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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 answers 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 OCR.

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).
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Paper 4 series overview

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

J249/04 covers the topics:

e P5 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.

It was pleasing to see many candidates showing their calculations in numerical questions both in Section
A and Section B.

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

generally: generally:

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

e demonstrated knowledge of scientific e did not always read questions carefully and
procedures (e.g. investigating refraction) gave answers that were too vague

¢ analysed and interpreted velocity-time graphs | ¢ lacked the necessary knowledge about the

and equated distance to area under the graph. effect of the Earth’s atmosphere on radiation
absorbed and emitted to respond in depth to
the Level of Response question.

4 © OCR 2024
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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.

It was pleasing to see some candidates also wrote down their calculations for the numerical multiple-
choice questions, especially if the equation needed to be rearranged in order to work out the final
answer.

Assessment for learning

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

¢ wrote ‘equation triangles’ and/or calculations next to numerical questions

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

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

Question 2
2  Which row describes the potential difference for a washing machine and for a battery-operated
torch?
Washing machine Torch
A 6Va.c. 6Va.c.
B 6Vd.c. 230Vd.c.
C 230Va.c. 230Vd.c.
D 230Va.c. 6Vd.c.
Your answer [1]

The vast majority of candidates demonstrated an excellent knowledge of the potential difference for a
washing machine and for a torch.
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Question 3

3 Which factor will increase the braking distance of a car travelling on a road?
A Drinking alcohol
B Driving when tired
C More people in the car

D Using new brake pads

Your answer [1]

Most candidates discarded options A and B as they knew that both of these factors only affected thinking
distance. However, a common error was to choose option D.

6 © OCR 2024
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Question 5

5 Astudent drops a ruler and a friend catches it.

Student —— __—"

o1 23456789 1111213141516

A

Friend

Examiners’ report

The reaction time of the friend is calculated from the distance the ruler has fallen. The experiment

is repeated.

What does the student do to determine an accurate value for the reaction time?
A Check the reaction time with a stopwatch

B Drop the ruler at random times

C Drop the ruler from different heights above the friend’s hand

D Tell the friend when the ruler will be dropped

Your answer

[1]

Although the majority of candidates answered this correctly, a common error was option A as some

candidates thought that reaction time can be measured accurately with a stopwatch.

© OCR 2024
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Question 9

9 The diagram shows a patient having an ultrasound scan.

Bone

o~ .
;s
Gel
5
.

Receiver el
and emitter \
Soft tissue

The speed of ultrasound in soft tissue is 1500m/s.

The echo from the boundary between the soft tissue and the bone is received 2.0 x 10~°s after
the ultrasound is emitted.

What is the thickness of the soft tissue?
Ignore the thickness of the gel.

Use the equation: distance travelled = speed x time

A 0.015m
B 0.030m
C 0.060m
D 0.075m
Your answer [1]

Nearly all candidates were able to substitute the values into the equation provided correctly in order to
calculate a distance of 0.030 m. However, the majority of candidates did not take into account that the
distance they had calculated was from the emitter to the soft tissue-bone boundary and back to the
receiver, and therefore they made the common error of not halving their answer.
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Question 10

10 Which answer shows 800 km/h converted into m/s?

A 022m/s

B 13.3m/s

C 222m/s

D 13333m/s

Your answer [1]

This question required students to convert between km/h and m/s. Candidates usually find converting
compound units challenging so it was pleasing to see that the majority of candidates were able to do this
correctly.

Question 13

13 In one month a wind turbine on a house generates 300kW h of useful energy.
The efficiency of the wind turbine is 0.60.

What is the wasted energy in one month?

useful output energy transfer
input energy transfer

Use the equation: efficiency =

A 120kWh
B 180kWh
C 200kWh
D 450kWh
Your answer [1]

In this question, candidates were required to rearrange the equation given to find the input energy. They
then had to subtract the useful energy from the input energy to calculate the wasted energy. The most
common errors of option A and option B involved rearranging the equation incorrectly.

9 © OCR 2024
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Question 16 (a)

16 This question is about how electricity is transferred from a power station to homes.

(a) Draw:
» one line to connect each type of transformer with the one box that describes what it does

+ one line to connect what each type of transformer does with the one box that gives the
reason for its use.

Type of transformer What it does Reason for its use
Decreases current For safety
Step-down
transformer
Decreases Increases heat
potential difference losses
Step-up
transformer
Reduces heat
Generates current
losses

[2]

Question 16 was an overlap question with the Foundation tier paper. Part (a) discriminated very well,
with the higher-achieving candidates gaining full credit. Lower-achieving candidates demonstrated less
knowledge of both the use of each type of transformer (often thinking that step-down transformers
decreased the current), and the reason for its use.

10 © OCR 2024
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Question 16 (b)

(b) The table shows information for a transformer.

Potential difference across primary coil 132000V
Current in secondary coil 1800A
Potential difference across secondary coil 33000V

Calculate the current in the primary coil of the transformer.

Use the Equation Sheet.

Current in primary Coil = ... A[2]

A number of candidates chose the wrong equation from the Equation Sheet or struggled to rearrange the
relevant equation correctly.

Assessment for learning

equations used with transformers. Candidates would therefore benefit from practising

Candidates appear to struggle rearranging equations that contain four terms, especially the
rearranging these equations to make each of the terms the subject of the equation.

11 © OCR 2024
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Question 16 (c)

(c)

A teacher connects the primary coil of a transformer to the domestic mains supply.

The teacher uses an oscilloscope to view the potential difference across the secondary coil of the
transformer.

The graph shows the oscilloscope trace.

Use the graph to explain which type of current is supplied by the mains supply.
L7 Lo A0 =] | SRRt

[y q o] =T =1 (o o SRS UUSP RS R

Most candidates correctly identified the type of current but fewer candidates scored a mark for the
explanation. Vague answers such as ‘it goes up and down’ did not gain credit.

Question 17 (a)

17

(@

In 1986, there was an accident when a nuclear reactor in a power station exploded.

In the explosion, radioactive materials from inside the reactor were spread over the power
station.

Explain why workers at the power station were both contaminated and irradiated in the accident.

ContamINAtEd DECAUSE .. ... e e e,

This area of the specification has clearly been well taught, with most candidates scoring at least 1 mark.
Poor quality of communication prevented some candidates gaining full credit.

12 © OCR 2024
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Question 17 (b)

(b) The flow diagram shows energy transfers when electricity is generated in a nuclear power

station.
. Water is heat.ed Steam turns Generator
Nuclear reaction and changes into . produces
turbine ..
steam electricity
store of uranium store of water store of turbine Energy transferred
decreases. increases. increases as it electrically.
starts to turn.
Complete the flow diagram to show the changes in energy stores. [3]

The majority of candidates scored at least 2 marks, mainly for thermal store and kinetic store.

Misconception

@ A common misconception was that uranium contains a chemical store.

Question 17 (d)

(d) A nuclear reactor needs neutrons to start a nuclear fission reaction.
A plutonium nucleus (Pu) decays into a uranium nucleus (U) and an alpha particle (‘Z‘He).

The alpha particle then joins with a beryllium nucleus (Be) to produce a carbon nucleus (C) and a
neutron (n).

Complete the equations.

[3]

Nearly all candidates were confident in completing the equation for alpha decay. Some candidates lost a
mark for the nuclear notation for the neutron, possibly mixing it up with the notation for an electron as
they believed that the mass number was -1.

13 © OCR 2024
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Question 18 (a)

Examiners’ report

18 A space mission in 1969 placed an object called a retroreflector on the surface of the Moon.

Fig. 18.1 shows the retroreflector.

Fig. 18.1

Laser light from the Earth is aimed at the retroreflector and reflects back to the Earth.

(a) A student draws a simple model of a retroreflector using two plane mirrors at right angles to each

other.

Fig. 18.2 shows the student’s model.

Fig. 18.2

Mirror A

Y

Identify the two mistakes the student has made in Fig. 18.2.

Mirror B

VISEAKE T oo e e

14
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A significant number of candidates could not apply their knowledge of reflection in enough detail to this
guestion. Answers were often too vague, e.g. the normal is at the wrong angle, so did not gain credit.

Question 18 (d)

(d) A green laser emits light with a wavelength of 5.32 x 10~"m.
The speed of the green light is 3.0 x 108m/s.
Calculate the frequency of the laser light.
Use the Equation Sheet.

Give your answer to 2 significant figures.

Frequency = ... Hz [4]

This question required candidates to identify and rearrange the relevant equation from the Equation
Sheet to find frequency, and then to give the final answer to 2 significant figures. Candidates performed
well on this question, with the majority gaining full credit.

Common errors included:
¢ incorrectly rearranging the equation

e making an error when using the calculator to give a final answer with an incorrect power of ten

e not giving the final answer to 2 significant figures.

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 given if the final answer is incorrect.

15 © OCR 2024
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Exemplar 1

Qpeed = £YRQURVICY X WANREYnTh
FYeQUEViCY = Spe ed [wowekguth
= B0X0% x532k0!
19596 =160
raency = ..+ 00 24

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

The final answer is incorrect and would have scored zero marks if the candidate had not shown their
working. The candidate has successfully rearranged the equation, but not substituted the values into it
correctly. There is also clear evidence of an incorrect answer given to two significant figures so the
candidate scores 2 out of the possible 4 marks.

Question 18 (e)

(e) Recently scientists have aimed infrared lasers at the Moon.

Explain why infrared radiation cannot be seen in the sky.

A significant number of candidates’ explanations used ideas that basically repeated the stem of the
guestion, e.g. infrared radiation is invisible. There were also some misconceptions, e.g. infrared cannot
pass through the atmosphere.

16 © OCR 2024
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Question 18 (f) (ii)
(i) Water waves are also transverse waves.

A scientist standing near the sea observes water waves moving past them.

Explain how the scientist can measure the frequency of the water waves.

The majority of candidates gained full credit for the idea of counting the number of waves passing a point
in a certain time. The most common errors stemmed from not reading the question carefully enough and
changing the scenario, e.g. using a ripple tank and using the equation f = v + A.

Question 19 (b) (i)

(b) The predictions for winter 2 are:
Lowest predicted system margin = 3.0GW
Highest predicted system margin = 6.2GW
Mean predicted system margin = 4.6 GW

(i) Suggest two reasons why the national grid predicts a range of values for the system margin.

A significant number of candidates appeared not to read the question carefully and did not address what
was being asked. Answers were also often too vague, e.g. to prepare for worst case scenarios, instead
of recognising that both the supply and the demand can change.

Assessment for learning

Candidates should be encouraged to spend more time reading the question carefully,
highlighting key words or phrases.

17 © OCR 2024
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Question 19 (c) (ii)

(ii) The electrical power that hydroelectric power stations are able to supply can be increased to help
meet the customer demand.

On one winter’s day:

» the electrical power demanded by customers = 1.0GW

-  the electrical power that can be supplied by a hydroelectric power station = 5.5GW
«  the system margin = 4. 5GW.

The electrical power that the hydroelectric power station is able to supply is then increased so
that the system margin is increased by 4.0%.

Calculate the electrical power that the hydroelectric power station is able to supply after the
system margin has been increased.

Electrical power supplied = ..., GW [2]

The majority of candidates gained full credit, but a significant number of candidates appeared to struggle
with percentages, often multiplying by 1.4 instead of 1.04. Another common error was forgetting to add
on 1.0GW to the increased system margin.

18 © OCR 2024
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Question 20 (a)

20

(@) The graph shows how the velocity of car A changes when the driver sees a hazard in the road at
time = 0 seconds.

Velocity (m/s) R

Time (s)
The braking distance is 30m.
Calculate the initial velocity u of car A.

Use the graph.

Initial velocity u =

This question required candidates to equate the distance travelled to the area under the graph (for the 4
seconds of braking). The majority of candidates did not realise this and did not gain any credit. Some
candidates attempted to use an equation of motion or speed = distance + time. A few candidates used

the area under the entire graph rather than just the braking distance, but did gain some credit as they
had shown their working.

19 © OCR 2024
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Question 20 (b) (i)

(b) Car B brakes and comes to a stop.

(i) The deceleration of car B is 6 m/s?.
The initial speed of the caris 18 m/s.
Calculate the braking distance of car B.

Use the Equation Sheet.

Braking distance =

It was good to see that the majority of candidates could select the correct equation from the Equation
Sheet and most gained 1 mark from substituting the values into the unrearranged equation. However,
rearranging was again an issue, so something candidates need to practise.

20 © OCR 2024
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Question 20 (b) (ii)
(ii) Estimate the force acting on car B when it decelerates at 6m/s?.
Use the equation: force = mass x acceleration

For the mass in the equation, use an estimate of the mass of car B.

The vast majority of candidates scored at least 2 marks for substituting values into the equation and

estimating the force acting on car B. However, estimates of the mass of the car varied a lot, with values
of 6 kg to 600 000 kg seen.

Assessment for learning

Candidates could benefit from short activities where they estimate values of quantities such as
the masses and speeds of objects.

21 © OCR 2024
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Question 21 (b)

(b) All objects emit radiation.

Examiners’ report

The graph shows how the intensity of the radiation emitted by star A and star B varies with the

wavelength of the radiation.

A
Star A
Intensity of
radiation
(relative
units)
Star B -
- ~
” - - N ~
e g s ~ -~
P ~ - —
R e T T
e
Wavelength of radiation
Describe two differences between the graph for star A and the graph for star B.
L RPTPUSPR I
2 et eeeeeeaeaeeeeeeeeeeesaseeseeeteeeeeeeeesaseseeeeteeansesteeseeeeeaaeensaneeeeeae e enantnteeeeeeeaa e ananeeeaeees
[2]

Question 21 (b) required candidates to analyse the graph. It was well attempted, with most candidates
gaining credit for identifying that star A has a higher intensity than star B. However, only the higher-
achieving candidates were able to interpret the second difference, i.e. the graphs peaked in intensity at

different wavelengths.
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Question 21 (¢)*
(c)* Explain why the average temperature of the Earth is increasing.
In your answer, write about:

+ the radiation absorbed and emitted by the Earth
+ the effect of the Earth’s atmosphere.

The Level of Response question was of higher demand and assessed AO1 and AO3. The question
discriminated well, with only some of the higher-achieving candidates giving detailed enough
explanations to gain Level 3. Most candidates scored at least 2 marks for basic ideas about energy
being trapped by the Earth’s atmosphere instead of being emitted back into space. However, poor
guality of communication, lack of a clear, logical structure and some misconceptions prevented them
from gaining the higher marks.
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Exemplar 2

sty
e Sun emite mmp wmth (" aheochodhy.
ti\{)mﬁﬁﬁ wcmn uﬁ’fbw %&f;ht nfyeo sefthe..
EeMpermuee otthe  Ealthi gt mosphere. andithas
APrfothe. Ony. XoAAon ¢ the Eaceh (an. emde (o
herored L adiation. When£he Eacth omitr WLiacad
L0000 oMo of U trdvols £TRe owtoﬁhe
atmorphere  hut A0me. e odsoredle oked 0.0 cl it .
D EOUEP) fﬁ’“’ﬁ%"ér LQCWQJLngt’nPtQmpﬁ/aﬂme
..i:h.é..E.ﬂ.&h.[....@il..m.QIp.hQ.fE........Th.LS...LS.....Q.&uﬁ.d..t_h..Q.QMQIII'J_.QMJP
LLEEQLCE WD T b g Ehe (Lv@ra gl xem f Lrak st 04 tn . .
Eachaincreaiing.teading bo globalwarming. fuin

Sealevels and diro gte. (nGnge. wnen. tnaawdraoiw—
2{%3 DthCNGJﬂfﬁvﬁnFu,fﬂ\Ur, Wl COUERAT the enhlllced gréenh ol

This response achieved Level 1, 2 marks. There are only basic ideas about the radiation emitted

travelling out of the atmosphere, some radiation being reflected back and a mention of the greenhouse
effect.

To progress to Level 2, the candidate needed to include clear ideas about the Earth emitting less
radiation than it absorbs, and more detail about what is reflecting the radiation back to the Earth.

Question 22 (b)

(b) Explain why red light refracts as it enters the glass block.

Candidates demonstrated good knowledge of refraction in this question with the majority of candidates
achieving at least 1 mark, mainly for identifying that glass is denser than air.
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Question 22 (c) (i)

(c) A student uses the red laser and glass block to investigate the relationship between the angle of
incidence and angle of refraction for the glass.

The table shows the student’s results.

Angle of incidence (°) | Angle of refraction (°)
22 14
34 22
48 30
55 33
62 36

(i) Describe a method the student could have used to investigate this relationship.

You can draw on Fig. 22.1 to help explain your answer.

This question assessed candidates’ working scientifically skills.

Nearly all candidates attempted this question, but many did not appear to be very familiar with the
practical activity. The question discriminated well between the lower-achieving and higher-achieving
candidates. Poor quality of communication and lack of detail resulted in few candidates gaining full
credit.

Common errors included:
e Vvague statements, e.g. measure angles, without adding detail such as the equipment used

¢ not being explicit as to what they were measuring, e.g. not stating that the angle being measured
was between the ray and the normal. Some candidates scored this mark by clearly labelling the
angle on Fig. 22.1.

Assessment for learning

practical activity and asked to write a short method, including a list of the equipment and what

@ Candidates could benefit from starter or plenary activities where they are provided with a
the equipment measures.
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Question 22 (c) (ii)

(ii) The student concludes that the angle of incidence is directly proportional to the angle of
refraction.

Show that the student is incorrect.

Use data from the table.

Many students demonstrated a lack of understanding of how to show if two variables are directly
proportional to each other. These candidates often had the misconception that if the differences between
corresponding values were not constant, then the variables were not in direct proportion.

To gain credit, candidates could have:

e calculated a ratio from one pair of data values and shown that this was not the same as the ratio
calculated from another pair of data values

o found the multiple for one pair of data values and then shown that this would not work for another
pair of data values

¢ shown that if the angle of incidence was multiplied by a factor, then the angle of refraction was not
multiplied by the same factor.

Assessment for learning

Candidates should note that they must evaluate the ratios, rather than expressing them as
fractions with different denominators.
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Question 22 (d)

(d) The student replaces the red laser with a green |laser and repeats the experiment for the same
angles of incidence.

The student notices that the angles of refraction for the green light are all different from the
angles of refraction for the red light.

Explain why the angles of refraction are different when light of a different colour is used.

Most candidates were able to explain that different colours have different wavelengths/frequencies,
although some candidates thought that red light has a shorter wavelength than green light. Only the
higher-achieving candidates recognised that the amount the speed changes in glass is different for each
colour.

Misconception

@ A common misconception was that different colours of light have different speeds in air.

27 © OCR 2024
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Question 22 (e)

(e) The student replaces the glass block with a glass lens and directs both the red and green lasers
into the lens at the same time as shown in Fig. 22.2.

Fig. 22.2
Green light ray
>
N
4
Red light ray
Complete Fig. 22.2 by continuing the paths of the red and green light rays. [2]

The vast majority of candidates scored at least 1 mark for showing rays that converged as they passed
through the lens. However, a significant number of these candidates incorrectly thought that rays of light
would converge and meet at the principal axis.
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