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Section A
Answer all questions in this section

There are 25 marks in this section

1 Figure 1 shows the wavefronts of a progressive wave from an earthquake passing from the Earth’s
mantle into its core.

Core

Direction of wave

propagation

Figure 1

(a) State the name of the phenomenon which occurs at the mantle-core boundary.

(b) State how the speed of the wave changes as it crosses the boundary. With reference to Figure 1,
explain your answer.

(2 marks)
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Detach this perforated page at the start of the examination.

Foundation Physics Mechanics Formulae
moment of force = Fd
v = uta
s = ut+<at’
v = u’+2as
s = %(u + V)t

foraspring, ¥ = kAl

energy stored ina spring = SFAl = 1k(Al)

1

=7

Foundation Physics Electricity Formulae

1 = ndvg
terminal p.d. = E-1Ir
in series circuit, R = R +R +R. + ...
. N | 1 1,1
1 = = =+=+=
in parallel circuit, I R1+ R2+ R3+ .....
p— Rl M
output voltage across R, = R TR, x input voltage

Waves and Nuclear Physics Formulae

fringe spacing

single slit diffraction minimum sin 0

diffraction grating #n A

L A
Doppler shift Tf
Hubble law %
radioactive decay 4

AD

A
b
dsin 0

v
- forv<<c

Hd

AN

Properties of Quarks

Type of quark|  Charge Baryon number
up u +% e +3
down d Y s
— 2 1
u —3€ -3
d +1e -=

Lepton Numbers

Geometrical and Trigonometrical Relationships

circumference of circle = 2nr

wr?

area of a circle

4ur?

surface area of sphere

4
volume of sphere = < mr?
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Particl Lepton number L
article I. Lﬂ L.
e 1
e’ -1
v, 1
@e -1
M- 1
u- -1
U 1
U, -1
T~ 1
T+ -1
v, 1
v, -1
sin @ = %
b
c cos O = -
a
tan @ = %
b
¢t = a*+b?
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(c¢) Suggest how the answer to part (b) supports the theory that the Earth’s core is mainly liquid
metal and the mantle mostly solid rock.

2 (a) Withthe aid of a clearly labelled diagram explain how a sound wave in air transmits energy away
from its source.

(3 marks)

(b) Unlike sound waves, transverse waves can be polarised. Give one example of a transverse wave
and draw a diagram to show how it can be plane polarised. State a method of polarising a wave
of the type you have chosen.

Example transverse wave.........cccoceeeereeneneeiennenne.
Method of polarisation...........ccceeeeeeriieriiesieeeiee e

(3 marks)

Turn over P
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3 Electron capture may occur inside a radioactive atom to stabilise its nucleus. The electron combines
with a proton to form a neutron.
(a) Complete the equation below for electron capture in argon-37.
37 e e
18 Ar + c o Cl d e
(3 marks)
(b) How does the quark substructure of the neutron compare with that of the proton?
(3 marks)
4 (a) State the conditions necessary for a stationary wave to be produced.
(3 marks)
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(b) Figure 2 shows a stationary wave on a stretched guitar string of length 0.62 m.

0.62m

A

»
>

—

The speed of transverse waves along the string is 320 ms . Calculate the frequency of the note

being played.

5 Fill in the blanks in the following table which shows some of the characteristics of several types of

electromagnetic radiation.

)

Figure 2

Not to scale

Frequency...........oooiiiiiiiiiiii,

(3 marks)

Radiation Typical wavelength Radiation
type in air/ m source
Radio waves 1.5 x 10° High frequency
alternating current
50x 107 Hot bodies
Visible light Excited atoms
50x 107"

0204/PHB2

(3 marks)
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Answer all questions in the spaces provided

SECTION B

Total for this question: 11 marks

6 Iodine-123 is a radioisotope used medically as a tracer to monitor thyroid and kidney functions. The
decay of an iodine-123 nucleus produces a gamma ray which, when emitted from inside the body of a
patient, can be detected externally.

(a) Why are gamma rays the most suitable type of nuclear radiation for this application?

(b)

0204/PHB2

(2 marks)

In a laboratory experiment on a sample of iodine-123 the following data were collected.

time/h 0 4 8 12 16 20 24 28 32
count-rate
/counts s~ 512 410 338 279 217 191 143 119 91
Why was it unnecessary to correct these values for background radiation?
(2 marks)
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(c) On the axes provided in Figure 3, complete the graph of count-rate against time. (2 marks)

600
count-rate/

counts s

500

400

300

200

100

0 5 10 15 20 25 30 35

Figure 3 time/h

(d) Use your graph to find an accurate value for the half-life of iodine-123.
Show clearly the method you use.

Half-life....................
(3 marks)

(e) Give two reasons why radioisotopes with short half-lives are particularly suitable for use as a
medical tracer.

(2 marks)
Turn over P
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Total for this question: 14 marks

7 It is believed that the Universe is expanding with the galaxies receding from each other. Figure 4
shows some of the experimental data which support Hubble’s Law. Each point on the scatter diagram
represents a galaxy: v is the recession speed of a galaxy and d is its distance from Earth.

v/10*kms™!

0 400 800 1200
d/Mpc
Figure 4

(a) Use the data in Figure 4 to show that the Hubble constant H is about 65kms™ Mpc ™.

(3 marks)
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(b)

A galaxy which can be seen in the constellation of Ursa Major has a recession speed of
17000kms . Calculate its distance from Earth in Mpc.

Distance from Earth................... Mpc
(2 marks)

(c) An estimate for the age of the Universe can be found by assuming that recession speeds have

been constant since the Big Bang. The age, 7, of the Universe is given by the time it has taken
for a given galaxy, travelling at speed v, to recede a distance d from ours. Hence

T:

d_1
v H

Use the above equation to estimate the age of the Universe in years.
1 light-year = 9.5 x 10”°m

1 pc = 3.3 light-years
1 year =32x10"s

Age of the universe................. years
(3 marks)

Turn over P
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(d) The recession speed of a galaxy can be measured by comparing its emission spectral lines with
those from an equivalent light source on Earth. Explain why this comparison enables the
recession speed to be calculated and describe how the measurements are used to find the
recession speed.

Two of the 6 marks in this question are for the quality of your written communication.

(6 marks)
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Total for this question: 10 marks

8 (a) Onthe axes provided in Figure 5 carefully sketch a graph showing the variation of light intensity
in the diffraction pattern produced when parallel light of wavelength A is incident on a narrow

slit of width b. (3 marks)
intensity
angular
| | | | displacement
-sin'QA/b)  -sin”'(A/b) 0 sin '(A/b) sin”'(2A/b)
Figure 5

(b) Monochromatic parallel light is incident on a single slit of width 0.30 mm. The resulting
diffraction pattern has a first minimum at a diffraction angle of 0.12°. Show that the wavelength
of the light is about 6.3 x 10 m.

(2 marks)
QUESTION 8 CONTINUES ON THE NEXT PAGE
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(c) The slit in part (b) is replaced by a diffraction grating with 5.00 x 10° lines m™'. The light
source is unchanged.

(1) Calculate the diffraction angle for the second order maximum.

Diffraction angle ........c..cccoeevennnee.
(3 marks)

(ii)) State two differences between the new diffraction pattern and that seen in part (b).

(2 marks)
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Total for this question: 7 marks

9 By the end of this year it is expected that 85% of the population of the United Kingdom will be able to
receive Digital Audio Broadcasts (DAB).

(a) The base bandwidth of these broadcasts depends on the frequency response of the human ear.

(i) State the normal frequency range for human hearing.

(i1) State the highest frequency that has to be transmitted for high-fidelity broadcasting of an
orchestral concert.

(b) Before it can be broadcast in digital form the output from a microphone has to be sampled.

(i) Explain the term sampling and sketch a graph to show the conversion of the microphone
output voltage into digital form.

(2 marks)

(ii)) What would be the minimum sampling frequency for the broadcast referred to
in part (a)(ii)?

(2 marks)

Turn over P
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Total for this question: 8 marks
10 By the end of twentieth century several hundred subatomic particles had been observed in experiments
using particle accelerators and bubble chambers. Write an account of the classification of these

particles. Your answer should include references to fundamental particles and stability.

Two of the 8 marks for this question are for the quality of your written communication.

(8 marks)

END OF QUESTIONS
Copyright © 2004 AQA and its licensors. All rights reserved.
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