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SECOND PUBLIC EXAMINATION

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

Honour School of Physics and Philosophy Part A
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Al: THERMAL PHYSICS

TRINITY TERM 2014

Wednesday, 18 June, 9.30 am — 12.30 pm

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

For Section A start the answer to each question on a fresh page.
For Section B start the answer to each question in a fresh book.

A list of physical constants and conversion factors accompanies this paper.

The numbers in the margin indicate the weight that the Ezamaners expect to
assign to each part of the question.

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

: : ics giving an ex-
/1) State what is meant by the following concepts 111 themodynamics glving

%le in each case:
(i) the zeroth law,
(ii) a function of state, 6]
(iii) a reversible change.

@ Derive the thermodynamic relation

B, =-&), )

Explain why, when a perfect gas expands into a vacuum, its temperature remains un- :
changed. H

67 Write down an expression relating the mean energy (U), where the angulflr brack-
ets denote an average taken in the canonical ensemble, to the canonical partition func- (
tion Z. Write down a similar expression for (U2). Hence, or otherwise, prove that

(U= (U))?) = kT*Cy

where T is the temperature and Cy is the specific heat at constant volume. [5]

@ Derive an expression for the dependence of the magnetization of a spin-% param-
~ agnet which has N localised spins, each of magnetic moment p, on the magnetic field B

~ and temperature T'. Sketch the variation of the magnetization with field at a constant
temperature. [5]

L“‘-

9. Calculate the Fermi energy of a highly relativistic gas of non-interacting neutrons
at a density p = 5 x 10'7 kg m3. (6]

-~y ',' 3 K . P
Fhe normal distribution may be written

Al (z— )’

r, ':'_,‘:;’\;./, _,:__ = T:\p- —w < x < w.
V2 "‘”ﬁ.a-?‘e‘xp { 202 } ’ == o

of the distribution are described by the parameters x and o?

* 1L PYUNROII 00, o 3 . . . -

f the velocity of an ideal gas v, is normally distributed. Write down
erms of the properties of the gas and relate your answer to the

1 W @y x};‘ - . o e - - - .
f the normal distribution in describing the statistics of
. |

f(@), of period 27, that is equal
11T S1NE i;'f-“:'("?.-';_.}.}- ‘ind the Fouriel'
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Section B

Show that for an adiabatic expansion of a perfect gas PV7 is constant where v
is the ratio of the specific heat at constant pressure Cp to the specific heat at constant

volume Cly/ .

The Joule cycle consists of the following steps:

A = B: adiabatic compression from a pressure P; to a pressure Ps.

(7 B = C' expansion at a pressure Ps.
. adiabatic expansion from a pressure P> to a pressure P.

D => A compression at a pressure .

Draw the cycle on a P — V diagram, labeling the points A,B,C,D and indicating
the steps during which heat enters and leaves the system.

Assuming that the working substance is a perfect gas, with Cp independent of
yolume, obtain expressions for

;5}'-
v, @

(1) the work done by the gas along each of the 4 steps of the cycle,
'~._;  .ﬂthe heat supplied to the gas,

P2 and the volumes V4 ... Vp at the state points A...D.
Jence show that the efficiency of the engine described by this cycle is

~ total work done by the gas ( P, ) (y=1)/7
e : =) .
' heat supplied to the gas P

' ' 5 M and radius a and is of negligible thickness Prove

how that the viscosity of a gas is
) — ﬁfﬂ‘(\ C)A

s the mass, (c) is the mean speed, and A is the mean
| @ 1S a dimensionless constant of order unity.

vire attac "'ed to its centre in a container
| f om, the bottom surface of
; amplitude about a
;J.i j.' e cy of oscillation (in
on to damr mg is from the
find an approximate
he plate.

[5]

3]

[7]

[5]



5 At low temperatures magnons, the elementary excitations qf a f)erromasxilte}fl; )
'{ground state, can be treated as a gas of non-interacting, massless, spin-0 bosons / |

dispersion relation w = ak? where « is a constant. | /fw’ 2
Show that, in three dimensions, the magnon density of states 1S 2@ O 9
(
g(w) x w'/?

and obtain an expression for the constant of proportionality in terms of o and the n
volume V' of the ferromagnet.

Write down an expression for E(w)dw, the total magnon energy in th:a frequency
interval (w, w + dw), and show that E(w) has a maximum at a frequency w* = ckpT/h

where c is a constant that you should evaluate to 2 significant figures. 7]
Sketch E(w) as a function of w, comparing the behaviour for two different tem- A
peratures, 77 > T5, on the same graph. 3

: : 3/2

Show that the magnon specific heat at low temperature is proportional to T 2

7 Explain why the temperature dependence of the specific heat differs from that of a
photon gas which is proportional to 7°. [6]

(

i " . Derive the heat conduction equation

e
- o o

-;;-f.é'{fm. s of physical constants which you should define. 5]

-

he temperature on the plane z = 0 is
: BAE v .

T'(0,t) = T + T} coswit + T cos wot
; 5 53

hé temperature 7'(z,t) for z > 0 that decays to Ty as z — oo.

) as a function of z for

Sz
)l.f.l_ a
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ly and vf40°C in January.
he surface of the top of the
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