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e Use BLACK ink or ball-point pen.

e Answer ALL questions.

e Answer the questions in the spaces provided —
there may be more space than you need.

MATERIALS REQUIRED FOR EXAMINATION
Nil

ITEMS INCLUDED WITH QUESTION PAPERS
Data, Formulae and Relationships Booklet

INFORMATION FOR CANDIDATES

e The total mark for this paper is 90.

e The marks for EACH question are shown in
brackets — use this as a guide as to how much time
to spend on each question.

e You may use a scientific calculator.

e In questions marked with an ASTERISK (*), marks
will be awarded for your ability to structure your
answer logically, showing how the points that you
make are related or follow on from each other
where appropriate.

ADVICE TO CANDIDATES

e Read each question carefully before you start to
answer it.

e Try to answer every question.

e Check your answers if you have time at the end.

e You are advised to show your working in
calculations, including units where appropriate.

(Turn over)



Answer ALL questions.

All multiple choice questions must be answered with

a cross [X in the box for the correct answer from A to

D. If you change your mind about an answer, put a line
through the box P¢ and then mark your new answer with a

cross [X].

1 Five regions are labelled on the Hertzsprung-Russell

diagram shown.
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(Question continues on next page)
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Which sequence could show part of the evolution of a
star like the Sun?

A 1—5—3

B 2—3 — 4

C 3—5—>1

D 4 — 3 — 2

(TOTAL FOR QUESTION 1 =1 MARK)

(Questions continue on next page)

(Turn over)



5

2 A mass is supported by a single spring as shown.

The strain energy stored by the spring is E.

The mass is then supported by two springs, each
identical to the first spring, as shown.

S

(Question continues on next page) (Turn over)
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What is the total strain energy stored with two springs
arranged in this way?

A V4E

B %E

C E

D 2E

(TOTAL FOR QUESTION 2 =1 MARK)

(Questions continue on next page)

(Turn over)
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3 In both nuclear fission and nuclear fusion there are
changes in the binding energy per nucleon. This
releases energy.

Which row of the table correctly shows the change in
binding energy per nucleon for both processes?

Nuclear fission | Nuclear fusion
A decrease decrease
B decrease Increase
C increase decrease
D Increase increase

(TOTAL FOR QUESTION 3 =1 MARK)

(Questions continue on next page)

(Turn over)
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4 The radium isotope 2%68Ra is unstable and undergoes

a series of o and B emissions until a stable isotope of

lead Z%ng is formed.

Which of the following nuclear equations correctly
shows the number of o and § emissions?

A Z%°%Ra — 25Pb + 3a + 8p”

B “25Ra — 235Pb + 40 + 5p”

C 2%23Ra — %0oPb + 50 + 4f~

D “%Ra — 235Pb + 50 + 6f"

(TOTAL FOR QUESTION 4 = 1 MARK)

(Questions continue on next page)

(Turn over)



9

5 Three polarising filters X, Y and Z, are placed in
front of a source of unpolarised light. The planes of
polarisation of the filters are initially parallel.

Filter Y is rotated by 45° as shown.

\\l /_

— -

V4

Filter Z is then rotated clockwise and the intensity of
light emerging from Z is measured.

Which angle of rotation of Z will result in the lowest
intensity of light?

A 90°

B 135°
Cc 180°
D 225°

(TOTAL FOR QUESTION 5 = 1 MARK)

(Questions continue on next page) (Turn over)
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6 When light is incident on the surface of a metal,
electrons may be emitted by the photoelectric effect.
Observations of the photoelectric effect helped to
establish that light can exhibit particle behaviour.

Which of the following observations of the
photoelectric effect could also be explained by light
behaving as a wave?

A Emission of photoelectrons occurs
immediately the surface is illuminated.

B Photoelectrons are only emitted when the
frequency of the light is more than a certain
minimum value.

C The maximum kinetic energy of the
photoelectrons is independent of the intensity
of the incident light.

D When the intensity of the incident light
increases, photoelectrons are emitted at a
greater rate.

(TOTAL FOR QUESTION 6 =1 MARK)

(Questions continue on next page)

(Turn over)
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7 A star of diameter D and surface temperature T has
luminosity L.

What is the luminosity of a star of diameter — and

surface temperature 2T ? 2
A L
4
B L
C 4L
D 16L

(TOTAL FOR QUESTION 7 =1 MARK)

(Questions continue on next page)

(Turn over)
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8 An object of volume V made from a material of density
p, is placed into a fluid of density p,.

Which of the following gives the upthrust on the
object?

A p4Vg

B p,Vg

C (p2-pq9) Vg

p (P2 ;, P1) Vg

(TOTAL FOR QUESTION 8 =1 MARK)

(Questions continue on next page)

(Turn over)
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9 Electric and gravitational fields have a number of
similarities and differences.

An electric field is produced by a point charge and a
gravitational field is produced by a point mass.

Which of the following statements applies to both of
these fields?

A The field causes a force on all particles.

B The force caused by the field can be attractive
or repulsive.

C At a distance x from the centre of the field,

field strength is proportional to x2.

D At a distance x from the centre of the field,
potential is proportional to 1/x.

(TOTAL FOR QUESTION 9 = 1 MARK)

(Questions continue on next page)

(Turn over)
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10 A mass at the end of a spring is set into small
amplitude simple harmonic motion.

Which of the following graphs correctly shows the
variation of velocity v of the mass with displacement x
for one complete oscillation?

VA

(Graphs C and D on next page)

(Turn over)
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(TOTAL FOR QUESTION 10 = 1 MARK)

(Questions continue on next page)

(Turn over)
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11 A wet handkerchief is dried in 56s using a hot iron
rated at 2400 W.

Determine whether energy is transferred to the
water in the handkerchief at a greater rate than it is
transferred to the iron.

initial temperature of wet handkerchief = 18°C

initial mass of wet handkerchief = 35-9¢g

final mass of dry handkerchief = 18-2g

specific heat capacity of water = 4-19x 10° J kg_1 K

specific latent heat of vaporisation of
water = 2:26x10° Jkg ™"

(5 marks)

(Continue your answer on next page)

(Turn over)
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(TOTAL FOR QUESTION 11 = 5 MARKS)

(Questions continue on next page)

(Turn over)
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12 The photograph shows a sample of the mineral
selenite. Selenite is made up of many long, narrow
crystals.

Selenite has a refractive index of 1:52

(a) Calculate the speed of light in selenite. (2 marks)

Speed of light in selenite =

(Question continues on next page) (Turn over)
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(b) (i) State what is meant by critical angle. (1 mark)

(Question continues on next page)

(Turn over)
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(if) Calculate the critical angle for light in selenite.
(2 marks)

Critical angle for light in selenite =

(Question continues on next page)

(Turn over)
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(c) Selenite can act as a collection of optical fibres, so
that an image of writing beneath the mineral sample
appears as if it is at the upper surface as shown.

Explain how light travels through a selenite crystal.
(2 marks)

(Continue your answer on next page) (Turn over)
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(TOTAL FOR QUESTION 12 = 7 MARKS)

(Questions continue on next page)

(Turn over)
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*143 The photograph shows a ‘singing bowl’.

When the handles are rubbed with both hands the

bowl ‘sings’, producing a loud note with a frequency
of 720 Hz.

A vibration generator is attached to the bowl and
connected to a signal generator. The signal generator
is adjusted to produce frequencies from 600Hz to

800 Hz.

At all frequencies in this range the bowl produces a
sound at the applied frequency. The sound is quiet for

all frequencies except 720Hz, when it is much louder.

Explain these observations. (6 marks)

(Continue your answer on next page) (Turn over)
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(TOTAL FOR QUESTION 13 = 6 MARKS)

(Questions continue on next page) (Turn over)
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(a) Explain how the Doppler shift was used to obtain
the data shown on the graph. (4 marks)

(Question continues on next page) (Turn over)
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(b) (i) Use the graph to show that the
angular velocity of the planet is about
6x107° radian s~ . (3 marks)

(Question continues on next page)

(Turn over)
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(ii) The mass of Proxima Centauri is 0-12 times
the mass of the Sun.

Determine the distance of the planet from
Proxima Centauri.

mass of Sun = 1-99x10>° kg
(3 marks)

Distance =

(TOTAL FOR QUESTION 14 = 10 MARKS)

(Questions continue on next page) (Turn over)
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15 The photograph shows an ultrasonic mouse repeller
used in a house.

The mouse repeller produces ultrasound that repels
mice but cannot be heard by humans. The mouse
hears ultrasound directly and by reflection from the
walls.

The mouse repeller produces ultrasound of frequency
26-0kHz.

speed of sound = 340ms”

(Question continues on next page)

(Turn over)
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(a) Calculate the wavelength of the ultrasound
produced. (2 marks)

Wavelength =

(b) State what is meant by superposition of waves.
(2 marks)

(Question continues on next page) (Turn over)
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(c) A student makes the following suggestion.

“If the ultrasound reflects off a wall directly
opposite the mouse repeller a standing wave is
formed, so there will be areas in the room where
the mice will not hear the ultrasound.”

Evaluate this suggestion. (6 marks)

(Continue your answer on next page)

(Turn over)
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(TOTAL FOR QUESTION 15 = 10 MARKS)

(Questions continue on next page)

(Turn over)
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16 The photograph shows an example of a Foucault
pendulum.

This is a pendulum that consists of a massive sphere,
suspended by a long wire from a high ceiling. Over
time the vertical plane through which the pendulum

swings appears to rotate because of the rotation of the
Earth.

mass of sphere = 28-0kg

(Question continues on next page)

(Turn over)
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(@) The pendulum makes 8 complete oscillations in
52-2s.

Show that the length of the wire supporting the
sphere is about 10 m.

diameter of sphere = 60-0cm

(4 marks)

(Question continues on next page) (Turn over)
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(b) During refurbishment, the pendulum is taken down
and the wire iIs replaced.

Steel wires of the following diameters are
available:

O-7Tmm O091Tmm 122mm 1:63mm 2:03mm

(i) Explain which of these wires is the thinnest
that could be used to support the sphere
safely.

breaking stress of steel = 3-10x 108 N m™

(3 marks)

(Question continues on next page) (Turn over)
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(ii) The wire identified in part (i) is used for the
pendulum, the unstretched length of the new
wire is 11-:2m.

Calculate the extension of the new wire when
the sphere is attached.

Young Modulus for steel = 200 GPa
(3 marks)

(Continue your answer on next page) (Turn over)
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Extension =

(Question continues on next page)

(Turn over)
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(c) To show the rotation of the Earth, the pendulum
needs to oscillate for several hours.

Explain how using a heavy sphere is better than
using a light sphere of the same diameter.

(3 marks)

(TOTAL FOR QUESTION 16 = 13 MARKS)

(Questions continue on next page) (Turn over)
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(a) In the telescope, light from the grating is focused
to make a real image 16-7 mm in front of the
eyepiece lens. The eyepiece lens then uses this
real image as an object to produce a magnified
virtual image for the observer.

Calculate the magnification produced by the
eyepiece lens. (3 marks)

focal length of eyepiece lens = 17-9mm

Magnification =

(Question continues on next page) (Turn over)
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(b) The spectrometer and diffraction grating are used
to analyse the light from a sodium lamp. In the
sodium lamp, sodium is heated until it becomes a
vapour and an electric current is passed through
it. The vapour then emits light.

After the light passes through the diffraction
grating a line spectrum is observed.

(i) Explain why only certain wavelengths are
observed. (6 marks)

(Continue your answer on next page) (Turn over)
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(Question continues on next page)

(Turn over)
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(ii) Diffraction gratings with the following
spacings are available:

d/10®m | 10| 17| 20| 33

Explain which would be the best spacing
to use to measure the diffraction angle for
the third order maximum for yellow light of
wavelength 589 nm. (3 marks)

(Question continues on next page)

(Turn over)
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(c) The diagram shows some of the energy levels in a
sodium atom.

— 0:00 eV

-1:02 eV

-1:-39 eV
-1:52 eV

-1:95 eV

—_— =3:04 eV

=514 eV

Add an arrow to the diagram to show the transition
involved in the emission of yellow light of
wavelength 589 nm.

(Question continues on next page) (Turn over)
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Show your working below. (4 marks)

(TOTAL FOR QUESTION 17 = 16 MARKS)

(Questions continue on next page) (Turn over)
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18 An old type of camping lamp used a ‘gas mantle’. The
gas mantle is heated by the gas flame on the lamp
and emits a bright white light. Gas mantles used to
contain thorium-230.

Thorium-230 decays by alpha emission to form an
isotope of radium. A student keeps a radioactive

gas mantle in a sealed polythene bag. The student
suggests that over a period of a year a significant
volume of helium gas will be collected, since an alpha
particle is a helium nucleus.

(a) Give reasons why the sealed plastic bag is
suitable for collecting the gas. (2 marks)

(Question continues on next page)

(Turn over)
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(b) A particular gas mantle contains 5-18 x 10'5g of
thorium-230.

(i) Show that the activity of the thorium-230 in the
mantle is about 4-0x10* Bq.

230 g of thorium-230 contains 6:02x 102> atoms
half-life of thorium-230 = 75400 years

number of seconds in 1 year = 3-15%x10’

(4 marks)

(Continue your answer on next page) (Turn over)
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(Question continues on next page)

(Turn over)
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(ii) Determine the volume of helium gas that
could be collected in a year as a result of
alpha emission.

Assume that the temperature is 22-0°C and
the pressure is 1-00x10° Pa. (4 marks)

Volume =

(Question continues on next page) (Turn over)
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(iii) Calculate the root mean square speed of the
atoms in the helium gas at a temperature of
22-0°C. (3 marks)

Root mean square speed =

(TOTAL FOR QUESTION 18 = 13 MARKS)

TOTAL FOR PAPER =90 MARKS

END



