2. TheKinetic Theory of Gases

21 (Ideal Gases)
22

23 (Degree of Freedom and Molar
Specific Heats)

(Ideal Gases)

1. (large number)--- (mole)
1 mole Avogadro's number (N,)=6.02x 1073

2. (continual motion)

3. m (identical particles---geometric
points with equal mass m)

4, (short-range interaction)
(elastic collision)

> y,




N 1,2,3,...N
V,Vo Vg, Vy /!
Lx Lx L 8 " 4
é v, =0
i
2L
Dt=—
in
L
/
Dpxi = (_ rnin) - (rnvxi) =" 2rnin \

2

in = Dpxi - _ rnin

Dt L /

o) _ o mvfl ) mvfi
'<’:ilin—-6il(- L)“?‘(L)

o ITNZ- o ITN2 o
p=8& (/=8 (T2)= (@ me) IV




N
NSl

2 —
V., =

S

<

Sl
1
.l

isotropic
2 —\,2 2 2 2
Ve =V +V v, =3

p=(& MVv;)/V = Nvim/V = Nmv 3V

E:é%m\/f:N% _Zzgpv

pV=NKT=nRT
N=N/Nj
k=1.38x 102 JK Boltzmann constant
R=8.31 Jmol K gas constant
=kN,

E :§NkT =§nRT
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(trandational kinetic energy)




3. E=3NKT/2 ‘3

(root-mean-square speed) V, e

v, © Ve _ 3KT _ 3RT
rms m M
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SOME MOLECULAR SPEEDS AT ROOM TEMPERATURE (T = 300 K

MOLAR MaSS

GAS {10~ kg/mal) s (L3
Hydrogen (Hy) 202 1520
Helium (Ha) 4.0 1370
Water vapor (HyO) 18.0 a5
Nitrogen (M) Q8.0 517
Cyrzen (Oy) 32.0 483
Carbon dioxide (CO,) 44,0 412

Sulfur diexide (50,) 64.1 342
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Maxwell-Boltzmann speed distrubution function
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rms speed Vims =+/3KT/m =1.73,/KT/m
Average speed v =,/8KT /pm =1.60,/KT /m
Most probablespeed vy = /2KT /m =1.4L,/KT/m
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(Degree of Freedom and Molar Specific Heats)

Q
T
C=Q/DT

(molar specific heats)=C/n=C=Q/nDT

(constraint)
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C/R-1.50

C/R~2.50
MOLECULE EXAMPLE ¢ (Jimol K
Ideal ZR=115
Motatomic He 125
Real
Ar 12.6
Tdeal 4R =103
Diatarnic N, 0.7
eal
0y 20.8
Tdeal R=1240
Polyatormic NH, 200
Real
Co, 0.7
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Theorem of the equipartition of Energy (Maxwell)
Every kind of molecule has a certain number f of degrees of

freedom, which are independent ways in which the molecule

can store energy. Each such degree of freedom has
associated with it---on average---an energy of KT/2 per
molecule (or RT/2 per mole).

(degree of freedom)
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PA- (P +dP)A=mgn, Ady A
dP=-mgn,dy n,=N/V >
P=n KT T ! Y

dn, __ Mg
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~mg Law of atmospheres
n, (y) = Nnye 5 Nn=2.69" 102> molecules/m3
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n(y)=ne ™ =ne
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(E) % Boltzmann distrubution law
n, (E) =nse
NG
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KT=(1.38" 102JK)(2500K)/(1.6 101°YeV)=0.216eV
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