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Formalisms of Statistical 
Mechanics

Boltzmann equation for entropy

Simple Harmonic Oscillator
Consider a system of N quantum oscillators having a total energy U and

a fundamental frequency   . 
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Eigenvalues for each oscillator

Total energy: Eµ =
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Taking U0/2 as a reference energy the total number of quanta can be 
written as
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Mechanics

Boltzmann equation for entropy

Simple Harmonic Oscillator
The number of microstates possible for a given energy U is just the number of

ways of partitioning        into N parts such that:
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This problem is isomorphic to finding ways of making N-1 partitions separating 

      points.
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Boltzmann equation for entropy

Simple Harmonic Oscillator
Given that the partitions are identical and the points are identical we have
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Average energy per oscillator is Einstein 

temperatureTE =
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kB
<latexit sha1_base64="xnk8uVMLiPKZ7Ibd9w6JPkK6hUE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QKoLLCn1BE8JkOmmHTmbCzEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89YcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOb6Z+94FIRQVv6UlC/BgNOY0oRtpIgX3cCm7hNfQiiXDmjUIkPRGTIQqcPBsHjTywq07NmQEuE7cgVVCgGdhf3kDgNCZcY4aU6rtOov0MSU0xI3nFSxVJEB6jIekbylFMlJ/NHsnhqVEGMBLSFNdwpv6eyFCs1CQOTWeM9EgtelPxP6+f6ujKzyhPUk04ni+KUga1gNNU4IBKgjWbGIKwpOZWiEfIZKJNdhUTgrv48jLpnNdcp+beX1TrjSKOMjgCJ+AMuOAS1MEdaII2wOARPINX8GY9WS/Wu/Uxby1Zxcwh+APr8wfP6Zk3</latexit><latexit sha1_base64="xnk8uVMLiPKZ7Ibd9w6JPkK6hUE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QKoLLCn1BE8JkOmmHTmbCzEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89YcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOb6Z+94FIRQVv6UlC/BgNOY0oRtpIgX3cCm7hNfQiiXDmjUIkPRGTIQqcPBsHjTywq07NmQEuE7cgVVCgGdhf3kDgNCZcY4aU6rtOov0MSU0xI3nFSxVJEB6jIekbylFMlJ/NHsnhqVEGMBLSFNdwpv6eyFCs1CQOTWeM9EgtelPxP6+f6ujKzyhPUk04ni+KUga1gNNU4IBKgjWbGIKwpOZWiEfIZKJNdhUTgrv48jLpnNdcp+beX1TrjSKOMjgCJ+AMuOAS1MEdaII2wOARPINX8GY9WS/Wu/Uxby1Zxcwh+APr8wfP6Zk3</latexit><latexit sha1_base64="xnk8uVMLiPKZ7Ibd9w6JPkK6hUE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QKoLLCn1BE8JkOmmHTmbCzEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89YcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOb6Z+94FIRQVv6UlC/BgNOY0oRtpIgX3cCm7hNfQiiXDmjUIkPRGTIQqcPBsHjTywq07NmQEuE7cgVVCgGdhf3kDgNCZcY4aU6rtOov0MSU0xI3nFSxVJEB6jIekbylFMlJ/NHsnhqVEGMBLSFNdwpv6eyFCs1CQOTWeM9EgtelPxP6+f6ujKzyhPUk04ni+KUga1gNNU4IBKgjWbGIKwpOZWiEfIZKJNdhUTgrv48jLpnNdcp+beX1TrjSKOMjgCJ+AMuOAS1MEdaII2wOARPINX8GY9WS/Wu/Uxby1Zxcwh+APr8wfP6Zk3</latexit><latexit sha1_base64="xnk8uVMLiPKZ7Ibd9w6JPkK6hUE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QKoLLCn1BE8JkOmmHTmbCzEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89YcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOb6Z+94FIRQVv6UlC/BgNOY0oRtpIgX3cCm7hNfQiiXDmjUIkPRGTIQqcPBsHjTywq07NmQEuE7cgVVCgGdhf3kDgNCZcY4aU6rtOov0MSU0xI3nFSxVJEB6jIekbylFMlJ/NHsnhqVEGMBLSFNdwpv6eyFCs1CQOTWeM9EgtelPxP6+f6ujKzyhPUk04ni+KUga1gNNU4IBKgjWbGIKwpOZWiEfIZKJNdhUTgrv48jLpnNdcp+beX1TrjSKOMjgCJ+AMuOAS1MEdaII2wOARPINX8GY9WS/Wu/Uxby1Zxcwh+APr8wfP6Zk3</latexit>



Formalisms of Statistical 
Mechanics

Boltzmann equation for entropy

Simple Harmonic Oscillator

Specific heat

cV = kB

✓
TE

T

◆2 e
TE
T

⇣
e

TE
T � 1

⌘2

<latexit sha1_base64="TK3BEZW2rIEFx0gEdjLlSKLUDh8="></latexit><latexit sha1_base64="TK3BEZW2rIEFx0gEdjLlSKLUDh8="></latexit><latexit sha1_base64="TK3BEZW2rIEFx0gEdjLlSKLUDh8="></latexit><latexit sha1_base64="TK3BEZW2rIEFx0gEdjLlSKLUDh8="></latexit>

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 0  1  2  3  4  5

f(x)
1

cV/kB

T/TE

Such a model was used by Einstein 

to account for the specific heat of 
solids. 



Ensembles
Microcanonical Ensemble

A collection of identical isolated systems with the same energy U. 


Each system can be thought of realising one of the possible microstates 
consistent with the a priori probabilities.

…

…

…

…

...

Then the fraction of systems corresponding 
to a particular microstate is equal to 1/⌦
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