Fundamentals of Engineering Physics 2019
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Example

In order to illustrate the classical notions
in a very simple case, let us consider a
single particle moving in one dimension
under the influence of no forces, but con-
fined within a box of length L. 1f we de-
note the position coordinate of this par-
- ticle by x, the possible positions of the
particle are then restricted by a condi-
tion of the form 0 < x < L. The energy
E of the particle of mass m is merely its
kinetic energy so that

where v is the velocity and p = mois the
momentum of the particle. Suppose
that the particle is isolated and is thus
known to have a constant energy in some
small range between E and E + dE.
Then its momentum must lie in some
small range dp about the possible values
p=*+v2mE. The region of phase
space accessible to this particle is then
the one indicated by the dark areas

shown in Fig. 6.3. If phase space has
been subdivided into small cells of equal
size 8x 6p = ho, this region contains a
large number of such cells. These repre-
sent the accessible states in which the
system can be found.

Suppose that the particle is known to
be in equilibrium. Then the statistical
postulate asserts that the particle is
equally likely to be found with its coordi-

nate x and momentum p in any one of the:

equal-size cells contained within the dark
areas. This implies that the particle is as
likely to have a momentum in the range
dp near 4-\/2mkE as in the range dp near
—/2mE. It also implies that the po-
sition coordinate x of the particle is
equally likely to lie anywhere within the
length L of the box. For example, the
probability that the particle is located in
the left third of the box is | since the
number of accessible cells for which x
lies in the range 0 < x < L is one-third
of the total number of accessible cells.
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Fig. 6.3 Classical phase space for a single
particle free to move in one dimension and
confined within a box of length L. The par-
ticle, specified by a coordinate x and a momen-
tum p, has an energy in the range between E
and E 4+ 6E. The states accessible to the par-
ticle are indicated by the cells contained within
the dark areas.
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Fig. 8.1 Diagram illustrating a collision be-
tween two hard spheres having radii @ and a’.
The solid white line indicates an imaginary
circular disk which is carried by the sphere of
radius a and has a radius (a + a’).
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Fig. 8.2 Diagram illustrating the collisions
suffered by a particular molecule A when it
encounters another molecule whose center is
located within the volume swept out by the
area o of the imaginary disk carried by A.
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