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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 are 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.
Advance Information for Summer 2022 assessments

To support student revision, advance information was published about the focus of exams for Summer
2022 assessments. Advance information was available for most GCSE, AS and A Level subjects, Core
Maths, FSMQ, and Cambridge Nationals Information Technologies. You can find more information on
our website.

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 1 series overview

H557/01 ‘Fundamentals of Physics’ component is worth 110 marks and assesses specification content
from across all the teaching modules.

Section A consisted of 30 multiple choice questions, each worth one mark.

Section B included five structured short answer questions worth a total of 21 marks. Each question
typically examined a single context. To do well on this section candidates needed to be comfortable
answering questions that involved problem-solving and practical-based questions as well as performing
calculations.

Section C consisted of five questions worth 59 marks in total. In addition to some short answer questions
there were two opportunities for extended writing (Questions 37 (b) (ii) and 38 (a) worth 6 marks each.

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

generally did the following:

generally did the following:

o attempted all the multiple choice questions in o found it difficult to explain physics concepts

Section A

performed the calculations required in Section
B well

articulated the assumptions made when
making calculations, for example when
calculating the height reached by a projectile in
Question 31 (b)

applied their knowledge to experimental
situations, for example the refraction
experiment in Question 36, and were able to
use graphical techniques to estimate
uncertainty in results

used sound physics, covering fully the required
strands identified in the question, in a logical
structure such as for the extended response
Questions 37 (b) (ii) and 38 (a)

were able to find the energy released in the
fission reaction described in Question 39
before going on to calculate the mass of
Uranium required to produce a given power
output.

with the required depth and clarity — for
example in Question 32 (b) where they were
asked to explain the appearance of a bright
line in a diffraction experiment

made arithmetic errors, for example, quoting
157.89 as 157 for the answer to Question 37
(a) (i)

drew lines for Question 36 (c) (iv) that did not
represent the maximum or minimum gradients
- often joining the tips of the error bars
covered just one of the required strands for the
extended response Questions 37 (b) (ii) and
38 (a) and lacked structure in their reasoning.

There was little evidence that any time constraints had led to a candidate underperforming, with most
candidates answering the final question well, although few were able to answer the final part of Question
40 successfully.

© OCR 2022
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Section A overview

This section consisted of 30 multiple choice questions, each worth one mark. Candidates performed very
well on Questions 8, 11, 14, 16 and 29. Questions 4, 9, 26 and 28 were most challenging.

Question 4

4 The variation of a signal without noise is 140 mV. The maximum number of useful bits to sample
the same signal with noise is 3.

What is the noise variation in the signal?

A 18mV
B 20mV
C 47mV
D 70mV
Your answer [1]

Some candidates incorrectly divided the signal without noise value of 140 mV by 8 bits to give an answer
of 17.5 mV, selecting response A, rather than adding the noise value to give Via before calculating
using the formula given in the data booklet.
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Question 5

5 Astudentis asked to construct a circuit to investigate the electrical characteristics of a resistor R.
Which is the correct circuit?

Your answer [1]

A number of candidates were confused by the unusual positioning of the voltmeter in the correct
diagram, C, and incorrectly selected A which appears to have the voltmeter connected in parallel as they
expected.

6 © OCR 2022
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Question 8

The following information is for use in questions 8 and 9.

8 The emf of the cell in the circuit shown is 2.7 V. The high resistance voltmeter reads 2.4 V.

2.7V

[=

What is the internal resistance r of the cell?

A 01Q
B 0.3Q
C 16Q
D 19Q
Your answer [1]

Most candidates could correctly calculate the current as 3 Amps before manipulating the formula
V = € —1Irin order to correctly select 0.1 Q as the correct internal resistance. A common error made by
candidates was to subtract 2.4 V from 2.7 V without going on to divide by the current.
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Question 9

9 What is the power transferred in the cell in the circuit shown?

A 0.1W
B 09W
CcC 81W
D 91W
Your answer [1]

Generally, candidates substituted the current they had calculated in Question 8 into the formula P = IV to
correctly identify the power transferred as 0.9 W. Some incorrectly selected C, 8.1 W, as a result of
multiplying the current by the e.m.f. value of 2.7.

Question 10
10 The diagram shows a network of four conductors, each with conductance 0.2S.

. —

What is the total conductance of the arrangement?

A 0.12S
B 0.27S
C 0.30S
D 0.53S
Your answer [1]

Most candidates completed this analysis well. There was some evidence of a lack of familiarity with the
formulae for conductance in series and parallel as a number of candidates took a convoluted route; this
involved converting conductance to resistance before analysing the arrangement and then going on to
convert back to conductance.
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Question 18

18 A proton is accelerated through 12.4kV and makes a direct collision with a silver (12;Ag) nucleus.
What is the closest distance the proton can approach the nucleus?

A 55x101"m
B 1.24x10"m
C 54x10"m

D 1.24x10"m

Your answer [1]

A common error in response to this question was to use 107 as the number of protons in the silver
nucleus leading to an incorrect evaluation of the closest distance of approach as 1.24 x 10~"" m.

Question 25
25 The decay equation of strontium-90 is:
05 —5 By + % + 07
Which of the following quantities is not conserved in the decay?
A charge
B lepton number

C momentum

D mass

Your answer [1]

A common error was to pick momentum as the quantity not conserved in the decay of strontium-90,
suggesting that candidates are familiar with using the other terms in the context of nuclear equations and
selected momentum as appearing to be ‘the odd one out'.

9 © OCR 2022




A Level Physics B (Advancing Physics) - H557/01 - Summer 2022 Examiners’ report

Question 28
28 When the capacitor is fully charged, the switch is moved to position Y.

What is the energy stored on the capacitor after 10s of discharge?

A 0.013J
B 0.023J
C 0.026J
D 0.046J
Your answer [1]

Less than half of candidates were successful in this multi-step calculation. Where they were, candidates’
working showed that they were able to calculate Qo from the values of capacitance and voltage given in
the question before going on to work out the value of Q after 10 seconds using the formula Q = Qe RC.
Some candidates got stuck at this point, selecting A as the closest numerical value to their unfinished
calculation, but those that were successful went on to calculate the energy from E = ¥2Q?/C.

Assessment for learning

Most of the successful candidates showed their working alongside the questions in Section A
allowing them to perform multi-step calculations well.

10 © OCR 2022
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Question 29
29 Here are some data about an ideal transformer:
input power: 36 W
primary current: 4.8A
number of turns on primary coil: 2000

secondary voltage: 60V

What is the number of turns on the secondary coil?

A 1200

B 3300

C 16000

D 25000

Your answer [1]

Many candidates appeared unfamiliar with transformer equations. Those that were, and showed any
working, calculated the primary voltage as 7.5 V and used the voltage ratio of 60/7.5 = 8 to identify the
number of turns on the secondary coil as 16 000.
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Section B overview

This section included five structured short answer questions worth a total of 21 marks.

Question 31 (a)

31 The diagram shows gravitational equipotentials near the surface of the Moon.

him equipotentials/Jkg™
4 | 6.4
) 4.8
7 3.2
1 1.6
surface of Moon

(a) How does the diagram show that the gravitational field is uniform on this scale?

Most candidates were able to identify that the equipotentials are equally spaced to gain credit. Only the
least successful candidates gave answers that were not sufficient for credit — for example “the lines are
straight”

Question 31 (b)

(b) Calculate the maximum height reached by a projectile that is launched from the surface of
the Moon with a vertical velocity of 20.0ms™". State any assumptions that you make.

Assumptions:

maximum height = ... m [2]

This question was well answered by most candidates. Those that could not complete the calculation did
not realise that the value for g could be identified from the diagram.

12 © OCR 2022
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Question 32 (a)
32 Fig. 32.1 shows plane waves diffracted when they pass through a slit.

(@) Complete Fig. 32.2 to show diffraction of waves of the same wavelength through a narrower

slit.
SRR -
) b
e N L
3 b
[ | — |
& &
Fig. 32.1 Fig. 32.2

[2]

Candidates usually gained at least one mark although few gained both. Diagrams need to be drawn with
clarity to show key features that examiners are looking for in the response — in this case constant
wavelength and symmetry of spreading.

Missing part-questions where candidates are required to complete a diagram

This question was often omitted, as was Question 40 (b) (i). Candidates should take care to make sure
they do not rush and inadvertently miss questions that require diagrams to be completed.
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Question 32 (b)

(b) Fig. 32.3 shows wavefronts after passing through a grating of many narrow slits.

to bright line on

I M -7 screen
l

Fig. 32.3

Use the diagram to explain why there is a bright line on the screen in the direction shown.

Candidates who answered this question well were clear that there are two aspects to the explanation —
linking the idea that waves from adjacent slits have a path difference of one wavelength, leading to the
wavefronts arriving in phase. Less successful candidates confused the concepts of path difference and
phase difference, leading to a lack of clarity in their responses. Some candidates gave articulate
responses involving reference to integer multiples of wavelength for full credit. References to key terms
like “interference” and “superposition” needed to have greater clarity — for example “constructive
interference” to gain credit.

Misconception

Candidates needed to understand the difference between path difference and phase difference
to answer this question successfully.

14 © OCR 2022
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Question 34 (a)

Examiners’ report

34 Fig. 34.1 shows the relationship between charge Q on a capacitor and the p.d. V across the
capacitor.

Q/mC

7

VIV

15
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(a) Explain the significance of the shaded area of the graph and the significance of the gradient
of the graph. Link your explanations to the relevant equations.

] AT [=Te =T (<Y= PO

Some of the responses were concise, clearly linking the concepts of energy transferred and capacitance
to the shaded area and gradient respectively. Others needed to make sure that the explanations linked
to the relevant equations — particularly for the shaded area for full credit.
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Question 34 (b)

(b) A simplified circuit is shown in Fig. 34.2.

Fig. 34.2

. . AQ . Q
Explain how the equation ~ -"RC

capacitor after time t by performing repeated calculations or iterations. You may include a
diagram in your answer.

can be used to find the charge remaining on the

Many candidates demonstrated a familiarity with the iterative approach, correctly rearranging the
equation to show AQ = -At x Q/RC and explaining how to use this to find the new value of Q after a
small time interval. Candidates often used a table with column headings effectively to show how to
calculate each iteration. Very few examples of flow charts were seen — where they were used they
brought clarity to candidate’s explanations.

Those candidates unfamiliar with the approach described in the question often tried, unsuccessfully, to
use Q = QoeFC,

17 © OCR 2022
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Section C overview

This section consisted of six questions worth 59 marks in total.

Question 36 (a)

36 In 1690, the Dutch thinker Christiaan Huygens suggested a wave model of light. Fig. 36.1 is a
simplified version of one of Huygens’ diagrams that explains the refraction of light using his wave
model. The speed of the waves ¢, in medium 1 is lower than the speed ¢, in medium 2.

Fig. 36.1 shows two successive wavefronts entering medium 2 from medium 1. Wavefront BB’
strikes the boundary time At after wavefront AA. In time At, the wavefront travels distance ¢, At in
medium 1 and the smaller distance ¢, Afin medium 2. Fig 36.2 represents the same situation as
a ray diagram.

B)

A’
Cc, At
i medium 1
E medium 2
Fig. 36.1
il
i medium 1
]
1\ medium 2
r
Fig. 36.2
PR
(@) Use information from the diagrams to show that sl
sinr  C,

11

Most candidates found this question straightforward but some omitted At, so could not gain full marks as
they did not fully ‘show that’ as required by the question.

18 © OCR 2022
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Erratum notice

OCR

Oxford Cambridge and RSA

ERRATUM NOTICE

Thursday 26 May 2022 - Afternoon
A Level Physics B (Advanced Physics)
H557/01 Fundamentals of Physics

FOR THE ATTENTION OF THE EXAMS OFFICER
To be opened on the day of the exam

Instructions to invigilators:
Before the start of the exam, please read the following notice out twice to candidates:

Turn to page 24 of the question paper and look at question 36.

In the third line, cross out the word ‘lower’ and replace with ‘higher’

The sentence should now read:

‘The speed of the waves c¢; in medium 1 is higher than the speed ¢, in medium 2.’

If you have any queries, please call our Customer Support Centre on 01223 553998 or email
general.qualifications@ocr.org.uk

© OCR 2022 JUN22/Erratum Notice/Article Number 9479249638
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Question 36 (b)

Examiners’ report

(b) A beam of monochromatic light is incident on the side of a glass cube containing water. Use
Fig. 36.3 and the data given to calculate the angle of refraction in the water, r,.

air

glass

water

angle of refraction in water =

Fig. 36.3 not to scale

Angle of incidence = 30°
C,, = 3.00 x 108ms™"
=1.99 x 108ms~!

Cglass

c =2.26 x 108ms!

water

[2]
This part was well answered by most candidates, although some rounded incorrectly in intermediate
steps of the calculation leading to incorrect answers.
20 © OCR 2022
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Question 36 (c) (i)

(c) Astudent determines the refractive index using the apparatus shown in Fig. 36.4.

A graph of the experimental results is shown in Fig. 36.5.

laser
(monochromatic light source)

glass block

Fig. 36.4

0.9

sinj

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
sinr
(i) Suggest why a monochromatic light source is used in the experiment.

Many candidates correctly gained credit for explaining that different wavelengths refract through different
angles in the glass. Where candidates defined or explained the term “monochromatic” they needed to
expand on this further to gain the mark.
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Misconception

Candidates should be aware that diffraction is a key term that cannot be used interchangeably
to mean refraction.

Question 36 (c) (ii)

(ii) Suggest why the student estimated the uncertainty in sinr to be greater than the
uncertainty in sini.

Relatively few candidates gained this mark - which was designed to be a low-level mark to achieve — as
they wrote in general terms for example ‘it is hard to measure in the glass block’; to be given the mark
candidates needed to be clear why there is more uncertainty in the measurement.

Question 36 (c) (iii)

(iii) The student assumed a constant uncertainty in the sines of the angle. Suggest and
explain why this is unlikely to be the case.

These high level marks were gained by very few candidates who were able to articulate the non-linear
relationship between the angle and sine.

22 © OCR 2022
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Question 36 (c) (iv)
(iv) The student calculated the value of the refractive index as 1.5.
Use the graph to estimate a value for the uncertainty in the result.
Explain your method.
refractive index of the glass block = 1.5+ ...

EXPIANAtiON: ... e

This question provided good discrimination with many lower achieving candidates able to gain a mark for
calculating one of the gradients. The highest achieving candidates were able to draw maximum and
minimum gradients and calculate the difference between the two to estimate the uncertainty.
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Question 37 (b) (ii)*

(ii)* The mass of the bullet train without passengers is 7.15 x 10°kg. When all the carriages
are full it carries 1300 passengers.

Assuming that the accelerating force is constant, compare the initial acceleration of the
train full of passengers with the acceleration of 1.9kmh~'s~! of the empty train. Make
all your estimates clear.

Describe and explain how carrying passengers will affect the power required to maintain
a speed of 300km/h against the drag force from the air and suggest and explain how
passing through a narrow tunnel might change the power required to maintain speed.

To gain full marks, candidates were expected to give a clear explanation that covered all three strands in
the question, i.e. comparison of the acceleration of the empty and full trains, comparison of the power
required to maintain constant speed and the effect on the power required when travelling through a
tunnel. Most candidates did attempt to cover all three aspects.
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Exemplar 1
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Exemplar 1 shows a response that has covered the first strand well by making an appropriate estimate
for the mass of a passenger as approximately 70 kg and using this with the values given in the question
to calculate and compare accelerations. The second strand contains a common misconception that the
mass affects the force required to maintain the constant speed. The final strand is covered a little
superficially but it does correctly state that the power would need to be increased to maintain the speed
through the tunnel. The misconception limits the marks gained to a ‘Level 2’ response which is argued
with a well-developed line of reasoning and logical structure so 4 marks were given.
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Question 38 (a)*

38 This question is about the relationship between the volume V of a fixed mass of gas at constant
pressure and the absolute temperature T of the gas. The relationship is often called Charles’ Law.

(a)* Describe how you can use the apparatus shown in Fig. 38.1 to determine a value for
absolute zero (0K) in degrees Celsius. Explain why it is necessary to assume that the
diameter of the bore of the capillary tube is constant throughout its length.

Describe the sources of uncertainty in the experiment and explain how they can be reduced.
Suggest why trapped air will not give an accurate value of absolute zero.

— ~

(_____glass capillary tube

| thermometer

| liquid index

This question asked candidates to describe the experimental method that would be used with the
apparatus, to explain the requirement for a uniform diameter capillary tube and to describe the sources
of uncertainty
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Exemplar 2
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In Exemplar 2, the candidate has covered all three strands successfully. There is a good overview of the
experimental method and processing of results onto a graph to cover the key points of the first strand. A
number of candidates omitted an explanation of the need for a constant bore of tube, but this response
clearly explains the impact on volume if the diameter is not constant by linking V = nr?h. There is, finally,
good coverage too of the final strand with attempts at explaining parallax error in reading the length of
the column and the explanation that the trapped air is not an ideal gas. This response covers all strands
well to be given a mark in the Level 3 response band and is written with a good logical and well-
developed line of reasoning therefore the higher mark — 6 — was given.
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Question 39 (a)

39 This question is about a possible method of extracting energy by nuclear fission of a uranium 234
nucleus.

(a) Explain what is meant by the ‘binding energy’ of a nucleus and describe how its value can
be calculated from the mass of the nucleus and the values for the masses of the individual

unbound protons and neutrons.

Most candidates gained the second mark for describing how to calculate the binding energy from the
masses, although some responses were vague about how to use E = mc? in the calculation. Fewer
candidates gained the first marking point for an explanation of binding energy.

Misconception

@ It was common for candidates to describe binding energy, incorrectly, as the “energy required

to hold the nucleus together”
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Question 39 (b) and (c)

(b) Fig. 39.1 shows how the binding energy per nucleon varies with nucleon number.

binding energy —4

nucleon number, A

0 25 50 75 100 125 150 175 200 225 250

per nucleon
/MeV S | 1 I R M W
6 \
uXe

234
- S s
-8 \ / == i
-9

(i)

(ii)

The fission reaction is
234 137 94 1
The binding energy of the U-234 nucleus is —1778 MeV.

Use the graph to show that the energy released in the fission reaction is about 200 MeV.

[2]

Calculate the mass of 283U that must undergo fission to produce a constant output of
1400 MW for one year.

mass of 233U atom = 3.89 x 102°kg.

1year=3.2x10"s.

MASS = oiiiiiiii e e kg [2]
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(c) In a ‘thorium’ reactor, 234U is produced when a neutron is captured by a 233U nucleus.

The 233U is produced from an isotope of thorium (Th) in the following stages
225Th + Jn — 28Th — 23%Pa + Je — 23U+ Je

Calculate the minimum mass of 28‘?Pa required to produce sufficient ZS‘EU to produce an
energy output of 1400MJ in one second.

Explain why this is @ minimum value.
half-life of 233Pa = 1600s.

mass of %33Pa atom = 3.87 x 10~2kg.

MASS = oiiiiiieeiieeri et kg
Explanation:

Questions 39 (b) (ii) and 39 (c) expected candidates to use the answer from 39 (b) (i). Candidates could
use their own calculated value, or the ‘show that’ value of 200 MeV. Errors carried forward were also
allowed.

Assessment for learning

Some candidates omit the later parts of structured questions as they cannot do the first part so

have no calculated value to use in the subsequent parts. Candidates should be aware that they

can use the ‘show that’ value for these parts. They should also be encouraged to highlight the

value given in a ‘show that’ question, as it may be the value they need for a later calculation
that is not provided within that question — as is the case here with Question 39 (c).

Question 40 (c) (ii)

(ii) Show that the velocity of an electron accelerated through 50kV is about 1.2 x 108ms~!

[4]

The highest achieving candidates were able to calculate the rest energy of the electron and go on to
calculate the gamma factor and hence the velocity of the accelerated electron. Typically, candidates
tried, incorrectly, to use the energy gained by an electron as eV and equate this to the kinetic energy of
amv2,
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