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SECTION A

Answer all questions in this section.

There are 25 marks in this section.

1 Figure 1 shows a single atomic nucleus that is part of a thin foil.  A, B and C are the paths of three 
��particles directed at the foil as shown.  All three paths are approaching close to the nucleus.

(a) Complete the diagram carefully showing the subsequent paths of the ��particles.

Figure 1
(3 marks)

(b) Suggest two pieces of scientific information that can be gained by bombarding matter with
particles in this way.

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

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

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

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

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

.........................................................................................................................................................
(2 marks)
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2 The list of sub-atomic particles below contains particles that are either hadrons or leptons:

electron    muon    neutrino    neutron    pi-meson    proton

(a) Complete the table below by adding the names of the particles to the correct box.

Hadrons

Leptons

(4 marks)

(b) Underline the names of the particles that are baryons.
(2 marks)

3 Figure 2 shows three wavefronts of light directed towards a glass block in the air.  The direction of
travel of these wavefronts is also shown.

Complete the diagram to show the position of these three wavefronts after partial reflection and
refraction at the surface of the glass block.

Figure  2

(3 marks)
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4 Figure 3 shows a laboratory ultrasound transmitter emitting ultrasonic waves through two slits placed
0.20 m apart.  A receiver, moving along line AB, parallel to the line of the slits, detects regular rises and
falls in the strength of the signal.  A student measures a distance of 0.22 m between the first and the
third maxima in the signal when the receiver is 2.5 m from the slits.

Figure 3

(a) (i) Calculate the distance between successive maxima.

Distance between successive maxima.....................
(1 mark)

(ii) Calculate the wavelength of the ultrasonic waves.

Wavelength ...............................
(2 marks)
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(b) One of the slits is now covered.  No other changes are made to the experiment.

State the differences between the observations made as the receiver is moved along AB before
and after this change.  Explain the changes that you mention.

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)

TURN  OVER  FOR  THE  NEXT QUESTION 
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5 Th is a radioactive isotope of thorium.

(a) State for an atom of      Th,

(i) the number of protons in the nucleus,

...............................................................................................................................................
(1 mark)

(ii) the number of neutrons in the nucleus.

...............................................................................................................................................
(1 mark)

(b) A sample of pure      Th that contains 2.6 � 1021 atoms is observed to decay at an initial rate of
3.0 � 1013 Bq.

(i) State the unit of decay probability.........................................................................................
(1 mark)

(ii) Calculate the probability of decay for an atom of      Th.

Probability of decay.......................................
(2 marks)
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SECTION  B

Answer all questions in this section.

Total for this question: 11 marks

6 Figure 4 shows a stretched string driven by a vibrator.  The right-hand end of the string is fixed to a
wall.  A stationary wave is produced on the string; the string vibrates in two loops.

Figure 4

(a) State the physical conditions that are necessary for a stationary wave to form on the string.

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

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

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

.........................................................................................................................................................
(3 marks)

(b) Explain how you know that the wave on the string is transverse.

.........................................................................................................................................................
(1 mark)

(c) Compare the amplitude and phase of the oscillations of points A and B on the string.

Amplitude .........................................................................................................................................

Phase................................................................................................................................................
(2 marks)
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(d) The length of the string is 1.2 m and the speed of the transverse wave on the string is 6.2 m s�1.
Calculate the vibration frequency of the vibrator.

Vibration frequency...........................

(3 marks)

(e) The frequency of the vibrator is tripled.

(i) Sketch the new shape of the stationary wave on Figure 5.

Figure 5

(ii) Show on your diagram three points P, Q and R that oscillate in phase.
(2 marks)

11
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Total for this question: 11 marks

7 A satellite orbiting the Earth receives electromagnetic signals and then re-transmits them back to Earth
at a frequency of 2.3 GHz.

(a) Calculate the wavelength of the re-transmitted signal.

Speed of electromagnetic waves in a vacuum, c = 3.0 � 108m s-1

Wavelength ...............................

(2 marks)

(b) State the region of the electromagnetic spectrum to which these waves belong.

.........................................................................................................................................................
(1 mark)

(c) The satellite�s signal is radiated by an antenna that resembles the satellite dishes used to receive
television signals on Earth.  The antenna dish is 0.60 m in diameter.  Show that the angle at which
the signal intensity falls to a minimum is about 12°.

(3 marks)

(d) The satellite is positioned 35 000 km from the Earth.  The power received by the dish antenna on
the Earth is 16 nW.

Calculate the power that would be received at the dish if the satellite were to be re-positioned at
a distance of 17 500 km from Earth.  Give your reasoning.

Power received .........................
(2 marks)
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(e) The orbit of the satellite is not perfectly circular.  At one moment it has a velocity component of
2.5 m s�1 towards the receiving antenna.  Calculate the frequency shift that will be detected in the
receiver on Earth.

Frequency shift .........................

(2 marks)

(f) State whether the received frequency will be higher or lower than the transmitted frequency.

.........................................................................................................................................................
(1 mark)

11
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Total for this question: 14 marks

8 Light of wavelength 5.9 �� ����m is incident on a diffraction grating (Figure 6).  The resulting
diffraction pattern is viewed on a screen 1.5 m away.

Figure 6

(a) The grating has 5.2 ��105 lines per metre.  Calculate the separation between lines on the grating.

Separation .................................

(1 mark)

(b) Show that the angle �	�at which the second-order image appears is about 38°.

(3 marks)
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(c) The grating is 1.5 m away from the screen.  Calculate the distance between a third-order
diffracted image and the central maximum.

Distance ....................................
(4 marks)

(d) The light source is replaced with a source of wavelength 4.4 � 10�7m.  Describe and explain what
changes will occur in the positions and numbers of the orders visible to the observer.  Support
your explanation with a calculation where possible.  

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(6 marks)
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Total for this question: 7 marks

9 Describe an experiment that you would carry out in order to verify that the gamma radiation from a
radioactive source obeys the inverse-square law.  Include in your account

� a description or labelled diagram of the apparatus

� details of the measurements that you would take

� the analysis of the data that you would carry out.

Two of the 7 marks in this question are available for the quality of your written communication.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

....................................................................................................................................................................
(7 marks)
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Total for this question: 7 marks

10 Figure 7 shows the components of the transmitting stage of a simple audio-communication system
prior to the signal being transmitted.  The signal path is from left to right.

Figure 7

(a) (i) State a suitable transducer for stage A.

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

(ii) State the name given to stage B.

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

(iii) State the name given to stage C.

...............................................................................................................................................
(3 marks)

(b) Describe and explain the purpose of modulation in a communication system.

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)

7
END  OF QUESTIONS
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