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Answer ALL questions.

All multiple choice questions must be answered with a crossX in the box for the
correct answer from A to D. If you change your mind about an answer, put aline
through the box ¢ and then mark your new answer with a cross X.

1 Which row of the table shows a base quantity and its base Sl unit?

Quantity Unit
I A charge C
] B length m
0 C mass g
] D temperature °C

(Total for Question 1 = 1 mark)

2 The diagram shows binding energy per nucleon against nucleon number for atomic nuclei.

per nucleon

Binding energy

Nucleon number

Which line of the table correctly identifies the process that would increase stability for
nuclel in the positions indicated by X and Y?

X Y
L1 A nuclear fission nuclear fission
[l B nuclear fission nuclear fusion
0 C nuclear fusion nuclear fission
[l D nuclear fusion nuclear fusion
(Total for Question 2 = 1 mark)
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3 When aforce F is applied to a spring with stiffness k, the elastic potential energy stored is E.

What is the elastic potential energy stored when aforce 2F is applied to a spring with
stiffness 2k?

O a E

2
[0 B E
O c 2
[] D S8E

(Total for Question 3 =1 mark)

4 There are severa different methods that can be used to determine the distance from
our solar system to astronomical objects. These include the measurement of red shift,
trigonometrical parallax and the use of standard candles.

Which row of the table shows a suitable method for each of the objects named?

Nearby star Near by galaxy Very distant galaxy
I A parallax red shift standard candle
] B red shift standard candle parallax
] C parallax standard candle red shift
] D red shift parallax standard candle

(Total for Question 4 = 1 mark)
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5 A damped mass-spring system is driven into oscillation. The graph shows the amplitude
of oscillation as the driving frequency is varied.

Amplitude of
oscillation

T~

Driving frequency

The damping is decreased.

Which row of the table describes what happens to the maximum amplitude of oscillation
and the driving frequency at which this occurs?

Frequency at which

Maximum amplitude . i
maximum amplitude occurs

L1 A decreases decreases
[l B decreases increases
] C increases decreases
(1] D increases increases
(Total for Question 5 =1 mark)
4
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6 A proton can be considered to be both a point charge and a point mass. There is an

electric field and a gravitational field associated with the proton.

Which of the following statements about the fields is not correct?

[J A Field strengthisavector.

[J] B Potential isaways lessthan 0.

[J C Potentid is proportional to

[ D Field strength is proportional to

7 A pendulum of length | with a bob of mass m oscillates with frequency f.

What is the frequency of a pendulum of length 4l with a bob of mass 2m?

O

O

A

1
distance fronproton

1
(distance from proton)

(Total for Question 6 = 1 mark)

4f

2f

N | —

(Total for Question 7 = 1 mark)

8 Which of the following lenses would produce a real image of an object placed 15¢cm
away from the lens?

O

L]
L]
L]

A

B
C
D

converging, focal length = 10cm
converging, focal length = 20cm
diverging, focal length = 10cm
diverging, focal length = 20cm

(Total for Question 8 = 1 mark)
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9 A student finds a Hertzsprung-Russell diagram in an old astronomy book and notices
that the axes aren’t the same as in her current textbook.

Absolute 01
magnitude 45
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M

Which of the following graphs shows a correct aternative way to label the axes?
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(Total for Question 9 = 1 mark)

Luminosity/ Luminosity of Sun

D
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10 A detector is placed 30cm from a gamma source, the count rate is 64 counts per minute.

The detector is then placed 60cm from the source. The background rate is presumed to
be a constant 24 counts per minute.

Which of the following gives the expected counts per minute?

16
32
34

O o o
o 0O mw >

44

(Total for Question 10 = 1 mark)

11 A cup contains 1809 of black coffee at a temperature of 82°C. 68g of milk at a
temperature of 2.7°C is added to the coffee. An ideal temperature range for drinking
coffeeis said to be 50°C to 60°C.

Deduce whether the coffee will be within the ideal temperature range when the milk
is added.

initial temperature of milk = 2.7°C
specific heat capacity of black coffee = 4.2 x 103Jkg ' K™!
specific heat capacity of milk = 3.9 x 10°Jkg'K™!

(Total for Question 11 = 3 marks)
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12 The diagram shows a transparent tank, with thin plastic sides, that can be used to
determine the refractive index of a transparent liquid.

transparent
plastic tank

Not to
scae

light source t S

card \

W

A rectangle of opaque card is stuck on the side of the tank containing the liquid. A light
source is placed in front of the tank and the width s of the shadow of the card, whichis
formed on the back of the tank, is measured. The width t of the card and the width w of
the tank are al'so measured.

(@) The angle of incidence of the light as it enters the tank is 7.2°
Show that the refractive index of the liquid is about 1.4

w = 35.0cm
t=4.0cm
s=10.2cm
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(b) Determine the speed of light in the liquid.

Speedof light=

(Total for Question 12 = 5 marks)

J
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13 A student measured the deflection of a mass attached to the end of a thin strip of metal.
The strip was clamped to a bench at one end as shown.

w@ deflection
mass

The student varied the force on the end of the strip by changing the mass attached.

The deflection was measured each time when the mass was in its equilibrium position.

The student obtained the following graph of deflection against force.
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(a) State why the mass will oscillate with simple harmonic motion when it is displaced
dlightly from its equilibrium position and released.

(b) The student then investigated the oscillations of the mass on the metal strip. The
student fixed different numbers of 10g masses to the end of the metal strip.

The student noticed that the smaller the mass the higher the frequency of the
oscillations. He estimated that the maximum number of oscillations he could count
was two per second. He decided that the smallest mass he should use was 50g.

Determine whether 509 is the smallest mass he should use.

You may assume that the system acts in the same way as a mass on a spring.

(Total for Question 13 = 7 marks)
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14 The photograph shows a filament bulb.

The filament is an emitter with 35% of the power output of a black body radiator of the
same temperature.

(8 When apotentia difference (p.d) of 2.0V is applied across the bulb, thereis a
current of 0.37A in the filament.

Calculate the temperature of the filament.

surface area of filament = 3.9 x 10°m?

12
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(b) In an experiment to investigate the efficiency of afilament light bulb a p.d. was
applied. The p.d. and current were measured and the light bulb was observed. The
p.d. was then increased and new measurements taken.

When a small p.d. is applied to the bulb, no light is visible. If the p.d. is gradually
increased, the filament starts to glow and eventually appears white.

(i) Add to the graph to show the distribution of radiation from a black body at a
temperature of 2026K.

Your answer should include a calculation.

Radiated power

1 —— T T T T T 1
00 05110 15 20 25 30 35 40

<>

visble — \wavelength/ 10m

spectrum

(if) Use your graph to explain why filament light bulbs are considered inefficient.

(Total for Question 14 = 10 marks)
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15 The photograph shows a guitar.

When a guitar string is plucked, a standing wave is created.

(8) Explain how a standing wave is created on the string.

14
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(b) The diagram shows a standing wave on a guitar string.

X >

The oscillating length of the guitar string is 66cm.

(i) State the wavelength for this standing wave.

Wavelength= . .
(if) Calculate the frequency of vibration for this standing wave.
tension in guitar string = 88.6N

mass per unit length of guitar string = 4.47 x 10°kgm™!

15
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(c) One end of the guitar string is wrapped around a cylindrical tuning peg. Turning the
peg changes the total length of the string and hence changes the tension in the string.
This changes the frequency of vibration of the string.

(i) Thelength of one string is 68cm.
Calculate the extension required to produce a tension of 93.4N in the string.
Young modulus of string material = 1.8 x 10°Nm™

cross-sectional area of string = 6.6 x 107 m?
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~
(if) The vibrating length of string is unchanged by turning the tuning peg.
Explain the effect that tightening the string has on the frequency of the
sound produced.
2)
(Total for Question 15 = 13 marks)
y,
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16 Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock
samples. It is now believed that one of these contains a piece of rock that originated on
Earth about 4 billion years (4 x 10° years) ago.

The piece of rock is believed to have been launched into space when an asteroid struck
the Earth.

(&) The rock sample contains uranium. The radioactive decay of uranium allows it to be
used to determine the time since the rock was formed on the Earth.

(i) The uranium isotope %5U becomes the lead isotope *3Pb through a series of
radioactive decays.

Calculate the number of a particles and the number of 3 particles emitted for
one nucleus of 2¥U to decay to become a nucleus of 23Ph.

Number of o particles = ...,

Number of B particles = ...

18
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(if) The half-life of 23U is 4.47 x 10° years.

The half-lives of the other stages in the decay to *XPb are relatively so short that
they can be ignored.

There was no lead in the rock when it formed, so al the 2Pb in the sampleis a
product of 23U decay. In the sample, for every 103 uranium nuclei present at the
start, 50 are now lead nuclei.

Show that the age of the sample is about 4 x 10° years.

19
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(b) The gravitational potential between the Earth and the Moon due to the combined
effect of their gravitational fields increases to a maximum value of —1.28 MJ kg™ at
a point between them.

Calculate the minimum speed at which a rock would have to leave the Earth in order
to reach the Moon.

In your calculation, you may assume the rock has zero kinetic energy when it has
maximum potential energy.

mass of Earth = 5.97 x 10*°kg
radius of Earth = 6370km

20
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~
(c) Four hillion years ago, the Moon had a different orbital period, because it was closer
to the Earth than it is today.
Calculate the period of the Moon's orbit four billion years ago, when the radius of
its orbit was 1.34 x 108 m.
mass of Earth = 5.97 x 10*kg
(3)
Period = ..o
(Total for Question 16 = 12 marks)
y,
21
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17 In 1905 Einstein published his equation for the photoel ectric effect.

In 1916 Millikan demonstrated that the maximum Kinetic energy of photoelectronsis
consistent with Einstein’s equation.

*(a) Discuss the extent to which our current understanding of observations of the
photoel ectric effect supports the idea that light behaves as photons rather than
as waves.

22
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(b) Millikan used his data to obtain a value of the Planck constant.

The following graph of maximum kinetic energy of photoelectrons against
frequency was produced from his data for the photoelectric effect using lithium.

3.5
3.0 +
2.5+
2.0 +
1.5 1

1.0

Maximum kinetic energy /10" J

0.5 1

0 | | | | | |
5 6 7 8 9 10 11

Frequency /10" Hz

Millikan suggested that the uncertainty from his results for lithium was as little as 1%.

Determine whether the value of the Planck constant obtained from this graph is
within 1% of the value stated on the data sheet for this examination paper.

23
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(c) Millikan’'s experiments involved using different frequencies of light. These were
obtained using a mercury vapour lamp which produced an emission spectrum with a
specific number of known frequencies.

The diagram shows some energy levels for a mercury atom.

OeVv

—1.56eV
-1.57eV

—2.48eV
—3.71eV Not to

—4.95eV scale
—-5.52¢eV

—5.74eV

— —10.38¢eV

Determine which transition from the —3.71 eV energy level would produce light of
wavelength 6.1 x 107 m.
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(d) Millikan used a device known as a monochromator to ensure that a single
wavelength of light was used to illuminate the surface of the lithium.
A monochromator separates wavelengths using a diffraction grating.

Calculate the angle at which a diffraction grating would produce the most intense
line at a single wavelength of 6.1 x 107" m.

number of lines per mm for grating = 600mm’!

(Total for Question 17 = 16 marks)
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18 At the Culham Centre for Fusion Energy (CCFE) experiments are carried out to
investigate nuclear fusion and the properties of plasmas. A plasma consists of ionised
gas, containing positive ions and electrons.

(&) Inafusion experiment at CCFE, ions of two isotopes of hydrogen fuse to produce
helium ions and fast-moving neutrons.

2 3 4 1
H+H — ‘He + n
Show that a single fusion reaction releases about 3 x 107'2J of energy.

mass of 2H = 2.013553u
mass of °H = 3.015501u
mass of jHe = 4.001506u
mass of 'n = 1.008665u

26
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(b) Fusion occurs naturally in the core of stars.

Explain why very high densities of matter and very high temperatures are needed to
bring about and maintain nuclear fusion in stars.

(c) In aplasma experiment 5.0mg of deuterium, an isotope of hydrogen, occupies a
volume of 98 m3. The temperature of deuterium israised to 1.3 x 10°K. In this
experiment, the deuterium behaves as an ideal gas.

(i) Cadculate the pressure due to the deuterium ions.

mass of deuterium ion = 3.3 x 102"kg

27
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(if) Calculate the root mean square speed of the deuterium ions at this temperature.

Root mean square speed = ..

(iii) The temperature of the plasmais monitored using the Doppler effect. Light
from alaser is directed into the plasma and the wavelength of the light reflected
IS measured.

The Doppler shift observed when light is reflected by a deuterium ion is twice
the Doppler shift that would be observed for a source of light moving at the
same speed as the deuterium ion.

Calculate the maximum wavelength of light that would be detected after
reflection from a deuterium ion moving at 1.5 x 10°ms™.

wavelength of laser light = 1064 nm

Maximum wavelength detected = ...

(Total for Question 18 = 14 marks)

TOTAL FOR PAPER =90 MARKS

Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material.
Pearson Education Ltd. will, if notified, be happy to rectify any errors or omissions and include any such rectificationsin
future editions.
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List of data, formulae and relationships

Acceleration of free fall g=981lms? (close to Earth’s surface)
Boltzmann constant k=138x10% JK™!

Coulomb law constant k= %80 =899 x 10° N m? C?

Electron charge e=-1.60x10"C

Electron mass m =9.11 x 10°' kg

Electronvolt lev =160x10"J

Gravitational constant G =6.67 x 10" N m? kg

Gravitational field strength g=981Nkg! (close to Earth’s surface)
Permittivity of free space £, =885x 10" Fm’

Planck constant h=6.63x10*Js

Proton mass m, = 1.67 x 10?7 kg

Speed of light in avacuum c=300x 10®*ms'

Stefan-Boltzmann constant c=567x10*Wm?zK*

Unified atomic mass unit u=1.66 x 10% kg
M echanics Work, energy and power
Kinematic equations of motion AW = FAs
_(u+wt 1
S= T E = EI’I‘I\I2
V=u+at AE,, = mgAh
S=ut+ %at2 P = E
t
V2 = U2 + 2as w
P = T
Forces o
i useful energy output
- efficiency = ,
2F =ma Y= Total energy input
F
=— . useful power output
9 m efficiency = P : P
total power input
W =mg

moment of force = Fx
Momentum
p=mv
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Electric circuits Waves and particle nature of light

Potential difference Wave speed
V= w v="fl
Q :
. Speed of atransverse wave on a string
Resistance T
\ V= |—
R=— M

Electrical power and energy Intensity of radiation

P
P=VI| ==
P=IR
Power of alens
V2
P=— 1
R P=
W = Vit P=P +P,+P + ..
Resistivity Thin lens equation
r=PL 1 1 1
A TV
u v f
Current e
A Magnification for alens
| :T(t? _ image height _ v
" object height ~ u
| = ngvA
Diffraction grating
Materials nl=dsné
Density Refractive index
m
Py n,sné =n,sind,
Cc
Stokes' law n=%
F = 6myry Critical angle
Hooke's law 1
AF = kAX Sne= n
Young modulus Photon model
F
Stress g = A E=h/
_ AX Einstein’s photoel ectric equation
Strain & = = 1
o hf - ¢ + Ernvzmax
E= "
de Broglie wavelength
Elastic strain energy h
AE, = 5FAX *p
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Further mechanics
Impulse

FAt = Ap

Kinetic energy of a non-relativistic

particle

_ P
Ek_2m

Motion in acircle

V= wr
2n
T=—
)
2
F=ma=—-
r
V2
a=—
r
a=rw?
F = mrw?

Fields

Coulomb’s law

-_ Q0

4ne

Electric field strength

e F
Q
g=-2
4me
eV
d
Electric potential
v=-2
4me
Capacitance
_Q
=y

Energy stored in a capacitor

W=3QV
1
W=-Cr?
1Q?
W:EE
Capacitor discharge
Q - Qoe—t/Rc
I - Ioe*t/RC
V=Verre
INQ =1nQ,_ — L
-0 RC
Inl =Inl L
- ° RC
InV =1InV L
% RC

In a magnetic field
F=BIl siné

F=Bqgvsnd

Faraday’s and Lenz's laws

_ —=d(V)

a4 dt

Root-mean-sguare values

Vv
V. =2
rms \/2
I
.=
rms 2
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Nuclear and particle physics

In amagnetic field

_P
= 80

r

Thermodynamics

Heating
AE = mcA8
AE = LAm

Molecular kinetic theory

1 3
Em(c2> = EkT

pV = %Nm(c?)
Ideal gas equation

pV = NKT

Stefan-Boltzmann law

L =o0AT*
L = 4nréeT?
Wien's law

2. T=2898x%10°mK

Space
Intensity

| = L
" 4And?

Redshift of electromagnetic radiation

AL ATy
a2 f T

Cosmological expansion

V= Hod

Nuclear radiation
Mass-energy

AE = c’Am

Radioactive decay
A=/N
N

dt

In2
A=

ty,
N=N,e*
A=A e*

Gravitational fields

Gravitational force
= Gmm,

},.2

Gravitational field strength

_Gm
T2

g

r

Gravitational potential

-Gm
grav r

Oscillations

Simple harmonic motion

F=—kx
a=—-w
X = A CoS wt

V=—Aw Sn ot

a = —Aw? cos wt

1 2=n
T=—=—

f w
o = 2nf

Simple harmonic oscillator

T=2 F
\F
T=2n,|—
g
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