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Summary
Concepts and Principles
The pressure of N molecules of an ideal gas contained in a volume V is
N
P 5 23 a b 1 12m 0v 2 2
V

The internal energy of N molecules (or n mol)
of an ideal monatomic gas is

The average translational kinetic energy per molecule of a
gas, 12m 0v 2 , is related to the temperature T of the gas through the
expression
1
2
2 m 0v

E int 5 32Nk BT 5 32nRT

(21.2)

5 32 k BT

The change in internal energy for n mol of
any ideal gas that undergoes a change in temperature DT is
DE int 5 nCV DT

(21.4)

where k B is Boltzmann’s constant. Each translational degree of
freedom (x, y, or z) has 12 k BT of energy associated with it.

(21.10)

(21.12)

where CV is the molar specific heat at constant
volume.

The molar specific heat of an ideal monatomic gas at
constant volume is CV 5 32R ; the molar specific heat at
constant pressure is CP 5 52R . The ratio of specific heats
is given by g 5 CP /CV 5 53 .

If an ideal gas undergoes an adiabatic expansion or
compression, the first law of thermodynamics, together
with the equation of state, shows that

The Boltzmann distribution law describes the distribution of particles among available energy states. The relative number of particles having energy between E and
E 1 dE is nV (E) dE, where

Equation 21.24 enables us to calculate the root-meansquare speed, the average speed, and the most probable speed of molecules in a gas:

n V 1 E 2 5 n 0e2E/kBT

(21.23)

The Maxwell–Boltzmann speed distribution function
describes the distribution of speeds of molecules in a
gas:
Nv 5 4pN a

m 0 3/2 2 2m0v 2/2kBT
b v e
2pk BT

(21.24)

Objective Questions
1. Which of the assumptions below is not made in the kinetic
theory of gases? (a) The number of molecules is very large.
(b) The molecules obey Newton’s laws of motion. (c) The
forces between molecules are long range. (d) The gas is a
pure substance. (e) The average separation between molecules is large compared to their dimensions.
2. An ideal gas is maintained at constant pressure. If the temperature of the gas is increased from 200 K to 600 K, what
happens to the rms speed of the molecules? (a) It increases
by a factor of 3. (b) It remains the same. (c) It is one-third
the original speed. (d) It is !3 times the original speed.
(e) It increases by a factor of 6.
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PV g 5 constant

v rms 5 " v 2 5

3k BT
k BT
5 1.73
Å m0
Å m0

(21.18)

(21.25)

v avg 5

8k BT
k BT
5 1.60
Å pm 0
Å m0

(21.26)

v mp 5

2k BT
k BT
5 1.41
Å m0
Å m0

(21.27)

denotes answer available in Student
Solutions Manual/Study Guide
3. A sample of gas with a thermometer immersed in the gas
is held over a hot plate. A student is asked to give a stepby-step account of what makes our observation of the temperature of the gas increase. His response includes the
following steps. (a) The molecules speed up. (b) Then the
molecules collide with one another more often. (c) Internal
friction makes the collisions inelastic. (d) Heat is produced
in the collisions. (e) The molecules of the gas transfer more
energy to the thermometer when they strike it, so we observe
that the temperature has gone up. (f) The same process
can take place without the use of a hot plate if you quickly
push in the piston in an insulated cylinder containing the
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