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Fire 

EVERYONE HAS secll a nre at some time or other. 
\Ve know those dancing yellow flames that give 
off light and heat. \Ve sec it whco something is 
burning. \\1e see it when wood bums, or paper, or 
anything else that is ir,flammable. 

\iVhat makes something inflammable? 
Everything is rnadc up of tiny atoms, far too tiny 

to he seen even in a microscope. These come in a 
hundred or so different varieties. Two conl1non 
varieties are carbon atoms and hydrogen atoms. 

Carbon atoms can combioc wilh allothcr atmn 
variety called oxygen. Oxygen exists in the air, 
a11d when it co,nbincs with carbon, heat is pro 
duced. Hydrogen can also combine with oxygen 
to prodt.1ce heat. It is this combination of atoms to 
form heat (and usually light also) that we t-all 
bu roing .  

Inflammable substances such as  wood and 
paper include a large number of carbon and hy
drogen atoms in their makeup. Thc�e atoms, to
gether with others, clump together in groups 
culled molecules. 
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The molecules in wood and paper are large 
groups of atoms. "fhe:sc molecules ma.ke up solid 
substances that do not combine with oxygen 
when they arc cool. If the wood or paper is 
heated, hO\vever, the large moJecu les arc broken 
up into s,nnll ones that turn into hot gases, or v a 
pors. The carbon and hydrogen otorns int he vnpors 
combine with the oxygen in the air, producing 
heat and light. 

Fire consist.; of these vapors giving off heat and 
light as they combine with oxygen. 

Once the vapors hum and produce heat, tlrnt 
heat will cause other inflammable objects to hum 
if those other objects are cJose enough to be 
heated by the fire. If Ofie end of n piece of paper is 
burning, the heat it produc.-es wi)J make nearby 
pa1ts of the paper burn nnd that will make more 
p,1rts burn and so on. 

You can begin with n single 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 ,nighty forest. 

That sou,1ds very dangerous, and it ls danger
ous. People must be very careful or Ores flt nil 
times. 

Fortunately, fires don't st.ut easily. The first hit 
of fire only starts if the inflammable materhtl is 
heated to a high temperature. It isn't easy to get 
that high tempernture without a fire to begin with. 

How did the first fire begin? Did a human sta1t 
it? 

No, there were fires on earth for long ages be
fore hu,nan beif1gs even existed. Om .. -e plant life 

12 

HOMO ERECTUS CHILO WITH BURNING TWIG 

covered the dry land. beginning about 400 mil
lion years ago, there was always the chance or 
fire. 

Plants are made in large part of woody material, 
and they are inihumnable, especially when 
they're particularly dry because ii. hasn't rained 
for a while. Once the clouds do come, though, 
they are sometimes accompfrnied by lightning. 

Lightning produces light and heat as;\ result of 
the now of particles called electrons that are even 
smaller than atoms. \Vhen lightning strikes a tree, 
its heat can set the tree on Ore. The fire can 

13 



LIGHTNING STORM 
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spread to other trees, and soon there is a .. forest 
fire." This will hurn till the fire re.aches plnccs 
where there ore no other b·ees nenr enough to 
catch fire, or until a rain corncs that is heavy 
enough to put it out. 

Animals, if�).ught in a forest fire, will also bum 

and will die. �1ost animals quickly )earn to fear 
fire and to l'un from it .  Primitive humiH'I beings 
called lwminids (see How Diel \Ve Find Out 

About Our Humm, !foots? \Valker, 1979). who 

lived a million years or so ;1go, also (e"ared fire and 
also ran awAy from it. 

Hominids were smarter th.-rn other animals, 
however, and also more curious. (The two go t o 
gether.) 

About half a million years ago, the brainiest 
kind of hon'linid that lived was .c,illcd liomo erec· 

tus. Homo erectus wa.� not as brainy as hunrnn 
beings arc today. (�,todern h.umon beings are 
Homo sapicns.) Still Homo erectus was brainier 
than ;lily other land animals. 

llama erectus was so illtclligent that its curi
osity ahout fire was stronger than its fe,ir. 

After a forest fire is over. there may still he 
some burning pieces of twigs or hrirnchcs �cat
tered on the ground. Perhaps some Homo erect us 
childl'en (children are even more curious than 

adults, of course) crep t dose and watched the 
twigs burn. They may have seen ;tnothcr twig 
catch fire. After a while, some particularly hold 
child might hHve picked up a twig that wasn·t 

burning and placed it in the fire. Then it would 
begin to burn. 

I t may hiwe been a kind of plaything at first. 

15 



;ind a rathc,· dangerous one. Still, ii ma)' have OC"' 
cu1-red to some of the Homo erectus adults who 
saw wh:.,t the children were doing that t\  fire could 
be good to have atound if it stayed small. . Suppose yon put only A smt"dl amount of 111-

nammable material (or fuel) into a fire at any one 
time. Suppose y ou kept all other influnmable nHt 
terial a distance ciway from it. Then the fire would 
stay sm;ill. ll would not spread and become large 
and dangerous. 

A smal1, htme fire would give ligh t and wannth. 
Other anima ls. eve1, larg e and dangerous ones, 
were afraid of fire and \\ lould stay away from one. 
Hominids sleeping about a c,unpfire would be 
safer from prowling animals than they would be if 
there were no fire. 

All this isn·t just guessing .  In caves in north 
China, bones o f  Homo erectus were discovered 
that were half a mil Hon years old. And there were 

traces of campfires near them. 
Only llomo erectus and the evf;!n bn1inier 

llomo sopiens that followed h�,ve evc1· tuned fire. 
All hum;.11) heings of every kind have known how 
to use fire for tJ,ousands upon thousands of y ear). 
Ko animals of any other kind, not even the 

brighte)l, have ev er known how. 
As time \\lent on, a great many fu rther uses of 

fire were discovered. 
For instance, it was found (perhaps by accident 

to hegin with) that meat heated over a fire was 
easier to chew. It also tasted better. Such cooked 
food was safer to eat, too. Though p rimitive 

human beings didn't know it, the heat ki11ed 
germs ;;\nd other pru·asitcs in the food. 
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J n stilJ later a,ges il wta!, found that fire could 
bake soft day into hard pottery. Fire could melt 

sand mixed with other minerals to make glas\. 
Fire could hea t certain rocks c:-alled ores to pro
duce such met.ls i1s copper, tin, and iron. 

Of couro;e. fire ;tlso had its dangers. It could 
spread accidentally. It could hum houws, food 
supplies, even people. Even when it didn't 

spread, it still produc ed s,nok(', which mMJe 
things smelly and dirty, and which made people 

cough. lt also left behind ashes that got in the 

way. 
The uses of fire we re f<lr more i mportont than 

the discomfol'ts, however. People kep t using fire 
and b·ied to be as careful as 1>ossible to keep it 
from s111'e;iding .  \.Vhen they kept fire in a house, 
they learned to bui Id chim ,,cys to carry off most of 
the smoke. They learned to collect the ashes and 
dump them some distance away. 

One problem with a fire was just the opposite of 
its spreading. A fire could go oul. 

Every family must have worked hard to keep 
that from happening .  One of 1a,e ta,;ks of young 
children in a family might have been to collect 
branches, twigs, and brush to kc:c:p the fire going .  
Some times a second fire might be st\rted by car
rying a burning twig to ('I new pile of foci. Thc11 
the firs t one could he allowed to go out and the 

ashes could b e cleaned away .  
Still, a fire might go out by accident. In that 

case someone might be sent to another house or 
even to a distant village to borrow a light from a 

fire there. Some twigs could be set to burning. 
then placed in a pot and brought back home 
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where they could be used to stMt A 11cw '1rc. 
But what if someone's fire went out and there 

was no other fire within reach? \Vhat can anyone 
do then? \Vait for lightning t\1Hl for fu'lother forest 
fire? 

The use of fire was never really s;\tisfactory 
until some way wa1, discovered of �faJiing a fire 
u;;tlwut lightning and without another fire 1ha1 
was alreAdy hurning. Tl may not have been until 
nine thousand years ago that people learned how 
to do that. 

It may have happened by accident. Ht\man he
ings made tools out of rocks. To shape the tools 
they woul<l hit one rock with another, knocking 
chips off The n.,hbing (or friction) of one roc·k 
against another heated the rocks. Sometimes the 
tiny fragment� that were knocked off were heated 
till they were hot enough to glow and fonn sparks. 

If these sparks fell 01'1 so.-ncthing that was i n 
flunrnable, they might start a fire. Eventually, 
people may have learned Lo hit rocks together d e 
libcmtely in such a way as to al1ow sparks to fall 
on dry, powdered plant material (tinder) a11d set it 
on fire. Then they would have a fire where there 
had been no fire to hegin with. 

Another way would be to grind a pointed stick 
into a hole in another stick. The friction would 
heat up both sticks. and if  there was tinder in th,e 
hole, that would eventually catch flrc. 

Neither way was exactly easy, but fire was im· 
port,mt enough to take a lot of trouble over . 

\Ve htlvC 1m1de the system easier in modern 
time. In cigarette lighters, a metal wheel rubs 
against rl kind of rock c�dled flint. This shoots out 
sparks which sets inflammable vapors on fire. 
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\Ve a)so use the syste,n of rubbing wood to set it 
on fire by friction. l\owada}'S, though, we coat the 
pic<.,'C of wood with a chemical that catches fire 
very easily when it is heated. Thitt give u.s a 
matcl1. 

Just the siune. the ea�iest way is still to borrow 
fire from one that already exists. That is why we 
have pilot lights on stoves. Theo;c are o;fnall 
flames fed by flows of gas. \Vhen we tum on the 
gi,s burners, the gas thnt comes out catches fire 
from the pilot light. 

' 

' 

20 

• 

I 

Wood 

ONCE PEOPLE tamed fire and had ways of .starting 
it if it went out, there rernnincd the problem of 
fuel. 

The best fuel for hu,nan beings. to begin with, 
was wood. For one thing, except in deserts and in 
polar regions, wood is very common. Once it is 
dry, ii will burn easily and not too rapidly. It 
hums with a fire that gives off considerable light 
and heat. \Vhat's more, human beings don't eat 
wood, so they don't have to choose between feed
ing the fll'e and feeding themselves. 

\,Vhen a large pile of wood is hurning, the car
bon and hydrogen atoms in the wood on the out
side of the pile combine easily with the oxygen in 
the air. His 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 ilnd 
its molecules break up into vapors. hut there isn't 
inoch oxygen Ahoot. \Vlrnt lit.tic oxygen tlmt docs 
manage to get into the center of the pile combines 
with the hydrogen ntoms. The hydrogen nto,ns 
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WOOD ARE 

combine mol'e ettsily with oxygen than the carbon 
atoms do. 

At the center of the pile of 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 material. You can tell il 
isn't ash because ash is usm1.lly white. 

You can sec this happening even in a hunling 
stick. If the fire is blown out, the stick is black 
where 1hc fire has been burning. That is because 
the hydrogen atoms combined with oxygen first 
}lnd lcfl the Cttrbon behind. Such a stick is said to 
be charred. 

All that black material at the center of a wood 
fire after the fire has gone out is charred wood. 

The carbon atoms in the charred wood will 
burn if the materinl is placed in a fire. The carbon 
atoms will th�n finally have a chance to combirH� 
with oxygen. Carbon atoms by themselves do not 
give off vapors. though, so there are no dancing 
flames. The pieces of charred wood just grow red 
hot and sJowly h.1rn 10 ash. The dim glow of }l 
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CHARRED WOOD 

slowly burning: object is called a coal. Because 
the ch,Hred materh\l hums like that, it w,ts called 
chcircoal. 

Charcoal has some advantages over wood. 
Charcoal bums more slowly than wood and it also 
burns more hotly. This makes it more useful th,m 
wood ju some kinds of  cooking. 

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

Ores are made up of metal-oxygen comhina• 
Lions. \¥hen the carbon takes the oxygen out of 
the ore and combines with it, pure metal is left 
behind. The high tempcrnturc produced when 
charcoal burns helps this change along. Charcoal 
turned out to Uc very important in oUtaining: met 
als from o r e s -particularly iron. 

Of eour�e, since ch(1rcoaJ docsn ·t produce v a 
pors, it doesn't give much light. If you wanL to see 
sornethir1g t,t night, chaJ'coal will ,1cver do. You 
would still have to have �, wood fire. 
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The advantages of charcoal were so great that 
people beg;,u'l to make it d eliberately. They would 
s.et n larg e wood fire burning and then cover it up 
loosely with soil so as to cut down th(' amount of 
oxygen that could reach i t .  

N;,tun\lly, a great deal of wood had to be burned 
away in order to prnduce charcoal. You had to 
burn several pounds of wood in Ol'der to g et one 
pound of charcoal. 

Thi:, didn't seem bothersome to lnunan b eings 
in early ti1ncs. There were so ,mrny trees 
everywhere that it didn't ,natter how much wood 
was burned. There was al ways plenty rnorc. 

Some types of wood gave ,norc I ight than others 

did. There were the kinds that contained soft, 
gumrny substances called resfo. Such wood 
burned with a brighter flame that made it po:,sible 

to see at night. The wood of certain evergreen 
trees such a:,· pines and cedars burned brightly for 

this reason and such wood was used as torches. 
Then. too. there were other inllarnm,\hle sub

stances besides wood. Oils could be obtained 
fronl c.-crtain plants and ,mimals, trn d these were 

inflammable liquids. Chunks of wood could be 
soaked in oil. and they would the,, bum with a 

brighter flame. 
Or e lse the oil could be used by itself. A pool of 

oil could be placed in a hollowed•out rock, or in a 
clay pot, and a piece of  porous mf1.lerial (a tcick) 
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 
Uumc d  and, i1s it burned away, more oil soaked its 
way up the wick and burned in its turn. 
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This cont.li11cr of bumiog oi I is called A lomJ>. 
Some very simple fonns of lamps may have 
existed a!t long as 70,000 years ago. 

A lamp is more convenient than a wood fire in 
some wr1.ys. You can carry a lamp from place to 
place. You can put it wherever you need it, so you 
con see to do your work or to read by. You can't 
carry wood fires about that way. 

Of course. a lmnp might accidentally be spilled 
and the burning oil mighl :,lart a bfld fire. 

But there ;\re also solid oils, call fats, which are 
inflammable. ln addition there arc waxes. such as 
that produced in beehives. 

\Vith fats or waxes, you don't need;\ hunp. The 

solid material cAn be heated gently till it melts. 
The melted fat or wax can be allo,\1ed to coat the 

wick. Then it is cooled so th:at the coating b e 
comes solid. A thicker trnd thicker coating cm\ he 

b uill op, and in the end there is a thick pipe offot 
or wax with the wick r unning do"1n its center .  
The result is a candle. These first appeared i,boot 
5,000 years ago. 
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A candle is even easi�r to CArry ;thout than a 
IAmp and it can't be spillecl. 

However, though waxes, fats, and oils are all 
useful, they arc not near)y as coll'nnoll ;\s wood. If' 
a brge fire were I\Ccded in early thnes. no one 
could pol)sihly expect to nnd a large heap of wax 
or fat, or gallon upon g111lon of oil. lt would btke 
too nH1ch ti1ne and effort to collect all the bee 
hives, or to S(JLH!CZe out al l  the olives. or to melt 
clown �tll the fat in chichm\ or c;tttle. 

T n the time it took to do tha t, peop]e could chop 
down any number of tree:, and split them up into 
n,·ewood. 

Therefore, right down into modern times, wood 
was the chief fuel of the fires used by human be
ings. In many parts of the world wood is still the 
chief fuel. £vcn i1\ the United States, people in 

the cOulltry (and sometime in towns, too) burn 
wood in fireplaces or in stoves. 

'Wood is not just a wonderful fuel. l t  i:, a re
markable subl)I.An� in many other ,wtys. It is 
!,(rong; it lasts Jong; it ha:, a beautiful appearal)ce; 
it can be cul into any shape; it <.-an he smoothed 
nnd wax ed. 

For th:;).I reitson it c.an be used to huild houses or 
ships or to make forniture or a million and one 

other thing�. 
In modern tirnc:, il ,w\s found that wood wns the 

cheapC!,l possible source Ol•t of which paper 
could be made and paper has a miJlion uses, too. 
Th e paper T a1n typing on and the paper in the 
book you are reHdi1)g was once part of  a tree. 

In mr1.ny, many ways hL11nan beings clep eodcd 
on wood through long ages. 
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FOREST-A GOOD WOOD SUPPLY 
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Coal 

THE USE of fire (and of all the other advances that 
fire mode possible) f'nadc life more comfortable. 
The population grew larger because more and 
,norc people who were bon, could be kept alijvc. 

The more people there were, the more wood 
was needed to make fires, build houses and ships, 
and make fumiture. Slowly, through the ye,us and 
ccrHurics, ,norc and more wood was used. 

People didn't worry about that. The,·e seemed 
to be ftn endless supply of trees m1d more b·ees 
were always growing. The forests of the world 
,nust have seerned like those magic pitchers we 
read about in fairy tales. �o matter how much 
milk is poured out. of such pitchen;, there is al
ways more left. 

But re�11 life is not like a fairy tale. Trees only 
grow so fast. Every year only so much new wood 
is formed. Eventually, as more and more human 
beings used more and more wood, the point was 
reached where more wood was used each year 
than the arnount of new wood that grew. 
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'Whell that point was reached, the f orests hegan 
to disappcnr. 'A1ood began to be more scarce. lo 
the places where civiliz.atiOfl hnd existed for cen· 
turics, wood beca,nc so scarce that it had to be 
imported from other places. 

That made wood a11 the ,nore difficult to get 
and all the more ex1>ensive. Many people must 
hi:1.ve begun to wish there wt1S some other fuel that 
could be used that would be more common and 
chcAper than wood was. 

Acll1ally, another ,)uch f uel did exist. It was a 

f uel that wa.,, in some ways, very much like wood. 
In fact, it ,vas a foci th11t had once been wood irnd 
tha t had existed in foresb long, long ago. 

These very ancient forests were not composed 
o f  modern trees but of aocient varieties that no 
long er exist. They we1·e composed of plants called 
horse tails, club mosses, giant ferns, and so Oil. 

Beginning about 345 million >·e�1rs ;tgo and con
tinuing for over 100 million years, huge forests of 
these trees grew in large �treas of low, flat. 
sw:.11npy lan d .  

Natura1ly, trces only live so long, and then they 
die. Trees sometimes die as a result of heing 
knocked dowfl by lightning or by windstonns or 
by large ;rnimals. They can hurn in forest lll' es, or 
they can gradually stop living been use of old .igc. 
ln all .)llCh cases, if air can g et at them, the carbon 

and hydrogen t , toms in them combine very slowly 
with oxygen. Eventually the trees completely 
decay. 

Those trees tht1t grow in swampy hrnd, how
ever, fall into shallow wa ter or into hogs and m1.1d. 
That makes total dectty very difficult. Some decay 
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docs btke place, but there is a shortage of oxygen 

because the open air carinot g et at the fallen tree. 
The s;.une thing happened to s1.1ch fallen tr ees 

as happened to burn ing wood when there W;\S an 
oxyg en shortfl.ge. The h)1drogen atoms would 
<..'Ofnhine with oxygen, hut the carb01l atoms 
would be lclt behind. 

The fallen trees would slowly c hnr, in other 

words, and :-\ black material, which looked and 
hel1;wed something like charcoal, would form. As 
more and more trees fell charing hundreds, and 
thousands, and millions of years, the nrnount of 
blac k materh\l that fonned inc,·c,tsed. Tons of it 
were formedi thoui,:-tnds of tons; milliono, of tons. 

Once most of the f orest wos dow n, the black 
material was covered by mud in thicker and 
thicker layers. New forests grew on the mud. 
Then another pile of black material would foml 
and again b e covered by rnud. 

As the mud geb thicker and is buried deeper, 
its own weight squeezes the water out of it. The 

pieces of sand and grit in the mud stick together 
to f orm stone. The weight of the stone squ eezes 

the black material together .  
Ordinary ch,u·coal, made Uy hum,rn beings, is 

rather light and cnnnbly. The black ,nuterial 
formed from decaying hees is squeezed tog ether 

so tightly that it g ets heavy }llld hard and sol id. It 
doesn't seem quite like charco..-:11. Tt still bums and 
s,nolders, however, so it is a kind of coal. T ,, fact, 
people event ually called it cocil. 

Even today, coal is forming. There are swampy, 
boggy areas, where decaying plant material can 
be dug up and dried out to be used as foci. This 
dried O\ll material is called veat. 
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FERN LEAF IMPRINT IN COAL 

Some of the hydrogen has already been lost, so 
pent has more carbon than fresh wood has. Fresh 
wood is about 50-pcr<.-cnt curbon, b1.11 peat is 
about 60 .. percent carbon. 

The next �t..,ge is lignite. which, when it is dry, 
is nearly 70.percent carbon. 

Beyond that is o kind of coal which i� abo\lt 
85-percent ca:rbon. If this coal is heated in the 

absence of air so that it doesn't burn, the 15 per
cent that is not carbon is driven off, along with 
some of the c-.rubon. The materhtl driven off is f t  
black ta.r, or pi tch1 that in ancient times ,vas called 
bitumen. This is why this kind of coal is called 
bituminous coal. 
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SHAFT MINE 

Finally, there is 1-\ kind of co::d that is at le.:1st 
95-perccmt carbon. This burns with a red-hot 
g low ,  forming an cmher, as c:harco<,I does. The 
Greek word for ember is ,mthra.t, so this kind of 
COftl is ca11ed ant/,rocile coal. 

COtl l  is ;\lways formed very slowl y, and it is 
formed much more slowly these days 1hno in past 
ages, whco those large forest:-. in s,varnpy hind 
existed. Peat and lignite therefore make up only a 
sl'nall percentage of a11 the co::d in the world. Arl
thracite coal only forms in a few iucas where there 
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was n great deal of pressure. It, too, rnakes up only 
;\ small percentage of all the coa1 in the world. 

Most coal is hitu111ioous coal, ;1nd there is a 
great deal of that under the ground. There may be 

as much as 8,000,000,000,000 (8 t ri Ilion) tons here 

and Lhere in the earth. 
As long as the <..'Oal is under the ground, people 

aren't likely to know that it is there. However, the 

ground doesn't remain unchanging during pe
riods of miJlions of ye�irs. 

Very slowly, the rocks in the ground under our 

feet change their positions. This doesn't happen 

whi1e we watch. ,ve can't see it happeo, but it 
doc� happen- over long �ges. 

Layers of rock are pushed together or pulled 
,,part as variOltS changes take ph,cc in the earth· s 
outennost layers. Portions of the ground are 

pushed upwttrd to f onn mountains; other portions 
sink downward. 

The layers of coal under the ground also he;tve 
and bcod and, a£ler mUlions of years, some end 
up fart her underground than the>' were to begin 
with. Other layers end up f \earer the surface. 
Some layers even end up at the surface so that 
chl1nks of coal can be f ound lying about here and 
there. 

For thousands upon thousands of years, how
ever, people paid no flttention to the chunks of 
coal. They just looked like pieces of hlack stone. 
Children might have picked them up and played 
with Lhem as they might with any other stone, and 
that was all. The bhtck stone wasn·t of �l khid that 

w,ts suitable for making tools, so tldult, were not 
intere.:,.ted. 
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Industrial 

Revolution 

ONE TROUULE with coal is that it isn't easy to te11 
that it will burn. A material can be inflammable 
and yet be hard to set on fire. ,vhether a particular 

material is hard or easy to set on fire depends on 
its condition. 

The more air that can touch ar1 inllammable ma · 
terial in many different places, the more easily i t  
c.·an l>e made to sta11 burning. A solid chunk of 
wood is hard to start burning, hut if you tak e that 
solid chunk and split it into thin sticks, air will get 
at the surface of all those sticks. The sticks will be 

m uch easier to s et buming than the original 
chunk. Sawdust wiJI st..-n't burning still more 
easily. 

The hydrogen atoms of the w ood are more eas· 
ily set on fire than the carbon atoms. The lorger 
the percentage of carbon in a fuel, the hard er it is 

to get it to burn. Once it is on fire, of course, it will 
keep on b urning. 

Since charcoal is almost all carbon, iL is httrd er 

to Sb\rt it burning than to start a pi ece of wood 
burning. Have you ever watched someone Sbtrt-

37 



ing a chr\rcoal fire in the hack}1 ard to gl'ill steak or 
hamburgt!rs? You may sec thAt he bums paper 
first to get  the charco11I started. Or else he puts an 
innamma blc liquid on it first to get it shirted. 

At least c:h,1rcoal is porous. Tt ha.s tiny holes in 
it, .so tiny you can't see them. Air can get into 
tho,;e ho l es and re11ch the in,;ide of the charcoal. 
Co.'tl is harder than charcoal and not as porous. It 
is evc1l harder to start coal bun,ing than cht,rcoal. 
Starting fl (.'();.1) fire is quite difficult. 

Still, every once in a ,vhile, coal is set Oil fire. 
Perhaps people star t  a campfire and n piece of 
co::\I gets kicked into it by accidcr,t. Or p erhap,; a 

pie<.<>e of co;\) just huppens to be I> ing on the 
ground when: the fire is built. 

Later on, when the fil'e goes ou t, someone 
might notice lh<\t in among lhe ashes is t, glowin� 
black stone. It keep: ; o n  g-lowing and it stays hot 
even w hen everything els e has cooled clown. The 
black ,;tm1e is on fire, because if u twig or a blade 
of grass is pu t on the glowing part, it will begin to 
bh,ze. 

It ma)" h:we happened many times irncl the 

people who s,,w it may have thought, "Isn't that 
f'u nny?" ar\d then forgotten about it. Eventually, 
though, someone must h,we storted Jooking for 
those bl"ck stones that burned. After all, the)' 
burn slowly and give off heat and it would be a lot 
easier to pick up these black stones than to c:ut 
down b·e-es and chop them into flrewood, 

The fhst place where people starLcd to burn 
coal delUberatcly seems to have been in China 

about n thousand year<; ago. (In those days China 
was the rnosl advanced nation in the worl d.) 
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People in Europe knew nothing 11bout what 
was going on in China at thot time. In 1275, how 
ever, a young Italian niuned Marco P olo was u,kcn 
by his farnil), ;tll across Ash1 to China, which was 
thell the center of A huge empire. 

Marco Polo shLycd for many years and w::1s as
tonished to see in how mm1y ways China was 
larger, wealthier, and more civilized than Europe 

was. He finally got back to Italy in 1295, and three 
years later he wrote ;\ hook about his experiences 
in China. Tn this book he said, mnong other 
things, that the Chinese burned black stones as 
f uel. 

Marco Polo'� book was a Ucst-selJer, and many 
educated people read it alJ over E1Jrope. They 
foL• ncl it hard to believe sorne of what Marco Polo 
said, although we now know he was very b·uthfol. 
Some of his readers must have wondered about 
the black stones, though. Perhaps someone who 
hud seen black stones smolderillg in a campnre 

decided to try to find some more. 
During the next fev,.t hundred years, E1Jropeans 

began to burn coal they found lying about. In the 
Nctherhmds Europeans got the idea for the first 
time of digging in the ground to find more coal. 

This wasn't a very unusual thought. People dug 
in the ground to find ores from which metals 
(.'()tlld he produced and they dug f or precious 
jewels. lfthere were inflammable bh1.ek stones on 
the ground, tnight there not be more under
ground? 

The peop le who dug in the l\etherlands did 

find s uch underground coal. 
People frorn the Kethcrlands traded a great 
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EARLY METHODS OF ENTERING A COAL MINE 

deal with people from England, since the two 
lands f at-ed each other across the North Sea. 

The English noticed the wny in which the 
Netherlanders were burning black stones, and 
there were some who knew th,1t similar black 
stones could  be found in England. 

This was i mpo1·t;mt to Enghrncl, which together 
with \Vales included about three llfths of the i s 
land of Great Brit.tin. (The rest made up the na
tion of Scotland.) The English people needed 
wood for its f urnaces, houses, and ships. bul by 
1600, much of the native forests were gone. 
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England conkl get wood from overse,,s, but thr1J 
was risky. 

England depended for its snfety upon the ships it 
was building. The nations of Spain, Fran<.:e, and 
Austria all had huger populatioos than England 
and nJI had stronger armies. The only reason 
these other 11,1tio11s could not invade England and 
take it over wa.s the fact that England was on an 
island. Invaders wo1..dd have h,1d to cross the sea 
and English ships mana,.ged to keep thc,n awtl)'. 

If England had to depend on wood from o utside 
the island, what woul d happen if ib enemies 
were to cut off ils wood supplies? The English 
nt1vy would suffer and dwindle and England 
might be lost. 

England had to keep its own supplies of wood, 
which 1neant it had to use it very sparingly. If the 
English could find some other fuel to bum for 
heat and ligh t, n lol of wood could be saved for 

the ships. 
How about coal. then? 
\Vhen tl,e English started looking for con I, they 

found quite a lot in the north of the counb)'· People dug for it and <.'arried the coal by wAgons 
to a town c�lllcd Nc,vc�1�tle, which is on the No1th 
Sea coast of England. From there !)hips brought 
the coal to Lo11don. 

Coal was just what Englttnd 1'H;cdcd. A1ul more 
and more of it wa� dug up in northern England 
Alld was shipped out of Newcastle. 

By 1660 E111tla11d wns producing 2 million tons 
of COtll each year. This was more than 80 percent 
of all the coal that was being produced in the 
world. 
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NEWCASTLE, ENGLAND, IN THE 1800s 

At fl rst, tfiut coal that wAs brought to London 
was used chiefly as fuel. It was used to cook food 
and to warm the houses in winier. It was bitumi• 
nous coal. and the content of tar and pitc h <.1H.1�ed 
it to bun, with a smoky, smeJJy flame. Soot cov 
ered the city, which became dirtier than it used to 
he. 

Still, the government encouraged this because 
it seemed better than burning sc1-,rcc wood. 

\Vood still had to be burned in large q11H1llities, 
however, to produce charcoal, for only charcoal 
coukl be used to obtain iron from its ores. Jron 
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had a mil lion uses, M'ld the English warships 
weren't going to he much good unless they had 
c�ui ,1on made out of strong iron. 

Furnaces for making iron ht1d to be built in the 
forests. where there were lots of trees about. Such 
forests were far from where the iron was needed, 
and besides the forests were shrinking. The wood 
was being used up. 

Could coal be used ins tead? Coal came in small 
piece:, that could be carried Anywhere so thal the 

furnaces could be huilt near where the iron wa:, 
needed. 

The trouble was that bituminous coal wouldn't 
,vork. I t didn't burn with a high enough tempera
ture. 

l n 1603� however. an Engli.shmao, Hugh Platt, 
discovered that if bituminous coal w,1s heated in 
such a way that oxygen couldn't get at it. the tarry, 
pitchy material could he d1;ven off and burned. 
Left behind was a material that was c;;dled coke. 

Coke was just carbon and was very much like 
charcoal. Coke burned with a high enough tem· 
p erature to co,nbine with iron ore and form iron. 

At t.rst, the coke was n ·t of good enough q1rnlity 
to use. 1 t  took a long time to lenrn how to prepare 
good coke and how to use it to make iron. It 

wasn't till 1709 that an Englishman, Abraham 
Darby. began to use coke on a large scale for iron 

making. 
This meant that. th,mks to coal and coke, 

England's wood supply was saved. 
Meanwhile, other Englishmen were trying to 

find s-01nc way of improving mines out of which 
co,1.I and il'on ore were obtained. 
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POLLUTEO LONDON IN THE 1890s 

In such mines water would collect at the bot 
tom .. !his water had to be bailed out or pumped 
out 1£ the mines were going to be usef ul. A lot of 
people had to do tl-rnt bailing or work 1he pumps. 

Could steam l>e made to do it instead? H you 
b01l wnter 111 a kettle, the steam comes rushing ou t 

the spout. Perhaps such a current of steam could 
be used to blow the water out of the ff1ine. 

Or perhaps the sleam could be allowed 10 flll a 
tube. Then, if the tube were cooled, the steam 
would turn h}1.ck into water and there would be 

nothing in the tube, not even oir. The tube would 
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JAMES WATT WORKING ON A MODEL 
OF NEWCOMEN'S ENGINE 

co,,tai n a cacu,mi. If the tube were stuck into 
water at the far end the \\'Ater would rise to fill the 

vacumn. In this w,1y. the water could h(' suckecl 
out of the mine. 

A ··steam <mgine" for getting water out of mir1es 
was built in 1698 by an Englishm,rn named 
Thomas Snvcry. It used steam under high pres 
sure, and that meant Lhere couJd he nn explosion 

which could kill people. 
J 1l 1725 another Englishman, Thomas Newco· 

men who had been a partner of Savery, worked 
o�,t a kind of steam engine that used steam :.1t low 

pressure. This did the joh and wa� much safer. Ry 
1778 there were more than seventy 1':cwcomen 

steam engines working in the ,nines of the si11gle 

English province of Corn wall. 
The trouble with any stenm engine, however. is 

thi,t first you mu�t have steam to do the work. To 

get the steam rou must boil water. To hoil the 

water, you must burn fuel. 
It took a great deal of f uel to produce the steam 

!)Ceded to clo the work. Only one Lwo-hundredths 

of all the:, heat produced by the burning ruel clicl 
the pumping .  All the rest of the heat just wanned 
the metal out of which the eng-ine was con
structed and the Hir all about. Thi:, was a terrihlc

waste of fuel. 
To 1765 a Scotli"h engineer, Jame� \Vatt. d<'

signed :rn improved steam engine that used six 
ti1nes as much of the heat of the burning fuel r\S 

the Newcomen engine did. (It was six limes as 

"cln<.:ient. ") 
\Vatt contillllcd to improve his design and his 

steam cr1gine completely replaced the Newco• 
men steam engine. By 1800 there were about five 
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hundred 'Watt steam engines working in England. 
\Vhat's rnore ,  \Vatt worked out ways by which 

the steam engine could be used to push irnd pull cl 

piston that could make a ,vhee) turn. This meant 
that steam engines didn't have to be used only for 

pumps. T hey could run machinery of all kind� 
fa-'ter and longer than human beir1gs could. 

Jn particular, steam engi nes were built that 
would run machines that would spin and weave 

threads mechanically. Cotton cloth could be made 

very cheaply in this way. (This was the beginning 
of what was called the Industrial Revolrttfu11.) 

England had by then combined with Scotland 
to form the natioo of Great Britain. Great Britain 
came to be cl nation of factories that produced cot
ton cloth for all the world. Tt used �le money il 
received to buy such materials as raw cotton. 
Since Great Britain sold the l,nished products fo, ·  
far more thirn the material cost, it q uickly grew to 
be the richest and most powerful nation in the 

world. 
Of cour�e, even Vlatt's steam engine wasted 

ahou t  90 percent or more of the heat of the bum· 
ing fuel. If it had to use wood, Great Britain's 

forests would quickly have disi:tppearecl irncl its 

lndustriHI Revolution would have petered out. 
However, the steam engines used coal, of 

which Great Britnin had pler"lty. It w,1s coal that 
mnde the l ndustrfal Revolution possible. 

l\or were steam eogines used only in mines and 
in factories. Steam engir'ICS on ships could be 

used to make paddle wheels turn. The ships 

could then he rnade to move even against wind 
and current. 
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(176$-1815) 

Such a ste,unship wns first built by a11 American 

named John Fitch in 1787. H e couldn't make his 
steamships eanl mone)' , however. In 1807, 
another Amcric�m. Robert Fulton, huill a �team• 
ship I hat proved to he a success. Little by little ;\II 
trading ships became steamships. 

On land, steam engines could be used to �11rr1 
wheels. A steam engine huilt on a strong wagon 
could make it move without any horse pulJing it, 
provided it were placed on �inooth iron milis so 
there would be no unevenness to �top i t .  Such H 
wagon was a locomotive (from Latin words mean
ing "self-moving"). A locomotive could even pull 
a train of car,; behind it th,tt could carry people or 
freight. f o  this way, a "train" could travel along a .. ., d .. ra1 roa . 

The first suc.-cessful locomotive was built as 
early as 1814 by ,t British engineer, George 
Stephenson. 

The lnclustrii:tl Revolution was changing the 

world very quickly, and it did so hccnuse of the 

hurning coal that tu med water into steam. 
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The Present 
and Future 

of Coal 

GREAT BRITAIN was the first nation to go through 
the lndusb·ial Revolution. The United States and 
Cermrlf'IY became industrjalized toward Lhc end 
of the 1800s, and this was made possible because 
both the United States and Germany had large 
supp)ies of coal within their borders. 

In the 1900s Russin began to indusll'ializc itself, 
too. It also had a great deal of e<:>al. In fact, Russia 
(or the Soviet Union, as it is now callecl) prod1.1<..'Cs 
more coal today than any other nation. 

As more and n1ore machinery came into 1.1sc 
over more and more of the world, more and more 
coal was dug up aod burned. Right now smnc
thing like 3,000,000,000 (three billion) tons of 
coal are dug up and burned every yeM. 

This wasn't entirely good. For one thing, burn
ing coal proch1ccd soot and smoke. The large 
cities of industrial nations hecamc dirtier and 
dirtier. 

Anthracite coa.l burned with far less smoke than 
bituminous coal, hut anthracite coal isn·t as com-
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OIL TRANSPORT 

mon. Bituminous coal can be treated to make it 
burn in a cleaner f8.shion, but that would ,nakc it 
more expensive. 

Then, too, people had to dig deeper and deeper 
to get coal and doing so was da1)gcro11s. People 
died in explosions. in cave•ins, and from diseas es 
of the lungs produced by the �,ool dust. It was 
hard to carry the heavy coal from the mines to 
where it was used, and cool was a heavy material 
to �hovel into furnaces and hard to set on fire. 

In the latter 1800s p eople began to n, rn to liq
uid oil fOr fuel. It was not so 1n\1Ch the oils thAt 
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could be obtained from plant� or animals that 
were used. There just Wftsn't enough of that .  It 
hecnmc possible, however, to pump oil out of the 

ground. This was caJ1ed J)etroleum or jusL oil. Pe· 
troleurn could be putified into different varieties 
such as kerosene and gasoline (see llow Did \Ve 

!'ind Out About Oil? Walker ,  1980). 
Th ere were a great many Advanta,.ges to oil. It 

didn't hav., to b e mined. A deep hole could he 

drilled into the ground and (if the hole was io the 

right pince) the oil could 1.,e pumped up. Nobody 

had to g:o underground to get it 
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\Vhafs mme, oil is easy to transfer frorn place to 
plac:e. lnstei1d of having to he c.-irried overland on 
long freight trains a.s c.:oal has to be. oil can be 
pumped through long pipelines that sometimes 
stretch for thousands of miles. At the ocean's edge 
it Cilll be pumped into oil tankers that c.:an take it 
across the ocean. 

Oil is ,rn.,eh easier to handle at the fumaces, too. 
It c,rn he pumped into the furl)accs Ht just the 
right rate. It CHO he set to burning very easily and 
n1;1de to stop burning just HS easily. It lciwes no 
ash. 

Some of the substances oblained from oil can 
be used to run automobiles, buses, trucks, ships, 
airpl anes. lt could be used t·o heat houses, run 
steam cngiocs, make electric generators work. 

About the only thing oil couldn't do that coal 
cou1cl ,vas to tum iron ore into iron. Making iroo 
and ste·el was still the job of coi .il. 

Little by little, as the 1900s wore on, oil began 
to gain on coal as a fue1. After L950 oil became the 
most important fuel in the world. From 1950 on, 
the whole world was indusb·ializing foster than 
ever and it was doing it by means of oil. 

There was a catch to oil just the same. There 
was far less oil in the ground than there was coal. 
In the 1970s it began to look a.s though the oil 
wou Id not last very much longer. lt looked as 
though there just wouldn't he enough oil in the 
1980s to produce the energy required. 

\\!hat's more, rnost of'tJie oil was in the Middle 
East, which is an unstable part or the world. Be· 
ginning it1 1973 the oiJ.producing nations began 
to raise the price of oil rapidly. 
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COAL FIELDS IN THE UNITED STATES AND CANADA 

\¥hat is the world going to do? 
It depends on machinery for almost everything. 

For instcrnce, machinery helps the world produce 

much more food than it could in the days before 
the Ind ust.rial Revolution. The world's 1>0pulntion 
is now nearly five tirnes as great as it was when 
\Vatt first produced his steam c,1gine. 

If oil ran out and mnchinery shut down, most of 
the world's population might sb1rvc. 

One thing we can do to keep that from happen· 
ing is to go back to coal. There is slil1 plc,Hy of 
c:oal in the ground. There is enough to last the 
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world for several ccntudcs. 
\Ve have made advances and can continue to 

make more c1dv,-11,ces:. People have lcarrH;d to 
,nakc u�e of machinery to mine coal so that it 
takes fewer miners these da}1S to mine more COr\l 
and to do ii nlOl'C safoijy. 

Then, too, it might not be necessary to carry all 
the cotd long distances to where they can be used. 
·ways will probably be worked out to combine the 
coal with hydrogen right al the 1nine. Thi� will 
turn c.-oal into a liquid fuel that will be eve1y bit as 
convenient as oil. 

Even !)01 coal continues to have disadvantages. 
Digging it out o f  the ground destroys the .:toil and 
polh1te� the waters round about. Burning it 
creates smoke and soot and air pollution. or 

course, the ground can be restored and the coal 
can he cleaned up to lower the pollution. but that 
tnkcs a great deal of time and effort. It would 
make coal far more ex1)ensivc to use. 

The supply of coal is limited. There is for more 
coal than oil, but the coal will he used up some
day, too. \Vhat then? 

l n fact, it may not even he Selfe to bum all the 

coal we can dig: out ofthe ground. You see, coal is 
mostly carbon and ,vhen the cMhon combines 
with oxygen, it fomls � gas called carbon dioxide. 

Carbon dioxide is not tl dongero us s ubst1u1ce. It 
can be even called a very useful substance. 

There is a little in the ail' 11t oil times, about 3.5 
pounds in every 10,000 pounds of air. It is very 
important that that little bit should be there. 
Green plants live on the carbon dioxide. They use 
the energy of sunlight to combine the carbon 
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dioxide with water and minerals to form the plant 
ti�st.,e .,o ii ¢;;-u, grow. 

The green plants might nul out of carbon 

dioxide. \Vhen animttl s breathe, however. they 
produce carbon dioxide. Thul restores what the 
plants use up. 

If there were no carbon dioxide in the oir, there 

would be no plants, no anirna)s, no human beiilg:,. 
In that case. is it a good thing to hurn coal and 

produce more carbon dioxide. \Viii this help grow 
slill ,nore pl,mts? 

Not entirely, it seems. \Ve are producing: �1rbon 
dioxide c1t a greater rate th;Hl the plant world can 
make use o f  it.. Ever since 1900. the C;\rbon 
dioxide has been piling up in the air. lt is now 3.5 
parts in 10.000; in a few years it will be 4 pa,ts in 

10,000. That still iso ·, much. It won't interfere 

wjth our bl'e;\thin,g, for in)bu1ce. But there is a 
catch. 

Sunlight reaching the earth passes through the 
atmosphere and delivers heat to the e,1rth. At 
night, the earth radiates the hei lt it has gained 
from the s1..1n back into space. ln this way, the 
average temperature of the earth remains un
changed. \Vhf1.l. heat the earth gains during the 
day, it loses at night. 

The heal the earth radiates away is in the form 
of infrared. This is made up o f  waves like tho.)c of 
light, but longer .  The long waves of infrared arc 
absorbed by carbon dioxide i 1'1 the air (though the 
short waves of Ol'dinary light are not). The fael 
that infrared is trapped means 1ha1 the earth is a 
little w�mncr than it would be if there were no 
cMbon dioxide in the air. 
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As the carhoo dioxide content of the air goes up, 
even slightly, more or the iofrarecl is absorbed crnd 
the average tc mperature of the etlft h goes up also. 
It doesn't go up much, but it goes up enough, 
possibly, to change the climate of the ea1th. 

Hight now '\cientists are trying to figllrc out 
"'httt changes in the climate might take place and 
how damaging it will be. l f  we have to :-.top pro
d ucing carbon dioxide, we would have to switch 
to other ways ()f running 1nachinery than by burn ·  
ing coaL 

\Ve might have to burn hydrogen. \.Ve might 

have to use wind and running WtltCr to produce 

electricity. \.Ve might ha,·e to use nuclear energy. 
\Ve might have to use sunlight. 

It cao oll he done, but it will take time and 
effort . 

Sti11, even if the time co1ncs when we stop 
using coal, w e should always remember that it 
was coal that made the Industrial Revolution 
possible. it is coal that made the modern world 
co1nc into existe nce  with ib machinery and its 
new inventions. 

Coal made it possible to feed more people and 
make them more comfortable. 

And it did it al1 only in the Ii.1st three hundred 
years. Before tht1t, coal was only a black stone that 

hardly anyone even knew existed. 
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