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Are you passionate about your University?

Do you want to be part of the biggest, most
exciting University event?

Do you want to take on a fun roleand
enhance your employability '




The exam is 14:30 on the 25™ May.

I't will consist of
Section A - all questions to be answered

Section B - answer 2 of 3 questions

Answers to Section A and Section B must be in separate answer books
Answer all questions in Section A and only two questions in Section B.

Section A carries 1/3 of the total marks for the exam paper and you should

aim to spend about 40 mins on it.

Section B carries 2/3 of the total marks for the exam paper and you should

aim to spend about 80 mins on it.



SCHOOL OF PHYSICS & ASTHONODMY
FHYSICAL CONSTANTS

Candidates are advised that they should only use the number af significont figures appropriate
far the problem they are attempting to solve.

GENERAL CONSTANTS:

Charge on alectron
Muss of electron

Masa of proton

Masa of neutron
Permeahility of vacuum
Permittivity of vacuum
Fine structura constant
Gravitetion constant
Boltzmann’s congtant
Atmospheric pressure
Stefan-Boltzmann sonstant
Avopadro's numbey
Velocity of light
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= 9.1093897 x 10" kg (= 0.510988902 .uqe-.rfc*}
16726231 % 10~ kg { = 038.27200 Mev/c”)
16740286 > 10" kg { = 939.56533 Mev,'c’)
dr w 10" Hm™!

8854187817 x 1072 Fm !

1/137.035080

6.67250 = 10~ N m? kg 2

13806503 = 102 J K-

1.01325 x 1* N m 2 (Fa)

g = BATOd = 10 Wm-? K1

w 60221367 = 10&

299792458 = 10* e~
52017701 s 107

[

Ag
pp = 9.274008 x 10-3 JT-1

b = G.6260T544 x 1073 Ty
h = 105457266 x 107% Ja

149597871 = 101 m
J.0856TTHE = 10¥ m
5.97 % 107 kg
637814 % 105 m
189 x 0™ kg

Baohr radius

Hobr megneton

Planck’s constant

Planck's constant,/ 2
ASTRONOMICAL FGNHTANTE

Astromarmical wntt: 1AU

Passec: lpe

Mass of the Barth Mg

Radiue of the Earth R

Mass of the Sun Mg

Radius of the Sun Hy

Lumincaity of the Sun = Ly
Thomson ecroas-section o

6.96 x 10°m
86 x 10w
B.652450 » 10~ m

ATOMIC AND NUCLEAR PHYSICS UNTTS

lim

1 barn

Atomic mass unit 1lu.
Atomic energy unit  1a.u.
Anﬁﬁt{'ﬂ:ﬂ 1 A
Electran valt laV
fic

(Updated 4 June 2010)

10 m

1028 2

LEGOG40E = 10~ kg
27211383 eV .
107" m

16021765 = 1018 ]
197.326%6 MaV fm

There is not a
formula sheet
although you
may be given
some formulae in
the questions
(making the
questions
simpler).



Writing things down (blind) is supposed to be the best
revision technique.
Do think about setting questions as you go...

Do use the problem sheets as example questions -
solutions are all online (Blackboard)

Past exam papers are linked from the blackboard site...

The summaries below are intended to get you started
with the key elements of the course... but all material
taught in lectures can be examined.
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A4. (a) Explain the two main effects that are assume to be negligible in the
definition of an ideal gas, and describe the regimes in which these effects
become non-negligible.

(b) Even for warm and dilute gases, some approximations are valid only in
specific cases. What are the necessary additional assumptions for the
following statements to be good approximations?

(i) The internal energy of a gas with N molecules at temperature T is
U = 3NkgT.

(i) The specific heat capacity of a gas of O, molecules is ¢y = %R.

A1. Solids which contain only one kind of atom typically follow the Dulong and
Petit rule which predicts that an ideal monatomic crystal should have a molar
heat capacity of 3R. State the equipartition theorem and explain how it can be
applied to an ideal monoatomic crystal. What causes the molar heat capacity
to drop below 3R at lower temperature?

[5]

[5]



A4. Three identical flasks contain three different gases at the same pressure and
temperature. Flask A contains CO,, flask B contains C,H,4 and flask C contains
He. Answer the following questions with a brief explanation.

(a) Which flask contains the highest number of molecules?

(b) Which flask contains the gas with highest density?

(c) Which flask contains the fastest molecules?

(d) Which flask has the gas with lowest heat capacity at high temperature?

(Note: the correct answers may include all or none of the flasks)

[4]



B2. Fourier's law for heat conduction says that the energy flow rate across area A

driven by a temperature gradient d7'/dx for a material of thermal conductivity «
is given by
do dT

ar - e

A long rod has a uniform cross-sectional area of 4.0cm?. It is made of two
sections joined end-to-end: a 75.0cm long section of copper, and a 25.0cm
section of steel. The rod is insulated to prevent heat loss along its sides. The
copper end is placed in perfect thermal contact with boiling water at 100 °C and
the steel end is placed in perfect thermal contact with an ice-water mixture at
0°C. The thermal conductivities of copper and steel are 385.0 W m~' K-' and
50.2Wm~ K~ respectively.

(a) Draw a sketch graph to show how the temperature varies along the rod in
the steady state.

(b) What is the temperature of the copper-steel junction in the steady state?

(c) What is the rate of heat transfer from the steam bath to the ice-water
mixture in the steady state?

(d) What is the rate of entropy production?

(e) What would be the junction temperature, heat flow and entropy creation
rate if the cross-sectional area of the rod were doubled?

[4]
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