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A Tornado 

1 Atoms 
and 

Pressure 
TuE AlR THAT surrounds us and the whole Earth is 
called the .. atmosphere" (AT-moh-sfeer). which comes 
from Creek words meaning "ball of air ... 

Usually we pa)' little attentio,, to the air. \Ve can't 
see it or feel i t .  It seems to be nothing at all. If we 
open a box and it OOJltain s only air, we s.ay. "US empty. 
'l'hereS nothing in it ... 

Just the same we k,,ow that air exists. \Vhcu I say 
we can't feel it. 1 me;m we can't feel the air when it is 
still. The Sun heats the air, however, aod in some 
pla<.-es it is heated more than in others. \Vann air rises 
and cool air moves in to lake its place. This moving air 
is called '\vind ..

. 

\Ve can foe) the wind against our face :�ml bod}� It 
makes us uncomfortable in winter, for the winter wind 
carries warmth away fn)rn our body and makes us feel 
much colder .  In the summer, though. a wfod ca,, be 
pleasant for il cools us off. 

\Vhen the wind is ve1 )' strong, we don't like it at any 
tirne for it can do much damage. Hurricanes and 
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tomados are example.•) of wiod.s 1h.1t move so fast they 
can knock down trees and dt'IltO) houses. Anrooe 
who has C\'er C).perienced such i,tonns dcx"m't think 
that air is ·nolhing." 

The a1K1rnts knew tl,at air was something. even if it 
'-'.l.S invisible, for the snme reason.s \\(.' do .  TI1e Grttk 
phdosopher Anax,nwnes (AN•ok-Sl�l-ih-nco1., Si0-
500 8.C.) thought air was th� basic material out of 
which aJI othn substance1 wrre formed. 

'/ot e"el')one agreed with h im .  A later phil050pber. 
Empedoclcs (em-PEO-uh-kleez. 4 9 2 -432 B.C ), 
thought air was important but that the Earth wn, bmlt 
of four basic suh,t�mces: earth, wnter, and fire, in 
addition to air. This notion of the four basic sub)tances 
lasted for two thousand year,. 

Air is diffrrent. in 1omc \\'ilys. from other .sub­
stances. You can see water and alJ the dtfl'erent things 
of the earth-rocks, ;,nd, trees, animals, plant,. You 
can f'Vrn see 6re. You ca.n't see air, however Does it 
re.tlly e). ist? The wind exists, of course, but ma)'bc 
thatS somelhini:; cWf'erent. \Vhen there$ no "ind, 

maybe th<'r<• ',i nothing .it nil there. 
The linl pcr,on to show that ,•,en still air 1, 

something was a Crcc•k engineer, I lero, who did his 
work about A.O. 50 (\Ve don't know the """ct <btes of 
h,s birth and death ) 

Hero pointed out that if you upendN.I n container 

nnd put it into water, optnlng down, the water did not 
enter Lhr <."Ontainer. 11uu was because ii was full or nlr, 
so there was no room for the water If you madt- a hole 
in tho bouom of the <'Onraiuer, so that air could bubble 

out, then water •would eokr. 
Another odd thing about air that Hero discovered 
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/ Hero·, air experiment 

'"'as th:,t ft didn't seem to ha\'<' much weight, ,fan)'. If 
you 611 a oontaine!r with sand or water, it becomes 
hc.ivier aod hard,•r to lift. If you fill a balloon with air .  
on the othrr hand, it d()('.-;n 't feel any h('a\ier than nn 
emply balloon 

Hero's onswer to that depended on the work of an 
earli<r Creek 1>IHIO<OPher. Democritus (deh-\lQI(. 
rlh-tus, �i0-380 8.C.). Demucr,lus had tboughl Lhat 
everything wa.s <,'Omposed of particles far 100 small to 
see. The� particles could not be brokt·n up into any ­
thing smaller, he thought, so he called them "atom, 
(A·tomz) from a Creek word meaning ·unbreakable.· 

DemiOCritus ('()uldn"t get most other philosophers to 
believe him, but a fow d id .  Hero bclie,·ed that atoms 
e.t,tt-d. He felt th,t in things th.it were solid or Uquid, 
tht, atoms touched each othrr. ln an)' quaoUty of the<e 
substances, there would be many. many atoms and 
their tiny weights would add op so that sand and water 
were he;ivy. In air, the atoms were ;;p;:1(:00 vef)· widely 
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Robert Boyle's experiment 
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apart. A quantity of air contains very few atoins for 

that reason and that is why air doesn't S('Cm to have 

weight ill the \\':ty that s.aJ\d and water do. 
Then. too, since substances like s.aud and w ater 

htwe their atoms in contact, you can't squeeze those 

atoms closer togcth<·r. You can't make sand or water 
take up Jess roo,n than tl1ey do. In other words you 
can't "c..'(>mpress" sand or watc:r�r oth er solids or 
liquids, either .  

Hero pointed out that air could be compressed. It 

<.'Ould he S<Jueczed into a smaller volum(', b ... :ocause the 
far--apart atoms could be forced to move closer t o ­
gether. 

No one pa.id any more attention to Hen) th an they 
did to Democritus. As the centt1ries passed, however, 
there were alwa)'S a few people who wondered if 
perhaps ato ms existed. In 1662, a British scientist, 
Robert Bo)'l(\ took up the matter. 

Ile used a seveoteen-foot tube shaped like a J, 
opened at the long end and closed at the short. He 
added mercury, which 611,:d the bottom of th e J and 
trapped some air in the short end. The more mercury 
he added. the more the weight of mercury squec7.(,J 
the trapped air into taking up less and less room. Hero 
was right. 

Boyle aJso didu ·t 8<."Cept the old Creek uotion of four 

basic sobstances. He fell Lhat the correct wa>' of telling 
whether something was a basic substance, or "el e­
ment'' (EL--eh-ment). was to sec whether it could be 
changed into something simpler .  Only a substance 
that could not be changed into anything simpler was 
an element. 

10 most pt .. --opl<: it seemed that air was still an 
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element even from 6oy)eS viewpoint. 
Beginning in 1803, the world of scienoe began to 

accept atoms and, event ually, no one doubted their 
existence. Nowadays, we know tJ1at atoms u.suaHy 
cling together in small groups called "molecules 
(�10L-uh-kyool2), which comes from a Latin word 
meaning ··a small body.· 

Of course, if air <.'Onsi.sted of molecules it had to 

have some weight. The , nol ecules were spread widely 
apart so a quantity of air wouldn't weigh much, but it 
would weigh sometltlng. In 1643, this thought oc ­
cuned to the Italian scientist Evangelista Torricelli 
(tor-righ-CHEL-lee, 160$-1647). 

He was considering the pumping of water. You can 
pump water to a height of  four hundred inches above 

i ts original l evel. No amou1H of wo rking the pump 
could for<..-e the water higher than lhat. 

Torricelli lhought that perhaps water could be 
pumped because the weight of the air pushed it 
upward. Perhaps the total weight of a colu,nn of air, 
resting on the water, was only enough to support a 
column of water four ·hundred inches high and no 
more. 

One way of testing this would be to use mcrcuf)� 
Mercury is a heavy liquid. 13.4 thncs as dense as 
water; that is. a column of  mercury an inch across and 
thirty ir1ches high would weigh just as much as a 
column of water an inch across and four hundred 
inches high. 

·rorricelli took a four-foot�Jong tube closed at one 

end. Siled it with mercury ,  and corked it. He upe11d<.-d 
it into a large dish of me:rcury and removed tht: cork. 
The mercury did not pour out entirel)� A column of 
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air prNaur• ---i 

Torricelli's first barometer-1643 

mercury thirty inches high remained in the tube held 
up by the weight of air. 

The weight of the air on a particular bit of s1.11faoe is 
called -air pressure.·• Air pressure must be 11early 
6.fieen pounds per square inch to hold up thirty inches 

of mercury or four hundred inches of water. 
It se ems a little puzzling that there should be so 

much weight resting oo every bit of  your body ,vithout 
you feeling it. Air pressure. howevc;r, pushes in every 
direction on your body, and your body is tilled with gas 
and liquid that push es back wJlh the very same 
pressure. l o  that way, you end up feel ing nothing at 
all. 
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Torricelli's C:.'Oh..nnn of mercury which 1ne.asures the 
air pressure is now called a .. barometer .  -The weig)1t of 
a partic-ular portion of the titmosphere varies slightly 
from moment to moment. 8)1 noting whether the 

barometer is high or low, rising or falling, it is possible 
to predict the weather. 

Torricelli's experiment prov<.-d something impor­
tant. The ancients had believed that air Glled all of 
space right up to the Moon and other heavenly bodies. 

If. however, there was that much air above us, it 
,,,.ould weigh nwch mQrC than it does. If the air was 
the same density all the way up, theo in order to have 
a pressure of fifteen pounds per square inch. it could 
only be 6ve miles deep. 

On the other han d, if )'OU went high in the air. the 
air pres.sure would dlrop because much of the air 

would then be below }'OU. Jt would only be the portion 
above you that would weigh down upon you, and that 
,vould be less and less as }'OU went higher and higher .  

The French scientist Blaise Pascal (pas-KAL. 1623-
1662) sent his brother-,in-law up a mountain in f'rant.-e 
with two barometers. Sure enough, the level of the 
mercury t.-olumn dropped lower and lower as he went 
higher and higher .  

11)e ahnosphere doesn't stay a t  the same density as 
you go higher .  The very bottom of the atmosphere has 
to bear all the weight of the miles of air above. That 
weight t.'Ompresses the lowermost layer .  As one goes 
upward, there is less aod less weight of air above, so 
that that air is less compressed. 

As you go higher, then. the air gets less and less 
dense; that is, the mo'lecules of air move farther and 
farther apart, and a given weight of air takes up more 
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and rnore roo,n. F'or that reason, it was soon realized 
that the air must extend higher than 6ve miles. That 
doesn' t  meao it weighs more; it just takes up more 

room. 
Fi nail>� of course, the air thins out till it is just about 

empty space, with only an occasional atom here and 
there. Such emptiness is a "vacuum" (VAK-yoo,n) 
from a Greek word for "empty.·· The vl'.lC\tom extends 
all the way to the .Moon and beyond it to the farthest 
star. I t  is only because of the thin layer of atmosphere 

around the Earth, that living things like ourselves can 

live. 
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2 Gases 

If WATEH IS allowed to stand in an open container, it 

slowl)' dries up. \Vhat happens to it? Does it disappear 
into nothing? 

. .\ctually, the tiny molecules thtlt make up water 
move into the air, bit by bit, a.nd separate ·widely, 
forming a .. vapor"' (VAY-per), which comes from a 
Latin word for "'steam." This vapor rises high in the 

air, and in the cold, forms little droplets of water 
again. If there are enough such droplets, we see them 

as eloods. EventuaJly, the water comes back to Earth 
as rain. The water vapor that forms when water dries , 
or .. evaporates

,. {ee-VAP-oh-rates). is like air in its 
properties. 

Other liquids, such as alcohol and tu111enline , can 
a1so evaporate to form vapors. Liquids do so more 
rapidly when they are heated. 'When the var�:,rs are 
cooled, they turn into liquids again. 

Of course. air seems different since it doesr1 't turn to 
liquid on even the coldest winlcr days . even in 
Antarctic3. 

About 1520, the Belgian chemist Jan Baptista van 

Helmont (van-HEL-monl, 1580-1644) became inter­
ested in vapors. He observed that solids and liquids 

ah,.,ays had a c.."ertain voluine, but vupors did rlOl. If you 
put a quantity of sand or water into a large container, 
the)' filled only part of the container .  A vapor fills all of 
it, no matter how large the container. 
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The water cycle 

Vapors (and air ,  too) seemed to Helrnont to be 

jumbled-up substances compared to the more orderly 
liquids and solids. 

The ancient Greeks thought that the universe wa� 
developed from a primitive sort of matter that was all 
jumbled up .  They called this primitive matter "chaos" 
(KAY-os). Van Belmont thought vapors and air were 

very much like the original chaos, :}nd that's what he 
called them. However, he said the word as he pro­
nounced it in his o,vn language and it came out "ga,; ... 

Eventually. the word was ;adopted by everyone. \Ve 

now think of air, and all vapors, as examples of''gases." 
Van Belmont is olated a gas from burning wood 

which he called "gas sylvestre," mc�aning "gas from 

wood.- It wtLS not quite a vapor because it didn't 

change into a liquid when it was cooled. Nor was it air, 
either, because it didn't seem to behave exactly like 
air. 

Van Helmont's work didn't make a big splash, but in 
1756, the Scottish chemist Joseph Black (1728-1799) 
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found that if he heated the mineral limestone, it 
turned into another substance-lime . In the process a 
gas was released which Black studied carefully. This 

gas, it turned o ut eventually, was the same as van 
Hclmonts. Nowadays the gas i s  called ·carbon diox ­
ide' '  (KAHR-bon,dy-OK-side). 

Jf carbon dioxide is placed in contact with lime , the 

lime will slowl)' tun\ back into limestone. Oddly 
enough, if lime is allowed to stand in pure air without 
contact with carbon dioxide. it aJso will tum back into 
limcsto1\e, though very slowly. 

From this Black concluded that air contains a small 
amount of carbo1\ dioxide a.,; part of it,; structure . 

This \V'J.S the first indication that air is not a simple , 
uniform .sub.stance, as ao eleme,H ought to he . ll is a 
milture of gases, for it contains carbon dioxide . Of 
course, it doesn·t contain much, for only 0.035 percent 
(about 1/3,000) of the volume of the air is carbon 

dioxide. 
Black found that the breath exhaled by people 

contained more carbo,, dioxide thao ordin ary afr did. 
At least, exh:tled breath turned lime into limestone 
faster than air did. \\'hen. a cai\dle burned, it produced 
carbon dioxide also. 

One important W3)' in which carbon dioxide dHfers 
from ordinary air, Black dis<..'Overed, ,,,.as that a candle 
would burn in air but not in carbon dioxide. Black 
tried to burn a candle in a closed container of air. The 
ca,ldle wellt out long before the wax was completely 
consumed. Black wasn't surprised because if the 
candle produced carbon dioxide, there would finally 
be enough of that gas in the closed container to 
smother the 8arr1t. 
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Black then removed the carbon dioxide from the 

dosed co,Haincr by adding l ime .  That left plenty of air 

in the t'Ootainer, air that was not carbon dioxide. Jusl 
the same, tho candle wouldo't bum in the air after the 

carbon dioxide had been removed. 
Black was puzzled and han ded the problem over to 

a student of his, the Scottish chemist Daniel Ruther­
ford (174�1819). In J 772, Rutherford repeated 
BlackS experiment with great care and in more detail. 
He mad<" sure that aJI the carbon dioxide was re• 
moved. and he also ended up with a gas that was not 
quite air for it would not support a Oamc. 

At this time, chemists were working with a theory of 
combustion that involved �1 substance they called 
-phlogiston .. (ffoh-JJS-ton), which ,-omes from a Creek 
\\,' Ord meaning .. to burn. - According to the theory, 
when something burned the burning material trans­
ferred phlogisto n to the air. \Vhen the air was full of 
phlogiston, it wOl1 ldn' t accept any more and 1lothing 
more would burn itl it. Rutherford, therefore. called 
the gas he had ended with, .. phlogisticatect air ... 

A fow years later, however, Rutherford$ gas came to 
be called "nitrogen" (NY-troh-jcn). This was from 

Greek words mea.ni11g · ·nitre-producer," because it 
was found that the gas could be produced from a 
mineral ca.lied '"nitre ... 

Jn 1774 another gas was discovered b)• the E11glish 
chemist Joseph Priestley (li33-1804). \l�ien Priestley 
formed the new gas and wanted to study it, he led the 

gas through a glas.s tube into a dish of mercury and 
allowed the gas to bubble up into a.n upended 
container of mercur')� whose mouth was held under 
the surface of the mercury in t.he dish. ·n1c new gas 
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col� 

Priestley's apparatus 

forced the mercury out of the 1.1pcmdcd C.'Ontainer into 
the di.sh. He then put a glass lid over the container's 
opening, took it out of the dish of mcrc-ury, and turned 
it rightside op. 

1n this way the gas never mixed with air, so its 
properties could be studied with greater ease. The gas 
abo never came in contact with \\'ater, i,1 which some 
gases dissolved. 

TI·,ese results got Priestley interested in mercury, 
though, a11d he fourld that when mer<.'1.1ry was heated. 
a rust-red powder formed on its surface. He collected 
some of this powder, heated it, and found that it broke 

down into shiny little drops of mercury agai n. In the 
process, a gas was given off'. 

Pticstley collected a container of this new ga.,;; and 
studied its properties. He found that tl1ings burned 
more ea.tily in the new gas than they did in air .  He 
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took a splinter of wood', sel ooe end Oil fire, aJld blew il 
out so that the ending just glowed red-hot, but didn't 
actually show a flame. \Vhe11 he pushed the glowfr,g 
wood splinter into the new gas, it promptly borst into 
Barne. 

Priestley thought that air must have a little phlogis­
torl Ill it, but oot muc01, which was why wood burned 
in it. This new gas, he thought, must be air from 
which everl that little bit of phlogiston was removed, 
so that wood burned i n  it more easily ;md mpidly than 
ill ordinary air. He called the gas "dephlogisticated 
air." 

Soon, however, Priestley$ gas received the name of 
.. oxygen .. (OK-sih-jen), from Creek word.s meaning 
"'ac-id-producer ... This was because chemists came to 
think that acids always <:ontained oxygen atoms in 
their molecules. As it happened, this proved to be 
wrong, but by that time it wus too late to change the 
name again. 

In 1766, even before nitrogen and oxygen were 
discovered, the English chemist Henry Cavendish 
{1731-1810) h•d found that when acids were added to 
certain metals, the metals were eaten away, and a gas 
was formt-d. Cavendish t'Olk'<!ted the gas and studied 
it. 

He found it was very light. Cavendish wns the first 
to compare the densirties of various gases; that is, he 
tried to find out how much a giveo volume of different 
gases weighed. He found, for instance, that the air in a 
container of a certa:in size might weigh fourtee1) 
ounces. If he filled that container with his new gas, 
that quantity of the gas weighed only one ounce. His 
oew gas was only one fourtee1lth as dense as air .  It wa.� 
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the lightest of all the gases Cavendish studied. and it is 
the lightest known gas even toda)� 

In addition, it turned out that the new gas burned 
very easily; and, in fact, it exploded when hcat(:d .  
Cavc1ldish caJled it "fire air- and wondered if it might 
be phlogiston itself. \Vhen CavendishS gas burned. it 
produced droplets of liquid that turned out to be 
water. Therefore, the gas came to he c.aJlcc.l .. hydro­
gen - (H Y-droh-jcn) from the Greek words meaning 
p\vater-producer." 

In 1774, the French chemist Antoine Laurent 
Lavoisier (la-vwah-ZYAY, 1743-1794) had been study, 
ing combustion for quite a while. He found Lhat when 

he heated objecL� in closed containers so that they 
burned or, in the case of metals. rusted, Lhere was no 
change ill the weight of the <.'Ontainer with its load of 
chemic.ills. lie "lso found that the rusted metals and 
the ash of some of the things that burned were heavier 
than the original material. 

If the metals had gained weight and the whole 
container was the same weight as before, lhen sonrn­
tbing else in the container must have lost weight to 
balance the gain. ·n1e only other thing in the contaiocr 
was air, so the air must have lost weight. Some of it 
must be gone. 

Lavoisier proved this was so, for when he opened 
tbe container, air rushed in to replace the portion of 
the air that had been lost. Whats more, ifhc let met:il 
rust in a co,ltainer of air that was turned upside dov,m 
in a pan of water, as the metal rusted, water rose 
higher in the container to replace the air that was used 
up. fo the end ,  tlw water rose to replace about one-
6fth of the air. 
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Lavoisier decided lhat the phlogiston theory was all 
wrong. Air didn't change because phlogiston was 
added or taken awa>� In foct, phlogiston did not exist. 
Instead, air was not an ele.nent. It was a mLxture of 
two entirely different gases, each of which was an 
ele1nent. Air was four-6.fths nitrogen and one-fifth 
oxygen. 

Lavoisier argued that when something burned or 

rusted, it oombi1\ed with the oxygen and became 

heavier .  The oxygen disappeared and only the 1\it ro ­
gen was left behind, and nothing would bum in 

nitroge1\. \.Vhen iron rusted,. it combined with oxygen 

and the rust could be c .. Ued ·iron oxide." When 

mercury wai; heated. it com bined with oxygen to 
prO<ll•t.<>e the brick-red ·· mercuric oxide,·· and when 

mercuric oxidt) was h eated, it broke up into mercury 
and oxygen again. In the pore ox·ygen obtained from 

mercuric oxide, things burned more rapidly than in 
air, which w;;tS only one-fifth oxygen. 

ln this wa y, Rulherford's experime11t and Priestley's 
experiment were explained without any need for talk 
about phlogiston. 

The molecules present io wood and in caJ1dles 
co,Hain carbon atoms. (Coal is an ex.ample of some­
thing that is made op almost entirely of carbon atoms.) 
\Vheo carbon atoms combine with oxygen, carbon 

dioxide is formed and this. unlike most oxides, is a gas 
and vanishes into the air. That is why the ash left by 

wood is much lighter than �he \1,'00d it.self. and why 

the wax io a c.andle seems to disappear aJtogether. 
This understanding of co mbustion, together with 

the atomic theory that followed twent y -five years later, 
founded mod ern chemistry. 
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Lavoisier In his laboratory 
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3 Molecules 
and 

Heights 
THANKS TO LAVOISlEI\, people found out what afr really 
was. Nowadays, we know that air is 78 percent 
nitrogen and 21 pen .. -ent oxygen (very nearly 4/5 and l/ 
5, as Lavoisier had calculated). Notice, though, that 78 
plus 21 is equal to 99. \Vhat is the rcrnafoing 1 percent 
of the air made of? 

There is water vapor in the air usually, but that 
doesn·t counl. TI\e water vapor is removed (and so is 
d\lst) before the air is studied, and it is dry, pure air 
that is 78 percent nitrogen and 21 percent oxygen. 
There is also a little carbon dioxide in the air, hut the 
amount of that gas that is present is far less than l 
percent. 

11\C first to realize that there was something present 
in tlir besides oxygen and nitrogen was Cavendish, the 
discoverer o f  hydrogen. 

1n 17851 he passed dcctric sparks through a quanli· 
ty of air. The electric sparks contained so much energy 
that they forc<:d nitrogeo atorns to oombir,e with 
oxygen atoms to form "'nitrogen oxide." (Ordinary heat 

29 



doesn't have enough energy to produce that combina­
tion, or a forest 6rc w0\1 ld be enough to destroy the 

atmosphere in its present form.) 
·11,e mol ecules or nitrogen oxide can he dissoh·ed in 

water and removed, and in this way, all the oxygen 
was finally used op. There was still nitrogen left, 
however .  Cavendish added more oxygen and com­
bined that with nitrogen and then added still more 

oxyge,1. 
Eventually. Cavendish thought, he would be left 

with oo gas at all, either nitrogen or oxygen. and he 

would have proved that air was made up of nitrogell 
and oxygen only. Otl1cr substanc.-cs. like carbon diox­
ide. would be present in only tiny, or ''trace," quaflli­
ties. 

No matter what Cavendish did, however, he wa� 
always left over with a small quantity of gas, about l 
percent of the whole, lhat would not <.'Ombinc with 
oxygen even under the push of the electric spark. That 
small qualltity was ,1either oxygen nor nitrogen, bot it 
\\':LS part of the air. Cavendish reported this, but no 

one paid much attention, and the matter of the 
missing l percent was forgotten for a whole century. 
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Components of ai r 

111<:rc were !tdvances in other directions, though. In 
1811, an Italian scientist, Amedeo Avogadro (a.h-voh­
GAH-droh, 1776-1856), studied what was known 
3bout gases and made a suggestion. He said that in 
order to make sense out of gases, a given volume of 
a,w gas had to have the same number of particles in it. 
The particles might be singl e atoms or they might be 
molecules. By studying the density of the ga�es. the 

weight of the particles could th,cn be worked out. 
For instance, people had an idea of the weight of 

tho oxygen atom as compared to other atoms. If 
oxygen gas were made up of single atorns. then it 
ovght to have a certain deosity. Actually oxygen has 
twice that density. ·nle decision then must be that 
each particle of oxygen is a molecule that is made up of 
two oxygen atoms. Chemists therefore write the 

oxygen molecole as .. Ot'" for short. In the same way. 
nitrogen and hydrogen turned out to be made up of 
molecules of tv.·o atoms each, so that they can be 
written .. N2 .. aod -H2 .

.

. 
TI\iS wasn't decided the minute� Avogadro made his 

suggestion, of course. Scientists are human beings. It 
sometimes takes them quite a while to ttccept some­
thing new. 

In 1860, the chemists of Europe got together in an 
intemational meetiog to try to straighten out some of 
the confusions in chemical thinking at the time. One 
person attending was the Italian chemist Stanislao 

Cannizzaro (kahn-need-DZAH-roh, 1826-1910). He 
had come across AvogadroS suggestion two years 
before, and he realiz<;d that H would clear up at least 
some of the c..xmfusion chemists had about how ma11y 
atoms there were in particular molecules. He pre-
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Montgolfl&r's hOt•alr balloon launched June 3, 1783 

serlted it to the meetiog and convioced most of the 

chemists there. 
That 1n(,'imt that by 1860, ch<�mists 6oally had the 

chemical makeup of ai r <.'Ompletely ,vorked out�r. at 
least, they h:td 99 perceot of it completely worked out. 

Of course, scientists were working mainly with the 
air thr,t ,...,�lS oear the ground, the air they could reach. 
It seemed to make sense to suppose that the air farther 

up would be just like the air lower down, at least .tS far 

as the natures of the diJl'erent gns(·s preseot. Could 
one be sure, however? 

One way of studying the air higher up would be to 
climb a mou1\tai n as P�-tscal's bl'Other·in·law did. 
Clitnbing moontains, however, i� difficult and da,lgcr­
ous work. \\That's more, the mountains in Europe are 
not terribly high. There are higher mo\lntains far away 
in South America and Asia, but they are" terribly 
difficult to climb and eveo the highest mountain io th<:: 
world is only 6ve-a1ld-a.half miles high, 

In 1783, however, two French inventors. Joseph 
Michel Montgol6er (rnohn-gohl-fYAY. 1740-1810) and 
his brother Jacqu<'S Etienne Montgo16c r  (1745-1799), 
invented the balloon. The balloon is a large bag filled 
with a gas that is lighter than air so that jt rises 

upward, as wood would rise upward if it were 1·eleas(,:od 
under water. 

�fontgolficrS first ballooo, launcl1ed on Juoc.· 3. 
1783, used hot air, hut the French scien tist Jacques 

Alc<andre Charles (SHAHRL, 1746-1823) at 011cc 
suggested that hydrogen sl1ould be us<:d, and a 
hydrogeo balloon was sent up Oil August 27, 1783. 

At once ballooning was very popular in Europe. 
Female aeronaut.s became a novelt)� Jeanne Labrosse 
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was the first woman to pilot a balloon herself .  �·lost of 
the people interested in it were just thinkiog of the 

thrills and exciternellt. Some. however, thought of 
scicnti6<.: knowledge. It was much easier and faster to 
go up in a balloo,1 than up the side of a mountain. 

In 1784. �m American doctor, Johll Jeffries (174� 
1810), we1l.l up io a balloon in London, taking with 
him a barometer and devices with which to collect 
samples of air from high up .  It was the first scientific 
investigatio n by bal1oon. • 

Jeffries didn't go up very high, but in 1804. the 
F'n:nc.:h chemist Joseph Louis Cay-Lussac (CA Y-lyoo ­

SAK. 1778-1850), rose nearly four-and-one-half miles 
in a ba.lloon. "11-iis was a mil e higher than any mountain 
peak in Europe. Cay-Lus.sac brought down air from 
this height and found it had the same cornposilion as 
the air near EarthS surface. 

The air wa.� thin, though. at that height. Cay­
luss�1c, standing in a,1 open gondola under the 
balloon, dido 't find it citsy to breathe. It also got colclN 

as one went higher, for the thin air didn ·t hold much 
heat. The cold rnack• it 1111(.'0mfortab)e, too. 

In 1875, three men went up ill a balloon and set a 
new recol'd for height. for they rose six miles. The 
trouble was that two died as a resull, and only one. 
Gaston Tissandicr (tis-:>n-DYAY, 1843-1899), caone 
back aliv4;!. After that, there were no ru rther attempts 
to go up to a great lu.: ight in open gondolas. 

Beginning in 1892. unma,rned balloons were sent 
up. The}' carried thermometers, barometel's, and 
other ir1strum,�nh which recorded conditions at vari· 
ous heights. \Vhen the balloons cam e back, the 
instruments could be rl"(.'Overecl and studied. 

Jacques Charles hydrogen baUoon 
sent up August 'Z7 ,  1783 
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A French scientist. LeoHJ Philippe Teisserenc de 
Bort (tes-RAHN-duh-llA\VR, L85S-1913), conducted 
many of these unmanned balloon studies. He found 
that the air grew colder as the balloons went higher 
ontil a temperature of 55 degrees hclow zero, Ceh:ius 
(-55 C) wa� reached. That is equal to 67 degrees 
below zero, Fahrenheit ( -67 F), and th at is n s  t-old as 
a Siberian winter .  

\Vhen the baJloons went still hjgher, however, it 
turned out that the temperature, did1\'l drop any 
further, but stayed steady. 

In 1902, Teisserenc de Bort suggested that the 

atmosphere had lwo main regions. The lower one 
possessed all the weather. Jt co1\taioed Lhe clo11ds, the 
winds, the rain, snow, and so on. Teisserenc de Bort 
called it the "troposphere" (TROH-poh-sfoer), which 
comes from the Creek words meaning "the sphere of 
change." He believed that the troposphere extended , 
\IP to ten miles above the surface of the equator. As fe 
one moved away from the equator, however, the top of 
the troposphere moved lower. At the poles, the 
troposphere was only 6ve iniles high. 

11\e top of the troposphere is where the tempera· 
ture stops dropping. TeissereJ\C de Bort foll Lhat in the 
region above the troposphere. where there was no 
wind or  weather, the thin air lay in quiel layers. 
Therefore, he cal k·d that region the "stratosphere" 
(STRA:J:oh-sfoer), which comes from the Creek words 
meaning "the sphere of layers.·· 
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Fashlonable Parisians watch the first woman, Jeanne 
Labrosse, pilot a balloon herself In 1798. 
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4 Noble 
Gases 

and Ions 
M EANWlf'ILE, THE QUESTION of the nature of  that 
missing l perceot of the atmosphere came up again. 

The English scientist John \Villiam Strutt Lord 
Rayleigh (RAY-lee, 1842--1919) was studying nitrngen 
very carefoUy from 1882 on. He wanted to know how 
much nitrogen ato1ns weighed compared to other 
kinds of atoms. He collected the nitroge,, that he 
studied in two chief ways: first. from the air by 
removing all the oxygen1 water vapor. carbon dioxide, 
d\lst and so on; secoo<ll>� from various kinds of 
minera.ls. 

lie found that the nitrogen atoms from the minerals 
all had the sarne weight, regardless of which minerals 
he got it from, The nitrogen from the air, however, had 
atoms that weighed a lilt.le bit more than the nitmgeo 
from the minerals did. Rayleigh couldo'l 6gure out 
what was wroog and when he published his results, he 
asked i f  any other scientists hod ideas about it. 

A Scottish chemist, Sir \ViJliam Rainsay (RAM-zee, 
1852--1916), asked 1>ermis.sion to tackle the problem. 
H.e remembered that C.;wendish had discovered a 
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little bubble of air that wouldn't combine with any· 
thing. \\'hat if that was an unknown gas with atoms 
heavier than those of nitroge1l? Nitrogen from miner· 
als would be just nitrogen and nothing else, but 
nitrogen from air would have a fow of those heavy 
atorns and, on the average, the nitrogen atoms from 
air would thell seem a little l1eavier than they should 
be. 

By this thr1c, chemists had the ''spectroscope .. 
(SPEK-trnh-skope), an instrument that could be used 
to ide1ltify atoms and molecules. If gas is heated it 
gives off light. The light co1lsists of tiny wa\·es. Each 
kind of atorn or molc.::cole gives off its own particular 
light-waves of different length. From the .. wave• 
lengths" you can identify the titom or molecule, just as 
you can identify a human being from his 6nger,jrints. 

Rarnsay repeatf;<l CavendishS experimeot and 
found that th�-tt last little bubble of air emitted wave· 
lengths- differe,H frorn nitrogen. In fact. they were 
different from any element that was then k nown. In 
1895. Ramsay was sure he had a new element. and he 

and Rayleigh named it "argon" (AHR-gon) from tl1e 

Creek word meaning " i oer1·· or "luiy," because it 
\\>'Ouldn't combine with anything else . The argon 
atoms wooldn ' t  even combioe with each other so that 
argon gas was made up of sing)e atoms. Even so, a 
single argon atom is much heavier than the combina· 
tion of two nitrogell atoms forming the nitrogen 
molecule. 

111is meant that pure, dry air is made up of 78 
percent nitrogen, 21 percent oxygen, a1ld J percent 
argon. Anything dse is prese,H only in traces. 

In Ramsay$ day, chemists had lea.med a lot about 
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Si r William Ramsay 

the various elements. '11,ey knew that if argoo e:<isted, 
there must also be several other similar elements with 
atoms that did not combine with anything else. 
Ramsay beg:m to search for thern. 

The same year that the dis(..·-c.wery of argon was 
aonou n�::d, 1\amsr,y heard that there \\'US a mineral 
that gave off' a gas when heated, a gas that was 
reported to be nitrogen. \Vas it really? 

Ramsay got a sample of the ga.�, heated it, and 
studied tho waw, lengths of the light it gave off. It 
certainly was not nitrogen. It wasu·t argon, either .  

To Ramsay's surprise, the wavelengths \VC:r(: the 

sarne as those reported in .sunlight back in 1868 by 
the French astronomer Pierre j,, les Cesar Jansse1l 
(zhahn-SEN, 1824-1907). Janssen thought the lines 
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represented an unknown clement found in the Sun, 
and it was therefore named "helium" (HEE-lee-um) 
from the Creek word for "sun." Aud 1)0W Ramsay had 
found helium on Earth. 

Ramsay went on to prepare a considerable <1uantity 
of argon and to study it very carefully to see if there 
were small quantities of other. similar gases mixed 
wilh it. In 1898, he fou1ld three more: .. neon'' (NEE­
on), from the Greek word for .. new"; " krypton" (KRIP ­
too), from lhe Creek ,1,·ord for ''hidde,1'"; a1ld "xenon" 
(ZEE-non), from the Greek word for "stranger. "  

These three, with argon and helium, are lumped 
together as .. inert �lSes'' or .. noble gases. ''They are all 
present in the atmosphere, but all except argon are 

present in tiny quantities. Only 1/50,000 of the 

atmosphere is neon. Helium, k1ypton, and xenon are 

present in even smaller amoonts. Also present in 

small amounts are carbon dioxide, hydrogen. and 
methane. Methane is made up of mol ecules c,.'()ntain­
ing a carbon atom and four hydrogen atoms (CH4). 

lt is difficult to get .sizable quaot.ities of the in<'rt 
gases out of air, or it would be ifwe had to work with 
ordinary air. About the ti,ne Ramsay was begi1l1liog his 
work, though, something new was being done with 
air. 

At the beginning of the 1800s. ai r remai ned a gas no 
matter how much cold it was exposed to. As the years 
progressed. however, scientists learned how to reach 
lower and lower temperatures so that g,.1.S after gas was 
made liquid1 or "'liquefied ... 

Finally, in 1877, a French scientist, Louis Paul 
Cailletet (ka-yuh-TAY, 1832-1913), managed to reach a 

temperature so low that even oxygen and nitrogen 
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were liquelied. Oxygen turns liquid at - 183°<; 
(-297'F), and nitrogen turns liquid at -194'C 
{-320°F). Onoo those two gases were liquefied, it was 
p0ssible to liquefy air but, at Grst, only in tiny 
quantities. 

A German chemist, Karl Linde (LIN-doh. 1842-
1934), tackled the matter and, in 1895. worked out a 
way to form ''liquid air" in large quantities and rather 
c-heapl)� Liquid air is much denser than ordinarv 

gaseous air, so that a gallon of liquid air contains fa� 
more molecules of all the substances making it up th�m 
:l gallon of gaseous air. Chemists could make use of 
liquid air to get out large quantities of pure oxygen or 
pure nitroge11, or sizable amounts of the individual 
noble gases-even xenon, tl1e rarest of them. 

-
Apparatus for Uquetylng air 



Augus1e Piccard and his assl s1ant wearing protection ror 
the head on their a.scent In May 1931 

Ry the end of the 1800s, then, the composition of 
the air was k,1.owo completely. but scientists still 
looked longingly to the heights. Human beings hadn't 
gone more than six miles high. Balloons had, but not' 
human beings. 

The trouble was lhat the high air was so thin-bot 
did they have to breathe it? Instead of standing in a11 
open basket, why couldn't a balloon carry a sealed 
cabin with nonna] dense air in it? 

Eventually. thal was done. A Swiss scientist. Au­
guste Pic'<.<1rd (pee-KAHR, 1884-1962), oonstru�ted 
large balloons, with comfortable al uminum cabins 
underneath. Beginning in 1931 , he made baJl0011 
flights that carried him as m uch as eleven miles high. 
He used helium to lift the balloon. Helium is not quite 

as light as hydrogen, but it is m uch safer since it can't 

possibly bun1 or explode. 
Later on, balloons were made oul of plastic mate­

rials rather than silk and carried m en more than 
twenty ,niles high. Unmanned balloons rose over 
thirty miles. 
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The higher flights showed that the temperature 
didn't remain constant as one rose through the strato· 
sphere. It sta1ied rising. The stratosphere came to an 
end at a height of30 miles. Above that lay the ·upper 
atmosphere.·· 

Onl)• 2 perce,ll of tlHl weight of the atmosphere lies 
above a height of twenty miles, but that's enough to 
produce some interesting effects. 

For instance, it is q uite common to see .. meteors .. 
(MEE-tee-awn). also called "shooting stars: in the 

night sky. They are hits of matter, most))' quite small, 
that Oy through outer space a nd  happen to collide with 
the Earth. As they rtish through the upper atmo· 
sphere. they force the ,nole<:\ile.s together. This turns 
the energy of their motion into heat and they begin to 
gl ow brightly and melt. ·nu;: air may be very thin at 
great heights, but there is enough of it to he•t up the 
meteor and make it ,•isible even at heights of from 

sixty to eighty miles. 

CNIIUlr at Plccanl't ti.1-. 
being retrieved from Bavarian Al 

' -
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Altitudes re.ached by two centuries of aeronauts 

Then, too, there arc tiny particles hurled out of the 
Sun at great speeds, particles even smaller than 
atoms. These particles make up the "solar wind. -Tho 

particles possess an electric charge and a great deal of 
energy. They speed awa}' frorn the Su1l in all direc­
tions and some of them strike the Earth. In doing so, 
they penetrate the EarthS upper atrnosphcre and 
smash those atoms and molecules they happen to hit. 

The smashed atoms 3Jl.d molcc-ulcs al so carry an 
electric charge and are called ·ions (EYE-onz). They 
are more energetic than 1l.ormal, i ntact atoms. 

Naturally, the solar wind only hits the daylight side 
of the E11rth. The night side is prekctcd by the bulk of 
the planet. TI\e smashed atoms have a chance to 
recover the missing parts of themsel\les and to lose t he 

additional energy they gained. The energy they lose 
makes its appearance in the forrn of light. 

The solar wind is forc<.-d to curve by the EarthS 
magnetism so that is mostly hits near the ()Oles. l1iat is 
where most of the light given olf by the smashed atoms 
is to be seen. This light is called the "aurora" (aw ­
RA\V-ruh) and is a feature of the polar night. 

Til.ere is enough a.ir one hundred miles above the 

EarthS surface to produce an easily visible aurora. 
Sometimes an aurora can be seen at a height of six 

hundred miles. 
Eventually, io the 1950s, scientists learned how to 

send rockets to great heig.hts-e\•Cn beyond the 
atmosphere altogether. fo tbis way1 it was discovered 
that there were enough atoms and molecules of gas to 
affect rocket flight everl. at heights of twelve hundr<.-d 
miles. At these great heights. most of the gns is made 
up of helium atoms. hydrogen atoms. and hydrogen 

•17 



mole<:ulcs, the lightest of all gases to be found in the 
earthS atmosphere-or an)'where else. 

In 1901, the Italian electrical engineer Guglielmo 
Marconi (mahr-KOH-nee, 1874-1937) sent radio 
waves across the Atlantic ()(.-ean from England to 
Newfoundland .. This was puzzling, for radio waves 
could only travel in straight lines. To go from England 
to Newfoundland. however, the radio waves had to 
curve around the bulge of the spherical Earth. How 

could that happen'? 
In 1902, the British-American electrical engineer 

Arthur E,dwin Kennelly (1861-1939) argued that radio 
waves would be reflected by air C.'()1\taini11g quantities 
of ions. He soggtstcd that there was a region in the 
\1 pper atmosphere that was  rich ii\ ions. Radio waves 
would bounce from the io11s to the ground. back to the 
ions, and so forth. In that way. they would travel in 
zigzagging straighl lines around the bulge of the 
Earth. 

An English electrical engineer. Oliver Heaviside 
(HE\1-ih-side. 1850-1925), made the same suggestion 
at .tboot tho same time. so people spoke of lhe 
"Kennelly•Heaviside layer.·· 

In 1924, the E,,glish scientist Edward Victor Apple· 
ton (1892-1965), sent radio waves up into the air and 
was able to show that they really did bounce back. The 
Kennelly-Heaviside layer was about seventy miles 
high, and beyond it lay other layers up lo one hundred 
and 6ft), miles high. The Scottish scientist Robert 
Alexander \Vatson-\Vatt (1892-1937) suggested that 
the portion of the atmosphere that wa� rich io ions, 
from sLxty to one hundred and 6fty miles up, be cal k-d 
the .. ionosphere·· (eye-ON-oh-sfocr) .  

..... 

Kennelly•HNvlalde 
layt,r 

ttopholf)here 

0 mUe,,,--"-iiSiii-.,;..,_: ............ :::::· ••--•.:�:::;,!� ,. .... ., 

Earth's atmosphere 
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'f1te upper atmosphere has ;;i type of gas that is very 
rare lov.·er down. The history of that gas goes b:1ck to 
1840, when the German-Swiss chcn-iist Christian 
Friedrich Schonbein (SHOIN-bine, 1799-1868) b e ­
came curious about a peculiar smell around electrical 
equipment. lie found it was due to a gas which he 
isolated, studied, and named "ozone· (OH-zone), 
which comes from the Creek word meaning "smell .'' 

Eventually, ozone was found to be a form of oxygen, 
but one with thr<:e oxygen atoms (03) in its molecule 
instead of only two. Ozone contains more energy than 
oxyge,, and forms from oxygen only in the presence of 
a good supply of energy, such as that around ek'<!trical 
equipment. \Vhen the energy is removed, ozone 
quickly breaks down to oxygen again. 

In 1913, a French scientist, Charles Fabry (fah­
BREE, 1867 -1945), showed that there was ozone in 
the upper atmosphere. It forms from oxygen through 
the energetic action of sonlight. ·n1c sunlight fonns 
more ozone a s  fast as the molecules break down. 

The ozone region in the atmosphere, at the height 
of about flf\een miles, is called the ·ozonosphere" (oh­
ZOH-noh.sfcer). The oronosphcre is very important 
to us. It absorbs the very energetic ultra-violet light of 
the sun. If that light could pass through the ozono­
sphere, it would have no trouble passing through the 
m.')'gen and nitrogell of the lower atmosphere .  Then it 
would strike Earth$ smface and the living things on it 
(including us) and do a great deal of damage. It is the 
07..0no it, the stratosphere that protects os. 
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5 Other 
Worlds 

TH£ A1'0J.1 S AND molecules in solid subshlne<:s hold 
together tightly. but it is different \\ith gases. The 
molecules of gases don't hold together at all, but 
spread apart from each other as widely as they can. 
The gases in Ea.rthS atmosphere would spread apart 
and disappear into outer space. except that they are 
hold to the ground by the Earths gravitittional pull. 

TI1e smaller a planet, the Jess gravitalional pull it 
has. ·nu: Moon, for insta.nc:e, has only one-sixth the 
gravitational puU of the earth at its surface. 11)(: 
lvtoonS gravitational pull is not enough to hold an 
atmosphere. TI1e Moon is, therefore, airless. So are all 
astronomical objects that arc sm aller than the Moon. 

The hotter 3 planet is, the more rapidly gas 
molecules move about, and the harder it is for 
gravit-•tional pull to hold them. r.,ke �ercury and 
i\fars, for itlstance. They are each smaller th an Earth, 
and each has a gravitational l)\tH on its surface aboul 
l\\•o-filths that of Earth. Mercury, which is the planet 
closest to lhe Sun, is very hot, and its gravitational 
pull is too small to be able to hold an atmosphere at 
that temperature. It is as airl ess as the Moon, 
therefore. 



Mars. bowe1,,·t-r, is farther from the Sun th.an l�11rth is 
and h: colder thRn Antarctica. lb s;tra,itation:11 pull 
therefore managc-s 10 hold 01, to an 11rno\phcre. but a 
veT) thin one; one that b only about 1/100 as dense _.� 
E.arthS :,tmosphere. 

Just becauw noother planet has an ,tm<>i:phere 
doesn't mean that that atmosphc•1 '(' contains the r.1Hnt" 
gases ours dO<!S. It 1s strange. for m�tance, for any 

Relatfve 1lus ot planet, 1nd the 1un 

iltmo�l)herc.- to have a gre.u deal of 01)j;t .... 11 in it. 
Oxy�eu is an uc:tive ps that C.'Ombines easily ,,;th 
other 1obstan<.-es. Ordinaril}� it "ould undergo \UC."f1 

combhmtion and slowly disappear from the atmo­
sphew. 1r it e,·er got Into 1t in the Ar\l place. 

The reason ttu: n.: is o�)'gt'n m our atmosph('re is that 
Etreeo plants use the energ) or �uolight to hrnld their 
.stmcture out or t._.-f>On dioxid<· and ,.,-at(·r. In th«-
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Oxygen cycle 

process they give off oxygen. Animals breathe the air. 
c::ombioing the oxygen wilh sugars in the plant to form 
carbon dioxide and water .  

This sets up �t balance. The p lants form oxygen. as 
fast as it is used up by animals and io other ways. ·nu:: 

result is that oxygen remains in Earth S at ,nosphere for 

all the hundreds of millions of )'eats that plants have 
been forming it. 

Before plants developed ways of making \ISC of 
carbon dioxide and fonn ing oxygen, there was prob ­
ably no oxygen in EarthS atmosphere. '11-tere was 
carboo dioxide instead. If grCCI) plants hadn't come 

into existence, EarthS atmosphere would have con­
sisted of carbon diox:ide and nitrogen to this very day. 

In fact. as we know from our rocket probes in the 

1970s, MarsS thi11 atmosphere is made up of catbo11 

dioxide and n itrogen. l t  is one way we can tell th;;it it 
can 't po ssibly ha\•e any kind of life similar to ours, 
excepl of the simplest varieties. 

Venus is a p l anet that is almost as large as Earth, a11d 
one that has almost as much gnwitatio11al pull. It has a 
dense atmosphere of carbon dioxide a.nd nitrogen. 

Venus is closer to the Sun than Earth is, and is 
therefore hotter. On Earth, a great dea] of carbon 
dioxide is combin ed with minera1s to form "carbo� 
nates' (KAHR-buh-nates). On Venus, the greater heat 
breaks down any carbonates that exisrt: and releases 
carbon dioxide gas into the atmosphere. 

Dense clouds around Venus 

57 



Carbon dioxide holds heat. so the more carbon 
dioxide in the atmosphere, the holler Venus gets. As 
Venus gets hotter, still more carbonates break down. 
In the end, Venus developed an atmosphere nearly a 
hundred times as dense as EarthS and one thal is very 
riCh in carbon dio:\ide. Such an atmosphere holds so 
much heat that Venus is the hottest planet in the solar 
system. It is even hotter than Mercury, which is closer 
to the Sun than Venus is, but whk.h has no atmosphere 
to hold the heat. 

Moons of S1tum 
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The smaller an atom or molecule is, Lhe faster it 
moves at a particular temperature, and the harder it is 
for a gravitational pull to hang on to it. The smallest 
atoms are those or hydrogen and helium. 

The material out of which the Earth and the other 
planets were origina1ly formed was almost all hydro­
gen and helium. Earth and the nearby planets were 
formed fairly c1osc to the Sun, so they were too hot to 
hang on to hydrogen and helium. They were formed 
out of the small qu antity or heavier atoms and 
molecules that existed. That's why Earth, �1ars, 
Venus, �ercury, and the Moon arc as small as they 
are. 

Farther out from the Sun, it was (..'()())er and the 
forming planets could hold on to hydrogen and 
helium. Tha.t made them larger and gave them a 
greater gravitational pull so they could hold oo to 
hydrogen and helium all the better. For that reason. 
Jupiter, Satorn, Untnus, and Neptune came to be 
giant planets. The atmospheres or the giant planets are 
deep and dense and are mostly hydrogen and helium. 

The satellites of the giant pla.neu are too smalJ to 
have almospheres even in the frigid cold of the outer 
reaches of the solar system. There is ooe exception 
and that is Titan, the Jar g<:st satellite of the planet 
Saturn. It is jost large enough and cold er)Ough to hang 
on to an atmosphere. 

Titans atmosphere was discovered in 1948 bi• the 
Dutch-American a,;tronomer Gerard Peter Kuiper 
(KOY-per, 190&-1973). He studied its light by spectro ­
scope and detected methaoe. In 1983, a rocket probe 
flashed past Sal orn and found that TitanS atmosphere 
,vas mostl)' nitrogen, an elemeol thal doesn't show up 



well in the spectroscope. 
As far as we now know, then, there are, in our solar 

system, seven pla,,ets and one satellite that have 
atmospheres. 

Foor planets Qupiter, Satum. Uranus. and Nep­
tune) have atmospheres that arc mostly hydrogen and 
hellum. 

Two planets (Venus and Mars) have atmospheres 
that are mostly ca.rho,, dioxide and nitrogen. 

01,e satellite (fitan) has an atmosphere that is 
mostly nitrogen a1ld methane. 

One planet (Earth) has an atmosphere that is mostly 
nitrogen and oxygen. 

Of all the planets we know, only Earth has oxyge,, in 
its atmosphere, aod that makes it the only one on 
which human beings can live easily. 
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Peac.able Kingdom, a painting by Edward Hicks In 1830 
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