CHM 421/621
Statistical Mechanics
Lecture 3



Introduction and Review

Lecture Plan

An example application of Statistical Mechanics (ctd.):
Calculation of average energy



A familiar example

Classical microstates - set of instantaneous coordinates and velocities.

System: Consider a system of N particles moving independently of each other and
inside a closed container of volume V. The container (and hence the particles) is
assumed to be in thermal contact with a reservoir at temperature T.

Model: N

H({r;(t),pi(t)}) = Z —p;

Pi: Momentum of jth particle

I'; Position of ith particle
Probability distribution:

1

p({rivpi}) — Q(N, V. T)exp (—BH({I'?;,I)?;})) 1




A familiar example

Probability distribution:

p{rpi) = oo (AH ({ri.pi)

Meaning:
The probability of finding the system in a microstate with the momenta of the particles
between pi and pi + dpi and their positions between ri and r; + driis given by

p ({ri,pi}) d*" rid*" p;

=> /P({I'upi})dSN?“idSNpi =1

So what is QN, V. T)?



A familiar example

Q(N,V,T) = AVN (%”) -

Here A is a constant to ensure the correct dimensions. We will show later that

In this case, the normalisation equation becomes

1



Average Energy

Calculate

U= (H) = 1y [ dr [ dp H({ri.p) plir: i)

Answer

U= -NkpgT



Average Energy
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Average Energy

each integral in the sum

N
N py p? is identical
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Average Energy
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Average Energy

Now
/ dy y’exp (—By°)
3
=) (H / dy, exp (—By,, ) / dy, yiexp (—By;)
v=1 \ u#v
3
3 / dy, yiexp (—By;)

3w 3 ()’
=5 dy1 yiexp (—By7) :%<g>

N
v
Using this formula in the previous equations and setting () = (F) we get ...



Average Energy

N

U=N AN (QW’)T 2

Bh? 20 h
A =
=|=NksT .
9 Using 1
=
kT

Which is the desired result!



