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1. Energy

Evervbody considers energy so impertant these days that
vou might think the werd was known cven in anciemt
urmes. But it wasn't. The word was invented less than
208 vears age by an English scientist named Thomas
Yeung He uscd it for the first time in 1807.

Energy is semething that makcs it possible to do wetk,
and work is semcthing thai takes efort. Lifing a heavy
object is work. So is lifting a light object, but that s less
werk, Lifting an objcct a long distanee is mere work than
ifring it a short distance

The heavier an object is and the further you have 10
mevc it against sorme pull, the more work you do.

Energy gecs along with work. The mere wetk you do,
the more cnergy you need 10 do it with. The more coergy
you have, thc morc work you can de

[n lact, Themas Yeung made up the word “‘cnergy”’
from a Greck cxpression that means ‘“‘work inside™.
Energy is something that has “work inside 1. You can
usc that energy and get werk out of it.

Even though ancient people didn’t usc the word, they
had the idea of energy They knew that doing wetk toek
eflert and made y'ou feel tired. They knew that the merc
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work you did, the greater the eflert and the morc tired
yeu got.

If they had knewn the werd, they might have said,
“You only have so much exergy in your bedy. The more
work veu de, the more energy you usc up and the more
ticed you feel ™

What the ancient pcople didn't realse wag that
making usc of encrgy was the oaly way of doing werk.
They thought there werce strange pewers that could do
work without an cfieri and without getting tired

The ancient Greeks told tales ef musicians who plaved

Ty

so bcautifully that stones danced and moved into a wall
by themselves. In 7he Arabier Nights, Aladdin bad a
wunderful lamp thai ceuld give him anything he wanted.
The genie of the famp could build a castle fer him in the
twinkling ol ant eye That didn’t make the genie tired
because he used magtc instead of energy.

It's not really surprising 1hat people made up these
tales. Work was so hard that everyonc longed lor some
way te de it without wcaring a persun out. But ne enc
cver actually saw anything dene by magic and no onc
ever did anything by magic. Any work that was ever
donc wok energy, and if peeple did it, it took clfort and
made them tired.

For the must pan, vou think ef work in conncction
with living beings. Pcople do work, and se de animals
such as horses, donkeys, or cattle. @fien, though, objects
that have no li{c in them can also do work.

The wind can blew ships acress the water. The river
current can movc rafts downstream. The tide can hit
heavy ships. Ifa calapult is releascd, its lever enoves and
a heavy stene is thrown into the air. That heavy stenc
can hita wall and smash 1.

Whencver something that is not alive does werk, it is
because it is in metion. Still air, sall water, stll rocks
dun’t meve anything or smash anything, ltis moving air,
moving watcr, moving racks that de the work.

Since metien does work. motion must be a kind of
energy. We could call it “‘motiun energy’”’, but in 1856,
an English scieatist named Lerd Kelvin called it “‘kinetic
encegy’. That's rcally the same thing. ler “kinelic” is

.yom a Greck word meaning “‘metion™.

The faster an object muves, the more werk it can
de. and thc more cnergy i1t must therefere have. If you
mzke a hammer move slowly, it will just 1ap .a nail and
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push it into wood only a little way. 1fyeu meve that same
hammer more rapidly, ithits the nail harder and drives it
further into the wood.

Wc can also see that a heavier. or ‘“‘mere massive”,
ebject has more kinctic encrgy than a less massive one
meving at the same speed. A large, heavy hammer will
drive a nail further in with cach blow than a small light
hammecr will ac the same speed.

Sometimes even a motionles; object can become cap-
able of doing wetk. Imagine a rock sitting en the edge of
a clif} If a gust of wind blows it ofi it starts falling It
starts moving downwards, in other words, and that
mecans it suddenly has kineuc encrgy. As somcthing Jalls,
1t meves faster and Jaster, so that it gains more and more
kinetic encrgy. Finally it hits the ground, and it can do
work as it hits—smash something, for instance.

Therock doesn' t seem te haveany energy whenitis just
sitting at the edge of the clif: Ic doesn’t do any work. But
it van gain kinetic energy when it lalls of” the clif] We
can say that the rock at the edge of the clifi has energy
that is just waiting fey the right conditions to show up.

In 1853, a Scoutish engineer named Wiliam ) M.
Rankine called che eneigy of anything that could start
falling “petential energy™.

The highcr an abject is above the ground, the lenger
the distance it can fa)l and che greater its potential
energy. After all, an object falling only a short distance
doesn'thave a chance to speed up very much and to gain
much kinctic enctgy. It lands with only a small thump
and can do very little work. The object had little
potential encigy @ start with.

An object falling fiom a great height has a chance (o
gain a great deal of specd and therelere a great deal of
kinctic energy’. [t can then de a great deal of work when

<

it lands, because ichad a grcat deal of pewential energy te
start with.

You prebably know from your ewn expericnce that
you can get hurt more when you jump from a high wall
than from a low onec. From a high wall, you hit the
greund harder.

The ancient pcople would have been puzzled ifanyone
had speken to them of kinetic energy or of potential
energy. T hey didn't know the words. Sull, they had the
netion. They built ships with sails to take advantage of the
wind's energy. They let the running water of a river turn
wheels that then did work for them. They knew perfecely
well that a rock drepping from a hcight could do
damage, and thata pcrsen jumping from a height might
hit the ground bard enough te bieak a leg or cven be
killed.

Just the same, having a netien isn't cnough. If you
want te understand encrgy ptoperly, you have to study it
carcfully. You have te make exact mcasurcments and
nolice hew thosc mcasurements fi.t together

Thc ancients weren't able te make the kind of carcful
measurements that were needed to develep a real under
standing of encrgy That didn't come until modern
time.
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2. Mechanical
energy

Since motion is a kind of energy, yeu might begin to find
out about encrgy if you studicd motion carefully. The
first person to study motion carefully was an Italian
scientist named Galileo Galilei. He is usually knowo
by his first name only: Galileo.

In the 1590s, Galilco expcrimented by letting balls roll
down slanted grooves and measuring the distance they
rolled in a given time. Accurate clocks hadn't been
invented yet, so he timed the rulling by counting the
drops of watcr that leaked out of a can with a hole in the
bottom.

Hc was the fiist to show that balls moved faster and
fastcr as they rolled down an inclined plane He was able
to work out two simple mathematical formulac that
could be used to calculate how fast an object would be
moving after it had dropped for a ccrtain length of time
down an indined plane. You could also usc these
formulae te calculate the distance it had fallen.

If you know that a ball moves {aster and {aster as 1t
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falls, you also know that it keeps gaining more and more
kinetic cnergy. In Galileo's time, scientists still didn’t
have a clear idea of kinctic cnergy. Eventually, they
lcarmed about kinetic energy and then they were able to
use Galileo's lermulac

Ycars before he experimented with rolling and falling
balls, Galilco had made a diffcrent discovery. [n 1581,
when he was only |7, he was attending rcligious scivices
in a cathedral when he noticed a chandelier swinging in
the draughts of wind.

Somctimes it swung back and forth just a little way:;
sometimes a long way, according to how the gusts
of wind caught it. Jt always took the same time to go
from end 1o end of its swing, though, whcther it swung
through a smali distanec or a large one. (Galileo timed it
by mear:s of his pulse, and he was so busy counting that
he must have missed hcaring the seavice. }

In this way, Galileo discovered the way a pendulum
works. Pendulums keccp time in their swings so well that
about 7Qyears later they were used to build “‘grandfather
clocks’. Thesc were the first accurate clocks ever
invented.

Suppose you want to find out how a pendulum works.
You could make one fer yourself. Tie a piecc of string to
anything that's above the ground: a shower-curtain 1od.
let instance. Then tic something fairly heavy to the other
cnd; a pecketknife, for instanee. Then et it swing.

It gees to one side, then to the other, back and forth,
over and over. As it goes up on onc sidc it moves more
and more slowly, until it comes 1@ the top of its swing.
There it stops moving for an instant. Then it begins to
move back down, fastcr and faster. By the time it reachces
the battom of the swing. it is moving quite quickly. Then
it begins to move up in the other direction, and itew it
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Galileo’s expeiiment with tolling balls down an inclined plane

J\ .l'*rh".lllF Ihw'ﬁﬂ;

movcs more and more slewly again.

As the pendulum rises on onc side and moves morc
and more slowly, it has less and less kinetic energy. Since
it 1s rising higher as it docs so, it has morc and morc
potential cnergy. By the time it reaches the tep of its
swing, it has no kinetic energy at all becausc it isn’t
moving. It has the most potential energy it ever has,
theugh, Because it is then as high as it cver gets and has
the potential of falling.

When the pendulum comes down again, it starts
gaining kinctic encrgy again as it moves fastee and laster
Al the same timc it loscs potcntial energy because it
moves lower and lower. At the bewiom of the swing, it is
moving lastest and has mest kinetic energy, and it is at
is lewest point and has jeast potenuial encrgy

As a pcndulum swings, first it loses kinetic energy and
gains petential enetgy, then it gains kinctic encegy and
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loscs potential ¢ncegy—over and over again. The two
kinds ef energy keep changing onc into the ather, back
and ferth. back and lerth.

The werking of a pendulum was onc of the fiest
observatiens that gave scientists the notion that difetent
kinds of cnergy could be easily changed back and forth.

What’s more, you can scc that as the cnergy switches
back and forth from ene kind to another. cthe tetal doesn’t
increase. The pendulum always goes up te the same
height on cach sidc of the swing

Eventually, in Jact, scientists Icarncd hew to calculate
cxactly how much kinctic energy and how much
potcntial cnergy a pendulum had at cach point in its
swing. They found that the kinetic energy plus the
potential cncrgy was always the same. The amount of
cach kind of energy was constantly changing. but thc tetal
amount ef cncrgy was not.

-
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Kinctic energy and petential encrgy arc lumped
together as ‘‘mechanical cnergy”’. That is because in
machincs there arcalways moving parts that move faster
and slewer, higher and lower. In machines, kincuc
encT¥Y s often turning into potential energy, and back
again.

Fer a pcndulum, then, we can say that the kinetic
cncrgy and the petential energy are always changing io
amounts The total amount of mecchanical eneigy,
hewever, always remains the same.

When the total quantity of something deesn’t change
as objects arc meving and shifting about, that somcthing
i3 said te be “censeived’. In a pendulum, then, there is
“‘vonscrvation of mechanical encrgy™.

Suppose this deesi’t enly happen with a pendulum?
Suppose any object that experiences changes in kinetic
and potential encrgy always keeps the same amount of
mechanical energy. e would then say this was a
“natural law’’. We would say the pendulum bebaved as
it did becausc of the “‘law of conscrvation of mechanical
eneigy’.

Here is another common cxample of this law:

Suppese you dropped a glass marble en a smoeth tile
floor. It will gain kinctic cncrgy and losc potential energy
as it drops. But then it will hit the Aoor and bounce It
will move upwards, losing kinetic energy and gaining
petential energy as it rises. IFit riscs to the same point
from which yeu let it drop, the tetal mcchanical cnergy
has not changed. Iniact, the total mechanical energy has
remaincd the same at every point in the fall and in the
bounec back.

We ceuld say, the bouncing glass marble also shews
the workings of the law of conseivation of mechanical
cncegy.
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3. Heat

Threughout the 1600s and 1700s, scicntists kept aiguing
about motion and energy and never got the law of
conscrvation of mechanical encegy Quite clear, The chief
trouble was that the law of conservation of mechanical
encrgy didn’t reaily work. It wasn’t a truc natuval law.

If veu let a pendulum swing for a long time, it wil
make smaller and smallcr swings, and cventually it will
step. The beuncing glass marble will make smaller and
smaller bounces until it is fust lying on the ground. In
other words, the total mechanical encrgy always gets fess.
Sometimes it gets less only very slowly, sometimes it gets
less very rapidly—but it always gets fess,

Suppose veu sheve a wooden ebject acress a waxed
wooden floor. The object slides along, but the fleor is
level se that the object never changes its height. It niever
increascs its potential cnergy. 1f the law of conservation
of mechanical energy was right, then the object eould
never decreasc its kinctic cncrgy. It weuld have te keep
sliding along (orever at the same spced.

But that's net thc way 1t works. The weoden object
slows down as it slides. Finally, it comes to a halt.
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No matter what we do, mechanical cncrgy is ncver
conserved. [t always changes, and it always changces in
the same direction. It always gets less.

The reason mcchanical coergy gets less is because of
“Iriction”—that is, the rubbing of one object against
anothec A wooden object travels only a short way over a
tough weodcn fleor befere it comces te a halt. The rough
weoden floor produces lots el friction. and the sliding
objcct uses up all its kinctic cncrgy overcoming the
fricuion.

If it was moving over a smooth wooden fleor, thc
wooden object would slide a longer distance belore
stopping [t would slide still further if it was moving
over lec,

A pendulum has to rub against the air as it gwings
This rubbing is called *“air resistance™ and it1s a kind of
friction wo. Then, 100, the string used to attach the
pendulum to0 somcthing rubs agsinst whatever it is
attached to.

If we could imagine a world without friction, then
mcchanical energy awonld be conserved. Imagine a pendu-
lum swinging in a placc where there is nothing at ali, not
cven air {a “vacuum’). If there was no friction at the
string's end, 1t would then $wing forcver An objcc
sliding in a vacuum along a perfectly smooth fleer would
travel ferever,

In the real world, though, friction does cxist. That
means that mechanical energy is always disappcaiing
Where docs it gn? Docs it disappear into nothing at all?
Or does it change into seinething else—imo another
fotm of cnergy, perhaps?

@nc thing that friction produces is heat. If you rub
your hands you makc thcm warm. If you rub two sticks
togcther in the right way, you can make them so hot that
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you can start a ficc, Dees heat have some cennection with
encrgy?

In the 1700s, many scientists thought hcat was a kind
of substance that they called ““calocic™ from a .atin word
for “hcar”. They thought that caloric couid flow easily
frem one object to another: a hot object centatned a great
dcal of caloric, and when it was put near a cald one, some
of the caloric flowed from the hot object to thc eoid; the
hot objcct conled olf and the cold object warined up.

Thai seemed 1o make sense—but supposc you start
with two objcct; that are both eoel. Neither has much
caloric, but if you rub them together, both grow warm
and eontain morc czionc. Where did the exira caloric
ceme from?

Onc person who puzzled over this question was ao
American named Benjamin Thompson. At thc timc of
thc Amcerican Revolution, he left America and never
returned. In Eurepe, he was madc a nobic and was
known as Count Rumford.

In 1798, Count Rumford was in Germany where hc
was supcrvising the manufacture of cannons. In order t0
make a cannon, you begin with a block of mctal and borc
a long holc into it. The holc is gouged out with a sharp,
ratating piece of a harder kind of metal.

Nawrally, as you gouge out the hale, there 1s a lot of
friction between the vetating piece of metal and the block
of metal into which the holc is being bored. Both pieces
of mctal get very hot and have to be kept cool by pouring
cold water over them all the time.

Rumford thought about this and wondered wherc ail
the heat was coming from. Some scientists thouglat that
when picces of metal flaked off from the cannon as the
hole was lermed, the caloric in the metal was released
and pourcd out. But how much caloric eould there be?
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All the metal was celd to start with, and yet as the boring
continued, the mctal could be made het eneugh to beil
cndless ameunts of watcr,

Rumlerd tried using a dull piece of mctal to do the
boring. That didn’t cut ofi any pieces of metal, 30 no
caleric ceuld ger loese Bid this mcan that the metal
wouldn’t get hot? No! [t did get het and even (aster Heat
just peured eut of those mctals lor as long as he kept
boring,

Rumford theught that heat might be a kind ofmolion.
TThemotion of the burning bore, erdinary kinetic motion,
was turning into anothcr kind of motion that was heat.

Heat wasn’t the metion ef an entire abject, Rumlord
thought. It was thc motion of ail the tiny litle pieces of
which the object was cemposed. These tiny little picces
were so small veu couldn’t see them, and they meved
through such tiny distances that you couldn’t scc the
metion.

What's mere, they meved in all directions, back and
lorth. All the motions in all the different directiens
cancelled eut. and the whole ebject didn't move.

Accerding to Rumford’s notion, when friction causes
an object 10 swp swiaging, bouncing, er sliding. its
kinetic cnergy has not disappeared. lts kinetic encrgy has
Just shified frem the whole object te all the litde parts
that make i¢ up, and all the little parts of whatcver it rubs
against,

When Rumford first suggested this, very few scientists
bclieved him. How could there be parts of an object so
small you couldn’t see them, moving in all directions
through such tiny distances you oouldn’t see the motion?
It sounded silly.

[n 1883, however, only 3 years after Rumlord’s cxperi-
ments, an Euglish chemist, John Balion, came up wuh
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anothct idea. He showed that a grcat many things
scientisis were finding out could be easily explained if
vou suppesed that evervthing was madc up of tiny little
parts that be calked “atoms™.

Atoms wcre fat too small to sce, bul the cuncept of
atoms became so usctul to scienusts that morc and morc
of them began to believe that atoms ceally exist.

Scientists worked aut careful experimcents to find out
what atoms arc like. As the yeacs went un, they leatned
more and more about the tiny atems. 1t began to make
imorc and more scnsc ke supposc that heat was made up
of the uny motions of these riny atoms. The faster the
atoms meved in all direcunns in any substance, the
hottcr that substance was.

You can tell how hot a substance is by measuting its
tcrmperature with an insirument called a thetmometer.

Dry cell batery

By the 130@s, very goed thermometcrs had been invented
to measure tempcrature, and they were very uscful to
scicntists who were interested in encrgy.

®nce heat was leoked at as a kind of kinetic energy,
scientists could take another Jook at the law of conserva-
tion of mechanical energy. The rcason it didn’t wotk was
that some of the' mechanical energy was always being
<hanged into hecat, which is arother lorm of cneigy.

Instead of just saying that kinclic energy can wurn 1o
poteniial encrgy and vice versa, we can say thatany form
of energy can turn inte any ether kind uf encrgy.

Forinstance. ordinary kinctic energy can turn te heat,
Also, heat can wrn 10 ordinary kinetic encrgy; ler
example, when the hot stcam 1n a kettle makes the cover
move up and down.

There are ether lorms of cnergy. Light, sound,
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electricity, magnciasm can all de werk and are alb
forms ef energy. They can bc changed back and forth.
Electricity can produce lght in an electric bulb or
sound in an electric bcll. Electrimty can produce
magnctism. Magnetism can preducc clectricity. Hean,
light, and motien can cach produce electric ty.

Chcmicals can preduce sound and kinetic cncrgy
when Lhey explede, or light and hcat when they burm, se
there is “‘chemical cnergy’, too. Also, light. heat and
kinetic energy can produoce certain chemical changes and
thus beccome chemical energy:

By the middle 180@s, it was clcar that scientists ceuld
make sense of energy only il they censidered it in all its
lorims.
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4. Conservation of
energy

A big qucstion T cmains. If we take aff the kinds of cnergy
there are in the weeld, and add them up, is the tesal
always the same? In changing cncrgy from onc lorm to
anolher, dees anly of it ever disappear altegether? Dees
any ol it appcar out of nothing?

A German scientist named Julius Rebert Mayer was
the first to consieder this question. He was a ship’s docter,
travelling te distant lands, and he had considerable time
te start thinking- about the subject

It eccurred t® him that if penple could measure the
way in which kiinetic cnergy turned to potcntial energy
and back again., they could also mecasurc the way n
which mechanical energy turned te heat. In 1848, as an
experiment, he bad a horsc pull away at a machinc that
stirred a thick mixture in a large pot. He calculated hew
much cnergy thic horsc put out and how much bheat
appeared in the mixture

In measuring hew much mechanical energy created 2
particular amouwnt of heat, he measured something called
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the mechanica) equivalentofheat’. In 1842, he wrote a
paper in which he ex plained this.

He als® went on 10 say 1hat he thought any kind of
energy could be transfermed in1e any ether, but thai the
total energy always remained the same, He thought this
included even the encrgy ofiiving things.

According 10 Mayer's theory, we could suppese thai
the energy of sunlight s wransformed into the chemical
coergy of food insidegreen plants. ¥hen animals eat the
food of green plants, this chemical encrgy is changed tnto
the chemical encegy in animals.

Mayer thought thiat the encegy of sunlight evaporaied
some of the water in the occan and that this vapeur
finally fell as rain, which cellected n rivers. The energy
of sunlight was 1hus transfermed into the encrgy of
runnimg water.

The energy of sunlight alzo hcated up some parts of
the occan and the air more than other parts. The hot
parts cose and 1he cold parts moved in 10 1ake their plaee.
In this way, the energy of sunlight was transfermed into
the energy of wind and of ecean currents.

Plants that gained their energy from 1he Sun some-
umes decayedin such a way as to form ooal. We can new
dig up coal that was fermed hundreds ef millions of years
age. 14 chemical energy comes from the sunlight of that
period. When we burn the coal, that chemical energy
turns inte light and heac,

Tiny sca-animals somectimes dic and decay in such a
way as 10 fornn peweleum, The energy of pctroicum
cemes [rom the plants thosc tiny sea-animals ate, aind
thercllore from sunlight.

Suppose energy can shifi: from onc ferm to another but
ncver changes its wotal quantity. {n thai case, energy is
conserved. ¥What Mayer was maintaining in his paper
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was that there is a *'law of conservation of enecgy’’.

Mayer had a great dcal of trouble getting people to
pay attesntion to his theories Most people who rcad the
paper at alljust put it asideand fiorgot about it. After all,
how ceuld anyone know just how much energy of
sunlight went into the wind and into coal, and so on? It
secmed to them that Maver just had a very lively
imagination.

Poor Mayer was so depressed aboui the way in which
people ignored his sciemific centributions and about
various family treubles that in 849 he tried 10 kil)
himngell by jumping ocut of a third-storey window. He just
hurt his legs, buc he was put into a memal instttution lor
a while. Finally, he was released, but he did no more
scientific werk.

{n the 186@s, however, the scicntific world came to
realise the valuc of Maycr's werk, and eve; yone began 10
praise him. In 1871, he reccived the Copley medal, enc of
the highest honours a scientist could getin those days.

@®nc of the reasons that Mayer had received so litle
aitentien was that he had done only enc experimem. He
had only done the experiment with the horse siirring
the thick mixture,

An English scientist, James Prescoit Joule,
approached thc problem in a different way.

He had had a sickly childhood, but he was the sen of a
rich brewer, whese beer was selling very well. Joule
was privately educated and he was allowed to fix up a
home laboratory for himself.

He becamc very interested in measuring things and
through 1he 1848@s, he worked at mcasuring exactly how
much heat was llorned when a certain amount of a
particular kind of energy was used. He tried almost every
lerm of energy he could think of.
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He churned water with paddles, forinstance Then he
churned mercury with paddles. He Jorced watcr threugh
small holeg 1o heatit by friciion Helet gases expandand
then sqQueezed them again. He passed electric Currents
threugh varieus objects to heat them up,

Hc was se (ascinated by such mecasurements that he
was even busy with them on his honevmeen. He made
himself a special thermometcr and uscd it 10 measure the
1empcrature of the waler at the wp and bottem of a
watcifall his new wife and he visited. He wanted to knew
if the encegy of the failing waiterfall was wrned inte heat
at the bettom cnd and, if so, how much heat was
produced.

By 1847, 5 vcars alwer Mayer's paper, Joule had
salisfied himsell that the same ameum of cncrgy, ne
mattcr whae kind it was, always ended up as the same
ameunt ef heat. He had measured. much mere exactly
than Mayer had. the mechanical equivalent of heat.

What's mere, if energyv was transfermed (rem one kind
te another witheut gaining er losing, then that fitted in
with the law of conservation ef energy.

Joule wrete up all his findings tn a papcer and tricd e
get it printed. Hewever, he was not a prolessional
scientist. He was justa rich brewer (his father had died
by then, and Joule was running the brewery). Scientists
weren’t sure il they could take him scrieusly, so they
refused te print hs papcr.

Joule had a brother whe werked en a newspaper,
hewevcr. He get his brether to pcrsuadce the newspaper
te print his entire paper. That gave seme people achanee
10 read it. Then, when he made a speech about it, semc
sQentists became interesied. In a couplc of years, cvery
one was taking Joule's work quite geriously.

About the timc that Jeule was geteing his paper
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printed, a German scientist, Hermann L.F von
Hclmbheltz, had come to the conclusion that encrgy
was conserved. [0 1847, he wiote a paper explaining
his ideas.

Helmbholiz was a prefi:ssor, but he 1ee had ireuble
getung his paper printed. In the end, he did. His clear
explanatien and Joule's measurcmcents finally wen eun.
Three men tegarher, Mayer, Joule, and Helmholtz, all
werking in the 1848s, established the faw sfconservatien
of energy, which states thatencrgy may change irem one
loim to anether. but that the total amount in the
Universe is always the same.

There is a special branch ef science thai de.als with the
way encrgy s iranslertned f:om ene form te another,
hew all (erms ef encrgy can be translermed te heat, and
how hecat meves tom ene place te another. I is called
“thermody'namics” from Greck words meaning “heat-
movement™,

Everything in that sijence depends on the law of
conscrvation of energy, more than on anything else. Fer
that reasen, the law of censcrvatien eof encrgy is seme
umes called “‘the first law of thermedynamics™.

It's even more than that. Scientists usually censider
thc law of conservation of cnergy te bc the most
important of all the rules that describe how the
Universe works

@®ncc peeple undersieed the law eof conservation of
energy, they realised therc was ne use cxpecting magic te
work. Hew ceuld siencs dance into a wall, or a !lying
carpet go through the air, or a palacc be built by
making magic passes m the air? Where would the energy
come lrom?
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2. Entropy

Supposc you had a supply of cnergy. Would that be all
you necded to do any amount of work? After all, the law
ol conscivation of energy says it can’t be destroyed. You
would| just change 1t [tom one form of energy to another
and then 1e anether and then back 10 the first
perhaps, and so on forever. And with each change, you
could just kecp on getang work out ofit. @1 could you?

It turns out thatyeu can’t. Energy never disappears,
butnot all of it can be turned into work.

The first persen who saw this point was a French
scientist named Nicolas L.S. Carnot. He did his work in
1824, long bcfere the law of conservation of energy was
finally werkcd out. Camot wasn’t tiving te check
whether that law existed. He was interested in a smaller
preblem. By 1824, stcam engines were being used lor
morc and more pui‘poses. In stcam cngincs, water is
heated te boiling, and the sieam that is produced
collccts in a chamber As morc and more stcam gcts
into the chambcr, it builds up strong pressures. When
the stcam is allowed to pul out of the chambcr it dees
so with such a push that it can move reds, turn wheels,
and thus do work.
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The steam engine had been invented ovce 58 vears
before Carnet’s timc, but although it had been improved,
it stll worked very pearly. The cnergy started in the
burning weed or coal that boiled the watcr. It ended In
the work being done. But only abeut 5 per cent of the
original energy of the burning wood or coal cnded in
work. The other 93 per cont was wasted in heating up the
surroundings and did no work.

Carnot was interested in seeing whether there was any
way of improving this. He prctendced that a steam engine
could be made perfectly so that it lest no heat at all.
When he did that, his mathcmatics showed that cven
then you could never turn afl the heat into work.

In the stcam cnginc there is stcam at a high tempera-
ture in the boiler and water at a low tcmperaturc in a
cooling chambcer. The water is tirst heated to steam by
burning fuel, then the steam is changed back to liquid
water in the cooling chamber,

Carnet showed that the amount ef energy that could
be turned into work dcpcnded upon the dYffenxe in the
two termperatures. The greater the dilference, the more of
the energy {but ncver all ofit} could be turned into work.
Thc smallcr the difiecence, the less of the energy ceuld be
turned into work. If the cntirc stcam cngince was at the
same temperature, so that there were no difi’ erenses, then
no mattce how hot the steam engine was, nere of the
energy could be turned into work. Il you were to try this
by experiment, you would lind it to be true

Unfortunately , Carnot died vhile he was sull a yeung
man, only a fiw ycars after he did this \vork and for a
while it was not followed up.

By 1850, however, Camot’s work bcgan to sccm very
intcresting A Genoan scientist, Rudelf J.E. Clausius,
began to consider the idca.
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He didn’t dcal just with the heat in a steam engine and
its different temperatures He considered all kinds of
energies, and he studied alt kinds of work. (Clausius was
the first saentist to define the word “work'’ carefully, so
that i1t could be used propetly in mathematical
farmulae)

Claustus showed that the only time you ceuld tum
energy into work was when the energy supply you were
using was not evenly spread out. Whenever you had
some device in which a ot of some kind of encrgy was
presem in one part and only a little in another part, then
you coul get work out of it.

As you got wotk outof such a device, the encigy began
to even @eut. As the energy evened out, you got less and
less work out of 1t. Finally, when the energy was all
evened out, you could get no more work out of the device
The only way you ceuld make that dcviee eontinuce v do
work would be to ferce somce of the eneigy back into one
part, leaving the rest with only a little cnergy.

[n a wind-up clock, for instance, a lot of energy is
present in the spring. This energy-lilled spring does work
by turning the hands of the clock. As it dees the work,
though, the spring unwinds, Finally, it has no more
encrgy than any other part of the cleck, and the rlock
stops. [t will only go if you wind it up again.

Clausius worked out a mathematical expression that
represented the amount by which the cnergy had cvened
out. He called this amount “entropy’’. The more energy
evens out in some devioe, the higher its entropy. When
thc energy evens out aliogether, so that all parts of a
device have the same encrgy level, its entropy is at a
maximuru.

Clausius poimed out in 1852 that entropy is always
increasing energy is always evemng out. Even ifyou can
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reverse the process and make energy become unevea
again, It takes energy to do that. It takes energy' 10 wind
1P a clock, tor instance.

Whatever is done to concentrate energy in onc place
and decrcase entropy there, it always increases entropy
in anocher place=-in your own body, if vou arc winding
the clock Thc entropy increase in one place is always
faumd to be greater than the entropy decreasc in anothcr.
[f you includc eveiything, then entropy is always going
up.

In that casc, is everything on Earth running down like
a clock? The Earth's entropy is increasing. Then why
hasn’t everything on Earth run down by now?

The answer is that everything on Earth is always being
wound up again by the energy of sunlight, so that ler
thousands of millions of years, Earth has been full ol the
kind of cnergy-unevenness thaat can be turned into work.

But then, is the Sun running down? Clausius thought
ithad tobe The Sun and all the stars are running down,
and finally. a long time ltom now, cverything in the
Universe will be all run down. Entropy in the wholc
Universe will be at a maximum, and no more work will
be possible.

The notion of how cnergy is always cvening out, so
that l.cssand less can be turned into work, is another very
impertant rule in thermodynamics. Jt is not Quite as
important as the law of conservation of energy, but
almost.

[f the law of conservation of energy is the first law of
thcrmadynamics, the rule that entropy always incrcases
and that everything is always running down can bc
called “*the second law of thermodvnamics''.



6. Nuclear energy

®nce the law of conscivation ef energy was worked eut,
ail thc cnergy problems on Earth could be cxplained. It
could be secn how all thc forms ef energy ceuld be
transtormcd back and forth, and where they all camc
from.

Some energy. like the cnergy of volcanocs and carth-
Guakes, camc 'om thc heat deep inside the Earth. Some,
like the energy ef the ocean tidcs, camc firom the energy
ofthe Earth’s retatien.

Almost all forms ef cnergy we mect with on Earth,
howcver, can be traocd back te the energy of sunlight
The Sun has been shining cxactly as it does now fer all
thc thonsands ef ycars of human histey on Earth. It
must have been shining cxactly as it does new ler many,
many millions ef years before human nvilisation began.
Where did all that encrgy comc fiom?

Could the law of conscr-ation of eneigy be true anly
for thc Earth? Could the Sun's cnergy tome fiom
1nowhere?

Hclmholtz, one of the thrce men who worked eut the
law of onnservation of energy, began to Lhink about this
in 1834 He thought the Sun’s cnergy had to ceme frem
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somewhcre. The Sun ocouldn't be burning like a huge
bonfire. Ordinary chemical energy would only kecp it
guing fer 1.500 years at most.

Hclmholtz wondered il meteors might be falling ocsn-
stantly into the Sun. The kinetic cnergy of their motien
might bc the source of the Sun’s energy This didr't
work, though. If that was thc casc. the Sun would grt
more and more massive and its pull on Earth would get
stronget. The Earth would movc faster and {aster about
the Sun=—and it deesn’t.

Then Helmholtz wondercd if the Sun might be slovdy
shrinking. All the parts of the Sun might be falling
towards the sentre. The kinetic energy of tat lall couwd
be the source of the Sun's energy. If that was true, the
Sun's mass wouldn’t change

For the rest of the 180@s, it seemed to many scientiss
that shrinking was the answer to thc question of thc
Sun’s cnergy. Other sclentists, however, were uohapypy
abeut the notion.

Suppose the energy ceming ltom the Sun did comne
from the shrinking ol the Sun. In that casc, less than a
hundred million years ago, the Sun must have been 5o
big that the Earth, if it moved about thc Sun at is
present distance, would have been inrside the Sun. The
Earth couldn’t have fermed until thc Sun had shrusk
enough to make room fler it te move about eu-side the
Sun.

This meant the Earth would have to be less thana
hundred million years old. Scientists who studied the
Earth’s struciure, howevcer, were sure that this couldn't
bc so. The Earth had to be much older than a hundr«d
million yeass.

Then, in 1898, a French scientist, Antoine Het«i
Becquerel, found that a rathcer rare mctal, uranium, was
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“radioactive™; that s, it was alwaysg giving off tiny
spceding particles, much smallec than atoms, with a
great deal of kinctie encrgy. It also gave off a form of
cnergy somcthing like light.

[n 1990, a New Z¢aland-born British scientist, Eroest
Rutherlord, ligured out how much encrgy was given off
He calculated it lec a particular vadioactive metal,
radium, which gave off more energy in this way than any
substanee known befure. He showed that a gramme of
radium would give off eneugh energy every hour to heat
a grammc of freczing cold water to its bailing point. In
the next hour it would do the same. and in the next, and
so en, for many hundreds nf ycats.

Whcre was the energy ceming ftom? Was the law of
censervation ef encrgy wrong? Rutherford thou'ght not.
He suspected thcre was some ferm of eneigy inside the
atoms that scientists did not know cxisted.

Rutheiford experimented with the speeding pariides
thae shot out of the radioactive atoms. He let them pass
threug h erdinary atoms and they seemed to pass through
as though therc was nothing there. Every once in a while,
though. ene ef the particles hit somcthing and bounced
back.

By 1911, Rutherfiord was able to annovunce that
atoms were made up mostly of em pty s pace. Threughout
most of the atom’s structurc, there were only eccasional
very light particles called “‘electrons™. At the very centre
of thc atom though, there was a tiny, massive region that
Rutheford cailed the “atomic nucleus™.

Sciesatists went en 10 study the atomic nucleus and
found that it was made up of particles called “ptetons®
and "neutrwns”’. Atoms arc joinod (o cach othcr by
mcans of the electyons in theic outer portions. \Whet
atoms arc pulled apart and rcarranged, encrgy is
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iclcased. [t is this energy, tnvolving clectrons, that
is ““chemical energy®.

When the protons and ncutrens of an atomic nudleus
are rearranged, energy is also rcleased. This energy,
involving the nucleus. is ** nuclear energy™.

There s much morc nuclear encrgy than there is
chemical energy. A certain number of atoms shifting the
particles in the nucleus will deliver many, many times as
much energy as that same numbcr of atoms shifting their
electrons in their outer sections.

Now, at last. there seemed a new routc by which to
discover the seurce of the Sun’s tremcendous, cuntinuous
cnergy.

[n 1924, an English astronomcr, Arthur Sianley
Eddingten, worked eut what the material at the Sun’s
centre must be like. He showed that it would have te be
very hot. [t would have to have a temperature of millions
of degrees.

Then in 1929, an American astronomer. Henry Nortis
Russell, analyscd sunlighg in such a way as to be able te
show that the Sun consisted mostly of a substance called
hydrogen.

Using such ioformaiica1, a German-American scicn-
tist, Hans Albtecht Bethe, tricd to work out what kind of
nuclear changes might be going oa ivi the esentre of the
Sun. In 1938, he showed that the Sun’s encrgy had to
come from thc fusion oftwo hydrogen atoms te lerm onc
helium atom. This is called “nuclear fusion™.

Scientists now agree that the Sun is changing
hydrogen nuclci to hchum nuclci, and there s
cnough hydrogen in the Sun w0 account for irs having
shone through all the 5.000 million years that the Earth
has existed.

®f course, somc day, the Sun’s hydroge.n will be used
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Hydrogen fusing 10 form helium up, but that won't be for at least 8.00¢ million veac:
mere.

The nuclear fusion that produces the Sun’s energy also
produces the cnergy eof all the other stars. The law of
conservatien of encrgy is true not enly en Eaith but al)
over the Universe,

Arc there sull eother kinds of energy that are even
greater than nucdlear cnergy? Scientists can't say that
there arcn’c, but sinee 1900, they haven't leund any new
kinds of encrgy they don’t alrcady know somcihing
about.

Helium nucleus
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7. People and
energy

Far back in carly cave dweller days, the only energy
human beings used was the chemical cneigy of their own
bodies.

As human beings gaincd morc knowlcdge and learned
ncw ways ol doing things. they used the energy of their
tame animals. 1’hey also uscd water currents and wind to
move their ships

L.ong, tong ago. they, Jcarned how to use the ene1gy of
fires, burning weed or fut for fucl. Firc was used for mote
and more things as time weat on. It was used to warm
people in the winter. It was also used to give light at
night. [t was uscd to ceek food, to make metals, glass,
and pottery.

As fire was used more and more, morc and more wood
had te be uscd lor fiael. For a long time. it didn’t matter
becau.se evety year more trees grew and that made up for
thc woed that human beings used.

But by the 1700s, so much weed was being used that
in some places trees didn’t grow (ast enough to make up
for what was being burned.

i

In Great Britain, the weed shortage was severe, and it
was here that a sudden new and greater nced for fel
arose. Buring the 1700s., the steam engine was invented.
For the lirst time, the chemical cnergy of fucl was
converted into the kinetic energy of moving rods and
turning wheels that made things move.

More and more steam engines were built and used to
run machines in factories and move ships accoss the
water and locomotives ever land. As a resilt, there was a
great change in people's livesi. This penod was called the
“Industr.al Revolution'”.

There just wasn‘t eneugh wood in the wetld to supply
the energy needed 1o keep all those steam engines going
[n the 17005, Great Britain began to use ceal instead,
because it was a mote plentiful fuel.

More and more coal was used througheut the 1800s,
Of course, very little new coal is being forincd, so that
onec thc coal thiat is in the ground gets used up, there
won't be any more 3till, there are millions of millions of
tonnes of eeal in the ground all over the world. That
1s enough to last for huirdreds of years.

People have Icarned new ways of using ¢ nergy. In the
1800s, the chemical energy of burning fuel was used to
turn whecls betwceen the poles of a magnet. [t was found
Ihat the energy of motien past the magnet was changed
into thc energy of an clcctnic current. Electnc currents
were used for telegraphs and telephones and lor every
kind of electr.c motor to do work for human beings.

All this electrical pewer was made possible by
burning morc and morc coal.

It is hard to dig up coal. however, and hard to gef it
Ifrom the mines to thc factories. [n the 1800s, pcople
learncd how to drill vil wells. Oil is a liquid, not a solid
likc coal. It is easier to gct oil out of the giound than te
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get ceu). 11 is also a lot easier te move oil from place to
place through pipes. @il 1s also a lot casier to burn.

Towards the end of the 180@s. new kinds of engines
were joveotod that bumed petrol. Such engines are
called “'imernal combustion engines” and these are used
in automobilcs, trucks. buses, ships and acroplancs. The
pctrol they use somes £rom ail.

Throughout the licst half of the 198905, morc and more
of these engincs werc used and niore and niore oil was
being burncd. Oil was being used instead of eoal to heat
houses and te produce clecteicity. By 1950, mere oil was
being burned than ceal.

The trouble s, though, that there is far Icss oil in the
ground than theie is coal. What's mare, mere of the oil is
to be .ound in just one certain pact of the world—the
regions around the Persian Gulf

Now oil is beginning to run shert and people are
using 1t more and merc every vear. The price is going up
and thece is the danger of shertage In 30 to 50 ycars
thcre may be no eil left at all,

\What will pcople do ler energy when that happens?

They can go back w coal. Ceal, however, is still hard
togetout ef the ground and difficutt 1@ move from place @
place. Oil can be letined from coal and from certain
kinds of rocks, but it would then be very expensive,

Besidcs, oit and coal beth fillthe air with seot and with
1weetating chemicals when they buro. This is “air
pollution™ and it is bad {fer human hcalth,

Are there seurces of energy besides the chemical
cnergy of osal and oil that we can use? What about
auclear ¢ncrgy? The ealy nuclear encegy found en Eacth
was the radieacuvity of eertain substances, For many
ycars that was very bard to put to use on a laige scale.

In 19349, hewevcr, the German scientist, Otto Hahn,
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found there were ways of making the uranium aucleus
break in hall (“nuclear fission’’). He lound that this
released even morc nuclear energy than ordinary
radicactivity did.

In the United Sta.tes, scientists got to work at onoe to
sce il nuclear lission esuld be made e yield a greal deal
ol enecgy. At the end of 1942, the problem was solved by
people working under the leadership of the [talan-
American scientist, Enrico Ferma

Fission bomMbs (also called ‘“atomic bnmbs™) were
buill as a rcsult, These bombs, using nuclear energy,
crcated far more destruction than ordinary $ombs using
chemical enecgv.

After the Second World War, nuclear fission was used
to build power plants that could produce energy without
explosions. This nuclear cnergy could be used te produce
clectricity for peacelul purpeses. There are now lission
power planis all over the world.

Nucllear fissien i1s not really the best answer to the
cnergy shortage, though. For one thing, it makes use of
uranium and other similar metals that arc not very
common. For anothcr, once the uranium nuclei break in
two, very dangerous radioactive atoms arc Icft wchind.
Scientists arc nmot sure how to dispose of these atoms
salely.

So scicntists are sull lsoking Ifer another enecgy source.

Peciple could make more use of the energy of wind and
of water currents. They could use the energy of the rising
and falling tides. They could use the enecgy of the heat
inside the Earth. They could make use of the energy of
sunlight where is falls on désert areas and where its
energy 18 othersaise wastcd.

Thesc kinds of energy could last for millions, or even
thousands of millions of years, ence scienusts find oul
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how to build the right kind of power plants to make usc |
of them.

Another pessibility is o make use of nuclcar fusion,
the kind of nuclcar cnergy that powers the Sun and the
otherstars

There is a great dcal of hydrogen on Earth, and if |
scicntists Jearn how to make its nuclei change to hclium
nuclei—=much as this change takes ptacc in thc Sun—
that would bc a source of a great deal of energy. This,
too, could last for millions ol ycars.

L
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Scientists have been hot on the trail of nuclcar fusion
for 3@ years, and many pcoplc think the problem is about
to be solved.

So there may be no real pcrmmancnt encrgy shortage. [t
will take a lietle time, but scientists will probably find
new sources of encigy that will make it possible ftor
people on Earth to live comfortably—p1ovided we kecp
our planet livable and don’t destroy our Qvilisation by
nuclea) war.



