EXERCISE O Whai speed would a 1-gram paper clip have if it had the same kv as
a mslecule of Example 13=-177

Equation 13-8, ®F = 3&T, implies that ns the temperature approaches
ahsplute #ero, the kinetic cnergy of molecules approaches #ero. Modern
guantum theory, however, lells us this is nol guite o Instead. as absolute 2ero s
approached. the kinetic energy approaches a very small nonzero minimum
value, Even though all real gises become liguid or solid near 0K, molecular
mation does nod cease, even al absolute #ero

*m Distribution of Molecular Speeds

The molecules in o gas are assumed 1o be in random motion, which means that
many molecules have speeds less than the rms speed and others have greater
.i{!-l,!:.!l;L'ﬂl.. Im 1559, James Clerk BMasaell [1HA] == 7 diemnved, on the himis of
kimclic theory, that the specsds of molecules in o gas are distributed aecording to Mavael! disinturion
the graph shown in Fig. 13-17. This & known as the Maxwell distribution of  of ioeedoof
speeds.” The speeds vary from zero 1o many limes the rms speed, bul as (he Tl i g
graph shows, most molecules have specds that are not far from the average.
Less than 1% of the molecules exceed four times o, .
Experiments to determine the distribution in real gnses, staring in the 1920,
confirmed with considerable accuracy the Maxwell distribution and the direct
proportion belween averppge kinglic enerpy and absolule lemperatore, L. 13-E,
Figure 13-18 shows the Maxwell distribution for two different temperatures;
iu.-u AR Ty, IMCTEARES with lertperaliine, so the whole distrbution curve shilts o

the right at higher temperntures. This Figure illustrates how kinetic theory cun T-'-;, PHYSICS APPLIED

explain why many chemical reactions, including those in biological cells, take Horap oo remerieis
Fll.ill.'!.! CHE r..upl-l.!l.:.- as Lhe Lemperiture increnses, Two maolecules miy -;,:hl.'.mil.all}' depemd or fempenmtire
react only if their kinetic energy is above some minimum value {called the

aciition emergvy, £y, 50 that when they eollide, they penetrate into cach other

somewhat, Fipgure 13-18 shows that ot o higher temperatore, mony  mons

malecules have a speed and kingtic energy ke above the needed threshold F,
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FIGURE 13-17 Disiribution of speeds of malecules in an FIGURE 13-18 Dnstnibution of molecalar
tdeal Eas S TRl . 18 Aol 81 the peak of the eurve {Lhat apeids lor two differcml emperalunes

speed s called the “mosl probable speed.” vp). This is becaase
the curve is skewed 1o the righi: it is not symmetrical,

*m Real Gases and Changes of Phase

The ideal gos law is an accurale description of the behsvior of o real gas 05 long
as the pressure is mot too high and as long as the temperature is far from the
liguelaction point. Butl what happens when these twe eriteria are not satsfied?
First we discuss real gas behavior and then we expming how kinetic theory can
hielp ws understand this behavior.

.H:Ilh'l'ﬂi'lil,:l“_'r, the disimbumnon i§ gives by 4N = I:'r" l,!'ll"l:—‘!'.llli:.l-.':'-lr]_‘ll'. where AN w the
numibir of molecales with speed Befween v and o + S0, C is a conslant, and ¢xp means the oxprés-
Sl i parcnthises § an coposent on the naberal numsher ¢ = L7IE. ...

*RECTION 13-12 Real Gasas and Changes of Phasa
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