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9 Two isolated parallel capacitor plates have an equal and opposite charge.
 The separation between the plates is doubled.
 The charge on each plate remains the same but the potential difference between the plates 

doubles.

+ + + +

– – –

before after

–

+ + + +

– – – –

 Which statement is correct?

A The capacitance of the capacitor doubles.

B The energy stored by the capacitor is halved.

C The permittivity of free space doubles.

D The electric field strength between the plates remains the same.

 Your answer  [1]

10 Which statement is correct?

A Hadrons are made up of protons and neutrons.

B A positron and a proton are examples of leptons.

C The positron and the electron have the same mass.

D The weak nuclear force is responsible for alpha-decay.

 Your answer  [1]
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11 An electron moves in a circle of radius 2.0 cm in a uniform magnetic field of flux density 170 mT.

 What is the momentum of this electron?

A 3.4 × 10−3 kg m s−1

B 5.4 × 10−17 kg m s−1

C 1.4 × 10−18 kg m s−1

D 5.4 × 10−22 kg m s−1

 Your answer  [1]

12 A proton collides with a stationary oxygen-18 nucleus. The collision produces a fluorine-18 nucleus 
and particle X.

1
1p    +    18

8O        18
9F    +    X

 What is particle X?

A neutron

B proton

C electron

D positron

 Your answer  [1]

13 A beam of charged particles is not deflected when it passes through a region where both electric 
and magnetic fields are present.

 Which statement is not correct?

A All the particles have the same speed.

B The resultant force on each particle is zero.

C The magnetic force is equal to the electric force on each particle.

D The magnetic field and the electric field are in the same direction.

 Your answer  [1]
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13 An electron is released at a distance r from the surface of a positively charged sphere. It is 
attracted towards the centre of the sphere and moves until it touches the surface.

charged
sphere

electron

r

F

 Which of the following statements is/are correct?

  1 The area under the F against r graph is equal to work done on the electron.

  2 The electric field strength E at distance r is equal to 
.

F

1 6 10 19
#

-
.

  3 The work done on the electron is equal to F # r.

A Only 1

B Only 1 and 2

C Only 1 and 3

D 1, 2 and 3

 Your answer  [1]

14 Which lepton is emitted in the decay of an up quark and is affected by a magnetic field?

A neutrino

B electron

C positron

D antineutrino 

 Your answer  [1]
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15 A contrast material is used while taking an X-ray image of a patient.

 Which statement is correct?

A Iodine is a contrast material. 

B Technetium is a contrast material.

C A contrast material must have a short half-life.

D A contrast material is used for acoustic matching.

 Your answer  [1]
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SECTION B

Answer all the questions.

16 (a) Derive the S.I. base units for resistance.

 base units:  .........................................................  [2]

 (b) Fig. 16.1 shows the I-V characteristics of two electrical components L and R.

0
0 1.0 2.0 3.0 4.0 5.0 6.0

50

100

150

200

250

V / V

I / mA

L

R

Fig. 16.1

  The component L is a filament lamp and the component R is a resistor. 

  (i) Show that the resistance of R is 40 Ω.

[1]
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10 A coil with 500 turns is placed in a uniform magnetic field. 
 The average cross-sectional area of the coil is 3.0 × 10–4 m2.
 The magnetic flux through the plane of the coil is reduced from 1.8 × 10–4 Wb to zero in a time t. 
 The average electromotive force (e.m.f.) induced across the ends of the coil is 0.75 V. 

 What is the value of t ?

A 3.6 × 10–5 s

B 2.4 × 10–4 s

C 0.12 s

D 8.3 s

 Your answer  [1]

11 The radius of a gold nucleus with 197 nucleons is 7.3 × 10–15 m. 

 What is the best estimate for the volume of a uranium nucleus with 235 nucleons?

A 1.6 × 10–42 m3

B 1.9 × 10–42 m3

C 2.1 × 10–42 m3

D 2.8 × 10–42 m3

 Your answer  [1]
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10 A coil with 500 turns is placed in a uniform magnetic field. 
 The average cross-sectional area of the coil is 3.0 × 10–4 m2.
 The magnetic flux through the plane of the coil is reduced from 1.8 × 10–4 Wb to zero in a time t. 
 The average electromotive force (e.m.f.) induced across the ends of the coil is 0.75 V. 

 What is the value of t ?

A 3.6 × 10–5 s

B 2.4 × 10–4 s

C 0.12 s

D 8.3 s

 Your answer  [1]

11 The radius of a gold nucleus with 197 nucleons is 7.3 × 10–15 m. 

 What is the best estimate for the volume of a uranium nucleus with 235 nucleons?

A 1.6 × 10–42 m3

B 1.9 × 10–42 m3

C 2.1 × 10–42 m3

D 2.8 × 10–42 m3

 Your answer  [1]
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9 A student is modelling the decay of a radioactive source using the equation ΔN / Δt = −0.5 N.
 The student decides to use Δt = 0.10 s.
 The number N of radioactive nuclei is 2000 at t = 0.

 Part of the modelling spreadsheet from the student is shown below.

t / s Number N of radioactive nuclei 
remaining at time t

Number of nuclei decaying in the 
next 0.10 s

0 2000 100

0.10 1900

0.20

0.30

 What is the value of N at t = 0.30 s?

A 1700

B 1710

C 1715

D 1805

 Your answer  [1]

10 The total energy released in a single fusion reaction is 4.0 MeV.

 What is the change in mass in this fusion reaction?

A 7.1 × 10−36 kg

B 7.1 × 10−30 kg

C 2.1 × 10−21 kg

D 4.4 × 10−17 kg

 Your answer  [1]
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9 A student is modelling the decay of a radioactive source using the equation ΔN / Δt = −0.5 N.
 The student decides to use Δt = 0.10 s.
 The number N of radioactive nuclei is 2000 at t = 0.

 Part of the modelling spreadsheet from the student is shown below.

t / s Number N of radioactive nuclei 
remaining at time t

Number of nuclei decaying in the 
next 0.10 s

0 2000 100

0.10 1900

0.20

0.30

 What is the value of N at t = 0.30 s?

A 1700

B 1710

C 1715

D 1805

 Your answer  [1]

10 The total energy released in a single fusion reaction is 4.0 MeV.

 What is the change in mass in this fusion reaction?

A 7.1 × 10−36 kg

B 7.1 × 10−30 kg

C 2.1 × 10−21 kg

D 4.4 × 10−17 kg

 Your answer  [1]
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11 A stationary sound wave, in its fundamental mode of vibration, is formed in a tube open at both 
ends.

 
0.17 m

tube

 The length of the tube is 0.17 m. The speed of sound in air is 340 m s−1.

 Which row for this stationary wave is correct?

Number of nodes Frequency of stationary wave / Hz

A 1 500

B 1 1000

C 2 1000

D 2 2000

 Your answer  [1]

12 The table below shows the quark compositions of four particles A, B, C and D.

A B C D

u u d u d d u d s s s s

 Which particle has a positive charge?

 Your answer  [1]



H556/02 Exploring physics  ·  November 2021  ·  Q13  ·  1 mark ANSWER  ›Nuclear and particle physics (6.4)

15

10

© OCR 2021

12 A flat coil has 200 turns and a cross-sectional area of 1.20 × 10–4 m2.

 

coil

magnetic
field line

30°30°

 The coil is placed horizontally in a uniform magnetic field. The magnetic flux density is 0.050 T. 
The magnetic field is at an angle of 30.0° to the vertical.

 What is the magnetic flux linkage for this coil?

 A 3.00 × 10–6 Wb

 B 5.20 × 10–6 Wb

 C 6.00 × 10–4 Wb

 D 1.04 × 10–3 Wb

 Your answer  [1]

13 The nucleus of thorium-232 (232
90Th) emits two alpha particles and two beta-minus particles to 

become a nucleus of an isotope of radium.

 What is the nucleon number A and the proton number Z for the nucleus of this radium isotope?

 A A = 224, Z = 88

 B A = 228, Z = 86

 C A = 224, Z = 84

 D A = 228, Z = 88

 Your answer  [1]
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14 A beam of ultrasound is incident normally at a boundary between two tissues F and G.

 The table below shows some data on the two tissues.

Tissue F Tissue G

Density of tissue ρ 1.2ρ

Speed of ultrasound in tissue c 1.5c

 What percentage of the intensity of the ultrasound is reflected at the boundary?

 A 0.83%

 B 8.2%

 C 9.1%

 D 29%

 Your answer  [1]

15 A radiation detector is placed in front of a beta-emitting source.
 The count-rate is measured and recorded every 10 minutes.
 The results are shown below.

 311 s–1    309 s–1    299 s–1    307 s–1    321 s–1

 What term can be used to describe the data shown?

 A exponential

 B linear

 C random

 D spontaneous

 Your answer  [1]
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SECTION B

Answer all the questions.

16 (a) The normal frequency range of hearing for young people is from 20 Hz to 20 kHz.

  (i) The speed of sound in air is 340 m s–1.

   Calculate the shortest wavelength a young person can hear.

 wavelength =  .....................................................  m [2]

  (ii) Describe how you can use an oscilloscope, and other additional laboratory equipment, 
to determine the actual upper limit of the frequency range for a young person.

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

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

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

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

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

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

 ...................................................................................................................................... [3]
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SECTION A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions. 

1 A current is present in the circuit below.

 

A

electrolyte

 The resistor is made from a length of wire.

 Which row gives the correct charge carriers in the resistor and in the electrolyte?

Charge carriers in the 
resistor

Charge carriers in the 
electrolyte

A Electrons Electrons

B Electrons Ions

C Electrons and protons Ions and electrons

D Electrons and ions Ions and protons

 Your answer  [1]

2 The half-life of fluorine-18 isotope is T.
 After time t = 4T the number of fluorine-18 nuclei in a source is N.

 How many fluorine-18 nuclei have decayed in the time interval from t = 0 to t = 4T?

A 3 N

B 4 N

C 15 N

D 16 N

 Your answer  [1]
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3 The activity of an alpha-emitting source is 120 kBq. The kinetic energy of each alpha-particle is 
4.0 MeV.

 What is the rate of energy released by the source?

A 6.4 × 10–13 W

B 4.8 × 10–8 W

C 7.7 × 10–8 W

D  1.2 × 105 W

 Your answer  [1]

4 Which of the following statement(s) correctly describe radioactive decay?

 1 Radioactive decay can be modelled using dice.
 2 Radioactive decay of nuclei is random.
 3 Radioactive decay of nuclei is spontaneous.

A  Only 1

B  Only 2

C  2 and 3

D 1, 2 and 3

 Your answer  [1]

5 A gamma-ray photon of frequency 6.76 × 1022 Hz creates a particle-antiparticle pair. The 
particle-antiparticle pair have zero kinetic energy.

 What is the mass of the particle?

A 2.49 × 10–28 kg

B 4.98 × 10–28 kg

C 7.47 × 10–20 kg

D 4.48 × 10–11 kg

 Your answer  [1]
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3 The activity of an alpha-emitting source is 120 kBq. The kinetic energy of each alpha-particle is 
4.0 MeV.

 What is the rate of energy released by the source?

A 6.4 × 10–13 W

B 4.8 × 10–8 W

C 7.7 × 10–8 W

D  1.2 × 105 W

 Your answer  [1]

4 Which of the following statement(s) correctly describe radioactive decay?

 1 Radioactive decay can be modelled using dice.
 2 Radioactive decay of nuclei is random.
 3 Radioactive decay of nuclei is spontaneous.

A  Only 1

B  Only 2

C  2 and 3

D 1, 2 and 3

 Your answer  [1]

5 A gamma-ray photon of frequency 6.76 × 1022 Hz creates a particle-antiparticle pair. The 
particle-antiparticle pair have zero kinetic energy.

 What is the mass of the particle?

A 2.49 × 10–28 kg

B 4.98 × 10–28 kg

C 7.47 × 10–20 kg

D 4.48 × 10–11 kg

 Your answer  [1]
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3 The activity of an alpha-emitting source is 120 kBq. The kinetic energy of each alpha-particle is 
4.0 MeV.

 What is the rate of energy released by the source?

A 6.4 × 10–13 W

B 4.8 × 10–8 W

C 7.7 × 10–8 W

D  1.2 × 105 W

 Your answer  [1]

4 Which of the following statement(s) correctly describe radioactive decay?

 1 Radioactive decay can be modelled using dice.
 2 Radioactive decay of nuclei is random.
 3 Radioactive decay of nuclei is spontaneous.

A  Only 1

B  Only 2

C  2 and 3

D 1, 2 and 3

 Your answer  [1]

5 A gamma-ray photon of frequency 6.76 × 1022 Hz creates a particle-antiparticle pair. The 
particle-antiparticle pair have zero kinetic energy.

 What is the mass of the particle?

A 2.49 × 10–28 kg

B 4.98 × 10–28 kg

C 7.47 × 10–20 kg

D 4.48 × 10–11 kg

 Your answer  [1]
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11 A beam of sound of intensity I0 is reflected off the surface of water. 
 The amplitude of the reflected sound is 14 the amplitude of the incident sound.

 What is the intensity of the reflected sound in terms of I0?

A 
I0
16

B 
I0
8

C 
I0
4

D I0

 Your answer  [1]

12 A small sample of muscle has volume 1.0 cm3 and mass 1.10 g. 
 The speed of ultrasound in the muscle is 1600 m s–1.

 What is the acoustic impedance of the muscle?

A 1.76 × 103 kg m–2 s–1

B 1.76 × 104 kg m–2 s–1

C 1.76 × 106 kg m–2 s–1

D 1.76 × 1012 kg m–2 s–1

 Your answer  [1]

13 The mass of a proton is mp, the mass of a neutron is mn, and the mass of a hydrogen-3 (1
3H) 

nucleus is M. The speed of light in a vacuum is c.

 Which expression is correct for the binding energy (B.E.) of the hydrogen-3 nucleus?

A B.E. = M × c2

B B.E. = (mn + mp – M) × c2

C B.E. = (mn + 2mp – M) × c2

D B.E. = (2mn + mp – M) × c2

 Your answer  [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 Which of these units is a base unit?

A A

B J

C m2

D N

 Your answer  [1]

2 The accepted value of g is 9.81 ms–2. In an experiment to verify the value of g, students obtained 
a value of 10.20 ms–2.

 What is the percentage difference between the students’ value and the accepted value of g?

A 1% 

B 2%

C 4%

D 8%

 Your answer  [1]

3 Which of these statements is/are true?

 1 Antiprotons are hadrons so are subject to the strong nuclear and weak nuclear forces.
 2 Neutrons are subject to the weak nuclear force only.
 3 The weak nuclear force is the only force that causes a change of quark type.

A 1, 2 and 3

B Only 1 and 2

C Only 1 and 3

D Only 3 

 Your answer  [1]
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6 Technetium-99m (Tc-99m) is a metastable isotope used in medical diagnosis. 

  Which ionising radiation does Tc-99m emit?

A alpha

B beta-minus

C beta-plus

D gamma

 Your answer  [1]

7 The power dissipated across a 1 kΩ resistor is 20 W.

 What is the potential difference across the resistor?

A 0.02 V

B 50 V

C 140 V

D 20 000 V

 Your answer  [1]

8 The diagram shows the relative lengths and diameters of two copper wires, labelled wire X and 
wire Y.

 

wire X

wire Y

2L

L

d

2d

 What is the ratio of the resistivity of wire Y to wire X?

A 1 : 1

B 1 : 2

C 1 :4 

D 1 : 8

 Your answer  [1]
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9 The centres of a positron and a helium nucleus are separated by 2 mm.

 What is the electrostatic force between them?

A 1.15 × 10–28 N

B 2.30 × 10–25 N

C 5.75 × 10–23 N

D 1.15 × 10–22 N 

 Your answer  [1]

10 A column of air in a tube of length L, closed at one end, is forced to vibrate at its fundamental 
frequency. A standing wave is set up inside the tube.

 Which row in the table is correct for this standing wave?

Number of nodes
inside the tube Wavelength / m

A 1 L

B 1 2L

C 1 4L

D 2 2L

 Your answer  [1]
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12 The diagram shows a coil of wire rotating between two permanent magnets in a model generator.

 The coil is rotating clockwise about point P at constant angular velocity.

 

N S

coil of wire

P

 Which letter represents the output of the generator at the instant in the diagram?

 

0

Vout / V

time

A

B

C
D

 Your answer  [1]

13 In the Rutherford scattering experiment alpha particles are directed at a gold foil.

 Gold nuclei have 79 protons. The distance of closest approach is 47.0 fm.

 Which is the best estimate of the work done on an alpha particle as it moves from 53.0 fm to the 
point of closest approach?

A 10–18 J

B 10–16 J

C 10–15 J

D 10–13 J

 Your answer  [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 What are the base units of a kilowatt‑hour?

A J

B kg m2 s–1

C kg m2 s–2

D W s

 Your answer  [1]

2 A neutrino is a fundamental particle.

 Which row of the table correctly describes a neutrino?

Classification Force felt

A hadron strong nuclear

B hadron weak nuclear

C lepton strong nuclear

D lepton weak nuclear

 Your answer  [1]

3 Which one of these non‑invasive medical scans does not expose the patient to ionising radiation?

A CAT

B PET

C Ultrasound

D X‑ray

 Your answer  [1]
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6 The image shows a display of an oscilloscope which is measuring an alternating voltage. The 
time base is set at 0.1 s / division. The voltage scale (y‑sensitivity) is set at 0.5 V / division.

 Which row of the table shows the correct amplitude and correct frequency?

 

amplitude / V frequency / Hz

A 1.75 0.4

B 1.75 2.5

C 3.50 0.4

D 3.50 2.5

 Your answer  [1]

7 This question is about the rate of decay of a radioactive source.

 Which of the following statements is/are true?

 The rate of decay is

 1 dependent on the decay constant.
 2 independent of the mass of the source.
 3 dependent on time.

A 1 only

B 1 and 3

C 2 only

D 2 and 3

 Your answer  [1]
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11 At the Earth’s equator the magnetic flux density B is approximately 25 μT.

 What is the magnitude of the force on an electron with velocity v = 100 km s–1 as it is moving 
perpendicular to the Earth’s magnetic field at the equator?

A 4.0 × 10–25 N

B 4.0 × 10–22 N

C 4.0 × 10–19 N

D 4.0 × 10–16 N

 Your answer  [1]

12 What is the radius of a carbon nucleus that has 6 protons and 7 neutrons?

 Assume that the average radius of a nucleon r0 is 1.2 fm.

A 2.2 fm

B 2.3 fm

C 2.8 fm

D 1.6 fm

 Your answer  [1]

13 A sub‑atomic particle has a positive charge.

 Which type of particle is it?

A anti‑proton

B down quark

C neutrino

D positron

 Your answer  [1]
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11 At the Earth’s equator the magnetic flux density B is approximately 25 μT.

 What is the magnitude of the force on an electron with velocity v = 100 km s–1 as it is moving 
perpendicular to the Earth’s magnetic field at the equator?

A 4.0 × 10–25 N

B 4.0 × 10–22 N

C 4.0 × 10–19 N

D 4.0 × 10–16 N

 Your answer  [1]

12 What is the radius of a carbon nucleus that has 6 protons and 7 neutrons?

 Assume that the average radius of a nucleon r0 is 1.2 fm.

A 2.2 fm

B 2.3 fm

C 2.8 fm

D 1.6 fm

 Your answer  [1]

13 A sub‑atomic particle has a positive charge.

 Which type of particle is it?

A anti‑proton

B down quark

C neutrino

D positron

 Your answer  [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 Which component of a gamma camera absorbs gamma rays and produces visible light?

A collimator

B computer

C photomultiplier tube

D scintillator

Your answer 
 [1]

2 What is a reasonable estimate for the diameter of an atom?

A 10–15 m

B 10–12 m

C 10–10 m

D 10–7 m

Your answer 
 [1]
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3 The graph below shows the binding energy per nucleon, E, for nuclei of different nucleon 
number, A.

E

A

X

0
0

Which of the following statement(s) correctly describe nuclear processes?

1 Fission of nuclei to the right of X releases energy
 2 Fusion of nuclei to the left of X releases energy
 3 Fission of nuclei to the right of X can happen spontaneously

A Only 1

B Only 2

C Only 2 and 3

D 1, 2 and 3

Your answer 
 [1]

4 The current in a copper wire of radius 2.5 × 10–4 m is 1.4 A.

The number density of charge carriers (electrons) in copper is 8.5 × 1028 m3.

What is the mean drift velocity of the electrons in the wire?

A 2.1 × 10–4 mm s–1

B 0.13 mm s–1

C 0.52 mm s–1

D 1.9 mm s–1

Your answer 
 [1]
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5 An isotope has a half-life of 243 years.

One sample of this isotope has activity A1.
A second sample of the same isotope has activity A2.

What is the ratio: 
mass of isotope in first sample

mass of isotope in second sample?

A 243 
A1
A2

B 
A1

243

C 
A1
A2

D 
A2

243

Your answer 
 [1]

6 A student wants to determine the count-rate from a beta-emitting source in the laboratory.

Which procedure would be the best to determine the count-rate?

A Measure the counts over a long period of time

B Place the radiation detector (Geiger tube) about 1 metre away from the source

C Place the source close to a very strong magnet

D Place the source inside a lead box when measuring the counts

Your answer 
 [1]
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5 An isotope has a half-life of 243 years.

One sample of this isotope has activity A1.
A second sample of the same isotope has activity A2.

What is the ratio: 
mass of isotope in first sample

mass of isotope in second sample?

A 243 
A1
A2

B 
A1

243

C 
A1
A2

D 
A2

243

Your answer 
 [1]

6 A student wants to determine the count-rate from a beta-emitting source in the laboratory.

Which procedure would be the best to determine the count-rate?

A Measure the counts over a long period of time

B Place the radiation detector (Geiger tube) about 1 metre away from the source

C Place the source close to a very strong magnet

D Place the source inside a lead box when measuring the counts

Your answer 
 [1]
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9 The radius R of the nucleus of an unknown isotope with nucleon number is calculated using the 
formula

R = r0A1/3 , where r0 is a constant.

The percentage uncertainty in r0 is ±5%.

The percentage uncertainty in A is ±3%.

What is the percentage uncertainty in R?

A ± 2%

B ± 4%

C ± 6%

D ± 8%

Your answer 
 [1]

10 The diagrams show representations of a progressive wave.

displacement
/ cm

time
/ ms

0.10

0 2.5 0

–0.10

displacement
/ cm

distance
/ cm

0.10

0.85

–0.10

0 0

Which row of the table correctly identifies its properties?

Amplitude / cm Frequency / Hz

A 0.10 400

B 0.85 2500

C 0.85 400

D 0.10 2500

Your answer 
 [1]
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 (c) The attenuation coefficients of the cyst and the soft tissues in (b) were similar. This prevented 
imaging the cyst using a two-dimensional X-ray image.

  Name a different X-ray technique that could be used to image the cyst. Explain the advantage 
of this technique. 

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

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

 .............................................................................................................................................. [2]

22 The medical tracer fluorine-18 is used in positron emission tomography (PET). 
 Fluorine-18 is a beta-plus emitter with a short half-life.

 Describe how the fluorine-18 nuclei are located in a patient using a PET scanner.

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [4]
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23 (a) Describe the nature of the strong nuclear force.

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

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

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

 .............................................................................................................................................. [2]

 (b) (i) Name a hadron found in the nucleus of an atom and state its quark combination.

   name of hadron: ..........................  quark combination: .......................... [1]

  (ii) Write a decay equation in terms of a quark model for beta-minus decay.

 [2]

 (c) The radius of a nucleus is directly proportional to A1/3, where A is the nucleon number.
  The mass of a proton and a neutron are similar.
  Explain why the mean density of all nuclei is about the same.

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

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

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

 .............................................................................................................................................. [2]
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24 Stars produce energy by nuclear fusion.
 One particular fusion reaction between two protons (1

1H) is shown below.

1
1H    +    11H        21H    +    0

+1e    +    ν

 In this reaction 2.2 MeV of energy is released.

 (a) Only one of the particles shown in the reaction has binding energy.
  Determine the binding energy per nucleon of this particle. Explain your answer.

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

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

 .............................................................................................................................................. [2]

 (b) Explain why high temperatures are necessary for fusion reactions to occur in stars.

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

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

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

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

 .............................................................................................................................................. [2]

 (c) A gamma photon in a star can spontaneously create an electron-positron pair.
  Calculate the maximum wavelength of a gamma photon for this creation event.

 maximum wavelength =  .....................................................  m [3]
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20 Fig. 20 illustrates a device used to determine the relative abundance of charged rubidium ions.

 

evacuated
chamber

path of ions

region of uniform
magnetic field

rubidium
ions

+

D

H

detector

0.18 m

 Fig. 20

 A uniform magnetic field is applied to an evacuated chamber. The direction of the magnetic field is 
perpendicular to the plane of the paper.

 A beam of positive rubidium ions enters the chamber through a hole at H. The ions travel in a 
semi-circular path in the magnetic field. The ions are detected at point D.

 (a) Each rubidium ion has charge +1.6 × 10–19 C and speed 4.8 × 104 m s–1. 
  The radius of the semi-circular path of the ions is 0.18 m. 
  The mass of a rubidium ion is 1.4 × 10–25 kg.

  Calculate the magnitude of the magnetic flux density B of the magnetic field.

 B =  ......................................................  T [3]
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 (b) The chemical composition of ancient rocks found on the Earth can be used to estimate the 
age of the Earth.

  Nuclei of rubidium-87 (87
37 Rb) decay spontaneously into nuclei of strontium-87 (87

38 Sr).
  The half-life of rubidium-87 is 49 billion years.

  (i) Name the two leptons emitted in the decay of a rubidium-87 nucleus.

1.  .......................................................................................................................................

2.  .......................................................................................................................................
 [1]

  (ii) The percentage of rubidium left in a sample of an ancient rock is 95%.

    Estimate the age of the Earth in billion years.

 age =  .....................................  billion years [3]
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25 (a) A researcher is doing an experiment on a radioactive solution in a thin glass tube.
  The solution has two radioactive materials X and Y.
  The table below shows some data on these two materials.

Material X Material Y

Half-life 10 minutes 10 hours

Particles emitted Alpha Beta-minus

Daughter nuclei Stable Stable

  The solution has the same number of nuclei of X and Y at the start.

  (i) State and explain which material has the greatest activity at the start.

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

 ...................................................................................................................................... [1]

  (ii) State why it is dangerous for the researcher to handle the test tube with bare hands.

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

 ...................................................................................................................................... [1]

 (b) Carbon-14 (14
6C) is produced in the upper atmosphere of the Earth by collisions between 

nitrogen nuclei and fast-moving neutrons. 
  The nuclear transformation equation below shows the formation of a single carbon-14 

nucleus.

  14
7N + 1

0n  14
6C + X

  (i) State the proton number of particle X.

 proton number =  .......................................................... [1]
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  (ii) Use the data below to determine the binding energy per nucleon of the 14
6C nucleus.

   Write your answer to 3 significant figures.

• mass of neutron = 1.675 × 10–27 kg
• mass of proton = 1.673 × 10–27 kg
• mass of 14

6C nucleus = 14.000 u
• 1 u = 1.66 × 10–27 kg

 binding energy per nucleon =  ................................... J per nucleon [4]

END OF QUESTION PAPER
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25 Fluorine-18 is a common radioactive isotope used in positron emission tomography (PET). 
Fluorine-18 emits positrons. A patient is injected with a radiopharmaceutical containing fluorine-18.

 (a) Describe how a PET scanner is used to locate an area of increased activity within the patient.

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]

 (b) The half-life of fluorine-18 is 110 minutes.
  Calculate the time t in minutes for the activity of the radiopharmaceutical to decrease to 30% 

of its initial activity.

 t =  ............................................ minutes [3]

 (c) PET scanners are not available in all hospitals. This is because fluorine-18 requires expensive 
on-site particle accelerators and fluorine-18 has a very small ‘shelf-life’.

  Suggest the impact this may have on the treatment and diagnosis of patients in the country.

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

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

 .............................................................................................................................................. [1]

END OF QUESTION PAPER
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23 (a) The structure of atoms was deduced in the early 1900s by Rutherford and his co-workers 
from the scattering of alpha-particles by a very thin sheet of gold.

  Rutherford assumed that the scattering of the alpha-particles was due to electrostatic forces.
  Fig. 23 shows a detector used to record the number N of alpha-particles scattered through an 

angle θ. 

gold sheet

detector

θalpha-particles

Fig. 23

  At θ = 0°, N was too large to be measured. The table below summarises some of the collected 
data.

θ  / ° lg (N)

150 1.5

 75 2.3

 60 2.7

 30 3.9

 15 5.1

  0 N too large

  (i) Show that the number of alpha-particles scattered through 15° is about 4000 times more 
than those scattered through 150°.

[1]



H556/02 Exploring physics  ·  June 2018  ·  Q23  ·  8 marks ANSWER  ›Nuclear and particle physics (6.4)

47

29

Turn over© OCR 2018

  (ii) Use the evidence from the table to explain the structure of the atom.

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

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

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

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

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

 ...................................................................................................................................... [3]

 (b) A proton with kinetic energy 0.52 MeV is travelling directly towards a stationary nucleus of
  cobalt-59 (59

27 Co) in a head-on collision.

  (i) Explain what happens to the electric potential energy of the proton-nucleus system.

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

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

 ...................................................................................................................................... [1]

  (ii) Calculate the minimum distance R between the proton and cobalt nucleus.

 R =  .....................................................  m [3] 

30
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24 An isotope of polonium-213 (213
84 Po) first decays into an isotope of lead-209 (209

82 Pb) and this lead 
isotope then decays into the stable isotope of bismuth (Bi).

 Fig. 24 shows two arrows on a neutron number N against proton number Z chart to illustrate these 
two decays.

N

Z

125

126

127

128

129

130

81 82 83 84 85

Fig. 24

 (a) Complete the nuclear decay equations for 

  (i) the polonium isotope 

   213
84Po  209

82Pb + ................................. [1]

  (ii) the lead isotope.

   209
82Pb  ......

83Bi + 0
1- e + .................................   [2]
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23 (a) Explain the function of the control rods and the moderator in a nuclear fission reactor.

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

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

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

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

 .............................................................................................................................................. [2]

 (b)* Some nuclear fission reactors use uranium-235 as fuel. In the future, there is possibility of 
using hydrogen-2 as fuel in fusion reactors.

  Here is some information and data on fission and fusion reactions.

Fission reactor Fusion reactor

Typical reaction 1
0n + 235

92U  144
56Ba + 89

36Kr + 31
0n 2

1H + 2
1H  3

1H + 1
1H

Approximate energy 
produced in each 
reaction

200 MeV 4 MeV

Molar mass of fuel 
material uranium-235:  0.235 kg mol–1 hydrogen-2:  0.002 kg mol–1

• Describe the similarities and the differences between fission and fusion reactions. 
• Explain with the help of calculations, which fuel produces more energy per kilogram.

 [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  Additional answer space if required 

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

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

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

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

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

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

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

 ...................................................................................................................................................
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3 (a) In beta-plus decay, a proton decays into three other particles.

  Write a nuclear equation for this process.

[2]

 (b)* A student, supervised by their teacher, carries out an experiment with three unlabelled 
radioactive sources.

  The student is told that each source emits only one type of radiation. One emits gamma rays, 
one emits beta-minus particles and one emits beta-plus particles.

  The student has the following equipment:

• a selection of materials with different thicknesses
• a strong magnet
• a radiation counter (GM tube and counter).

  Explain how the student can use this equipment to determine safely which radiation each 
source emits.

  You may use the space below to draw a diagram. [6]
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 ...................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Additional answer space if required

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

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

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

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

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

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

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

 ...................................................................................................................................................
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Answer all the questions

1 A stationary uranium-238 nucleus 92U238a k decays into a nucleus of thorium-234 by emitting an 
alpha-particle.

 (a) The chemical symbol for thorium is Th. Write a nuclear equation for this decay.

 [2]

 (b) The mass of the uranium nucleus is 4.0 × 10–25 kg. After the decay the thorium nucleus has a 
speed of 2.4 × 105 m s–1.

  Calculate the kinetic energy, in MeV, of the alpha-particle.

 kinetic energy =  .................................................  MeV [4]

 (c) The uranium-238 92U238a k nucleus starts the decay chain which ends with a nucleus of  

  lead-206 82Pb206a k.

  Show that 14 particles are emitted during this decay chain. Explain your reasoning.

 [3]
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24 An isotope of polonium-213 (213
84 Po) first decays into an isotope of lead-209 (209

82 Pb) and this lead 
isotope then decays into the stable isotope of bismuth (Bi).

 Fig. 24 shows two arrows on a neutron number N against proton number Z chart to illustrate these 
two decays.

N

Z

125

126

127

128

129

130

81 82 83 84 85

Fig. 24

 (a) Complete the nuclear decay equations for 

  (i) the polonium isotope 

   213
84Po  209

82Pb + ................................. [1]

  (ii) the lead isotope.

   209
82Pb  ......

83Bi + 0
1- e + .................................   [2]
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 (b) A pure sample of polonium-213 is being produced in a research laboratory. 

  The half-life of 213
84 Po is very small compared with the half-life of 209

82 Pb. 

  After a very short time, the ionising radiation detected from the sample is mainly from the 
beta-minus decay of the lead-209 nuclei. 

 
  (i) Briefly describe and explain an experiment that can be carried out to confirm the 

beta-minus radiation emitted from the lead nuclei.

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

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

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

 ...................................................................................................................................... [2]

  (ii) The activity of the sample of 209
82 Pb after 7.0 hours is 12 kBq. 

   The half-life of 209
82 Pb is 3.3 hours. 

   Calculate the initial number of lead-209 nuclei in this sample.

 number of nuclei =  .........................................................  [4]

32

© OCR 2018

25 (a) The nuclear reaction below shows how the isotope of fluorine-18 (18
9 F) is made from the

  isotope of oxygen-18 (18
8 O).

18
8O + 1

1p  18
9F + 1

0n + γ

  The oxygen-18 nucleus is stationary and the proton has kinetic energy of 0.25 # 10−11 J. 
  The binding energy of the 18

8 O nucleus is 2.24 # 10−11 J and the binding energy of the 18
9 F

  nucleus is 2.20 # 10−11 J. The proton and the neutron have zero binding energy.

  (i) Explain why a high-speed proton is necessary to trigger the nuclear reaction shown 
above.

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

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

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

 ...................................................................................................................................... [2]

  (ii) Estimate the minimum wavelength m of the gamma ray photon (γ).

 m =  .....................................................  m [3]

   (iii) Fluorine-18 is a positron emitter.
   Name a medical imaging technique that uses fluorine-18 and state one benefit of the 

technique.

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

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

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

 ...................................................................................................................................... [2]
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5 Large power stations generate an electrical power of about 1 GW.

 Current methods of energy production that use nuclear fusion are unable to produce enough 
energy for large-scale energy production. A proposed method of controlling nuclear fusion is 
inertial confinement fusion (ICF). ICF uses a large number of powerful lasers to create the high 
temperatures required for nuclear fusion to occur.

 One ICF experiment uses a network of capacitors to store the energy needed to power the 
lasers. When the network is fully charged:

• potential difference across the network = 24 kV
• total energy stored in the network = 400 MJ

 (a) (i) Calculate the total capacitance, C, of the network.

 C =  ......................................................  F [2]

  (ii) Explain why the individual capacitors in the network should be connected in parallel in 
order to produce this total capacitance.

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

 ...................................................................................................................................... [1]

 (b) The total stored energy must be released in a time of less than 1 millisecond.

  Explain, using a calculation, why the lasers are powered by the network of capacitors 
instead of being connected directly to the mains electricity supply.

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

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

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

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

 .............................................................................................................................................. [2]
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 (c) The fusion reaction in the ICF experiment is

  deuterium  +  tritium    alpha particle  +  neutron

  Calculate the number of fusion reactions that must occur for the energy released by fusion to 
be equal to the electrical energy stored in the network of capacitors.

• mass of deuterium = 2.014102 u
• mass of tritium = 3.016049 u
• mass of alpha particle = 4.002603 u
• mass of neutron = 1.008665 u

 number of fusion reactions =  .........................................................  [4]
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21 (a) Fig. 21 shows stable and unstable nuclei of some light elements plotted on a grid. This grid 
has number of neutrons N on the vertical axis and number of protons Z on the horizontal axis.

1
4
5
6
7
8N

Z

9
10
11
12

2 3 4 5 6 7 8 9 10 11 12 13 14

Key
Stable
Beta-minus
Beta-plus

Fig. 21

  The key on Fig. 21 shows whether a nucleus is stable, emits a beta-plus particle or emits a 
beta-minus particle to become stable.

For Z = 7, suggest in terms of N why an isotope may emit

  (i) a beta-minus particle

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

 ...................................................................................................................................... [1]

  (ii) a beta-plus particle.

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

 ...................................................................................................................................... [1]

 (b) Inside a nuclear reactor, fission reactions are controlled and chain reactions are prevented. 
  A typical fission reaction of the uranium-235 nucleus (235

92U) is illustrated below.

  1
0n  +  235

92U    141
55Cs  +  93

37Rb  +  21
0n

  The neutron triggering the fission reaction moves slowly. The neutrons produced in the fission 
reaction move fast.

  (i) Describe what is meant by chain reaction.

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

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

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

 ...................................................................................................................................... [2]
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  (ii) Explain how chain reactions are prevented inside a nuclear reactor.

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

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

 ...................................................................................................................................... [2]

  (iii) The energy released in each fission reaction is equivalent to a decrease in mass of 
0.19 u.

   A fuel rod in a nuclear reactor contains 3.0% of uranium-235 by mass.

   Estimate the total energy produced from 1.0 kg of fuel rod.

   molar mass of uranium-235 = 0.235 kg mol–1

   1 u = 1.66 × 10–27 kg

 energy =  ....................................................... J [4]



H556/02 Exploring physics  ·  June 2022  ·  Q20  ·  10 marks ANSWER  ›Nuclear and particle physics (6.4)

61

18

© OCR 2022

20 (a)  Deuterium is an isotope of hydrogen. 
  A nucleus of deuterium has a proton and a neutron. 

  Describe the nature and range of the two forces acting between these two hadrons.

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]

 (b)* Here is some data for a nucleus of carbon-14 (14
6C) and a nucleus of uranium-235 ( 235

92U).

Carbon-14 nucleus Uranium-235 nucleus

Decay mode Beta-minus decay Alpha decay

Mass of nucleus / u 14.0 235.0

Radius of nucleus / 10–15 m 2.9 7.4

  Use the data to:
• describe the composition of the nuclei before and after the decay in terms of hadrons 

and quarks
• show that both nuclei have the same density. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  Additional answer space if required

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

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

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

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

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

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

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

 ...................................................................................................................................................
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22 Radiographers commonly use molecules containing fluorine F-18 as tracers in positron emission 
tomography (PET) scanning.

 Fluorine has a proton number of 9.

 F-18 decays to oxygen (O) by β+ decay.

 (a) Write the equation for the decay of a nucleus of F-18 using nuclear notation.

 [2]

 (b) The β+ particle (positron) produced travels only a short distance in the patient before it 
meets an electron and is annihilated.

  Calculate the wavelength λ of gamma photons produced.

 λ  =  ..................................................... m [3]

 (c) X-rays and gamma-rays are produced by different physical processes.

  Briefly describe both processes.

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

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

 .............................................................................................................................................. [2]

 (d) F-18 has a half-life of 109.7 minutes.

  Explain the advantage that this has for the patient but the disadvantage that this has for the 
radiographers.

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

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

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

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

 .............................................................................................................................................. [3]
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19
(a) Describe the difference between hadrons and leptons.

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

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

 ..................................................................................................................................................... [2]

(b) An ‘up’ quark decays according to the equation below.

u    d  + +1
0e  +  ν

Give the name(s) of the lepton(s) in this equation.

 ..................................................................................................................................................... [1]

(c) The above decay takes place within a nucleus of carbon-11. The half-life of this isotope of carbon 
is 1220 s.

A sample of carbon-11 has an activity of 800 Bq.

Calculate the activity, A, of this sample of carbon-11 after 5.0 minutes.

A = ......................................................Bq [3]

(d) The particle with symbol +1
0e can annihilate with its anti-particle.

Describe a practical use of this process in medical imaging.

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

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

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

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

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

 ..................................................................................................................................................... [4]
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25 (a) The nuclear reaction below shows how the isotope of fluorine-18 (18
9 F) is made from the

  isotope of oxygen-18 (18
8 O).

18
8O + 1

1p  18
9F + 1

0n + γ

  The oxygen-18 nucleus is stationary and the proton has kinetic energy of 0.25 # 10−11 J. 
  The binding energy of the 18

8 O nucleus is 2.24 # 10−11 J and the binding energy of the 18
9 F

  nucleus is 2.20 # 10−11 J. The proton and the neutron have zero binding energy.

  (i) Explain why a high-speed proton is necessary to trigger the nuclear reaction shown 
above.

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

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

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

 ...................................................................................................................................... [2]

  (ii) Estimate the minimum wavelength m of the gamma ray photon (γ).

 m =  .....................................................  m [3]

   (iii) Fluorine-18 is a positron emitter.
   Name a medical imaging technique that uses fluorine-18 and state one benefit of the 

technique.

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

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

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

 ...................................................................................................................................... [2]
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 (b) Describe how the components of a computerised axial tomography (CAT) scanner can 
produce high-quality images of the internal structures of a patient.

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]

END OF QUESTION PAPER
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24 (a) Fig. 24 shows two horizontal metal plates in a vacuum.

x

path of
electrons

+ 4000 V

0 V

Fig. 24

  The diagram is not drawn to scale.
  Electrons travelling horizontally enter the space between the charged plates and are deflected 

vertically.

  The potential difference between the plates is 4000 V.
  The distance between the plates is 0.08 m.
  The initial speed of the electrons is 6.0 × 107 m s–1. 
  The vertical deflection of the electrons at the far end of the plates is x.

  (i) Show that the vertical acceleration a of an electron between the plates is 8.8 × 1015 m s–2.

 [3]

  (ii) The length of each plate is 0.12 m.

   Show that the time t taken by the electron to travel this length is 2.0 × 10–9 s.

 [1]
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  (iii) Calculate the vertical deflection x of the electron.

 x =  .....................................................  m [2]

 (b) The arrangement shown in Fig. 24 is now used to investigate positrons emitted from a 
radioactive source.

  The speed of the positrons is also 6.0 × 107 m s–1.

  The initial path of the positrons is the same as that of the electrons in Fig. 24.

  On Fig. 24, sketch the path of the positrons between the plates. [2]

 (c) Beta-minus particles (electrons) emitted from a radioactive source have a range of speeds.

  Describe and explain how a uniform magnetic field can be applied in the space between 
the charged plates to select beta-minus particles with a specific speed. No calculations are 
required.

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [3]
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21 The diagram shows a simplified layout of a nuclear fission reactor used in a nuclear power 
station.

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

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

 (a) Complete the labels on the diagram [2]

 (b)* Describe how fission of nuclei is induced and controlled in the nuclear reactor. 

  Show how fission leads to the release of large amounts of energy.

  The following masses may be useful.

Particle Mass / u

U-235 nucleus 235.04395

Ba-141 nucleus 140.91440

Kr-92 nucleus 91.92617

0
1 n neutron 1.00867

 [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

  Additional answer space if required

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

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

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

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

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

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

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

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

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

 (c) The energy released from the fusion of 1 kg of hydrogen is more than seven times the 
energy released by the fission of 1 kg of uranium.

  Compare the practicalities of using nuclear fusion of hydrogen with using nuclear fission of 
uranium to meet our energy needs.

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

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

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

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

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

 .............................................................................................................................................. [4]
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3 This question is about a space probe which is in orbit around the Sun. 

 (a) Define gravitational potential energy of an object at a point in a gravitational field.

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

 .............................................................................................................................................. [1]

 (b) The space probe has mass 810 kg. The orbital radius of the space probe is 1.5 × 1011 m. The 
orbital period of the space probe around the Sun is 3.16 × 107 s.

  The mass of the Sun is 2.0 × 1030 kg.

  (i) Show that the magnitude of the gravitational potential energy of the space probe is about 
7 × 1011 J.

 [2]

  (ii) Show that the kinetic energy of the space probe is half the value of your answer to (b)(i).

 [3]

  (iii) Calculate the total energy of the space probe.

 total energy =  ....................................................... J [1]
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 (c) The power source for the instrumentation on board the space probe is plutonium-238, which 
provides 470 W initially.

  Plutonium-238 decays by α-particle emission with a half-life of 88 years.
  The kinetic energy of each α-particle is 8.8 × 10–13 J.

  (i) Calculate the number N of plutonium-238 nuclei needed to provide the power of 470 W.

 N =  .........................................................  [3]

  (ii) Calculate the power P still available from the plutonium-238 source 100 years later.

 P =  .....................................................  W [3]
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20 The diagram below shows the average nuclear binding energy per nucleon for a number of 
different isotopes.

0
0

1

2

3

4

5

6

7

8

9

20 40 60 80 100 120
Nucleon number

140 160 180 200 220 240
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nuclear
binding
energy per
nucleon
/ MeV

2
1H

3
2He

3
1H

6
3Li

4
2He
12
6C

16
8O

16
34S

56
26Fe

235
92U

(a) Explain what is meant by nuclear binding energy of a nucleus.

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

 ..................................................................................................................................................... [1]

(b) Suggest why the 11H isotope of hydrogen has not been included on the above diagram.

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

 ..................................................................................................................................................... [1]

(c) The main nuclear fusion reaction in the Sun is between nuclei of deuterium (2
1H) and tritium (3

1H). 
This reaction can be written as shown below.

 21H   +   31H      42He   +   10n

(i) Explain why isotopes with low mass numbers, such as hydrogen, are those which undergo 
nuclear fusion.

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

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

 ..................................................................................................................................................... [1]
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(ii) Use the diagram given at the start of this question to show that, for the reaction of deuterium and 
tritium, the energy released in each fusion event is approximately 3 × 10–12 J.

 [3]

(iii) The Sun’s mass deceases by 4.3 × 109 kg every second. Assume that the mass loss is only due 
to this reaction.

 Calculate the number of fusion events per second occurring in the Sun.

 number of fusion events per second =  ................................................... s–1 [2]

(d) In the Sun, deuterium (2
1H) is produced from fusion of two hydrogen (1

1H) nuclei, as shown below. 
There is a particle missing.

1
1H   +   11H      21H   +   01β

+   + ......................

(i) Determine the charge of the missing particle.

 ..................................................................................................................................................... [1]

(ii) The missing particle is a lepton. Name this lepton.

 ..................................................................................................................................................... [1]

(iii) In the fusion reaction above, determine the total number of up quarks at the start of the reaction.

 ..................................................................................................................................................... [1]

(e) Tritium (3
1H) is another isotope of hydrogen which is formed in stars. On the Earth, tritium is a 

radioactive element which decays by β– emission. 

 Write down the equation for β– decay in terms of quarks.

 [2]
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23 (a) The diagram below shows the arrangement of the 3 protons inside the nucleus of lithium-6 
(6
3Li).

++

+

60°

60° 60°

P

  The separation between each proton is about 1.0 × 10−15 m.

  (i) Calculate the magnitude of the repulsive electric force F experienced by the proton P.

 F =  ...................................................... N [4]

  (ii) On the diagram above, draw an arrow to show the direction of the electric force F 
experienced by P.  [1]

  (iii) Explain how protons stay within the nucleus of lithium-6.

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

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

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

 ...................................................................................................................................... [2]
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 (b) A spherical metal dome shown below is charged to a potential of −12 kV.

  

–

–

–

–
–

––
metal dome

cylindrical plastic rod
bench

  The dome is supported by a cylindrical plastic rod. The radius of the dome is 0.19 m.

  (i) Show that the magnitude of the total charge Q on the dome is 2.5 × 10−7 C.

[2]

  (ii) The dome discharges slowly through the plastic rod.
   It takes 78 hours for the dome to completely discharge.

   1 Show that the mean current I in the plastic rod is about 9 × 10−13 A.

[2]

   2 The average potential difference across the plastic rod during discharge is 6000 V.
    The rod has cross-sectional area 1.1 × 10−4 m2 and length 0.38 m.

    Calculate the resistivity ρ of the plastic. 

	 ρ =  ..................................................  Ω m [3]
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2 60
27Co is produced by irradiating the stable isotope 59

27Co with neutrons.

 Each nucleus of 60
27Co then decays into a nucleus of nickel (Ni) by the emission of a low energy 

beta-minus particle, one other particle and two gamma photons.

 (a) Complete the nuclear equations for these two processes.

59
27Co + .......

.......n  60
27Co  .......

.......Ni + .......
.......e + .......... + 2γ

 [3]

 (b) Students want to carry out an investigation into gamma photon absorption using a source of 
  60

27Co. 
  They add sheets of lead between the source S and a radiation detector T, to give a total 

thickness d of lead. S and T remain in fixed positions, as shown in Fig. 2.1.

  

sheets of lead

S
T

Fig. 2.1

  (i) The 60
27Co source emits beta radiation as well as gamma radiation. 

     Explain why this would not affect the experiment.

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

 ...................................................................................................................................... [1]

Question 2 continues on page 6
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  (ii) The students record the number N of gamma photons detected by T in 10 minutes for 
each different thickness d of lead. The background count is negligible. 

   The results are shown in a table. The table includes values of ln N, including the absolute 
uncertainties.

N d / mm ln N

4300 ± 440 0 8.37 ± 0.10

2500 ± 250 10 7.82 ± 0.10

1400 ± 150 20 7.24 ± 0.11

800 ± 90 30 6.68 ± 0.11

500 ± 60 40 6.21 ± 0.12

300 ± 40 50

   N and d are related by the equation N = N0 e
–μd where N0 and μ are constants.

   1. The students decide to plot a graph of ln N against d. 

      Show that this should give a straight line with gradient = – μ and y-intercept = ln N0.

  [1]

   2. Complete the missing value of ln N in the table, including the absolute uncertainty. 

     Show your calculation of the absolute uncertainty in the space below.

 [2]
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   3. In Fig. 2.2, five of the data points have been plotted, including error bars for ln N.
     • Plot the missing data point and error bar.
     • Draw a straight line of best fit and one of worst fit. [2]

8.5

8.0

7.5

7.0

6.5

6.0

5.5
0 10 20 30 40 50 60

In N

d / mm

Fig. 2.2

Question 2 continues on page 8
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   4. Use Fig. 2.2 to determine the value of μ in m–1, including the absolute uncertainty.

 μ = ...................... ± ...................... m–1 [4]

   5.  Determine the thickness, d½, of lead which halves the number of gamma photons 
reaching T.

 d½ =  ...................................................... m [2]
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21  (a) In the 1800s, the atom was considered to be a fundamental particle. It was an indivisible 
particle of matter. Modern physics shows that this idea is not correct.

  Describe the fundamental particles within an atom of carbon-14 (1
6
4C).

  In your answer state the composition of the hadrons.

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

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

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

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

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

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

 .............................................................................................................................................. [4]

 (b)  The half-life of the isotope carbon-14 is 5700 years (y).

  (i) Show that the decay constant λ for this isotope is about 1.2 × 10−4 y−1.

[1]

  (ii) Carbon-dating is a technique used to date an ancient wooden axe.
   The ratio of carbon-14 to carbon-12 in the axe material is 78% of the current ratio of 

carbon-14 to carbon-12 in a living tree.

   Calculate the age in years of the wooden axe.

 age =  ....................................................... y [3]

  (iii) State one assumption made in the calculation in (ii).

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

 ...................................................................................................................................... [1]
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 (c)* A graph of the density ρ of a nucleus against distance d from the centre of the nucleus is 
shown below.

  0
0

dr

ρ

  The radius of the nucleus r is taken as the distance d where the density is half the maximum 
density.

  Fig. 21.1 shows the density ρ variation for three different nuclei and Table 21.1 shows the 
nucleon number A of each nucleus.

  
0 4.0 8.02.0 6.0

d / 10–15 m

ρ

Al-27 Mo-96

Hg-200

  Fig. 21.1

  

Nucleus Nucleon 
number A

Al-27 27

Mo-96 96

Hg-200 200

  Table 21.1



H556/02 Exploring physics  ·  November 2020  ·  Q21  ·  15 marks ANSWER  ›Nuclear and particle physics (6.4)

90

23

Turn over© OCR 2020

  Use the information provided opposite to
• describe how the density of a nucleus depends on its nucleon number A
• show numerically that r ∝ A1/3

• estimate the mean density of the nuclei. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  Additional answer space if required

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

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

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

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

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

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

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

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

 ...................................................................................................................................................
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21 Technetium‑99m (99  
43Tcm) is a metastable radioisotope which can be used as a tracer in medical 

diagnosis. It is injected into the body and decays by gamma emission into technetium‑99 
according to the following chemical equation.

99  
43Tcm      99  

43Tc   +   00γ

(a)
(i) Explain what is meant by a tracer.

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

 ..................................................................................................................................................... [1]

(ii) 99  
43Tcm only emits gamma radiation.

 Give two advantages of using a tracer which only emits gamma radiation.

1  .......................................................................................................................................................

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

2  .......................................................................................................................................................

 ..........................................................................................................................................................
 [2]

(b)
(i) A technetium‑99m tracer with an activity of 900 MBq is injected into a body. The half‑life of 

technetium‑99m is 6.01 hours.

 Calculate the number of technetium‑99m nuclei initially present in the tracer.

 number =  ......................................................... [3]

(ii) Calculate the time in hours taken for the activity of the tracer to have fallen to 3.0% of its initial 
activity.

 time =  ............................................... hours [3]
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(c) The daughter nucleus (99  
43Tc) decays by beta emission with a half‑life of a little over 200 000 years. 

Approximately 50% of it is stored in the bones, and 50% is passed out of the body.

 Suggest why the presence of this remaining 99  
43Tc in the body causes little additional risk to the 

patient.

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

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

 ..................................................................................................................................................... [1]

(d)* The half‑life of a different radioisotope is to be determined using suitable apparatus. Each count 
represents one decay. The number of counts is measured for one minute every hour over a 
period of 6 hours. When the data has been collected, a graph of ln(corrected count rate / minute) 
against time is plotted and shown below.

7.3
0 1 2 3

Time / hour
4 5 6 7

7.4

7.5

7.6

7.7

7.8

7.9

ln
(corrected
count rate
/ minute)

• Describe an appropriate method that could be used to obtain this data, naming any 
apparatus and safety precautions taken.

• Use the graph given above to determine the half‑life of this radioisotope showing clear 
working.  [6]

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

 ...................................................................................................................................................
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H556/02 Mark Scheme          June 2017 
 

6 
 

SECTION A 
 

 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 D 1  

4 B 1  

5 A 1  

6 C 1  

7 A 1  

8 D 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 B 1  

 Total 15  
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H556/02 Mark Scheme          June 2017 
 

6 
 

SECTION A 
 

 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 D 1  

4 B 1  

5 A 1  

6 C 1  

7 A 1  

8 D 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 B 1  

 Total 15  
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H556/02 Mark Scheme          June 2018 
  
 

5 
 

SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 B 1  

5 A 1  

6 C 1  

7 B 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 B 1  

13 B 1  

14 C 1  

15 A 1  

 Total 15  
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H556/02 Mark Scheme          June 2018 
  
 

5 
 

SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 B 1  

5 A 1  

6 C 1  

7 B 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 B 1  

13 B 1  

14 C 1  

15 A 1  

 Total 15  

H556/02 Mark Scheme          June 2018 
  
 

6 
 

SECTION B 
 

Question Answer Marks Guidance 

16 (a)  (  ;  Q = It) 

charge  A s    or  energy  kg m s-2  m  or  kg m2 s-2 
 
 
 

(base units) kg m2 A-2 s-3 
 

 
 

C1 
 
 
 

A1 

Allow other correct methods 
 
Allow Q or C or coulomb for ‘charge’; E or W or joule or J 
or work done for ‘energy’ 
 

Allow 1 mark for J s-1 A-2 

Allow     or     kg m2 /(A2 s3)  

Not kg m2 / A2 / s3    or    kg m2 / s3 / A2 
 

 (b) (i) 
(R =)  

R = 40  
 

M1 
 

A0 

Allow any correct value of V ( 0.1 V) divided by the correct 

value of I ( 10 mA) from the straight line for R 
 

  (ii)1  
 

(VL =) 1.4 (V)  or   (VR =) 4.0 (V)   or   (RT =) 6.0/0.1 () 
 

(Vterminal =) 5.4 (V)  or  (Vr =) 0.6 (V)  or   (r =) 60 - 54  () 
 

r = 6.0 () 
 

 
 

C1 
 

C1 
 

A1 

Allow full credit for other correct methods 
Possible ECF from (i)  

Allow  0.1 V for the value of p.d. from the graph 
  
Note getting to this stage will also secure the first C1 mark 
 
Allow 1 SF answer here without any SF penalty 

  (ii)2 
               (Any subject) 

 

 = 0.012 ( m) 
 

C1 
 

 
 

A1 

Allow ECF 
 
 
 

Allow 1 mark for either 0.018 for using 60 , 0.016(2) for 

using 54  or for 0.0018 for 6.0   
 

  (ii)3 
n =      or        n = 3.385  1025 (m-3) 

v =   (Any subject) 

 
v = 7.7  10-3 (m s-1) 
 

 
C1 

 
C1 

 
 
 

A1 

 
 
 
Note do not penalise again for the same POT error 
 
 
 

Allow 1 mark for 4(.0)  105 (m s-1); n = 6.5  1017 used 
 

   Total 11  
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4 
 

SECTION A 
 

 
Question Answer Marks Guidance 

1 C 1  
2 D 1  
3 B 1  
4 C 1  
5 A 1  
6 B 1  
7 C 1  
8 B 1  
9 D 1  

10 C 1  
11 B 1  
12 A 1  
13 A 1  
14 B 1  
15 B 1  

 Total 15  
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4 
 

SECTION A 
 

 
Question Answer Marks Guidance 

1 C 1  
2 D 1  
3 B 1  
4 C 1  
5 A 1  
6 B 1  
7 C 1  
8 B 1  
9 D 1  

10 C 1  
11 B 1  
12 A 1  
13 A 1  
14 B 1  
15 B 1  

 Total 15  
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H556/02  Mark Scheme         November 2020 
 

5 
 

  
SECTION A 

 
Question Answer Marks Guidance 

1 D 1  
2 C 1  
3 A 1  
4 B 1  
5 C 1  
6 C 1  
7 D 1  
8 B 1  
9 C 1  

10 B 1  
11 B 1  
12 A 1  
13 A 1  
14 D 1  
15 D 1  

 Total 15  
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5 
 

  
SECTION A 

 
Question Answer Marks Guidance 

1 D 1  
2 C 1  
3 A 1  
4 B 1  
5 C 1  
6 C 1  
7 D 1  
8 B 1  
9 C 1  

10 B 1  
11 B 1  
12 A 1  
13 A 1  
14 D 1  
15 D 1  

 Total 15  
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H556/02  Mark Scheme         November 2020 
 

5 
 

  
SECTION A 

 
Question Answer Marks Guidance 

1 D 1  
2 C 1  
3 A 1  
4 B 1  
5 C 1  
6 C 1  
7 D 1  
8 B 1  
9 C 1  

10 B 1  
11 B 1  
12 A 1  
13 A 1  
14 D 1  
15 D 1  

 Total 15  
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H556/02  Mark Scheme         October 2021 
 

4 
 

  
SECTION A 

 
Question Answer Marks Guidance 

1 D 1  
2 A 1  
3 D 1  
4 C 1  
5 D 1  
6 C 1  
7 B 1  
8 A 1  
9 B 1  

10 B 1  
11 C 1  
12 D 1  
13 A 1  
14 B 1  
15 C 1  

 Total 15  
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H556/02  Mark Scheme         October 2021 
 

4 
 

  
SECTION A 

 
Question Answer Marks Guidance 

1 D 1  
2 A 1  
3 D 1  
4 C 1  
5 D 1  
6 C 1  
7 B 1  
8 A 1  
9 B 1  

10 B 1  
11 C 1  
12 D 1  
13 A 1  
14 B 1  
15 C 1  

 Total 15  

H556/02  Mark Scheme         October 2021 
 

5 
 

SECTION B 
 

General rule: For substitution into an equation, allow any subject – unless stated otherwise in the guidance 
 

Question Answer Marks Guidance 
16 (a) (i) (v = fλ) 

340 = 20 × 103 × λ 
 
wavelength = 1.7 × 10-2 (m) 
 

 
C1 

 
A1 

 
 
 
Allow 1 mark for 17 (m); 20 Hz used 

  (ii) Loudspeaker and signal generator 
 
Frequency increased until limit of hearing  
 
frequency determined using f = 1/T 
 

B1 
 

B1 
 

B1 

Allow this mark for a labelled diagram 
 
 
 
Do not allow t for time period 

 (b)  Difference: (stationary waves) has nodes / antinodes  
 
Similarity: Oscillations are longitudinal 
 

B1 
 

B1 

Differences and/or similarities can be described in terms of 
net energy transfer, phase or amplitude variations 

 (c)  Diagram showing angle within the block measured 
relative to the normal  
 
 
 
Increase the (incident) angle until the ray of light runs 
along the boundary / suffers total internal reflection 
(ORA)  or   angle measured using a protractor 
 
n determined using n = 1/sinC  
 

B1 
 
 
 
 

B1 
 
 
 

B1 

Allow i / θ / C as the angle to be measured. Must be clear 
which angle is being measured. Expect the normal as a line 
perpendicular to straight edge of block, and emergent ray. 
No labels expected for the rays or the normal.  
 
 
 
 
 
Formula in this arrangement 
 

   Total 10  
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H556/02  Mark Scheme         June 2022 
 

8 
 

SECTION A 
 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 C 1  

4 D 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 A 1  

10 D 1  

11 A 1  

12 C 1  

13 D 1  

14 A 1  

15 B 1  

 Total 15  
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H556/02  Mark Scheme         June 2022 
 

8 
 

SECTION A 
 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 C 1  

4 D 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 A 1  

10 D 1  

11 A 1  

12 C 1  

13 D 1  

14 A 1  

15 B 1  

 Total 15  
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H556/02  Mark Scheme         June 2022 
 

8 
 

SECTION A 
 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 C 1  

4 D 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 A 1  

10 D 1  

11 A 1  

12 C 1  

13 D 1  

14 A 1  

15 B 1  

 Total 15  



MARK SCHEME  ·  H556/02 Exploring physics  ·  June 2022  ·  Q5 ‹  QUESTIONNuclear and particle physics (6.4)

111

H556/02  Mark Scheme         June 2022 
 

8 
 

SECTION A 
 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 C 1  

4 D 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 A 1  

10 D 1  

11 A 1  

12 C 1  

13 D 1  

14 A 1  

15 B 1  

 Total 15  
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H556/02  Mark Scheme         June 2022 
 

8 
 

SECTION A 
 

Question Answer Marks Guidance 

1 B 1  

2 C 1  

3 C 1  

4 D 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 A 1  

10 D 1  

11 A 1  

12 C 1  

13 D 1  

14 A 1  

15 B 1  

 Total 15  
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H556/02 Mark Scheme June 2023 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 A 1  

5 A 1  

6 D 1  

7 C 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 C 1  

 Total 15  
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H556/02 Mark Scheme June 2023 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 A 1  

5 A 1  

6 D 1  

7 C 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 C 1  

 Total 15  
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H556/02 Mark Scheme June 2023 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 A 1  

5 A 1  

6 D 1  

7 C 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 C 1  

 Total 15  
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H556/02 Mark Scheme June 2023 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 A 1  

5 A 1  

6 D 1  

7 C 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 C 1  

 Total 15  
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H556/02 Mark Scheme June 2024 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 C 1  

2 D 1  

3 C 1  

4 B 1  

5 B 1  

6 B 1  

7 B 1  

8 D 1  

9 A 1  

10 D 1  

11 C 1  

12 C 1  

13 D 1  

14 C 1  

15 C 1  

 Total 15  
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H556/02 Mark Scheme June 2024 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 C 1  

2 D 1  

3 C 1  

4 B 1  

5 B 1  

6 B 1  

7 B 1  

8 D 1  

9 A 1  

10 D 1  

11 C 1  

12 C 1  

13 D 1  

14 C 1  

15 C 1  

 Total 15  
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H556/02 Mark Scheme June 2024 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 C 1  

2 D 1  

3 C 1  

4 B 1  

5 B 1  

6 B 1  

7 B 1  

8 D 1  

9 A 1  

10 D 1  

11 C 1  

12 C 1  

13 D 1  

14 C 1  

15 C 1  

 Total 15  

 
 

 

 

 

 

 

 

 

 



MARK SCHEME  ·  H556/02 Exploring physics  ·  June 2024  ·  Q13 ‹  QUESTIONNuclear and particle physics (6.4)

120

H556/02 Mark Scheme June 2024 
 

9 

SECTION A 
 

Question Answer Marks Guidance 

1 C 1  

2 D 1  

3 C 1  

4 B 1  

5 B 1  

6 B 1  

7 B 1  

8 D 1  

9 A 1  

10 D 1  

11 C 1  

12 C 1  

13 D 1  

14 C 1  

15 C 1  

 Total 15  
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9 

SECTION A 
 

Question Answer Marks Guidance 
1 D 1  
2 C 1  
3 D 1  
4 C 1  
5 C 1  
6 A 1  
7 B 1  
8 B 1  
9 C 1  

10 A 1  
11 B 1  
12 C 1  
13 C 1  
14 B 1  
15 B 1  

 Total 15  
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9 

SECTION A 
 

Question Answer Marks Guidance 
1 D 1  
2 C 1  
3 D 1  
4 C 1  
5 C 1  
6 A 1  
7 B 1  
8 B 1  
9 C 1  

10 A 1  
11 B 1  
12 C 1  
13 C 1  
14 B 1  
15 B 1  

 Total 15  
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9 

SECTION A 
 

Question Answer Marks Guidance 
1 D 1  
2 C 1  
3 D 1  
4 C 1  
5 C 1  
6 A 1  
7 B 1  
8 B 1  
9 C 1  

10 A 1  
11 B 1  
12 C 1  
13 C 1  
14 B 1  
15 B 1  

 Total 15  
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9 

SECTION A 
 

Question Answer Marks Guidance 
1 D 1  
2 C 1  
3 D 1  
4 C 1  
5 C 1  
6 A 1  
7 B 1  
8 B 1  
9 C 1  

10 A 1  
11 B 1  
12 C 1  
13 C 1  
14 B 1  
15 B 1  

 Total 15  
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H556/02 Mark Scheme June 2025 
 

9 

SECTION A 
 

Question Answer Marks Guidance 
1 D 1  
2 C 1  
3 D 1  
4 C 1  
5 C 1  
6 A 1  
7 B 1  
8 B 1  
9 C 1  

10 A 1  
11 B 1  
12 C 1  
13 C 1  
14 B 1  
15 B 1  

 Total 15  
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12 
 

Question Answer Marks Guidance 
22   The positrons / beta-plus particles annihilate electrons 

(within the patient) 
 
Two gamma-photons are produced 
 
 
these (photons / rays) travel in opposite directions 
 
The difference in the arrival times at the detectors is used to 
locate the point of annihilation / nuclei 
  

B1 
 
 

B1 
 
 

B1 
 

B1 

 
 
 
Allow ‘two gamma rays’ instead of ‘two gamma-photons’ 
Allow gamma symbol 
 
 
 
Allow delay time 

   Total 4  
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16 
 

 
 
 

Question Answer Marks Guidance 

23 (a)  Any two from: 
It acts between quarks / nucleons / hadrons 
‘Short-range’ force 
Repulsive below (about) 0.5 fm  
Attractive up to (about) 3 fm  
 

B12 
 

 
Allow any correctly named particle  
 
 
Allow any value between 0.5 fm and 5 fm 

 (b) (i) proton = u u d    or    neutron = u d d 
 

B1  

  (ii) eud 0

1  

 
 
 
 

)(e  

M1 
 
 
 
 
 

 
A1 

 

Allow the equation expressed in words 

Allow euududd 0

1  

Allow 

0

1  

Not e- for electron 
 

Allow this mark if electron written as e- or - 

 

 

 (c)  mass (of nucleus)  A       
 

volume (of nucleus)  radius3  A and clears steps using 

 = m/V to show density is (about) the same 
 

B1 
 

B1 
 

Allow mass = Am, mass =Au, etc. 
 
Allow r or R for radius 
Allow any sensible constant in front of the r3 
 

   Total 7  
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17 
 

 
 
 

Question Answer Marks Guidance 

24 (a)  H2

1 has two nucleons 

 
binding energy per nucleon = 1.1 MeV (per nucleon) 
 

B1 
 

B1 

 
 
 
 

Allow 1.76  10-13 J (per nucleon) 

 (b)  The protons / nuclei repel each other 
 
(At high temperature) particles have more KE and hence can 
get close (enough to fuse) 
 

B1 
 

B1 

Not atoms / particles 
 
Allow ‘enough KE to get close’ 
Not atoms or ions 

 (c)   

E = hc/      and     E = mc2 or E = 2  mc2 
 

831

34

100.31011.9

1063.6










2
  

 

maximum wavelength = 1.2  10-12 (m) 
 

 
C1 

 
 

C1 
 
 

A1 
 

 

Allow hc/ = 2mc2 with or without the factor of 2  
 
 
Note: The mass must be 2me to score this and the next 
mark 
 

Not de Broglie equation  = h/mv with speed of c; 

which gives 2.4  10-12 (m) 

Allow 2 marks for 6.6  10-16 (m); mass of neutron or 
proton used instead 
 
Allow the following marks for 1.02 MeV recalled: 

E = 1.63  10-13 (J)                                       C1 

13

834

1063.1

100.31063.6







                           C1 

maximum wavelength =1.2  10-12 (m)         A1 
 

   Total 7  
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H556/02 Final Mark Scheme          June 2019 
 

10 
 

Question Answer Marks Guidance 
20 (a)  F = BQv  and  F =mv2/r    or     B = mv/Qr  (Any subject) 

 

(B =) 
18.0106.1
108.4104.1

19

425

××
×××

−

−

   

 
B = 0.23 (T) 
 

C1 
 
 

C1 
 
 
 

A1 

Allow e 

 (b) (i) Electron and (electron) antineutrino B1 
 

Allow beta-minus (particle) / β- ;  𝜐̅𝜐(e) 
Allow anti electron neutrino 
 

  (ii) λ = ln2/49         or        λ = 0.0141 (billion y-1) 
 
 
 

0.95 = e- 0.0141t    or   0.95 = e−4.48 ×10−19𝑡𝑡 
 
(age = - ln(0.95)/0.0141) 
 
age = 3.6 (billion years) 
 

C1 
 
 
 
 

C1 
 
 
 

A1 

Allow ln2
49 × 109 × 3.16 × 107

    or   4.48 × 10-19 (s-1) 
 
Allow both C1 marks for ln(0.95) = ln(0.5) × t/49 
Allow 0.05/0.0141 ≈ t (this gives 3.5.. for the final mark) 
 
Note age in seconds is 1.15 × 1017 (s); this will score 2 
marks 
 

   Total 7  
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15 
 

 
Question Answer Marks Guidance 

25 (a) (i) Material X because of the shorter half-life 
 

B1 Must be comparative 
Allow explanation in terms of decay constant 
 

  (ii) (Alpha particles are stopped by the glass but) the beta-
particles are not (AW) 
 

B1 Allow symbols 

 (b) (i) 1 
 

B1  

  (ii) Either: mass of nucleus 14.000 × 1.66 × 10-27   
( = 2.324 × 10-26  kg) 
 
Or: mass of nucleons = 8 × 1.675 ×10-27 + 6 × 1.673 × 10-27 
(= 2.3438 × 10-26  kg) 
 
(∆m =) 2.3438 × 10-26 - 2.324 × 10-26  = (1.98 × 10-28  kg) 
 
(∆E =) 1.98 × 10-28 × (3.00 × 108)2     
 
(BE per nucleon =) 1.782 × 10-11/14 
 
binding energy per nucleon = 1.27 × 10-12 (J per nucleon) 
  

C1 
 

 
 
 
 

C1 
 

C1 
 

 
 
 

A1 

∆m = 1.9262 × 10-28 kg 
Ignore sign throughout 
 
 
 
 
 
∆E = 1.782 × 10-11 J 
Allow for any mass difference × (3.00 × 108)2 

 
 
 
Note A mark for correct answer to 3sf only 

   Total 7  
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18 
 

 
 

Question Answer Marks Guidance 

25 (a)  The patient is surrounded by (gamma) detectors     
or 
Increased activity is where F-18 accumulates (AW) 
 
The positrons (from the F-18) annihilate electrons (inside the 
patient) 
 
Each annihilation produces two gamma photons travelling in 
opposite directions 
 
The arrival times are used to locate position (of increased 
activity)  
 

B1 
 
 
 

B1 
 
 

B1 
 
 

B1 

Allow ‘diametrically opposite detectors’ 
 
 
 
 
 
 
Not gamma rays / radiation 
 
 
Allow ‘delay time’ 
 

 (b)   = ln2/110    or    6.3  10-3 (min-1) 
 

t3103.6e30.0
  

 

t = 
3103.6

)30.0(ln


 

 
t = 190 (minutes) 
 

C1 
 
 
 
 

C1 
 
 

A1 

Allow 1.05  10-4 (s-1) 
 

This is the same as 
t-4101.05 e30.0  

 
 

Note: This mark is for a ln expression (any subject) 
 
 

Allow 2 marks for 1.15  104 (s) as the final answer 

 (c)  Any sensible suggestion, e.g. ‘post-code’ lottery, some 
patients may not get the treatment because of where they 
live, longer waiting lists, etc. 
 

B1  

   Total 8  
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14 
 

 

Question Answer Marks Guidance 

23 (a) (i) (N at 15/N at 150 =)   105.1  101.5 or  103.6  ( 4000) 
 

B1  

  (ii) Most of the (alpha) particles went through without (much) 
deflection, hence the atom is mostly empty / space / vacuum 
 
Some of the (alpha) particles were scattered (through large 

angles / greater than 90), hence there must be a nucleus (at 
the centre of the atom). 
 
Any one from: 

 The nucleus is very small compared with the atom 

 Positive charge at the centre / nucleus is positive  

 Most of the mass (of the atom) is at centre / dense 

nucleus  

B1 
 

 
B1 

 
 
 
 
 
 

B1 
 

Allow Many / Majority / Lots of the alpha particles ….. 
 
 
Allow Few(er) / Small(er) number of the alpha particles … 
 
 
 
 
 

 

 (b) (i) Kinetic energy (of proton) changes to potential (energy) 
or 
Potential energy increases as the kinetic energy (of the 
proton) decreases 
or 
Potential energy increases as work is done against the field / 
against repulsion / positive charge 
 

B1 Allow ‘it’ / PE for (electric) potential energy 
Allow KE / Ek 

  (ii) energy = 0.52  106  1.60 × 10-19    or   8.3(2)  10-14 (J) 
 

 
 

R = 7.5  10-14 (m) 
 

C1 
 
 
 

C1 
 
 

A1 

 
 
 
 
 
 
 

Allow 2 mark for 1.6  10-13 (m); Z = 59 used 

Allow 2 mark for 8.9  10-14 (m); Z = 32 used 

Allow 1 mark for 2.8  10-15 (m); Z = 1 used 

Allow 1 mark for 1.2  10-32 (m); energy = 5.2  105 used 
 

   Total 8  
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13 
 

Question Answer Marks Guidance 
23 (a)  Control rods: absorb the neutrons (without further fission) 

 
Moderator: Slow down the neutrons / decrease KE of 
neutrons 
 

B1 
 

B1 

Not collide for absorb 

 (b)*  Level 3 (5–6 marks)  
Clear description and clear calculations of energy per kg 
 

There is a well-developed line of reasoning which is clear 
and logically structured. The information presented is 
relevant and substantiated.  
 
 
 

Level 2 (3–4 marks)  
Clear description 
OR 
Clear calculations of energy per kg 
OR 
Some description and some calculations 
 

There is a line of reasoning presented with some structure. 
The information presented is in the most-part relevant and 
supported by some evidence.  
 
 
Level 1 (1–2 marks)  
Limited description 
OR 
Limited calculations 
 

There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part relevant. 
 
 
0 marks  
No response or no response worthy of credit 
 

 
B1×6 

 

Indicative scientific points may include:  
 
 
Description  
• Energy is produced in both reactions 
• More energy produced (per reaction) in fission 
• The (total) binding energy of ‘products’ is greater 
• In fusion, nuclei repel (each other) 
• Fusion requires high temperatures / high KE 
• Fission reactions are triggered by (slow-)neutrons 
• Chain reaction possible in fission 

 
 
 
 
 
 

Calculations 
• 1 kg of uranium has 4.26 mols / 2.56 × 1024 nuclei 
• 1 kg of deuterium has 500 mol / 3.01 × 1026 nuclei / 

1.50 × 1026 ‘reactions’ 
• 200 MeV = 3.2 × 10-11 J  
• 4 MeV = 6.4 × 10-13 J 
• Uranium: ~ 1014 (J kg-1) (actual value 8.2 × 1013) 
• Deuterium: ~ 1014 (J kg-1)  (actual value 9.6 × 1013) 
• The energy per kg is roughly the same 

 
 

   Total 8  
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11 
 

 

Question Answer Marks Guidance 

3 (a)  p → n   or   proton → neutron 
 
 
 
 

(p → n +) e+ +  or  positron + (electron) 
neutrino 

M1 
 
 
 
 

A1 

Allow u→d or uud→udd 
 

Ignore A/Z values for the M1 mark 
 

 
Allow β+ or 𝛽  1

0 or e̅ or 𝑒  1
0 (but not e) for e+ 

 

Allow e (but not ν̅) for  
 

Allow H  1
1 for 𝑝 1

1  
 
Where A/Z values are given then they must be correct i.e. 

𝑝  1
1
→ 𝑛  +          0

1 𝑒  1
0  +      0

0  
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12 
 

Question Answer Marks Guidance 

3 (b)*  Level 3 (5–6 marks) 
Detailed method and analysis which clearly 
distinguishes between gamma, beta-plus and 
beta-minus  
 

There is a well-developed line of reasoning 
which is clear and logically structured. The 
information presented is relevant and 
substantiated. 
 
Level 2 (3–4 marks) 
Some method and analysis which clearly 
distinguishes between any two of the sources 
 
There is a line of reasoning presented with some 
structure. The information presented is in the 
most part relevant and supported by some 
evidence. 
 
Level 1 (1–2 marks) 
Limited method or limited analysis 
 

There is an attempt at a logical structure with a 
line of reasoning. The information is in the most 
part relevant. 
 
0 marks 
No response or no response worthy of credit. 

B1× 6 Use level of response annotations in RM Assessor 
 

Indicative scientific points may include: 
 

Method 

• Measure background count and subtract from source count 

• Clamp source pointing away from you  

• Safety precautions (handle source with tongs, limit time etc.) 

• Record count over fixed time period 

• Investigate variation of count rate with range 

• Place aluminium sheets between source and radiation counter 

• Set up magnetic field at right angles to emission direction in order 

to investigate deflection of charged particles 

• Move radiation counter to find direction of deflection 

Analysis 

• Gamma has longest range in air, beta minus and beta plus have 

similar range (or β+ has shortest range due to annihilation in air) 

• Gamma penetrates aluminium which is (more than a few mm) 

thick whereas beta does not 

• Gamma is undeflected by magnet (because neutral) 

• Beta radiation is deflected by magnet (because charged 

particles) 

• Beta plus and beta minus are deflected in opposite directions 

• because they have opposite charges / beta plus particle is a 

positron and beta minus particle is an electron 

• Use Fleming’s left-hand rule to determine charge on beta particle 

through the direction of its deflection 

• With beta-plus, current is in same direction as motion of particle 

(opposite for beta-minus) 

    Total 8  
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Question Answer Marks Guidance 

1 (
a
) 

 238
92U →  234

90Th + ..... 
 
 42He or 42α 
 

B1 
 

B1 

allow proton and/or nucleon number to the right of 
symbol 
allow γ-photon; zero for any other extra particle 
 

 (b)  mv = (4.00 – 0.0665) x 10-25 x 2.40 x 105 = 9.44 x 10-20 
v = 9.44 x 10-20/ 6.65 x 10-27 = 1.42 x 107  
 
 
k.e. = ½ x 6.65 x 10-27 x (1.42 x 107)2 = 6.70 x 10-13 (J) 
6.70 x 10-13 /1.60 x 10-13 = 4.19 (MeV)  

C1 
C1 

 
 

A1 
B1 

 

allow 0.07 x 10-25 for α-particle mass 
max 3 if use 4.00 instead of 3.93 in momentum eq'n 
allow  ratio of masses 234 and 4 or calculations using 
234u and 4u 
allow p2/2m calculation for k.e. 
accept 4.0 to 4.2; ecf (calculated value of k.e. in J)/e 
N.B. the correct answer automatically gains all 4 marks 
 

 (c)  ΔA = 32 = 4nα so nα  =  8 
ΔZ = 10 = 2nα  -  nβ  so  nβ  =   6 
 
argument/reasoning given for both nα and  nβ 
 

B1 
B1 

 
B1 

allow 8 (decays), i.e no mention of  α particles 
allow 10 – 16 = - 6;  NOT 14 – 8 = 6; must state  β(-) 
particles 
e.g. change in mass number caused by α decay, 
change in proton number combination of α and β 
 

   Total 9  
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7 

 

Question Answer Marks Guidance 

2 (
a
) 

 F = Bev and F = eE 
E = V/a or F=( eE) = eV/a 
Bev = eV/a  giving V = Bva 

B1 
B1 
B1 

 

allow Q or q for e 

 (b) (i) I = nAev;  
v = 60 x 10-3/1.2 x 1023 x 1.6 x 10-19 x 5.0 x 0.2 x10-6  
v = 3.1 (m s-1) 
 

C1 
C1 
A1 

 
allow any subject 

  (ii) V = 80 x 10-3 x 3.1 x 5.0 x 10-3 = 1.2 x 10-3 (V) 
 

A1 ecf (b)(i); allow 1.2 mV; 1.3 x 10-3 (V)  

 (c) (i) Hall probe only compares B-fields/AW 
or V will be too small/less than 1 mV so not easy to 
measure 
 

B1 allow any sensible comment, e.g. how do you convert the 
measured V into a B value 

  (ii)  find B using  F = BIl; 

 F is measured by weighing magnets (e.g. placed on 
top pan balance assuming wire is fixed); 
 graph of F against I to find B(l) from gradient/AW; 

 
greatest uncertainty: measurement of l in B-field 
sensible reason/justification for choosing l or small 

masses 
 

B1 
B1 

 
B1 

 
B1 
B1 

max 4 of the 5 marking points 
alt measure F by adding small masses to wire to return it 
to zero current position 
or use readings of F at several I to find average F/I, etc. 

 
or measurement of small masses in alt. method,etc 
quantitative suggestion about % error i.e. l small (1 mm 
in 60) leading to large % uncertainty or difficulty in 
determining edge/end of B-field 
 

   Total 12  
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15 
 

Question Answer Marks Guidance 

24 (a) (i) alpha-particle /   /   B1 
 

 

  (ii) nucleon number for Bi = 209 
 
antineutrino   /   (o)

(0) (e)  
 

B1 
 
 

B1 
 

 
 
 

Note: Do not allow incorrect subscript and superscript 

 (b) (i) Aluminium (sheet placed between source and detector) 
The count (rate) reduces  
 
or 
 
Magnetic / electric field used 
Electrons identified from correct deflection / motion in field 
 

M1 
A1 

 
 
 

M1 
A1 

 
Allow count (rate) drop to background / zero 
 
Allow 2 marks for ‘the range in air is a few m’ 
 

  (ii)  

( =) ln2/3.3 (h-1)      or    ( =) 0.21 (h-1)  
 

(A0 =) 12  103/e-(0.21 × 7.0)   or  (A0 =) 5.219  104 (Bq) 
 

(N0 =) 5.219  104/5.835  10-5  
 

number of nuclei = 8.9  108 
 
Or 
 

( =) ln2/[3.3  3600] (s-1)   or  ( =) 5.835  10-5 (s-1) 
 

(N =) 1.2  104/5.835  10-5    or   2.057  108 
 

(N0 =) 2.057  108/        

 

number of nuclei = 8.9  108 
 

 
C1 

 
C1 

 
C1 

 
A1 

 
 
 
 

 
C1 

 
C1 

 
C1 

 
A1 

Allow credit for alternative methods 
 
 

Note this is the same as 12  103  (0.5)7.0/3.3    
 
 
 

Note 9.0  108 can score full marks if numbers are 
rounded 
 
 
 
 
 
 
 
 

Possible ECF for incorrect conversion of time 
 
 

Note this is the same as 2.057  108  (0.5)7.0/3.3  
 
 
 

   Total 9  
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20 
 

 Question  Answer Mark Guidance 

5 (a) (i)  

(W = ½ C V2 so)  

400 × 106 = 0.5 × C × (24 × 103)2 

 

C = 1.4 (F) 

 

 

 

C1 

 

A1 

Allow W = ½ Q V and C = Q / V 

(Q = 3.3 × 104 (C) so)  

C = Q / V = 3.3 × 104 / 24 × 103 

 

  (ii) (putting capacitors in parallel) increases the total 

capacitance ORA 

B1 Allow CT = C1 + C2 + …. or capacitors add together (in 

parallel) 

Ignore capacitors in parallel can store more charge/ 

energy 

 

 (b)  power ≈ 400 × 106 / 10–3 = 4.0 × 1011(W) 

 

power required is equivalent to output of ≈ 400 power 

stations 

 

 

or 

 

 

time taken for power station to release stored energy 

= 400 × 106 / 109 = 0.40s 

 

0.4s is (much) longer than 1 ms 

M1 

 

A1 

 

 

 

 

 

 

(M1) 

 

 

(A1) 

Allow ECF (a)(i) for incorrect POT in 400GW  

 

Allow this is much more than could be provided by one 

power station or 4.0 × 1011(W) » 1GW 

Ignore comments about household supply 

 

 

 

 

Allow ECF (a)(i) for incorrect POT in 400GW  

 

 

Allow it would take more time / too long 
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21 
 

5 (c)   
(mass defect in u =)  
(2.014102 + 3.016049 – 4.002603 – 1.008665) u 
(= 0.018883 u) 
 
 
 
(mass defect in kg =) 
0.018883 × 1.661 × 10–27 
(= 3.1365 × 10–29) 
 
 
 
 
(energy per fusion reaction in J = mc2 =) 
3.1365 × 10–29 × (3.00 × 108)2 
(= 2.82 ×10–12) 
 

(number of fusion reactions = 
energy needed 

 energy per fusion reaction
 = 

400 × 106 / 2.82 ×10–12 = ) 
1.4 × 1020 

 
 

C1 
 
 
 
 
 

C1 
 
 
 
 
 
 

C1 
 
 
 
 
 

A1 

Allow  ECF for mass defect throughout unless XP 
 
Mark is for correct working leading to the answer. 
Answer does not need to be calculated but 0.018883 u 
(not just 0.018883) implies C1 
Allow negative answer 
 
 
Mark is for substituting u = 1.661 × 10–27 (kg), seen 
anywhere in the working 
Allow 1.66 × 10–27 or 1.67 × 10–27 for 1.661×10–27 
Answer need not be calculated but 3.1365 × 10–29 implies 
first two C1 marks 
 
 
Mark is for multiplying mass defect by (3.00 × 108)2, seen 
anywhere in the working 
Answer need not be calculated but 2.82 ×  10–12 implies 
all three C1 marks 
 
 
Ignore unit if given 
Allow ECF (a)(i) or (b) for incorrect POT in 400GW  

 
Note for markers: calculation in kg  
3.34542 + 5.00966 – 6.64832 – 1.67539 (× 10–27)  
= (8.35508 – 8.32372) × 10–27 (= 3.136 × 10–29 kg) 

Note for markers: calculation in J 
3.01088 + 4.50869 – 5.98349 – 1.50785 (× 10–10) 
= (7.51957 – 7.49134) × 10–10 (= 2.82 ×10–12 J) 

   Total 9  
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11 
 

 
Question Answer Marks Guidance 

21 (a) (i) Too many N / neutrons 
 

B1 
 
 
 

Allow ‘neutron-rich’ or (for stability) neutron changes 
to proton or (for stability) charge increases / Z 
changes to 8 
Allow too few protons / ‘proton-poor’ 
 

  (ii) Too few N / neutrons 
 

B1 
 

Allow ‘neutron-poor’ or (for stability) proton changes 
to neutron or (for stability) charge decreases / Z 
changes to 6 
Allow too many protons / ‘proton-rich’ 
 

 (b) (i) More neutrons produced (from each fission reaction) 
 
Go on to produce further (fission) reactions / splitting (of 
nuclei) / energy 
 

B1 
 

B1 
 

 
 
 

  (ii) Control rod(s) used 
 
 
These absorb the neutrons (without fission) 
 

B1 
 
 

B1 
 

Allow boron / cadmium / indium / silver 
Not moderator 
 
Not neutrons slowed down and/or stopped 

  (iii)  
 
 
(∆m =) 0.190 × 1.66 × 10-27   or   3.15 × 10-28 (kg) 
 
(∆E =) 0.190 × 1.66 × 10-27 × (3.0 × 108)2 or 2.84 × 10-11 (J) 
 

231002.6
235.0
00.1

××     or    2.56 × 1024 

(energy = 0.03 × 2.56 × 1024 × 2.84 × 10-11) 
 
energy = 2.2 × 1012 (J) 
 

 
 
 

C1 
 
 

C1 
 
 
 

C1 
 
 
 

A1 

Note the 3.0% can be done at any stage, allow other 
correct methods 
 
 

Allow the use of 1.67 × 10-27 

 
Allow ECF from 1.66 × 10-27 omitted 
 
 

Note 7.69 × 1022 will score this C1 mark; 3.0% 
included 
 
 
 
 

Allow 3 marks for 7.3 × 1013 (J); 3.0% omitted 
Allow 3 marks for 1.3 × 1039 (J); 1.66 × 10-27 omitted 
 

   Total 10  
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14 
 

Question Answer Marks Guidance 

20 (a)  Mark first two named forces only 
 
Strong (nuclear force) 
Any one from: short-range / range of about 3 fm / attractive 
between 0.5 fm to about 3 fm / repulsive below 0.5 fm  
 
Gravitational (force) 
Any one from: long (infinite) range / attractive / negligible / 
follows inverse square law 
 

 
 

M1 
A1 

 
 
 

M1 
A1 

Ignore any comments on the weak nuclear force 
 
 
Penalise any clearly incorrect statements. Implication that 
strong is always attractive will lose A mark 
 
 

Allow ‘gravity’ 
Penalise any clearly incorrect statements 
 
 

 (b)  Level 3 (5–6 marks) 
Clear description including at least one correct comment on 
quarks and analysis of density 
 

There is a well-developed line of reasoning which is clear 
and logically structured. The information presented is 
relevant and substantiated. 
 
 

Level 2 (3–4 marks) 
Some description and some analysis of density or clear 
description or clear analysis of density  

 

There is a line of reasoning presented with some structure. 
The information presented is in the most part relevant and 
supported by some evidence. 
 
 

Level 1 (1–2 marks) 
Limited description      or      Limited analysis 
 

There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part relevant. 
 
 

0 marks 
No response or no response worthy of credit. 

 

B1 6 

Indicative scientific points may include: 
 
 

Description (max L2 if either alpha or beta not 
described) 

• C →  e + X7
14

−1
0

6
14   (ignore identification of X) 

• Before: 6 protons and 8 neutrons  

• After: 7 protons and 7 neutrons 

• Neutron → u d d and/or Proton → u u d 

• Neutron changes into proton (+ electron + antineutrino) 

• Down quark changes into an up quark (+ electron + 
antineutrino) 

• U →   + Y90
231

2

4
92

235   (ignore identification of Y) 

• Before: 92 protons and 143 neutrons 

• After: 90 protons and 141 neutrons 
• 2 neutrons and 2 protons removed (by alpha particle)  
• Has 6 fewer u quarks and 6 fewer d quarks 

Density (max L2 if analysis done without use of data) 

• masses: 14.0(u) and 235.0(u) 

• ratios: masses = 16.8; radii = 2.55; volumes = 16.6 

• volume ~ 2.93 and 7.43 (ignore 4/3 and 10-15) 

• densities calculated (about 2.3 x 1017 kgm-3)  

• density shown to be (roughly the) same 

   Total 10  
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23 
 

 

 Question  Answer Mark Guidance 

22 (a)  
F9

18  → O8
18

 + β
1

0 +    (+) 
C1 

A1 

Correct fluorine isotope 

Correct equation  

ALLOW numbers written to right of symbol 

ALLOW e / e+ / e̅ /  for positron symbol with correct 

numbers 

IGNORE gamma in products 

ALLOW 𝜐0
0  for neutrino  

ALLOW e for neutrino 

 

 (b)  E = mc2 = 9.11 x10-31 x (3.00 x 108)2  
= 8.2 x10-14 (J) 
 

 

 

 

 

E = hc /  = 8.2 x 10-14 = 6.63 x 10-34 x 3 x 108 /  
 

λ = 3.00 x 108 ÷ 1.2367 x 1020 = 2.4 x10-12  (m) 
 

C1 
 
 
 
 
 
 

C1 
 

A1 

Working leading to evaluation of E 

ALLOW factor of 2 leading to 1.6 x 10-13 (J)  

NOT use of  = h/mv where v is 3x108 alone XP 

ALLOW use of  = hc/mc2 or  = h/mc  

ALLOW Use of electron mass = 0.511 MeV  

giving 8.2 x 10-14 (J) 

 

 

 

Correct to at least 2 significant figures  

Answer of 4.9 x 10-12 or 1.2 x 10-12 allow 2/3 due to 

incorrect accounting for factor of 2  

 

 (c)  X-rays formed when electrons (in an atom) de-excite 

 

 

 

 

B1 

 

 

 

 

ALLOW X-rays may be produced by acceleration / 

deceleration of (fast moving) electrons / X-rays are 

produced when (fast moving) electrons are incident on 

a metal target / X-rays may be produced when 

electrons lose kinetic energy 
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 Question  Answer Mark Guidance 

Gamma rays come from the decay of nuclei (in unstable 

isotopes) 

 

B1 ALLOW gamma rays come from (the decay of) 

radioactive nuclei / gamma rays come from the nucleus 

of unstable atoms / gamma rays come from the de-

excitation of nuclei / gamma rays come from 

annihilation of particle-antiparticle (pairs) /  

IGNORE gamma from fission 

 

 (d)  The half-life is short 

 

 

Advantage: Exposure of the patient to ionising radiation 

is kept as low as possible. 

 

Disadvantage: (Radiographers have a) short time to 

scan/diagnose the patient  

 

B1 

 

 

B1 

 

 

B1 

ALLOW activity is high 

IGNORE it decays quickly 

 

 

 

 

ALLOW F18 has to be manufactured on site before use 

/ high activity means exposure is high during handling 

IGNORE short time to treat the patient 
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16 

Question Answer Mark Guidance 
19 (a) Hadrons experience the strong force / hadrons are 

not fundamental particles / hadrons are made of 
quarks 
 
Leptons do not experience strong force / leptons 
are fundamental / leptons are not made of quarks 
 

B1 
 
 
 
B1 

IGNORE references to mass  
IGNORE number of quarks 
 

19 (b) Positron and (electron) neutrino B1 
 

Both required for the mark 
ALLOW anti-electron / beta-plus for positron 
IGNORE symbols 
 

19 (c) Decay constant = ln 2 / 1220 = (5.7 × 10-4 s-1) 
 
A=800 × e - (5.7 × 10-4 × 300) 
 
A = (800 × 0.84333)  = 670 (Bq) 
 
 

C1 
 
C1 
 
A1 

Decay constant = ln2/20.3 = (0.034 min-1) 
 
ALLOW A = 800 × e (- 0.034  x 300 ) 
 
Correct to at least 2 significant figures  (675 Bq) 
Value using t in minutes with decay constant in s-1 gives 
798 (Bq) is MAX 2 
 

19 (d) Positron emission tomography / PET (scan) 
 
Two gamma rays / gamma photons produced 
 
 
(Gamma rays) travel in opposite directions / 180°  
 
Arrival time(s) (at detector) used to locate position  

B1 
 
B1 
 
 
B1 
 
B1 

 
 
IGNORE (gamma) waves and (gamma) radiation 
ALLOW γ for gamma 
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17 
 

Question Answer Mark Guidance 

 

 
Question Answer Mark Guidance 

20 (a) Two waveforms in antiphase  
 
 
 
Clearly indicated resultant shown as no 
disturbance 
 
e.g. 
 

B1 
 
 
 
B1 

ALLOW diagram of waves superimposed  
ALLOW waveforms of different amplitudes 
 
 
ALLOW smaller amplitude resultant wave if two initial 
waves have different amplitudes 
 
For both marks: 

• Description allowed to support the diagram in 
both marks 

• Each initial waveform must have at least one 
complete cycle 

 
 

20 (b) (i)  
 
 
(First bright fringe when ) d sinθ = λ 
OR 
Path difference is λ  
 
Use of tan θ = x/D leading to x/D = λ/d  

 
 
 
B1 
 
 
 
B1 

ALLOW use of tanθ and sinθ interchangeably 
throughout 
 
ALLOW d sinθ = n λ where n = 1 
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Question Answer Marks Guidance 

25 (a) (i) Proton is repelled (by nucleus) 
 
(High-speed) proton can get close to (oxygen) nucleus  
 

B1 
 

B1 

 
 
Allow ‘proton can experience the strong (nuclear) force’ 
Not ‘collide / hit nucleus’ 
 

  (ii) E = [0.25 - (2.24 - 2.20)] × 10-11 (J)    or    0.21  10-11 (J) 

 =     (Any subject) 

 

 = 9.5  10-14 (m) 
 

C1 
 

C1 
 

A1 

 
 
 
 

Allow 2 marks for 6.9  10-14; E = 0.29  10-11 used 
Allow 1 mark for a value correctly calculated based on 

any other incorrect value for E (e.g. 8(.0)  10-14 for E = 

0.25  10-11 and 5(.0)  10-13  for E = 0.04  10-11) 
 

  (iii) Used in PET (scans) 
 
Any one from: 
Used to diagnose function of organ / brain / body 
Detection of cancer / tumour  
Non-invasive / no surgery / no infection 
3D (image) 
 

M1 
 
 

A1 
 

 

 (b)  X-ray (tube) moves around the patient 
 
A thin (fan-shaped X-ray) beam is used  
 
(Images / scans of) cross-sections through the patient are 
taken  
 
Any one from: 

 A three-dimensional image is produced 

 (Soft) tissues can be identified  

B1 
 

B1 
 

B1 
 
 

B1 

Allow ‘X-rays passed through different angles.’ 
 
 
 
Allow ‘slice(s)’ 
 
 
 
 
Allow ‘good contrast image’ 

   Total 11  
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Question Answer Marks Guidance 
24 (a) (i) (E = ) 4000

0.080
  

 
(F = ) 4000

0.080
 × 1.6 × 10−19    

 
(a = ) 8.0×10−15

9.11×10−31
       or    8.78 × 1015   

 
a = 8.8 × 1015 
 

C1 
 

C1 
 
 

C1 
 
 

A0 
 

E = 5.0 × 104 (V m-1) 
 
F = 8.0 × 10-15 (N) 
 
 
Allow this mark if the working is shown. If only value is 
given, then the answer must be 3SF or more  

  (ii) (t = ) 
0.12

6.0×107
  

(t = 2.0 × 10-9 s) 
 

M1 
 
 

A0 

 

  (iii) (x = ) ½ × 8.78 × 1015 × (2.0 × 10-9)2 
 
x = 1.8 × 10-2 (m) 
 

C1 
 

A1 

Allow a = 8.8 × 1015 
 

 (b)  Downward curved path  
 
Same x 
 

B1 
 

B1 

Ignore any line outside of the plates 
 
Expect same x by eye 

 (c)  Apply a magnetic field at right angles to electric field 
 
 
  
electric force = magnetic force    
 
No resultant vertical force, so only beta-particles with a 
specific speed will travel horizontally 
 

B1 
 
 
 

B1 
 

B1 
 
 

Note this mark is for the idea that E and B are 
perpendicular even if direction of B is incorrect 
Allow ‘apply horizontal magnetic field’  
 
Allow Eq = Bqv 
 
Allow v = E/B in this arrangement 
 

   Total 11  
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20 
 

 

Question Answer Mark Guidance 

21 (a) 

  
(i) 

 
(ii) 

 

B1 

 

 

 

 

 

B1 

ALLOW any correctly named fuel e.g. uranium (oxide) 

for (i) 

 

ALLOW any correctly named moderator e.g. (heavy) 

water for (ii) 

ALLOW coolant for (ii) 

ALLOW any correctly named coolant (e.g. CO2) for (ii) 

 

 (b)*  Level 3 (5–6 marks)  
 
Clear description and full correct calculation. 
 
There is a well-developed line of reasoning which is 
clear and logically structured. The information 
presented is relevant and substantiated.  
 
Level 2 (3–4 marks)  
 
Clear description  
or  
full correct calculation. 
or  
Some description and some calculation  
 
There is a line of reasoning presented with some 
structure. The information presented is in the most 
part relevant and supported by some evidence.  
 

6 x B1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Use level of response annotations in RM Assessor  
 
Indicative scientific points may include:  

 

Description 

• Absorption of neutron by U-235 

• U-235 nuclei become unstable U236 nuclei 

• U-236 undergoes fission  

• Resulting in smaller nuclei daughter products and 

additional fast neutrons 

• Moderator slows neutrons so that they can be 

absorbed by U-235 nuclei 

• Process repeats to form a chain reaction 

• Rate of chain reaction controlled by raising or 

lowering control rods 

• Which absorb excess neutrons 

(Nuclear) fuel rods (i) 

Moderator (ii) 
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Question Answer Mark Guidance 

Level 1 (1–2 marks)  
 
Limited description or Limited calculation 
 
There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part 
relevant.  
 
0 marks  
No response or no response worthy of credit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• To allow one neutron per fission to cause further 

fission 

 

Calculation 

 

Use of n0
1 + U92

235
    →    Kr+ 36

92
Ba+ 356

141
n0

1  

 

Mass of U236 = 235.04395 + 1.00867 = 236.05262u 

 

Total mass of fission products = 140.91440 + 91.92617 

+ (3 x 1.00867) = 235.86658u 

 

Difference = 0.18604 u 

 

Mass defect =0.18604 x 1.661 x 10-27  

= 3.0901244 x 10-28 kg 

 

Energy equivalence per fission event = 3.0901244 x 10-

28 x (3 x 108)2 =  2.78111x10-11J 

 

Alternative: Energy equivalence per fission in MeV = 

174 MeV 

 

 (c)  Marks may be awarded for the following considerations 

only: technology, reaction, fuel, waste, safety. 

 

Technology: 

• Fission: technology already established / Fusion: 

technology not yet established 

4 x B1 

 

 

 

 

 

ALLOW 1 mark for basic comparison within each 

consideration if no other marks are awarded. 
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22 
 

Question Answer Mark Guidance 

Reaction: 

• Fission: chain reaction self-sustaining once 

initiated 

• Fusion: very high temperatures/pressures 

/amounts of energy required to initiate and 

continue reaction / challenges with storage and 

containment of plasma  

 

Fuel: 

• Fission: finite amount of uranium / needs to be 

enriched 

• Fusion: (unlimited) fuel available from (sea) 

water 

 

Waste: 

• Fission: Produces highly / high level / long half-

life / long storage time radioactive waste 

• Fusion: Produces (effectively) no radioactive 

waste (products) / only radioactive material in 

contained in the reactor 

 

Safety: 

• Fission: Possibility of serious accident / leakage 

of radioactive material / “meltdown”   

AND/OR Fusion: very unlikely to produce serious 

accident (due to near instant shut down of 

reaction) / no leakage of radioactive material 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ALLOW hydrogen is easier to source (than uranium) for 

1 mark 

 

 

 

 

ALLOW Fission produces radioactive waste and fusion 

does not for 1 mark. 

IGNORE nuclear for radioactive 

 

 

 

 
 

 

 

 

 

   



MARK SCHEME  ·  H556/03 Unified physics  ·  November 2021  ·  Q3 ‹  QUESTIONNuclear and particle physics (6.4)

151

H556/03 Mark Scheme         October 2021 

7 
 

 
 
Question Answer Marks Guidance 

3 (a)  GPE is the work done in bringing an object from infinity 
(to that point)  

B1 
 
 

Ignore any equations 

 (b) (i) GPE = (-) GMm/r  
 
GPE = (-) 6.67 × 10-11 × 2 × 1030 × 810/1.5 × 1011 

 
GPE = (-) 7.2 × 1011 (J) 

C1 
 

C1 
 

A0 

 
 
Mark is for full substitution, including 6.67 × 10-11 for G 
 
 

  (ii) v = 2πr/T = 2π × 1.5 × 1011 / 3.16 × 107 (= 29.8 km s-1) 
 
 
KE = ½mv2 = 0.5 × 810 × (29.8 × 103)2  
 
KE = 3.6 × 1011 (J) 
 

C1 
 
 

M1 
 

A1 

Allow proof by algebraic method for full marks e.g.   mv2/r 
= GMm/r2  
 
so mv2= GMm/r 
 
Therefore KE/GPE = ½mv2/(GMm/r) = ½ 
 
 

  (iii) total energy = (-) (7.2 × 1011 - 3.6 × 1011)  
 
total energy = (-) 3.6 × 1011 (J) 

M1 
 

A0 

working must be shown; ECF (i) and (ii) 

 (c) (i) A = 470/8.8 × 10-13 = 5.3 × 1014 (Bq) 
 
λ = ln 2/(88 × 3.16 × 107) (= 2.5 x 10-10 s-1)  
 
(A = λN); N  (= 5.3 x1014 / 2.5 x 10-10) = 2.1 x 1024  

C1 
 

C1 
 

A1 
 

Mark is for correct calculation of A (in Bq or decays per s) 
 
Mark is for correct working to give λ in s-1 

 
 

  (ii) P = Po exp (- λt)  
 
P = 470 exp (- ln 2 x 100 / 88) 
 
P = 210 (W) 
 

C1 
 

C1 
 

A1 

Allow formula in terms of N or A 
 
Allow calculation in terms of N or A; allow ECF for N or A 

   Total 13  
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8 
 

 
 

Question Answer Marks Guidance 
4 (a) * Level 3 (5 - 6 marks) 

Clear explanation using kinetic theory ideas and either a 
clear proof using formulae or a correct calculation  
 
There is a well-developed line of reasoning which is clear 
and logically structured. The information presented is 
relevant and substantiated. 
 
Level 2 (3 – 4 marks) 
A partial explanation using kinetic theory ideas and either 
a partial proof using formulae or a partial calculation  
 
There is a line of reasoning presented with some structure. 
The information presented is in the most part relevant and 
supported by some evidence. 
 
Level 1 (1 – 2 marks) 
An attempt at either explanation or proof or calculation  
 
There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part relevant. 
 
0 marks 
No response or no response worthy of credit.  
 

B1 x 6 Indicative scientific points may include:  
 

Explanation using kinetic theory 
• pressure = force/area 
• force is caused by air molecules colliding with oven walls 
• Newton’s 2nd Law states force = rate of momentum change 
• increased temperature means each molecule has greater KE 
• hence greater velocity and hence greater momentum 
• and more collisions with walls per second 
• hence greater rate of momentum change on hitting walls. 
• This would lead to greater pressure if N remained constant 
• so number of molecules in oven must decrease (air escapes) 
• so fewer but 'harder' collisions at higher temperatures giving 

constant pressure. 
• Rms velocity c increases with temperature but number N 

decreases and so effects balance out to keep total KE 
(½Nmc2) constant 

 

Proof using formulae 
• equate pV = NkT and E = 32NkT to show E =  32pV 

• in an ideal gas, all internal energy E is kinetic energy 
• so E is independent of temperature 

 
Calculation 
• Internal energy = 32pV = 1.5 x 0.065 x 1.0 x 105 = 9.8 kJ 

• At T = 293K, N = pV/kT = 1.6 x 1024 and n = 2.7 moles 
• At T = 473K, N = 1.0 x 1024 and n = 1.7 moles 
• so we can show that NT (and/or nT) remain constant 
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 Question  Answer Mark Guidance 

20 (a)  (Minimum) energy required to separate the nucleons (to 

infinity) 

B1 Allow protons and neutrons for nucleons 

Allow energy released when the nucleus forms from 

the nucleons 

Do not allow mathematical descriptions such as (mass 

defect x c2) 

 

 (b)  H-1 is a single proton / nucleon    AND      there is no 

binding energy / it is not bound to anything 

  

 

B1 

 

 

 (c) (i) The product has a higher binding energy (per nucleon)  

 

 

B1 Allow the fusion of low Z number nuclei will result in a 

nucleus higher up the curve making it more stable 

Ignore statements regarding electrostatic repulsion 

 

  (ii) Energy before = (1.1 x 2) + (2.8 x 3)          (= 10.6 MeV) 

 

Energy after = 7.1 x 4                                 (= 28.4 MeV) 

 

Energy released = 28.4 -10.6 = 17.8 MeV 

= 17.8 x 106 x 1.6 x 10-19 = 2.8 x 10-12 (J) 

 

C1 

 

C1 

 

 

A1 

Allow ± 0.1 MeV tolerance on binding energy values 

from graph 

 

 

 

Answer to at least 2sf (2.848) 

MAX value of energy within tolerances = 2.99 x 10-12 

MIN value of energy within tolerances = 2.70 x 10-12  

 

  (iii) Energy released per second = 4.3 x 109 x (3 x 108)2 

= 3.87 x 1026 (J) 

 

 

No of reactions = 3.87 x 1026 / 2.85 x 10-12  

= 1.4 x 1038 (s-1) 

C1 

 

 

 

A1 

Alternative method: 

Mass per reaction = 2.85 x 10-12 / (3 x 108)2  

= 3.2 x 10-29 (kg)  

 

No of reactions = 4.3 x 109 / 3.2 x 10-29 = 1.4 x 1038 (s-1) 

Allow use of 3 x 10-12 to give 1.29 x 1038  
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 Question  Answer Mark Guidance 

 Allow use of (c)(ii) tolerance range for energy released 

value from to final answer in range 1.29 – 1.43 (x1038) 

Correct to at least 2sf  

 

 (d) (i) 0 / neutral B1 Unit not necessary, but penalise incorrect unit 

  (ii)  (electron) neutrino B1 

 

 

Do not allow antineutrino 

Ignore symbols 

If answer line is blank, then the name in the missing 

space in the equation can be taken as the answer 

 

  (iii) 4 B1  

 (e)   

d → u                                  

 

              + e− + ν̅−1
0  

 

 

B1 

 

 

B1 

 

Correct change of quark 

Allow udd to uud 

 

Correct symbols for other two particles 

 

Allow e- or e-1
0   for electron 

 

Allow beta symbol for electron 

 

Numbers for the neutrino do not need to be present, but 

must be correct if given 𝜈̅0
0  
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Question Answer Marks Guidance 
23 (a) (i)  (force =)  (1.6 × 10−19)2

4π𝜖𝜖0×(1.0 × 10−15)2
     

 
 
 
 
(F =) 230 (N) 
 
F2 = 2302 + 2302 – 2 × 230 × 230 × cos120° 
or 
F = 2 × 230cos30° 
 

F = 400 (N) 
   

C1 
 
 
 
 
 
 
 

C1 
 
 
 

C1 
 
 
 
 

A1 

Special case:  𝐹𝐹 =   𝑄𝑄𝑄𝑄
4π𝜖𝜖0𝑟𝑟2

 =  2 × 1.6  × 10−19

4π𝜖𝜖0×(1.0 × 10−15)2
 loses this 

C1 mark, then ECF for the rest of the marks 
Not the first two C1 marks for incorrect charge, then allow 
ECF for the final C1A1 marks 
 

Note force to 4 SF is 230.2 N 
 
 

Allow sine rule / scale drawing 
Allow this mark for 230cos30° or 200 (N) 
 
 
 

Allow ± 10 (N) if scale drawing used  

  (ii) F / arrow vertical up the page B1 
 

Allow correct arrow direction anywhere on the figure 

  (iii) Strong (nuclear) force (acts on the protons) 
 

The strong (nuclear) force is attractive 
B1 

 

B1 
 

Ignore gravitational force  
 

Allow pulls / holds (the protons) / binds (the protons) for 
‘attractive’ 
 

 (b) (i) 12 000 = 𝑄𝑄
4π𝜀𝜀0𝑟𝑟

 
 

12 000 = 𝑄𝑄
4π𝜀𝜀0 × 0.19

 
Q = 2.5(4) × 10-7 (C) 
 

C1 
 
 

C1 
 

A0 

Allow E = (V/d =) 6.316 × 104     C1    
and  
E = 6.316 × 104 = 𝑄𝑄

4π𝜀𝜀0  × 0.192
           C1  

  (ii)1 t = 78 × 3600 
(I =) 2.5 × 10−7

78 ×3600
 

I = 8.9 × 10-13 (A) 
 

C1 
 

C1 
 

A0 

 
 

There is no ECF from (b)(i) 
 

Note 2.54 × 10-7 gives an answer 9.0 × 10-13 A 
 

  (ii)2 (R =) 6000
9.0 × 10−13

  or  6.7 × 1015 (Ω)   or  V = IR and 𝑅𝑅 = 𝜌𝜌𝜌𝜌
𝐴𝐴

 
 

6000
9.0 × 10−13

= 
𝜌𝜌×  0.38

1.1 ×  10−4
 

 
ρ = 1.9 × 1012 (Ω m) 
 

C1 
 
 

C1 
 

A1 

There is no ECF from (b)(ii)1 
Take 12000 V as TE for this C1 mark, then ECF 
 
 

 
Note 8.9 × 10-13 (A) gives an answer 2.0 × 1012 (Ω m) 

   Total 14  
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Question Answer Marks Guidance   
2 (a)  superscripts 1,60,0  

 
subscripts 0,28,-1 
 
ν(e) (nu-bar)  

B1 
 

B1 
 

B1 

 
 
 
 
recognisable correct symbol required 
If superscripts and subscripts included, both must be 0 
 

   

 (b) (i) Beta radiation would not penetrate/ would be 
absorbed by the lead 

B1 
 

Not gamma radiation would be stopped 
 
Ignore reference to alpha radiation 
 

   

  (ii)1 lnN = – μd +  lnN0 compared to y = mx + c 
 
(so m = - μ  and c = lnN0) 
 

B1 or lnN = ln(N0e-μd) = lnN0  – μd  
 

   

  (ii)2  
5.70 
 
± 0.14 
 

 
B1 

 
B1 

Both answers must be to 2d.p. 
 
 
Allow ± 0.13 
 
not second B1 mark without correct working shown 
e.g. ln300 – ln260 or (5.83-5.56)/2 
Allow ΔN/N (= 40/300) but only if Δ(lnN) ≈ ΔN/N is quoted 
 

   

  (ii)3 Point plotted correctly to within ½ small square  
 
 
 
 
Best fit and worst fit line(s) drawn 

B1 
 
 
 
 

B1 
 

Ignore accuracy of length of error bar 
 
ECF (ii)2 for incorrect value(s) in table 
 
 
ECF (ii)2 for incorrect value(s) in table 
 
Best fit line should have an equal scatter of points about the line 
 
Worst fit line should be steepest/shallowest possible line that passes 
through all the error bars (allow ±½ small square tolerance vertically) 
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Question Answer Marks Guidance    

  (ii)4 gradient of best fit line = (-) μ  = (-) 54 (m-1) 
 
 
 
 
 
 
 
large triangle used to determine gradient of best fit 
line 
 
calculation of absolute uncertainty using their 
values in the formula (│wfl gradient – bfl gradient│) 
 
 
 
 
 
uncertainty and value of μ to same number of dp  

B1 
 
 
 
 
 
 
 

B1 
 
 

B1 
 
 
 
 
 
 

B1 
 

Allow 51 to 56 
  
Allow value of μ up to 4 SF 
 
ECF(ii)3 for wrongly plotted point 
 
 
 
Δd > 25mm (seen from graph or working) 
 
 
ECF (ii)3 for worst fit line 
 
Ignore any POT error in gradients  
 
Allow value of absolute uncertainty up to 3 SF only 
 
 
e.g. 53.4 ± 5.6 or 54 ± 6 
 

   

  (ii)5 μd½ = ln2 (or 0.693) 
 
 
 
d½ = 0.013 (m) 

C1 
 
 
 

A1 

ECF (ii)4 for μ 
Alternative method:  
ln(N0 /2) =7.67 (C1) 
 
then use of graph to give d½ = 0.013±0.001 (m) (A1) 
 
 

   

   Total 15     
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Question Answer Marks Guidance 
3 (a)   

 
• (Induced) e.m.f. is caused by a change in (magnetic) 

flux (linkage) / (Induced) e.m.f. is proportional (or equal 
to) the rate of change of (magnetic) flux (linkage) 
 
 
 

• The peaks are inverse / e.m.f. changes from positive to 
negative because: 
the rate of change of magnetic flux linking the coil 
changes sign 
 

or the flux (linkage) increases and then decreases 
 

or description in terms of Lenz's law as seen by coil to 
conserve energy 
 

• The e.m.f.becomes zero because: 
the (rate of) change of magnetic flux is zero when the 
magnet is in the middle of the coil 
 

 
• The second peak has a larger negative amplitude 

because: 
the rate of change of flux linkage is greater (when the 
magnet leaves the coil compared to when it enters) 
 

 
• The pulses have different widths because: 

the second Δt is shorter (since magnet accelerates) 
 
or areas under curves must be the same (because total 
change of flux linkage is the same on entering and 
leaving coil) / area under curve = VΔt = NΔφ (so bigger 
V leads to smaller Δt) 

 

B1 x 3 Maximum 3 marks from 4 marking points.  
 
Not voltage or p.d. or current for e.m.f. 
 
Accept ‘cutting of field lines by coil’ for ‘change in flux’  
 
Answers to any of the last three points must link clearly to the 
correct graph characteristic 
 
 
Allow the North (or South) pole first approaches then recedes  
Ignore magnet approaches then recedes / field increases then 
decreases  
Not torch is inverted 
 
 
 
 
Allow no field lines are being cut 
 
 
 
 
 
Allow the magnet is accelerating / is travelling faster when it 
exits the coil 
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Question Answer Marks Guidance 
21 (a)  Electrons and quarks identif ied as fundamental particles 

 
There are 6 electrons, 6 protons and 8 neutrons 
 
 
 
 
Composition of proton →  u u d   
 
Composition of neutron  → u d d 
 

B1 
 

B1 
 
 
 
 
 
 
 
 

B1 
 

B1 

 
 
Allow e for electron, p for proton, and n for neutron 
throughout 
Allow 6 electrons, 20 u and 22 d 
Do not award this mark if electron has quark-composition 
 
Allow ‘2 up and 1 down’ 
 
Allow ‘2 down and 1 up’ 

 (b) (i) (decay constant =) ln2
5700

  
 
decay constant = 1.2(2) × 10-4 (y-1) 
 

C1 
 
 
 
 

A0 

 

  (ii) 0.78 = e− 𝜆𝜆 𝑡𝑡 
 
ln0.78 = (-) 1.2 × 10-4 × t 
 
age = 2100 (y) 
 

C1 
 

C1 
 

A1 

Note 1 = 0.78e− 𝜆𝜆 𝑡𝑡 is XP; answer is negative (- 2100 y) 
 
There is no ECF from (b)(i) 
 
Note 1.22 × 10-4 gives an answer of 2040 y or 2000 y 
 

  (iii) The ratio (of carbon-14 to carbon-12) has remained 
constant 
 

B1  
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12 
 

 (c)*  Level 3 (5–6 marks)  
Some description and clear analysis for r ∝ A1/3 and 
correct calculation of mean density 
 
There is a well-developed line of reasoning which is clear 
and logically structured. The information presented is 
relevant and substantiated.  
 
Level 2 (3–4 marks)  
Some description and some analysis for r ∝ A1/3 or some 
calculation of mean density 
OR 
Some description and clear analysis for r ∝ A1/3  
OR 
Some description and correct calculation of mean density 
OR 
Clear analysis for r ∝ A1/3 and correct calculation of mean 
density 
 
There is a line of reasoning presented with some structure. 
The information presented is in the most-part relevant and 
supported by some evidence.  
 
Level 1 (1–2 marks)  
Some description   
OR 
Limited analysis for r ∝ A1/3  
OR  
Limited calculation of mean density 
 

There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part relevant. 
 

0 marks  
No response or no response worthy of credit 
 

 
B1×6 

 

 
Indicative scientific points may include:  
 
 
Description  
• The density is independent of A 
• The density is constant for most of d 
• Nucleus with bigger A is larger (d / volume / mass) 

 
 
 
 

Analysis for r ∝ A1/3 

• r ≈ 3.6 (× 10-15 m) for Al-27 / r ≈ 5.5 (× 10-15 m) for Mo-
96 / r ≈ 7.0 (× 10-15 m) for Hg-200 
 
 

• r/A1/3 = constant (or equivalent) 
• Evidence for r ∝ A1/3 with at least 2 nuclei 

(Note: 3.6 (×10-15)/271/3 ≈  5.5 (×10-15)/961/3 ≈   
7.0 (×10-15)/2001/3 ≈ 1.2 (×10-15) 

or 
• r3/A = constant (or equivalent) 
• Evidence for r3 ∝ A with at least 2 nuclei 

(Note. 3.63 (×10-45)/27 ≈  5.53 (×10-45)/96 ≈ 
7.03 (×10-45)/200 ≈ 1.7 (×10-45) 

 
 
Calculation for density 
• ρ = M/V 
• ρ = Amn ÷ 4

3
π r3    or  ρ ≈ Amn ÷ diameter3 

• mn ≈ 1.7 × 10-27 (kg); ρ = 2.3 × 1017 (kg m-3) for at least 
one of the nuclei given in the figure or table 

   Total 15  
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20 
 

 Question  Answer Mark Guidance 

21 (a) (i) Material (introduced into the body and) used so its 

position in the body can be detected / function of organ 

can be determined 

 

B1 Allow “used to produce images” for “detected” 

Do not allow “trace” for “position detected” 

Ignore treatment 

 

  (ii) (Very) little ionisation 

 

 

(Most can) pass through the body tissue / can be 

detected outside / highly penetrating 

 

B1 

 

 

B1 

 

Allow less ionising / least ionising 

Do not allow “zero ionisation” 

 

Allow other radiation would be absorbed within the 

body 

 

 (b) (i) 𝜆 =
𝑙𝑛2

𝑇1
2⁄

=
𝑙𝑛2

6.01 ×3600
  (=  3.20 x 10-5 s-1) 

 

(𝐴 = 𝜆𝑁)   900 x 106 = 3.20 x 10-5 x N 

 

N = 2.8 x 1013 

C1 

 

 

C1 

 

A1 

 

 

 

 

 

 

Correct to at least 2sf (2.81) 

Special case: 

Calculation of decay constant in hour-1 gives 0.115 

leading to N = 7.8 x 109 maximum 1 mark 

Calculation of decay constant in min-1 gives 1.9 x 10-3 

leading to N = 4.7 x 1011 maximum 1 mark 

 

  (ii) (Correct use of A  =  A0e
-λt )          0.03  = e-3.2 ×10

-5
 t 

 
ln(0.03)= - 3.2 ×10

-5  t 

 

t = 109 500 s = 30 hours 

C1 

 

 

C1 

 

A1 

 

Or use of 𝜆 as 0.115 hour-1 

ecf for 𝜆 from (b)(i) 

 

ln(0.03)= - 0.115 t 

 

Allow final answer that rounds to 30 or 31 hours 
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21 
 

 Question  Answer Mark Guidance 

Special case: if fall of 3% (A = 0.97A0) calculated, 

leading to 0.26 hours then max 1 

 

 (c)  Activity is low compared to background  B1 Allow activity is very low 

Allow decays very slowly / very little decay for low 

activity 

Allow rate of emission for activity 

Ignore references to long half life 

  

 (d)  Level 3 (5–6 marks)  
Clear description and full correct calculation 
 

There is a well-developed line of reasoning which is 
clear and logically structured. The information 
presented is relevant and substantiated.  
 
 
 

Level 2 (3–4 marks)  
Clear description or full correct calculation 
OR 
Some description and some calculation 
 
 
 

There is a line of reasoning presented with some 
structure. The information presented is in the most-part 
relevant and supported by some evidence.  
 
 

Level 1 (1–2 marks)  
Limited description or limited calculation 
 
 

There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part relevant. 
 
 

B16 
 

Use level of response annotations in RM Assessor  
Indicative scientific points may include:  
 
Expect to see appropriate safety precaution for clear 
description 
 
Description: 

 

• Take background count 

• Over (at least) 3 minutes 

• Take count due to source 

• Over the same time 

• Measured using a stopwatch 

• Calculate the corrected count 

• Calculate the corrected count per minute 

• Use a Geiger-Muller tube and counter 

• Hold source at arms length when transferring 

• Keep in lead lined box at other times 

• Use tongs to hold source 
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 Question  Answer Mark Guidance 

0 marks  
No response or no response worthy of credit 
 

Calculation 

• 𝐶 = 𝐶0𝑒−𝜆𝑡 

• 𝑙𝑛𝐶 = 𝑙𝑛𝐶0 − 𝜆𝑡 

• e.g 7.51 = 7.81 - (𝜆 ×  6) 

• 𝜆 around 0.05 hour-1 

• 𝑇1

2

=
ln 2

𝜆
 

• 𝑇1

2

 = 13.9 hours (allow any answer that round to 

14 hours) 

• 𝑇1

2

 = 830 minutes or 49 900 seconds (allow 

some tolerance for slight graph reading 

discrepancies) 

• Or by a graphical method 

 

 

 

 

 

 

 Question  Answer Mark Guidance 

22 (a) (i)  At least 4 equidistant parallel vertical (straight) lines  

 

 

 

With arrows pointing downwards 

 

B1 

 

 

 

B1 

By eye 

Ignore field lines outside of plates  

At least one line must touch top and bottom plate 

 

At least one arrow, and all arrows given must be correct 
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