms they kit
Insome cases, the target atoms are actually smashed,
ot broken into smaller atoms. In other cases, atomic
particles may cotobine with target atoms to make
laeger, 3nd more complex, atoms.

Tission anp Fusion

When atoms split, the process is called “fission.”
When atomic parucles enter atoms to make new,
more comples atoms, the process 1s ealled “fusion”
With either process energy is released~energy in
huge amounts. This release of energy is the basis
of atomic energy and atom bombs,
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NUCLEAR SCIENCE AND ATOMIC ENERGY

In 1905 Albert Einstein, the famous German-
Swiss scientist, formulated a theory about the
amount of energy that can result from fission or
fusion. This is the theory of the equivalence of
mass and energy. In simple language, it means
that any material substance can be converted into
energy, and conversely, that energy can be changed
into material substances.

Offhand you may think that this is about the
same thing that goes on in ordinary combustion.
But you will remember that in combustion the
atoms themselves are left unchanged. When coal
is burned, ash remains and the rest of the coal goes
up the chimney as carbon dioxide and other gases.
According to Einstein’s formula, however, when
a substance is converted into energy, the atoms
vanish. They become changed into light, heat,
and other electromagnetic waves, all of which are
forms of energy.

Einstein’s simple formula states that the energy
to be obtained equals the mass (or weight) of the
substance being converted, times the velocity of
light, times the velocity of light. Or, in the form
of an equation:

E=MC*

where E is the energy, M the mass, and C the veloc-
ity of light. This formula means that one pound
mass of any substance, if completely converted into
energy, would produce the same amount of heat
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NUCLEAR SCIENCE AND ATOMIC ENERGY
sswould be produced by the burning of 2,800,000,
000 pounds of coalt

Scientists have not learned, yet, how to convert
mass complerely into energy. But 2 patda‘ cons
veesion can be made, for example, by starting with
one form of the element uranium. Atoms of this
vranium ean be made to split, or break down, into
simpler atoms by the fission process. The weights
of these simpler atoms are slightly less {about 0.1
pr cent) than the weights of the uraniura atoms.
This diffeence represents what has been converted
into energy,

When atoms can be made to combine by the
fusion process, some of the mass of the atoms we
start with is converted into energy. For example,
if we take the nuclei of 2 hydrogen atoms {or 2
protons}, and combine them with 2 neutrons, we
end up with one helium atom. There is 2 Joss in
mass of about 0.75 per cent; this mass is converted
into energy,

Thus you can see that, even though mass cannat
be completely converted into energy, 1t is possible
t make partial conversions; and these partial con-
verdions will release tremendous 2mounts of energy.

Tux Fusion Procewy

Theee is one additional fact about atoms thar we
musit mention befote we can take up the story of
omis energy from fison. This face is that not
sl of the acomic nuctei of an clement aze identical,
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NUCLEAR SCIENCE AND ATOMIC ENERGY

In 1905 Albert Einstein, the famous German-
Swiss scientist, formulated a theory about the
amount of energy that can result from fission or
fusion. This is the theory of the equivalence of
mass and energy. In simple language, it means
that any material substance can be converted into
energy, and conversely, that energy can be changed
into material substances,

Offhand you may think thae this is about the
same thing that goes on in ordinary combustion.
But you will r ber that in combustion the
atoms themselves are left unchanged. When coal
is burned, ash remains and the rest of the coal goes
up the chimney as carbon dioxide and other gases.
According to Einstein’s formuls, however, when
a substance is converted into energy, the atoms
vanish, They become changed into light, heat,
and other clectromagunetic waves, all of which are
forms of energy.

Einstein’s simple formula states that the energy
to be obtained equals the mass (or weight) of the
substance being converted, times the velocity of
Light, times the velocity of light. Or, in the form
of an equation:

E = MC?

where E is the energy, M the mass, and C the veloc-

ity of light. 'This formula means that one pound

mass of any substance, if completely converted into

energy, would produce the ssme amount of heat
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NUCLEAR SCIENCE AND ATOMIC ENERGY
Teft over from the first fission will cause some of
them to fission too. In face, if there are enough
U-235 atoms around, a chain reaction will be ser
up. Does this give you a clue about what goes on
in 2n 2tomic, chain-reacting pile?

AroMic-rower REACTORS

Chain-seacting piles, or atomic-power reaclors,
<ontain harge quantities of ursnivm. The wranium
i carefully arranged with other materials so that
the chain reaction can continue and yet be con~
trolled. 3£ it went on unchecked, it could cause 2
terrible explosion. This is the sort of process that
takes place in an atom bomb: masses of U-235 are
beought togethee so that an uncontrolled chain
waction resules, All the U-235 atoms split at once,
relessing fission energy in 3 blinding flash of radiz.
tion and heat,

The uranium used in many reactors js ordinary
sranjum, Only one n every 140 aroms is U235
~the rest are U-238, This mixture produces cer.
uin peoblems that must be solved before 3 chain
rexction will stare. For although U.235 atoms will
plit when they caprure neutrons, U-238 atoms will
not. Yer, since there are 140 times as many U238
dtoms, they will caprure mast of the neutrans,
Thus a chan reaction will ROt start unless we make
it possible far che U235 ATOMS t0 Capture more of
the neutrons.  We <an do this b

Y slowing down
Reutron speed. For U.23g 2toms do not often cap-

he

ATOMIC REACTOR

URANIUM RODS

CARBON
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NUCLEAR SCIENCE AND ATOMIC ENERGY
They may vary in the number of neutrons they
carey.

These various forms of an clement are called
“isotopes™ (¥'s5-tdps). Most elements have more
than one form, or isotope. Oxygen has three (see
right). Uranium has twoisotopes. The more com-
mon one has 92 protons and 146 neutrons, with an
atomic weight of 238, 'The less common isotope of
wranium also has 92 protons but only 143 neutrons,
and an atomic weight of 235, The two isotopes are
usually referred to as “U-238” and “U-235."
About one out of every 140 uranium atoms is
U-235, and the rest are U-238.

The shortage of neutrons in U-235 seems to give
its atoms a strange sort of instability. If 2 wan-
dering neutron should happen to fly into the
nucleus of a U-235 atom, the nucleus will usually
split into at least two pieces. These pieces will fly
away from each other at high speed. They contain
2l of the protons and most of the neutrons in the
original U-235 atom. As an example, one piece
might contain §6 protons and 82 neutrons; this
piece is an atom of the element barinm (bir'i-im).
The second piece might have 36 prorons and 48
neutrons; this makes it an atom of the element
Frypton (krip'tén). This accounts for all the
protons, but notice that there are a aumber of
neutrons left over. These neutrons fly away in all
directions.

1f there should happen to be additional U-23%
atoms nearby, the chances are the extra neutrons
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NUCLEAR SCIENCE AND ATOMIC ENERGY
wery harmful effect on living things; 2 persan ex-
peed o thetn for even 2 few moments will sicken
md die. For this reason, atomic reactors are care-
fiully shielded with thick walls of concrete or other
mteral. Walls many feet thick slow and finally
stop the radiations,

But there is another danger. The radiations
from the fision process can so change nearby sub-
fuances 15 to cause them, too, to give off dangerous
sidutions, Such substances are $2id to have be-
come radioactive {13 i-6-3k'tiv). For example,
rppose that aic showld Jeak into an atomic reactor
1d then leak out agzin. The air would become
tidorcrive gnd dangerous for anyone to breathe,

Viing tadioaciyye malerials

Bar tadioactivity can be Pput to good use. For
“*.‘DP‘t, #small amaunt of material made radio-
WU 18 an agomie eactor may be muxed with

P!xm: fentilizer ang plants then fed with ehys fer-
g extremely sensitive de-

ey, ientists, ysin,

‘:;n; devices, can then follow the radioactive
o 'f as 1t passes through the plant, This study
" m.nmu understand how plants vse food,
tadioactive materials can be
the glands 4nq organs of our

they can belp doctors
@ diseases, For exa
N P-roid) gland hy
Ro gy , in the neck,
W ‘;m"’m“g Properly, 2 person may feel dul}
ot perhapg b may

5 and excinaby, By giving

mple,

come extremely
1 patient 3 tiny

DANGER
4.9
4

RADIGACTIVITY

P
e
o

RADICACTIVITY
DETECTOR

RADIOACTIVE
FERTILZER




REACTOR HEAT
EXCHANGER

ATOMIC-ENERGY
POWER PLANT

SUBMARINES

AIRPLANES

AUTOMOBILES

HOME HEATING

NUCLEAR SCIENCE AND ATOMIC ENERGY
ture slow neutrons; however, U-235 atoms will.

To slow down neutrons, the uranium may be put
into the reactor in the shape of rods, and the rods
surrounded with a neutron-slower, or moderator,
such as carbon. Now, when a U-235 atom splits
and gives off several neutrons, the neutrons are
slowed down as they pass through the carbon. They
therefore have a far better chance of being cap-
cured by other U-235 atoms and causing them to
split, too. By varying the relationship of the ura-
nium rods and the carbon, the chain reaction can
be speeded up or slowed down.

During the chain reaction, a great deal of heat
is produced. ‘This heat can be used to boil water
and make steam. The steam can then be used to
drive a steam turbine, which in turn can run 2
machine or drive an electric generator. An in-
creasing amount of electricity is being produced
by atomic energy. Someday a substantial part of
the electricity we use will be made in this way.

Submarines are already being powered by atomic
energy. Scientists say that ships, railroad locomo-
tives, and even airplanes and possibly automobiles
may one day make use of it. And someday, per-
haps, homes will be heated from a small reactor in
the basement, A major problem with smaller reac-
tors, such as an automobile or home would use, is
the radiation shielding required; this is discussed in
the next paragraph.

DancEr!

“The fission of U-23§ not only produces heat, but

also dangerous radiations. These radiations have 3
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NUCLEAR SCIENCE AND ATOMIC ENERGY
very barmful effect on Living things; 2 PCMD ex-
posed to them for even 2 few moments will sicken
aad die. For this reason, atomic reactors are care-
fully shielded with thick walls of concrets or other
materd. Walls many feet thick slow and finally
swp the radiations.

Bot there is another danger. The radiations
from the fissions process can so change nearby sub-
stances a3 to cause them, too, to give off dangerous
sidutions, Such substances are said to have be-
wome radipactive (13di-6-ik'viv). For example,
ppese that air should leak into an atomic reactor
20d then lesk out again. The air would become
tadioxctive angd dangerous for anyone to breathe,

Veing radigactive materials

But eaduoactivity can be put to good use. For
exmple, 2 ymall amount of material made radio~
1ive in an atomic resctor may be mixed with
phuat fereilizer apgd plants then fed with this fer-
izer, Scientists, using extremely senntive de-
tecting devices, ean then follow the radioactive
fertlizer as it passes through the plant. This study

108 scientiaes wnderstand how plants use food.

In 2 similyr way, radoactive materials can be
5ed to fearn how the glands and organs of our

ies function, Further, they can belp docrors
diagnose and cure different diseases, For example,
when the thyroid (thi’-roid) gland, in the neck,
it nop functioning pro; 2 person may feel dull

perly,
and tired, or perhaps he may beco;

i me extremely
2ervous and excitable, By giving 3 atient 3 tiny
1R7
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NUCLEAR SCIENCE AND ATOMIC ENERGY
ture slow neutrons; however, U-235 atoms will.

To slow down neutrons, the uranium may be put
into the reactor in the shape of rods, and the rods
surrounded with a neutron-slower, or moderator,
such as carbon. Now, when 2 U-235 atom splits
and gives off several neutrons, the neutrons are
slowed down as they pass through the carbon, They
therefore have a far better chance of being cap-
tured by other U-235 atoms and causing them to
split, too. By varying the relationship of the ura-
nium rods and the carbon, the chain reaction can
be speeded up or slowed down.

During the chain reaction, a great deal of heat
is produced. This heat can be used to boil water
and make steam. The steam can then be used to
drive a steam turbine, which in turn can run 3
machine or drive an electric generator, An in-
creasing amount of electricity is being produced
by atomic energy. Someday a substantial part of
the electricity we use will be made in this way.

Submarines ate already being powered by atomic
energy. Scientists say that ships, railroad locomo-
tives, and even airplanes and possibly automobiles
may one day make use of it. And someday, per-
haps, homes will be heated from a small reactor in
the basement. A major problem with smaller reac-
tors, such as an automobile or home would use, is
the radiation shielding required; this is discussed in
the next paragraph.

Dancer!

The fission of U-23§ not only produces heat, but
also dangerous radiations. These radiations have 2
186
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veey harmful effect on living things; 2 person ex«
posd to them for even 3 fewr moments will sicken
10d die. For this yeason, atomic reactors are care-
fully shielded with thick walls of concrete of other
materisl, Walls mony Feet thick slow and finally
stop the radiations,

But there Js another danges. The radiations
from the fission process can so change nearby sub~
stances as to cause them, 100, to give off dangerous
ndistions, Such substances ate sid to have be-
come radioactive {r3'di-3-3k'tiv}. For example,
suppose that air should Jeak into an atomic reactor
and then leak out again. The air would become
rdiozctive and dangerous for anyone to breathe.

Using radivactive materials

But radioactivity can be put to good use. For
txample, 2 small amount of material made radio-
active in an atomic reactor may be mixed with
plant fereilizer and plants then fed with this fer-
tilizer, Scientists, wsing extremely sensitive de-
tecting devices, can thes follow the radioactive
fertilizer as it passes through the plant, This stady
helps scientists wnderstand how plants use food.

In 2 similar way, radicactive materals can be
ustd to learn how the glands and organs of our
Bodies function. Further, they can help doctors
dizgnose and cure different diseases, For example,
when the thyroid {th'-roid) gland, in the neck,
is not funcrioning properly, 3 person may feel dull
asd tired, or pechaps he may become extremely
mervous and excitsble. By giving o patient 2 tiny
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NUCLEAR SCIENCE AND ATOMIC ENERGY
amount of radioactive jodine, a doctor can de-
termine how well the thyroid gland is functioning.
The thyroid absorbs the iodine at various rates, de-
pending upon how well the gland is working.

Fusion has not, so far, been tamed. Men have
made use of fusion in the terrible hydrogen bomb
(the *H-bomb”). But we have been unable to
slow down the process enough for any other pur-
pose. 'We have already mentioned (on pages 26~
27) a fusion process in which hydrogen is involved.
During fusion, 2 hydrogen nuclei (or 2 protons)
unite with 2 neutrons to form the nucleus of a
helium atom.

To produce fusion in this manner, enormous
temperatures and pressures are needed. Thus, to
set off an H-bomb, a special triggering device is
required. The “trigger” may be a conventional
uranjum-atom bomb, for example. When the
H-bomb goes off, the temperatures in the fusion
area soar to several million degrees. No material
known to man can withstand this much heat.
Thus, for the time being at least, there is no way
to harness the energy of fusion. Someday, let us
hope, men will work out a method of slowing down
the fusion process, and of producing it on a small
scale so that it can be made to do useful work.
When that time arrives, mankind will have all the
energy it can ever use. For hydrogen is plentiful;
and with unlimited energy, there will be no limit
to what men can do in science, industry, and the
arts.
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BOUT ninety years ago, the director of the

AUnited States Patent Bureau resigned. He

explained tus decision by pointing out that

few new inventions were being made, because there

was little left to invent. In fact, he added, almost

everything possible had already been invented, and
the patent office might as well close its doors,

Snce that time, however, there has been as much
~if not more~~scientific progress as in all the
centuries before,  Electric lights, awplanes, radis,
motion pictutes, automobules, television, reactors
for atomic energy—~to name buc 3 few things—
have all been invented since then.

Anyone who would declare today that all the
important inventions have already been made would
almost surely be proved wrong before another year
had passed; for new inventions and important dis.

covenes wn scientific fields are being announced 4t
the time.
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INTO THE FUTURE

As you have read the pages of this book, you
have noticed how inventions have seldom been the
product of one man’s genius alone. Nearly always,
the man credited with the invention built upon the
knowledge that other men before him had gathered
together. Edison probably could not have invented
his motion-picture machine or the electric light if
other men had not already studied the eye, light,
and electricity, and thus made available to Edison a
vast fund of knowledge about them. Edison resd
books and studied scientific reports to learn the
facts that these men had discovered; so he did not
have to rediscover the same facts, but by using
them could move ahead to make new discoveries
of his own.

This, of course, is not the only example, or one
of a few. It is typical of what is always taking
place in the scientific world. Men of all nations
and creeds have labored in their many ways to add
to the world’s fund of knowledge. This vast store-
house of knowledge, available in books to us all,
makes it possible for men to push on further and
further toward new discoveries and new marvels
of scientific accomplishment.

‘The knowledge is there. It is yours for the
reading. Who will be the Edison of tomorrow,
gathering knowledge from many books, and wsing
that knowledge as a ladder for climbing to great
new discoveries and inventions? It can be you.
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INTO THE FUTURE

As you have read the pages of this book, you
have noticed how inventions have seldom been the
product of one man’s genius alone. Nearly always,
the man credited with the invention built upon the
knowledge that other men before him had gathered
together, Edison probably could not have invented
his motion-picture machine or the electric light if
other men had not already studied the eye, light,
and electricity, and thus made available to Edison 2
vast fund of knowledge about them. Edison read
books and studied scientific reports to learn the
facts that these men had discovered; so he did not
have to rediscover the same facts, but by using
them could move ahead to make new discoveries
of his own.

This, of course, is not the only example, or one
of a few. It is typical of what is always taking
place in the scientific world. Men of all nations
and creeds have labored in their many ways to add
to the world’s fund of knowledge. This vast store-
house of knowledge, available in books to us all,
makes it possible for men to push on further and
further toward new discoveries and new marvels
of scientific accomplishment.

The knowledge is there. It is yours for the
reading. Who will be the Edison of tomorrow,
gathering knowledge from many books, and using
that knowledge as a ladder for climbing to great
new discoveries and inventions? It can be you.
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Then the survivors held 5 convention,
Xlled ~ they naid, "by_ these |

“We are being
themt 1 they come ehis way a;
seed. Besides:

umbering elephants—curse
gain, there will not be mice

An elephane will kil you, of
Hetougy; SCTpent if he snuff;

King'¢ laughier hay 5 deadly sting;
Ansaal kil by honoring

im out i A great tackle
made of Topes and things ang tied tum 1q Rag:lm: in
My bt of {ores,

B the trappen bad gong, the clzphanl—king Te.






THE WINNING

OF FRirpnpg - 239
When fgue -
Bons moty ~
Composed iy, ar,}
Though fe.
Males be N
Removeg apart,

Now oge day Spot fajjeq {0 appear 3¢ 4pe Fegular hoyr,
And e others, l::ining him, alanmeg
appeared 5 that m, u
Bewas iy trouble, ang could not keep up their
3Pt Then Slow and Gopy said to Swif, “Dear fellow,
e preventeq by looomo!i\'c ]ixnilaliom from
b'lnzing for ouy dear friend. e you, therefore,
1 hung gpee, and leam whether (he PO felloy 4
en by g On.oni.ngtd forest fire, or fallen jngo the
Power of Buntery and such reatures, There isa saying:
One quieyy,

Meany oo, Search gy Ppre:
POt ang e quickyy o
nlOn hezxing this, Sunpy flew
2 Beamp, and fing;,
braced

Cise News concexning

aliude distance

g Spot
‘a~

fnend, ho,,

e did yoy .
"My freng sud Spoy, “there y5
me.
When Lige 1 bear 5 end
€ Presence of 5 frieng
Brng happines, altying
The living wy, the dying,
Ok, pardon any SPressions of friend], im tience 1
have useq in our Discugsions. Likcw‘y o -
Slow 1 p,

Y
e, say 1g Cold apng
Y hame;



238 THE PANCHATANTRA

flected thus: “In what manner, or through whose assiste
ance, shall 1 be delivered?™ Then it occurred 1o him:
“We have no means of deliserance except those mice”

So the king sent the mice an exact descrsption of his
disastrous position in the wap thiough ane of his pere
sonal retinue, an clephant<ow who had not venwnod
into the trap, and who had previous information of the
mauwe cammunity.

When the mice learned the matter, they gathered by
the thousand, cager to seturn the fasor shown i,
and viuted the clephant herd. And seeing keng and herd
fettered, they gnawed die guy ropes whese shey stood,
then swarmed up the branches, and by tuttiny the 1opes
aloft, set their friends free.

“And that s why Isay:
Make friends, make friends, howerer armong,

and the rest of it”

When Slaw bad listencd 1o this, be said, “Be st osen
20, my dear {cllow. Have 10 lear. 1is this place you are 3t
home. Pray dismiss anxictics and behave 35 15 your own
dwelling.” So they all took food and recreanen st wih
hours as suited each, met at the poon hour in the dhade
af cawding trees boside the broad lake, and apent theis
time in reciprocated friendship, dikusing a vanety of
masterly works on relijion, rronoms, and smilar wbr
jects. And s seems quate natural

For wen of senie, pood peectry
And mience will wilar
The une of dunderheade b spens
ta squabblicg, deep. sl vat
2
And el A thnlt
Wat L



THE WINNING OF FRIENDS 24t
and learn how 1 bave been made capiive 2 scmm:! tme,
having once before suffercd the woes of captivity
*Tell me.” said Gold, "haw once belare you suffered

the woes of captivity | am eager to leatn the full detail.”
And 5pot told the stary of

SPOT'S CAPTIVITY

Long ago, when 1 was six months oid, I used to gambol
in bront of all the rest, a5 a youngster does, Qut of sheer
spintt 1'would run far ahead, then wait for the herd,
Now we deer have two gaits, called the Jump-Up and
the Straightaway. Of these I knew the Straightaway, but
tat the JuspUp. .

While asmsing royself one day, I lost touch with the
herd, At this | was dreadfully worried, gared about the
hotizon 10 Jearn where they might be, and discovered
them ahead, Now they had avoided a snare by means of
the JumpUp; they stood in a body ahead of me, and
wiled, all looking at me. But 1, ignorant ol the

» JurnpUp, was caught in the hunter's snare.

While | was ying to-drg it toward the herd, the
hunter bound 21l my Tumbs and £ {elf to the graynd, head
foremost. And the bexd of deer vanished, seeing no bope
of saving me.

When the hunter came up, he did not put me to death,
Tov pity softened his Beart at the thought: “He is a lawn,
B¢ only for a peL™ Instead, he carelully took sne home
0d gave me 23 a playihing to a prince, who showed his
d‘:;g\x at seting re by giving the hunter 3 geneyous re.

whauage, baths, food, perfumes, and salves, while ™y
el were approprinie and palatable. But a5 1 was
pased from hand to band by the covious women and
Feinerd at coure, L was scriowly inconseniented by pet.
tng and wratching, shich wlid not spare neck, eye. Iront

The prince treated me kundly, providing ointments,



240 THE PANGCIHATANTRA
Et any ugly word
‘ Was willynilly heard,
T pray you both, lorgive—
Let only fricndihip live™

On hearing this, Swift replicd: “Feel no {ear, my dear
fellow, while you have friends like us. I will return with
all speed, bringing Gold to cut your bonds™

Thercupon, with his heart in a futter, he found Slow
and Gold, explained the nature of Spot’s captivity, then
returned to Spat, carrying Gold in his beak. Gold, for his
part, on secing the plight of his friend, sorrow fully said:
“My dear fellow, you always had 3 wary mind and a
shrewd oye. How, then, did you fall into this dreadful
captivity?"

And Spat rejoined: “Why ask, my friead? Fate, you
know, docs what iz will. As the saying goes:

What mortal fies
{However wisc}
When biflows rise
To fatal size

On seas of woel

In dead of night,
Or bsoad daylight,
Crum faie may smite]
Ab, who can fight

An unscen foc?

You, my saintly {riend, are familiar with the captites
of constraining devtiny. Therelote be quuck, Cut my
bands before the pitsfess hunter comes.”™

“tave no fear,” said Gold, “wlule 1 am at yaur wle
1n my heart, bowever, it grest 1orrow, which { beg yus 1o
gemorve by telling your stofy. You are gusied S_zy amn eye
of wisdom, How did you fall into this €apinsy?

“Well,” said spae il you it en hutﬁib foten,
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“Thus, though having suflered a previous capuivity,
1 am caught again through consiraining destiny.”

At this moment Slow joined them. For his heart was
< full of Yave lor his friend that he had folimgcd. lc.av-
ing grass, shrubs, and speargrass crushed behind him.
Atsight of hum, they wese more distressed than eves, and
Gold became theis spokesman, “My dear fellow,” said
he, “you have done wrong in Jeaving your fortress to
wmz here, since you are not zbie to sme yourself from
he hunter, while on us he cannot Iay hands. For when
the bonds are cut and the hunter stands near, Spot wilt
bound away and disappear, Swiit will fy into a tree,
while 3, being z litde fellow, will find some chink to slide
into. But what will you do, when within his reacke™

"To this Slow listened, but be said: “Oh, do not blame
mé, you of all people. For

The foss of Jove and Jous of wealth -
Who could endure

But for restoratives of heahh
Ta {nendship sure?
And again,

Witk wise and
Ate lovely cdeanng on the wai
Through bie's wild wood.

The days when meetings do not lail
good

The heast fnds rest i redling dhungs
{Whes troubles 10m)

“Ta honest wife, or {rend who Hingy,
Or kindly bow,

Ah, my dear fellow,

The wistful glances wander,
‘Th: wtt, bewsldesed, pondes
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hoof, hind hool, or car- Finally, ane day in the rainy ses-
son, a3 the prince reclined on a couch, I observed the
lightning, li d 1o the thunder, and, my heart wisful
for my fondly remembered herd, I recited:

When shall | Jollow on the herd
Of conpsing deer again?

When brace mywlf against the wind
That whisties byt Ali, when?

“Who said that?” aried the ptince, and Jooked abaut
bim, terrificd. When he saw sne, he thought: “No sun
said it, but a deer. It is 3 prodigy.  am undone,” and ik¢
one possessed by a devil, he oteered {rom the houwse, hs
gasments in disarray.

Thinking himsetl ridden by a demos, be tempted
the soreerens and magicians with a great seward, sayng:
“I{ any free me from us forment, 1 will pay him 6o
smali honor.”

Meanwhile, averhanty individuals were sndang we
with sticks, bricks, and cudgels, but—fusther bic beiog
predestined—f was rescucd by a certaan holy man who
saidd; “Why kil the poor beast?” Furthenmate, he pene-
trated the cause of my malady, and raspecifully saud w0
the prince: “Dear tir, In the rainy seasan be wintfully 1e
sembered kis native bierd, and therefore recited.

When aad) 1 follaw 00 the hicad
©OF tournng deet 2zaint

When brace myself 2zainn the wind
That whirles by) Al when?™

On heasing this, the prince was cused of bis ferernhy

malady, returncd to his sormal suate, and mid 10 b
men: “Douse the poor deer’s head in plenty af water,s
and set bim free in he forost he caune Bom Aud they

did 2.
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“Thus, though having suffered 3 preyious capiivity,
1 am caught again through consiraining dcsn.ny."

At thiy moment Stow joined them. For his heart was
s0 full of Yove for his friend that he had followed, leav-
ing gras, shrubs, and spear-grass crushed behind him.
Atsight of him, they were more distressed than ever, and |
Gold became their spokesman. “My dear fellow,” said
e, “you have done wrong in leaving your fortress to
come here, since you are not able to save yourself from
the hunter, while on us he cannat lay hands. For when
the bonds are cut and the hunter stands near, Spot will
bound away and disappear, Swift will fly into a tree,
while T, being 2 litde fellow, wilt find some chink ta slide
into. But what will you do, when within his reach?”

To this Slow Yistened, but he said: “Ob, do not ame
e, you of ali people. For

The Jom of Jove 2nd lass of wealth
Who womid endure
But for sextoraves of health
In {rienchhip sure?
And agais:

The days when weetings do not fail
With wise 2nd good

Arc Iovely dearings on the mafl
‘Through Lie's wild wood.

The heart finds rest in telling things
(When uoubles 1o}

To heoat wle, or {neod who tungs,
Or kindly bass,

Al my dear fellow,

“The waitul glances wander,
The wi, bewildered, ponder
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Woes coe, old enmities grow ot
Misfortunes crowdd the weakest spol.

Ont walks at &2 on level ground
¥ ove begns ta stumbles
Lay stumbling stary, aps eveTy step
{5 apt to brung a suble,
And besides:

“Yis hard 1o Bnd 1 hfe
A Inend. a bow, 2 wife,
Swong, mipple tar endure,
1» sock and nncw pure,
In dime of dxnger ure.

.

False Iriends are common. Ya, but where
“True nature hurks 2 friendly pair,
~The vieasing 1s as rich s waxe,

“To bitter ends

You trust true friends,
Kot wile nor smatker,
ot son nor browner.

No long experieace alloys.

True Inendship’s sneet and supple yup,
No enl men can seeal the treasure;
“Ti death, desth anly, seis 3 measure.

“Ah, what 18 this fasc that smutes me ceastlosdy? Firs
1
fame tie low of propertys then humi\miommi‘ryom my
:yh\n pcnplfi. uw\{muh( of poverty; beeauwse of glootm
ereal, exiles and now fate prepazes §
friend As the pwmbﬂyszp = forwethe loss ot 3

1n truth, § S0 nog gricve though twches f
Socme luckv thance will bring them bagk, §m=~
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In good men scparated,
Whose love is unabated.

And more than that:

Better lose your life than friends;
Life zeturns when this fife ends,
Not the sympathy that blends.”

At this moment the hunter arrived, bow and amrow
in hand. Under his very eyes Gold cut the bonds and
slipped into the before-mentioned chink. Swift flew into
the air and was gone. Spot darted away.

‘Now when the hunter saw that the deer’s bonds had
been cut, he was filled with amazement and said: “Une
der no circumstances do deer cut their own bonds~Xt
was through fate that a deer has done it.” Then he spied
a turtle on most improbable terrain, and with mixed fecl
ings he said: “Even if the deer, with fate’s hielp, cut his
bonds and escaped, still I've got this turtle, As the saying
goes:
Nothing comes, of ail that walks,

All that flies to heaven,

All that courses a'er the earth,

If it be not given.”

After this meditation, the hunter cut spear-grass with
his knife, wave a stout Topc, tied the turtle's leet tightly
together, fastened the rope to his bowetip, and started
home. But when Gold saw his friend barne away, he
sorrowlully said: “Ah, me! Ah, mel

No sooner sortow’s occan-shore

I reach in safety, than once more

A bitter sorrow is my lot:
Misfortunes crowd she weakest spot.

Fresh blows are dreadful on 3 wound;
Food fatls, and hunger-pangs lbou.gd; )
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And one last word:

1§ bizth and death did not exist -
Nor age por fear of loved oncs‘wmd,

1 af) were ot so quick to pezish, N
Whose Life were not a thing to cherish?

While Gold recited these griebstricken sentences, Spot
and Swift joiped him and united their kunentations with
his. And Gold 1aid to them; “So Jong as our dear Slnvg i,
within sight, so long we have a chance to save him.
Leave uy, Spot. You must slip past the hunter unob-
wnved, drop to carth somewheze near water, and pretend
10 be dead, Swilt, you must ypread your claws in the cage-
work of Spot's hormy, and pretend to peck out his eyes.
Then that dreadiul beast of 2 hunter, in the greedy be-
tief that he has {ound a dead deer, will certainly wish |
to sclze him, will throw the turde on the ground, and
hurry up. When his back is turned, I for wy part will in
2 tacye (winkling set Slow free 1o seek refuge In the water
near by, bis parusa) Joress 1 mysel will slide into 2
grassdump. You, turthermore, must plan a second e
cape when the beast of 2 hunter is upan you.” So they
put this plan inta practice.

Now when the hunter taw 3 decr a3 good as dead be.
side dic water, and noticed that a crow was pecking at
Inm, he joyfully threw the turtle on the ground, 20d fan
for a cJub. As soon as Spot evuld tell from the tramp of
feet that the hunier was dase upos him, with T supreme
butsy of speedt he swept into dense fotest. Swift flew
il a tree. The wnde, hus fettering cord cut by Gald,
saambled 1o shelter in the water, Gold slipped into
Brasclomp

. To the hunter jt seemed 3 conjurer’s wick, *What docs
it mean?” be aried i his disappointment. Then he ro
tumed to the 1pot whese he had left the tustle, and saw
the cord cut i 2 buadsed picces no Yonger than a finger'
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“Tis this that hurts me-lacking riches’ stay,
The best of friends relax and fall away.

And again:
Fate's anful linkage since my birth

Of exil deeds and deeds of worth
Pursues me on this present carth

Till staies of mind that play and sway
And thange and range from day 1o day,
Secsn Hves that strive and pass away.

o
Ah, there is only too much wisdom in this:

‘The body, bom, is near ity doom;

And riches are the source of gloam:
© All meetingy end in partings: yo

The watid is alf gue bnudencs.

“Ah, mct Ab, mel The loss of my friend is death to
me. What cre I even for my awn people? As the saying
gocs:

A foc of woe and pan and fear,

A cup of trust and feelingy dear,

A peari~who made 15? Who could blend
Six letters in that name of friend?

Oh, friendly meetings!
O joy to which the nghteous ching,
Machine that answens love's wle striag,

Pure happiness m cvery breath,
Cut short by one sicm enle-Deathl

And once again:
Pleasant Fohes; fnendship’s roune
n famihar ros;
¢ Eomitics of men of seme—~
Death abrupdy cuts.
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areadth. Then he perceived that the turtle had vanished
ike a magician, and anticipated danger for his own per-
on. With troubled heart he made all specd out of the
vood for home, casting anxious glances at the horiton.
Mcanwhile the four friends, frec of all injury, came
ogether, expressed their mutual aficetion, took a new
ease on life; and lived happily. And so
If beasts enjoy so great 2 prize
Of friendship, why should wonder rise
En men, who arc so very wise?
Here ends Boak 11, calicd “The Winning of Friends”
Fhe st verse suns:
The mowse and tunle, deer and aow
Had first-rate seme and learning: so,
‘Though maney failed and means were few,
“They quickly put their purpose through.
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CROWS AND OWLS

Here, then, begins Book 335, called “Crows and Owls"
sz& unubgig‘peam. war, and so forth. The first vexse
yuns

Reconaled alough be be,

Neser trut an enemy. g

For the mave of owly was buned,

When the crows with fre returned.

“How was that?”, asked e princes, and Vishnushar
man wold whe followiag wary,

In the sonthern country is a city walled Earth-BaselY
Neay it mands a great banyan tree with countless™
branchet. And in the tree dwelt a crow-king samed
Cloudy with 2 counless retinue of crows. There he made
his habization and spent his time.

Wow a 3ival Xing, 2 great owl mamed FoeCrusher,
had by fortress and his habitation in 2 mountain e,
and he had an unnumbered retinue of owls. This owl.
g cherahied 2 grudge. 30 that whenever he et 3 qow
in hu auingw he killed him and passed on, In this way
hu conviam aggresnon gadually spread vings of dead
<rows abayt the banyan tree. Nor is this surprising. Rar
he prarerh ay

T you perrns diseawe o {oe

To warch unheeded, you may know

Thar death awsits you, sure if sdow,
L3
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Who ase seasoned conqerors,

Make your Peace with wickeq men,
1t your 18, endangered by

Life, fuself firg; made secure,
Gives the Tealm secungy,

And agin: ‘

Make your Peace with him yho, wang
Tisa 0quer in 3 fpe

Other foes vy bend their necks
To you, learfyp of his mighe,

Even wnh Squals make yoyp Peace;
Victory 15 olten Bhen
Whnmiauy; fake no kg
% he curreng gy in heaven,

S
Only in CXiTemas Fighy,

Andyer zan;
See! The yyy;, W W T -
Poner 4 AL ang Pface 15 ngy,
Qashung ey

whies like 3y e3rthen ne.
Land 4ng frieads ang

Bold a oy
Have *on when batgles feae;
I by one of theye should fait,

Tl bes 1 Ing in Peace,
When 5 bion

dizs for moles
g

R theyr pebbly bouse,
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Who are seasoned conqoerors,
1In whose home po discords rise,

Make your peace with wicked mes,
1t your hle endangered be;

Life, itself Srst made securé,
Gives the realm secunty.

And again:

Make your peace with him whose wont
*Tis o conquer in a fight;

Other foes will bend their aecks
To you, fearful of hiv wight,

Even sith equaly make your peace;
Victary w ofien given
Whimscally: take nd vk
Sayt the curvent saw in heaven,

Even wath equabs victory
Whimsally may alght
Try three other methods fing

Only in extremuy fight.

And yes agune

Seet The bully o whose soul
Power 35 all, snd prace w oy,

Claskyng with an equal foe,
Crucabies ke an tanben pot,

Land and {nienda and gold ax most 1
Have been won when banler cease;
1€ but one of these thonld fai,
121 best ta e m peace.

When 2 bon digs for moles
Hidiag wn Wherr pebbly house

233






Am:m—x bind thew not; and s00n
“They show a wicked transformation.
Therefore you should, in my judgment, Sght with him,
You know the saying:
“Tus easy to upsoot 2 foe
Contemning fghters, never steady.

Cracl asd geedy, sothisl, fakse.
Foolish and fearful and unseady.

“Dut more than thiv—we have been bumilisted by
bim. Thexefore. if you propose peace, he will be angry
and will etaplag viotenee again. There is 2 saying:

“The truculence of {evered foes
By gemilc measues is abettad:
What wie phystan wiss  douche?
13t ¥nows that fever should be sweaned,

Contitaton simply makes
A foemua’s indignation splutier,
fake drops of water sprinkled on
A briskly boiling pan of buter,
Besdes, the provious speaker’s point about the wiengih
b ¢he enemy o not deensive.
‘The stwajler olten says the grear
By thosang energy and vigor:
The hon Lilh the ciephant,
And vl v usreatsicied nigos.

And more than that;

Toes lndewructibile by smght

Are alaaa through sme desepiive gonare,
A Bhima wrangfed Rchata, B
_Appronting blm w weman’y rarure
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’ A warlike ang ambitic 15 kg
May choase “twixy Aptil and
November—ogher Bonths are barrpg
To invade he bosrile 13ng,

A king houlg Puthis realy charge
Of h trong ang gy,

Then podnee Upon the hosyle land,
When spiey ha\epcoplni in

The case 1n hang quires o King,
The buedung: called Retreay,
Net peace 0T Wy ghe foe isvile,
And very harg ta beag,
R DA, 3 recegiye movcmex\: is made, 353 the
scie.ce of ethics, with due Tegard g Quse ang effe g The
Point is pressed o Pocuy: ~
When rapyy draw byy, their butting fereer sungs;
The “ng Ling of beawgy dly $Prirgs:
S0 wise dlﬂtmblﬂl. bolqu Vehgeance sure,
In oy Cmmynion ‘dlh'lhm beary, eadure,
And oace agin,
A king, ‘bandoAiax Bis rmypyy
To foes of Bgh worgh,
Bt Life, 5 Fight Fipy, dud,
And “aeey tules (e eant,
And i, 1y sum iy up;
The weyy o,

ho, SSUEKhing » iy the g !
Are nog o proud g g o
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Stand ever Bem wuhin,
Reobed to & or die
So, lring, tam renown;
Or dead, the stamy sky,

Aud there it a funher consideration:

32

“The unjon of the weak

A poverrtol bully stumps: - .
The hosule blizard sparts

‘The shrubs that grow in dumps.

And aingle trees, though huge
And posted for defense,
May be uprooted by
The stout wind's violence.

‘While graves of treey, where each.

Recees and gives defense,

Unitedly defy
The wind’s Rexce violence,

Jus %, one man slone,
Howeverbrave he be,

Is worned by foes, who swon
Proceed to jnjary.”

Having listened 1o this view likewise, the king taid to
L\vb}nng: “My worthy 1ir, pray express yous opinion
aln” And Livelong sud: "0 King, from among the
tix pouibilities, 1 recommend alllance. Pray adopt that,
Fox the saying goess

Though dett and beillant, what food end
Can you antains without 3 friend? e
The fue that seemy tmmorial will

Die when the fanning wind i will,

“Thaefore you should sy a1 home and
feepient ally. to make 2 comterweight a::kmtwt‘g:






all is bighly proper,
But the prosent hour
heard the saying:

“In this way those who themselves trust nobody and
have a single eye to self-mterest can win the wust of an
enerny and canly destroy him. For the saying goes:

CROWS AND OWLE

You must regard with like distrust
Both pesce and waskike mcasures; must
Seek through duplicity your goal,
With powesful foes of evil soul.

Shrewd anemies will cause a foe
Whem they would ruin, Snt to grow:
The fow of mucus by molasses

Is first increased, but lawer passes,

And again:

And so.

To fog, to falie {riend, 1o female
(Parucularly her for sale)

“The man w0 simple 21 10 give
Suaighiforward conduct, does not lise.

Proceed in pure wnightorwardngss
With Brahmans, with the gods no ien,
With teachers, with younself; but wreat
A} other crestures to deceit, -

A bermit mastering hin sou)

May we e umple, sce & whale;

.\l'm thoss who thurt lor carmal things,
Wee, wont particularly, tirge

Svrony through duplicity, you will
‘t’"’:: Your habitation s,

ot death wilt prove a tnend
To a8 foe posstssed by ;:e;f .

eack courst in its own good time.
demands duplicity. You have
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" “Now for deuils, The functionatics in the hostile
carnp are—the counsclor, the chaplain, the mmzndu~
in<hief, the cown prinee, the condierge, the gupaxnund‘
ent of the gyneccun, the 2dviser, the tax-collector, the
inwoducer, the masier of ceremonties, the director of the
stables, the treasurer, the minister Jor elephants, the as
sessor, the war-minister, the minister lor fortifications,.
the Lavorite, the forester, and so forth. By sowing intrigue
among these the encmy is subdued, In one’s own amp
the functionaries are~the queen, the queen-mother, the
chamberian, the forist, the lord of the bedchamber,
the chief of the acaret service, the stargazer, the court
physician, the purveyor of water, the purveyor of spices,
the professor, the lifcguard, the quartermaster, the
beacer of the royal umbrella, and the geisha, It is by way
of thaae that yuip befalls one's own party. As the saying
B N

Professor, slarscout, and phyican

Find Raws wathun yous home positions

‘The madman and tuakecharmer know

Pounts vulnerable in the foe.”

“Tather 21 Cloudy, “what is the origin al (e deadly
feud between crows and owls?*

And LaveStrong answered. “Listen, 1 will tell you

HOW THE BIRDS PICKED A KING

Gnze wpon a fime Qe bird-dans gathered Jor concul:
ntion, There were swans and cranes and nightingales;
thre ware peacoths, plovas, a0d owls; there were doves
and pigeons and partndges; there were bluejays, vul
tusen sbylarks; there were demaiselles and cuckoos and

woodpeckers and many othery.
nu\(n;) they wid. "We hase in Garuda a king, to be sure.
e W ver intent ot wning holy Vishnu, and payy
5o hoed ¢o uk Whae s the goodaol adham king? He Saz:s
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ol the gev, EVOR continents, » 0CCans, and mountaing,

"\k fx;‘:xzkm Was 3pread, Golden jary were filled wiry five

twigs, blosso ™ and graing; oblations Were prepared; the

mowt eminent byyge chanted unhermorc Brah

mans, sklled iy Ieciting the four Vcda s, alg chanteq,
i i an;

O
conch ahcﬂ e mater; enals for lustration
ttrrmomts \m: prnvxdcd, and holidy drums
In the midse g 2ted spot streyn With potagh,
$00d the Iop, lh ne. adnm:d by the © person of the ow]
3 he wareq the ap, ting
At thag mcmcm 3 m:
nobody knew where, :nnauncm
Rucous cayy 4,

¢ thoughy;, “Well, mm \\h
this patheryne of all ¢he g, rds, 3,

0 the assembly from
wnlb a

1S grear {:smnl?"
Ut when the b, saw lu'm. lhcy Whispereq 4 H
He s the shrewdeyy of the birds, they say g, let us haye
ay, from him, or the proy b says;
Of men, the b, Hmartesy iy
The jadal, of the beagyy;
The gy i cleverey of burg,
The \\'hx(L\RObe of the Priesy,
Ang bendey,
Coage, the
H heedgupy ot bt through,
Wil ever foung, + beng sound
From 0% of yiey, ~
5o the My said g the qq 0w, the b,
have ng k €y have g, ¢fore decjy lmo:'l!;
9 angine this gy, a3 theyy upreme Monarch, py €3¢ ex.
W you, 108 alia, you N the nj, of time s
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267+
« BOW THE Rygprr FOOLED Ty ELEPHANT
Y 3 Pt of 3 fopey, Ived 3n depbanl-h'ng Damed
. rw.mk, who had 5 Umerous rennye of elephants,
" Myize %23 3pent i Protecting the hery
Now gnee there eapye twelieyear drought, ¢ that

AMPS, ang Jaes went dry, all the
eleghany d (g ¢ lord of the herd; «

went gagy found begig, 2 path near
3 Bke nageq Lake of b, !f vag
beaung ) ¥ fuan,

Moon. It
heton,, PIEYS, ducks, ey 2kes,

Gaagy, 5 ¥alerareqgyy B wag ey ered in fioy,
g Py of brany, droopx'ng under ¢ho weight of
Ry |y Both gy, were o ed wi
BeeL Jy pog Made Joyefy by sheery g born
ullkupluhmg of trap I Waves ghyy daneed i the
b 20 g 5 the shore, s warer wag

iehar jiyeq thay ed from elephmt-l:mplcs
e LN of beey; few up wy the Jord,
(flll.:u plup, It wag VT sreeneg from the heay of
Serun by bundregy of paragy, 0 the shape of the coun;,
Sleangy o 088 0 gy k. 1t g 1o CP-loned
o Untouney e i, § tume 5, on mger.
g, Pluzmp by s of mountain maid.
Doy Wy by, Ming Wik B water, o
it fed gy Backers of M iy g full blogy, Why
¢l;n}. Wty , Ot ol paradiye,

3

%
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I a payy of a forast Iineg an clephzm-kx'ng Named
FourTusg yp, bad 3y, US retinug of ¢lephanis,
T3 time s spent ip Potecting ghe herd,
Now ance there

2 Weheyear g, u)
ks, ponds, 3Wamps, gng Lakes yeng - Then 3 the
elephangy d 10 the J, of th : dry

¢ sen
wind 10 scarch fop waler,
w

o b
Fpel 2] he 5 i
LSt Houng g






And if you 8% itisas it g Went myself, Because,

Tuay
And agains

Crows
Tb:cn\’oy
Through b

bindy; he
bim

Ruccesy

and
f myselr

Thhk,iubdcl,lh

gumeny

Andmndruul

AND owrg _ 16y
loosens whyg bound;
in war, if found, i found,

if you

WEre apeaking,

€ EOVoy's cre;
0 6t the facy
30 far o5 speech

May by tRanslated fnyy acts,

arted n
the acg of Itturning 4, th

lan

angd!o)
d espi
¢ Ia]

3y the office of eavoy
ouw”

g nded by
Ousandy of lordly e, B4, whose €ars, Jike ﬂowering
’ 8, were Waying in 5 dignifieq dance, 1y
appled With mayee of pollen from his ©@uch myg,
of twigy g the tipg of branchey o Sowering cauiy
2 30 thay he Hemed laden dloud with Dy cling.
ing b'gh!m'ng Bashey His ¢y, B was 3¢ P taned
o ane 103piring a4 the ok F coungley underbolyy
O which in the Tainy g4 pi!rdng Rathey gleam
Hebag the slowy beauty of Jeaves i a of pure blue
botusey g0 tWisting ryng 3d the fa
ke j, way

* Wmpley,

Passible g6, folk Jige me
e, 23 e Proverl Putg g,
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sature in the world who does not know the yabbi
ox:]t!h?:mn. But what is gained by much speaking? De-
12t from such actions, or great disaster vgxﬂ hefall you'st
tmy hands. But if from this haur you desist, great distine-
toa will be yours; for your body will be nourished by my
Light, and with your comp “ ymix x}:halla;lz;:s::

r happy, areltee fancies in this forest, In the alierna-
‘:e mf.?fny fight shal be withheld, your body will be
sarched by summer heat, 2ad you with your companions
wll perish.’ ™ .

On heaning this, the clephant-king lelt his heart stag:
str, and after long reflection he saids VIt is tsue, sin L
bave sinned againnt the blesstd Moon, Who am 1 thac1
wiculd longer conteod with him? Pray point out 1o me,
and quickly, the way that § must travel to win the blessed
Mosn’t forgivenese™

The rabbit 1id: "Come, sir, alone. $ will point it out.”
Sohe went by night 1o the Lake of the Moon, and showed
i the maon relected n the water. There was the bl
tunt quinesing disk, of tustrous loveliness, surrounded
by plancts, the Seven Sages, and hosts of stars, all dancing
in the reflecnon of heaven's broad expanse. And its circle
s coraplete, wish the full complement of digits.

Seesng hin, the clephant swd: *1 purify myself and
wenbip the deity,™ and he dyopped upon.the water 2
treak that eno mien's atmy might have enarcied. ‘Thereby
be diturbed the water, the moon’s disk danced to and

o a5 3§ mounted an a whitling wheel, and he saw a
thousard moans.

Then Victory surted hack in great agitation, and said
i3 e tlephant Lingr “Wae,

woe 1o you, O King! You
Bave doudly emraged the Moon The elephant s3id:
“For whas teason 1 the blendd Moon angry with me¥
“Becaene,” Mid Vicary, “yau have touthed this wa.
s Sothe elephant hing, with divoping cars, bowed his
bexd 10 e very canth i derp ubeisance, in order 5o Win
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is caught in some trap, or has c\::nlhl{cen killed” And
wany days passed whle { grieved in this ‘way. .

.\'gw a)n: evening a rabbit named Speedy made him.
i at hame in the partridge’s old nest in the hale. Nor
dud 1wy him nay, for § despaired of seeing the par-
twidge again. .

Hg:un:r, one fine day the partridge, who had grown
exttemely plump from eating rice, semembered hus old

and returned. This, indeed, is not to be wondered

No mortal has such joy, although
1n heaven's fields he roam,
Asin M ciey, 1 bus Jand,
And an hus humble home,

Naw when he saw the rabbie in the hole, he said re.
Proachtully: "Come now, tabbit, you have done 2 shabby
ing in OXxupying my apartment. Please begone, and
Jonz 0 weme abou 3.~
Yo fooll* uaid the fabbit, "don’t you know that o
dwelling §s yours only while you occupy 12" “Very well,
" 43id the partzidge, "tuppose we ask the seighbors,
Rpeyoua legal quotation,
Foe O aenhip of enterns, anks,
Wells, groves, and houses, 1om,
The nerghbon” NUmeny goer~
Such i the Tegal wiew,
And 3gqin-

Far,

When howe of £eld of well ar grove
Or and f4 19 dispute,
A npeyphihory teumony js
e o the sy
Then the 53

Lhat gy, -
¢ cunscary

You foglf Are U smorang of
e Uadition whyey tapy ks

Racel
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At holy shrines some saints are found
Quase capable of guzzhing.”

Upen hearing this, Curd-Ear, whose manner of life
had been assumed for the purpose of making an easy
Inelihiood, desired to win their confidence, He d.mefox.:
gazed strasght at the sun, stood on his hindlegs, l‘xrl:d his
fore-paws, bhinked his cyes, and in order to deceive lhcgn
by pious sent defivered ihe following moral dis-
course. "Alasl Adas? AUl s vanity, This fragile life passes
in 3 momcnt. Union with the belosed is an empty dream.
Fasily endearments aze 2 conjurer’s wick. But for the
moral faw, there would be no escape. Oh, listen ta Scrip
tret

Eack tranustory day, O man,
Tomorat Ining give,
Lhe. bk the blacksmith's bellows, you
Suck ais, but do not e,
And funthermore:

N mors) learoing s a qune,
A &g's wil, nothung lew,
ot docs 5ot aave from e and Aeas,
Not cover nalednea,
And yeragaing

A rtien eax ambng the wheat,
Amang the birds 3 bat,

1t be whio spurn the morai taw:
The merex lviog gnat.

The Sowens and frust ase better than the tree:
Benaey thaa curds iy butter aaid to be;

Better Ban ndale, ol thag tricdtes free,
Fetter thun mortsl @in, moraluy,

The praue of tmasant seadfastnen
St wise prolesons sipgs



274 THE ?AHC“A ANTRA
Su! ppo peside your neighbof you
rien lung )n 3 abides
\'hax weight ntd & rgummm
Eyewilh d cxde

Fooll Foolt Did you never hear the dictum of the $5°
Narada?
The title @ potscsuon is

A ten yoR* Y h:\nuum\
1ith wert 1 with the birds 2 and beastt

Mere pres®! lo(cupahon

wHences © su pposmg dus apaTtn ment 0 pe your®
:u\\nw;s ocu when 1m0 ved in, 3 dnovl‘uis

mingt.
»Well, wellt” ¥ replied the p rmdg if you :\ppc:\ w
cnnsccnlcd raditions come sth mes 3% w

they sttt & 1o have it dect was 2t
eit heels, ut of curiodt o § j hat commned
of all s, 3 52 w0
ow th had not aveled h ped
¢ parts dge- v §o08 feliow. iy 10 P23 i Jgment
on out ¢ cement?” And the P 5c 3 "0n
3 san by th D! hese these 5 pwcet
music I the danc g hat intet® preak
when ater B v aunble U e dwells
(omeat hose NS 1 £ar. H abides kL
mlus ¥ { penal 1i<denial 3 characef ha
e n comp;mo e
But whet the 1abt »p 1, bi soul st2gRts
with and he *NO is 3 38Y
You 1 have heatd e provet
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At holy shrines some sainws are found
Quite capable ol gunling” .
Upon hearing this, Curd-Far, whose manner of life
hzdp:ctn zmmid for the purpose of making an easy
tivelthood, desired to win their confidence, He therefore
gazed suraight at the sun, s206d o5 his hind-legs, I.med his
fore pavs, blinked bis eyes, and in order to deccive them
by pious sentiments, delivered the following moral die
¢ourse. "Alast Alast AU is vanity. This Iragile life passes
{2 moment. Union with the beloved is an empty dreans.
Famly endearments are a conjurer’s wrick. But for the
maral Law, there would be no escape. OF, listen 1o Serip-
turel -
fach manuiory day, O man,
To moral bving gnve;
i, like the blacksmith's bellows, you
Suck aly, but do nos e,
And furthesmore:

Noo-maral leaming is 2 cune,
A dogs tail, nothung fess,
That datt nat save from fues and feas,
Nor cover tatednes, o
And yet agzia:

A rouen ear among the wheat,
Among the birds 1 bae,

1 he who sparns the morat law;
The mercss hiviog gnat,

The flowers and

Better thag,

Beuter thaa

Tatter than.

frwt are better than the wee;
<urds is butier said 1o be;

alcake, o 1hat trickles free;
mortal man, moraiiny.

The praise of wnvant sadlisnes
wise profeson sing:
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1hhe who cuts down trees of cattle,
Ot makes a bloody slime in batile,
Should therehy win 1o heaven~well,
Who (fet me ask you) goes to hell?

“No, jo. 1 shall eat nobody. However, I am somewhat
old and’do not readily distipguish your voices from 2
disance. So how am [ 10 detexmine winner and loser?
1n view of this, pray draw near and make me acquainted
with the case. Then 1 an pranounce a judgment that
discsiminates the essence of the matter, and thus causes

no hopediment in my march to the other world You
know the stanza:

I 2ny man, {som pride or greed,
Timidity or wrath,

Judge falsely, he has set hus foot
On hell'y down slopang path,

Aad again:

Wha wrongs 1 sbeep, slays kinsmen fves
Who wrongs 2 cow, slays ten;
A bundred die for maidens wronged;
A thousand dhe for men.
“Therelore confide in me and speak cleardy at the edge
of my ¢ar™
Why ¢ain it out? That seedy rogue won their trust so
fully that both drew near him. Then, of course, he seized

. them simultaneowly, one with his paw, the other with

l&:\;o?;‘hh' teeth. An@ whea they were dead, he ate

“And that is why Usay:

A seedy umpire i not very . . L .
and the rest of it.

“juit sa, you, 00, being blind at wight, if yo
you, b take
overlord this seedy ftllow who i bhng;l ia d’ul‘da)lima:.
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You would not swallow poism dawn
Because 2 doctor hives in own.

No man of wate vituperates
Anather, white the public waits
For ren bruth shauld be concealod,
1f causing sorrow when yevesled.

And finally:

Reffect with many 2 chosen Iriend;
Refiect alone, and o the end:
Then act. You are intelligent,

And fame's and weslth’s reapient”

Alres these reflections, the arow also left the spot,
“Tor this canse, my o0, we have an inhesited feud
with the owls”
“Father,” s3id Cloudy, “what shiould e do
" An " &

under the
And Livedt

2 “Even in
these drcumstances there is an effective procedure other

than the six expedients, This 1 will adopt, and will my-
wlf dead the way to conquer the enemy. 1 will deceive
thers 3nd put them in 2 fatal situation. For the saying
oo

The strong, delt, clever rascals noie,
Who yobbed the Bratwman of his goat.”

“How was that?” asled Cloudy And LiseStrong told
the sory of -

THE BRAHMAN'S GOAT
18 2 unam 1owa ned 3 Brahman named Friendly
wha had undertalen the tabor of maintaining the satred
fire. One day in the month of February, when a gentle
Lireze was k}lcmng, when the sky was veiled in clouds
2ad 3 drizting rain was faliag, he wen 1o another vil-
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' “Then the Brahman spoke in anger: "Are you Elmd,
snan? You calf 2 goat 2 call.” And the rogue said: ‘Holy
s, do not be angry. 1 spoke in ignorance. Da a5 you
will” N

But when he bad watked only a litde Jarther through
the forest, the third zogue, changing bis dress, met him
and said: “Sur, this is most improper. You are carrying a
donkey on your shoulder, Yet the proverh tells you:

1 you should touch an assbe it
1 ignorance of [dt~
You needs spust wash your cdothes and bathe,
To deanse the sinlul spot. U
Pray drop this thing, before another sces you.”

Sa the Brahman concluded that st was a goblin in
quadruped form, threw it on the ground, and made for
homus, terrificd. Meanwhile, the three rogues met, caught
the gaat, and carvicd out their plan. :

“And that is why Lsay: -~

= The srong, delt, dever ragals note, .
and the rest of it

"Morrener, there is sound sense in thist

13 any man uncheated by
New servants’ diligence,
The praise of guests, the maidens” e
- And soguith tloquence?
Furthermore, one should aveid a quarrel with a aowd,
though the indisiduals be weak. As the verse puts it

Beware the populace entaged;
A crond’s 3 feanome thing:

The anns drvoured the ghant snske
¥or all his quivering ™
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fortress i of simple onstsuttion, withoy, CBTESS at the
rear. For the s¥ying gocs .

Alfort zuugt Faye o cgress, say
The pecialiyy, 3 Zap;

I

them 25 ¥0U guard you, Lfe -
Bvery day for one sole day,
When You meet your foe 15 strife, .
4
i thse orgy e\

ed a sham fight with (he king,
Ang Cloudyy fetinye, seeing l.ivbSlrong Jabber vy
Yabrigleq license < king, stay,
0udy sajd: »gjy,

Smeared
(whi s had Pravidegy, and deparieq
th hiy Tetinue !orAmdopc Moungain, 5y Livcx?trong
d 5 men,

th $ consory, cting 55 spy for
the hemy, weny 204 reporteg in deszj (@ the ou) ki,
e d; e of Cloudyy Prime minigter,
Ling, inmrmtd of rre,
Qinery 4y 1utidawy, o 2 crow.
ten, friend,, hasteny The e,

e ow]
1 With his ro
hung, And he aid; «

emy iy pzniwtn‘dcn. i i
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fortress. Whereupen 1 S35 You shoylg not march
« 3gaingt him, Tor they are STong, and ye gre weak, Now
"Bt proverh advises thyse who wish o thrive;
. Do nar, 1oy i thoughy, offend i
Swanger frey W40 will nor bend; .
Thepwill oot 90 Y088 oF shag, -
Yoy Will die, 2 mppn ia fame .
You shauty stk peace by Paying him tribue.’ Whey he
Beard iy, he was mady funong by rascally adviser, sus-
Pected me of pagy, i

OFC JOUT Yoyal fear Ae.now my gola

Teluge. Iy 2word, 3o longas I can stir, T wif] conduet yoy

is 3] cau Tuction of ‘the
Goug”

Oa bearing this, Foe-Crusher ook coupse] With7thie
Pumselors whg bad gereq g father and gy grand.
3ther, They WeTE fing jp Bumber, ang (heiy names were
gtyc. Fierce Eye, Flama Fye, Hook.N,

S, and Wl
. S0 freg g qucstioned Red-Bye: .
i !

¥ wotthy sir, whae
R done under the Clrcumstan cagpe And Red-pye
taid: =g King, whyt jy 120€ %0 consider Bere? Rilt hipy
withoug hesitninn, For the Proverb sayg;
N Kmnamng. &t e groy
Hard 1o tamte; "
Later, i, JETRAT pawer
Hewit Eghe r
besidey, 5% kngw b, €Onmun ‘peg, le say: g lost
thance bring a futted Ang *gain: f Fle =y
He wha vy N0t swhey he may,
hewuy 5o half hay nay,
And gy

1 pile you m3
TR up ang Rung -pu)‘, ’
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2 once, Ang the Telatives
Bear the fia1q

d day (he
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Theyal renounced him; he hag made
Them do 50 by his homrid trade, .
- Far you knoy

With g Fepulsion (hye
Fierce $7pents) 81l before they arike,
. Tosuare,

t0 imprigg, ang to drub
He took g ey, 5 g, a cub,
And Wandering dalyin the

He broughs a1 eatures harm, no; good
Whlle be vy gy e wood one dyy,

The SRy grew blagy With cloudy Saightway;
S0 wald the Wind, 15 ferge the rai,

I the worlq dissolved jn Ppain,

Then, a3 ne Beart wighin him quh:t}d,
Ang ey

€ upog 3 tree,
Now ag p, ted, near apg Lar
1n g, it

CAUINZ 1kjey, tachayr
Shone bright; ang hehad gy o pray:
"0 Lord, be kind 1y g today. -
T Upon the tree
ina Qnty;

There wyyy dan
W,
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see € away,
AB“nrduou, * sin Wiﬂpay






5e his merje
Aad for by other’y

’
‘Oh, J .

EROwWs Anp

owrs
borne away,
sing wigy .
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Tbtwu!commimhcsln;mdhl:
Or 5000, the soul mygy Xpuate,

Isever et on what is dire;
T needs bug Lty Wil to tell
2T my courze for ghastly heyy,

"A moral lessog 1ey e dray
From whay Y savage sping guy,
The high-oyteg dove, thay 1 may eaf,
Hay ucnficeq bimself for ey

“Hencefory letali enjoyment be
An unlamylyy, thing 10 me;

Y thare he shallow Water's fare
la Augug; wall ¥porate,
“Cold, wing, 3ng heat I yip cmbrace,
Grow thin 5

Will fast py oy

Seek vigryg, Pperfect ang alope,”

The fouler then apicces torg

ub, peg, MY Cageang what gy more,
Set free the wretched femy)e dove
‘e for her Petished Yo1,

Whereay e gase o,
To thoughty of borror a0d of woe,
My lordy My lover Whatshay g g,
L dnag, APt from youp
Whay progy hasa

MTithed wyf
Wathoyy 5 bubang, of ber Ltey
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Having liteneq 0 this, Foe-Crusher asked I-'lam&Eye'.:
What iy youp Opinion, sir, 1ings standing as they dop
dnd FlamaEye sad,

“She who theagy shrany from me
Hugyme ¢ her breagy, .
k you, benefactary Take
. What you Jyje the bes ™
And the thjeq replied;

"wamg here thay | shonld fike;
uld Ewang thin,
Tl yerurn o she docy nge
lonarely ding»

“But” aiyeq Foe Crugher, RETS that does no,
ding? Ang who is the hiel Fahoylg like 10 heay this one
in dtuu,"And ©Eye told (e story of ‘

TRy OLp MAN WITH THE YOUNG WIFE

¢ Wt once 3, 2ged merehyn, in 3 CeTtain gq,
:f;g:ldmm: a3 Lovelorn, T such an SXent had Joye

Tean gy, when hig y; e died, he Bave
muy oney in orde tom

fe
Ty ughter of 5 nni-
leu shop - But the gin w2 heanbroken and coulq
beaz 1 look gy g, ld at. Thys, indeed, Mighy
bave beey antic .
'n:eul'ntdhudmuxuem vaig
A maigeyy, love
The mayg deupiung Ll
To Bee agye. b sereeching
ite Hangganey Welt iy 383 pajn,
Where dead s bones are bleadung
And turthery, 1y






7’
ered: "Q King; bie shovld not be’

CROWS AND OWLS .
Y Hook-Nose answ
Jiked For ;

From enemics expect relick. -
1 discord piercs their hosty

Thus, Wis was given by the thied
And cattle by the ghost.”

“How was that?” asked Foe-Crusher. And Hook-Nose
told the story of ‘ .

THF BRAHMAN, THE THIEF,
AND THE GHOST

Theto was once 2 poor Brabman in a certain place.
He Vised on presents, and always did without such Juxa-
40 33 e clothes and ointments and perfumes and gar-
Linds and gems and betelgusn, Bis beard and his pails
weze long, and 8o was the hair that covered his head and
Ria body, Heat, cold, rain, and she like bad dried him up.

Then someone pitied bim and gave him two calves.
Axd the Brahman began when they were little and fed
them on butter and oil and fodder and other things
that he begged. So he made them very plurp,

Then 2 thick saw them and the idea came to him at
¢ac: "1 will stral these two cows from this Brahman™
Sa b2 100k 2 vope and set out at night. But on the way
be muct @ {ellow with a yow of sharp teeth set far apart,
with » high bridged nose and uneven eyes, with limbs
covered with knony muscles, with bollaw checks, with
beard and body a3 yellow a1 2 fire with much buter i it.

And when e thie saw him, he started with acute fear
and 1aid: “Who are you, sif?”

The other 5aid: ") am a ghoss named Truthtul. It i
Bow Your turmn Lo explain younell™ -

The ahief 1aid: 1 am 2 thuef, and my 2cs are cquel
1 am on smy way 1 dtead two cows rom a poos Brahman,™
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\nd Hook-Nose aoswered: “O Ring he shovld not be
ludfed. For .
From entmies expect elich.
f discord prexce dheiz host;
. Thus, hfs was grven by the thict
' And cautle by the ghost™

“How was that?” asked Foe-Crusher. And Hook-Nose
told the stary of

THE BRAHMAN, THE THIEF,
AND THE GHOST

There uas once 2 poor Brahman in 2 cestain place.
He Ured on presens, and always did without such Juxa-
+6 2 fme clothes and ointments and perfumes and gar-
1ands and gems and betel-gum. His beard and his nails
were long, and 5o was the hair that covered his headand
his body. Heat, cold, rain, 20d the like had dried him up.

Then tomeone pitied him and gave him two calves..
And the Brahman began when they were inde and fcd
them on butter and oif and fodder and other things
that he begged. So he made them very plump.

Then 2 duct saw them and the ides came o him at
once: “1 will steal these two cows {rom this Brahman™
S0 k2 toak 2 rope and set ont at night. But on the way
he met 4 fellow with a row of sharp teeth set far apart,
with 3 high bndged nose and uneven ejes, with limbs
covered with knotty muscles, with hollow cheeks, with
beard and body as yellow a1 2 five with much buter in it

And when the thief saw him, he started with acute fear
and sd: "Who are you, sir?”

The other said: *§ am a ghost named Truthiul. It is
9o% your turs to explain yourscll”

The theet said, “1 am a thicl, and m

1 acts are cruel.
1amoa my way to steal two cows Imma{)ootﬁrahsm.”
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And again:

1t argues uteer want of sease

“Ta pardon cbvious ofense:

The carpenter upon hishead

“Took wife and him who fouled his bea,”

“How was thau” asked the connselors, and RedEye *
w0l the nory of

THE GULLIRLE WMER .
Thae vas once a carpenter in 3 certain village. His
wile was 2 whore, and reputed £o be such. So hie, desiring -
w test her, thought: "Haw can I put her to the test? For
the prowerh tays . N

Fare chilly, rogues hless, and moonlight burss
Belore 2 wile 10 virtue tumk

“Now I know Isom popular gassip that she is unfaith-
{31, For the 1aging gocs:

All things that are pot setn or heard”
Inience or the Sacred Word,

All things in fatentellar space.

Aze known among the popatace!

Afier these refleetions, bie said o bas wites “Tomorrow
motwing, my dear, 1 am going to another village, where
Tihall be dezined several days, Ploase put me ERVE
tunch And her heart quivered when she heard this; she
eagrrly dropped ererything to make delious dishes, al-
h:uapuxe butter and sugar. In fact, the old saw was jus-
ued

Whea lowering clonds
Shot in the day, |

When srects are mired
Walh sucky day,






énow: AND OWLS : a'km 303

* 240 tnow the remedy. Is there any means of Tmaking my
haaband live 2 bundred yearst” And the goddess :cpl.led:

i "ladeed there is—~a temedy depending on you alone.’ Of

! course { said: ‘1 it cost my life, pray teil me, and I will
doiL" Then the goddess said: “If you go to bed with an-

" other man, and embrace him, then the untimely death
taat threatens your husband will pass to him. And your
busband will Yive another bundred years' For this pure
pose Linvited you. Now da what you had in mind.The
wards of 2 goddew muss not be falsified—so muc 2 iger
tain Then his face blossomed with noiseless Javglites,
nd he did 23 she said, 3 X

Now the carpenter, fool that he was, felt his body thrill

with joy on hearing hex words, and he issued from under
the bed, saying: “Bravo, faithful witel Bravo, delight of
e famulyl Because my heart was troubled by the gossip
of evil ereatuses, § pretended a trip to another 1illage
i brder to teat you, and lay hidden under the bed. Come
8w, embrace mel”

With these words be embraced her and lifted ber to it
Mdn’. then 1aid to the fellow: “My dear and honarec
K you have come here becanse my good deeds eamec
i3 happines. Through your faver I have won a ful
:z":-“ﬂ yean of hfe. You, Wo, must mount my shou

So be forced the lellow, much againse his will, |
toust bis shoulder, and then wemt dancing about
the doors of the houses of alk his relatives.

“Aad that 1y why lay:

Tt argues utter want of semie
Ta
and the rat of it

“We ase caitanly uprodted and cndone. For the 1
ob s nghs Insapng:

ofrase, ...
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e soss of thy waters that broke on the rugged, Tocky
cse. On the bank was 2 bermitage crowded with holy
ten devotng their fime to the performance of aoed
nis~chanung, sdli-demal, sell-tortuse, swudy, faning,
wid atmifice. They would take pussfied water only, and
Bz 19 measured sips. Their bodies wasted under 2 diet
of bulbs, mots, Biuis, and moss. A loincloth made of
buk lormed their scanty raiment.

The fatker of the hermitage was named Yajnavalkya.
Alter be had bathed in the sacred sweam and had begun
tarinse hus mowih, a Litde female mouse dropped iom 2
hauks beak and fell into his hand. When he saw what
the wis, he Taid her on 2 banyan leal, repeated his bath
152 mouth nnsing, and armed a cererony of purd
Eauon. Then through the magic poner of hs holinesy,
e canged her anto a gul, and took her with him to bl
Resmtage,

As Nis wale war duldless, he 3aid o hers “Take her,
oy dear wile She has come into hie as your daughier,
a2 you munst tear her carefully * So the wite reared her
354 sporled hee waih petung As soon as the gl yeached
e 3g¢ of tuclie, the motker saw that she was ready for
=anriage, and 12id W0 her hustand: "My dear husband,
bow tn you fadl (o we thar the ume iy passing when
oI daughter shagld marny?”

A he replled. “You are quite right, my dear. Th
YTy gors

Bejore a man s granfied,

These goda tmust treat ber as 2 bnde~
The kre, the wood, ihe chowr of heaven,
10 ks way ne offenwe b grven

Hedmen nithe pli of firey

A aweet vouce, of the heavenly dhotns
The mmn e purey widin,

34 2 woman ste fom s,
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Marriege (or [iendship) is secuse;
Rut aat between the nich and posr.
And finally:

Abmat seven things in marriage;
All the rest you may disparages
Bug

Get money, good looks,
And knowledge of books,
Good family, youth,
Poution, and rath.

“So, if the w withing, 1 will summon the Biessid suz,
10d gve ber to him.™ “1 see no hatm in that,” said his
wile, "Les it be done.”

The boly man therefare surtmaned the sun, who ap~
peared without delay, and said: "Holy six, why asm 1sume
moved? The father said. “Here iy a daughter of mine.
Be hind cnough to many her” Then, twrning to his
Sughter, he saids “Litde gisl, how do you like him, this
blewdd Jamp of the three worlds?” “No, father,” said the
gsd “He 1 100 burning hot. T could not bike him. Please
lzzion another one, mote excellent than he is” |
Upon bearing wis, the holy man sud to the sun:

Blewtd one, is there any superior to you?r* And the sun
seplicd: "Yey, the cloud is superior even 1o me. When he
vens me, 1 duappear.”

So the holy man summoned the doud next, and said
tathe maiden, “Lisile gith, 1 will gave you 1o him.” “No*
3nd vhe. “This ane 1s Black and fngid. Gwve me to wme
one Gner than he™ .

Then the boly man uked. “0 doud, s there an)m‘n
tupesior v youd” And the doud seplieds *The wind
Rperioe even o we "

S5 be wammoned the wind, and wid: "Litle girl, 1
five vou o han” "Father,” Qid she, “tus ane s 109 ﬁ;!g-
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Wher they came to the fortress gate, Foe Crusher said:
Come, my fienddt Gise iy LiveStrong whatever
asiver he prefers—for be wishes us well.”

And LiseSuong, hearing this, reflccted: T must now
devae 4 plan for their destuction. Thus is ot possible if
Ulire in their widst. For they would observe motions be-
traging my purpose, and wowld hecp (helr €yes open.
Gsly by remaining near the gate <an 1 accomplisth my
dain”

He therefore s2id to the owtking: “O King, what the
Ying has snd, s emwently night. Yet 1, tao, am a student
d diplomacy and 2 well wisher. I know*qut eten ane
who u loyal 2nd pure in purpose should not dwell in
e heart of a fortren, I will therefore take my place here
at the foruen gaie and pay daily fomage, my body sanc-
tified by the dust from your Jotus feet.”

To this the awling agreed, and his eficient caterers
Ly gave LnesStrang, by special command of the ting,
the ik of the viands. 5o that in a very fow days he grew
Hrong as 2 peacock.

Bet Red Lye, seeng bow LiveStrong was being pam.
§=sed, was amazed, and be said 1o the counselors and to
e hing humelf. “fear met These counselors are a pack
of fnoly, and you, too, sir. 1 cannot think otherwise,
Then thore 1 the ayions-

Tplaved the taal 3t fitse, then be
Wha had me vn s tethet;

And then e Jang and counselora
We all wete Loals together™

“Haw was that¥” they asked. And Red-Eye told the.
wogy of

THE BIRD WITH GOLDEN DUNG
There was onee 2 great w

T an 3 Mauntainy i
Mlned 2 hbetes whose dung guld ot in aide. On
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a1
*And that is why 1say:

1 played she fool at sty - v oo
and the rest of it

Bug once more~—Tfor [ate w2t hostile—they neglected
Red Eye's counscl, sound as it was, and pampered 1jver
Suong funher with varied viands, wcluding plensy of

meat.

“Then Red-Eye called together his personal adberents,
and wid to them prvately:.“The end is at hand. “The
seltase of our king. and his fortress, ase things of the
past.  have guen ham such counscl as an ancestral coun-
sclor should give. Let us now, for our part, seek another

. forues in the mountains, For the saying goes:

Joy comes from knowsng what 10 dread,
And sorrow smses the dunderhiead:

A tong hife through, the woads $'ve walked,
But pener heard a cave thas talked

“How wis thati™ they asked. And Red Eye 1old the
story of

THE CAVE THAT TALRED

Thete was once a Yion in a pare of a fosest, and his
mame war RooghLlaw. One day he found nothing what.
et 1o cat 1 hu wandenngs, 3nd his thoat was pinched
by hunger. At sunset he Game to a greal maunia case
and went i, for he chonght: “Surcly, some anima) wil
fame into Gus cave dunng the waght. § will hide and

oW

Prowntly the awees of the e, 2 jacka) named Gurd.

Face, came 10 the doar a0d began 1o sing: “Cave ahoyt

Cave 3booop'™ Than alter 2 moment's silence, he 003%

ninued an (e wame toner “Hello! Donty Yor remember

T vou and 1 made 20 agreement that T was 1o speak to
,






CRows AND Qwys
Ald him, the downgyyy ofa king
Lswnltand syre,
Aod there is soung Feasoning in this;

The shrewg discover enemies
Disguued 5y Iriendy

In aenwcles toulielory whose speech -
To el tendy

Cauie youp friend ng bitter woey;
Do noy fraternize wiy, foes:

Friends, wheq lost, are friends ng more;
Enemiey werp loct begore,

When peed 5y Berdlul, ngrey Permj;
Delay, by 49 it pay; t
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The bow of heaven, Arjun felt
To woman's hracelens yield

The wise and sirong, awating days
More prosperous, must grant
Obﬁdimf?:n wicked lords
Whate speech iy sdamane:
Gigantic Bhims, tmolb:begrimtd.
Puffing at aber, and
A ladfe Sounhed in his g1,
Was cook in Mauya land.

The prudeat, bopeful pan should act
wste 33 el ease,
Sbould steel his heary 10 carry through
Aboly deed, of base:
Ceeat Asjun with 3 clloysed arm
From twanging bow divine
Efeminately danced, and 2w
Hus unkhing girdle stune,

The wise, alert, ambitious marn,
Hbe expect wiceess,

Mugt wast on forwae, watch hia aep,
And cab by statelinens:

Vb hing, wih Pigtn’s stafl,
Loog drew hiy patssful breath,

55 wonbiped by his brothen, grea

As War, and Wealth, 2nd Death,

Sa Kumipy Yandome, powerut twins,
High ety wry o0 their brows,

Were mesnl ar Via's coury,
Aadlined by wountiag cows,

So queenly Cravpadi, wagy Youth's
And Ratchiten beauty'tsenl,
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“The bow of heaven, Atjun felt
To woman's bracelets yleld.

“The wise and syong, awaiting days
More prospesous, must grant
Obediente W vacked Tords
Whose speech is adamant:
Gigansic Bhima, smokebegsimed,
Prthing at habor, and’
A ladle fiourihed in his fist,
Was cook 1 Mavsyx Tand,

‘The prudent, hopeFul zan should xct
Avsuity an evif tasg,

Should sicel hix heart vo carry through
Aholy deed, o baser

Great Arjun weer & calloused arm
From tweanging bow divine

Efierunztely danced, and saw
Hes tinkling girdle shune.

The wisz, alent, arbitis man,
16 he expect suceess,

Must wast on forane, watch dus step,
And curh bus statehsess:

Yudhuhthur King, with pilignm's staff,
Long drew hus paislul breath,

“Though werthiped by his brathers, great
AxWar, and Wealth, and Death,

So Kunl's handsame, powerful twing,
1high byt waak an thest brows,
‘Weze menaals 3t Virata's court,
And ned by counting cows.

Sa quoenty Braupadi, with youth's
And watchles beaury's seal,

.
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What glauion Ras ot mauch uarsst
Within himwelf to bea?
Whom does not fostane stader prond?
Whosn does uot death lay fow?
“Ta wham da pet possessions bring
Abundant harm and woe?

The seady tortns glony, while
“The restless forfent tricnds:
“The bankeupt farleus (zmily,
“The bankes, beitex endst %
“The man <4 pasion forfets bakks,
“The bavmer, fricadship's floner;
The king with carefess counselars
Mux forfeit kengly pawet.

“Yez, © Kiag, T have experienced in person what you
were kind enough to put inte words: that assodation
with the enemy is equal $o Wbe yword-blade ordedl. As
the old vemse pen ity N

Bear even foes upon your backs
When fortmas <logy

Your gaxb. endyxe, The great black spake
Shew many .

“How uas tha?” asked Cloudy. And Lisedwong told
the wary of

THE FROGS THAT RODE SNAKEBACK
There was once an eldetly black snake in a certain
1pat, and hu natue was SiowPoison. He comsidesed the
sitatiae. from s point of view: "How in the wodd
@ I get along without overaving my energicst” Then
hewent ta a pond tontaining many frogs, and behaved
a5 :5 v.;v/ dejecicd. ' :
waired tho, 2 frog came to the edze of the water
3d asked, "Uncle, why don't you busile about today
for food ¢ wanady*
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When Slow-Polson heard this, he 'qm:fc:td with joy
1 exery member and made haye 1o s23y2 “Why, that is &
a5t of the fursc laid o me by the, Brahman. For that
wn 1 am greadly pleased at your command.” So he ate
rogs uninterruptedly, and in a very few days be Fmv
wong. And with delighs and inner Xaughter be saxd

The trick Was good. All soris of froge

With’n my power hase pqu .
“The only queson thas semales,

Ts: How long wilk they Jast? .
. Water-Foot, for his past, was befooled by Slow-Paison’s
slausibilitics, and did not notice a thing.

At this moment another black snake, 3 wemendous
{ellow, arrived on the scene. And being amazed at the
tight of Slow-Paisan used as 2 vehide by frogs, he said:-
“Partuer, they are our natural food, yet they use you as
avehice. Thes s repellent.” And Slow-Poison said:

1 tnow 3 should oot earyy Trogs:
Yhase it well in mind; \
But 1 am marking tme, as did \
- The Brahman butterbiind.

“How was ta?™ asked the saake. And Slaw-Boisar
10d the sory of

*  THE BUTTER-BLINDED BRAHMAN

There was gnee 3 Brahman named Theodore in a cer-
uin wown, Hix wife, being unchaste and a pumver of
other men, was lores e making cakes with sugar and but.
ter faz a taver, and 3o cheating hes busband.

Now onie day her busband saw hiet and waids “My desr
wife, what are you tooking? And whexe are you forever
cstying cakes? Tell the wuth”

But her impudence was equal o e pocasion, and the

wlied 10 fier *~hand: “There i a szine of the blesid
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Then SowToison, with noiselets hughter, hummed
over the vene:

The wik was good. Al sosus of frogs + o o+

and the rest of it And WaterFool, hearing Wis, Was
conscience stricken, and wondering what he meant, in.
quireds “My dear sir, what do you mean by recidag that
repulsive verse?” “Nothing & ali,” said Slow Fobson, de.
situng 1o mask his purpose. And Water-Foot, belooled by
his plausble mannez, failed. to pasceive hus weachery.
Why apin it oat? He aie them all so completely that
not even brog seed was left.

“And duat s why Lsay:
Beat even {oes wpon yaet back, L, . L .

and the rest of i1 Thus, © Ring, just a5 Stow-Poison da
woyed the frogs Quroaghy the power of intelligence, oo
dx!il‘iis. 1 dawoy all the caemy. There is muck wisdoy, fn

‘The forest hre feaves ronts entice,
Though syanhaTemam a shells

Toe Soading pool of water cool
Uproats the roots as welt”

Very tsu” said Cloudy, “And besides:
“Thi 13 the greataess of the great
Whom gems of wirdom detorate:

Despite what huric aud hinders, too,
They we an underaling throughs”

“Very wue” said LivaStrong, “And ouce again;

The Goal peony ol adels, |
The finad Ioeman due,
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And Cloudy reptied: “It is wonderfal how immediae
is the seward of knowing sodial ethics. By virtue oi‘whxd_l
You penetrated and exterminated F_o&(:rushex with his
etinue” Whertupon LiveStrong said:

“t§here a1 1ant you peed sharp messures,
Fint try geutle measures there:
Thus 1be lofty, londly rea-trunk
1y not telled without 3 prayer.

“And yet, O my king, why say of a future matter either
that it involves no cffort or that it is not seadily attain-
able There is wisdom in the saying:

Since words with actions 221k to suit,
The taudly tesolute

Who we a thowsand checks and blocks
Tus ints public laughingsocks, 4

t;oz are thoughtful men heedless even in minor mauers.
o

“The negligent who say: -
‘Some day, wome other day—~

The thiog is petty, small,

Demands no thought ac 21

Are, heedlew, headed srught

Yor that repentant state

That eves comts wo lae.

“Bwt a3 for my masier, who has avercome his fors, by
way sleep tonight as soundly as ever be did. You knav
the saying:

in bowset where no wnakes are found,

One Meepst o7 where the sakes are bounds
Buy pesfecy rest inhard o win

With serpents bokbing vot and in,
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dp away at aw; fidgery as the bandardog; unequili-
brl:ledw:sy water on :sltuz:u«lcaf: muable’as the wind's
s hy as rogues” friendship; hard to tame
a8 2 serpent; gleaming but a moment hike a strip of gve-
ning cloud; fragile by nature, like the bubbles on water
ungrateful as the substance of man's body; losr in the

moment of attainment, like the treasure of 2 dream And
furthermore:

Whenever kings avoinied are,
Let wit spy uouble from afar;
Ancintingjars too often spill,
With boly water. pending il

“And no man in the wide world is beyond the cut
of pending ill. As the poet sings:

Remember Rama, wandering lar;

Remember Nala's unking star;

With Bal's bonds, the Vrishnis® tomb,

And Lanka's monstes-monarch’s doom;

“The Pandus’ forestbome disuster,

And knightly Arjun, dancing master,

Time brangs us woe in countless shaper.”

“What savier is there? Who escapes?

Ah, where it Dadacath, who tote 4 bvven

And dwelt its king besided

A, where King Sagar, be to whom “was gien
To bind e ocean's tide?

‘Where arm born prthut Where is Manu gone,
Sun<hild {yet suns sl sisel?

lmpenouws Time swakened them at dawn,
At crening clowsd Wit ey

And again;

Whete iy Mandhatar,

» CONQUETOT supreme?
Where Satyavaat. the Li:n
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“And again:

A noble purpose to atiain

Desiderates extended pain,

Asks man’s full greatntss, pluck, and caze,
And loved ones alding with a prayer.

Yet of it climb to heart's desire,

What man of pride 3nd fighung bre,

Of Passion, and of self-tsteem

Can bear dhe unaccomplished dream?
His heart indignantly i bent
(Thraugh iu achievement) on content

“Thercfore my heart is at peace. For 1 saw the under
wking through. Therefore may you now long enjoy lhﬂ
kingdom without a thorn~~intent on the safegusnding
of your people—your rayal umbrella, throne, and glory
unshaken through the fong tuccession of son, graodwa
and beyond. Remember:

A king should bring his peaple case,
But be should alo aim to pleax,
Hus reign is else of histle note,

A nek teat on a female pat

And oncr agiin-
Lave of virwue, scom of vice,
Wisdom—raake 3 kingdum’s pruce.
Thea is Glory proud as shve,
Then her plumes and pennoss bave
INcar the white ymbrells wave,

“Nar mutt you, 13 the thought, "My kingdom is wor,
shates yoer sout with the dntosication of glory. And this
beaause the power 6f hiogy b 3 thing ucertun Kingly
glosy is hard to dimb w2 bamboosten: hard o bold,
Acing teady ta taable in a momaat, with whateres effuct
it be beld upright; &yven thuugh cwnbiliatest, yet sute @,
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God-ruling Nahush? Reshay, e'er the gleam
Of sience following?
They and their lordly elephanu, I ween,
“Their cars, their heasenty throne,
By lofty Time cunferred, in Time were soen,
And }ost through Time alone.
And yet again: |
The king, biy counselors.
His maidens gay.
His golden groves. Fate stingn
They sink away.

“Thus, having won kingly glory, quiscring like the et
of a rogue deph:ml. take delight in her, but trut in wir
dom only.”

Here ends Book 111, called “Crows and Owls,” which
wreats of peace. war, and the other four expoedients. The
B3t verse runs:

Reéconciled although he be,

Never trust an enemy.

For the cave o owls was burned,
When (e cuws with Gee recwmad,
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LOSS OF CAINS

Here, thea, begins Baok. 1V, called “Loss of Gains.” The
fng verse uns;

Blind folly always bas to pay

For giving propeqty away ~
Because of blanduhitients and guile~
‘Tt monkey tricked ihe roendile,

“How was thati” asked the princes. Aud Vishnusharman
104 the story ot

THE MONKEY AND THE CROCODILE
Oa Qe shore of the sea was a great soseapple wee that
a8 neves without fruit Ta st lived 3 monkey mamed
Red Face.

Bow one day 3 wocodile named UglyMug erawled
aut of the occan under the tree and burrowed in the
solt and. Then Red Face taid: “You are my guest, sis.
Pray ear these rose-apples which 1 throw Jou. You will
&0 them Yke nectar, You kaow the proverb:

A fool or wholar Tet hum be,

Pleaunt or hudtons 1 see,

A guait, whea oflenings are gnen,

T uwelul as 2 brdge 12 heaven,

Ak 0ok biv hotne or educaiton,
Ha tumady or repuation,

ny






s it
To give birth, 4y, beed 5 mother;
M !

More degp than nyyypy) Lrothery are,”

But she said: « bBave peyep refused before. 5o
Lam gy isa xhe-monkcy. You love ber ang opend the
whole day iy her. Thy, hy you wily not give me
whag And whep YOU meet e 5y Right, your sighs
e hop 5 fame of fire, hen yoy hold and kigg

6 you t hug e Hght. I kngpy e other Woman
by 3tolen oy OUr hegre 5

¥ € Tocodile 54 quite dejecieg, and said g gy
»
When 1 30 2t your feer
And Your Sweer,
Why do U logk 5, e
With peey, Iealougyy

UPon your p,
Myri\"d.ry T o
And 54 1 y i, gy,

From e thay §¢ oaly tricky e,

“Btid, ifyou g 20t love ey, Why not ki ber when
Ty 942 And 5 s realjy o hemgp), why shoytg
Tou lgyo himp Enoughl Unlegg e h 1

Ne ndnodeath' Your p, s
dNuw\.h:n heuuho il nhewa:.he\m

Mracrey with itry, -,

By Yo ang faig, Ah, th P
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vBut we monkeps live In trees,
a?g water. How can 1 go there
bae, brother, that § may
biessing.”

The cocodile saids “My friend, our home &1 on a
orely sand bagy, under the water. So Qdimb on my back
A5 trave} wmiortably with nathing to fear,”

the monkey beard this, he was delighted and
aid: “If chag gy possible, my Iriend, then hasten. Why
&h) Here T am on your back.”

Bat ag he

1a the bottorgess

53t there and saw (he trocodila :;lm;xn:;:

ocean, the monkey was teryil y fright-
@ed a0d nig; ~Gq slaw, brother, My whole body it _
d'!:;g:d by ihe great waves

the qrocadile thy
fell from g "

piH]
and your home is in
? Rather bring your lady
bow down and receive her

ght when he heard this: “If he
'y backs, he could not Tove an inch, the water
530 deep, He i in 1y power, S0 1 will tell him my pur.
Posc, and € €20 pray to his favorite'god” ¢
And be gaid: You and brought
™ 1y your death, because my wife bade me do it. So
PR 0 your favarite god™
“Brother,” said the monkey, “what
b X Youl Why have

You planned to ksl mep*
Wl teplied the crocod!

le, “those nectar fruits
Wied 1g sweet (hat she  to Jong to eay your heart.
235 why T have done this™
<0 the quick-witted monkey said; “If thay 5 the
Que, ur, why didnt ¥ou tell me on share? For then 1
wight have brought with me avother heare, ErY sweet
ndeed, whi ¢P 10 2 hale in the Toseapple tres, Ag
i, L am forlora in |hishmt.szeinguxtnxnh=-in
viin, withiout my sweet heart™
When he heard this, the qocodile wat delighted ang
1id: "I you fee) sa, @y briend, give me shat other hegyy,
And o1y cros wile wilt <at itand giva Up sasving heygalf
Now Lwill take you bacy. 14 the Jusc.apple trees

harm have I done






“Haow way gy asked the @ocodile. And the monkey
tld the story of . -

HANDSOME AND THEODORE
T ¥as once 5 frogking ig o well, his name
e, One day when tormenteq by his Telatives,
€ climbeq from bucket 1 bucke; up the Water.wheel,
2od fnay erged, Then he thought; #p1,
those el the proverp,

W can § pay
Uves backp For says;
While gge bringy o, OTt 10 disrey,
other feery 5 Pam;
Y Paying boty 8 they deserve,
bom again »
With thyy g
Wl
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33
-—-dsome, mig ypy) Theodore
Wmmhimintheweu 0O more

"How wag thag asked the &ocodile. And the monke:
told the stary of

g in a well, i
Te. One day when tormenteq by his relatives,
be dlinbeg @ bucket g, buckes up Water-whee],
Bralty Then he thoughy; v, @n I pay
those refy iy g back? For (he Proverb g3
While oge bringy nfoart 1 distress,
thier jeery 5 pain;
By DPaying both 5 they deserye,
man is bory *Rain"
Witk gy 4 ind, e saw g by FRake named gy g
Tawling o of bis hole. And on geq; him, he
Bought gnee mare: [y invite thay p), snake ingo
the dean o Y relatives, For e saying
N
Aliver drawy 5 dher oy -
Just 1 employ
Com foey 49 shatighter fooy, and thyy
> Tumg 8% futo joy
Having me 1y thy onclusion, he e, o the Mougy
the hote d Come aquyt ¢, € ouz, Hang
%! Come QUL Dyp the 4 this,
%ughnb:\\'h uhemybe'-ha' i

e
t iy calling W, he
noy long ¢ wy race, tis ng Snaka'y ¥oice, Ang
I h}‘: ‘Mjﬂlhnl:: :ilh Ayone ¢)ge in the liVing waorld,
wil] ust aezy e:eunlilllnu who k,
Fortbepmabnn: e ko Y be. '
Uaup

thluﬂ(nhnmzhn
Wm%gf.m%
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“Tell Handsorne, miss, that ‘Ihcodgrc
Vil scz him in the well no more.

“How was that?” 2sked the crocodile. And the 'mmk:ya
wid the atary of

435

HANDSOME AND THEGDORE
There was onee a frogking in a well, and his name
s Theodote, Ont day when tormented by his relatives,
he climbed from bucket to bucket vp the waserwheel,
and finally emerged. Then he thought: “How can 1 pay
tose relatives back? For the proverb says:

‘While one brings comfors i distress,
Analer jeers a4 pain:

By paying botk a3 they desesve,
A man s born sgain”

With his in mind, he saw a black snake named Hang-
some erawling out of his hole, And on secing him, he
hought quce ware: ™1 will invite that hlack tnake into
e well, and clesn out all my rdatives, For the saying
o > [

A slives draws a Siver outy
Just w the wise emplor

an foes to shughter foes; 3nd s
- Twn danger into joy™

Havieg come to 1his conclusion, he went to the spouth
of the hole and called: "Come out! Come owt, Hand
e} Come outl™ But when the anske heard tha, he
thought “Whoever he way be that it alling me, he
does ot belong 10 my Tace. That if 0o snake’s yoice And
1 have pa slliance with anyone elie in the Yiving world.
So1 il just stay here umil 1 am raze who he may be
For the proveth wape

Vot you bave full information

Of prowew, duracies, and salon,






337
But Theodore replicd: “No, sir, Come with me, T i)

OU 2 e25y way fngq, the well. And inside there ix 2

you ean lis, and
Y my relatives.”
am old. Now anq
mouse. And often §
5. The prover] i Tighe:
Whea strength jy ebbing, dying,
Whrg friends apy fune, 2nd wnfe, -
* prudent shoypd ying
A Qpetalippery e~
After veflections, he said: ey, Theodore, jf
ToU really mean it, lead the way, We will B0 together,”
“Friend Handsome = sid Te 1 will take you
by an eagy WAy and shoy, You the Testing-place,
Bat you DUt spare my faily, yoy WUt not ezt any ex.
Pt those § Ppoint gu,» R
Ny low,” 5213 the snake, “you ang § are now
hhch.d; Have 1o fegy, T will dg nothing bye what yoy
Witk ™

Then he Came
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As suddied guments di
All that yoy ¢ upon,
So, when ane virtue tumbles,
The rest are quickly gone,

Now one day, e eating frogs, he ate 5 frog Damed
Theodosing, the %on of Theodore, Ang Tb:odare,.scctlng
bim do it suajjeq with piercing shrillness, Bug hi wife
nid: .

"“'hyuolhrim\’ou were sl .
While y0u workeq Tourcuel wil, |
. Hope Bas feg ¥k your dead;
Wha wall gy Your haplesy heagy >

hnofm:pc!hisv day, or else 5
-davm_mhuhig." “

The snap, aid: Yy, ARt eat you, for YOu are Like

l;’:!:u Now if you dp 2 YOU 537, You yypp be like 5
S0 tbe Planned hyy ©4Qpe, and Loy the wel, while
hadwxnlems?intd there, impz.ncnt for hig

o turn, By
1S 0 2 lizarg tlived in
ther hole 1a the 13, ell: “My dear dam, do me
E favar, © 13 an qlq fy,,
12 £o and fing






LOSS 02 GArng 3%
As muddied garmenyy g, .
All that yoy st upaz,
S0, when one virtue tumble,
The rext are quickly goge.

Now one day, white tating frogy, he ate 5 frog named
Theodosiug, he son of Theodare, Ang 'I‘hwdo:c.fcex{x
Lim do it wajgeq with piezcing shriline, But his wige
nid:

“Way so shripp You were Wl .
Wade you worked your erye) witl, |
Hope hay fied with your dead; .
Who vall saye our hapless hesgp o~
Sulbinkouxaphnofaupc du'sverydzy. or else 3
tcheme 1q ki him.»

Now in courge of time the frops were Anished one ang
:ﬂ;ualymwmu:m;incd. 2 Handsompe 537,
-\{Ydur'rhmdarg T am hungry ang 31 the frogy ape
Pleasg give me something €t for yoy

broughs g e £
Thcodory, Hid: “My {xiend, fee] n anxiety on thyy
bead e 1 @ alive, 1f you PEIIIt me 15 10z will
Uade the in other wells, and bring them

The inke id: “yep -y G0t eatyou, for 0U are like
zg:&a Now if you dy 8 you u;. :

¥oU will be lije 5

Qanot live






#ome anima) gp,¢ kill even i 7 Present g3
So thc?:hl weat hunyn d dngging himge)f 4, a
fearby village, bo 3w begide 5 tank 3 donkey Named
FopEar who vy cbolu‘ng over the thin
8128, Ang by drew neap and sajg; “Undle, i, 3
i you, I i long since We met. How Bave yoy 8Town 34
fecbler
And Flop g, 2swered: quna, 2m X 19 do, Sephew)
i merciless, ang tortures g with
2dfu] he never Bives me 5 handpy of
fodder, | cat Rothing by, thiy Prickly 81355 favoreqd with
dugy, and I do Dot thrjye

Ome (here
Ve with omise yoy the Pleasure of witty
oM ertation R
" €Ty well Rid, " angwey, Flop&r, "but
villy, beasts 3y, likely o, be killed orest 5,
Tt Eood ou 2 spot tg ey
Vo, nowm

Rid the jacky), “My paws form 3 ¢ e 2o
fect he POt ang N0 stran, Nt
T 3y
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suctched oup 3 pang to detain you, That is the whele
$orY. So come back, she bas resclved 1o starve 10 deggy

for your sae, and the say3, I Flop-Far does,not

me, T will Plunge into fire OF Wates, or wil] ez Poisen,

An: 2 1 cannge lobcscpmltdfrnmhim.’So

have DI, 20d requrn, g¢ 0L, You will be o Wormnan.

zwam and the god of Joye will be angyy, For you
0w:

Woman g Love'y ¥ictorious

saal,
Sontess al goog, 1 por their weag
Bupposed) 17 beaven or for nalvation

er in dctcshn’on,
Love strikes them for €T sing forlorg,

manks, sope shorn;

When agee iy inmqml ’
Farg o e fid < hion :;x the jacka] an
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Now the king notied on pyy g0 e horrible
the potsherd, gng : y,
3 great her, g, L0k 2 woung i .
be besign eq Bonary gng 8ifts and thy Like, Tegarding
more Eracougly all o the princes,
ing the XPlional fa;0p shown hip, cherisheq
12 extreme julausy, et they feareg the king ang said
90t 2 word,
Now one 42y there 2 Ieview of icked trogns.
Waile 1 <lephany Were being Ictcutircd and !ge
b SPatisoned gng e men inspecteq, l.bc'king
o 19 43y 40 the potrey, “O Prince, what i
Jour namep And whyy JOUE fagyypa 1o what bagle way
45 woung s

O
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fully wasted for him, eager to kill But the jackal<ub
aids “Broten, that is an elephant, an enemy of your
nce. Don't go neag him.” With this he ran home. And
& owbes two, tecing their elder brother routed, felt
their phuck ooze away, The nellknown provesb is right:

Onz bold and plucky fighter
Wil guee 3 axmoy phucks

Ose brthen, routed hlightes
Duffuses evil tuck,

And, indeed, -

This s the very teason why
Kingt ook for wurdy fighters,
eroic, davariess, stonewall e,
And baa the cowardly blighters,

Later the twin bogthers went home, and humarausly

told their parents how their dder brother had behaved
"Why, you know,” tald they, “the minute he saw him, he
eouldn’s gee far enough quick enough.” ~

When e fatkal heard this, wrath entered bis spish
His blossomlip quis ered, His eyes grew r¢d, and a frow
made two deep wrickles on hit brow. And he tpol.
Bazdily, solding whe vwine

Fhen the lionzw took him aside and admonished him:
“You wmust never, vever apesk w0, my dear. They are
yeur brathen But her patient pleading flled him with
FITAT avger, and he st upon her, too: “Do you think
e theit inferior in courage or beauty or wienee oy appli-
catlon oe (ki Whar righe hase they 1o vidicale me? L am
teztainly guing o G them™

‘When the hewrd this outbunt, the Yoness lavghed
Quiety—~lar she dhd pot wish him 1o die—and saids

“Undsome You ate, 30d valacous
You have 1 kholar's bl
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im, eages 15 kill. But 1he jackalcub
is an ephant, an €nemy of yoyur
ez Bon't gy acar bim, vy, this he rap home. Ang
% seing thejy elder brother roul.cd,. felt
their pluck gy away, The wellknown Provesd js righy,

Oze bold 454 Plucky fgheer
Will gi amy,

bm‘ba'x.wcnt bome,

¥ €3 proye Ted, froun
WTinkles o his brgy, And he o ke
Bangyy seolding ey, ins, P
k bim atide 2pg 2dmongheq him,
U never, REVer spegy Wy deay, are
TOUr broth gy o0 A Rer patien, pkzding filled Ry witk
Stater 2750, ang he burge UPOn her, 109, v You thing,
Crior iy SOUTAgE o heony OF scien, hi-
uuap orakilp Whae Fight haye !h-.-yw!a ridiml?m?:}a?gx:x
‘:xm‘ 1=xﬂy Eoing 1o 43y them
When ghe beard gy Gutburyy the Y
,qukdy—(u_r she did g wih him 14 a; hnnﬁsm’::ughhi
"Handiog, 7 204 valorgy,
You hn’:q“;:h:ﬁuiu;
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doy a
at dawn the laundryman took him
2k 1o the bam, §o time czr:wplump
He could hard]y queeze inyg he :lalL
But one day the dog d th Tay of 3 shedrmkcy
in the du!ln(c. At the mer, sound h himgelf

bray, They the Pereeived ghy¢ be wag 5 dunk ey
mduguise.indhl!edhxmm!hbnw;l: @ clubs 3pq
dtoney ang 0wy,

“And n.'m is why uy

Haoweyer kilfu] gy disguise,
ind the Test of ji,~
T S
; When 1he Og:&::rbtwhamunﬁwgsﬁﬂiaﬁ
Spitit, apg Lameneg. “Oh, ¢

‘ﬂy Sining 'llm you
3t Yo g u&ld)' kzdxng_qtnng:. An, e
- When 1
P Fig g 2 e:.k:, ! o 1o cugy
Awpe forerey py o
Ang hllinx I JB:;:
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wbiy be contented a¢ howe. Her one jdea was smange

men .

Nawe 3. ¢ who Lved by pilfcring, noticed her and
n‘;‘i: "\'c:xnﬁdy ceature, my wife is dead, and Lam
soucten with Jove at the sight of you. Pray ensich me
with lgve's pesfeat treavare” -

And mp:;‘h Yon beantitul mas, if you feed that
way, ooy husband has a great deal of money, 2nd he it
w oid that he cannot stir, T will bring it, so that T may
o somewhere with you and enjoy the delights of dove,”

~" *That is arislactary to me,” he replied. “Suppose
you haten to this spat at dawn, 3o that we may go to-
geiher 10 some lascinating city where life may bear for
me §u perfert fruit” “Very well,” the agreed, and went
bome w.th laughing chuntenance.

Then at night, while her husband alept, she took al
the money, and reached the rendervous at dawn. The
ogue, for his part, put her ia front, sarted south, and
uneled two Yeagues, gaily enjoying the delights of con-
yeruea with ber. Bug when he 1aw a river ahead, he
refected: “What am 1 1o do whth this middleaged fe-
=2 Betides, someane might perhaps pumue her 1
will fuat eabe ber money and be o™ -

Sa be said 10 her: “My dear, this s 2 great river, hard
1o crow. L will just take the woney and put {twafe on the
fur bask, when Tetun 1o canry you alone on my back,
u.i x transport You in comfort” “Do so, my belovdd”
taud she,

So he 5ok the money o the Yt peany, and then he
12 "Dearest, hand me your dress and your wrap, wa,
W tut you may tasel duough the waver unembare
raned” And whin the did 10, the rogue took the money
aniibg 1wo gumenis nd went to the place bie bad in
=

the Loma't wile st dowa woebegone on the
niverbank, 4i2Qug her two hands inm‘!:?\hxozt. A
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«ibly be contented at home. Her ane idea was wTangs

o a topue who Bved by pilfering, noticed her and
m%, “Ymﬁ:vdy areawure, my wike is dead, znq 1am
cuitten with love at the sight of you. Pray earich me
with Tove's perfect treaure”™ -

And shnp::id: “You beawtiful man, if you fecl that .
way, oy husband hat 2 great deal of money, snd he B
v old that he cnnat stix, ¥ will bring it, so that 1 may
go somewhere with you and enjoy the delights of Jove.

~ *“That is satisfactory w0 me” he veplied. “Suppose
you hasien to this spot 2t dawn, so tat we may go (>
gether to some fascinating city where life may beas for
me ity perfect fruit” *Very well,” she agreed, and went
bome with laughing countensnce,

" “Then 3t night, while her husband slept, she ook 2t
the maney, and reached (he sendervous at dawn. The
Togue, log his part, gut her i front, started south, and
wareled two leagues, gaily enjoring the delights of con-
venation with her. But when he saw a river 2head,

he
reflected: “What agy 1 o do with this middleaged e
male? Basides, somicone might

haps purue hete L
ml\jmtmehnmoncyandbcgg“ T e

54 he xaid 10 hexs "My dear, this is a great river, hazd
10 crags. Lwill Just take the moncy and put it safe on the
far bhaok, thent return to cary you alone ou my back,
zmlii s&& Tazaport you in tomfort” “No 0, my beloveds
2y

30 he 1ok the money 1o the 1ast peany, and then he
said. “Dearest, hand me your dress and your wrap, 00,
it jou may waved through e water unembar-
rassed” And when she did 30, the togue took the mosey
and the Two gamtan and went ta the place he bad in
mind, . N

Then the lamer's wile 13t down wothegone on the
siverbank. diggiog her two bands into her throat. At






“How trye it i thyy Misfortuney Never come nng.yl
Well, shayp Lfighy bump o thall J 5 address €53 him wih soft
“ondliarigy and i

X ge out of lbe housey Or sha)i 1
5y intrigues o briberyy b

e s my monkey Imnd.
Twill agk gy, For the Proverh say;, ‘

Ak aid of f kindly teachers, man,
The king You oughy 1 3y
Their €2ds 10 sure -ucga.x.
“‘lumexb ¢ Your tagf
Alter thy, ns, he Put the Question ¢, the
Tonkey, why bad clim bcd back jngg to the 1, Scapple tree,
“Ob, zy [neng o e, “see o unlutky Tam, por
299 my very house jy 5

0, €, what ap, 1
is the Place £, ciliarj T one of the
Oher three devicegyn
But by Donkey 420 ‘ou Fretcht yypy,
ooy y Pursue Ugh [ agleg You not 153 yo !
e 2 fool, erefore [ vy Ot e1en g advige,
For (g Provery N
Give only whep, it figg « Al
To g, seek the p, .
The foolg, onkey broge to bty ¢
The parrowy cazy n
“Ho 23 thage asked the Socodife, And the Monkey
told ¢ ttary of - h
E PR N'SPARRO\
CETn yooy hw, ATOW ang p, wife yp,
Bad byy,py therr negy o the 1, Pf.h Of 3 tree, ¢ day i,
nth of Chruary 5 monkey g0, shelter T the
€ for e had been Cughy ;o an nab], haj],
and hj, body shncr:d
Since by teeth yepq

ble
the shghttsl bracze,
Waking Music ang his g ¢ Wag vro0.
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wife, why throw friends, relatives. and such inte the
ocean just because she asks it .

And the crocodile answered: “My dear Iellow, it is all
troe. Sz consider the maxim, ‘Seven words imake friend.
ship.’ and give ine a bit ol good advice. For there is 3

ayng:

~  Disaster cannot threaten -
The maa of sterhng worth
Who offers heipful counsel—
1n heaven, or on earih,

So. though 1 did you a wrong, 1 beg you to show fargive
ness by giving good advice. You know the proverb:

And js there agy suntiihood

In recompenung good with good?

But worihy men go seeking still

The saints returning good lor iIL”

Then the monkey said: “Well. well, my good fellaw,
1 advise you to go and bight him. For there is a saying:

Sway patrony with abeisance;
1n heroes raise 2 doubt; .
Fing petty bribes to flunkeys; .
With equals, fight 1 out™ \" -
;'Hw way that?” asked the crocodile. And the monkey
old

' HOW SUPERSMART ATE THE ELEPHANT
There was once a jackal named Supersmart in 3 past
of a forest. One day he canic upon an tlephant that had

died 2 natural death ik the wood. Bu M
stalk about he bod gt e 254

7 he coul 4

ik y: uld not cut through the tough
At this snoment a hon, in hiy wandenn,

came ta the spot, And the Jackal, Zpyfnlg Il;:n:: 2&?'
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ia; in returning, don's give him any news of me” Wit

wards he decamy .
When the tges hzdP;:\c, a leopard appeared. And the
ckal thoughe when he saw hiv: “Here comes Spot. He
ponalul teeth. So T will wse him to cut inte this

slephanthide”

1 With this fo mind, be said: “Well, nephew, where
have you been this long time? And why do you seem 5o
h“am’ You come 25 my guest, according 1o_the prove
ab i

N Ag\}utinnwi -
s a guest fndecd.

Now here fies this ephany, Killed by 2 lion who ap-

poinied me its guardian. But for all that, yon may enjoy

3 square meal of elephant-meat, provided you cut and -

Tun before he gets back.” . N
“No, unele,” said the Yeopard, “if things stand so, this

meat is pot healthy for me. You know the saytog:

A man to thrive
Must keep alive.

Rever eat a thing that doesn't sit weli on the stomach, So
Twilf be 6L “Don't be timid." said the jackal. “Plack
Up courage and eaw 1 will warn you of his coming while
he is yet a Jong way oE So the leapard 43 as suggested,
and the jackal, as soon as he saw the hide cut through,
alled out: “Quick, nephew, quickl Here comes the
YHon” Hearing this, the lcopard vanished also.

Now winle the jackal was cating meat through the

opening cut by the Yeopard, 3 second jackal came on
Mg scene in 3 great 1

ge- And Supersmart, estesming hits
an equal whose prowess was a known quantity; recited
the saanas
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\use every day, ang ate his f1l from diversified b o
e Eul"ays hZ left the houge, other dogs, drunk with
1oaatic spleen, clased in from all sides, and fore him
'irnny Limb with thegy fany . .
1Then pe though, “"Better one’s native land, where
002 fives 3¢ Peace even in timeg of famine, ang no one
Picks 2 quantel It js bagrer 10 re
Having ity Teasoned it thygy,
¥R place,

Then bis Telatives g g him questions, a5 gne Teturn.
22 from foreign Parts: "Cop g now, tell yg abouy jp,
What g e ouniry fike? How do the People behayep
What dg they ea Ang what are thejy habijegz

And he Teplied; “Why 3peak of the country?

The fgod 34 Yery good to eay

W to my gyn dty,”
8h, he returned 1o his

S0 the Tocodjle, having receiveq Bis friengs aqy;
esolved 1o die §f need be, saig favewel} 1o the mopy
. Heat tg his own hy,
Wi

orced 3 way in, put
S reliangg iy Tesalute valor, gng killed him, 5o e re.
overed py home and, lived there h:nppily for 3 long
tune,

Yes, the Proverb iy righy, N

Shun pleayan, days

The joy thay Hudes

Insloth. For deer cap Al the pryy
a4 Late prog ides,

Here ends Bock 1y, called “Lass of Gaing:
Mene rine

at histlesy Pan,

. The firy,












ILLCONSIDERED ACTION

Hee, ther) bagins Bock WV, czlkd. "lll—(lans&dettd. Ac
tion.” The first verse runs:

Deeds ill known, illrecognized,
JUarcomplished, ill-devisad—
“Thought of these Jet no man harbor;
Takta mming from the barber.

“How was tha” asked the princes. And Vishnushar-
mafi told the following atary.

In the southetn cosutsy & 2 city called Trumpets
Flower, In it lived a merchant named Jewel, who lost
his fortune by the decree of fare, though his life was
given to the pursuit of virtue, OneY, love, and salva
tion, The loss of property led 10 2 series of humiliations,
50 1hat he sank into utter despondency-And one night he
eflected: “A curse, 3 curse upoen this state of povertyl
For the proverb says: {
Conduct, patitnce, punty,
‘Manners, loving kindness, buth,
After money dinppean,
Cease 10 have the slightest wort,

Wisdom, sense, and waal
Honent pride and sell-esteem,
After fooney disappears,
Ak at once become a dreszs,
s
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Al this mosment a barber arnved w manicuze his wife's
mils. And while the barber was busy with his manicur-
ing, \he Jain monk suddenly appeared. When Jewel pes-
ived the monk, he was delighted and struck him on
the hrad with 2 stk of wood that lay handy. Where-
upon the monk turned 10 gold and immediately fell o
the ground.

The merchant then set him up in the middle of the
Bowe, and said to the batber, after handing him 2 tip:
"My good fellaw, you must nat tell anybody what has
happened in qur house,” Ta this the barber assented, but
when he reached home, he thought: “Surely, all these
niked fellows turp to gold when clubbed on the head.
So tomorrow morming 1, too, will invate 2 lot of them
and club them to death, in order to gt a Yot of gold”
:zd ‘ll:;. day and the night dragged away as he rmeditated.

P .

In the meming he rose and went to a Jain monas
tery, arsanged his upper garment, drcumambulated the
Conqueror thrice, sought the grouad with his knees, laid
- his garment's hew over the gateway of hit mouth, made
2 profound obei: and with an ear-pitrcing voice in-
toned the following hyma:

*The sints victorious endure
Who live by taving knowledge pure,
Who uterilise the mind within
By mind, against the seed of un.

And further: '

“The tongue that pralseths Him s blesr;
The heart, in Him that seeketh rest;
‘The hands ase biest, and waly they,
‘That £'ex 1o Mim due homsge pay”

Alter chanting other hymng alio to the same
in greas vaviety, e sought out the abbor l;z; ﬂ;—? but
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ILL-CONSIDERED AGTION .
1¢ir heads broken and began to bawl But when
3 in the dtadel heard the howling, they said:
o}t What is this tremendons hubbub in the mid-
wa? Come alongl” So they all scargpered and
monks rushing from the barber's house, ‘bloo.d
g over their bodies. And_being asked what it
‘hey told exactly how the barber had behaved,
¢ soldiers fettered the barber and carried him
ourt together with such monks as had survived
ghter. There the judges questioned him: “Come
at means this shamelul deed by you committed?”
¢ replied: “Gentlemen, what else could I do?” -
ith this he related the behavior of Jewel.
judges therefore despatched a who

«d with Jewel, And ihey questioned him: “Mer.
why did you kill a certain Jain inonk?” And he
1 gave 2 full account of the original monk, Wheres
they said: “Well, well! Let thix villainous barber
22ked. For his act was ill advised.”

en thix had been doae, they abserved:

Deeds illknown, Ul-recognized,

1Y accomplished, illadvised~ N

Thought of these let no man hasbor;

Take 2 warning from the barber.

there is sound sense in this:”,
Let the welladvised be donc;
Iladyised lease unbegun:
Ehe, remone will be le Yoose, »
As with 13dy and mungaote,

ow was that” asked Jewel. And they told the srory ¢

THE LOYAL MUNGOOSE

There was once 2 Brahman named
wer i T medhered 3 single

Godly in a certa
son and a mungooy
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At this moment the Brahman came home with 2 dish
4 rice gruel which he bad got from someone i s beg-
ing tour, and saw iy wife bxztu}_y hm:n_uug}m' 0o,
{the mungoose. “Greedyl Greedy!” she cricd. “Because
Jou did not do as 1 told you, you wust now tase thy
"hitterness of & son's deatb, the irolt of the wee of your
awn witkednes, Yes, shis s what happens to chose
blinded by greed. For the proverh says:

Todulge in no sxcraise greed

{3 Bade bl in vime of meeder

A grdy fellow $n bt world

Found an his head 4 wheel that whirled?

"How was thatt” asked the Brahuman. And his wile
wid the wary of

- THE FOUR TREASURESEEKERS

In 3 crtain town in the world were four Brahmans
who Yised 23 the best of friends. And being siricken with
uner poresty,

1y, they took counse] together: "A curse, 2
nmmmubuxiumplbdngpoorlrcr -

The wellaermed master hates him stilly
Hix Javigg kinwmen with 3, will
Abangon him; woes multiply,

While tiends and even children By
His Mghbor wafe grows cogl; the Bash
~ Ot vinue dim; brave eiony crashee

For huzmt who bas no r2ady cash,

Acd 2gain:

Chanmy, courge, Aoguente, good looks,
And dhorough manery of wocka

{f moncy does nat back. the same)

Are wscleu ia the soda) game,



872 THE rANch'AN'n.A
And & she 1aved \:xtr:\e ones, she cared for (he mungoese
2 son, BVIN him milk from her breast and

salves, <0 on. But i ¢ him,
{or she tho (2 A mutt ose is a NSV ind { creatur®
He hurt ™Y poy” ¥ the the proV
erb:

A son will €9¢F bring delignt

Though bent on follys passion: spites
aught od a fright

Though shabby, ™ y, 2

One day % ucked hes n in beds 2 waterjat
nd said o B ssband: “Ho¥ professor going 5%
watef. y prowect the boy from & TUnEoo*!
But when ¢ was Bone: the Br an went off some”
where Af to beg food, eaving the house Pt

‘While be was gones 3 plack snake jssued m his hole
an would have ity d 0 o baby's
adle. But the mUnE feeling 2 naturd
enemys d fearing for the life © baby e
upon vicious 8¢ ot hatfway 3% b th hind
wore him 10 bits, and tossed pieces far and wide
“Then deligh ed with heroisme h s 100d

jcxling from his mouth, t hers fof he
wished 10 #  what be had don

But whe the moth saw him ing, his bloodY
mouth his citement she fe cd tha the villait
sust have eaten bef paby boY 4 without thinking
twicts angrily dro th waterj upon him,
which ed himt ment that je st There she
1eft b without 3 ¥ cond th ughts and urried home
where she fo! ad the aby ste und, ad nexf the
cradle plack snake, o 10 bit- cm, OVEr
whelm oW sh d lhoushllc:sy
Kills efactors her 0O she be T head and



SLL~CONSIDERER AQGTION . 5(;{,
i washap, {4) geiting regular customers,
Tm;ﬁm\{. (%\ articles de luxe such 33 perfumes,
(7} lorcign wade. .
“Now the cconomists say3

Fakie weights and boostipg prices to
An avershamelass sum.

Asd constant cheating of one's Iriends
Axe Gt for social scum.

And agun: -

. Depasits in the house compel.
The pawnshop man (o pray:
3 you wald fall the owmer, Lord,
Il gine you what you say.
Likewise:

The holder of a stock reflects

_With glee, though aste of many:

- “The wide warld’s weajth belon
No other gets a peany,

ta mas

 Furthermore:

Palumery is firscclass warey
‘Why deal In gold and such?
Whate'ez the con, you sell it for
A thoutand times as much,
“Foreign trade is the affair of the capitalist Ay the
ook says: .
Wild eleghants a1t canght by tame:
3o mosey kungs, deviung
A trap for mousy, tapture it
With far fung adveniing,

The bruk commercial waseler,
Wha knows the selting game,

¢
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35 bubbles fromn hell.
Man's effort {wiiciently great)
Can zqual the wonders of fate,
And again:

Success complete
In any leat -
1s sure to bless
True manlines
Mag's efixt (sufficiently great)
o joat what 2 dullard ealls fate,
~

There is 50 toy

Called caay Jors

Bun man st szain

To body's pain.

T Vithau embraces Bis bride

With arms that the churn-stick has med

“So dislowe 10 us some muethod of getting TUOnCY,
Vhether mawling into 2 hole, or placating a witch, or
Ihing in 2 graveyard, or selling human desh, or anysbing.
You are said 1o have miraculous magie, while we bave
boundless daring. You know the saying:

Only the great can aid \be great
Yo win thes heasvs desires
Apart frot oceas, who could bear

The Bexce wbaqueous fire?”

S0 the magician, perceiving their finess as disciples,
made four magic quil, and gave one 1o each, saying:
“Ge 10 the nenbern atope of the Himataya M h
And wherever 3 quill drops, there the owner will ccze
tinly find a treasure”

ow as they followed bis directio

A i s, the lesder’s quill
dropped. And on examining the spot, he found the 1wl

alf copper. So be said: “Look heret Take alt the copper






-
ILt.consyp
" said be, “what g5

same yyay,n repl,
“Buy ajg the
tenibyy,
Aad e gt
his bang a

Vh
m38ic quill suck gy
Speaksagyoy did, then
said the B,

ERED ACTION
ied the
Brahman, “heq
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the meaning of thigy» g, the very
oLaen, “it setited on my head,”

Yhen will §p 8O away? Iy

" Sids “Ypey

oma;me who holds in
U had, arrives and
it will seqele ©on his head » “Well,”

42, “how long were You here?*/And ¢he
clhq Bhed: “Whg 1y 11 g in

Ramgy, king,

Gl ang ey

an wh whee]
T

0 33

Was poverry stticken, procyr,
ere, just ke Jou, A,
1 on his b

ng i world at preger, On
» “Ring Vinavaisa,” fe 82id: “Wheq

d 1 saw another

ad and pue 5 question 1o hin,
Ty 100688 Lasked 5 Question (j,
1

., wheel bagop tked: “My e, sir,
i-i T 81 f00d yhite stand
01

e felloy, ype of wealth, feqrfy)

Ures by n, prcparscd this terror, o Jn
Tight comy far, And i any should succeeq ;,
B vy 1 4 from hunger npq thitst, preserven
frog dt(‘repx(ude and death, ang yys merely (o end,
B torggy, it me
Kime fron from a sizapte misery, N
Aadpy i

After o bad gone, the gold-finder, wonder:
rﬁpam'on dela ¢ i

Phened. Ay,
told the eatlg,

d setrled on mine, Bu ¢

(just kg you)

ng thusy mpf,

Y tagerly folloyeq his
ving gone but a fiye

W3y, he say
b}

. T to his uestion,
histary of e whee], 9

£0 52y farewe]]. You have
owlam 80ing home

the whee|

@nnot reckop

horg, Pray,

Y dear s
st his treas.

ing why ilix .
fo01prints,
an ywhoge

2 man ortureq by a
irling on hi head—apg is man Was hig
i =.Q‘xhnc d agkeq \j
i Sating of thigaw “A%
the other, “But el p, 'g 82id e,
din a4 i

. the othep






n.’n-::omn:’nzp ACTION 379
st 623 fie, “what is the meaning of this?” “In the very
g way,” seplied the other, “it settled on my head,
"Bay® s2id the Brahmas, “when will &t g0 awag? It
Rusts terribly.” . i

Ad the fellow said: “When someone who holds in
bis hand 2 magic quill such as you bad, assives and
1peaks aa you did, then it will settle onhis head.” “Well,”
wid the Brahcnan, “how long were yau here?”‘And the -
ofher asked: "Who i king in the world 2t presenty* On
Searing the answer, “Ring Vinavatsa,” he 1aid: "When
Rasma was king, 1 was poverty stricken, procured 2 magic:
quitl ard came hese, just hike you. And J saw another
£ ¥ith 2 wheel on his head and put a question 1o him.
The moment J asked 2 questiont {just like you,

) the wheel
Ielt his head and seuled on mine, But I cannot reckon
the centuries.”

ITncn the wheel bearer asked: "My dear sir, how, pray,
&4 you gee food white standing thus? “My dear sin”
434 the fellow, “the god of wealth, fearful lost his treas.
st be wolen, prepated this terror, so that 1o magician
ight came so far, And if any should succeed in coming,
beway 1o be freed from hunger and thirst, preserved
‘R{ﬂ decrepitude and death, and was merely to endure
this varture, So now persit me to say farewell. You hare
setme free [rom o sizable misery. Now 1 am going home.™
Andhe weat.

Alies he had gone, the gold-finder, wondering why his
cxnpanion delayed, tagerly followed his foorprints,
A3d baving gone bus 3 little way, he saw a man whese
Body was drenched with blood, a man tortured by 2
cuel wheel whirling on his head-~and this man was s
own tompanion. 50 hie came near and asked with rears: -
“)My dear fellow, what is the meaning of this?” “Awhim
of fare,” vaid the agl\u. “But 1l me." said he, “what has
bappened.” And in anwwer 10 his question, the other
tod the entire Justory of the wheel.
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38t
tuze, dead, Loy oy bnng 1t o life by means of the schol.
{P We have honesyj won,
e the first 454 yknowhaw ble the gf.;.
e @n suppl hn, fesh, ang
n give jt Jifen
€100, the geconq Provided
while the third wag intent op
c mn of se; advised agu‘;m
king: % 10 you bring iy o8
will k] erery on, of :." -
"You n:apletonl" 52id the other, « Twho will
Teduce s, arhip 1 5 Bullity» “In
TPl it g while I cligpy go

camemcnl

dense,
weit hoge, bag gunc Mb d‘mbedd"‘ﬂlind

hnhnpul&lhankn;g e.n
:ng the rege of ji~
Ut (he “heel beyy, bayip,

- the 3 g S
or t.‘\olaliﬂ. rt-uonigu tfaul!.}‘n]cr-
ey c;‘x‘ay BTeat gen Petish if g by fate, while

nte]l;,
Ine happxl;r.xlhneg!i: nu e it el
W






$LL-COXSINERLD ACTION - 283
ta anotber body of water, At dawn the next day came
e fiveatchen, who seemed the wervants of Death,
and inclosed 1be pond with nets. And ail the fshes, wr-
I, frogs, crabs, and other wateryeatures were caught
in the news nd tzprored. Even Hundred Wit aod Thou-
sand Wis {ell ind 2 nes and were killed, though they
ssuggled to save theix Thes by fancy s,

O the follawing day the fishermen glecfully starved
bome. Ope of them camied HundredWit, who was

beavy, on his head. Anotier carried Thousand\¥it ved
@ 2. cord, Then the

frog, safe $n the theoat of 2 ditern,
id 10 his wife: "Lock, darling, Tookt )
While Hundred Wit s on ahead,

Whie Thousand:Wit hangs Limp and dead,
Vour bumble Single-Wie, my dear,
1 paddling in the water dear”

“And thay iy why Usay that intelligence is not the sole
determuany of fate”

Then the gold Rader said: “h may be so. Yet a Iriend’s
advise thould ot be dustegatded. But what bappened
Spite of my distuation, you would not ato, such was
your greed and pride in your schalarship. Yes, there is
#enezin the yanzay

Well sung, uncle! Why would you

Hot siop when T 1ol you 10}
What ¥ necklacel Yes, you wear
Music medaly rich and raze

“How was that™ asked the wheelbearer. And the
other tald the stoty of .
THE MUSICAL DONKEY
1a 5 certain 1own was 2 donkey named Prig. In the
diptims he careied Laundry packages, but way at Yberty
o wander :j«h\m at night. One right white wander-






m-causxnnzn AcTIon
forty.nine,

Tbnemnmru,zhopamu!h:u;
C“mmﬂlree—mdlkmy-;
Axnnxnnaw of the notey, in fine; ,
St aper B¢ languygey

Az:lehrlen alremn:.

One bundy, C1gheyfive
Ate foung mu:i'gbooh. Perfect, puge,
With alf 5y, Actessarieg mmpku,
Unbkzmxhad €I Phrasing jupe,
O eaneh 44

lh: g nobler found,
Nor  YCU i hey

(e thiy, nwnn) kmelachgmcdu-
Qued uxlc?lH 2R You try 4o by der ey
ETY wel dlhe;:thl. Iwuls!aybylhc
K!Pmlbehcdge.z.ndl firmux.\'u to
Bearyy ontene” ¢ Tnay *ing
by



484 THE PANCHATANTRA
ing in the fields he fell in with 2 jackal and made friends.
So the two broke through a hedge into cucumber-beds,
and having eaten what they could hold of that comesti-
ble, parted at dawn to go home.

One night the egotistica} donkey, standing among the
cucumbers, said to the jackal: “See, nephew! The night
is marvelously fine. I will contribute a song. What senti-
ment shall my song express?” "Don't, undle,” said the
jackal. “It might male trouble, sceing that we are on
thieves' business Thisves and lovers should keep ey
quict. As the proverb says:

No sleepyhead should pilfer fur.
No invald, nch provender,

No sneezer should become a thief—
Unless they wish to come o grael.

“Besides, your vocal music i not agreeable, since it
resembles a blast on a conchshell. The farmers wosld
hear you from afar, would rise, and would fetter or kill
you. Better keep quict and cat.”

“Come, come!” said the donkey, “Your remarks prove
that you live in the woods and hsve no musicl st
Did you never hear this?

Oh, bliss 1f munmurs sweet wo hear

Of tusit's nectar woo your ear

When darkness Hees from moonbighe clear
In autumn, and your lave is near”

*“Very true, uncle,” said the jackal. “But your bray i
harsh. Why do a thing that delcats your own purposc?
»Faol, fooll” answered the donkey. “Do you think me
ignorant of vocal music? Listen to its syuematization, a5
follows:

Seven notes, three scales, and tweniyone
Ase modulauon id w be;



