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SECOND PUBLIC EXAMIN ATION

Honour School of Physics Part A: 3 and 4 Year Courses

Honour School of Physics and Philosophy Part A
Al: Thermal Physics

Wednesday, 18 June 2003, 9.30 am — 12.30 pm

Answer all of Section A and three questions from Section B.

Start the answer to each question on a fresh page.
A list of physical constants and conversion factors accompanies this paper.
The numbers in the margin indicate the weight which the Examiners expect to

assign to each part of the question.

Do NOT turn over until told that you may do so.




Section A

1. What is the maximum possible efficiency of an engine operating between two

thermal reservoirs, one at 100°C and the other at 0°C?

2. A 10Q resistor is held at a temperature of 300K. A current of 5A is passe.d
through the resistor for 2 minutes. Ignoring changes in the source of current, what is

the change of entropy in (a) the resistor and (b) the Universe?

3. The heat capacity at constant volume of helium (He), measured at room
temperature, is 12:5JK~!mol~!, while that of nitrogen (N3) is 20-7JK~!mol~!.

Explain these values.

4. Estimate the rms velocity of a helium atom (mass ~ 4m;) in a gas at room

temperature. Estimate the rms velocity of a typical electron in a metal with Fermi
| energy oeV. Comment on any difference.

5. The surface temperature of the Sun is 5700 K, and the spectrum of radiation which
b Eit. emits has a maximum at a wavelength of 510 nm. Estimate the surface temperature
{uL North Star, for which the corresponding maximum is at 350 nm.

T ey
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ensity of ice is 092 x103kgm=3 and its latent heat of fusion is
Estimate the melting temperature of the ice at the bottom of a glacier
eep, stating any assumptions that you make.
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Section B

7. What is meant by a function of state? 5]

Consider n moles of a gas, initially confined within a volume V and held at
temperature 7. The gas is expanded to a total volume aV, where a is a constant, by
(a) a reversible isothermal expansion and (b) removing a partition and allowing a free
expansion into the vacuum. Both cases are illustrated below. |

(a) (b)

partition

(a-1)V

vacuuin

%

Assummg the gas is ideal, derive an expression for the change of entropy of the
n each case. [7]

A
| W ea.tmthxs calculation for case (a), assuming that the gas obeys the van der

s = ®

n2a

V2) (V —nb) = nRT.

1t for case 'ﬂ' the temperature of the van der Waals gas falls by an

8]
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8. Show that the number of molecules in a gas that hit the walls of its container per

second per unit area is

i),

4
where n is the number of molecules per unit volume and (c) is the mean gickecual 8]

speed.

A container is divided into two parts by a partition containing a hole of radius
r. Helium gas in the two parts is held at temperature Ty = 75K and T3 = 3OQK
respectively. After the system reaches a steady state, the mean free paths on each side
are A\ and A\. What is the ratio A\;/A2 when

(@) »> A1 and 7 > A9,
(b) r < A\ and 7 < \g? [12]

9. Write down an expression for the partition function of a single-particle system.
Show that the mean energy (F) is given by

L dln Z
.:.[ =
‘*,, (E> dﬁ )
Sliore Z is the partition function and 8 = 1/(kgT). (6]

A 'fd_i;nensional quantum harmonic oscillator is in thermal equilibrium with a
th at temperature 7'. It has"%eféi levels given by

L o @
G
. its partition function is given by

-4
14

b 1
B o (2 6]

.’ - v' -‘- )

E) and the entropy. How do these behave in the
e a physical interpretation of your results.

8]



10. In a measurement of the thermal conductivity of a gas, the gas is placed between
a reservoir of large thermal capacity, held at a low temperature Ty, and a metal slab
of very high thermal conductivity. The metal slab is warmed using a heater which
supplies a power per unit area (. The temperature of the metal slab, 7}, is monitored
using a thermocouple. The apparatus is thermally isolated from its surroundings by
insulation, so that the heat generated in the metal slab can only pass to the cooler
reservoir by conduction through the gas. Assuming steady state conditions, derive an
expression for the thermal conductivity of the gas, k, in terms of Ty, 71, d and Q.
Assume that the temperature difference 77 —1j is small so that x may be taken to be
temperature-independent. State any further assumptions you need to make. 8]
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f experiments are conducted using helium gas (assumed ideal) at different
sxperiments, d = 1 mm, 7p = 77K and @ = 100 Wm™*. The collision
lium atom is 0-21 nm?2. It is found that x is independent of pressure
w a value p;. Explain this observation and provide a rough
the value of 77 which would be measured for p well above
‘ [12]
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