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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).
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Paper 3 series overview

Examiners’ report

This paper is the third paper for the students following the Advancing Physics A Level course. It aims to
test candidates understanding of practical skills and techniques. The questions use the context of
practical activities listed in the specification and there is an emphasis on graphical work and
uncertainties.

This year’s paper had questions covering the following practical activities:

investigation of terminal velocity of falling cupcake cases,
measurement of magnetic field strength using a simple current balance,

investigation of diffraction gratings,

investigation of the oscillations of a mass on a spring.

Candidates who did well on this paper

generally:

Candidates who did less well on this paper
generally:

showed good understanding of uncertainties in
measurements

demonstrated familiarity with the practical
contexts for the questions

explained their method for checking the
relationship between average velocity and
number of cupcake cases (Question 1 (d))

were able to apply knowledge of Fleming'’s left-
hand rule in a novel situation (Question 2 (d)).

over-complicated the preliminary steps relating
to the way the practicals were set-up

omitted to show all the steps clearly in
calculation and algebra

did not make use of good scientific vocabulary
in their responses.
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Section A overview

Section A consists of mainly short-answer questions on three different practical activities as well as one
extended response question about determining whether the use of average velocity of a falling cupcake
case is a close approximation of its terminal velocity. The questions tended to focus on the practicalities
of the investigations, uncertainties and some straightforward calculations.
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Question 1 (a) (i)

1 This question is about terminal velocity and drag for falling cupcake cases.

(a) A student times how long a cupcake case takes to fall though a height of 2.000 + 0.005 m using
the equipment as shown in Fig. 1.1.

Fig. 1.1
cupcake case
q Zzgtb
metre rule |
[ ] clamp stand
gy

A light-gate timer (not shown) is used, and the measurement repeated five times. The times are
shown in Table 1.1.

Table 1.1

Timels

1.68

1.69

1.71

1.70

1.73

(i) Determine the absolute uncertainty in the measurement of time.

Absolute uncertainty =+ ... s [1]

Most candidates used the accepted method for finding the absolute uncertainty by halving the range
between the minimum and maximum values of time given in the table. Some candidates continue to use
the resolution of the measuring instrument.
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Question 1 (a) (ii)

(ii) Calculate the average velocity of the cupcake case.
Include the uncertainty in your answer.
Give your answer to an appropriate number of significant figures.

Average velocity = ...................... R ms~! [3]

Most candidates were able to correctly calculate the average velocity using the length of the drop
(2.000 m) and the mean value of time from the data in Table 1.1. Many candidates then added the
percentage uncertainty for both quantities to find the percentage uncertainty in the calculated velocity to
find the absolute uncertainty. Other methods such as finding the upper and lower bounds were also
commonly seen. Some candidates then gave their absolute uncertainty to more than one significant
figure. In many cases the steps in the calculation were not clearly laid out in a logical manner.

Assessment for learning

The value for average velocity should then be quoted to the same resolution as the absolute
uncertainty at one significant figure.

Average velocity = 1.18 £ 0.02 ms™.

Here the uncertainty is given to the nearest 0.01 ms™, so the average velocity should be
quoted to the nearest 0.01 ms™.
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Question 1 (b)

(b) The cupcake case will accelerate from rest to reach terminal velocity at some point during its fall.
The student is calculating the average velocity.

Comment on how the average velocity relates to the terminal velocity.

Most candidates correctly stated that the average velocity would always be slightly smaller than the
terminal velocity but that they would be close as long as the drop was long enough for the cupcake case
to take a very short time to accelerate to terminal velocity. Some candidates described terminal velocity

and average velocity but did not answer the question.

© OCR 2025
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Question 1 (c)

(c) The experiment is repeated with an increasing number of stacked cupcake cases, as shown in
Fig. 1.2.

The average times are recorded in Table 1.2.

Table 1.2
Number of cup cases A"er‘:?: time
1
2 1.27
3 0.97
4 0.81
S 0.70

Explain the trend in the relative percentage uncertainty in the calculated values of average
velocity as the number of cupcake cases increases.

Most candidates stated that the percentage uncertainty would increase with increasing number of
cupcake cases, but only a few candidates gave the full explanation involving the percentage uncertainty
in the time values increasing as the time to fall decreased for increasing number of cupcake cases.

9 © OCR 2025



OCR Level 3 Advanced GCE in Physics B (Advancing Physics) - H557/03 - Summer 2025 Examiners’ report

Question 1 (d) (i)

(d) Drag force = %pAvf where v, is the terminal velocity. A is the cross-sectional area of the falling
object.

(i) Show that vz:? is proportional to the number of cupcake cases.

[2]

Although most candidates were able to rearrange the algebraic relationship, a common error was to stop
at v2 a m, without bringing N into it. Some candidates missed the first step of equating weight and drag

force at terminal velocity. A few candidates had difficulty trying to use p as the density of the cupcake
case.
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Question 1 (d) (ii)*

(ii)* Calculate the values of average velocity squared in Table 1.3.

Determine whether the average velocity calculated in this experiment is close enough to the
terminal velocity to be used in the relationship: Drag force = %,oAvt?.

Describe how the experiment can be improved so that the average velocity is as close as
possible to the terminal velocity.

Table 1.3
Number of cupcake Average time Average velocity Average velocity squared
cases tis V,,e/ms™ V,yell m?s2

1

2 1.27
3 0.97
4 0.81
5 0.70

While nearly all the candidates calculated values of vave and vawe? to complete the table, many made no
attempt at any quantitative analysis to determine whether the value of vae showed a similar relationship
with number of cupcake cases as Vierm.

Many candidates suggested increasing the length of the drop in order to reduce percentage uncertainty
of measuring height obtained as well as including the advantage of reaching terminal velocity at an
earlier stage in the motion.

A few suggested making the cases either more streamlined or heavier, so that they “reach terminal
velocity faster”, obviously not considering that the proportion of the fall at terminal velocity would be
reduced and so worsening the results.

Common misconceptions included performing the experiment in a vacuum to remove the effects of air
resistance or in a more viscous fluid. Some suggested using light gates as an improvement, despite
these being part of the original experiment.

11 © OCR 2025




OCR Level 3 Advanced GCE in Physics B (Advancing Physics) - H557/03 - Summer 2025 Examiners’ report

Exemplar 1
Number of cupcake Average time Average velocity Average velocity squared
cases tis Ve/Mms™ Vet m?s™2
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This candidate has calculated all the values of vawe and vave?, including the first row. They have then
calculated the ratio of number of cupcake cases to va.? and then stated that the ratio is not constant so
Vave IS NOt close enough to vierm. There are two suggested improvements. If the candidate had
commented on or explained this anomalous calculated value of k (6.56), this would have been a Level 3
response.
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Question 2 (a) (i)
2 Asimple current balance can be used to find the magnetic field strength of a magnetic field.

The current balance shown in Fig. 2.1 is made from a single rectangular loop of stiff wire
connected to a power supply.

The length of wire within the magnetic field is 5.0cm. The pivots are in the centre of the long
edges of the rectangle.

Fig. 2.1

Uniform
Rectangular magnetic
loop of wire field

carrying current

Pivots

~ Staples Power supply not
added to shown
balance

The current is varied, and staples are added to restore the rectangular loop to a horizontal
balanced position.

(a) The mean mass of a staple is found to be 0.0325¢g.

(i) Describe how the mass of one staple could be found using a standard laboratory balance with a
precision of 0.1 g and a maximum of 2000.0g.

Nearly all candidates suggested weighing a number of staples and then dividing by the number of
staples, but very few justified a suitable number of staples to use in order to obtain the mean mass to
three significant figures. Many candidates simply worked out the maximum number of staples to give a
value close to 2000 g but made no comment that it would be difficult to count over 61000 staples.

13 © OCR 2025
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Exemplar 2

Pmllooow meM{Wabama%M ..........
P \@IDDO(WW%%QE ..... <L 20005 @ tais. ydue

This candidate suggests using 1000 staples which should give a total mass of 32.5 g which would give
the mean mass for one staple to three significant figures.

Question 2 (a) (ii)

(ii) Estimate the absolute uncertainty in the value of mass of one staple obtained by your method in
part (a)(i).

Uncertainty = £ ... g [2]

Many candidates calculated the percentage uncertainty for the total mass of a number of staples and
then worked out the absolute uncertainty by multiplying by 0.0325 g to give a correct value rather than
simply dividing the +0.1 g by the number of staples being weighed. Many candidates misinterpreted the
precision of £0.1 g to give an uncertainty of +0.05g.
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Question 2 (b)

(b) The experiment is repeated several times for each value of current.

With a current of 1.5A, the number of staples needed to balance the wire horizontally was found
four times. The results are shown in Table 2.1.

Table 2.1

Number of staples
needed to balance
when current = 1.5A

4

5
4
5

Calculate the mean magnetic force exerted on the wire when the current is 1.5A.

Most candidates realised that all they needed to do was to find the mean number of staples (4.5) and
multiply by the weight of one staple. Common errors included forgetting to convert the mass in g to kg
and forgetting to multiply the mass by g.

15 © OCR 2025
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Question 2 (c) (i) and (ii)
(c) Further data were collected for other values of current. Fig. 2.2 shows the graph of the data.
Fig. 2.2

3.0

25

2.0 7

Force/mN 1.5

AN

1.0 d

N\

0.5

0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Current /A

(i) Calculate the gradient of the line.

Gradient = ... [2]

16 © OCR 2025



OCR Level 3 Advanced GCE in Physics B (Advancing Physics) - H557/03 - Summer 2025 Examiners’ report

(ii) Use the value of gradient to calculate the value of magnetic field strength.

Magnetic field strength = ..., T [3]

Both parts of this question were answered well. Nearly all candidates used appropriate coordinates from
the line to calculate gradient and then used the gradient value to find the magnetic field strength to the
correct power of ten.

17 © OCR 2025
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Question 2 (d)

(d) Another method to measure magnetic field strength is to use a Hall probe.
A small current passes through a slice of semiconductor material as represented in Fig. 2.3.

Fig. 2.3

Y~
Y~

@- - => mobile charge carrier

The probe is placed in a magnetic field. The large face of the semiconductor is at right angles to
the field.

Explain why a small potential difference is detected across sides A and B of the semiconductor.

This question was intended to challenge candidates as the Hall probe is likely to be unfamiliar. Some
candidates interpreted the question correctly and used first principles to explain that the moving charges
would experience a force while passing through the magnetic field. Common errors included attempting
to use Faraday’s law, electromagnetic induction and eddy currents.

18 © OCR 2025
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Question 3 (a) (i)
3  This question is about diffraction gratings.

Ateacher has a box of 20 unlabelled diffraction gratings. The students are asked to find the
number of lines per mm for each grating in the box.

A laser beam is directed downwards at one diffraction grating, as shown in Fig. 3.1.
The laser light is red, wavelength 650 nm.

The distance between the grating and the bench is 225 mm.
The diffraction pattern is visible on the surface of the bench.

Fig. 3.1

Laser

Diffraction
grating

not to scale

225mm

Diffraction pattern
viewed on bench

(@) The distance between the two first order maxima is measured as 191 mm.

(i) Calculate the angle between the straight-through direction and the first order maximum.

19 © OCR 2025
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Many candidates started by using nd = d sin 6, instead of using simple trigonometry to find the angle
from the dimensions given in the question. Some candidates who used the correct method did not halve
the distance between the two first-order maxima to find the distance from the centre to the first-order
maximum.

Question 3 (a) (ii)

(ii) Calculate the number of lines per mm on the diffraction grating.

Number of linespermm = ... mm~" [2]

This question was challenged many candidates trying to use the Young’s slits equation, despite having
written down the diffraction grating equation in the previous part. A few candidates correctly found the
distance between the lines but then did not convert this to the number of lines per mm.

20 © OCR 2025
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Question 3 (b)

(b) Describe how you could determine a more accurate value for the number of lines per mm on the
diffraction grating.

While some candidates correctly suggested to either increase the distance from the grating to the bench
or to measure the distance between several maxima, many seemed more focused on taking repeat
readings to reduce percentage uncertainty rather than improving accuracy. Some candidates suggested
looking at the grating under a microscope and counting lines.

Misconception

Candidates often confuse the following terms:
e Accuracy: a measured value is accurate if it close to the true value.
e Precision: measurements are precise if several repeated values are close together.

¢ Uncertainty: there will always be some uncertainty related to a measured value and it
tends to be given as the interval in which the value is expected to lie.

21 © OCR 2025
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Question 3 (c)

(c) Table 3.1 shows the values obtained from all 20 diffraction gratings.

Table 3.1
Number of lines per mm
144 320 590 594 603
156 567 591 599 605
299 588 592 600 605
310 590 593 602 610

Standard values for school diffraction gratings are usually 80 lines/mm, 150 lines/mm,
300 lines/mm and 600 lines/mm.

Explain which set the majority of these gratings are from.

Examiners’ report

Suggest a value for the absolute uncertainty in the published value for the number of lines per

mm.

Nearly all candidates correctly suggested that most of the gratings were from the 600 lines mm™" set.
Few identified that 567 was an outlier so when they calculated the uncertainty it was usually +21.5.

22
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Section B overview

Section B takes the form of one longer structured question which includes a second extended response
question. The early parts of the question relate to the natural oscillations of a mass on a spring and
included some graphical work. The extended response question related to forced oscillation.

Question 4 (a)

4 Astudent carries out an experiment investigating how the period of oscillation of a mass on a
spring varies as the mass is increased. The experimental setup is shown in Fig. 4.1.

mass

The teacher tells the student that measuring the time for ten oscillations rather than the time for
one oscillation will provide more reliable data.

(a) State why measuring ten oscillations provides a more reliable measurement of the time period.

Most candidates correctly stated that measuring the time for 10 oscillations decreases the percentage
uncertainty of the period.

23 © OCR 2025
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Question 4 (b)

(b) One pair of data points is shown below.

Time for ten oscillations = 10.4s + 0.5s
Mass = 0.50kg £ 0.01kg

The student decides to ignore the uncertainty in the mass and the teacher agrees.

Explain whether this is a reasonable decision. Use calculations in your answer.

Several candidates correctly evaluated the two uncertainties but many did not then compare the two
values or did not consider whether the decision to ignore the uncertainly in the mass to be reasonable or
not. Very few considered the fact that relationship between period and mass involves a power of 2.

24 © OCR 2025
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Question 4 (c) (i), (ii), (iii) and (iv)
The student gathers the data in Table 4.1.

Examiners’ report

Table 4.1
Time for ten oscillations Time for one
Mass/kg (+0.5) oscillation, T2/s?
Is Tls

0.10 49 0.49 0.240
0.20 5.9 0.59 0.348
0.30 7.9 0.79 0.624
0.40 9.2 0.92 0.846
0.50 10.4 1.04 1.082
0.60 10.9 1.09 1.188
0.70 12.0

(c) The student plots the data as a graph as shown in Fig. 4.2 and includes uncertainty bars for
T2 values based on the uncertainty value given in part (b).

(i) Complete Table 4.1 and plot the remaining point on Fig. 4.2.

[2]

(ii) Calculate the uncertainty in the value of T2 for the final data point and add these uncertainty bars

to the graph.

(iii) Draw a line of best fit on Fig. 4.2.

[3]
[1]

25
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Fig. 4.2

1.6

14

4

1.2

1.0

T?/s? 0.8

0.6
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0.0
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Mass/kg
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(iv) A different student calculates their gradient to be 2.05s%kg™".

Show that the spring constant of the oscillating system is approximately 19 Nm=".

[2]

This graphical work was generally well answered. In part (i) all candidates correctly calculated T2, but
some did not use consistent resolution in the tabulated values. Nearly all candidates plotted the point
correctly. Most were able to calculate the uncertainty in the value in part (ii) and plot error bars. A
common mistake was to use the value of percentage uncertainty they had calculated for T = 10.4 s in
part (b). Nearly all candidates drew an acceptable line of best fit through the error bars. Incorrectly drawn
lines tended to miss the error bar at m = 0.2 kg.
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Question 4 (d) (i)*

(d) The student develops their experiment to investigate resonance. In the modified experiment, the
oscillations are driven by a signal generator and vibrator as shown in Fig. 4.3.

Fig. 4.3

=

Millimetre scale —|

G/

AR

Signal generator Vibrator

(i)* Suggest how the student could use this apparatus to investigate how the resonant frequency of
the system varies with mass. You should describe the experimental process including:

. How the student could obtain precise determinations of the resonant frequencies.

. Describe and explain the relationship between resonant frequency and mass you would
expect the student to obtain.

. Include in your explanations how the amplitude would vary with frequency for a given mass.

You may use diagrams in your response.

Most candidates were able to suggest increasing the frequency from the signal generator and then
observe the oscillations of the mass in order to find the resonant frequency. Few, if any candidates,
appreciated that if they found the exact resonant frequency, this would damage the vibrator. Some
candidates also suggested finding the natural frequency of the system by displacing the mass when it is
not connected to the vibrator, and then just varying f within £ 10 Hz of this value, appreciating that natural
and resonant frequency will be the same. Some candidates seemed more concerned about obtaining
accurate values for maximum amplitude rather than resonant frequency. A few candidates suggested
connecting an oscilloscope to the signal generator, and using it find a value for the frequency, instead of

28 © OCR 2025
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just reading it from the signal generator. Several candidates connected increasing the mass with the
degree of damping, some including sketch graphs of amplitude against frequency for light, moderate and
heavy damping but labelling this as the effect of increasing mass. The relationship between amplitude
and frequency for a single mass was usually described with the inclusion of a sketch graph, but the
relationship between resonant frequency and mass was usually just shown algebraically.

Exemplar 3

21 owd recscd |
PR (Fruda

S Mg scels | and always read froeem. 1z Some CedEondhe naass:

o deviy foota mabches W aatucald frequancy | esonone ocontt ond g

This response begins with a good description of experimental method including a suitable method for the
improving accuracy of the measured value for resonant frequency. It briefly states the relationship
between fand m and described resonant frequency. There are no sketch graphs or description of how
amplitude varies with frequency for a given mass so this is a Level 2 response.
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Question 4 (d) (ii)

(ii) Measurements of mass in space can be challenging.
Suggest briefly how to adapt the method shown in Fig. 4.3 to measure mass in zero g

environments.

Estimate a reasonable spring constant for the system, if it were to be used to measure an

astronaut’'s mass.
Assume that the time period of the system is designed to be about 2s for a typical mass.

Most candidates were able to give an appropriate estimate for the mass of an astronaut and use that to
calculate the required stiffness to give a frequency of about 2 s. Most did not suggest suitable adaption
for use in zero g environment. Few mentioned any calibration on Earth and some even suggested using

it in a vacuum.
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If you do not have an Interchange account, please contact your centre
administrator (usually the Exams Officer) to request a username.

Once you have an Interchange username, use the form on this page to
sign up for ExamBuilder, or ask an existing user at your centre to create
an ExamBuilder account for you.

Review students’ exam performance with our free online results analysis
tool. It is available for all GCSEs, AS and A Levels and Cambridge
Nationals (examined units only).

Find out more.


https://teachcambridge.org/landing
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https://www.ocr.org.uk/administration/support-and-tools/my-cambridge/index.aspx
http://ocr.org.uk/administration/stage-5-post-results-services/enquiries-about-results/
https://www.ocr.org.uk/administration/support-and-tools/access-to-scripts/
https://www.ocr.org.uk/qualifications/email-updates/
https://ocr.org.uk/qualifications/past-paper-finder/exambuilder/
https://interchange.ocr.org.uk/SingleSignOn/ValidateAuthentication.aspx?ReturnURL=/
https://www.ocr.org.uk/qualifications/past-paper-finder/exambuilder/sign-up/
http://ocr.org.uk/activeresults

Tell us what you think

Your feedback plays an important role in how we develop, market, support and resource qualifications now and
into the future. We want you and your students to enjoy and get the best out of our qualifications and resources,
but to do that we need your honest opinions to tell us whether we're on the right track or not.

You can email your thoughts to resources.feedback@ocr.org.uk or visit our feedback page to learn more about how
you can help us improve our resources.

Designing and testing in collaboration with you and your students

@ Helping young people develop an ethical view of the world

o
% Equality, diversity, inclusion and belonging (EDIB) are part of everything we do

Contact the team at:

Q& 01223 553998
® ocr.org.uk

To stay up to date with all the relevant news about our qualifications,
register for email updates at ocr.org.uk/updates

Visit our Online Support Centre at support.ocr.org.uk
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OCR is part of Cambridge University Press & Assessment, a department of the University of Cambridge.

OCR is a Company Limited by Guarantee and an exempt charity. Registered in England. Registered office: The Triangle Building, Shaftesbury Road, Cambridge,
CB2 8EA. Registered company number: 3484466.

We operate academic and vocational qualifications regulated by Ofqual, Qualifications Wales and CCEA as listed in their qualifications registers.

We are committed to providing a fully accessible experience across all our products, platforms, and websites. Find out more about our
accessibility standards.

© OCR 2025. All rights reserved. We retain the copyright on all our publications. However, our registered centres are permitted to copy and distribute our
material for their own internal use, in line with any specific restrictions detailed in the publication. Find out more about our copyright policies.

We update our publications regularly so please check you have the most up-to-date version.

We cannot be held responsible for the persistence or accuracy of URLs for external or third-party internet websites referred to in this publication
and do not guarantee that any content on such websites is, or will remain, accurate or appropriate.

When we update our specifications, you'll see a new version number and a summary of the changes. While we do our best to reflect these
changes in all associated resources on Teach Cambridge, if you notice any discrepancies, please refer to the latest specification on our website
and let us know.

Our resources do not represent any teaching method we expect you to use. We cannot be held responsible for any errors or omissions in our resources.
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