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For this paper you must have:
e a pencil and a ruler

e a calculator.

Time allowed: 1 hour

Instructions

Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

Answer the questions in the spaces provided.

Show all your working.

Do all rough work in this book. Cross through any work you do not
want to be marked.

Information

The maximum mark for this paper is 50.

This includes up to two marks for the Quality of Written Communication
The marks for questions are shown in brackets.

A Data Sheet is provided on pages 3 and 4. You may wish to detach
this perforated sheet at the start of the examination.

You are expected to use a calculator where appropriate.

Questions 2(c) and 4(c) should be answered in continuous prose.

In these questions you will be marked on your ability to use good
English, to organise information clearly and to use specialist
vocabulary where appropriate.
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Data Sheet

e A nperforated Data Sheet is provided as pages 3 and 4 of this
question paper.

e This sheet may be useful for answering some of the questions in
the examination.

e You may wish to detach this sheet before you begin work.
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Data Sheet
Fundamental constants and values
Quantity Symbol Value Units
speed of light in vacuo c 3.00 x 10° ms™
permeability of free space | u, 47 % 107 Hm™
permittivity of free space | g, 8.85x 107" |Fm™
charge of electron e 1.60x 107" |C
the Planck constant h 6.63x10* [Js
gravitational constant G 6.67x 10" | N m? kg™
the Avogadro constant Na 6.02x10% | mol™
molar gas constant R 831 JK mol”
the Boltzmann constant k 1.38x10% |JK!
the Stefan constant o 567x10% |Wm?K*
the Wien constant a 290x10° |mK
electron rest mass m, 9.11x 107" |kg
(equivalent to 5.5 x 10™*u)
electron charge/mass ratio | e/m, [1.76x 10" |Ckg™
proton rest mass my, 1.67x 107 |kg
(equivalent to 1.00728u)
proton charge/mass ratio | e/m;, [9.58 x 107 Ckg™
neutron rest mass m, |167x107% |kg
(equivalent to 1.00867u)
gravitational field strength | g 9.81 N kg’
acceleration due to gravity | g 9.81 ms™
atomic mass unit u 1.661 x 1077 | kg
(1uis equivalent to
931.3 MeV)
Fundamental particles
Class Name Symbol Rest energy
MeV
photon photon Y 0
lepton neutrino Ve 0
Vi 0
electron e* 0.510999
muon u* 105.659
mesons pion n* 139.576
Oy 134.972
kaon K* 493.821
K° 497.762
baryons proton p 938.257
neutron n 939.551
Properties of quarks
Type Charge Baryon Strangeness
number
u +3 +3 0
d -1 +1 0
s -1 +3 -1

Geometrical equations

arc length = r6
circumference of circle = 2nr
area of circle = mur*

area of cylinder = 2nrh
volume of cylinder = nr*h
area of sphere = 4nr*

volume of sphere = % nr’
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Mechanics and Applied
Physics

v=u+at

P=Fy

power output

efficiency = -
L 4 power input

w=%}=2nf

w, =W, +at
0=yt +3ar
3 = v} + 206
0 =3 (w, + wyt
T=la

angular momentum = Iw
wW=T86
P=Tow

angular impulse = change of
angular momentum = Tt

AQ = AU + AW

AW = pAV

pVy = constant

work done per cycle = area
of loop

input power = calorific
value x fuel flow rate

indicated power as (area of p—V
loop) % (no. of cycles/s) x
(no. of cylinders)

friction power = indicated
power — brake power

.. w Qin - Qout
efficiency = =
Qin Qin
maximum possible

efficiency = T
H

Fields, Waves, Quantum
Phenomena
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Electricity
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magnitude of induced emf =N AA(?D—
I
Toms ==
2
, oV

Mechanical and Thermal
Properties

tensile stress F |
the Young modulus = —————= — —
tensile strain A e

energy stored =% Fe

AQ = mc A9

AQ =ml

pV =4 Nmc?

Yme? =3kr =KL
2N,

Nuclear Physics and Turning
Points in Physics

V.
force = hdd )

d
force = Bev

. my
radius of curvature = Be
e

Zem
) g

work done = eV

F = 6nyrv
Iy
I=k—
2
AN . N
At
pR—
2meV
]VZIV[)GAAr
In2
T:
o
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R=ry A

Astrophysics and Medical

Physics
Body Mass/kg Mean radius/m
Sun  2.00x 10% 7.00 x 10%
Earth  6.00 x 10% 6.40 x 10°

1 astronomical unit = 1.50 x 10'' m

1 parsec = 206265 AU =3.08 x 10" m =
3261y

1 light year = 9.45 x 10 m

Hubble constant (H) = 65 kms™ Mpc™

angle subtended by image at eye
M =

angle subtended by object at
unaided eye

d
m-M=5log —
10

A .. T = constant = 0.0029 m K

max
v=Hd

P = oAT?

Medical Physics
1
power = —
1 1 v
—+—=—and m=—
u v f u

1
intensity level = 10 log T
0

I = 1 Oe—,ux

H

/’tm=;

Electronics
Resistors

Preferred values for resistors (E24)
Series:1.01.11.213151.61.82.02.2
242730333639 434.75.1566.2
6.87.58.29.1 ohms

and multiples that are ten times greater

_Vrms

Irms
1 1 1 1
—=——t—+ —+
Cr G G G

VOUI .
G= voltage gain
Vin
R; . .
G=-— inverting
R,
R . .
G=1+—  non-inverting

1

Vi Vo :
Vou=-R¢| —+-——=+-—| summing
Ry R, R4
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Answer all questions in the spaces provided.
1 The fluorine isotope 'SF can be produced in the process represented by
X+ jp—=F +
in which nucleus X combines with a fast moving proton to form the nucleus 'SF with the
ejection of a neutron.
(@) (1) Determine the number of protons and neutrons in nucleus X.
.............. protons
............... neutrons
(i1)) Only one isotope of X produces this reaction.
Explain what is meant by isotope.
(3 marks)
(b) (1) Determine the charge ratio for the 'SF nucleus, in Ckg ™.
mass
(i1)) Show that the charge ratio for the 'SF nucleus is larger than that of
mass
nucleus X.
(3 marks)
6

Turn over »
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2  When a metal plate is illuminated with electromagnetic radiation of wavelength 1.5 x 10 'm,
the maximum kinetic energy of the emitted photoelectrons is 1.2 x 107" J.

(a) State what is meant by the work function of the metal.

(b) (i) Show that the work function of the metal is 1.2 x 10"*J.

(4 marks)
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(c) The wavelength of the incident electromagnetic radiation remains at 1.50 x10”'m but
its intensity is doubled.
State and explain what changes occur, if any, to the maximum kinetic energy of each
photoelectron and to the number emitted per second.
You may be awarded additional marks for the quality of written communication in
your answer.
(4 marks)
10
Turn over for the next question
Turn over »
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3 (a) A muon can decay via the weak interaction
w—c +X+v,
(1) Name a mediating particle of the weak interaction.

(3 marks)

(b) An electron-neutrino may interact with a neutron as represented in the following
equation.

v.tn —>¢ +p

Draw a Feynman diagram to represent this interaction.

(3 marks)
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(¢) In a head-on collision between a proton and an antiproton the following reaction was
observed.
p+p— 4n +4n
(i) What name is given to the type of process in which a particle and its antiparticle
interact?
(i1)) Immediately following the process named in part (c)(i), what was formed before
the 41" and 41" were created?
(3 marks)
(d) Determine the quark structure of an antiproton, p.
(1 mark)
10

Turn over for the next question
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4 Figure 1 shows a glass optical fibre bent through 90° and surrounded by air. Three light
rays PQR, initially travelling parallel to the axis of the fibre, are incident normally on the flat
end of the fibre. They then strike the internal surface of the fibre at the glass-air boundary.
Ray Q is incident at the critical angle.

Figure 1
P
Q \
R
A
air
lass
& +
centre of
curvature

(a) (1) Explain what is meant by critical angle.

(i1)) Calculate the critical angle for a boundary between the glass and air.
refractive index of the glass = 1.54

(4 marks)

(b) Draw, using a ruler, on Figure 1 the path taken by rays P, Q and R on striking the

internal surface.
(3 marks)
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(c) (1) Describe what would happen to ray Q if the glass shown in Figure 1 had been
surrounded during manufacture with a glass cladding of lower refractive index.

You may be awarded additional marks to those shown in the brackets for the
quality of written communication in your answer.

(i11)) Calculate the critical angle for a boundary between the glass core and the glass
cladding.
refractive index of the glass used for the cladding = 1.46

(6 marks)

Turn over for the next question

Turn over »
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5 The diagram shows five electron energy levels of an isolated atom.
The ground state and the ionisation level are included.

energy/10"°J

ionisation level 0.0

level D -1.9
level C 2.1
level B 2.4
ground state A -4.6

(a) (1) Explain what is meant by ionisation.

(i1)) Ionisation may be caused by electron impact.
Explain how else might an atom be ionised.

(i11)) Calculate the ground state energy in eV.

(3 marks)
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(b) (i) An electron with kinetic energy 2.6 x 10™"*J collides inelastically with an electron
in the ground state.
State which energy levels may be occupied following this collision.
(i) A photon of energy 2.6 x 10 "*J is incident on an electron in the ground state.
State and explain what would happen.
(3 marks)
(c) After a separate excitation process, level D is occupied.
Calculate the longest possible wavelength of electromagnetic radiation emitted as the
atom de-excites.
(3 marks)
9
Quality of Written Communication (2 marks)
2
END OF QUESTIONS
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