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CHAPTER ONR
WHAT IS AN ELECTé&&é

An electron is millions of times smaller than the
smallest thing you’ve ever seen. Electrons are so small
that ngbody has ever seen them, even with the most
powerful microscope. It would take trillions of electrons
to weigh as much as the lightest feather or to be as large
as the head of a pin.!

Everything in the world, no matter how different it
may seem from? every other thing, is made partly of?
electrons. Electrons are built into trees and shoes and

scrapers and even people.

This stufff that everything is made of is called
MATTER, and matter is built of electrons (and other
things we will ta.lk about in a minute),’ 1ust as a house is
built of b_gglg,s and bricks are made of da clay. Some of this
m&tter we call “llve People and trees, animals and
flowers are bu111: of this kind. Some of it does not seem
to be ague I,Lke the mgmtier in glass or cojns, but all
matter- is basmally like. :

. Electrons are really tmy, always moving sparks of
pure electricity. If you could see them, they would look
like, tiny worlds® whirling around a sun, just as our world

1 It would take trillions of eleectroms...as large as the head of
a pin. BEJLHCTEFIAREBNHENREELRE LI A 2. no
matter how different it may seem from... ELTHREFTFKLS...BLZARE.
3. is made parily of.... o HheH.. 4K, 4. stulf: FE3. 5. in & minute:
—2)LEUS. 6. worlds: 5 MERERANFTFZIIE. W sun FEFHEHE.
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and the other planets whirl around our sun in the sky.
It would be impossible to separate our world from! our
sun, and it took a long time for men to learn how to
separate the electrons from their sun, which is called a
NUCLEUS. (If there are more than one, they are called
NUCLEL)

A nucleus is made of electric sparks, too, but they are
dlfferent from electron sparks. Every electron is a tiny
chérge of negatlve electricity, but in the nucleus there
are charges of positive electricity called PROTON S. There
are other partlcles in the nucleus, too, called NEUTRONS,
which have no electric charge at all2 The protons and
the neutrons cling together in the nucleus, bound by a
power. that is one_of the strongest forces 1g the world—
a million times stronger than the force of grav1ty

Sc1e£t1§ts l5now that there are other particles in the
nucleus, that account for this force, but so far® they can
only deduics what these particles are like by studying
their actions finder different condltlons :

A nucleus and the electrons whirling around it make
up* an ATOM, The pOSlﬁVe protons in the nucleus of the
atom pull very hatd on the negative electrons, keepmg
them in p051t10n just as the pull of the sun keeps the
planszts c1rc’hng it in their positions. If the .nucleus were
the size of a Walnut an atom would be a mile across!®

1. to separate ... from ...: .. 0. Y. 20 st all kb 2.
3. s0 far: FERYHIE. 4. make up: #E%. 5. keeping them in position:
{ﬁgﬁﬁﬁgﬁz (1EREFE—~EHE FiZ98). 6. I the nucleus were the
size of ... a mile across! WIRFE TSN ITREA. BLBAEFOEBER
B
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Just _about all the weight in an atom is in the
nucleus. Electrons have practically no weight at all.
A proton is almost a thousand times smaller than an
electron, but it weighs 1,840 times as much.

Now we can begin to see what scientists mean when
they say that all matter is basically alike. For all mat-
ter is made up of atoms—that is, it is made up of nu-
clei with electrons whirling around them.

If all atoms were exactly alike there would be only
one kind of matter in the world. But some have more
protons in their nuclei than other atoms have, and more
electrons arranged in different ways. In fact,* there are
more than ninety different kinds of atom, and they make
up the simplest form of matter called the ELEMENTS.

Elements come in many forms.2 Some are gases,
some are liquids and some are solids. Helium, which is
avery light gas, is an element. Iron and gold are elements.
And the only difference between one element and another
is the number of electrons and protons in an atom of
the element.

If the atoms of all these elements just stayed apart
from each other,® there would be only about ninety dif-
ferent things in the world. But they can combine into
COMPOUNDS. And it is compounds — combinations of
the clements — that make all the different kinds of mat-
ter in the world. That is why there are things so different
as trees and people, animals and stones, although basically

. In fact: B3¢ |. 2. Elements come in many forms. TLHEEHS

7. 3. stayed apart from each other: E RigX: (R FRHFE AR
53F).



they are all made up of electrons whirling around their
nuclei.

Just as electrons and nuclei together build atoms,
groups of atoms build MOLECULES. A molecule
is the smallest particle of matter that can be identified
as! that particular kind of matter. An atom of the element
hydrogen, for example, is made up of only one electron
circling its nucleus. As soon as? two hydrogen atoms are
combined with an atom of the element oxygen, they
become a molecule of a familiar compound, water. Some-
times it takes a great many atoms to make a molecule,
but no one has ever seen a molecule even with the stron-
gest microscope. The largest molecules, those in starch,
are still many times too small for us to see® at present.

Scientists knew that molecules were built of atoms,
but they used to think* that an atom was the smallest
thing in the world, and they were very eager to seef how
it was made. They knew that it was electric and that
electricity was very powerful, and they were hopetul of®
finding a way to put the atom to work? for them.
Scientists built all sorts of complicated machines so they
could study the atom. And as they got to know more
about it,® they proved that an atom, just as they had
suspected, was made of tiny bits of electricity which they
called ELECTRONS, circling around their nucleus.

1. can be identified as ...: g2KSTi%.... 2. As soon as: —H. 3. teo
small for us to see: 4/, LIWIKMBEFR. 4. used [ju:st] to think: —
BHILH. 8. were eager to see: JELJAHMIHE (= were eager to know). 8§,
were hopeful of: F. 7. to put.. to work: {f... LYe. 8. And as they
got to know more about it: MEENRF R EE SN TR,
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Electron is not a new word at all. Scientists have
been using it for a long time, when they talked about
all the sparks of electricity that make up a big electric
charge like a flash of lightning. After the scientists made
the important discovery that everything was built of these
invisible, always moving sparks of electricity they set about!
making these electrons work for them, and the science
of making electrons work is what we call ELECTRONICS.

Electrons at work? are electronic energy, but there
is another kind of energy in an atom that has power of
quite another sort. This is the power released by the
exploding nucleus of an atom, and it is called NUCLEAR
or ATOMIC ENERGY.

Electronics is the science of the electrons. It is the
way we harness the electrons® and put them to work,
to do many things men have never been able to do
before. Electronics lets us see across space and through
the blackest night and the thickest steel. It helps us to
fight disease and it helps us fight wars, too. Electronics
works in factories and on farms and in homes. Some day+*
electronics will be running our planes, trains and cars,
and heating our houses. Electronics has become a helper
with a thousand hands.®

1, set about: ZFF. 2. Electrons at work: f{unfyesF. 3. It is the
way (in which) we harness the electrons: 2 (B 72%) BERMEIRRL iy
Jigs. 4. Some day: ¥H— A, HE—H. 5. helper with a thousand
hands: F7ERRYE)F.
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CHAPTER TWO
STARTING ELECTRONS TO WORK

If you had a team of work horses, you couldn’t make
them do anything for you unless you could harness them
to a plow or a wagon! and make them go where you
wanted them to. In the same way, scientists had to find
a way to harness electrons before they could put them
to work. They had to find a way to make the electrons
go where they were sent, instead of sticking close to
their nuclei.

The scientists studied different kinds of matter. They
thought that the electrons in some kinds of matter might
come apart® and move around more easily than the
electrons in others. They soon found that the electrons
in metal were pretty free to go where they wanted,
because they were not bound to their nuclei as tightly
as the electrons in other things.

For this reason, metal is a good CONDUCTOR of
electric current. The billions of little particles of electricity
that make up electric current bump each other? all along
the electric wire. That is why the electrically run things?
~In your house are connected to the wall socket by metal
wire. If you were reading this book under an electric
lamnp and somebody pulled the wire out of the socket,

1. could harness them to a plow or a wagon: BEE A R RImE. 2.
might come apart: [/ 5 (FF4#%). 3. bump each other: fHE . 4.
electrieally run things: [5s. -
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the light would go out.! The electricity has not been
turned off,2 but it has no way to get from its place in
the socket to the light bulb. It can go only where it is
pushed, and it cannot travel through the air and get into
the light bulb by itself.?

But not all the electrons in copper wire carrying
electric current come in one end and go out the other!*
Some new ones come in from the plant that supplies the
electric current, and others are pushed out, but the
electrons that make up the wire are there all the time.®
These electrons are always moving around, changing places,
and going where they please. Before they can be put to
work, something must happen to make them all flow in
the same direction.® As soon as they all push along the
wire TOGETHER, they have power.

When you turn on the electric switch,” you are forcing
the free electrons (which are electrons that have come
apart from their nuclei) to push each other in one direction,
in a steady stream along the wire. At the wall socket,
more and more negative electrons are being pushed into
the wire. At the other end of the wire, positive atoms

_are pulling these electrons towards themselves. (Positive

1. go out: jgK. 2. has not been turned off: Fth4. 3. by itsell:
#HCT. 4. come in one end and go out the other: —pipiift, H—iipk
Hi. 5. Some new ones come in from the plant..., but the electrons that
make up the wire are there all the time. — tesgrnim T et sar R AAR
RN (SHB), MI5— Ll F AR MR S, R Sl I L T A
7. iXH: ones #5 electrons. plant = power plant, %/, all the time,
¥, 6. something must happen to make ... in the same direetion: A
HEREHEM (B7T) #WE— sz, 7. turn on the electric switch: T
TR & EFFR



atoms are atoms that are hungry for! electrons.) This is
what makes current flow through a conductor. Electrons
are pushed in at one end and pulled toward the other
end. This pressure which makes the electrons flow from
one end of the wire to the other is called VOLTAGE.
The higher the concentration or pressure of electrons in
a wire, the higher? the voltage is. A VOLT is the
measurement of the pressure® that makes electric current
flow. It does not take very many volts to turn your
radio on, but the number of wolts needed to run an
electric streamliner* is tremendous. You have probably
noticed signs along a railroad track, fastened to the
towers that hold the overhead electric wires.® The signs
may say,® “DANGER — 16,000 VOLTS.” That is
the amount of electric pressure running through those
wires.

The power plant where this pressure is made may
be hundreds of miles away from the railroad track and
from the wall socket in your house. The real beginning
of this electric power may be even farther away than
the power plant — in a coal mine or an oil well or a

great river. Water power or coal or oil works the generator

in the power plant. The generator makes electricity’ and
sends it through wires and cables, across the countryside
and under the streets to your house. Then, when you

1, are hungry for: }%/8%]. 2. The higher..., the higher ...: #...,
.. (RIENMAE, FEN2). 3. measurement of the bressure: #i EH &y
B, 4. electric streamliner: fi~{3|H. 5. overhead electric wires: 71
ZEEi%. 6. The signs may say: iik LWAEE%E. 7. makes eleetricity:
KA.
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turn on your electric switch, this voltage pushes the
electrons up the wire to their job.

Here is an experiment that may give you a better
idea of' how pressure makes the electrons in the metal
wire into electric power.

Put some tiny pebbles or beads into a large drinking
straw.? If you hold it level,® they may move around a
little in the straw or even trickle out, but they will just
drop to the ground. Now hold a piece of paper in front
of the straw and blow hard into the other end. The
pebbles wili shoot out of the straw so fast that they
will knock the paper aside.* Some may even tear right
through it.®

By applying pressure, you have forced the pebbles
to rush through the straw and have even given them
enough power to push away the paper. In the same way,
the pressure of voltage, applied to the electrons in the
wire, will make them shoot through it® in a current, If
the voltage heats the wire enough, the electrons will jump
right out of the wire, just as the pebbles shot out of the
straw.

Pushing the electrons out of their metal is the first
important step in starting them to work. But if you
pushed them out into space, they would be like wild
horses, scattering in every direction.” Before you can catch

1. give you a better idea of: ZGphirFfFs 72 2. drinking straw:
IBERRLAMZESS. 3. hold it level: juwp7Ax%e. 4. will knoek ... aside:
FHE...{EF. 5. may even tear right through it: HEE LR, right,
adv. FEIEZES/E/E. 6. shoot through it: fiimisE4s. 7. seattering
in every direction: [y & A FTEF.



the electrons to harness them, you must fence them
in,! and the enclosure you use is called an ELECTRON
TUBE.

Most electron tubes are VACUUMS, This means that
most of the air has been taken out of them, though some
electron tubes contain small amounts of gas.

There are two reasons for taking the air out of?
electron tubes. One is that the air atoms are so huge
that the electrons would smack into them® and come to
a stop. The other is that the metal parts of a tube can-
not burn without air, no matter how hot they get.* An
electric light bulb is a vacuum and so is a radio tube.

If you look at an electric light bulb, you will see a
thin wire either looped or zigzagging through the middle.¢
This wire is called the FILAMENT, and it is made of a
special kind of metal called tungsten. The electric current
runs into the filament and starts pushing and jiggling on
the ,electrons there,” bumping them into each other until
they move faster and faster. As they move faster, they
start sending off® little rays of heat.

This is the same thing that happens when you make
a fire? by rubbing two pieces of wood together, and it
is called FRICTION. When you rub your sticks together,

L femee ... in: §=.. Fiusk. 2. taking ... out of ... M R
3. would smack [smek] into them: ¥EAET L. 4. no matter how
hot they get: AEBMLEERS. XE get = become. 5. An elec-
{ric ... and so is g radio tube. AT R ey, EEHETEhEE .
6. a thin wire ... through the middle: — TR SRR AL RS R
REMFEEZN (ATH#u%) d#g. 7. pushing and jiggling ['dsiglin} on the
electrons there: {EZhH( LG T. 8. start sending ofl: FrisiEsf. 9. make
a fire: Hyk.
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the electrons in the wood jiggle against each other! and
send off little heat rays that start the fire. The electrons
in the- filament of a light bulb can’t start a fire because
there is no air in the bulb and nothing can burn without
air,

You can prove this by putting a glass over a lighted
candle.? As soon as the flame has used up® all the air
under the glass, it will go out.

The electrons in the hot filament can’t burn, but the
rays they send off make the white-hot glow* we call
electric light. If the electric light bulb were not a vacuum,
the filament would scon burn up,® and the light would
go out. Sometimes the electrons in an electric light bulb
move so fast that they jump out of the filament. When
they do, they stop working to make light, and are just
dark smudges inside the glass of the bulb.

In a radio tube, though, asin all electron tubes, the
electrons are supposed to® leave the filament, and they
don’t go to work until they are free. Different kinds of
electron tubes get the electrons loose’ in different ways,
but getting them loose is the first thing they must all
do before these electrons can be put to work.

This is the big difference between things that are
run electrically and things that are run electronically.®
When electricity is used as power, the electric current

1. jiggle against each other: MERE. 2. putting a glass over a
lighted candie: HBYBITCEHZEAMB I . 3. has used up: TEER.
4. white-hot glow: H#4y. 5. would soon burn up: ¥rE - Bp. 6. are
supposed to: fji%. 7. get ... loose: FEig.... 8. things that are run
electrically and ... electronically: S R T2,
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never leaves the wires that conduct it. Some of the
electrons that make up electric current are free in the
spaces between the atoms, but some stay with their
nuclei, These push against the free electrons that flow
along the wire, and the free electrons have a hard time
getting past the atoms.! Sometimes they are even pulled
into the atoms, and other electrons are pushed out.
Part of their power is wasted because of this tug o’
war,? which is always going on. It is used up in just
getting through the wire,

This struggle by the atoms to keep the free electrons
from getting past® is called RESISTANCE. The harder
it is for the electrons to get through the wire, the more
resistance we say is in the wire, and the more voltage
it takes to push them through. A copper wire has less
resistance than a tungsten wire. That is why glectric cur-
rent flows through the copper wire, while in the tungsten
wire the battle is so much fiercer that all the pushing
and shoving simply makes the wire glow with heat.

When things are run electronically, the electric cur-
rent that has been imprisoned in the wire is freed. Free
electrons have more power and are easier to control than
electrons that are always being pulled here and there by
the nuclei. The job of electronics is to get these electrons
loose and make them use their full power to do a special
sort of work.

1. have a hard time getting past the atoms: R T AR HE
2. because of this tug o’ war: [HTFXISHELR. o’=0l. 3. to keep ...
from getting past: §f}-...5855.
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CHAPTER THREE
ELECTRON TUBES

The beginning of all electronic power is in the vacu-
um tube where the electrons are freed. Some of these
tubes are no bigger than marbles,! and some are 25 feet
tall, but certain things about all of them are alike.?

The first thing is that they all contain metal as the
SOURCE of the electrons, the place from which they
come.®? In a radio tube the source is called a filament,
as it is in a light bulb, but in most electron tubes the
metal source is called a CATHODE. A filament is a thin
wire that is itself heated. If the heat is supplied by a
special built-in heater, the source is called a cathode.

The tube must be airtight so nothing will burn, and
there must be a way for* the electric power to get in and
for the new power that is made in the tube to get out.
The shell of the tube itself is called the ENVELOPE.

All electron tubes must have a PLATE to collect
the electrons once they are free. This plate is usually
called the ANODE, and the anode is where the electron-
ic power really starts to work. To understand the way
the anode is used, we have to understand another very
important thing about electrons and atoms.

1. no bigger than marbles ['ma:blz]: THEBHET (NEBERE) A.
2. but certain things ... are alike; {aﬁﬁﬁﬁt@,—?*gﬁ’gigfﬁ%ﬂmu%.
3. the place from which they come; HF1% 5. 4. there must be a
way for ..o DA FH—RESE....
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