Chapter 8

Kinetic Theory of Gases
and Thermodynamics

Pressure Exerted by the Gas

The pressure of the gas is due to continuous bombardment of the gas molecules against the walls of the container.
According to kinetic theory, the pressure exerted by an ideal gas is given by

P 1M _, M = Mass of the enclosed gas
=——V
3V
V = Volume of the container
v2 = Mean square speed of molecules
1M, B .
oo P= 3V Vims V.s = ROOt mean square velocity
o P= 1N7m;2 N = Number of molecules
P _ p 2 .
=3 Vims p = density of gas

m = Mass of the molecule
V2 = Mean square speed of molecules

Speeds of gas molecules :

(i) Root mean square speed,

Here, M,, is molecular weight in kg.

3 KT _
Vins = \| "y k = Boltzmann’s constant, m = mass of one molecule in kg

. 8RT  [8P  wvi+Vo+Vy+..... +v,
(i) Average speed Vg = M, = n_p - -
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(iii) Vi = Most probable speed is defined as the speed corresponding to which there are maximum number of

molecules.
p = Density of gas
szT /ZP /2 kT M, = Molecular weight
R = Gas constant

Order of magnitude : v, | P = Pressure of gas
9 Vavg ~ Vmp m = Mass of one molecule

Vv, v =3 \/5 3 = 3252

rms

Relation between C, & C,, :

i C.-C,=R  (C,>C)
CF‘
i) & =
(iii) C, =3
Degrees of _f AU _ _Cp
. 3 3 3 5 5
Monoatomic (Translational) EnRAT ER ER 3
Diatomic 3(Trans) + S RAT SR TR ’
2(Rot) 2 2 2 5
Non-Linear | 3 (Trans)+ 3 4
Poly atomic (Rot) 3nRAT @ VI 3

For a mixture of two gases A and B containing n, and ng number of moles.

i _ (nufy +npf5)

n,+ng
2
i W =1+
(ll) Ymix fmix
C — fmixR
Vinix 2
Prmix = Vinix + R

Thermodynamic Process
(1) Melting process : (Change of state, solid to liquid)
Q=AU+ W
mL,=AU+0 [W =0 as volume remains nearly constant]
(2) Boiling process : (Change of state, liquid to vapours)
mL,= AU+ P[V, - V]
V, = volume of vapours
V, = volume of liquid
When 1 g of water vapourises isobarically at atmospheric pressure. AU = 2091 J, P = 1.01 x 10° Pa,
V,=1cm3 V,=1671 ms.
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(6)

@

Isochoric process : Volume is constant
dVv=0=>W-=0 [dV = change in volume]
Q =nCAT = AU

AU

= Cbv="17

Isobaric process : Pressure is constant
P = constant, dW = PdV

= W= PAV = nRAT
Q=nCAT =AU+ W
nCAT = nC AT + nRAT

= C,=C,+R

AU_W_ Q AU_W o Q
f o2 f+2 1 Tyt y

1

AU
Fraction of total heat converted to internal energy = Q = ;

w -1
Fraction of total heat converted to work is, 6 . YT

Isothermal process : Temperature is constant
PV=K=dT=0=dU=0, C=

as PV =nRT (Constant)
nRT
So P=———
© v

Work done in isothermal process

V. V. P
W =Q=nRTlog (—Zj =2.303 nRT log [—2) = 2303 nRT| (_1j
\v, 10 v, Y n 094, P,

Adiabatic process : Heat exchanged (Q) is zero

PVY =K [Equation of adiabatic process]
As Q =0, nCAT=0o0orC=0
Also, 0 = nC /AT + W [by first law of thermodynamics]

nR

Now, le.  W=-nCyAT==""23(T,-T)

Polytropic Process
PV* = Constant

W = nRAT
1-x
: R
Molar heat capacity | C=C, +17
- X
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(8) Cyclic process : System returns to its initial state (P, V& T)
For the overall process AT=0=AU=0
= AQ=AW

(9) Adiabatic free expansion : It is sudden process, only initial and final states are defined.
For this process AQ=0,AT=0,AU=0,and W=0

Indicator Diagram :
P-V graph of a process is called indicator diagram. Area under P-V graph represents the work done in a process.
Small work done, dW = PdV

Total work done, W = IdW = JPdV

= Area of curve (P — V) bounded with volume axis

CARNOT ENGINE
Heat supplied = Q,
Heat rejected = Q, = Q-Q=W

%100 =%x1oo%

supplied 1
If source temperature is T, and sink temperature is T,, then

% efficiency, n =

Refrigerator : In a refrigerator, W work is done on the working substance, Q,
heat is absorbed from lower temperature T, and Q, heat is rejected to higher
temperature T,. (T, > T,).

Heat extracted from cold reservoir  Q,
W, Q-Q

total

Coefficient of performance p =

T, 1-n

SB: =
=T, n

Heat pump :
Heat pumped to hot reservoir

Coefficient of performance (r) =

Total work
IO
W Q-
N
_7—1_7—2_“
a a
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