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A Tornado

Atoms
and
Pressure

THE AIR THAT surrounds us and the whole Earth is
called the “atraosphere” (AT-raoh-sleer), which cemes
Jtom (reek words meaning “ball of air.”

Usually we pay little attentien to the air. We can't
see it or feel it It seems to be nothing at all. If we
open a box and 1t centains only air, we say. “It's erapty
Theres nothing in it.”

Just the sarne we knew that air exists. Wheu 1 say
we can't feel it. 1 meim we can't feel the air when it is
stifi. The Sun heats the air. however, and in sorne
places it is heated more than in others. Wann air rises
and ceel air moves in to take its place This raoving air
is called “wind.”

We can leel the wind against our fxce snd body It
makes us uncomfertable in winter, for the winter wind
cairies warmth away foein our body and makes us jeel
much colder. In the summer, though. a wind can be
pleasant for it ceels us of.

When the wind is very strong, we don't like it at anv
time fer it can do much damage Hurricanes and



tovoados are examples of winds that mave so fast they
can knock down trees and desiroy houses. Anyooe
who has ¢ver vxperienced such storms doesn't think
thut air is “nothing.”

The ancients knew that air was somithing even if it
was invisible, for the sanie reasons we do. The Greek
philosopher Anaximenes (AN-.ok-SI\bih-neez, 570-
500 8.c.) thought air was the besic material out of
which all other substances were fermed.

Not everyone agreed with ham A lat¢r philesopher,
Empedocles {em-PLED-ub-kleez. 492432 B.C.),
thought air was important but that the Earth was bmt
of lour basic suhstimeces: earth, water, and fire, in
addition to aic This nation o the louc basic substances
lasted fer two thousand years.

Air is different. in some wave, from other sub-
stances You can see water and al] the different things
of the earth—rocks, sand, trees, animals. plants. You
can even see fire. You can't see air, however. Does it
reslly exist? The wind exists. of course, but maybhe
thats something diflerent. \When theres no wind,
maybe thercs nothing at all there.

The Grst person to show that even still air s
something was a Greek engineer, llero, who did his
work about A 0. 30. (We don't kaow the exzact dates of
tws birth and death.)

Hei0 pointecl out that it you upended a container
and put itinto water, opentng down, the water did not
enter the cootainer. 'That was because it was full of air,
30 there was no 100om lr the water. Ifyou made a hole
in the bottom of the contaiuer, so that air could bubble
out, then water would enter

Another odd thing about air that Hero discovered
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— Hero's alr experiment

was that it didnt seem to have much weight, i any. [f
vou B1) a container with sand or water, it becomes
heavier aod haider to lifk. If you fll a balloon with aiir
on the other hand, it doesn’t feel any heavier than an
empty balloon

Hero's answer to that depended on the work of an
eatlier Greek plilosopher. Democritus (deh- M@K
rih-tus, 470-380 g, C ) Demucntus had though! that
everyvthinZ was composed of particles far loo small to
see. These peniicles could not be brokun up into any-
thing smaller he thought, se be clled them “atoms”
{A-somz) from a Greek word meaning “unbreakable.”

Demacritus couldn’t get moxt ather phidosephers to
believe him, but a f>w did Hero bclieved that atoms
existed. He felt that in things that were solid or Lliquid.,
the asemss touched each ather Jo any quantity of these
substances, there would be many. many atoms and
their tiny we ights would ld up so that sand and water
were hezvy [b air, the atoms were spaced very widely
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| Robert Eoyle's experiment

apart. A quantity of air contains very few atoins fer
that reason and that is why air doesn't scem to have
weight in the wuy that sand and water do

Then, too. since substances like saud and water
have their stoms in contact, yeu can't squeeze those

atoms closer together You can't make sand or water
take up iess room than they do. In other werds you

cant "cumpress’ sand or water—or other solids or
liquids. either.

Hero pomted out that air couldf be compressed. It
ceuld he squeezed into a smaller volume, because the
farrapart atoms could be juieed to move closer to
gether

No one paid any more attention to Hero than they
did to Demoxcritus. As the centuries pussed, however.
there were always a few peeple who wondered if
perhaps atoms existed. i 1662, a British scientist,
Robert Boyle, took up the matter.

lfe used a seventeei-feot tube shaped like a |,
opened at the long end and closed at the short. He
added meir'cury, which hlled the bottom of the | and
trapped some air in the short end. The ore mercurv
he added, the more the weight of mercury squeczedd
the trapped air into taking up less ard less room. Hero
was right

Boyle also didu't 2ccept the old Creek uotion of four
basic substanees. He felt that the eorrect way of telling
whether something was a basic substance, or “ele-
ment’ (El.-eh-ment), was to sce whether it sould be
changed into something simpler. Only a substanee
that could not be changed into anything simpler was
an element.

10 most peeple it seemed that air was still an
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clement even lrem Boyles viewpsint.

Beginning in 1803, the world of science began to
aecept akoms and, eventually, no ene doubted their
existenct:. Nowadays, we know that atems usually
cling together in small greups called “molecules”
(M@®L-uh-kyoolz). which comes brom a Iatin word
meaning ~a small body.”

Of cowrse. il air cunsisted of molecules it had to
have seme weight. The melecules were spread widely
apart so a quantity of air wouldn't weigh much. but it
would weigh sewnetiting In 1G43, this thought oc
currted te the Italian scientist Evangelsta Terricelli
(tor-cigh-CHEL.-lee, 1608 -1647)

He was censidering the pumping of water, Yuu can
pump water to a height ol four hundred inches abeve
its original level. No amount ol working the pump
could ferce the water higber than that

Torricelli theught that perhaps water could be
pumped because the weight of the air pushed it
vpward. Pechaps the tetal weight of a columnn of air,
resting en the water, was enly enough to support a
column of water four hundred inches high and no
mere

One way of testing this weuld be to use mcrcury,
Mercury is a heavy liquid. 13.4 times as dense ay
watcr; that is. a celumn ol mercury an inch across and
thirty inches high would weigh just as much as a
column of water an inch across and four hundred
inches high.

‘lorricelli todk a four-foot-leng tube closed at one
end. lilled it with mercu:~. and corked it. He upendcd
it into a larme dish of meircury and removed the cork.
The mercury did not pour out cntirely A column ef

14

Tonicelli’s first barometer—1643

mercury thirty inches high r¢mained in the tube held
up by the weight of air

The weight of the air on a particular bit of suiface is
called “air presure.’ Air pressure must be pearly
Efteen pounds per square inch te hold up thirty inches
of mercury or four hundred inches of water

It seems a httle puzzling that there should be so
much weight resting ov every bitolyour body withaut
you feeling it. Air pressure, hewever, pushes 1n every
direction on yeur body, and your body is tilled with gas
and liquid that pushes back with the very same
plressure. 1n that way you end wp lee ing nething at
all.
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Torricellis column of mercury which measures the
air pressure is now called a “barometer.” The weight of
a pa:ticular pertion of the stmosphere varies slightly
f-om moment to moment. By neting whether the
barometer is high or low, rising or balling, it is pessible
to predict the weather.

Torricellis experiment provix something impor
tant The ancients had believed that air filled all of
space right up to the Moon and other heavenly bodies

if. however, there was that much air abeve us, it
vtould weigh much mere than it does. 1 the air was
the same density all the way up, then in order te have
a pressure of hiteen pounds per square inch, it could
only be five miles deep.

On the other hand, if you went high in the air. the
air pressure would drop because much of the air
would then be belew you. It wenld only be the portion
abeve you that would weigh down upon you, and that
would be less and less as you wenl higher and higher

The French scientist Blaise Pascal {pas-KAL, 1623-
1662) sent his brotherin-law up a mountain in Frant.e
with twe barometers. Sure e¢nough, the level of the
mercury column dropped lower and lower as he went
higher and higher.

The atmosphere doesn't stay at the same density as
you %o higher. The very bottom ot the atmosphere has
to bear all the weight of the miles of air above That
weight compresses the lowermost laver As one goes
upward, there is less and less weight of air above, so
that that air is less compressed

As yeu go higher, then, the air gets less and less
dense; that is, the metecules of air move farther and
farther apart, and a given weight of air takes vp more
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and mere roo. For that reason, it was seon realized
that the air must extend higher than five miles. That
deesn't mean it weighs more; it just takes up more
roem.

Finaily. of course, the air thins out till it is just about
em pty space, with only an occasienal atum here and
there. Such cmptiness is a “vacuum” (VAK.yoom)
frem a Greek word for “emptyv”™ The vacunm extends
al] the way te the Muon and bevond it to the farthest
star I1tis only because of the thin laver uof atmosphere
around the Earth, that living things like ourselves can
live.



Gases

If WATER 15 allowed to stand in an open sontainer, it
slowly dries up. What happens to it? 1Jees it disappear
mte nothing?

A Actuillthe tiny molecules that make up water
move into the air, bit by bit, and separate widely.
forming a "vapor” (VAY-per), which comes trem s
Latin word tor “steam.” This vaper rises high in the
air, and in the celd, forms little droplets of water
again. If there are enough such droplets, we see them
as ¢clouds. Eventually, the water comes back to Laith
as rain. The water vapor that forms when water dries,
or “cvapurates’ {ee-VAP.oh-rates), is like air in its
properties.

Other liquids. such 33 aleoho] and turpentine, can
alsu evaperate to form vapers Liquids du su more
rapidly when they are hcated. When the vapers are
cooled. they tum into hiquids again.

Ot ceurse, air seems diffcrent since it deesn't turn to
liquid on even the coldest winter days. even in
Antarcticu

About 1528, the Belgian chemist Jan Baptista van
Helmont (van-HEL.-mont, 1580--1644) became inter
ested in vapors. He obseived that selids and liguids
always had a certain voluine, but vapers did not, If yeu
put a quantity ot sand or watey inte a large centainer,
they filled enly part of the container A sapor fills afl of
t6, no mautter how large th¢ contginer
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The water cvcle

Vapers (and air tee) seemed to Helmont to be
jumbled-up substances compared to the more orderly
hiquids and solids

The anclent Greeks thought that the universe was
developed from a primitive sort of matter that was all
jumbled up. They colled this primitive matter “chaos”
(KAY-0s). Van Helmont thought vapors and air were
very much like the original chaos, and thats what he
cialled them. However he said the word as he pro-
nounced it in his own language and it came out “gas.”

Eventually. the word was adopted by everyoue We
now think of air, and all vapors, as examples of “gases.”

Van Helmont solated a gas from burning wood
which he called “gas sylvestre.” meaning "#as from
weed.” It wis 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 Helmonts work didn't make a big splash. but ia
1756, the Scot:ish chemist Joseph Black {(1728-1799)

0

found that if’ he heated the mineral limestone, it
turned into another substance—lime. In the process a
gas was released which Black studied carctully. This
gas, it turmed out eventually, was the same as van
Heclmonts. Nowadays the gas is calledl “cocbon diox
ide” (KAHR-bon.dy.OK-side).

It carbon dioxide is placed in contact with lime, the
lime will slowly tum back into limestone. @ddiy
enough. if lime is allowed to stnd in pure air without
condact with carben dioxide, it also will turn back into
limestone. though very slowly

From this Black concluded that air contains a small
amount of carbon dioxide as part of ils structure.

This was the first indicotion that air is not a simple,
unilorm substance, as an element ought to he. 1L is a
mixture of gases, for it contains carbon dioxide. Of
course, 1t doesn't contain much, fer oniy 0.835 percent
{about 1/3,008) of the volume of the air is carbon
dioxide

Black found that the breath exhaled by people
conwined more carbon dioxide than ordinary air did.
At least, exhaled breath tumed lime into limestone
fnster thanair did. When a condle burned, it produced
carbon dioxide also

One important way in which carbon dioxide diffees
from ordinary air, Black disoovered, was that a candle
would burn in air but not in corbon dioxide. Black
tried to burn a candle in a closed container of air. The
¢andle went out long before the wax was completely
consumed. Black wasn't suiprised becouse if the
candle produced corbon dioxide, there would kinally
be enough of that gas in the closed container to
smother the faine.
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Black then removed the carbon dioxide from the
closed containe¢r by adding lime That left plenty of air
in the consainer, air that was not cacrbon dioxide. Just
the same, the candle wouldn't buin in the air after the
carbon dioxide had been removed.

Black was puzzled and harided the problei, over to
a student of his. the Scottish chemist Daniel Ruther.
ford (1748-1819). In 1772, Rutherferd repeated
Blacks experiment with great care and in more detail
He made sure that all 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 llamc.

Atthis time, chemists were working with a theory of
ecmbustion that involved u substance they called
“phlogiston” {loh-]IS-ton), which comes from a Greek
werd mecsning “%0 burn.” Aceording to the theory
when something burmed the buming material trans-
ferred phlogiston to the aic When the air was full of
phlogiston. it weuldn’t aceept any more and nothing
more would burn in it. Rutherfod. therefore, called
the gas he had ended with. “phlogisticated air.”

A lew years later, however, Ruthecfords gas came to
be called “nitrogen” (NY-troh-jen). This was from
Greek words meaning “nitre-producer,” because 1t
was found that the gms oculd be produced f-om a
mineral called “nitre.”

in 1774 another gas was discovered by the English
chemist Joseph Priestl ey (1733-1804). When Priestley
Jorrued the new gas and wanted to study it, he led the
gas through a glass tube into a dish of mercury and
allowed the w@as to bubble up into an upended
container of mercury, whose mouth was held under
the surface of the mercuiy in the dish. The new gas

22

Friestiey’'s appaistus

foreed the mercury out of the upendcd centainer into
the dish. lle then put a glas; lid over the sontainers
opening, took it out of the dish of mencury, and turmed
it rightside up.

In this way the gas never mixed with air, so its
propecties could be studied with greater ease. The @as
also never came in sontact with watey. in which seme
gases disselved.

These results got Priestley interested in mercury.
though, and he found that when mercury was heated.
a sust-red powder formed on its surfase. He collected
seme of this powder, heated it, and found that it broke
down into shiny little drops of mercury again. In the
proeess, a gas was given ofl.

Priestley oellected a conwainer of this new gas and
studied i properties. He found that things burned
mare casily in the new gms than they did in air He
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texk a splinter of weod., selone end on fire, and blew it
out so that the ending just glowed red-hot, but didn't
actually show a flame When he pushed the glowing
wood splinter into the new gas, it promptly burst into
Uaine.

Priestley thought that air must have a little phlogis-
ton in it, but not much, which was why wood burned
in it. This new gas, he thought, must be air f:om
which even that little bit of phlogiston was removed.
so that wood bumned i n it more essily :md rapidly than
in ordinary air He called the gas “depblogisticated
air.

Seon, however, Priestley’s gas reseived the name of
“oxvgen” (O¥-sih-jen), from Greek words meaning
“acid-preducer.” This was because chemists came to
think that acids always contained oxygen atoms in
their molecules As it happened. this proved to be
wrong, but by that time it was too late to change the
name again.

In 1766, even before nitrogen and oxygen were
discovered, the English chemist Hemy Cavendish
'1731=1810) had found that when acids were added to
eertain metals, the mewls were eaten away, and a gas
was formed. Cavendish collected the gas and studied
it.

He found it was veoy light. (Cavendish was the first
to sompare the densities of valious gases; that is, he
tried to find out how much a given volume of ditferent
gases weighed. He found, forinstanee. thatthe air in a
sontaner of a certain size might weigh feurteen
ounces If he filled that container with his new gas,
that quantity of the gos weighed only one ounee. His
new gas was only one feurteenth as dense as air. [t was
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the lightest of al] the gases Cavendish studied, and itis
the lightest known gas even todaw

In addition, it turned out that the new gas burned
very essily: and, in fact, it exploded when hcated.
Cavendish called it “tire air™ and wondered if it might
be phlodiston itself. When Cavendishs gas burncd, it
prodused droplets of liquid that turned out to be
water. Therefore, the gas came to he calledl “hydro-
gen~ {HY-droh-jen) from the Greek words meaning
“water.produser”

In 1774, the French chemist Antwoine Laureut
Lavoisier (la-vwah-ZYAY, 1743-1734) had been study-
ing combustion for quite a while. He feund that when
he heated objects in closed containers so that they
burned or, in the case of metals, rusted. there was no
change in the weight of the container with its load of
chemicals. |le #lso found that the rusted metals and
the ash of some of the things that bumed were heavier
than the onginal material

If the metals had gained weight and the whole
containcr was the same weight as befere, then some-
thing else in the container must have lost weight to
balance the gain. The only other thing in the containcr
was air, so the air must have lost weight. Some of it
must be gone.

Lavoisier proved this was so, fer when h« opened
the container. air rushed in to replace the portion of
the air that had been lost. Whats more, if he let metsl
rust in a coatainer of air that was tumed upside dovm
in a pan of water, as the metal rusted. watcr rose
higher in the sontainer to replace the air that was used
up. In the end, the water rose to replace about one
ifth of the air



Lavoisier decided that the phlogiston theory was all
wrong. Air didnt change because phlogiston was
added or saken away: in lact, phlogisten did net exist.
Instead. air was not an eleenent. It was a miature of
two entirely dillerent g#ses, each of which ways an
element. Air was fourfifths nitrogen and ene.lilth
oxvien.

Lavoisier urgued that when something burned er
rusted, it combined with the oaxygen and became
heavier. The oxyvgen disappeaced and only the pitro
gen was left behind, and nothing wonld buim in
nitiogen. \When iron rusted, it combined with exygen
and the rust could be called “iron exide.” When
mercury was heated, it sombincd with oxygen te
prodiice the brick-red "mercuric oxide.” and when
mercuric oxide was heated, it broke up into mercury
and oxygen again. In the pure oxygen obtained from
mercuric oxide, things burned more rapidly- than in
air, which was only ene-lifth uxvgen,

In this way. Rutherford’s experiment and Priestlevs
experiment were eaplained witheut any need for talk
abeut phlogiston.

The molecules present in woud und in candles
ceatain carbon atoms. {Coal is an enample of some-
thing that is iade up almost entirely of carkon atoins.)
When carbon atoms combine with oxvgen, carbon
dioxide is formed and this, unlike most oxides. is a gas
and vanishes into the aie That is why the ash left by
wood 1s much lighter than the wood itself, and why
the wax m a candle seems to disappear altogether

This understanding of combustion, tegether with
the atomic theory that followed twent y-five years later,
founded modem chemistry

26

Lavoigier in his laboratory
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3 Molecules
and
Heights

THAXNKS T® LAVOISIER. peoplc found outwhat air really
was. Nowadays, we know that air is 78 pencent
nittogen and 21 pervent oxygen (very nearly 4/5and I
5, as Lavoisier had calculated) Notice, though. that 78
plus 21 is equal to 99. hat is the remaining 1 percent
of the air made of?

There is water vaspor in the air usually; but that
doesn’t count. Tire water vape: is removed (and so is
dust) before the asir is studicd, and it is dry, pure air
that is 78 percent nitrogen and 21 percent oxygen.
There is also a little carben dioxidc in the air, but the
amount of that gas that is present is far less than ]
percent.

The first to realize that there was something present
in air besides oxvgen and nitregen was Cavendish, the
discovercr of hydrogen.

In 1785, he passed electric sparks through a quanii-
tv of air. The electric sparks contained so much energy
that they fonced nitregen atoms to combire with
oxygen atoms to form “nitrogen oxide.” {Ordinary hcat
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doesn't have enough energy to pioduce that combma-
tiou, or a fercst hre would be enough to destroy the
atmosphere in its present ferm.)

The molecoles of nitrogen oxide can he dissolved in
water and removed, and in this way, all the oxvgen
was finally used up. There was still nitrogen lefit,
however. Cavendish added more oxygen and com-
bined that with nitrogen and then added still more
oxygen.

Eventually, Cavendish thought, he would be lefit
with no gas at all, either nitrogen or oxygen, and he
would have proved that air was made up of nitrogen
aid oxygen enly. @thcr substances, like carbon diox
ide, would be present in only tiny, or “trace.” quanti
tecs.

No matter what Cavendish did. however. he was
always leR over with a small quantity of gas. about 1
percent of the whole, that would not cembine with
oxygen even under the push of the electric spark. That
smal] quaitity was neither oxygen nor nitrogen, but it
wus part of the alr Cavendish reported this. but no
one paid much attention, and thc matter of the
missing 1 percent was forgotten for a whole century.

%
oEygen
«—1%
L‘:;':—F:q \racegases
3 78%
\ nAsogen
\\ Componenis of alr

There were :.dvances in other directions, though. In
1811. an Italian scientist, Amedeo Avogadre (sh-voh-
GCAH-dreh, 1776-1856), studie<l what was known
about gases and made a suggestion He caid that in
srdcr to make sense out of gases. a given volume of
any gas had to have the same number of pacticles in it.
The particles might be single ate ms or they might be
molecules. By studviug the density of the gascs, the
weight of the particles could then be worked out.

For instance. peoplc had an idea of the weight of
thc oxygen atom as compared to other atoms. If
oxygen gas were made up of single atoms. then it
ought to have a certain density Actually oxvgen has
twice that density "The decision then must be that
each particle of oxvgen is a molecule that is made up of
two oxygen atons. Chemists therefore write the
axygeo molecnle as “@g” for short. In the same way,
nitrogen and hvdrogen turned out to be made up of
molecules of two atoms each, so that they can be
wnitten “Ng” and “Ha. "

Tiis wasn t decided the minute: Avogadro made his
suggestion. of course. Scientists are human beings. It
sometimes takes them quite a while to accept some.
thing new:

In 1868, the chemists of Europe got together in an
imtermational meeting to tiy to straighten out seme of
the contusions in chemicol thinking at the time. ®ne
person attending was the Italian chemist Staunisluo
Cannizaaro (kahn-need-DZAH-reh, 1826-1910). He
had eeme acros:; Avogadros suggestion two years
befire, and he realize-d that it would clear up at least
some of the ¢onfision chemists had about hew many
atems there were in particular molecules He pre
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Montgolfier's hotair hafloon launched June 3, 1783

a9

sented it tu the meeting and counvinced most of the
chemists there.

That me'ant that by 1868, chemists finally had the
chemical makeup ofair completely worked out—en, at
least, they hid 99 percent of it completelv worked out.

Of course, scientists were werking mainly with the
air thet was near the ground, the air they could rcach.
It seemed t® make sense to suppose that the air farther
up would be just like the air lower dewn, at least as far
as the natures of the diflerent g2s¢s present. Could
ene be sure, however?

One way of studying the air higher up weuld bhe to
climb a mountain as Pascal's brotherin-law did.
Clirmbing movntains, however, is difficult and danger.
ous werk. Whats morc, the meuntains in Europe are
net terchly high. There are higher mountains far away
in South America and Asia. but they arc tertribly
difficult te climb and even the highest mountain in the
werld is only fiveanda-half miles high.

In 1783, however, two French inventers, Jeseph
Michel Montgolier (mohungohlT YAY, 1748-1818) and
his brether Jacques Etienne Mentgolficr (1745-1798),
invented the ballesn. The balloen is a large bag filled
with a gas that is lighter than air so that it rises
upward, as woed weuld rise upward ifit were relcased
under water.

Meutgolficrs irst balloon, launched on June 3,
1783, uysed het air, hut the French scieutist Jacques
Alexandre Chares (SHAHRL. 1746-1823} at nuce
sugpested that hyvdrogen should be use:d, and a
hydrogen balloon was sent up on Auvgust 27, 1783.

At once ballesning was very pepular in Europe.
Female aeronauts hecame a nevelty. Jeanne Labrosse
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was the fiist woman to pilot a balloon berself, Most of
the people interested in it were just thinkivg of the
thrills and excitetnent. Some. biowever, thought of
saicatific knowledge. It was much easier and faster to
go up in a balleon than up the side of a mountain.

Jn 1784, 5m American doctor, John Jeficies (1743
1810), weat up in a balleon in London, taldng with
bien a barometer and devises with which to eollect
samples of air from high vp It was the first scientific
investigation by balloon. R

Jeffries didn't go up very high, but in 1804, the
toench chemist Joseph Louis Gay-Lussac (CAY-lvgo-
SAK, 1778-1850), rose ncarly fuur-and-one-half miles
in a balloen. This was a mile higher than any mountain
peak in Europe Cay-Lussac brought down air fiom
this height and fuund it had the same compesition as
the air near Earths surface.

The air was thin, though, at that height. Gay-
J.ussitc, svanding in an open goundola under the
balleon, didu't Fid it ensy to breathe. It alse got cellc:r
a< oue went hi¢ her, for the thin air didn't hold much
heat. The cold maxle it uncomfortable. toa.

In 1875, three men went up w1 a balloon and set a
new recoid for height. for they 10se six miles. The
trouble was that two died as a result, axd only one,
Gaston Tissandicr [tis-an-DYAY, 1843-189%). camc
back alive. After that, there were ne further attempts
to go up to a great hwight in open gondolas

Begiruung in 1892, unmanned balloons were sent
up. They carried thecmnometers, barometers, and
other itastrume:nts which resorded eoinditions at vari-
ous heights. When the balloons came back, the
instruments could be rexcovered and studied

..-l. m
ity "!"-ml--.. |

L

Jacques Chailes hydrogen ballaon
sent up August 27, 1783



A French scientist. I.eon Philippe Teisseresc de
Bort (tes-RAHN-duh-BAMWR, 1855-1913), conducted
many of these unmanned balleon studies He found
that the air grew eelder as the balloons went higher
nntil a temperature of 55 degrees helow »¢rq Celsius
(=55 C) was reached. That is equal to G7 degrees
below zero, Fahrenheit (—G7 F), and that is as cold as
a Siberian winter.

When the balleons weut still higher, however, it
turncd eut that the tempeiature.didat drop any
further, but stayed steady

In 1992, Teisserenc de Bort suggested that the
atmosphere had twe main re#ons The lower one
posscssed all the weather 1t contained the clouds, the
winds, the 12, snow and so on. Teisserenc de Bort
called it the “troposphere™ (TROH-poh-sfcer), which
eemcs frem the Greek words meaning “the sphere of
change.” He beieved that thae trepespher¢ cxtended
up to ten miles above the surface of the equator As
one moved away from the equator, hewever, the top of
the treposphere moved lower At the poles, the
tropos phere was anly fve miles high.

The top of the troposphere is where the tempera-
ture stops dropping Teissereinc de Bort fek that in the
region above the troposphere, where there was no
wind or weather, the thin air lay in quiel layers.
Therelare. he called that region the “stratosphere”
(STR/N1:eh-sfeer), which somes from the Creek words
meaning “the sphere of layesrs”
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Fachlonable Parigians watch the first woman Jeanne
Labrosse, pilot @ balicon heisell In 1798



Noble
(Gases
and lons

MeaxwimE, THE QUESTION ef the nature of that
missing 1 percent ol the atmesphere came up again.

The Lnglish scientist John William Strutt ierd
Ravleigh (RAYlee, 1842--1919) wes studying nitregen
very carejully from 1882 on. He wanted to know how
much nitrogen atouis weighcd compared to other
kinds of atoms. He collected the nitroger that he
studied in two chief ways: first, from the air by
removing all the oxygen, water vapor carbon dioxide,
dust and so on, secondlys, from varvus kinds of
minerals.

Iie found that the nitrogesn atoms frem the minerals
all had the same weight. regardless of which minerals
he get it from, The nitrogen fism the air. however, had
atoms that weighed a little bit rnore than the nitregen
ffom the minerals did. Rayleigh couldnt fgure out
what was wrong and whei he published his results, he
asked if any ether scientists hud idea: about it.

A Scottish chemist Sir William Rainsay (RAM:zee,
1852-1916). asked hermission to tackle the problem.
FHe remembered that Cavendish had discevered a



little bubble of air that wouldn't cornbine with any-
thing Vvhat if that was an unknown gas with atoms
heavier than those of nitrogen? Nitregen frem miner-
als would be just nitrogen and nothing else, but
nitrogen from air weuld have a few of those heavy
atoms and, on the average, the nitrogen atems fom
air would then seem a little heavier than they should
be.

By this tune, chemists had the spectroscope”
(SPEK-troh-skope), an instrument that could be used
to identily atorns and molecules. If gas is heated it
gives off light. The light coasists ef tiny waves. Lach
kind of atom or mele cule éives off i own particular
lightwvaves of different length. Frewi the "wave-
lengths™ you ca identify the istom or molecule, just as
you can identify a human being bromn his Aingerprints

Ramsay repeatc:d Cavendishs experimevt and
found that thist last little bubble of air e mitted wave-
leng.ths dilferent brom nitrogen. In fact. they were
different frem sny element that was then knewn. In
15895, Ramsay was surc he had a new element, and he
and Ravleigh named it “argon” (AHR-gon) fromn the
Creek word meaning ‘iner” or “lazy,” because it
weuldnt cembine with anything else The argon
atems wouldn't even combine with each other so that
argon gas was made up of single atoms. Even su, a
single aigen atom is much heavier than the combina-
tion of two nitrogen atems forming the nitrogen
molecule.

This meant that pure. dry air is made up of 78
percent nitrogen, 21 percent oxygen. and 1 pencent
argon. Anything else is preserit only in traces.

In Ramsays day, chemists had learned a lot about

“

Sir William Remsay

the various elements. They knew that if argon existed.,
there must also be seveial other similar clements with
atoms that did not combine with anything else
Rarnsay begian to search fer them.

The same year that the discwvery of argon was
anneincnd, Rems:v heard that there was a minerul
that gave of a gas wheu heated, s gas that was
reported to be mitrogen. Was it really?

Ramsay sot a sample of the gas, heated it, and
studied the wavelengths of the light it gave off) It
scrtainly was not nitrogen. It wasu't argon, either

To Ramsays surprise, the wavelengths were the
same as those reported in sunlight back in 1868 by
the French astionomer Pierr¢ Jules César Janssea
(zhahn-SEN, 1824-1907). Janssen thought the lines
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represented an unknown clemert found in the Suo,
and it was therefere named “helium” (HEEdec-um}
fom the Greek word for “sun.” Aud novw Ramsay had
feund helium on Earth.

Ramsay went on to prepare a eensiderable quantity
ol argon and to study it very carefully to see if there
were small guantities of other. similar gases mixed
with it. In 1848, he fhund three more: “neon”’ (NEE-
on), from the Greek word for “new™, “krypton™ (KRIP-
ton), from the Creck word lor “hiddein " and %enon™
{ZEEnon), from the Greek word for “stranger.”

These three. with argon and helium, are lumped
together as “inert &uses or “noble wnses.” They are all
present in the atmosphere, but all except argon are
present in tiny quantities. Only 1/30.,000 of the
atmosphere is neon. Helium, krypton, and xenon are
present in ceven smaller amounts. Also present in
small amount are carbon dioxide. hvdrogen, and
methane. Mcthane is made up of molecules contain-
ing a carbon atom and four hydrogen atoms (CHq)

1t & dithcult to get sizable quantities of the inert
gases out of air, or it would be if we had to work with
ordinary air. About the time Ramsay was be@aning his
work, though, something new wuy being done with
air.

At the beginning of the 18(0s, air remained a gas no
matter how much cold it was exposed to. As the years
progressed. however, scientists learned how to reach
lower and lowcr temperature s so that gas after gas was
made liquid, or “iquebied.”

Finally, in 1877, a French scientist Louis Paul
Caiiletet (kayuh-TAY, 1832-1913). maunaged torcach a
temperature so low that cven oxygen and nitrogen

42

—

were liquetied. Oxygen turns liquid at - 183°C
(—297°F), and nitrogen turns liguid at —194°C
{ =320°F). Once those two gases were liquebied, it way
pessible to liquely air but, at first. only in tiny
guantities.

A German chemist, Karl Linde (LIN-duh, 1842..
1984), tackled the matter and, in 189S, worked out a
way to form tiquid air” in large quantities and rather
cheaply: Liquid air is muc¢h denser than ordinary
guseous air, so that a gallon of liguid air contains far
more molccules of all the substances making it up than
a wnllon of gaseous air. Chemists could make use ol
iiquid air to get out large quantities of pure oxygen or
pure nitrogen, or sizuble amounts of the individual
noble gascs-—even xenon, the rarest of therm.

__

E

I

Apperatus lor liquetying air
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Auvgusle Piccard and his assistant wearing protection 1or
the head on their ascent in May 1931

By the end of the 1800s. then, the somposition of
the air was kaown sompletely, but scieutists still
looked Jongingly to the heights. Human beings hadn't

gone more than six miles high. Balloons had, but not’

human bengs.

The tiouble was that the high air was so thin—bot
did they have to breathe it? Instead of standing in an
open basket., why couldn't a balloon wirry a sealed
cabin with nornal dense air in 1t?

Eventually, thal was done. A Swiss scientist, Au-
guste Piocurd (pee-KAHR. 1884-1962). eonstructed
lar@e balloons. with comfertable sluminum cabins
undcrncath. Bedinning in 1931, he made balleen
flights that carried him as much as cleven miles high.
He used helium to lift the balloon. Helium is not quite
as light as hydrogen, but it & much safer since it cant
possibly burn or explode

Later on, balloons were made oul of plastic matc-
rials rather than silk and cariied men more than
tweuty niles high. Unmanned balloons rose over
thirty miles.
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‘The higher flights showed that the tempeiature
didn t remain constant as one rose through the strato-
sphere. It started rising The stratosphere came to an
end at a height of20 wmiles. Above that lay the "upper
atmosphere

Only 2 percent of the weight of the atmosphere lies
abovc a height of twenty miles, but thats. enough to
produce some iuteresting effects.

For instance, it is quitc common to see “meteors”
(MEE-tee awrz), also called “shooting stars.” in the
night sky. They are hits of matter, mostly quitc small,
that lly through outer space aud happen to collide with
the Earth. As they rush through the upper atmo-
sphcre, they force the molecules together This turms
the energy ol their motion into heat and they begin to
glow brightly and melt. The air may be very thin at
gieat heights, but there is enough of it to heut up the
meteor and make it visible even at heights of Fom
sixty to eighty miles.
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Then, too, there arc tiny particles hurled out of the
Sun at great speeds, particles even smaller than
atems. These particles make up the “solar wind.” The
particles possess an electric charge and a great deal of
encrgy They speed away [rom the Sun in all direc
tions and some of them strike the Earth. In doing se,
thcy penetrate the Earths upper atinosphcre and
smash those atems and molecules they happen to hil.

The smashed atoms and molecules al) carry an
electric charge and are called “ions” (EYE-onz). They
are more energetic than normal, intact atoms

Naturally, the 3olar wind only hit the daylight side
of the Eitrth. The night side is pretected by the bulk of
the planet. The smashcd atoms have a chance te
cecover the missing par'ts of themeelvres and to lose t he
additional energy they gained. The energy they lese
makes its appearance in the ferm of light.

The selar wind is forced to curve by the Earth's
magnetism so that is mostly hits near the peles. That is
where most ofthe light given off by the smashed atoms
is te be seen. This light is caled the “aurora” {aw-
RAW-ruh) and is a feature of the polar night

There 1s cnough air one hundred miles above the
Earths surface to produee an easily visible aurora
Sometimes an aurora can be seen at a height of six
hundred miles.

Eventually, in the 1958s, scicntists learned hew to
send rockets to great heiglhts—even beyond the
atmosphere altogether In this way it was discovered
that there were enough atoms and molecules of #s to
afliect rocket flight everr al heights of twelve hundred
miles. At these great heights, mosl of the s is made
up of helium atems, hydrogen atoms. and hydrogen



molecules, the lightest of all gases to be found in the
earth’s atmosphere-—er anywhere else.

In 1991, the Imlian electrical engineer Cuglielmo
Marconi (mahr-KOH-nee. 1874-1937) seut radio
waves across the Atlantic Ocesn Irem England to
Newfoundland.. This was puzzling, for rxlio waves
could enly travel in straight lines. To go frem England
to Newfoundland, however, the radio waves had to
cuive around the bulge of the spherical Earth. How
could that happen?

In 3902. the British-American electrical engineer
Arthur Edwin Keunnelly (1861-1938) argued that radio
waves weuld be reflected by air containing quantities
of ions. He suggested that there was a region in the
upper atmosphere that was rich in 1ons Radio waves
would bounce from the ions to the ground. back to the
ions, and so forth. In that way, they would travel in
zigzagging sttaight lines areund the bulge of the
Earth.

An English electrical engineer, Oliver Heaviside
(HEV.ihside, 185¢-1925). made the same suggestion
at sbout the same time. so people speke of the
“"Kennellv-Heaviside layer”

In 1924, the English scientist Ldward Victor Apple
ton (1892-19653), 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 bevond it lay other lavers vp te ene hundred
and Bfty miles high. The Scottish scientist Robert
Alexander ‘Watson-\Watt {1892-1937) suggested that
the pertion of the atmosphere that was rich iv ions,
from sixty te one hundred and fifty miles up, be called
the “ionosphere” (eve:@XN-nh-sfeer)

i
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Earth's atmosphere
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Tire upperatmosphere has a type of gss that is very
rare lovver down. The histesy of that gas goes bick to
1840, when the German-Swiss chcmist Christian
Friedrich Schinbein (SHOIN-bine, 1799-1868) be-
came curious about a peculiar smell around electrical
equipment. lle found it was due to a gas which he
isolated, studied. and named “orene” (OH-zone).
which comes frein the Creek word meaning “smell.”

E veuntually, ozone was found to be a form of oxygen.
but one with thr¢e oxvgen atoms (@3) in its molecule
instead of only two. Ozone contains mere cnergy than
exvgen and forms from oxygen only in the presence of
a good supply of energy, such as that around electrical
equipment. When the energy is removed, ozone
quickly breaks down to oxygen again.

In 1813, a French scientist, Charles Fabry (fah-
BRLEL, 1867-1945), showed that there was ozene in
the upper atmosphere It forms from oxygen through
the energetic action of sunlight. The sunlight forins
more ozone as fast as the molecules break down.

The oavne redion in the atmosphere, at the height
of about fiiteen miles. is called the ‘ozonosphere™ (oh-
ZOH-nohsfecr) The ozenosphere is very important
to us. It absorbs the very energetic ultra- violet light o
the sun. If that light ceuld pass threugh the ozono-
sphere, it would have no trouble passing through the
oxygen and nitregen of the lower atmosphere. Then it
weuld strike Earths smface and the living things on it
(including us) and do a great deal of damage It is the
econc I the stratesphere that protects vs.

Modern hakoon
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Other
Worlds

THE a10Ms an melecules in selid substances hold
together tightly, but it is different with gases. The
melecules of gases Jent held togcther at all, but
spread apart from each other as widely as they can.
The gases in Earths atwospherc would spread apart
and disappear into outer space, except that theyv are
held te the ground by the Facth’s @ravitietional pull

The smaller a planet, the less gravitational pull it
has. The Meon, for instance, has only onesixth the
sravimtiona. pull of the earth at its surface. The
Moons gravitatienal pull is not enough to hold an
atmosphere. The Moen is, therelore. airless. Se are all
astrenomcal objects that ace smaller than the Moon.

The hetter a planet is, the more rapidly gas
melecules meve about, and the bharder it is for
aavitiationa] pull to hold them Tizke Mercury and
Mars, fer itstance They are each smaller than Earth,
and each has a gravitatienal puil on its surface abeut
twe-fifths that of Earth. Meicury. which is the planet
closest to the Sun, is very hot, and its gravitatienal
pull is too small to be able to held an atmesphere at
that temperature. It is as airless as the Moon,
therefore.



o

Mercury Venus

Mars_bawever, is further lrom the Sun than Eurth is
and i1 colder than Antarctica, Its gravitationd pull
therefore manages 1o ho'd oa ta an alinosphere. but a
very' thin one; ooe that is only about 1/100 us dense as
Earths atmosphere

Just because anather planet has an atmosphere
doesnt mean that that atmosphere conmins the surme
@eses owrs does. 1t 15 strange, for instance, lor any

Retlative sizas of planets and the sun

utmosphere to have a greal deal of esygen in it
Oxygen is an active gas that combines easily with
other substancies. Ordinarily,. it would undergo such
combination and slowly disappear Irom the atma
sphece, if it ever got inta 0 in the first place

The reason thdry s oxygen m our atmosphere is that
green plants use the energy of sualight ta huiki their
struciwe out of carbon dioxide and water 1n the

B
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Green plamio une tha en-
y ety of eunlight to pro-
¥ duce casbohydvraies from
earban dicxdde end wader

.

in the Piocess thay give
off axxygen

Animala breathe the adr,
combining axygen whh
the food to Iform ¢gibon
dioxida end wela

Oxygen cycle

process they give off oxygen. Animals breathe the air,
ombining the oxvgen wilh sugars in the plant te term
carbon djvvide and water

This sets up u balance. The plants fonn oxygen. as
fast as it i< uced up by animals and in other ways. The
result is that oxygen remains in Earth’s atrnosphere for
all the hundreds of m:llions of years that plants have
been fuorming it

Belore plank developed ways of making wse of
carbon dioxide and forming oxygen, there was prob
ablv no oxygen in Earths atmosphere. There was
carbon dioxide instead. If grecen plants hadnt come
into existence, Earths atmosphere would have con-
sisted of carbon dioxide and nitiogen to this very dav

Sy

In fact, as we know f-om our rochket probes in the
19705, Marss thin atmospbere is madc up ef carbon
dioxide and nitrogen. It is one way we can tell that it
can't possibly have any kind of life similac to ours,
cxcepl of the simplest varieties.

Venus is aplanet that is almost as large as Farth, and
one that has almost as much gravitational pull. Ithas a
dense atmosphere of carbon dioxide a.nd nitrogen.

Venus s closer to the Sun than Earth is, and is
therefore hotter On Earth, a great deal of carbon
dioxide is cornbiied with minerals te forms “carbo-
nates”’ {(KAHR-buh-nates} @®n Venus, the greater heat
breaks down any carbonates that exist and releases
carbon dioxide gas into the atmosphere.

Densge clouds areund Venus
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Carbon dioxide helds heat. sv the more carbon
dioxidc io the atmosphere, the hotter Venus gets. As
Venus gets hotter, still more carbonates break down.
In the ¢nd, Venus developed an atmosphere nearly a
hundred times as dense as Earth’s and one that is ver-y
rich in carbon dioxide. Such an atmesphere holds so
much heat that Venus is the hottest planet in the solar
system. It is even hotter than Mercu v, which is c) oser
to the Sun than Venus is, but which has no atmosphere
to hold the heat

Telhys

Enceiadus

Moans of Satum

|

The smaller an atom or molecule is, the faster it
moves at a particular temperature, and the hardcr it is
jor a gravitational pull to hang on to it. The smallest
atoms are these of hydregen and helium.

The mateiial out of which the Earth and the other
planets were originaily fermcd was almost all hydro
gen and heiium. Earth and the nearby planets were
formed bairly clesc to the Sun, so they w-re too hot to
hang un to hydrogen and helium. They were formed
out of the small quantity of heavier atoms and
molecules that existed. That's why Earth, Mlars,
Venus, Mercury. and thc Moon are as small as they
are.

Farther out h:om the Sun, it was cooler and the
Jorming planets could hold on to hydrogen and
helium. That made thcm larger and gave them a
grcater giavitational pull so they could hold nn to
hydrogen and helium all the better. For that reason,
Jupiter, Saturn, Urunus, and Neptune came to be
giant planets. The atmespheres of the giant planets are
decp and densc and are mostly hydrogen and helium.

The satellites of the giant planets are too smal] to
have atmespheres even in the f:igid cold of the outer
reaches of the solar system. There is one cxception
and that is Titan, the largest satcllite of the planet
Saturn. Itis just large enough and cold erough to hang
on to an atmosphere

Titany atmosphere was discovered in 1948 by the
Putch. Americon astrenomer Gerard Peter Kuiper
(K ®Y-per, 1905-1973). He studied its light by spcetro-
scope and detected methane. In 1983, a rocket probe
flashed past Saturn and found that Titan's atmosphere
was mostly nitrogen, an elemeut that doesn't shew up



well in the spcctroscope

As far as we now know then, there are. in our solar
system, seven plarets and one satellite that have
atmospheres.

Four plancts (Jupiter. Saturn, Uranus, and Nepr
tune) have atmospheres that arc raostly hydrogen and
helom.

Two planets (Venus and Mars) have atmospheres
that are mostly carboa dioxide and nitrogen.

®ue satellite (Titan) has an atmosphere that is
most Iy nitrogen and methane

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

®f all the planets we Jmow only Earth has oxvgen in
its atmosphcre, and that makes it the only one on
which human beings can live easily.

Peaceabdle Kingdom, a painting by Edward Hicks in 1830
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