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Chapter 1. INTRODUCTION TO
KINETIC THEORY

In this introductory chapter we consider the kinetic theory of gases from a historical
point of view. The history of the physics of gases is interesting since it lead to the
first reliable determination of the size of atoms, and the discrepancies between the
classical theory and experiment contributed to the birth of quantum mechanics at
the turn of the century.

1.1 History

With the benefit of hindsight let us briefly recall the main developments
that lead to the kinetic theory of gases in its present form. At the time
of Galileo (1564–1642) it was well known that water will not raise more
than 34 feet when sucked by a pump. Torricelli (1608–1647) filled a glass
tube with mercury, put his finger on the end, and inverted the tube into
a dish of mercury. The mercury in the glass tube raised about 30 inches
above the level of the mercury in the dish. These observations lead
eventually to the concept of atmospheric pressure.

Richard Townley and Henry Power discovered in 1653 that the pres-
sure P of a gas varies in proportion to the inverse of its volume V when it
is compressed at constant temperature (for example room temperature).
The law

PV = constant at constant temperature

was verified and established by Robert Boyle in 1662 and is generally
known as Boyle’s law.
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2 INTRODUCTION TO KINETIC THEORY

Daniel Bernoulli proposed in 1738 the first quantitative kinetic theory.
In particular Bernoulli showed that the pressure of the gas is proportional
to the square of the molecular velocity v:

PV =
1

3
NMv2

However the equation derived by Bernoulli remained mostly forgotten
until 1820 when it was re-derived by Herapath!

The law of thermal expansion of gases in its modern form was es-
tablished at the end of the 18th century by J.A.C. Charles and J.L.
Gay-Lussac:

P = C (T + T0) at constant volume

or
V = C 0 (T + T0) at constant pressure

where C, C 0 and T0 are constants. The universality of T0 for different
gases suggests that there is a lowest temperature T = �T0 for which
the pressure or volume drops to zero, as suggested a century earlier by
Guillaume Amontons. It is then natural to define T + T0 as an absolute
temperature which we will henceforth denote by T .

In 1845 J.J. Waterson gave the first statement of the equipartition
theorem: the average value of the kinetic energy 1

2Mv2 is the same for
different types of molecules in a mixture of gases. Another important
contribution to the kinetic theory was made by Rudolph Clausius who
introduced the concept of mean free path.

The modern form of the kinetic theory is a direct outgrowth of the
work of James Clerk Maxwell (⇡1860) and Ludwig Boltzmann (⇡1870).

In 1865 Josef Loschmidt made the first convincing calculation of the
size of molecules using the mean free path obtained from viscosity mea-
surements.

The development of the kinetic theory outlined above may suggest
that the theory advanced in a regular fashion. Actually the development
of the physics of gases was quite erratic and full of confusion. To stress
this point it is sufficient to mention here that two key concepts of the


