1 Temperature

1.1 micro state

Definition:
1 dinQ
ksT — dE
where 2 is the number of microstate, and kg is Boltz-
mann constant:

(1.1)

kg =1.3807 x 107 JK* (1.2)
1 ds
hence:
dS =kgIn(2 (1.4)

1.2 Boltzmann factor

The probability P(e€) of a system at energy e is:
P(e) oc e~</ksT (1.5)

We define the quantity to simplify:

1

B = T (1.6)

then the Boltzmann factor is e #¥, and

~dlnQ
- dE

B (1.7)

2 Maxwell distribution

2.1 velocity distribution
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2.2 speed distribution

For 3 dimensional speed distribution:
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which implies the average and rms speed:

v:@»:,ﬁgf (2.3)

3kpT
m

Urms = V/ (V2) =

(2.4)

3 Entropy
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4 Potentials

4.1 Internal energy
dU = TdS — pdV

which implies:
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4.2 Enthalpy

Definition:
H=U+pV

then
dH =TdS + Vdp

which implies:
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4.3 Helmholtz function

Definition:

F=U-TS

then
dF = —SdT — pdV

which implies:
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4.4 Gibbs function

Definition:
G=H-TS

dH = —SdT + Vdp

which implies:
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5 Maxwell’s relations
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6 Susceptibility

6.1 Expansivity

a:ﬁpzé(g—;)p (6.)

6.2 Compressibility
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7 Heat capacity
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adiabatic index: .
v = C—i (7.5)

8 Partition function

There are some states « in a system. Define the par-
tition function Z:

Z =Y et (8.1)
which implies:
dlnZ
U=— 8.2
i (32)
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8.1 Density of states

Vidk

8.2 Quantum concentration

partition function of one particle:

7, = / e PEW g(k)dk = Vng
0

1 mk:BT 3/2
ng = —
@7 g3 2m

and thermal wavelength:

where

Mn=ngh=
th Q V2mmkgT

8.3 N particles

For N indistinguishable particles:

(Z)N

IN=TNT

which is satisfied when

[number density] < ng

9 Black body

9.1 Plank distribution

8th 3
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9.2 Stefan-Boltzmann law

power incident per unit area:
J=o0T"

where
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~5.67 x 1078 Wm 2K
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10 van der Waals gas

molar volume V,,, = V/n. Definition:

a
(p + W) (Vi — b) = RT (10.1)
critical point satisfies:
op 0?p
— ) =0,l—1] =0 10.2
(o), =0 (o), 1o
hence:
V.=3b (10.3)
8a
‘" 27TRb (10.4)
a
De = 27h2 (10.5)

11 Phase transition

11.1 Latent heat

When changing from phase 1 to phase 2 at constant
temperature 7., it needs ”latent heat”:

L =AQu = Tu(Ss — S) (11.1)
11.2 Clausius-Clapeyron
L (11.2)

AT T(Va — W)

12 Bose-Einstein and Fermi-
Dirac distribution

12.1 bosons and fermions

When exchange particles, if the wave function is sym-
metric, the particles are called bosons. On the other
hand, if it’s antisymmetric, they are fermions.

12.2 Partion function
7 = Z e "BE

For fermions, because of Pauli exclusion principle,
n=0,1. And for bosons, n = [0,00). Therefore:

(12.1)

InZ=+In(1+e"") (12.2)

where + for fermions and — for bosons.

The mean number of particles, same as the distribu-
tion function f(FE):

1

(n) = f(E) = FEL] (12.3)

where + for Fermi-Dirac and — for Bose-Einstein dis-
tribution function.



