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Suggested solutions

1. a) radius=bcm, area A = 4mwr? M,
470.05% 5.6705 1078 10*W = 1.781 10W =~ 2 10"®W. b) flux at distance a=2km, area
of sphere Ay = 4wa® F = P/A; = 1.781 10" /472% 10% = 3.544 10" ~ 3.5 107 W/m?. c¢) Wiens

ArrloT?

= oT* total power P = AM, =

displacement law gives \,, = 2.8978 1073/10°m =~ 3nm

The equation of state for an ideal gas is pV = NkgT and we have to derive the corresponding

equation if the particles interact weakly by a van der Waals interaction.

From the partition function Z the pressure may be derived according to P = kgT (%‘;Z )T =

NkpT _ aN?
V—bN V2

In a similar way the energy can be expressed as a derivative of the logarithm of the partition
function with respect to the temperature. The inner energy U is given by U = kpT"? (

which can be rearranged to (P +

aN?
V2

) (V = bN) = NkgT.

3. 2 particles A and B, 3 states with energy 0, ¢ and 3¢ a) Classical

N <3k§T . %)
state | 0 €
1 AB -
2 - AB
3 i, i}
4 A B
5 B A
6 A -
7 B -
8 - A
9 - B
b) Bosons
state | 0 €
1 AA -
2 - AA
3 i, ;
4 A A
6 A -
8 - A
c¢) Fermions
state | 0 € 3e
4 |A A -
6 |A - A
8 - A A

and Z =1 4 26—5/7' 4 6—26/7' 4 26—36/7' 4 26—46/’7' € 6—66/7'

and Z =1 + efe/T + 672€/T + 6736/’7' + 6746/7' + 676€/T

and Z = 676/7’ + 6736/7’ + 6746/7‘
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4. There are n empty lattice sites these can be choosen in (

Ny _ N!
n) = RN—n) ways. There are n

Ny = ﬁ ways. Hence there are in total

W(n) = (¥)? ways to form as configuration with n atoms at interstitial sites, all with energy

E = ne. The entropy 0 = In(W(n)) = ln(n!(NLin)!)2 = 2ln(m(+in)!) ~2[NInN —nlnn— (N —
n)In(N — n)] Use def of temperature: 1 = 92 = 9241 — 13[_Jnp 4 In(N —n) = 2In =0,

T ‘ OF on dE n
This gives § = e (if e >> 7).

interstitial sites occupied, these can be choosen in (

_ 1
86/27'_]’_1

. In a 3D Ising model on a cubic lattice each spin has 6 nearest neighbours, and in a Mean
Field assumption these 6 nearest neighbours will have the magnitude < m > and the spin we
perform our calculation on will take the following values s; = 41.. This gives Z = ¥, e~ %/7 =

+6m/T —6m/T : : : _ 4letbm/T_1e—6m/T 6m
et0m/™ 4 e=6m/7 and the magnetisation will be < m >= Fomrreemr— = tanh(®*). As m

s small we may approximate tanhz ~ z — 23/3. This gives 7;1 = 6Tm — (677”)3% the equation
m? = %(6—7) a solution close to m = 0 asis 7 ~ 7.: m? = 2£(6 —7) and m = \\/g% (6 —7)

and we arrive at the exponent § = %




