Pressure of an Ideal Gas.

Consider an ideal gas (consisting of N molecules each of mass m) enclosed in a cubical box of
side L.

It's any molecule moves with velocity v in any direction where

V=v i+ j+vk

This molecule collides with the shaded wall (“41) with velocity ¥+ and

rebounds with velocity ~Vx. 2 o>

AP =(—mv )—(mv )= -"2mv

The change in momentum of the molecule

As the momentum remains conserved in a collision, the change in

momentum of the wall A1 is A =2mv,

\%

After rebound this molecule travel toward opposite wall A2 with velocity ~ "~, collide to it and

again rebound with velocity ¥~ towards wall A1.
(1) Time between two successive collisions with the wall A1.

Af = Distance travelled by molecule between two successive collision 2L

Velocity of molecule v,

. Number of collision per second ~ Ar 2L

nAP = —-2mv , =ﬂv§
(2) The momentum imparted per unit time to the wall by this molecule 2L L
4 AF =ﬂv
This is also equal to the force exerted on the wall “*1 due to this molecule .. L

(3) The total force on the wall 4, due to all the molecules

(4) Now pressure is defined as force per unit area



F m , m 2 m 2 m 2
P=—=—>vi=—)>v] P=—>v P =—>v
4 AL VZ Similarly VZ " and VZ

P, +P, +P, =ﬂ2(v§ +v] +v7)
So V

3P=—)v P.=P =P =P
a

V [As ¥ nd

2 2 2 2
3p = mN | vi +v; +vi +vy +...
14 N
or
3P :M I”2I7‘lS {
or V As root mean square velocity of the gas molecule
\/vf FVS VAV
Vv .=
rms N
lmN
p=-"22

=57 Vims
or 3V
Important points
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(i) 3V or V [As Vims ]

(a) If volume and temperature of a gas are constant P .« mN i.e. Pressure o« (Mass of gas).

i.e. if mass of gas is increased, number of molecules and hence number of collision per second
increases i.e. pressure will increase.

(b) If mass and temperature of a gas are constant. P o (1/V), i.e., if volume decreases, number of
collisions per second will increase due to lesser effective distance between the walls resulting in
greater pressure.
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(c) If mass and volume of gas are constant,



i.e., if temperature increases, the mean square speed of gas molecules will increase and as gas
molecules are moving faster, they will collide with the walls more often with greater momentum
resulting in greater pressure.

plmN,. 1M,
(ii) 3V 3V [As M = mN = Total mass of the gas]
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(iii) Relation between pressure and kinetic energy

Lz, @ =3 (3 i =5 02
Kinetic energy 2 .. Kinetic energy per unit volume 2\r 2. . (i)
P=Lpv2,
and we know 300 (ii)
P=2k

From (i) and (ii), we get 3

i.e. the pressure exerted by an ideal gas is numerically equal to the two third of the mean kinetic
energy of translation per unit volume of the gas.

At constant volume and temperature, if the mass of the gas is doubled then pressure will
become twice.



