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Answer all questions in the spaces provided.

1 (a) Name the constituent of an atom which

1 (a) (i) has zero charge,

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

(1 mark)

1 (a) (ii) has the largest specific charge,

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

(1 mark)

1 (a) (iii) when removed leaves a different isotope of the element.

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

1 (b) The equation

99
43Tc → A

ZRu +  0–1β + X

represents the decay of technetium-99 by the emission of a β– particle.

1 (b) (i) Identify the particle X.

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

(1 mark)

1 (b) (ii) Determine the values of A and Z.

A =.........................................

Z = ........................................

(2 marks)

1 (b) (iii) Calculate the specific charge of the technetium–99 ( 99
43Tc ) nucleus.  State an

appropriate unit for your answer.

specific charge = .......................................................... unit ..............................................
(4 marks)

(02)

2
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2 Under certain circumstances it is possible for a photon to be converted into an electron

and a positron.

2 (a) State what this process is called. 

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

(1 mark)

2 (b) A photon must have a minimum energy in order to create an electron and a positron.

Calculate the minimum energy of the photon in joules.  Give your answer to an

appropriate number of significant figures.

minimum energy = ............................................ J 

(3 marks)

2 (c) A photon of slightly higher energy than that calculated in part (b) is converted into an

electron and a positron.

State what happens to the excess energy.

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

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

(1 mark)

2 (d) Describe what is likely to happen to the positron shortly after its creation.

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

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

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

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

(2 marks)

3
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(04)

3 (a) (i) State how many quarks there are in a baryon.

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

(1 mark)

3 (a) (ii) Hadrons fall into two groups, baryons being one of them.

State the name that is given to the other group of hadrons.

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

(1 mark)

3 (a) (iii) Give two properties of hadrons that distinguish them from leptons.

property 1 .............................................................................................................................

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

property 2 .............................................................................................................................

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

(2 marks)

3 (b) The forces between particles can be explained in terms of exchange particles.

Complete the following table by identifying an exchange particle involved in the

interaction.

(2 marks)

interaction exchange particle

electromagnetic ........................

weak ........................
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3 (c) The following equation shows electron capture.

p + e– → n + ve

3 (c) (i) Draw a Feynman diagram that represents this interaction.

(3 marks)

3 (c) (ii) Explain why, when electron capture occurs, a neutrino rather than an antineutrino is

produced.

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

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

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

(1 mark)

Turn over for the next question
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4 Figure 1 shows the lowest three energy levels of a hydrogen atom.

Figure 1

energy / eV

n = 3 ––––––––––––––––––––––––––– –1.51

n = 2 ––––––––––––––––––––––––––– –3.41

n = 1 ––––––––––––––––––––––––––– –13.6

4 (a) An electron is incident on a hydrogen atom.  As a result an electron in the ground state

of the hydrogen atom is excited to the n = 2 energy level.  The atom then emits a photon

of a characteristic frequency.

4 (a) (i) Explain why the electron in the ground state becomes excited to the n = 2 energy level.

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

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

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

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

(2 marks)

4 (a) (ii) Calculate the frequency of the photon.

frequency = ......................................... Hz

(3 marks)
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4 (a) (iii) The initial kinetic energy of the incident electron is 1.70 × 10–18 J.

Calculate its kinetic energy after the collision.

kinetic energy = ............................................ J

(2 marks)

4 (a) (iv) Show that the incident electron cannot excite the electron in the ground state to the

n = 3 energy level.

(2 marks)

4 (b) When electrons in the ground state of hydrogen atoms are excited to the n = 3 energy

level, photons of more than one frequency are subsequently released. 

4 (b) (i) Explain why different frequencies are possible. 

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

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

(1 mark)

4 (b) (ii) State and explain how many possible frequencies could be produced. 

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

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

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

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

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

(2 marks)
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5 An experiment can be performed to determine whether a particular component is an

ohmic conductor.

5 (a) State what is meant by an ohmic conductor.

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

(1 mark)

5 (b) (i) Draw a suitable circuit diagram for such an experiment.

(2 marks)

5 (b) (ii) For the circuit diagram you have drawn, describe a suitable experiment.  Your account

should include details of:

l what measurements you would take
l how you would use your measurements
l how you would reach a conclusion.

The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(6 marks)

5 (c) (i) State the principal property of a superconductor.

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

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

(1 mark)

5 (c) (ii) State what is meant by critical temperature.

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

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

(1 mark)

5 (c) (iii) Give one use of a superconductor.

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

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

(1 mark)
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6 Figure 2 shows a 12 V battery of negligible internal resistance connected to a

combination of three resistors and a thermistor.

Figure 2

6 (a) When the resistance of the thermistor is 5.0 kΩ

6 (a) (i) calculate the total resistance of the circuit,

total resistance = ......................................... kΩ

(3 marks)

6 (a) (ii) calculate the current in the battery.

current = ........................................ mA

(1 mark)

10 kΩ 

R 

D

20 kΩ 

12 V

20 kΩ 

C

BA

FE
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6 (b) A high-resistance voltmeter is used to measure the potential difference (pd) between

points A–C, D–F and C–D in turn.

Complete the following table indicating the reading of the voltmeter at each of the three

positions.

(3 marks)

6 (c) The thermistor is heated so that its resistance decreases.  State and explain the effect this

has on the voltmeter reading in the following positions.

6 (c) (i) A–C ......................................................................................................................................

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

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

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

(2 marks)

6 (c) (ii) D–F ......................................................................................................................................

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

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

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

(2 marks)

Turn over for the next question

11

(11)

11
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voltmeter

position
pd / V

A–C

D–F

C–D



WMP/Jan13/PHYA1

Do not write

outside the

box

7 A copper connecting wire is 0.75 m long and has a cross-sectional area of 

1.3 × 10–7 m2.

7 (a) Calculate the resistance of the wire.

resistivity of copper = 1.7 × 10–7 Ω m 

resistance = ........................................... Ω

(2 marks)

7 (b) A 12 V 25 W lamp is connected to a power supply of negligible internal resistance using

two of the connecting wires.  The lamp is operating at its rated power.

7 (b) (i) Calculate the current flowing in the lamp.

current = ........................................... A

(1 mark)

7 (b) (ii) Calculate the pd across each of the wires.

pd = ........................................... V

(1 mark)

12

(12)
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7 (b) (iii) Calculate the emf (electromotive force) of the power supply.

emf = ........................................... V

(2 marks)

7 (c) The lamp used in part (b) is connected by the same two wires to a power supply of the

same emf but whose internal resistance is not negligible.

State and explain what happens to the brightness of the lamp when compared to its

brightness in part (b).

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

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

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

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

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

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

(2 marks)

END  OF  QUESTIONS

(13)
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