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Abstract: The kinetic theory is used to derive the pressure of an ideal gas assuming that the gas
occupies a spherical container of diameter D.

General chemistry and physical chemistry texts that use the kinetic theory to derive the
pressure of an ideal gas do so by studying a gasin a cubic or rectangular container (1). The
purpose of this note isto outline this derivation for agas in a spherical container. A visual
representation of this approach in coordinate and momentum space is provided in the
accompanying figure.

A sphere of diameter D contains gas molecules moving randomly, executing elastic
collisons with each other and the surface of the container as postulated by the kinetic theory.
Consider a molecule labeled i of mass m and velocity v making a collision with the surface at an
angle O relative to the perpendicular to the surface. The momentum transferred to the container in
the direction perpendicular to the surface by the collision is

A(mv)_ - =2mv, cos(8) (1)
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Because the molecule travels a distance D COS(Q) between collisions with the surface, the time
interval between collisionsis
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The force (F) exerted on the surface is the rate of momentum transfer,
A(mv 2
£ (MV) _2my, )

Pressure (P) is force divided by area (A) and the surface area of a sphereis tD% The volume of a
sphere (V) is £ 7D°, therefore
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For amole of gas molecules the total pressure is
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where <v2> = Ninf and M = N,m.

A i

As Dewey Carpenter pointed out many years ago (2), it is through a comparison of equation (5)
with the ideal gas law that we conclude that the average molar kinetic energy of agasis
proportional to its absolute temperature.

<KE>:%M <v2>:gRT (6)

Unfortunately most introductory texts incorrectly include this result as a postulate of the kinetic
theory (3). With regard to the formal assumptions of the kinetic theory Carpenter noted (2), “No
reference is made in these postulates to the property of temperature. Thisis because the kinetic
theory is a purely mechanical theory, whereas the concept of temperature belongs to the discipline
of thermodynamics.”
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Figure caption: Coordinate and momentum space representations of a gas moleculein a
spherical container colliding with the surface at an angle O relative to the perpendicular to the
surface.
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