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Useful Definitions

The canonical ensemble

The distribution function of a system interacting with a heat bath of temperatureT is given by

ρ(q,p) = C · e
−

H(q,p)
kBT = e

Ψ−H(q,p)
kBT , (1)

whereH(q,p) is the Hamiltonian of the considered system,T the temperature of the surrounding heat bath (in degree
Kelvin), kB = 1.38044 · 10−23J/K andC = eΨ is determined from the normalization condition

∫

Γ

ρ(q,p) dq dp = 1, (2)

whereΓ is the entire phase space spanned by the coordinates and momenta of the system.

Monoatomic ideal Gas

A collection ofN distinguishable monoatomic particles is called a monoatomic ideal gas if the particles are weakly
interacting and hence - for phase space calculations exclusively - its Hamiltonian can be approximated by

H(q,p) =
3N
∑

i

p2
i

2mi
. (3)

Heat capacity

The heat capacityC is defined in terms of microscopic properties as

C =

(

∂Ē

∂T

)

=

(

∂

∂T

∫

Γ

ρ(q,p)H(q,p) dq dp

)

, (4)

whereρ(q,p) is the distribution function andH(q,p) the Hamiltonian of the system.

Useful integrals

Fora > 0, we have
∫ +∞

−∞

e−ax2

dx =

√

π

a
(5)

and
∫ +∞

−∞

x2e−ax2

dx =

√
π

2a3/2
. (6)

More generally we have
∫ +∞

0

xne−ax2

dx =
1

2
Γ

(

n + 1

2

)

a−
n+1

2 , (7)

whereΓ is defined by
∫ +∞

0

xne−xdx (8)

and
Γ(1/2) =

√

π, Γ(n) = (n − 1)Γ(n − 1). (9)
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Problem 1 - Maxwell velocity distribution

Derive the canonical distribution of an ideal monoatomic gas with massesm at absolute temperatureT . For the
derivation, use the fact that theN particles are only weakly interacting and assume the gas is confined to a box of
volumeL3. Use your result to compute the velocity distribution of an ideal gas in the canonical ensemble.

Problem 2 - Equation of state of ideal gas

Using the canonical distribution computed above, derive the equation of state of an ideal gas at absolute temperature
T . To do so, compute the pressurep exerted on an area element of the wall pointing in thez-direction from the rate of
momentum transfer through that area element.

Homework 1 - Heat capacity of surface particles

Monoatomic molecules adsorbed on a surface are free to move on this surface and can be treated as a classical ideal
two-dimensional gas. The particles have absolute temperatureT .

a) What is the HamiltonianH of this system?

b) Derive the distribution functionρ of the system.

c) Calculate the mean energȳE.

d) Compute the heat capacityC using (4).
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