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Question 1 [22] in the margins

1.1 For an ideal gas of one molecule in a smooth cylinder of volume V, with a piston at

2
(6]

— mv
one end, show that the average pressure is given by: P = L.

1.2 How are the heat capacity at constant pressure and the heat capacity at constant vol-
ume related, for an ideal gas? [3]




1.3 State the equipartition theorem. 2]

1.4 Prove the following equation for adiabatic compression. You may assume the integral
formula for quasistatic work.

VT{/? = constant

where f are the number of degrees of freedom per molecule. [7]




1.5 Derive an approximate formula for the mean free path of a molecule in a dilute ideal
gas. Explain all steps. [4]




Question 2 [17]

2.1 Explain the following terms, giving a suitable example for each:

(i) microstate 1]
(ii) macrostate [1]
(iii) multiplicity [1]

2.2 Derive an expression for the multiplicity of a two-state system, such as a set of coins.
Explanations count marks. [6]




2.3 Two Einstein solids share 40 units of energy. Solid A has 15 oscillators and solid B has
20 oscillators.

(i) How many possible macrostates are there? [1]

(ii) What is the probability of finding all the energy in A? [3]




2.4 Suppose that we have two different monoatomic ideal gases, A and B, each with the-
same energy, volume and number of particles. They occupy the two halves of a chamber,
separated by a partition, as shown in the below figure. Calculate the entropy increase if the
partition is removed. [4]




Question 3 [12]

3.1 Using the figure below (describing two weakly coupled Einstein oscillators A and B),

. . s\ ™!
give three arguments that lead to the definition of temperature as T' = (%> . You must
write down any relevant formulas. [6]
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3.2 Can a system with a concave-up entropy-energy graph, ever be in stable thermal equi-
librium with another system? Explain. The graph is shown in the
2]

gure below.

Entropy

Energy

3.3 Use the expression for the entropy of a monoatomic ideal gas (see information sheet),
to calculate the energy of this gas. Explain why the result is what you expect. [4]

END of QUESTIONS




INFORMATION SHEET

R =831

; Nj =6.022 x 102 mol™! Atmospheric pressure = 1.03x10° Pa
mol. K

Boltzmann’s constant: k = Nﬁ =1.381 x 107 **J/K
A

Equipartition theorem: Uper molecule = ng
ou
or ).,
ou ov
== Pl ==
er=(5r),+ 7 (5r),

Adiabatic compression: VTY/? = constant and VP = constant where v = (f +2)/f

Fourier heat conduction law: Q = — tAg
At \ dx
N!
Two-state system multiplicity: Q(N,n) = AN =) = <ZZ)
s . . . (¢g+N—-1) g+N -1
Multiplicity of an Einst lid: Q(N,q) = ~———2 =
ultiplicity of an Einstein soli (N,q) (N q

Stirling’s approximation: N!~ NY¥e /27N and InN!~ NInN — N
Approximate form of the Heisenberg uncertainty principle: (Az)(Apz) Z h

3/2
Sackur-Tetrode equation: S = Nk |In (X (‘;7;\7]7;[2]) / ) + g
cv (water) = 4186 J/kg.K
1 _ [0S
T <8U)N,v
sinhz = 1(e* —e™®) ; coshz=3(e"+e*) ; tanhz = (sinhz)/(coshz)
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