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If you answer this Topic put a cross in this box [

Topic A — Astrophysics

Leave
blank

1. (a) Classify each of the following stars by ticking all the appropriate boxes in the table.
Mg = one solar mass.
Star Core remnant <1.4 Mg >2.5 Mo Main sequence
Neutron star
Black hole
White dwarf
3
(b) State two advantages and one disadvantage that a charge-coupled device (CCD) has
compared to a photographic emulsion.
AQVaNtage 1 ..ot et s ba et e e srre e ene
AGQVANTAZE 2 ..ot ettt et et a et e st te e st snreenaee e
DiISAAVANIAZE ..cvveueieiriiiiiieie ettt ettt ettt sttt ettt st
3)
(¢) (1) For most of its life (11 billion years) the Sun will burn hydrogen in its core.
A chemistry student might use the word burn to describe a chemical reaction
involving oxygen.
Explain fully the meaning of the word burn when used in astrophysics to describe
what happens in the core of a star. You may be awarded a mark for the clarity of
your answer.
C)
2
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(i) When the Sun nears the end of its life it will burn helium in its core for a further
100 million years and become a red giant star. When it has depleted the helium
in 1ts core it is estimated that its surface temperature will fall from its present
value of 5780K to 3160K and its radius will increase from 6.96 x 108 m to
1.26 x 10! m.

Show that the luminosity of the Sun will increase by a factor of about 3000 due
to these changes.

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

(iii) A Hertzsprung-Russell diagram is shown below.

L/L@ 1 04

10?

10°

104
40000 20000 10000 5000 2500
T/K

Mark with an X the position of the Sun today.

Use the information given in (ii) to mark with a Y the position of the Sun when
it has depleted its helium core.
“

Leave )
blank
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(d) (i) Near the end of its life the Sun will decrease in size and become a white dwarf.

State two other ways in which this type of star differs from the Sun as it is

today.
| OO O PO PRSP
2 et b ettt b et etk b e et et e et £t e neeas et s n s s a e r e st srenns
@)
(i) Describe what will eventually become of a white dwarf star.
@

(e) (1) Sirius A is the brightest star in the night sky. It is 8.6 light years from Earth.
Show that this distance is approximately 8 x 10'® m.

................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

(i) Hence determine the intensity of Sirius A as seen from Earth.

The luminosity of Sirius A is 1.0 x 102 W.

................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

J
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blank
(iii) Calculate the mass being converted into energy in the core of Sirius A every
second.
3)
(iv) Sirius A has a surface temperature of 9900 K.
Calculate the peak wavelength of the radiation spectrum emitted by Sirius A.
@ | Q1

(Total 32 marks) l
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If you answer this Topic put a cross in this box [
Topic B — Solid Materials
2. (a) Classify each of the following treatments of metals by ticking all the appropriate
boxes in the table.
Involves Involves Involves rapid | Involves slow
Treatment heatin repeated coolin coolin
& beating & &
Annealing
Work hardening
Quench hardening
3
(b) (i) A wire fence is made of steel wire of diameter 2.5 mm.
Show that this wire has a cross-sectional area of approximately 5 x 10°° m?.
09
(i1) A force of 1500 N is applied to tension a single length of this wire.
Calculate the stress produced in the wire.
09
(iii) Hence calculate the extension, in mm, produced in a 33 m length of this wire
when it is tensioned. The Young modulus of steel is 210 GPa.
) )
6
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(c) A student uses the following apparatus to determine the Young modulus of copper.
Marker tape
Wooden blocks
(1) The diagram above has four labels missing. Add these labels to the diagram.
(2)
(ii) On the diagram show accurately the length / of the copper wire that should be
considered.
Suggest an appropriate length for /.
(2)
(iii) The student wishes to plot a stress-strain graph for the copper wire.
What two additional pieces of apparatus would be required to determine values
for stress and strain?
L ettt ettt h et e et a e e b sa e e he e st sttt eabe st e st senesaeesbenas
2 ettt ettt ettt e e b b e e bt e R e et e b e et e e Rt ettt ses e e nat e bt beeebeenres
(2)
(iv) The student plots a stress-strain graph which is shown below.
250 -
Stress/MPa 200
150
100 -
50 -
O T T 1 T 1
0 005 0.10 0.15 0.20 0.25
Strain
Estimate the energy density of the wire when it has a strain of 0.25.
3) )
7
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(d) When a crack exists in a sheet of metal, drilling a small hole in the crack will stop it
from spreading.
State where the hole should be drilled and explain why this process works. You may
be awarded a mark for the clarity of your answer.
@
(e) The diagram shows a dislocation in the molecular arrangement of part of a crystal
lattice.
/
A
(i) State what sort of dislocation this is.
¢y
(i1) Add a line to the diagram to indicate the location of the slip plane.
1)
J

N
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(iii) Explain, in terms of bonds, why the presence of a half-row of atoms makes plastic
deformation easier.

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

() An elastomer such as rubber is a material that can deform elastically to a large strain.
A force-extension graph for the rubber used to make a squash ball is shown.

Force

Extension

(i) State the name of the characteristic behaviour shown in the graph.

(i) By referring to the areas under the graph explain why a cold squash ball heats up
when it is struck repeatedly against a wall.

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

(Total 32 marks)

blank
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If you answer this Topic put a cross in this box [

Topic C — Nuclear and Particle Physics

Leave
blank

3. (a) Classify each of the following particles by ticking all the appropriate boxes in the
table.
Particle Lepton Baryon Hadron Meson
Neutron, n
Neutrino, v
Muon, p
3)
(b) Uranium ZSSU undergoes a series of alpha and beta decays until it becomes a stable
isotope of lead 25 Pb.
(i) State how many alpha particles will be emitted by a nucleus during this decay
series. Justify your answer.
)
(ii) As part of this decay series thorium %3 Th decays to protactinium % Pa. Write a
nuclear equation for this decay:.
3)
(iii) State what change occurs in the *¢ Th nucleus during this process.
€y
(iv) The *iPa nucleus will subsequently decay to nucleus X by emitting both
beta-minus and gamma radiation. Determine the full name of nucleus X.
()
10




~
Leave

blank
(¢) (i) Define the term binding energy.

................................................................................................................................

................................................................................................................................

(i) Use the following data to show that the binding energy of carbon-14 is
approximately 100 MeV.

Masses: '¢C nucleus = 14.00324u
p = 1.00728u

In = 1.00867u

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

(ii1) The binding energy of carbon-12 is 89 MeV. Hence determine which of these
two carbon isotopes is more stable.

................................................................................................................................
................................................................................................................................
................................................................................................................................

J
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(d) (1) Describe the composition of a nucleus of deuterium ?H in terms of fundamental
particles.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(1) The Sudbury Neutrino Observatory in Canada detects neutrinos by their interaction
with deuterium atoms (3H) in heavy water. This is shown in the Feynman diagram
below, in which the dotted line represents an exchange particle.

Ve \//
2H /\\ZH

1

De

Of the four fundamental forces that could be responsible for this interaction, the
gravitational force is far too weak for a particle interaction at this scale.

By describing the other fundamental forces and what they act upon, state which

force(s) might be responsible for this interaction. You may be awarded a mark
for the clarity of your answer.

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

Leave
blank

N 3 0 61 8 A 0 1 2 2 0




(111) Hence name the exchange particle that must be involved in this interaction.

................................................................................................................................

() (1) Two particle reactions are shown. Use appropriate conservation laws to show
whether these reactions are possible.

A + K » K" + T Q - = + K
(udd) (ds) (us) (uus) (sss) (ssd) (sd)

................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

................................................................................................................................

(i) Using only the information given above deduce the charges on each of the
strange, up and down quarks. Justify your answers.

................................................................................................................................

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

(Total 32 marks)

Q3

i
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If you answer this Topic put a cross in this box [

Topic D — Medical Physics

Leave
blank

4. (a) Classify each of the following imaging techniques by ticking all the appropriate boxes
in the table.
Imaging Ionising Produced by a | Good at soft | May be injected
technique radiation transducer | tissue imaging | into patient
X-ray
Nuclear medicine
Ultrasound
3)
(b) (i) X-rays can be used to provide treatment for cancer patients using a process
known as radiotherapy. State a typical photon energy for an X-ray used for
radiotherapy.
ey
(i) X-rays are used to destroy cancer cells in a process known as rotational arc
therapy. Draw a labelled diagram to show how this is done and explain the
benefit of using a rotating beam.
3
14




(iii) Give two reasons why X-rays of relatively high energy must be used for
radiotherapy.

................................................................................................................................

(iv) Careful treatment planning is essential for successful radiotherapy. Explain why
the criticality of dose is important.

................................................................................................................................

(¢) (1) An ultrasound investigation is carried out on a liver, which is at a depth of 12 cm
below the skin of a patient. Show that the time taken between transmitting a
pulse into the body and receiving the reflected pulse from the surface of the liver
is approximately 0.2 ms. Assume that the speed of sound in the human body is
1500 ms™.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(i) Hence calculate the maximum rate at which the pulses should be produced by the
ultrasonic transducer.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(111) This investigation uses ultrasound of frequency 3 MHz. Show that the wavelength
of this ultrasound in the body is 0.5 mm.

................................................................................................................................

Leave )
blank
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blank
(iv) A higher frequency of ultrasound is used when imaging an eye compared to
when imaging a liver. Explain why higher frequencies are preferred for imaging
structures near the surface of the body but would be unsuitable for imaging
structures deeper within the body. You may be awarded a mark for the clarity of
your answer.
“)
(d) The diagram shows part of a gamma camera.
To computer
Lead shielding
3
Pre-amplifier
Optical coupling
1 2
5 Gamma rays
~ Patient
Name and explain the function of the numbered parts of the gamma camera.
Name Function
1
2
3
©) ]
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(e) (i) An isotope of iodine *'I is produced when unstable tellurium 13 Te undergoes

beta-minus decay. Write a nuclear equation for this decay.

................................................................................................................................

(ii) The unstable tellurium is produced in a nuclear reactor from stable '33Te. Write
a nuclear equation to show this process.

................................................................................................................................

................................................................................................................................
................................................................................................................................

................................................................................................................................

(iv) 11 has an effective half-life of 5.8 days and a biological half-life of 21 days.
Calculate the radioactive half-life of 13I.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(Total 32 marks)

Leave )
blank

Q4

TOTAL FOR PAPER: 32 MARKS
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Data

Speed of light in vacuum
Acceleration of free fall
Gravitational field strength
Elementary (proton) charge
Electronic mass
Electronvolt

Unified atomic mass unit
Molar gas constant

Stefan-Boltzmann constant

Rectilinear motion

List of data, formulae and relationships

c=3.00x10ms™!
g2=9.81ms™
g=9.81Nkg!
e=1.60x10""°C
m, =9.11x10 kg
1eV=1.60x10"1"J

1u=1.66x10"kg
R=831JK ! mol™!
c=567x10*Wm? K™

For uniformly accelerated motion:

Forces and moments

Moment of F about O= F x (Perpendicular distance from F to O)

v=u-tat
x=ut +1ar?

v? =u? +2ax

Sum of clockwise moments _  Sum of anticlockwise moments
about any point in a plane ~  about that point

Dynamics

Force _mir_bp

At At

Impulse FAt=Ap
Mechanical energy

Power P=Fv

Activity
Half-life

Radioactive decay and the nuclear atom

A=AN

At; =0.69

[N

(close to the Earth)
(close to the Earth)

(Decay constant 4)

) AU 0 00 OO
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Electrical current and potential difference

Electric current

Electric power

Electrical circuits
Terminal potential difference
Circuit e.m.f.

Resistors in series
Resistors in parallel

Heating matter
Change of state
Heating and cooling

Celsius temperature

Kinetic theory of matter

Temperature and energy

Kinetic theory

Conservation of energy

Change of internal energy

Efficiency of energy transfer

Heat engine

Astrophysics
Stefan-Boltzmann law

Wien’s law

Estimating distance

Mass-energy

Solid materials

Hooke’s law

Stress
Strain

Young modulus

Work done in stretching
Energy density

energy transfer =/Am

energy transfer = mcAT

maximum efficiency =

I =nAQv
P=1I°R

V=g-1Ir
2& =Z%IR
R=R1+R2 +R3

6/°C=T/K -273

(E.m.f. g; Intemal resistance r)

(Specific latent heat or specific enthalpy change /)
(Specific heat capacity ¢; Temperature change AT)

T « Average kinetic energy of molecules

p=3p(c?
AU =AQ+ AW
_ Useful output
Input
L-T,

T,

L = oT*x surface area
Amax ] =2.898 x 107 mK
intensity = L/4nD?

AE = c*Am
F=kAx
F
c=—
A
Al
£=—
/
_ Stress
Strain
AW =1FAx
= Energy/Volume

(Energy transferred thermally AQ;
Work done on body AW)

(Luminosity L; Stefan constant o)

(Speed of light in vacuum ¢)

(provided Hooke’s law holds)

N 3 0 6 1 8 A 0 1 9 2 0
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Nuclear and particle physics

Nuclear radius
Mass-energy

Quark charge/e

Medical physics

Effective half-life

Inverse square law
Acoustic impedance

Reflection coefficient

Experimental physics i .
. Estimated uncertainty x 100%
Percentage uncertainty =

Mathematics

Equation of a straight line

Surface area

Volume

For small angles:

r=r A"
1 u=930MeV

=42 —_1
up =+%;down =—3

=(Z\- 2,2, +Z, ¥

(Radioactive half-life #;

Biological half-life #,)

(Intensity 7; Power P of a point source;
Distance r from point source)

(Speed of sound in medium c¢;
Density of medium p)

Average value

sin(90° —0) =cos 6
y=mx+c
cylinder = 2w rh + 27 12
sphere = 4n ?
cylinder = w724
sphere = 27 7
sinf ~tanf =~ 0

- cosO=~1

(Nucleon number 4)

(in radians)

20
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