
DATLY ASSAM 

(Kinetic Theory of Gases) 

13.1 19 (INTRoDUCTION)

C 51 TC HT (Boyle) 1661 5O I NiR T 

77 Cd ecDRE RET R (Boyle's Law) g 
13.11N 

13.2 a afae egfs 

13.3 ( 54 

13.4 4 cR 

13.5 THfea fR 

13.6 Tips uiN sR7 DI (kinetic theory of gases) PE A, 
13.7 TPN 

Ct FAIS (Avogadro's hypothesis) FiTY MMI EDIA AR4 CT TITa o (specific heat capacity)9 T1 1CAI E Erol (viscosity), (conductio (diffusion)f (a -T (measurable) <n A 
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GeaT PR S541-5A (10-1 m44) 

13.2 1 Mfae as (Molecular Nature FAA NT0 AHR UA T GNIAAe 
of Matter) 

HTONR fa b RACA (Richard 

Nei -EIONRns , GOTS 
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HSTOT T AE 17 (Kanada) 

(Democritus) 9911) AIT T5 ( 

Theory) 1al Aeet q141ic1 26A 
Pa (UT (John Dalton)! fe 

R (1010 m)I CtBt 91E PRATTEAA R 

9R f1 TU a a1 200 

R (mean free path) A| CTA CH 

Lussac's law) aTE 41R CAR AaPI 
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CTEStfuaW 

13.3 C51 541 (Behaviour of Gases) 

PV KT (13.1) 

7 CU (John Dalton) (1766- 1844) 

ATfv 7CE3fHeN (colour blindness) 1 g 

THTE gE tTE (Amedeo Avogadro (1776 1856) 
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M, 
C (molar mass) 

TAA T (Boltzmann constant) 

B - H2 = a = k (13.2) 
N,T PV-k NT 

P k nT 
NT 

nloT R A R 1.38 x 10-23 JK-| 

22.4 D UT 6.02 x 103 *31T pRT P (13.5) M 
(Avogadro's number) ITAI A N 5 ATG P RA CORREA TAY I 

273 K, 2 5 = 1 atm) RAT CS 22.4 
8.314 

T 
N MRT 4 (1 mole) 

T 
TT> T,> 

O 200 400 600 800 

P (atm) 

PV= RT (13.3) 

(13.3) T AT A5T (OAAR (R 
T Ct(ideal gas) TTA|U7Í CE R (TA 

A R =8.314 Jmo'K- 

M N ap CR(real gas) 4D4 WID4 ATA T CT 
M NA (13.4) 
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51 5l5 AR (Charles' law) I Ba 13.3 CBI 

PV=( ,+ #t.. ) RT (13.7) 
PV= (13.6) 

1.6 
1.4 12 P>P>P T 1.0 

1.2 
0.8F 1.0 

0.6 
P 

0.8 

0.4 P 
0.6 

*2a:r::: 0.4H 0.2 .... 0.2 

0 0 100 200 300 400 500 20 60 100 140 160 220 
V V 

ba 13.3 feADI 5T CO, C PÄTT 13.2 AO 0T N 

( (BE CITA U) 7{fITO P G6 22 )g 7 RIT 300 KT 4RrE 7V0.13 

(13.8) 

= P, +P2+ (13.9) i 13.26 

LRT 

V 

14 z a (13.1)® p RI 51AT ARA (OTRK YTKAT 51 (partial 
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pressure) RTtTI 1 (13.9 At RA TA A faURY 1 6 x 10 7R3f 

(0.018 (6 x 103) kg = 3 x 10-2 kgI AR, 

=(3 x 10-26 kg)/ (1000 kg m*) 
= 3x 10-29 m3 

nIR 13.1 AY E 1000 kg m3I 
100 °C E0 U 1 atm 515 iN I4 
0.6 kg m3I TAI 4R4 CSA QD 

CO, TPHI = 2 x10-0 m=2 

Ena 13.3 9541-05 R AT 
TT(eEfR 7) aTT ? RA 131 

4 AT 1.67x103 31 (MRI 13.1)| 
AT R 1000/0.6 = 1/(6 104 )aq| a 

1.67x103 aR UNE 

AC T& U TV RAIUE UPK EI 10 x 2 A = 20 ÅÀI URIR ZDI 
6x101 YT9T2 x 20 40 AI 
TRa 13.2 ng 13.1 3M EYTR 

TC I ATA A V-1000 kg m3) 

AT 20.2 u TE AI* 
32.0 ul 

CATDTHOT (2+16)g 18 g = 0.018 kg 
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P m/V 
pm/v m m M 

P2 m2 2 M 
3 20.2 

0.947 
32.0 

a11 51 z Aatco at Eot 13.4 7 C si47 4 (Kinetic Theory 

of an Ideal Gas) 

y T9T, MA ts inS P,V= 4 , RTT 

PV 4,RTÍs | ATO /2 

(elastic) A I foq7 o 
Ci) afantTE I 4M 

m, m, Ti (TR1 2 

P C511 2 Y A (UCE3 
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R31nA (V, V, V) %A v, nAi ARF 
( 

Q-(2mv) (%nAv,nAt) (13.10) 
>x 

7)3 
13.4.1 CAEA BIPI (Pressure of an Ideal Gas) 

P= nmv; 
AAt 

(13.11) 

1 (v, v, v,) AUA yz TAUE PI A (= 1) tribution) ITI ÍS TAI (13.11)® 

P=nm vz (13.12)

mv,-(mv)=-2mv, IAANRTTNAR ACE 

(isotropic), ACI UTAK A5 PIAI fAcT 

A 2mv, 

13 

- (1/3) [+ +v1={ (13.13) 
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P-Gm (13.14) 

CSTH CANAA (James Clerk Maxwel) (1831 - 1879) TA 

gICITA UPEy e (distribution) F 

CAAI CTA AAKI ATAT T1 (Maxwell's equations) 31 A | 

TTRo 6STAA (Ludwig Boltzmann (1844-1906)gRTA feAI 

PMIbI CAR sfAA eei cød uoseResRA (thermodynamics) 

R (classical statistical mechanics) 4ARI 2rOI 510 

TATRorf eOS (U�A FAAICA USCARN SRE (Boltzmann's constant) ITH P CeTE 
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P-3 (13.17) 

Cs AR (1t (13.3) CAG 

NT (13.18) 

E-m- (13.19) 

13.4.2 0 Sres TIt (Kinetic In- 
terpretation of Temperature) 

PV (13.15a) 

(13.15b) Aa BoN 0OR AB A; 51 RM 
PV 

(13.16) aoR T B1R AISR| FI (13.14 
E Nx 

HCA A (13.15) *1 e 

7P 13.5 B1T 
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P m, +n,m, u +..1 (13.20) 

I) efocoi ua sty s M (3/2) 

,-r k,TI 
AC 

P= (n, t n,t.. )k, T (13.21) 

I (13.19 FRTG c DIE (i) afoI T s %m v ms (3/2) 
kTI T m O IA, 

2 

HToP i diIT = 300K TRoE A S (rms 
ms C (m)ar (M)Ar 39.9 1.77 A(m(M 70.91.77 

M 28 
= 4.65 x 10 kg. 

m 

NA 6.02 x1025 

3 k Tlm = (516)P m's2 

= 1.33 ms 

V 
ms 

516 m s 

ms) s af 
enteet 13.6 A D1 R TaDo BHTERT 13.5 p qDI 11 T | 

235 238 4 AR 
R9TR T01 27 CI C O efoto 

19 AE TR615 235 g 
238 ge s AER T E uE 19e Z 39.9 u 

70.9 ul 
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(Maxwell Distribution Function) 

CRTT 20 1 3A�TTT QI CTD6, a187*F 203 1 60 RU (Ey 60 Tef 

afiooi ctb 1P UTI R 74 a AAI, RA 0-1, 1-2,.,99-100 (G| 

A tdr A AAT Q UTE HRUI dN«) i d Aaills|ueis dN(x) = n, dr | 

0.5 1 Av 1.5 2.0 (/Um) 

dN(v) = Å(3k, Tlm) 

PA 349 352 I GIG, 
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EnEHf 13.7 (a) (URA 2EiP 7}A 
= 1.0044 

349 V352 

sfe U i Ta -0.44 % 
3sU TR AITT MRSTAS (nuclear 
fission) etAA Aatpoe KATU fAa 

(6a 13.5)1 afaratcbrSANTA 

4 (enrichment) AITI a q91 E4DA T (b), (c) T (dbe 

f2-, FE1-CRe0, u-Ra) 
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13.5 f afstsa (Law of iRI«TDA 2UTGI ZTEIN VU ATEA �ACE 
Equipartition of Energyhs) SiTe ( 

(Law 

S2 KuT13.22) 7i1 (13.24)E *A CrTRA�I ARUA A 

TTA kTI 

1325) RI 

2 

(13.24) 

Cdegree of freedom) 2 T Y; 93 

(2) 
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1 

(13.25) (mode) I BTOATI CAfAC AT TE 

1 

1 y (rigid rotator) a aA Tf1 

(FATE R|KA A-RA AE focofsa afu f (law of 

TH RETE ATI TKKM AAATT 4 equipartition of energy) ITG| R TG 

e=e +E +Ey (13.26) 

dt 

13.6 
RRRTAIT z A STOTDI RA 

0 TT 11to (Specific Heat 

Capacity) 
13.6.1 ITA (R (Monatomic Gases) 

C,5 
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s)- (13.34) 

U kTx NA =RT (13.27) 

U -kT+kgT NA 
C, (9 RT (R) = R (13.28) 

dT 
C-R.C,-R. 7=~R (13.35) 

-C, R (13.29) 13.6.3 A113 (1E (Polyatomic Gases) 

C-5 R (13.30) 
2 

U-T,T+fk,T }N, 
y C=(3 +f) R, C,= (4 +f) R, 

(13.31) 
(4+) Y3+S). (13.36) 13.6.2 ftAT CTE (Diatomic Gases)

NA C-C, = R 7*HCBI7AAI 

13.1 5 aI qARIOO DaA 13.2 

U-k,Tx N =RT (13.32)

S AA TAG CI,, C.H, 
2 

(13.33) EGA C1 CANGAT AI AR)I IA14ICE C 2 
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C 
(Jmol-'K') | (J mot'K')| (Jmot'K') 

C-C, 

12.5 20.8 8.31 .61 
20.8 29.1 8.31 1.40 

. 

24.93 33.24 8.31 1.33 

C C-C C 
(Jmol'K')| (J mol R)|(Jmol 'K) 

C Y 

He 12.5 20.8 8.30 1.66 
: 

* 

Al Ne 2 20.8 8.12 1.64 

Ar 2 20.8 8.30 1.67 

fa11 204 8.45 141 28 8 

21.0. 29.3 8.32 140. 

N 20.8 29.1 8.32 140 

HO 27.0 35.4 8.35 1.31 

CH 27.1 35.4 8.36 1.31 

RTT CaN AI T01 (273 K) 
14 515 (1 atm = 1.01 x 10 Pa) faTPTAT 

() c 1 TR A R 224 fI 

C, C FETTDIO 2 T RIA I 

TTE t (C) 
9nR 13.8 561 4D O 44.8 DI 

RCTR CaRI CRRa Go 15°C 

PRAtA TA oa aaT R? (R 8.31 J OO *K SNITA5 11 C=R+R 

mol- K-1) 
= R r RR 
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=2 x 1.5 Rx 15.0= 45 R 

= 45 x8.31 374 J. 13.6.5 T T (Specific Heat 
Capacity of Water) 

13.6.4 cTD1 T 1 1 
(Specific Heat Capacity of Solids) 

afocDiHITA A ATA R HTC U=3x 3 k,T xN, = 9 RT C EAT (one dimension) A C _AU 
9R 

AT 
y TA R 2 x h k,T = k,Ti Alte 

AT 

1 RiRY 1 AR = 4.179 
U= 3 kT xN, =3 RT 

YRRICO tA 5I ZIK AQ= AU+ PAV= AU, 

EICE O 75 J mol-' Kl~ 9RICIZF4 
C A9_ AU 

AT AT 
3R (13.37) 

(J kg'K') (J mo'K') 

900.0 24.4 
506.5 6.1 

386.4 24.5 
127.7 26.5 
236.1 25.5 

DRTA 134.4 249 
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13.7 T9 A (Mean Free Path) 

1 
T 

nTtv>d2 

(13.38) 

T (mean free path) At| ot y 

-- 

d 

------* 1 
1V> T=- --------- ntd 

(13.39) 

---------~~~-. 
1 

2ntd (13.40) 
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R53 1 TRoT DaI a uraia AN (pollen grain) i5 P5 CATT M`I GADA TN 10 ml 1827 5 410 EA (Robert Brown) 

P 1 RT3A (scanning tunneling microscope) H4 J A 
1987 b NT E AT1 R PR7 f`TRR (Ahmed Zewail)AT RA fes 

(chemical bonding) s EITA RP I 5tCA R 

<y= 485m/s | 2j To} 5|6 
0.02x103 

n (22.4x10s) 
= 2.7x 10 25 m3 

EIRA 13.9 qq (13.41) qT TK 
d 2 x 10- m 41M( N 

13.1 
RO 373 K G4010| 

T = 6.1 x 10-10 s 

1=2.9x 10-7 m= 1500d (13.41) 
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A0=4x10 m CR TYE 1 RR 

CIC n=2.7x1025273 =2x1025m3 
373 

PV=RT k NT 

R 8.314 J mol1 K1, k 1.38 x 1023JK 

P=nmv 

/23kT m , m 
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3. 

E kNT 
2 

PV-2 E 

4. 

- DI ATAt 2 x Yk, TARAIT 1 ARs ITI 

5. 

2 n td 

1. 

2. 

T HE AMRIUAAI 100 1 UA1000 
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3. 

kT k TI 
B 

4 

rte (Exercise) 

13.2 

13.3 13.8 I a fTK0G 1.00 10-3 kg 4CT 3IA P AICACT PV/TA I T 

** 

T 
T2 PaK 

x P 

Ba 13.8 
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13.14 

9i1719fac (u)TY (10 kgm') 

12.01 222 

197.00 19.32 

R C () 14.01 1.00 
6.94 0.53 

3R (a) 19.00 1.14 

P ) 


