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Fire

EVERYONE HAS seen a fire at some {ime or other.
We know those dancing yvellow flames that give
oft light and hcat. We scc it when something is
buming We see it when wood buins, or paper, or
anything else that is inflummable.

What makes something inflammable?

Everythingis made up of tiny atoms, far teo tiny
to he seen even ina microscope These come in a
hundred or so ditfcrent varictics. Two common
viirieties are carhon atoms and hydrogen atons,

Carbon atoms can combinc with another atomn
variety called oxygen. Oxygen exists in the air,
and when it combincs with carbon, heat is pro
duced. Hydrogen can also combine with oxygen
to produce heat It is this combination of atoms to
form heat {and usually light also) that we call
burning

Inflammable substances such as wood and
papcer include a large number of carbon and hy-
drogen atoms in their makcup. Thesc atoms, to-
gether with others, clump together in groups
called molecules.
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The molecules in wood and paper are large
sroups of atoms. Thesc molecules make up <olid
substances that do not combine with oxygn
when they arc cool. If the wood or paper is
heated. however, the large molecules arc broken
up into small ones that turn into hot gases, or va
pors. The carbon and hydrogen atoms inthe vapors
combinc with the oxvgen in the air, producing
heat and light.

Firc consists of these vapors giving off heat and
lizht as they combine with oxygen.

Once the vapors bum and produce heat. that
heat will cause other inflammable objects to bum
if those other objects are close enough to be
heated by the fire. If enic cnd of a piece of paper is
buwining. the heat it produces will make ncarby
parts of the paper burn and that will make more
paits bum and <o on.

You can begin with a cingle piece of paper on
fire and burn tons of paper if you keep adding it to
the fire. A tiny bit of fire on a single leaf can
spread and spread and burn down a mighty forest.

That sounds very dangerous, and it is danger
ous. People must be very carcful of flires at all
times.

Foitunasely, fires don’t sturt easily The first bit
of tire only starts if the inflimmable materiul is
heated to a high temperature It isn’t easy to get
that high tcmperature without a fire to begin with.

How did the first fire begin? Did a human stait
it?

No, there were fires on earth for long ages be-
forc human beings even existed. Onct cplant life
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HOMO ERECTUS CHILD WITH BURNING TWIG

covered the dry land, beginning about 400 mil-
lion years ago. there was always the chance eof
Hre.

Plants are made in large part of woady material,
and they are inflammable, especially when
they’re particularly dry because it hasn’t rained
fer a while Once the clouds do come, though,
they are sometimes accompanied by lightning.

Lightring produces light and heat as a result of
the flow of particles called elcctrons that are even
smaller than atoms. When lightning strikes a tree,
its heat can sct the tiee on firc. The fire can
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LIGHTNING STORM

spread to other trees, and soon there is a “‘{orest
fire.” This will burn till the fire veaches placcs
where there are no other trees near enough to
catch lire, or until a rain cornes that is heavy
enough to put it ont

Animals, ifcaught in a forest fire, will also bum
and will die. Most animals quickly learn to fear
fire and te run lrom it Primitive human beings
called hominids {(see How Did We Find Qut
Abont ®ur Humun Roots? Walker, 1979), who
lived a million years or so ago, also feared fire and
also ran away from 1.

Hominids were smater than other animalks.
however, and also more curious. {The two go to
gether)

About half a million vears ago. the brainiest
ki nd of hominid that lived was ¢alled f{omo erec-
tus. Homao erectus was not as brainy as human
beings arc today (Modem human beings are
Homo sapiens.) Still Honto erectus was brainier
than any other land animals.

Humo erectus was <o intelligent that its curi-
osity abouit {ire was stronger than its fear.

After a forest fire is over, there may still be
some bumning pieces of twigs or branches scat-
tered on the ground. Perhaps seme Homo erectus
childven (children are even more curious than
adults, of course) crept close and watched the
twigs bum. They may have seen anothcr twig
catch fire. After a while. somc paiticularly bold
child might have picked up a twig that wasn’t
burning and placed it in the fire. Then it would
begin to burn.

It may have been a kind of plaything at fiist,
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and a rathcy dangerous one. Still, it may have oc-
cusred to some of the Home erectus adults who
saw what the ¢hildrea were doing thata fire could
e good to have around if it stayed small.

Suppose yon put only a small amount of is!-
flamnmable mates 1al (or fuel) into a fire at any one
time. Supposc you kept all ather infliunmable n1g
tenral a dismanceaway from it. Then the fire would
sty small. It would not spread and become large
and dangerous.

A small, tame fire wouldgive lightand wannth.
Other animals, evea large and dangcrous ones,
wele afard of fire and would smy away from one.
Hominids sleeping about a ciunpfire would be
safer from prowling animals than thcy wouldbe if
thcre wesre no flire.

All this isn’t just yuessing. In caves in north
China, bones of Homo erectus were discovered
that were halfa million years old. And theie were
ttaces of camplires aear them.

Only liomo erectus and the even hnuaier
flema sapiens that follow edhave ever samced fird.
All human beings of every kind have kaown how
to use fire for thousands npon thowands of’y ears.
No animals of anv other kind, not even the
brigbtest, have ever known how.

As time went aon. a great many fiir:hcr uses of
fire were discovered.

For instance, it was found (perhaps by accident
to begin with) that meat heated aver a fire was
easicr to chew, [t also mstcd better- Such cooked
teed was safer to eat, teo. Though primitive
human bceings didn’t know it, the heat killed
germs and other parasites in the food.
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In stil] later ages it was fuund that bive could
bake solt clay iato hard potierv. Fire could melt
sand mixed with other minerals to make glass.
Fir¢ could heat certain rocks called ores to pro-
duce such metals as copper. tin, and iron.

Of course, fire also had its dangers. It could
«pread accidentally. It could Lurn houscs, {ood
supplies. even people. Even when it didn't
spread, it still produced smeke, which made
things smelly and dirty, and which made people
cough. It also lel: behind ashes that got in the
way.

The uses ol blire were tar merc important than
the discomfarts, however. People kept using lire
and tiied to be as caretul as Dossible to keep it
trom sbreading. When they kept fire in a house,
they learned to build chimncys to carty oif most of
the smoke. They learned to collect the ashes and
dump them some distance away

One problem with atire was juxt the opposite of
its spreading A bre could ge el

Every family must have worked hard to keep
that fiom happening. Onc of the tasks of young
children in a family might have been to collect
branches, twiygs, and brush to keep the fire going
Somctimes a second fire might be started by car-
1ving a burniny twig to a ncw pilc of fuel, Then
the first one could be allowed to go out and the
ashes could be cleaned away.

Still, a fire might go aout by accident. In that
case someone might be scat to another housc or
even to a distant village to borrow a light from a
fire there. Some twigs could be set to buming,
then placed in a pot and breught back home
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where they could be used to stait a new (irc.

Bui what it someone’s fire went out and there
was no other fire within reach? VWhat can anyone
do then? Wait for lightning and for another forest
fire?

The use of fire was never really satisfactory
nntil some way was discovered of sharting a fire
without lightning and without another fire that
was already burning It may not have been until
nine thousand years ago that people learned how
to do that.

It may have happened by accident. Hiiman he-
ings made tools out of rocks. To shape the tools
they would hit one rock with another, knocking
chips off. The rubbing (or friction) of one rock
against another heated the rocks. Somet:mes the
tiny fzagments that were knocked oft were heated
1ill they were hot enough to #low and form sparks,

If these sparks fell on somcihing that was iz
wnmnable, they might start a fire. Eventually.
people may have lcarned to hit rocks togetherd e
libemtely in such a way as to allow sparks to fall
ondry, powdered plant material (¢iitder) and sct it
on lire. Then they would have a fire where there
had been no fire to begin with.

Another way would be to grind a pointed stick
into a hole in another stick The friction would
heat up both sticks, and ifthere was tinder in the
hele, that would eventually catch firc.

Neithcr way was exactly easy, but fire was im-
portant enough to take a lot of reuble over

We have made the system easier in modern
time. In cigaretie lighters, a metal wheel rubs
against a kind of rock culled flint. This shoots out
spirks which sets inflaimmable vapor< on lire.
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We also use the systein of rubbing wood toset it
on fire by friction. INowadays, though, we coat the
piece ol wood with a chemiuval that catches fire
very easily when it is heated. That give us a
match.

Just the s:une, the easiest way is still to borrow
fire from one that already exists. That is why we
have piot lights on stoves. Thesc are small
flames fed by flows of gas. \Vhen we turm on the
gas bumers, thce gas that eomes out catches lire
from the pilot light.
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Wood

ONCE PEGPLE tamed fire and had ways of starting
it if it went out, there remaincd the prohlem of
fuel.

The best fuel for human beings, to begin with,
was wood. For one thing except in deseits and in
polar regions, wood is very common. Once it is
dry, it will buin easily and not too rapidly. It
hurns with a fire that gives off considerable light
and heal. What's more. human beings don’t eat
wood, so they don’t have to choosc between feed
ing the live and feeding themselves.

When a Jarge pile ol wood is huming, the car-
bon and hvdrogen atoms in the wood on the out-
side of the pile combine casily with the oavgen in
the air. It i3 hard. though. for the air to get to the
center of the pile of wood.

The center of the pile of wood is heated up and
its molecules break up into vapors, hut thare isn't
mmuch oxygen ahout. What littic oxygen that does
manage to get into the center of the pile combines
with the hydrogen atoms. The hydrogen wioms
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WQOD FIRE

combine moiye easily with oxygen than the carbon
atoms do.

At the center of the pile ot wood., then.a collec
tion of material builds up that is mostly carbon
atoms. Carbon atoms when they exist by them-
selves make up a blackish maserial. You can tell il
isn't ash because ash i< usnally white.

You can scc this happening even in a huming
stick. If the fire is blown out, the stick is black
wherc the Fre has been buming That is I>ccause
the hyvdrogen atoms combincd with oxviren first
and lcft the curbon behind. Such a stick is said to
be charred

All that black material at the center of 2 wood
lire afi:erthe fire has gene out is charred wood

The carbon atoms in the charred woed will
bum if the material is placed in a fire. The carbon
atoms will then finally have a chance to combine
with oaxygen. Carbon atoms by thcmselves do not
give off vapors, though, so there ire no dancing
{lames. The pieces of charred weed just grow red
hot and slowly hirn te ash. ‘The dim glow of a
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CHARRED WQOD

slowly burning object is called a ceul. Because
the chaired material hums like that, it was called
c¢harcoal.

Charcoal has some advantages over wood.
Charcoal buins more slowly than wood and it also
burns more hotly. This makes it move usefit] thum
wood iu sowne kinds of cooking.

Then, too. charcoal is made up almost antirely
of carbon atoms and these carbon atoms can com-
bine with oxygen that is already combined with
metals.

Ores are made up of metal-oavgen combina
tions. When the carbon takes the oxygen out of
the ore and combines with it, pure metal is left
behind. The high tempceruture preduced when
charcoal burns helps this change along. Charcoal
turncd out te Le vary important in obtaining met
als from ores-particularly iron.

@4 course, sincc charcoal doesn’t produce va
pors, itdoesn’t give much light. If you want to see
somcthing ut night, charcoal will never do. You
would still have to have a wood fire
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The advantages of charcoal were so great that
people beg: to make itdeliberatcly. They would
s.et & large wood fire burning and then cover it up
loosely with soil so as to cut down the amount of
exygen that could reach it

Natumlly, a great deal o wood hadtobe bumed
away in order {0 produce charcoal. You had to
burn scveral pounds of wood in order to get onc
pound of charcoal.

This didn’t seem bothcrsome to Inunan beings
in early timcs. There were so many trees
everywhere that it didn’t matter how much wood
wias bumed. There was always plenty morc.

Somc types of wood gave morc light than others
clid. There were the kinds that contained soft,
gummy substances called resin. Such wood
burned with a brightey flame that made it possible
to sce at night. The wood ol certain evergreen
trees such as pincs and cedars burned brightly for
this reason and such wood was used as torches.

Then, too. there were other inllammabhle sub-~
stances besides wood. @ils could be obtained
frun cortain plants and imimals, and these were
inflammable liquids. Chunks of wood could be
soaked in oil, and they would then buen with a
hrighser flame.

Or ¢ ke the oil could be used by itsclf. Apool of
@il cotlld be placed in a hollowed-outrock, orina
clay pot, and a piece of porous matcrial (a wick)
could he placed in it. The oil soaked into the
wick, which stuck up out of the oil. The upper
end was lighted. The oil in that end slowly
bumcedand, as it bumed away, morc o0il coaked its
way up the wick and burned in its turn.
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This conttincr of buruing oil is called a dunps-
Some very simple fonns of lamps may have
existed as long as 70000 years ago.

A lamp is more convenient than a wood fire in
somec ways. You can cany a lamp f:om place to
place, You can put it wherever You need it, so you
can scc to do your work or to read by. You can’t
carty wood fires about that way.

Of cuurse, a lamp might aceidentally be spilled
and the burning oil might start a bad fire.

Butthere are also solid oils, call fats, which are
inflammable. In additiun there arc icuxes, sach ax
that produced in beehives.

With futs or waxes, you don't nced a lamp. The
solid matcrial can be heated gently till it melts.
The melted fat or wax can be allowed to ceat the
wick, Then it is cooled so that the coating be
comes solid A thicker and thicker ceating can he
built up, and in the and there is a thick pipe oftat
or wax with the wick running down its center.
The result is a cendle. These first appeared ubout
9.000 vears ago.
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A candle is even easicr to carry about than a
Iamp and it can’t be spilled.

Hewever, thouglh waxes, tats, and oils are all
useful, they are aaot nearly as coomnon as woaod. If
a large fire were nceded in early times, no ene
could possibly axpect te find a large heap of wax
or fat, or gallon upea gallon of oil. It would take
too 1wvuch time and effort 18 collect all the bec
hives. or to squceze outall the olives, or {0 melt
down w1l the fat in chickens or eattle

Ia the time it took to do that, peepie could chop
down any number of trces and split them up inte
firewood.

‘Cherefore, right down iato modemm times, wood
was lhe chief lucl of the fires used by human be-
ings. In many parts of the world wood is still the
chief fuel. Even in the United States, people in
the ¢euntry (and somelime in towns, too) burn
wood in fireplaces or in sleves.

Weod is not just a wonderful fuel. It is a 1e-
markable substance in many other ways. I is
sireag; it lasts Jong; it has a heautiful appearance;
it can be cul iato any shape: it can be smoothed
and waxed.

For thatieason it cianbe used to build houses eor
ships or to make huraiture or a million and one
other things.

In modern tiiaes itwas found that wood was the
cheapest possible seurce om of which paper
could be made and paper has a millien uses, 100.
The paper [ am typing on and the paper in the
book you are reading was once part ol a tree.

In maay, many ways human beings depended
on wood through long ages,
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Coal

THE USE of fire (and of all the other advances that
firc madc possible) nadc lifc more comfortable.
The population grew larger because more and
more pcople who were born could be kept alive,

The more people there were, the more wood
was aceded to make fires, huild houses and shiips.
and make fumituie Slowly. through the vears and
centuries, more and more wood was used,

People didn't worry about that. There seeined
to be an cndless supply of trees and more trees
were always growing. The forests of the werld
nusl have seemed like thuse magic pitchers we
read about in fuiry tales. No matter how much
milk is pourcd out of such pitchers, there is al-
ways more lef:

But real life 1s aot likc a fairy tale. Trees unly
«row so fact. Every year only so much new wood
is formcd. Eventually, as more and more human
beings used more and more wood, the point was
reachcd where more wood was used each year
than the ainount of new wood that grew.
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Yvhen that point wasreached, the furests hegan
to disapptar: Weed began to e mere scarce. [n
the places where civilizatien had existed {or cen-
turics, wood became o scarce that it had to be
imported Irom other places.

That made wood all the more difficult to get
and all the more exbcensive. Many people must
have begun to wish there was some other luel that
could e used that would be more common and
cheaper than wood was.

Actyally, another such fuel did exist. It was a
fuel that was, in some ways, very much like woed.
In fact, it was a fecl thathad once been weod and
that had cxisted in ferests leng, long ago.

These very ancicnt forests were not composed
of modern times but of ancient varieties that no
loager exist. They were composcd efplants called
horse taily, clnbmosses, giont ferns, and so en.

Beginning abeui 345 million years ago and con-
tinuing for over 100 millionyears, huge {orests of
these trees grew in large urcas of low, Hat,
swainpy land.

Naturally. trces only live so long, and thet they
die. Trees sometimes die as a resuli of being
knocked down by lightning or by windstonins or
by large naimals. They can burn in forest lives, nr
theyv can grudually stap living becanse of old age
In all smch caves, ifair can getat them, the carbon
and hydrogenutoms in them combine very slowly
with oxygen. Eventually the trees completely
decay.

These trees thit grew in swampy inad, how-
ever, {all inte shallow water or inte hogs and mnud.
That makes total decay very difficult. Seme decay
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CARBONIFEROUS (COAL-FORMING) FOREST
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docs take place, but there is a <hortage of oxygen
becuusc the open air cutinot get at the fallen trce

The siune thing happened to such lallen trees
as happened to burning wood when there was an
oxygen shortage The hydrogen atoms would
cembine with oxygen, but the carben atoms
would be lcit behind.

The fallen trees would slowly c¢hur, in other
words, and a black material, which looked and
behaved something like charcoal, would lorm. As
more and more trees fell during hundreds, and
thousands, and millions of years, the aynount of
blkick matevial that feraned incrcased. Tons of it
welre formed; thousands of tons: millions. of tons.

Once most of the furest was down. the black
material was covered by mud in thicker and
thicker layers. New furests grew on the mud.
Then another pilc of black material weuld form
and again be coveired by mud.

As the mud gets thicker and is buried dceper,
its own weight squeezes the watey out of it. The
picces of sand and grit in the mud stick togcther
to form stonc. The weight of the stone squeezes
the black material together.

Ordinary chiuceoal, made by human Dbeings, is
rather light and crinnbly. The black matcerial
formed from decaying trees is sQueezed together
so tightly that it gets hcavy and hard and solid. It
doesn’t seem quite like charcoal. It still bums and
smolders, however, so itis a kind of coal. In fact,
people eveniuvally called it cecil.

Even today, coal is ferming. There are swampy,
boggy arcas, where decaying plant mateiial can
be dug up and dricd out to be used as foci. This
dried oul material is called peat.
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Some of the hydrogen has already been lost, so
pcat has more carbon than fresh wood has. Fresh
wooud is about S50-pcreent carbon, but peat is
about 60-percent carbon.

The next stage is ligrite, which, when it is dyy,
is neatrly 70-percent carbon.

Beyond that is a kind of coal which is about
85.percent carbon. If this coal is heated in the
absence of air so thut it doesn’t burn, the 15 pcr-
cent that is not carbon is driven off, along with
some of the carbon. The material driven off is o
black tar, or pitch, that in ancient times wvas called
Gitumer. This is why this kind of coal is called
bituminous coal.
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SHAFT MINE

1"inally, there is a kind of conl that is at leest
Y3-percent carbon. This burns with a red-hot
glow, forming an cmber, as charcoal does. The
Greek woyrd for ember is canthrux, so this kind of
coal is called aunthracite coal.

Coul is always formed very slowly, and it is
formad much morc slowly these days than iu past
ages, when thaose large furests in swampy land
existed. Peat aud lignite therefore mazke np only a
stnall percentage of all the conl in the world. An-
thracite coal only forms in a few areas where there
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was u great deal of pressure. It, tvv, tnakes up oaly
a small pereentage of all the coal in the world.

Most cval is bitursinous coal, aad therc is a
great dcal of that under the ground. There may be
asmuch as 8.000,000.680.000 (8 trillion) tens here
and there in the ear:h.

As luag as the ceal is under the ground, people
aren’tlikely to know that it is there. However, the
ground doesn’t remain unchanging during pe-
riods ol miilioans of years.

Yery slowly, the rocks in the ground under our
fect change their positions. This doesn’t happen
while wc¢ watch. We can't yee it happen, but it
docs happen—over lang ages.

[.ayers of rock are pushed together or pulled
iapart as varieus changes take place in the earth’s
outennest lavers. Portions of the ground are
pushed upward to fonn mountains; ether portions
sink dewaward.

The laycrs of coal under the greund also heave
and bend and, atter millions of years, some end
up farther underground than they: were to begin
with. @®ther laycrs end up nearer the surface.
Some layers cven end up at the surface so that
chuaks of coal can be found lying about here and
there.

For thousaads upon thousands of years, hew-
ever, people paid no attention to the chunks of
coal. They just looked like pieces of black stenc.
Children might have picked them up and played
with them as thcy might with any ether stone, and
that was all. The black stone wasn't of u kind that
was suitable lor making tools, so sidults were not
interestcd.
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ONE TROUBLLE With coal is that it isn't easy to tell
that it will burn. A material can be inflammable
and yet be hard to sctoa lirc YWhether a particul ar
material is hatd or easy to set on hire dcpends on
its condition.

The more air that can teuch an iallammab le ma.-
serial in many diffcrceat places, the more easily it
can b¢ made to stwt burning A selid chunk of
wood is hard to start buraiag, huat if vou take that
solid chuak and splititintothin sticks, air will get
at the surface of all these sticks. The sticks will be
much casier to set buming than thc original
chunk Sawdust will stzat buraing still morc
easily

The hydrogen atoms of the wipod are more eas-
ily sct on lire than the carbon atoms. The larger
the percentagc of carbon ia a fuel, the harder it is
to getit to burn. Oacc it is va hire, of coursc, it will
keep on burning.

Since charcoal is almest all carben, il is hatder
to start it burniag than to start a piece of wood
burning. Have you ¢ver watched semeone start-
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ing a charcoal fire in the hackyarnd to grill steak or
hamburge1s? You may see that he buins paper
furst tozet the charconl started. Orelse he puts an
inflammable hquid on it first to get it shurted.

At lmast churcoal is porous. It hay tiny holes in
it. so tiny you can’t see them. Air can get inte
those holes and 1eich the inside of the charcoal.
Coral is harder than charcoal and not asporous. [t
iy even hardev to start coal buming than charcoal.
Starting :1 el fire is gquite difficult.

Still, mvery: once in a while, coal ts set un fire.
Perhaps people start a campfire and a piece ot
conl gets kicked into itby accident. @rperhaps a
piece of coal just happens to be lyiag on the
ground where the lire is built.

Later on, when the lire oes out <someone
might notice that in among the ashes is a glowing
black stune, It keeps. 0 a Elowing aand it stays hot
even when everything else has cooled clown. The
black stane is on hire, because ifa twig or a blade
of grass is puton the glowing part, it will begin to
blace.

It mayr have happened many timcs and the
people wlo siw it may have thought, “‘Isn’t that
limny?”" and then forzotten about it. Eventually,
theugh. scomeone must have started looking lor
those black stomes that burned. After all, theyr
burn slowly and give off heat and it wouldbe a lot
easier to pick up these black stones than to cut
dewn tiees and chep them inte tirewead,

The firvst plice where people started to burn
coal delibeiatcly ceems to have been in China
about a thousand years ago. {In those days China
was the most advanced nation in the world-)

3R
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People in Europe knew nothing about what
was going un ia China at that time. In 1275, how-
ever,a young ltalian nained Marco Polo was taken
by his family all across Asia to China, which was
then the center of a huge empire.

Marco Polo stayed for many years and was as-
tonished to see in how muny ways China was
larger, wealthier, aad more civilized than Europe
wax. He linally got back to Italy in 1295, and three
years later he wrote 2 book about his expericnces
in China. In this book he said, axmong other
things, that the Chinese burncd black stoncs as
firel.

Marco Polu’s book was a Lestseller, and wany
educated people read it all over Europe. They
touind it hard to believe some ofwhat Marco Polo
said, although we now know he was very truthful.
Some of his readcrs must have wondered about
the blick stones, though. Perhaps someone who
had seen black stones smoldering in a camphire
decided to try to find some more.

During the acxt fevs hundred years. Eviropeans
began to burn coal they found lying about. In the
Nctherlands Europeans got the 1dea for the bist
time ol digging in the ground to tind more coal

This wasn'ta very unusual thought. Pevplc dug
in the ground to find ores f:om which metals
«ould be pruvduced and they dug for predious
jewels. 1{there were inllammab le black stones un
thc ground, 1night there not be more under-
ground?

The people who dug in the letherland< did
find sn dh underground coal.

People tromm the Nethcrlands traded a great
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deal with peoplc {rom Engliad, since the two
lands fuced each other across the North Sea.

The English noticed the way in which the
Netherlanders were buming black stones, and
there were some who knew that similar black
stones could be tound in England.

This was important to Engl:and, which togcther
with Wales included about three fifths of the i«
land of Great Britaia. (The rest made up the aa-
tion of Scotland) The English people needed
wood for its fumaces. houses, and <hips, but by
1600, much of the native lorests were gone.
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England could get wood from oversens, but 1hut
was risky.

England dependced for its safety upon the ships it
was building. The nations of Spain, France, and
Austria all had luger populations than England
and a]l had stconger armies. The only reason
these other nutions ¢could not invade England and
take it over was the fact that England was on an
island. Invaders would have had to cross the sea
and English ships manajged to keep them away.

If England had to depend on wood from outtside
the island, what would happen il its cnemies
were to cut off its wood supplies? The English
navy would suffer and dwindle and England
might be lost.

England had to keep its own supplies of woad,
which 1neant it had to use it very sparingly. If the
English could find some other fucl to bum fer
heat and liglt, 4 lot of wood could be saved tor
the ships.

How aboui coal, then?

When the English started looking for coul, they
found quite a lot in the north of the countiy-
People dug fo1 it and carried the coal by wagons
toa town cilled Newestle, which is onthe Narth
Sea coast of England. From there ships hiought
the coal to London.

Coal was just what England nexeded, and more
and more of it was dug np in northern England
and was shipped out of Newcastlc.

By 1660 Luglund was mnducing 2 million tons
ol ceal each year. This was more than 80 peycent
of all the coal that was being produced in the
world,
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NEWCASTLE, ENGLANDC, IN THE 1800s

At first, thie coal that was brought to London
was used chirfly as fuel. It was used to cook food
and to wacm the houses in winter. It was bitumi-
nous coal. and the content of tar and pitch caused
it to bum with a smoky. smclly flaine. Soot cow
cred the city, which hecame dirtier than it used to
he.

Still, the government ¢ncouraged this becanse
it seemcd better than burning sciirec wood.

Wood still had to be bhuened in large quantities,
howevey, to produce charcoal, for only charcoal
could be used to obtain iron from its ores. Jron
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had a million uses, annd the English warchips
weren't guing to be much good unless they had
carmon made out of strong iron.

Fumaces for making iron h:d to be built in the
furests, where there were ots of trees about. Such
forests were far lom wherc the n1'on was needed,
and hesides the forests were shrinking. The wood
was being used up.

Could coal be used instead? Coal came in small
pieces: thatcould be carried anvwhere so that the
lurnaces could be built near where the iron was:
needed.

The troublc was that bituminous coal wouldn’t
work. Itdidn’t burn with a high enough tempera-
ture.

In 1603, however, an Englisliman, Hugh Platt,
discovered that if bituminous coal was heated in
sucha way that oxygen couldn’tget atit, the tarry,
pitchy material eould he diiven off and buimed.
1 eft behind was a material that was cidled coke.
Coke was just carbon and was very much like
charcoal. Coke buimed with a high enough tem-
perature to combine with iron ore and form iron.

At lirst, the coke was1’t of good enough gnality
to use. lttook a long time to learn how to prepare
good coke and how to use it to make iron. It
wasn’t 11 1709 that an LEnglishman. Abraham
Darby, begun to use coke on a laige scalc for iton
making,

This meant that, thanks to cal and coke,
England’s wood supply was saved.

Meanwhile, other Englicshmen werc trying to
find soine way of improving mines out of which
coal and iron ore were obhtained.
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POLLUTEDO LONDON IN THE 1890s

In such mines water would collect at the bot
tom. This water had to be bailed out or pumped
out if the mines were going to be useful. A ot ol
people had to do that bailing or work the pumps.

Could steam be made to do it instead? It you
boil water in akettle, the steam comes rushing out
the spout Perhaps such a current of steam could
be used to blow the water out of the mine.

®r perhaps the steam could be allowed te 13]] a
tube. Then, if the tube were cooled, the steam
would tum hack into water and there would be
nothing in the tube, not even air. The tybe would
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JAMES WATT WORKING ON A MODEL
OF NEWCOMEN'S ENGINE

contain a cacieurns. I the tube were stuck into
water at the fwr end the water would rise to il the
vacumn. In this way. the water could he sucked
out of the mine

A “steam engine’’ {or getting water oyt of mises
wis built in 1698 by an Englishman named
Thomas Savery It used steam under high pres.
surc, and that meant there could be un ¢xplosion
which could kill peouple

Jin 1725 another Englishman, Thomas Newco-
men who had been a partner of Savery, worked
out a kind of steam engine that used stcam :it low
pressure. This did the joh and was much safer. Ry
1778 there were more than seventy Newcomen
steam engincs working in the anines of the single
English province of Cornwall.

The trouble with any steam engine, howevcer, is
that first you must have steam to do the wark. To
get the steam you must boil water To boil the
water, vou must buru fuel.

It took a great deal of ficl to produce the steam
nceded to do the work. Only one two-hundredths
of all thc heat produced by the burming lvel dlid
the pumping. All the rest of the hcat just wanned
the mectal out of which the engine was con-
structed and {he air all about. This: was a terable
waste of frel.

In 1765 a Scottish engineer. James Watt de-
signed hn improved steam engine that used six
times as much of the heat of the buming fuel as
the Newcomen engine did. ()t was six times as
“"ofTicient.””)

Watt continued to improve his design and his
steam ¢ngine completely yeplaced the Newco-
men steam enginc. By 1800 there were about live
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JAMES WATT
(1736-1819)

hundred Watt steam «ngines working in England.

What's 1nure, Watt wourked ont ways by which
the steam engine cuuld be uscd to push and pull a
piston that could make a ywheel turn. This meant
that steam c¢ngines didn’t have to be used unly for
pumps. They could run machinery ot all kinds
fister and longey than human beings could

In pacticulin. steam engines were built that
would run machines that would spin and wcave
threads mechanically. Cot:on cluth could be madc¢
very cheaply in this wav. (This was the beginning
of what was called the Industrial Revoiutivn.)

Enyland had by then combined with Scotland
to form the nation ol Great Britain. Crcat Britain
came to be a nativn of facturies that produced ot
ton eloth for all the world. It used the money il
reccived to buy such materals as raw cotton.
Since Great Biitain sold the tinishad products for
tar mure than the material cost. it quickly grew to
be the richest and most powerful nation in the
world.

Of course, even Watt's stcam engine wasted
about 90 percent or moure of the heat of the hum-
ing fuel. It it had to use woud, Great Britain's
forcsts would quickly have disappeared and its
Industrial Revolution would have petercd vut.

However, the steam engines used coal, of
which Great Britain had plenty. It was coal that
made the I ndustrial Revolution possible,

Nor were stean engines usad unly in mines and
in lacturies. Steam engitigs on <hips could be
nsed to make paddlc wheels tum. The ships
could then he made to move even against wind
and current.
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ROBERT FULTON
(1785-1815)

Such a steainship was hrst builtby an American
named John Fitch in 1787. He couldn’t make his
steamships earn moneY. however In 1307,
another Americim, Robert Fulton. huill a steam-
ship that proved to h¢ a success. Little by lit:le all
trading ships became steamships.

On land, steam engines could be used to Rurn
wheels. A stcam engine huilt on a strong wagon
could make it move without any harse pulling it,
provided it were placed on sinooth iron fils so
there would be no unevenness to stop it Such a
wagon was a lecumottre (from Latin words mean-
ing “selfmoving™). A locomotive couid even pull
a train of cars behind it that could cany people or
freight tu this way, a “train’" could travel along a
“railroad.”

The first successfal locomotive was built as
early as 1814 by « British cngineer, Geerge
Stephenson.

The Industriia] Revolution was changing the
world very quickly. and it did so because of the
hurning coal thal turmed water into steam.
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The Present
and Future

of Coal

GREAT BRITAIN was the lirst nation to go through
the Industiial Revolution. The United States and
Cemany became industrialized toward the cad
of the 1800s, and this was made possible because
hoth the United States and Germany had large
supplies of coal within their borders.

Inthe 1900y Russia hegan to inductrialize itself,
teo. It also had a great deal of coal. In fiict, Russia
(o1 the Soviet Union, as it is now called) preduces
mere coal today than any other natien.

As more and more machinery came iuto use
over more and more of the world, more and more
coal was dug up and burned. Right now some
thing like 3,000.000.000 (thrcc billion} tons of
coal are dug up and burned every vea.

This wasn’t entirely good. Fer one thing, burn.
ing coal procdluced soot and smoke. The large
citics of industrial nations became dirtier and
dirties

Anthracile coul bumed with fiu less smoke than
bituminous coal, but anthracite coal isn't as com-

53



OIL TRANSPORT

mon. Bituminous coal can be trcaicd to make it
burn in a clcaner fachion, but that would make it
more expensive.

Then, too, pcople had to dig deeper and deepcr
to get coal and doing so was dangcrons. People
died in explosions, in cave-ins, and from diseases
of the lungs produced by the coal dust. It was
hard to cairy the heavy coal from the mincs to
where it was used, and coul was a heavy material
to shovel into fumaces and hard to set on lire.

In the latter 1800s peoplc began to turn to lig
uid oil for fuel. It was not so much the oils that
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could be oubtained from plants or animals that
were used. There just wasn’t enough of that, It
hecamc possible, however, to pump oil out of the
ground. This was called petroleunm orjustoil, Pe-
troleum could be pur.ified into diffcrent varieties
such as kerosene and gasoline (see fHow Did We
Find OQut About @il? Walker, 1380).

There were a great many advanta,ges to oil. It
didn't have to be mincd. A demrp hole could he
drilled into the ground and (if the hole was in the
right place) the oil could be pumped up. Nobadv
had to go underground to get it



What's more, 0il is easy to transfer Irom placc to
place. Inste:id o4 having to he camnied overland on
long freight trains as; ceal has to be, oil can be
pumped threugh leng pipelines that sometimes
stretch for thousands ef milcs. At the ocean’s edge
it cun be pumped into eil tankers that can take it
across the ocean.

Oil is tw ih casierto handle at the fumaces, too.
It cain be pumped into the furnaces at just the
right ratc. It can be <et toburning very easily and
nade to stop buming just as casily. It leaves ne
ash.

Seme of the substances obtained frem 0il can
be used to run automobiles, buses. trucks, ships,
airplanes. It ¢ould be used te hcat heuses, run
steam cngines, make elecidc generators work.

Abeut the enly thing oil couldn’t de that coal
ceuid was to tuun iron ore into iron. Making iron
and steel was still the job e cenl.

Little by little. as the 1900s wore on, 01l began
to wain on coal as a fucl. After 1950 oil became the
most important fuel in the world. I'reni 1950 en,
the whele werld was industiializing faster than
ever and it was doing it by means of @il.

There was a catch to ei! just the same. There
was €a1 less oil in the ground than there was ceal.
In the 1970s it began to leek as though the oil
would net last very much longer It leeked as
though there just wouldn’t be eneugh @il in the
13805 te preduce the energy required.

What's more, most i the oil was in the Middle
East, which is an unstable part of the werld Be-
ginnmg in 1973 the oilproducing nations began
te raise the price of @il rapidly.
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COAL FIELDS IN THE UNITED STATES AND CANADA

What is the world #oing to do?

It depends on machincry furalmost evel ything
For instaince, machinery helps the world produce
much more {oed than it ceuld m the days before
the Indiastrial Revolution. The world’s hepulation
is now nearly five times as great as it was when
Wat: first produced his steam eogine.

If oil ran out and machinery shutdown, most of
the werld’s population might starve.

One thing we can de to keep thatfrom happen-
ing is te ge back to coal. There is still pleaty of
coal in the ground. There is enough to last the
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world {or scveral centurics.

We liave made advances and can continue to
make more advances. People have learu:d to
make use of machinery to mine coal so that it
takes fewer miners these days to mine more ceal
and to do it werc safely.

Then. too. it might not be necessary to cairy all
the coul long distances to where they can be used.
Ways will probably be worked out to combine the
coal with hydrogen right at the ininc This will
turn ¢+ial into a liquid fuel that will be every bitas
convenient as oil,

Even se, coal continues to have disadvantages.
Digging it out ofthe ground destroys thc s.0il and
pollutes the waters round about. Buming it
creates smoke and soot and air pollution. Of
course, the ground can be restored and the coal
can be cleaned up to lewer the pollution, but that
takes a great deal of time and eftort It would
make coal fa more exlyensive to usc.

The supply of coal is limited. There is far more
coal than oil, but the coal will be used up some
day, too. What then?

In fact. it may not even be safe to burm all the
coal wc can Jdig out oftlie ground. You see, coal is
mostly carbon and wwhen the caibon combines
with oxygcn, it fermas & gas called carbon dioxide.

Cartbon dioxide is not a1 dangerons snbst:ance. It
can be cven called a very useful substance.

There is a little in the air at ail times, about 3.5
pounds in every 10,800 peunds of air It is very
important that that little bit should be therc.
Cimen plants jive on the carben dioxide:. They use
the energy of sunlight to combine the carbon
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dioxide with water and minerals to fumm the plant
tiasue s ¢ it Gy grow

The green plants might nu eut of carbon
dioxide. When animals breathe, howevcer, they
produce carbon dioxide. That restorcs what the
plants use up.

I( there were no carbon dioxide in the air, there
would be no plants, no animals, no human beingy.

In that casc, is it a good thing to burn coal and
produce more caibon dioxide. Will this help grow
still more plants?

Not entirely, it seems. We are preducing curbon
dioxide at a greater rate th:an the plant world can
make use ol it. Ever since 1900, thc ¢arbon
dioxide has been piling up in the air. Itis now 3.5
parts in 10.000; in a few years it will be 4 parts in
10.080. That still isn’t much. It won’t intcricre
with our byeathing, for instancc. But there is a
cateh.

Sunlight reaching the carth passes through the
atmosphere and delivers heat to the curth. At
night, the ear:h radiates th¢ heat it has gained
fiom the sun back into space. In this way. the
avcrage temperature of the cath remains umn-
changed. \What heat the eaith gains during the
day, it loses at night.

The hcat the earth radiates away is in the form
of infrared. This is made up ofwaves like those of
light, but longer. The long waves of inf-ared arc
absorbed by carbon dioxide in the air (though the
short wavces of exdinmy light ae not). The lact
that infrared is trapped means that the eath is a
little wurimer than it would be if there werc no
cashon dioxide in the air
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As the curbon dioxide content of the air goes up.
cven slightly, more of the infrared is absorbed and
the average te mperature of the earth gocs up ulso.
it doesn’t go up much, but it goes up cnough,
possibly, to chhange the climate of the earth.

Right now scientists are trying té tigure out
what changes in the climate might take place and
how damuging it will be. 1f we have to stop pre-
ducing carbon dioxide, we would have to switch
to other ways #f running inachinery than by burn
ing coal.

Wc¢ might have to burn hydrogen. We might
have to use wind and running wutcrto produce
electricity. \Ve might have to usc nuclear enargy.
We might have to usc sunlight

It can all bbe done, but it will take t:me and
eflo1t

Stiil, even if the time cemnes when we stup
using coal, we should always remember that it
was ceul that made the Iudustial Revolution
possible. It is coal that made the modem world
come into existence with its machinery and its
new inventions.

Coal made it possible to {eed wmore people and
make them more comforsble.

And it did it all only in the Iast three hundred
years. Before that, cnal was only a black stone thut
hurdly anyone even kncw existed.
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