Chapter 19: The Kinetic Theory of Gases — Z0|
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V = 0.050 m3, M = 0.032 kg/mol, T = 300 K, p = 2.0 x 10° Pa
(a) O|&7|H HAl pV = nRTO||M:

pV (2.0 x 10°)(0.050) 10000
=— = = =(4.01 mol
"= RT (8.31)(300) 2493

(b) rms &2:

_ [3RT  [3(8.31)(300) =
vims =/ - = \/ 0030 = V2:33x10° =483 m/s

3.3
Kavg = SkT = 3(1.38 x 107)(300) —[6.21 x 10721 J]

5
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M = 0.028 kg/mol,d = 3.0 x 1071 m, T = 400 K, p = 1.01 x 10° Pa
(a) W xR B=:

kT
V27d?p

(1.38 x 10723)(400)
V27(3.0 x 10710)2(1.01 x 105)

HI
H

V27(9.0 x 10729)(1.01 x 10°) = 1.414 x 3.1416 x 9.09 x 10715 = 4.04 x 10~

2X}: 5.52 x 10728

_ 5.52x 102!

J— _7 ~
= 01 x 10-12 — 137 x 107" m~0.14 um

SRT  [8(8.31)(400) 26592
= = = =1/3.02 x 105 =| 550 m/s
vave =\ T 7(0.028) Jos7og ~ V302 (550 m/s |



e _ 90 _[40x10°s]
f == T 13Tx107 0 107s
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n=20mol,y=7/5=14,T;, =300 K, V; = 0.040 m?, V; = 0.080 m?
Ot 7IHl: Cy = SR =20.8 J/(mol-K)
(a) ©HE ™M TV~ = const:

-1 —1
LV =1pv]

v\t 0.040\ %4 1) %4
Tr =T, [ —300( ——) =300(=
I (Vf> (0.080) <2)

1 0.4
<2> — 2—0.4 — e—().4ln2 — 6—0.2773 — 0758

Ty = 300 x 0.758 =

(b) LI Ol X| A}

AEint = TLC’\/AT = TlCV(Tf — ﬂ)

= (2.0)(20.8)(227 — 300) = (2.0)(20.8)(—73)

— 3037 J ~ —3.0 kJ]

2RIt EZ LR oA X| 7t Z AL
(c) &2 oM Q = 00|22

w

Q — ABipg = 0 — (—3037) =| +3037 J ~ +3.0 kJ|

7|M7H EESHHAM 220 &2l L= M, 3 K| = W U X| 22 (25 5120l A RALY.
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(a) pV = nRT ... (1), p = "Mvims _ (2)
(2)E (1)ofl CHE:



3 nRT
9 3RT
Vims =
3RT
vms =\ 1

(b) Xt 1742 W2 2S0X|:

1 1  3RT
5MVrms = 5 ——

Kavg = 5 2 M

M:mNAO|E§m:M/NA:

LM 3RT _3RT _3 R

Kave= o N, 3 = 2N, 2N,

k= R/N,O0|2&:

3
Kavg - il{fT

(€) Kavg = 3kT0l= 2t HZ mO| LIEHLIX| =L}, Ol= FAHR2 EXPJt7HH 2 EXHECH = 2] A ZZ/0|X| 2t
(vrms o< 1/vV/ M), 20| 2 23 20U X| 7t EHE|7| HiFE0|Ct. BHH SEfoM 2X 2t S=0| Z 10|
LO{LIHA, JIH 2 EXt= WEH, AR 2Xh= =2/A 2Z0|=| Ba 2EUILX]= ZOoIXI = of|HX|7t
M= ECt. 0|0 SEHH F2|2| S O|Lf,

dEint = Q —pdV = —pdV

O|M7|M|: dEi; = nCy dT,p = nRT/V:

T
nCy T = — P gy
v
tHS T2 LI+H
AT dv
o=ty

CyInT = —-RInV + const

CyInT+ RInV = const
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In(T¢v V) = const
TCvVE = const
%FE% 1/CV xﬂﬂ-:

TVE/CV — const

R/Cy = (Cp —Cy)/Cy =~ — 10|12 &:;

| TV7—! = const

(b) OIARZIX IO T = pV/(nR)S THY:

pV

= .y ! = const
nRk v

pV7 =const x nR

nR2 M40|B2:;

(c) Ov = LRO|BZ:

Cp:Cv—FR:gR—i—R f;L2R
G (f+2)/2-R_f4+2 2
Vo T frR |7
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(a) Maxwell £2 BT = 2" HEf|2, QEZOZ 71 112|(high-speed tail)S = HICHA 23o|Ct,

. vp._ EOI | chZk °|X|0|Ef—7f’§'3 2 X7t #e= 43,
. van._ vE IS HaolEE, 10 71E| ol Fe=S £ v, Lt ALt
. ’Urms._ 'UQE |' %‘EE’J ‘II:’l X-I (== E | |'E 5 —| _E_xl-ol 7|0:|7|'UangE|' EI q7‘" I- II:I'.

[[I-EI-A-I %I-AOI"UP < 'Ua\/g < VUrms ‘Oll:l-

(b) M = 0.032 kg/mol, T = 300 K:
Egl £

_ [2RT  [2(8.31)(300) :
vy = \/; - g = V1,556 x 105 =| 395 m/s



8RT 8(8.31)(300) /19944
_ _ — /1.984 x 105 = [ 445 m/s
vave = 7(0.032) 01005~ V1984 /

T (8.31)(300)
Urms = \/3R \/ 032 = /2.334 x 105 = [483 m/s

7D-I S . 'Up < 'Uavg < Urms- 395 < 445 < 483 ‘/
(C) VUrms X \/Tolgg:

’Urms(600> — @ — \/5,.\_, 1.414
'Urms(?)oo) 300 '

UrmsE 0—l ~ 1. 41HH7|' El E'I-
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n = 3.0 mol, He (ZHXh): Cy = 3R = 12.47 J/(mol-K), C, = 3R = 20.78 J/(mol-K)
T; = 400 K, Ty = 600 K, AT = 200 K
(a) OlAt7|HIQ] LHE Of|X| HiSt= AZ0f| R8I0 2 B3| 3t o =Str}:

AEj = nCy AT = (3.0)(12.47)(200) = | 7479 J ~ 7.5 kJ |

T O 25 SYUSILE 0|7 Ol &7[He] R X = 2=02 2 ESIEZ (B = nCyT), Z22 ATO|H
Z20f| 2A 0l AE;O 7”3

(b)

YA (SH): Wy =0 (RO 2H)0|E2

Qu = AEjg+ W = 7479 + 0 = 7479 J ~ 7.5 kJ |

Qp = nC,AT = (3.0)(20.78)(200) = | 12465 J ~ 12.5 kJ|

(c)
B A: [, =0[(EX0I122)
Y B: 2GS M1IHE W = Qp — AEiy:

Wp = 12465 — 7479 = 4986 J ~ 5.0 kJ]

AS: Wi = nRAT = (3.0)(8.31)(200) = 4986 J v/

HEBOM Q7tH 2 0|R: S EPHOHA% 2L E 2= 2R R AUX| B7H2 AE, 2lol, 7|X|7t
WASIHAM 80 8t 2 W = nRATHZ 2| O X| = F7I2 ZZH0F StCE SX 2™ A= 20| 00|22,
F2 ML U2 oHX]| "7H>1IEF AEEILCE M2t Qp = Q4 + nRATOILE.



