Equation 13-6, P = {Nme?/V, can be rewritten in a clearer form by
multiplying both sides by Vand rearranging the nght-hand side:
PV = iN(hm'). (13-7)
The quantity $erer is the average kinetic energy {KE) of the molecules in the gas.
If we compare Eq. 13-7 with Eg. 13-4, the ideal gas law PV = NET, we see
that the bao weree of

Himd') = kT,
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This equation f2lls us that

the avernge translational kinefic energy of molecules in random mation in
an jdeal gas is direetly proporfional to the ahsolute temperature of the gas,

The higher the tempersture, pocordmg to kinetic theory, the faster the molecules
arc moving on the average This relation is one of the tiwmphs of the kKinctic theony.
Maolecular kinetic energy. Whal s the average ransli-

tional kinetic encrgy of molecules in an ideal gas at 37°C?
APPROACH We use the absolute temperature in Eg. 13-4
SOLUTION We change AT o A0 K and insert inlo F.q. 13K
KE = 14T = 3(1.38 ® 1072 /KN30 K) = 642 = 107%],
NOTE A mole of molecules would have a tol manskhibong] kKineiw ETHETEY

cogual o (642 = 10" JR602 = 107) = 3900], which cquals the kinctic
energy of a 1-kg stone traveling faster than 85 m/s.

Equa[h:n 13K holds not Llﬂl'ri.' fwr Bases, bt Al :'|.'|:I|'|lir_-5 u."l.tl.m.']hl}'
accurilely Lo liquids and solids Thus the resull of Example 153-16 would apply
to meolecules within living cells at body temperature (37°C)L

W can ke |E|.| 1A= 1o calculate how Tost moleciles are mnl.-'ing i The
average Motice that the average in Egs 13-5 through 13-8 i over the square of

Roor-mewn-sgrare (s speed the speed. The square root of o is called the rr-menn-square speed, v,
(singe we are laking the square rood of the mean of the sguare of Lhe speed );
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SRR E N Speeds of alr molecules. What s the rma speed of air
micslecules (O pnd MNa) ool room emperatare (200C5F

APPROACH To oblain oy, . we need the masses of Oy and N; molecules and
then apply Eqg. 13-9 i oxygen and nitrogen separately, since they have
diflferent misses,
SOLUTION The masses of one melecule of O, {molecular mass = 32 u) and
Wy (molecular mass = 2B ud are (where 1y = L6 = 1077 kg)

m(0) = (32)(1.66 = 107 kg) = 5.3 x 107" kg,

mi{MN;) = (28)(1.66 % 107 kg) = 4.6 % 107* kg.
Thus, for oxyaen

(a7 _ ({3036 x 107V/K)2%K) _
Yo = 3 T "-.'I (5.3 = 107 kg) T
and lor nitrogen the resull s o, = 510m/%. These speeds’ are morne than
1700 kmn /b ocr D00 mi /b

"The speed Fu & 2 magaitade only. The selocky of malecules averages 1o zero: the velodty has
direstan, and af sy molicules move e the sight o8 o cha el
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