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Introduction

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates.

The reports will include a general commentary on candidates’ performance, identify technical aspects
examined in the questions and highlight good performance and where performance could be improved.
A selection of candidate responses is also provided. The reports will also explain aspects which caused
difficulty and why the difficulties arose, whether through a lack of knowledge, poor examination
technique, or any other identifiable and explainable reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report.

A full copy of the question paper and the mark scheme can be downloaded from Teach Cambridge.

Would you prefer a Word version?
Did you know that you can save this PDF as a Word file using Acrobat Professional?
Simply click on File > Export to and select Microsoft Word

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on
the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that
will also convert PDF to Word (search for PDF to Word converter).

3 © OCR 2025
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Paper 4 series overview

J249/04 is the second of the two Higher Tier papers for GCSE (9—1) Physics A (Gateway Science).
Question 16 is the overlap question with the Foundation tier paper J249/02.

J249/04 covers the topics:

o PS5 Waves in matter
e P6 Radioactivity

e P7 Energy

e P8 Global challenges
e (CS7 Practical Skills

The vast majority of candidates completed all questions in the examination within the allotted time. To do
well on this paper, candidates needed to able to use the Equation Sheet to identify the correct equations,
manipulate these equations and be comfortable applying their knowledge and understanding to both
familiar and unfamiliar contexts and practical science activities.

Many candidates showed their calculations in numerical questions in Section B and also made a good
attempt at the Level of Response question.

Candidates who did well on this paper Candidates who did less well on this paper

generally: generally:

¢ identified and applied or manipulated e found it challenging to rearrange equations
equations with four terms correctly

e demonstrated knowledge of scientific e gave answers which indicated that they may
procedures based on, e.g. pendulums and have read questions carefully

radioactivity e gave answers that were too vague, especially

¢ had a good understanding of how transformers those about scientific procedures

work. ¢ lacked the necessary knowledge about fission

and fusion to respond in depth to the Level of
Response question.

4 © OCR 2025
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Section A overview

Section A consists of ten multiple-choice questions, concentrating on Assessment Objectives 1 and 2
(AO1 and AO2).

Nearly all candidates attempted all of the questions.

Candidates need to be aware that when they write their response in the answer box, if they do not
clearly write the letter, especially when writing ‘B’ or ‘D’, no credit will be given. If a candidate changes
their mind about a response, they need to cross out their initial answer and write their final response next
to the answer box.

Assessment for learning

Candidates who did well on this section did the following:
e underlined keywords

o worked through the distractors methodically, e.g. by eliminating those they believed to be
the most obviously incorrect responses

o wrote the letters clearly, especially to distinguish between B and D.

Question 2

2 Asound wave travels from air to water. The speed of the sound wave is directly proportional to its
wavelength.

The wavelength of the sound wave in air is 80cm.
The speed of the sound wave increases by a factor of 4 when it enters the water.

What is the wavelength of the sound wave in the water?

A 20cm

B 40cm

C 160cm

D 320cm

Your answer 11

Candidates of all performance levels performed well on this question and were able to apply the directly
proportional relationship between speed and wavelength correctly.

5 © OCR 2025
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Question 4

4 Ascientist is doing an experiment using a radioactive source that emits only gamma rays.
Which safety procedure does not reduce irradiation of the scientist?
A The scientist places a lead shield between themselves and the source.
B The scientist points the source away from them.
C The scientist uses very long tongs to handle the source.

D The scientist wears gloves while handling the source.

Your answer [1]

The majority of candidates found this question challenging. They possibly confused irradiation with
contamination. The most common incorrect answer was option B.

Question 5

5 Red light has a maximum wavelength of 750 nm.
Which part of the electromagnetic spectrum contains radiation with a wavelength of 850nm?
A infrared

B ultraviolet

C visible light
D X-ray
Your answer [1]

This question required candidates to recall the part of the electromagnetic spectrum that had a
wavelength slightly longer than red light. Most candidates did not answer the question correctly. Incorrect
answers were fairly evenly spread over options B, C and D, indicating some guesswork.

6 © OCR 2025
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Question 6

6

A ball is floating on the surface of some water.
Waves are created on the surface of the water as shown.

Ball

—_— I
Direction of waves

Which arrow shows the direction of movement of the ball due to the water waves?

Your answer

Examiners’ report

[1

Although the majority of candidates knew that the ball would move in a direction perpendicular to the
direction of the waves, many candidates incorrectly thought that the ball would move parallel to the
direction of the waves and chose option B or option C.

© OCR 2025
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Question 10

10 Which value is equal to 450 uJ of energy?

A 45x10%)

B 45x103J

C 45x10%)

D 45x1073J

Your answer

Examiners’ report

[1]

Candidates found this question challenging. The most common incorrect answer was option A, indicating
that although many candidates appeared to recognise that the prefix ‘micro’ is 10¢, they did not take into

account that the question asked about 450 pJ and not 4.5 pJ.

Question 11

11 Which row describes how a nucleus of an atom changes when a beta particle is emitted?

Number of neutrons

Number of protons

Total number of
protons and neutrons

A decreases increases changes
B decreases increases stays the same
C increases decreases changes
D increases decreases stays the same

Your answer

[1]

This question discriminated well with most of the highest performing candidates choosing the correct
answer. Incorrect answers from other candidates were fairly evenly spread over options A, C and D,
indicating some guesswork.

© OCR 2025
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Question 14

14 The energy released from the fission of a single uranium-235 nucleus is 3.2 x 10~ J.

A uranium-235 nucleus splits and releases 3 neutrons, causing a chain reaction.

These neutrons are absorbed by 3 further uranium-235 nuclei causing these nuclei to split.

What is the total energy released?

A 64x10"Y

B 96x107"
C 1.3x10710y
D

29x10710y

Your answer [1]

This question required candidates to determine the total energy released when 4 uranium nuclei split.
Many candidates did not take into account the first uranium nucleus splitting and therefore incorrectly
chose option B.

9 © OCR 2025
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Section B overview

Section B consists of question covering all of the assessment objectives. It was pleasing to see more
candidates writing down their calculations for the numerical questions, especially if the equation needed
to be rearranged in order to work out the final answer.

Question 16 (a)

16 A student drops a rock into a pond from a height of 1.5m.

Pond

(a) When the rock hits the water, it makes a sound. At the same time ripples form on the surface of
the water.

The sound and the ripples are different types of waves.

Complete the table to describe the two waves.

Type of wave Direction of particle vibration

Sound Particles vibrate ...
....................................... to wave direction

Water ripples Particles vibrate ........oooueeeeeeee e
....................................... to wave direction

Question 16 was the first of the two overlap questions with the Foundation Tier paper. Candidates
performed well in part (a) with the majority identifying the correct type of wave and the direction of
particle vibration, therefore gaining full credit. Vague descriptions of the direction of particle vibration,
such as up and down or back and forth, did not gain credit.

10 © OCR 2025
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Question 16 (b) (i)

(b) The student drops an identical rock from a height of 2.0m.

The student notices that the ripples produced by this rock have a larger amplitude than the
ripples produced by the first rock.

(i) Explain why the rock dropped from a greater height produces ripples with a larger amplitude.

The majority of candidates were credited at least 1 mark, usually for referring to the rock having more
kinetic energy or a higher speed. Many candidates did not mention energy but gained credit for the idea
of more force.

Question 16 (b) (ii)

(ii) Describe how the student uses a metre ruler and a stop clock to determine the speed of the
ripples.

This question assessed candidates’ working scientifically skills.

All candidates attempted this question. The majority of candidates were credited at least 1 mark, usually
for stating a correct equation. However, many candidates did not explain how to carry out the practical
activity in sufficient detail. For example, candidates included vague statements such as measure
wavelength or frequency, without describing how this would be done. Lower quality of communication
and lack of detail resulted in lower achieving candidates gaining few marks.

Assessment for learning

@ Candidates may benefit from activities where they are provided with a practical activity and

asked to write a short but detailed method.

11 © OCR 2025
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Question 17 (a)

17 The diagram shows a pendulum bob attached to a stand using string.

-

m ,
m Stand

/

| —String

T Pendulum bob
Maximum height
of pendulum bob

above the bench

Bench [ 1

A student lifts the pendulum bob to the position shown on the diagram.
The student then releases the pendulum bob so that it swings freely.

(a) The student notices that the maximum height of the pendulum bob above the bench decreases
after each swing.

Explain why the maximum height of the pendulum bob decreases after each swing.

Question 17 was the second overlap question with the Foundation Tier paper. Candidates found part (a)
very challenging, with few credited more than 1 mark. There were many descriptions of the energy
transfers between the gravitational potential store and the kinetic store, but not to the thermal store. The
most common mark scored was for mentioning air resistance.

Misconception

A common misconception was that the force due to gravity reduces the speed of the
pendulum and therefore reduces its maximum height after each swing.

12 © OCR 2025
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Question 17 (b) (i) and (ii)

(b) The student holds a metre ruler behind the swinging pendulum bob and measures the maximum
height of the pendulum bob above the bench.

(i) Give two reasons why the student’s method might not give an accurate value for the maximum
height of the pendulum bob.

(ii) Describe two ways to improve the student’s method to obtain a more accurate value of the
maximum height of the pendulum bob at the end of each swing.

Candidates found Question 17 (b) challenging. In part (i), there were many vague references to 'human
error’, ‘reaction time error’ and 'not repeating readings’. The most common creditworthy statements
referred to the difficulty in reading the scale while the bob was moving, and the ruler not being vertical.

Very few candidates gained full credit in part (ii) and a wide variety of vague or incorrect suggestions
were seen, for example, catching the pendulum bob, using technology/computer/robots/light gates. Many
candidates suggested repeating the results and calculating the mean but this would not improve the
accuracy. The most common creditworthy answers referred to taking a video or picture of the motion and
clamping the ruler in place.

13 © OCR 2025
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Question 18 (b)
(b) The telescope is accelerating towards the Sun.

Explain why the telescope is accelerating even though its speed remains constant.

Most candidates were credited at least 1 mark, usually for recognising that the direction was constantly
changing.

Question 18 (c) and (d)
(c) The James Webb space telescope is always within 1.5 million kilometres of the Earth.
The telescope is in constant use by scientists on the Earth.

Suggest a reason why it is important for the telescope to remain close to the Earth.

(d) The James Webb space telescope detects electromagnetic radiation from stars and galaxies.

Some telescopes on the Earth’s surface also detect electromagnetic radiation from stars and
galaxies.

Describe an advantage of using the James Webb space telescope to detect this radiation instead
of a telescope on the Earth’s surface.

Candidates found Questions 18 (c) and (d) challenging, with many failing to gain any credit.

Misconception

@ A common misconception in part (c) was that the telescope would ‘float off’ into space if it

were not close to the Earth. In part (d), there was the misconception that the James Webb
telescope was a lot closer to other galaxies and would therefore get a clearer picture of them.

14 © OCR 2025
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Question 18 (e)

(e) Fig. 18.2 shows the paths of the orbits around the Sun of both the James Webb space telescope
and a planet labelled X.

Fig. 18.2
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Compare the speeds of planet X and the telescope.

Explain your answer.

Most candidates were credited at least 1 mark in this question. Some candidates, however, incorrectly
thought that the telescope would travel faster in order for it to stay in the same place relative to planet X.
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Question 19 (a)

19 A student researches rockets.
Fig. 19.1 shows a rocket burning fuel as it moves away from the Earth.

Fig. 19.1

|

Space rocket

Exhaust
emissions from
burning fuel

The rocket accelerates vertically upwards.

Fig. 19.2 shows how the energy in the chemical store of the fuel is transferred to other energy
stores in the rocket and in the surroundings.

Fig. 19.2
. . Gravitational Thermal store
Chemical store Kinetic store )
—_— + | potential store + | of rocket and
of fuel of rocket .
of rocket surroundings

(@) The energy in the gravitational potential store of the rocket increases as the rocket accelerates
vertically upwards.

Why does the energy in the gravitational potential store of the rocket increase?

Most candidates stated that the energy in the gravitational potential store of the rocket increased
because the height of the rocket increased.

16 © OCR 2025
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Misconception

Some candidates had the misconception that the value of the gravitational field strength also
increased and therefore caused the energy in the gravitational potential store to increase.

Question 19 (c) (ii)
(i) When the fuel burns, 320MJ of energy is wasted in one second.

Calculate the efficiency of the rocket.

useful output energy transfer
input energy transfer

Use the equation: efficiency =

Efficiency =

The majority of candidates gained full credit but some candidates used the value for the wasted energy
given in the question, instead of the useful output energy, in the equation.

17 © OCR 2025
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Question 19 (d) (i)

(d)
(i) The student finds out that:

« the energy in the kinetic store of the rocket increases by 1.2 x 108J every second as the fuel
burns

«  the initial mass of the rocket is 8.5 x 10%kg.

Calculate the minimum speed of the rocket after the fuel has been burning for 12 seconds if the
rocket starts at rest.

Use the equation: kinetic energy = % x mass x (speed)?

This question was very well attempted by all candidates and full working was written down by the
majority of candidates. Some candidates calculated E = %mvz without taking account of the 12 seconds.

They then tried to account for this at the end, which was credited 3 marks. There were a number of small
errors that candidates made but, due to working being shown, compensatory marks could be awarded.

Assessment for learning

Candidates should, as always, note how essential it is to write down every step of their
workings so that compensatory marks can be awarded if the final answer is incorrect.

18 © OCR 2025
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Exemplar 1

kKinetic energy
ih_ X MJI3JS

1.1 x10° =11

. 2Z43.= 64109 . 148313
o % (8.5 %10%)

This response achieved 3 out of the 4 marks and highlights the importance of the candidate showing all
of their working. The final answer was incorrect so only compensatory marks can be awarded from the
working. The candidate has clearly found the total kinetic energy gained and then substituted and
rearranged correctly for 3 marks. The only error the candidate made was in the final answer, presumably
when entering the values into a calculator.

Question 19 (d) (ii)

(ii) Explain why the actual speed of the rocket after the fuel has been burning for 12 seconds is
greater than the value calculated in (d)(i).

The majority of candidates found this question challenging with few candidates being credited more than
1 mark - for stating that the mass decreases.

A few candidates had the correct idea that the actual speed would be greater because the kinetic energy
would be divided by a smaller mass, but they did not gain the second mark as they also needed to say
that the value of the kinetic energy after 12 seconds had not changed.

19 © OCR 2025
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Question 20 (a) (i)

20 Atechnician investigates an unknown radioactive metal as shown in Fig. 20.1.

Fig. 20.1
Radioactive
metal
Bench ‘
ll I]
(a)
(i) Describe how the technician obtains a precise measurement of the count rate from the
radioactive metal.
Include the name of any extra equipment the technician uses.
You may draw on Fig. 20.1.
..................................................................................................................................................... [3]

This question assessed candidates’ working scientifically skills. Nearly all candidates attempted this
question but many found it challenging.

Most candidates gained just 1 mark for the mention of a radiation detector.
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Question 20

(@) (ii)

(ii) Explain how the technician shows that the radioactive metal emits only gamma radiation.

Include the name of any extra equipment the technician uses.

This question was well attempted but few candidates gained full credit due to their explanations lacking
specific detail, for example, that only gamma radiation can pass through thin aluminium.

Question 20

(b) (i)

(b) The technician thinks that the radioactive metal is one of the four metals shown in Table 20.1.

Table 20.1
Metal | Nuclear radiation emitted | Half-life
A gamma 4 hours
B gamma 10 years
C gamma 2 years
D gamma 28 days

(i) The technician uses equal masses of each metal in Table 20.1.

Explain which metal in Table 20.1 is likely to be the most hazardous to the technician while doing
the experiment.

The majority of candidates incorrectly chose metal B, presumably due to it having the longest half-life.

21 © OCR 2025
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Question 21 (b)*

Examiners’ report

(b)* Scientists think that nuclear fusion would be a better energy source than nuclear fission.

The table gives information about nuclear fission power stations and nuclear fusion power

stations.
Typt_a of power Fuel used Power outp_ut from Waste products
station power station (W)
Nuclear fission uranium 1.0 x 10° very radloactn_/e with
long half life
Nuclear fusion hydrogen | 1.3 x 10° (expected) sllghtLyhga:;?;?’i::: with

Use the information in the table to compare a nuclear fission power station with a nuclear fusion

power station.

In your answer, write about

. differences between a fission reaction and a fusion reaction

+ the benefits of using nuclear fusion instead of fission
» the difficulties associated with using nuclear fusion.

The Level of Response question assessed AO1 and AO3 and all candidates attempted it. The question
discriminated well, with many of the higher performing candidates giving detailed enough descriptions to
gain Level 3. Most candidates were credited at least 2 marks for a basic description of the difference
between fission and fusion, or for a basic comparison of the benefits and disadvantages. However, lower
quality of communication (e.g. use of the term atom/molecules instead of nuclei), lack of a clear, logical
structure and some misconceptions about fission and fusion prevented some candidates from gaining

the higher levels.

Most candidates demonstrated a very good interpretation of the information given in the table. However,
a number of candidates did not include a description of the differences between fission and fusion, as

stated in the question. This capped their mark at Level 1.

22
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Exemplar 2
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This response achieved Level 1, 2 marks as it only includes basic comparisons of the benefits of nuclear
fusion. As the candidate has written nothing about the processes of fission and fusion, their answer
would be capped at Level 1.

To progress to Level 2, the candidate must include at least a basic description of fission and fusion and
clear comparisons of the benefits and disadvantages of nuclear fusion.
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Question 22 (a)

22 Ultrasound waves are used to produce images of the inside of the human body.

The ultrasound waves reflect from the boundary between two different materials inside the
human body.

The diagram shows an ultrasound transducer that emits and receives ultrasound waves.

Muscle tissue

Ultrasound | . =’
4

waves

Ultrasound o
transducer

Fat tissue

A computer is connected to the ultrasound transducer.

The computer records a time of 2.8 x 10~" s between emitting one ultrasound wave and receiving
the reflection of this wave from the boundary between the fat tissue and the muscle tissue.

The speed of ultrasound waves in fat tissue is 1500 m/s.
(a) Calculate the thickness of the fat tissue.

Use the Equation Sheet.

Thickness of fat tissue = ..o m [3]

The majority of candidates were able to select the correct equation from the Equation Sheet and were
credited at least 2 out of the 3 marks. The most common error was to use the time recorded between the
pulse being emitted and being received, instead of halving this time.

24 © OCR 2025




OCR Level 1/Level 2 GCSE (9-1) in Physics A (Gateway Science) - J249/04 - Summer 2025 Examiners’ report

Question 22 (b)

(b) The wavelength of the ultrasound wave in the fat tissue is 4.3 x 10™4m.
Calculate the frequency of the ultrasound wave.
Use the equation: wave speed = frequency x wavelength

Give your answer to 2 significant figures.

Frequency = ... Hz [4]

The vast majority of candidates were able to rearrange the equation correctly and gained full credit. The
most common error was not giving the final answer to 2 significant figures.

Question 22 (c)

(c) When the ultrasound wave hits the boundary between the fat tissue and the denser muscle
tissue, the ultrasound wave is partially reflected and partially transmitted.

The transmitted ultrasound wave continues into the denser muscle tissue.

Explain the change in wavelength of the ultrasound wave as it passes from fat tissue into muscle
tissue.

The majority of candidates found it challenging to explain what happens to a sound wave when it travels
into a more dense material.

Misconception

Most candidates had the misconception that a sound wave travels more slowly in a more
dense material, and therefore the wavelength of the sound wave decreases.
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Question 23 (a)

23 A student investigates the relationship between
«  the number of turns of wire on the secondary coil of a transformer
+ the potential difference across the secondary coil
» the current in the secondary coil.

The diagram shows the equipment the student uses to make their transformer.

Primary coil Secondary coil
S__,_ J
-T— -""'-—-.
I N
—_ : _—
T = ()
\/
| 1Iron core

(a) When the battery is connected to the primary coil the transformer does not work and the
voltmeter reads zero.

Describe what change the student needs to make to their equipment so that the voltmeter shows
that there is a continuous potential difference across the secondary coil.

Explain your answer.

Most candidates found this question very challenging with only the highest performing candidates
gaining full credit. Candidates appeared to have a limited understanding of how transformers work and
did not appreciate that an alternating current was required in the primary coil. Incorrect responses varied
from the ammeter and voltmeter being connected in the wrong places to removing the resistor.

Misconception

Many candidates have the misconception that the primary coil is directly connected to the
secondary coil.
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Question 23 (b) (i)

(b) The student changes the equipment in the diagram so that the transformer works.

The student obtains the results shown in the table.

Number of turns Potential difference Current in
on secondary coil | across secondary coil (V) | secondary coil (A)

160 6.4 0.47
120 48
80 3.2 0.94

(i) Describe the relationship between the number of turns on the secondary coil and the potential
difference across the secondary coil.

Candidates were able to describe the relationship correctly with nearly all candidates credited at least 1
mark.
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Question 23 (b) (ii)
(ii) Calculate the current in the secondary coil when there are 120 turns on the secondary coil.
Assume the transformer is 100% efficient.

Use the Equation Sheet.

Current = A[3]

Many candidates found the calculation required for this question challenging and therefore selected the
wrong equation from the Equation Sheet. Those who chose the correct equation mostly achieved full
credit if they could rearrange the equation successfully. However, many candidates selected the
equation linking the number of turns and the potential differences for the primary and secondary coils, so

did not gain any credit.

Assessment for learning

@ Candidates appear to find rearranging equations that contain four terms challenging,

especially the equations used with transformers. Candidates may benefit from practising
rearranging these equations in order to make each of the terms the subject of the equation.
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