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Kinetic Theory of Gases

1) Assumptions

a) Every gas consists of extremely small particleedainolecules.

b) The molecules of a gas are identical, sphericglidra perfectly elastic point
masses.

c) Their size is negligible in comparison to internmikar distance-(T.m)

d) The volume of molecules is negligible in comparisothe volume of gas.

e) Molecules of a gas are in random motion in all aitns with all possible
velocities.

f) The speed of gas molecules lies between zero @ndyn

g) The gas molecules collide among themselves asaselith the walls of vessel.
These collisions are perfectly elastic.

h) The time spent in a collision between two molecigesegligible in comparison
to time between two successive collisions.

1) The number of collisions per unit volume in a gamains constant.

}) No attractive or repulsive force acts between gakeoules.

k) Gravitational attraction among the molecules idigdre due to their small

masse and very high speed.

l) The change _in momentum is transferred to the wallshe container causes

pressure.

m) The density of gas is constant at all points ofdtetainer.

2) Avogadro’s law: Equal volume of all the gases under similar conddiof

temperature and pressure contain equal number lgcresi.e. N, = N, .

3) Graham'’s law of diffusion: When two gases at the same pressure and temgeratur
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are allowed to diffuse into each other, the ratdifffision of each gas is inversely

proportional to the square root of the densityhefgas.e. ro-~ 0 -1 (M is the
Jo M

molecular weight of the gasy :_1:\/% :\/%
If Vis the volume of gas diffused irsec then

X:} r_lzixt_z
t b V, t

r=

4) Dalton’s law of partial pressure: The total pressure exerted by a mixture of non-
reacting gases occupying a vessel is equaktsum of the individual pressures which
each gases exert if it alone occupied the sarheme at«a given temperature.

Forngasesp=p +P, +P, +....P,
Where P = Pressure exerted by mixture” amgp, p,.....p, =Partial pressure of
component gases.

5) Vander Waal's gas equations

For 1mole of gaS(P+Vi2](V—b) <RT

For 1 moles of gaS(P+a\//J—:J(V—yb):yRT

Herea andb are/constant called Vander Waal's constant
Dimension: &} ="im°t2] and p] = [L]
Units:ar= N x'm* andb = n".

6) Pressure of an Ideal Gas

. 1 -2 . .
Pressure exerted by an ideal gfasgmnv where m is the mass of each molecule, n is

. —2 .
the number molecules per unit volume ands the mean square velocity of gas

-2 =2 -2 —2 -2 =2 —2 .
molecules. Herey =v x+v y +Vv ; where v ,v yandv ;are mean square velocity

components along x, y and z directions.
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P :%m%\_/2 Where N is the total number of molecules in therage of volume V

—2
—2 VA HVAHvS - v,

Vv =
N

mn = mg = p is the density of the gas

1 -2
0P==pv
3,0

Various Speeds of Gas Molecules

The motion of molecules in a gas is characterizgday of the following three

speeds.

(1) Root mean square speedt is defined as the square root of mean of squafres

the speed of different molecules

2 2 2 2 —

; Vi VS VS HV] L
- 1 2 3 4 - 2
l.e. vm—\/ N =4V

(i) From the expression of pressuqfe% V2

V. = E: ¥ :J\?)RT :Jﬂ
s el Massof gas M m

Massof gas

where p = = Densityof thegas, M = ,u><(maSS of gaS)>,V=,uRT, R = kN, k=

Boltzmann’s constant,

m= Nﬂ = mass of each molecule.
A

(iIN-With rise in temperaturems speed of gas molecules increases.asT .

(i) With increase in molecular weightms speed of gas molecule decreases as
1 : .
Vims DW' e.g., rms speed of hydrogen molecules is four times thabxfgen

molecules at the same temperature.
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(iv) rms speed of gas molecules is of the ordekrofs eg., at NTP for hydrogen

gas

_ [3RT _ [3x831x273 _
(vrms)—\/wI —\/ X 10? =1840m/s.

(v) rms speed of gas molecules ‘Ey times that of speed of sound in gas, as

Vims = ﬁ andvS = ﬂ - Vims :\/EVS
M \ M y

(vi) rms speed of gas molecules does not depends on thlesupeeof gas (if
temperature remains constant) becdgep (Boyle’s law) if pressure is increased
n times then density will also increasesrbymes butv,,s remains constant.

(vii) Moon has no atmosphere becawsg of gas molecules is more than escape
velocity ().

A planet or satellite will have atmosphere onlyf <v,

(viii) At T = 0; vins = Oii.e. therms speed of molecules of a gas is zero &t T his
temperature is called absolute zero.

(2) Most probable speed:The particles of a gas have a range of speeds.i3his
defined as the speed which is possessed by maxifragtion of total number of

molecules of the gas.

Most probable spety,, :\/% = /% = /%

(3) Average speedit is the arithmetic mean of the speeds of molexiea gas at
given temperature.

_ViHVp Vg Y,
av

N
Average speev,, = |82 = |BRT _ [8KT
Vo) T M T m
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8) Mean Free Path

(1) The distance travelled by a gas molecule batw®eé successive collisions is

known as free path.

_ Total distancetravelled byagasmoleculebetweensuccessiveollisions

A
Total number of collisions

During two successive collisions, a molecule gha moves in a straight line:with
constant velocity and Let, 4, 4,.... be the distance travelled by a gasimolecule

duringn collisions respectively, and then the mean frath pf a gas molecule is given by

Y R )
n

A

1
@)1= e

Whered = Diameter of the molecule,

n = Number of molecules per unit volume

(3) AsPV = 4 RT = u NkT = %:%:n:Number of molecule per unit volume so

-1 K

J2 m?p
4)Fromi=——t - ML - M
“) V2md?  J2mmnyd?®. - V2m?p

[As m = Mass each.moleculen = Mass per unit volume = Densitygk

(5) If average speed of moleculevithen i :vx% =vxT

[As N.= Number of collision in timé& T = time interval between two collisions].

(1i).As A m% and 2 om i.e. the mean free path is inversely proportional eodbnsity

of a gas and directly proportional to the maseaafh molecule.

(i) As 2 =%£P . For constant volume and hence constant numbesitglenof gas

molecules,% is constant so that will not depend orP andT. But if volume of
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given mass of a gas is allowed to change Withr T thenA [0 T at constant pressure

and A D% at constant temperature.

9. Degrees of freedom

The total number of independent ways in which desyscan possess energy is called
the degree of freedonf)(

a) Mono-atomic gas: Molecule of mono-atomic gas can have three indegen
motions and hence 3 degrees of freedom (all traoskd).

b) Diatomic gas:Molecule of diatomic gas has 5 degree.of freedomaislational
and 2 rotational.

c) Tri-atomic gas: A non-linear molecule can rotate . about any of trweerdinate
axes. Hence it has 6 degrees of freedom: 3 tramsétand 3 rotational.
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