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Formula Sheet of Statistical Mechanics

Ch. 1 Review

1. Lagrangian equation and Hamilton’s equation

2. Energy Levels of some quantum systems
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c) Rigid rotor: ,
sin

1
sin

sin

1

2

2

2

2

2















 ∂
+






−=

θ
∂

θ
∂

θI
H

η
 ( )

I
JJ

n 2
1

2η
+=ε .

3. Calculation of Degeneracy
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4. Thermodynamics equations
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5. Useful mathematical formula
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6. Constants: Stefan-Boltzman constant σ=5.67×10-8W/m2K4,
                      Bohr Magneton: 9.273×10-21erg gauss-1
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Ch. 2 The Canonical Ensemble
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Ch. 3 Formula Table
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Ch. 4 Boltzmann, Fermi-Dirac and Bose-Einstein Statistics

1. Boltzmann Statistics

2. Fermi-Dirac & Bose-Einstein Statistics: ( Grand Canonical  Ensemble )

Ch. 5 Ideal Monatomic Gas
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Ch. 6 Ideal Diatomic Gas

1.  H=Htrans+ Hrot+ Hvib+ Helec+ Hnucl,         E =Etrans+Erot+Evib+Eelec+Enucl
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Ch. 7 Classical Statistical Mechanics

1. Formulas for classical and indistinguishable system
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   Where s is the degree of freedom of the molecular.

2. Examples:

    a) The translation motion, )(
2

1 222
zyx ppp

m
H ++=



6

V
h

mkT
dpe

h

V
dxdydzdpdpdp

m

ppp

h
q mp

zyx
zyx

class
2/3

2
32/

3

222

3 )
2

(}{}
2

)(
exp{

1
~

2 πβ β ==
++

−⋅⋅ ∫∫ ∫
∞

∞−

−

    b) The rigid rotor, )
sin

(
2

1
2

2
2

θ
φ

θ

p
p

I
H +=

   
20

2

02

81
~

h

IkT
edddpdp

h
q H

rot

π
θφ

π βπ

φθ =∫∫∫∫ −∞

∞−

   c) The classical harmonic oscillator, 2
2

22
x

kp
H +=

µ

h

kT

kh

kT
dxedp

h
q H

vib ν
µπβ ==∫∫

∞

∞−

−∞

∞−

2/1)(
21

~ ,       2/1)(
2

1

µπ
ν

k
=

Chatpter 10   Quantum Statistics

    ( )
1

1T,V,

±

∏ 








 −
±=Ξ

k

ke
βε

λλ ,      βµλβ e= and  
kT

1
= where

  
k 1

=N ∑ −
±

−

ke

ke
βε

λ

βε
λ

ke

ke
βε

λ

βε
λ

−
±

−

1

=kn

∑ −
±

−

k 1

=E
ke

kek
βε

λ

βε
λε

∑ −
±

−

k 1

=N
ke

ke
βε

λ

βε
λ

∑ 






 −
+

k
1lnkT=PV ke

βε
λ

 1,2...=,, and 2/3V2   where222
3/2V8

2
,, znynxnaxnxnxn

m

h
znynxn =





 ++=ε

∫
∞

−+

−









0 1

2/1
V

2/3

2h

2m
2=N βελ

εβελε
π

e

de

Gas Dirac- FermienerateWeakly Deg (I)



7

εβελεπ ∫
∞






 −+









0
1ln2/1V

2/3

2h

2m
T2=PV dek

( )
∑
∞

=

+−

Λ
==

1 2/3

11
3

1

l l

ll

V

N λ
ρ

( )
2/1

mkT2

2h
=    where

1 2/5

11
3

1










Λ∑

∞

=

+−

Λ
=

π
λ

l l

ll

kT

P

...2
210 +++= ρρλ aaa

,...0
2/32

3
1

2/12

21
3 ,0

2/32

2
1

2 ,3
1 ,00 =+−=−Λ==

aaa
a

a
aaa

( ) ( ) ...
33

2/33

1

4

123
2/32

13 +Λ







−+Λ+Λ= ρρρλ

...36
2/53

2

8

12
2/52

3
+Λ








−+

Λ
+= ρρρ

kT

P

...)()( 3
3

2
2 +++= ρρρ TBTB

kT

P

( )








+

Λ
+

−
Λ

= ∑
∞

=

+

...
2

1
2

3
=  

11

2

3
2/5

3

1
2/5

1

3
ρ

λ
VkT

l
VkTE

l

ll

)(k
1

1

1
=n

µεββε

βε

λ
λ

−−−

−

+
=

+ kk

k

ee

e

)(k
1

1

1
=n

µεββε

βε

λ
λ

−−−

−

+
=

+ kk

k

ee

e

( )
)(1

1
µεβ

ε
−−+

=
ke

f

( ) εεπεε dV
h

m
dw 2/1

2/3

2

2
4 






=

3/23/22

0 8

3

2














=

V

N

m

h

π
µ

Gas D- FIdeal egenerateStrongly D (II)



8

For ( ) 1= 1
0 <−βµη ,     








+−= ...

12
1 2

2

0 η
π

µµ









++= ...

12

5
1 2

2

0 η
π

EE









=






=

FV
V T

T
Nk

T

E
C

2

2π
∂
∂

Gas E- BIdeal enerateWeakly Deg III)(

∫∑
∞

>
−

−

−

−

−

−

−






+

−
=⇒

−
0

1

2
2

11
=N

2/12/3

2
k εε

βε

βε

βε

βε

βε

βε

λ
ελε

π
λ

λ
λ

λ
k

k

k

k

k

k

e

de
V

h

m

e

e
N

e

e

( )∑ −−−=
k

kekTPV βελ1ln

( )λ
λ

λ
ελε

πρ
εε

βε

βε

−
+

−






== ∫

∞

>
−

−

11

2
2

0

2/12/3

2 Ve

de

h

m

V

N
k

k

( ) ( )λελεπ βε

εε

−−−





−= −

∞

>
∫ 1ln

1
1ln

2
2

0

2/1
2/3

2 V
de

h

m

kT

P
k

( ) ( ) ( ) ∑
∞

=

=
Λ

=
Λ

=
1

n2/532/33
g e      wher,

1
 and   

1

l
n

l

l
g

kT

P
g

λ
λλλρ

...
2

1
2/5

3

+
Λ

−= ρ
ρkT

P









+

Λ
−= ...

2
1

2

3
2/5

3

ρNkTE

Gas E- BIdeal egenerateStrongly D IV)(

( ) ( )λ
λ

λρ
−

+
Λ

=
1

1
2/33 V

g

( ) ( )λλ −−
Λ

= 1ln
1

 
1

2/53 V
g

kT

P

( ) D-for F <0 and E-for B  1<0    , 
10 ∞≤≤

−
= λλ

λ
λ

n

( ) 612.21
2 2/3

2/3

0

2
3

0 ==







=Λ g

mkT

h

π
ρρ

0

2/3

0

0 T < Tfor   1 







−=

T

T

N

n



9

0
0 T > Tfor      0=

N

n

B-E Condensation

0
0

0
00  > for       0,          ;  < for      ,
 

1 ρρρρ
ρ
ρ

=−=
N

n

N

n

( ) 002/53
 > for  342.1 ;   < for  

1
ρρρρλ =

Λ
=

kT

P
g

kT

P

( ) ( ) 02/5302/53
T < Tfor  1

2

3
 ; T > Tfor  

2

3
g

kTV

N

E
g

kTV

N

E

Λ
=

Λ
= λ

( ) ( )
( ) 0

2/1

2/3
2/53

T > Tfor  
4

9
-

4

15

λ
λ

λ
g

g
g

V

Nk

CV

Λ
=

( ) 02/53
T < Tfor   1

4

15
g

V

Nk

CV

Λ
=

Black-Body Radiation

( )
π

π
π kL

= R     where
3

4

8

1
k      2, 1,=n ,

L

n
=k 3R×=Φ⋅⋅⋅

( ) ( )
dk

dk

d
dkkw

kΦ
=

( ) ∏∏ ∑ −

∞

=

−

−
=








=

kk n

n

k

k

e
eTVQ βε

βε

1

1
,

0

( )
( )3

42

15 c

kTV
E

η

π
=           4TR σ=               

( )
( )3

42

15 c

kT

V

Q
kTP

T η

π
∂
∂

=





=

Ch. 11 Crystals

1.  General Treatment for Monatomic Crystal:

        ΛΚΚ ++= ∑
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jiijN kUU
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    The complete partition function:
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2.  The Einstein Theory:
      g N E( ) ( )ν δ ν ν= −3
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3.  The Debye Theory:

      
ϖ ϖ
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4.  Monatomic lattice dynamics:
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5.  Diatomic lattice dynamics:
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ω , where a is the crystal constant.

Phonons:
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1βε ; E E
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Point Effects:
Schottky defect: n Ne v kT≈ − ε

Frenkel defect: n NN e I kT≈ −( ' )1 2 2ε

Passing over prob.: p e kT≈ −ν ε

Diffusion: j pa
n

x
D

n

x
= − = −2 ∂

∂
∂
∂
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CH. 13 Ideal System in E and M Fields

Electric field:
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Magnetic field:
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