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Introduction
These exemplar answers have been chosen from the 
summer 2018 examination series.

OCR is open to a wide variety of approaches and all 
answers are considered on their merits. These exemplars, 
therefore, should not be seen as the only way to answer 
questions but do illustrate how the mark scheme has 
been applied.

Please always refer to the specification https://www.
ocr.org.uk/Images/171729-specification-accredited-a-
level-gce-physics-b-advancing-physics-h557.pdf for full 
details of the assessment for this qualification. These 
exemplar answers should also be read in conjunction 
with the sample assessment materials and the June 2018 
Examiners’ report or Report to Centres available from 
Interchange https://interchange.ocr.org.uk/Home.mvc/
Index

The question paper, mark scheme and any resource 
booklet(s) will be available on the OCR website from 
summer 2019. Until then, they are available on OCR 
Interchange (school exams officers will have a login for 
this and are able to set up teachers with specific logins – 
see the following link for further information http://www.
ocr.org.uk/administration/support-and-tools/interchange/
managing-user-accounts/).

It is important to note that approaches to question 
setting and marking will remain consistent. At the same 
time OCR reviews all its qualifications annually and may 
make small adjustments to improve the performance of 
its assessments. We will let you know of any substantive 
changes.

https://www.ocr.org.uk/Images/171729-specification-accredited-a-level-gce-physics-b-advancing-physics-h557.pdf
https://www.ocr.org.uk/Images/171729-specification-accredited-a-level-gce-physics-b-advancing-physics-h557.pdf
https://www.ocr.org.uk/Images/171729-specification-accredited-a-level-gce-physics-b-advancing-physics-h557.pdf
https://interchange.ocr.org.uk/Home.mvc/Index
https://interchange.ocr.org.uk/Home.mvc/Index
http://www.ocr.org.uk/administration/support-and-tools/interchange/managing-user-accounts/
http://www.ocr.org.uk/administration/support-and-tools/interchange/managing-user-accounts/
http://www.ocr.org.uk/administration/support-and-tools/interchange/managing-user-accounts/
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Question 1 (a)

Exemplar 1 2 marks

[2]



Exemplar Candidate Work

5

A Level Physics B (Advancing Physics)

© OCR 2018

Examiner commentary
Question 1 requires candidates to show understanding of polarisation, the properties of an LDR and a simple potential divider circuit. 
Part (a) asks candidates to describe and explain the variation of light intensity as a second polarising filter is rotated.

The first response gains both marks as the candidate correctly describes the intensity variation and explains the observations in terms 
of planes of oscillation. The second response describes the variation in light intensity but does not make any attempt to explain the 
variation. This was a common feature of many responses. 

Exemplar 2 1 mark
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Question 1 (b) (i)

Exemplar 1 3 marks

[4]
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Exemplar 2 2 marks

Exemplar 3 1 mark

Examiner commentary
Part b i requires candidates to correctly describe the variation of resistance of an LDR with light intensity, link this to a p.d. variation 
across the LDR and explain the changes in p.d. The first response gained three marks out of four, correctly describing the p.d. and 
resistance variation. The candidate made no attempt to explain why the p.d. varied in this particular circuit. The second response 
correctly describes the resistance change and gains a second mark for considering the proportion of the total resistance in the circuit 
that the LDR contributes. Unfortunately, the candidate then contradicts earlier reasoning and incorrectly describes the p.d. variation. 
The third response incorrectly describes the p.d. variation and makes no attempt to explain the observations.
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Question 1 (b) (ii)

Exemplar 1 2 marks

Exemplar 2 1 mark
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Exemplar 3 0 marks

Examiner commentary
This is a standard potential divider calculation but candidates must realise that, taking into account uncertainty in the voltmeter 
reading, the greatest possible p.d. across the LDR is 3.01 V. The first response gains both marks. The second response only gains one 
mark because of a power of ten error in the calculation. It is interesting that this candidate chose to calculate the current in the circuit 
rather than using the potential divider equation. The third response gains no marks as it uses 3.00 V as the maximum p.d. across the 
LDR.
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Question 2 (a)

Exemplar 1 2 marks

[2]

Exemplar 2 2 marks

Exemplar 3 1 marks
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Examiner commentary
This question is about a 235U fission reaction. Part a requires candidates to explain the term ‘chain reaction’ in this context and suggest 
how such a reaction can be controlled. Many candidates failed to gain the first mark because their descriptions of fission were not 
clear enough. The second mark – for identifying a control mechanism, proved to be much more accessible. The first response gains 
both marks – the description of the chain reaction shows clear understanding and, although the description of a moderator is a little 
unclear, the candidate has identified the function of control rods. The second response again scores both marks but the use of the 
adjective ‘radioactive’ suggests that the candidate has not formed a complete understanding of the fission process. The third response 
gains the first mark only, and the description of the chain reaction is only barely sufficient.
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Question 2 (b)

Exemplar 1 2 marks

[2]

Exemplar 2 1 mark
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Exemplar 3 0 marks

Examiner commentary
This part of the question required candidates to look carefully at the graph axes and use the data given to explain the energy release. 
Weaker responses tended to consider 87Br and 146La to have greater binding energies than 235U (rather than more negative) and a 
proportion of the responses considered binding energy to be the energy required to keep the nucleus intact. The first response 
gains both marks for a clear and concise answer. The second response, although showing understanding of the process does not 
consider binding energy per nucleon. The third response fails to gain any credit as it considers an increase in binding energy during 
the fission process.
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Question 2 (c)

Exemplar 1 3 marks

Examiner commentary
This is a standard calculation which the majority of candidates answered correctly. Most candidates, as this exemplars show, 
performed the conversion from eV to J and the calculation of energy in a single step.
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Question 2 (d)

Exemplar 1 4 marks

[4]
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Exemplar 2 2 marks

Exemplar 3 1 mark
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Examiner commentary
This is a more extended calculation. Candidates must realise that the relevant mass is that of the uranium nucleus, 3.9 × 10-25 kg rather 
than the mass transferred in the reaction, 2.8 × 10-29 kg. Candidates can still gain marks for making this relatively common error. The 
question also asks candidates why the estimate they have calculated may be inaccurate, given the current rate of energy production. 
Even though ‘current’ is highlighted in the question, many responses suggested that demand may change, using up supplies more 
quickly. This would change the rate of energy production.

The first response gives a clear calculation and suggests that the efficiency of power stations could change in the future. The second 
response implicitly uses 2.8 × 10-29 kg rather than 3.9 × 10-25 kg and so gains only two marks for the calculation. The reason given for 
inaccuracy of the answer suggests a change in energy production and so gains no marks. It is worth noting that candidates reached 
values from tens of years up to considerably longer than the current age of the universe and clearly did not doubt their calculations 
even though the values may have seemed surprising. The third response gains one mark for correctly calculating the number of 
fissions available. 
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Question 3 (a)

Exemplar 1 4 marks

[4]

Exemplar 2 3 marks

Exemplar 3 1 mark
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Examiner commentary
This question is about beta decay and equivalent dose in the context of potassium-40 decay in bananas. Part (a) requires candidates 
to calculate the activity from a banana. The first response shows clear, accurate working leading to the value of 15.3 Bq. The candidate 
has made each step clear. The second example shows a fairly common error; on the additional page the candidate has used a correct 
method but not converted the percentage (0.012%) into a proportional factor (0.00012). The third response only gains the mark for 
calculating the decay constant, but this illustrates the importance of encouraging candidates to write down all stages in a calculation.



Exemplar Candidate Work

20

A Level Physics B (Advancing Physics)

© OCR 2018

Question 3 (b)

Exemplar 1 4 marks

[5]

Exemplar 2 3 marks

Examiner commentary
This question is one of the most challenging on the paper as the candidates are required to calculate the equivalent dose over a 
twenty year period, realising that this is that given by 2080 bananas over a ten year period. This is a long, unstructured calculation in 
a novel context.  Very few candidates gained all five marks but good responses, such as the first example, merited four marks. This 
example shows clear presentation throughout and shows understanding of the difference between dose in Gy and equivalent dose 
in Sv. The second example incorrectly calculates the number of decays during the twenty-year period but gains three marks for clearly 
showing how the equivalent dose is calculated from this incorrect value.
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Question 3 (c)

Exemplar 1 1 mark

Examiner commentary
This is a much more straightforward question. Candidates were able to use the ‘show that’ value from part (b) to gain the mark.

[1]
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Question 3 (d)

Exemplar 1 1 mark

Examiner commentary
Most candidates gained one mark for this question. Few candidates attempted to calculate the amount of potassium-40 in the body 
compared to that in a banana, or the equivalent dose over twenty years from the equilibrium level of potassium-40 in the body. 
Many more responses, such as in this example, gave creditworthy qualitative answers, often suggesting that ‘extra’ potassium will be 
excreted.

[2]
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Question 4 (a) (i)

Exemplar 1 2 marks

Examiner commentary
Question 4 is the first of the longer questions on the paper. The context is Galileo’s legendary experiment in which he is said to have 
dropped balls of different masses from the top of the Leaning Tower of Pisa. Part (a) (i) is a simple kinematics calculation which most 
candidates successfully answered. The example given shows clear working.
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Question 4 (a) (ii)

Exemplar 1 2 marks

Examiner commentary
This part of the question requires candidates to explain why different masses will accelerate at the same rate when air resistance is 
ignored.  The first example response is admirably clear. Many responses simply stated that a uniform field will give an acceleration 
which is independent of mass, as given in the second example. Other responses included incorrect statements such as ‘the force is 
constant for all masses’. 

Exemplar 2 0 marks

[2]
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Question 4 (b) (i)
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Exemplar 1 3 marks

Examiner commentary
Part (b) concerns an iterative model of acceleration under a drag force. Part (b) (i) ask the candidates to complete a line of the model. 
Many candidates gained all three marks as shown in the first example. A common error amongst candidates who scored highly on the 
paper overall was to assume that the acceleration remains constant at 9.81 m s-2 – this is shown in the second example.

Exemplar 2 2 marks
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Question 4 (b) (ii)

Exemplar 1 Level 3, 5 marks
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Examiner commentary
This is the first Level of Response question on the paper. The question requires candidates to estimate data from the graph produced 
by the iterative model, explain the limitations of the model and how it could be improved, compare the value from the graph with 
the value obtained by ignoring drag and, finally, discuss whether observers in 1589 would have been able to distinguish between the 
time of fall of similar masses. 

The first theme in the question, the limitations of iterative modelling, has been a standard area of testing in Physics B for many years. 
A high proportion of responses stated that the model holds acceleration constant over the time interval of the iterations, leading 
to error, and that this error can be reduced by reducing the time interval of each iteration. Good responses stated that, in reality, the 
acceleration of the mass would continuously vary (until terminal velocity is reached).

Most responses compared the two values for time of fall. This is about half a second. This is distinguishable by eye, but the time of fall 
difference between two similar masses will be smaller (assuming similar K values).

This high level response gained five marks. It covers the first theme of the question clearly and points out that relatively similar 
masses would fall with a smaller difference in time than half a second, also suggesting that the K value will be similar for both masses. 
The response would have gained six marks if it had included a little more detail about the observations in 1589, for example, that 
observers would not have had precise clocks.

Exemplar 2 3 marks
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Examiner commentary
This response gained three marks. It correctly estimates the calculated time of fall from the iterative model, although it does not 
make clear what the value refers to. It covers the limitations of the model and correctly states the time difference between the two 
values. It is not particularly clear when describing the situation in dropping similar masses; for example, its states that ‘the effects of air 
resistance will be reduced’ rather than ‘than difference in the effects of air resistance will be smaller’. It does consider the observational 
limitation of the period.

Exemplar 3 2 marks

Examiner commentary
This response gained two marks. The time of fall is correctly stated and the candidate recognises the limitations of technology in the 
sixteenth century. The candidate notes that the model shows terminal velocity but does not explain the limitations of the model.
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Question 5 (a) (i)

Exemplar 1 2 marks

[3]

Examiner commentary
Question 5 is about Rutherford scattering and the wave-like properties of electrons. Part (a) (i) asks candidates to explain why alpha 
particle scattering experiments are performed in a vacuum. The mark scheme gives four areas of response worthy of credit. Many 
responses, such as the example given here, gained two marks but did not answer in sufficient detail. It is useful to remind candidates 
that in questions such as this it is worth considering that the number of marks given in a question is a guide to the number of discrete 
points the candidate should include in the response.



Exemplar Candidate Work

31

A Level Physics B (Advancing Physics)

© OCR 2018

Question 5 (a) (ii)

Exemplar 1 3 marks

[3]

Exemplar 2 2 marks
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Examiner commentary
This is a standard distance of closest approach calculation. Many candidates gained marks for the calculation but the third mark, for 
explaining the change in value for radius when more energetic alpha particles are used, was less often reached. The first example 
shows a good response to this part of the question, the second example shows a candidate who is probably considering the case of a 
‘near miss’ rather than a ‘direct hit’. In the case of a near miss, the more energetic alpha particle will suffer less deflection, but this is not 
the situation described in the question. Other candidates failed to reach the third mark because their answers merely stated that the 
radius would go down because the kinetic energy was greater.
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Question 5 (b) (i)

Exemplar 1 4 marks

[4]

Exemplar 2 0 marks

Examiner commentary
The focus of the question now turns to electron scattering. Part (b) (i) requires candidates to show that electrons accelerated through 
a high p.d. travel at velocities close to light. This requires the correct use of the equation Etotal= γErest.  Having found the gamma 
factor as about 295 the velocity of the electron can be determined. The first example shows the correct calculation. Many responses 
incorrectly calculated the gamma factor by failing to include the  rest energy in the total energy, leading to a factor of 294. These 
responses often met the criteria for the last two marks.

Candidates who gained lower marks on the paper overall found it difficult to make a start on the question. The second example shows 
an example of a candidate going off on the wrong track and conflating relativistic and non-relativistic ideas, ending up with a value of 
velocity greater than that of light. 
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Question 5 (b) (ii)

Exemplar 1 4 marks

Examiner commentary
This part of the question requires candidates to calculate a value for the wavelength of the electron and use this value to find the 
angle of the diffraction minimum. Credit is given for correctly using the equation given on an incorrect wavelength value. This led to 
some surprising values for the minima gaining marks but shows that candidates should be encouraged to show working at all times.

The first example shows the correct solution, clearly presented. The second example shows an error carried forward, gaining the final 
marks.

Exemplar 2 2 marks
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Question 5 (c)

Exemplar 1 4 marks

Examiner commentary
The last part of the question gives the candidates a new relationship to use. They are asked to compare the difference between values 
of the radius of silver and gold nuclei using electron diffraction and alpha particle scattering.

Other than arithmetical errors, most responses reached the correct value for the ratio using electron scattering.

Only the most confident candidates realised that the ratio of diameters from alpha scattering is simply the ratio of proton numbers 
on the nuclei, most candidates repeated the calculation from part (a) (ii) to find a value of r for silver. This is an acceptable method, of 
course, and gained full marks if correctly undertaken. The example shows a typical route to full marks.

[4]
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Question 6 (a)

Exemplar 1 3 marks

Examiner commentary
Question 6 is about conduction in metals and semiconductors. The first part is a standard calculation which was performed correctly 
by a high proportion of the candidates. The first example shows a typical response. The second example illustrates a common error 
amongst weaker candidates, the conductance is correctly reached but the candidate was let down on basic mathematics – using 2πr 
rather than π, perhaps a mistake due to the pressure of the examination.

Exemplar 2 1 mark
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Question 6 (b)

Exemplar 1 2 marks

Examiner commentary
A second calculation, in this case rather less familiar but the equation has been given to the candidates. Once again, the majority 
of responses gained all the available marks. Those that failed to score made arithmetical errors. The first example shows the correct 
calculation, the second shows a candidate who halved the radius before making the calculation. In this instance the first marking 
point is for both the correct rearrangement and correct substitution.

Exemplar 2 0 marks
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Question 6 (c)

Exemplar 1 Level 3, 6 marks
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Exemplar 2 Level 2, 4 marks

Examiner commentary
The second Level of Response question on the paper requires candidates to use the relationship given in the stem, and ideas from 
the course to describe the variation of conductivity of semiconductors and metals with temperature. The examiners were looking for 
clear descriptions and explanations of the change in conductivity in both materials. A good understanding of the Boltzmann factor 
is needed to gain level 3 marks together with an understanding of the process of conduction in metals. High level responses should 
clearly contrast the change in conductivity with temperature of the materials. This example, which gained six marks, opens with a 
very clear description of the effect of temperature change on the Boltzmann factor in the context of conductivity in semiconductors. 
The candidate then explains why conductivity in metals is not increased when temperature rises.  In a Level of Response question 
the response does not need to meet every bullet point in the mark scheme and this answer is sufficient to gain full marks as it is a 
complete and logical explanation.

Examiner commentary
The second Level of Response question on the paper requires candidates to use the relationship given in the stem, and ideas from the 
course to describe the variation of conductivity of semiconductors and metals with temperature. The examiners were looking for clear 
descriptions and explanations of the change in conductivity in both materials. As with the other Level of Response questions, many 
candidates who performed well had annotated or highlighted the stem of the question to ensure that their answers covered all the 
salient points. In this case, a good understanding of the Boltzmann factor is needed to gain level 3 marks together with an understanding 
of the process of conduction in metals. High level responses should clearly contrast the change in conductivity with temperature of the 
materials. This example, which gained four marks, describes the effect of increasing temperature in the first paragraph. The second and third 
paragraphs describe the changes in conductivity of semiconductors but do not make an explicit explanation of the Boltzmann factor in 
terms of the equation given. If an equation is given the candidates should refer to it in their answers. 
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Exemplar 3 Level 1, 2 marks

Examiner commentary
This response recognises that the ratio E/kT decreases with increasing temperature and that the number of delocalised electrons 
increases. It also states that the lattice vibration will increase but it does not go beyond this and so fails to reach Level 2. It is one type 
of behaviour and makes a simple but relevant point, and the argument is superficial.
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Question 7 (a) (i)

Exemplar 1 2 marks

Examiner commentary
This is the first question based on the Advance Notice article. Question 7 concerns the photoelectric effect, referred to in the third 
paragraph of the article. Part (a) is standard calculation using data from a graph. This was one of the most accessible questions on 
the paper with the great majority of responses gaining full marks, as shown in the example.
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Question 7 (a) (ii)

Exemplar 1 1 mark

Examiner commentary
The second section in question 7 a proved more challenging. Whilst most candidates correctly described the work function, far 
fewer explained why the equation gives the maximum kinetic energy of the ejected electrons. Candidates who missed the second 
marking point either failed to make the connection between maximum kinetic energy of the ejected electron and minimum energy 
needed to eject it or simply, as in this example, gave a circular argument.
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Question 7 (b)

Exemplar 1 2 marks

Examiner commentary
This graphical question was answered correctly by the majority of the candidates who had clearly prepared using the Advance 
Notice article to guide their revision for this section of the paper. A small minority of the candidates assumed that the threshold 
frequency remained the same and produced a different gradient for the graph, showing a lack of understanding of the equation of 
the graph.



Exemplar Candidate Work

44

A Level Physics B (Advancing Physics)

© OCR 2018

Question 8

Exemplar 1 Level 3, 6 marks
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Examiner commentary
The third Level of Response question on the paper proved to be the most challenging. The article mentions that solar cells can 
have a non-reflective coating and the question develops this theme. Although the question stem leads the candidates to consider 
superposition, the accompanying diagram suggested to some that they should focus on refraction of light. This led to some 
candidates describing the deviation of light through the layers rather than the change in wavelength brought about by the change 
of medium. This question is less structured than the earlier level of response questions on the paper and required considerable 
thought and understanding to produce a good answer. The best responses, such as this example, showed an excellent grasp of the 
principles of superposition and applied these ideas to the context of the question, using the data from the diagram. The response 
shows that the wavelength of the light considered is such that it travels an extra half wavelength when it reflects from the silicon 
rather than the silicon monoxide, thus superposing destructively. The answer continues by linking the reduction in reflection with 
increased efficiency. 

Exemplar 2 Level 2, 3 marks
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Examiner commentary
This response, which represents the lower strand of Level 2, focuses on superposition, stating that ‘waves that are out of phase will 
lead to destructive interference’ – it would have been better to state that waves in antiphase will destructively interfere, but the 
sense of the argument is worthy of merit and the candidate has met a number of the indicative points in the mark-scheme. The final 
sentence, on the second page of the answer, shows that the candidate understands about phase and superposition but incorrectly 
suggests that a phase difference of ninety degrees leads to cancellation. There are no calculations given in the answer, showing that 
the candidate has not used all the available data. It is useful to remember that questions do not include unnecessary data, and this 
response would have been rated more highly of the candidate had correctly used the data available.

Exemplar 3 Level 1, 1 marks

Examiner commentary
This response is an example of a lower Level 1. The candidate uses ideas of photon energy and work function rather than 
superposition. The response reaches Level 1 by stating that efficiency is related to the photons interacting with electrons. 
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Question 9 (a)

Exemplar 1 2 marks

Examiner commentary
This question is about a simplified example of a gravitational slingshot. The question asks candidates to show that the change in 
momentum of the spacecraft is 2m(Vm + VM) where m and M are the mass of the space probe and the planet respectively. Those 
candidates who recognised the vector nature of velocity produced clear analyses of the problem, as this example shows.  The 
minority of candidates who failed to consider the direction of travel struggled to gain marks.
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Question 9 (b)

Exemplar 1 2 marks

Examiner commentary
This question asked candidates to describe the effect of the slingshot on the motion of the planet. Good responses, such as the first 
example, state that the planet will experience an equal and opposite momentum change to that of the space probe but that the 
change in velocity of the planet will be negligible owing to the planet’s far greater mass.

Weaker responses, such as the second example, do not give enough detail to merit marks.

[2]

Exemplar 2 0 marks
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Question 9 (c)

Exemplar 1 4 marks

[4]
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Exemplar 2 2 marks

Examiner commentary
This long calculation requires candidates to calculate the difference in gravitational potential between that at 1 AU and that at 
5.2 AU and show that this increase is less than the kinetic energy per kg of Juno after the slingshot. Unsurprisingly, this was a 
discriminating question. The best responses, such as the first example, were admirably clear. The second example shows a common 
error – the candidate has calculated the change in potential energy rather than potential and compared this with the change 
in kinetic energy rather than kinetic energy per kg. This may have been due to rushing towards the end of the paper, but it does 
highlight the need for candidates to read the stem of the questions with care.



Exemplar Candidate Work

51

A Level Physics B (Advancing Physics)

© OCR 2018

Question 10

Exemplar 1 4 marks

[4]
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Exemplar 2 2 marks

Examiner commentary
This is another four mark, unstructured calculation. It was more accessible than the previous calculation and many candidates 
gained all four marks, as shown in the first example which lays out the working in a logical fashion and ends with a clear and 
unambiguous conclusion. The second example shows a fairly common error; the candidate has not considered the energy required 
to charge the batteries in the argument – although the response does mention that there is ‘plenty of spare capacity to also fully 
charge the battery’.
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Question 11

Exemplar 1 3 marks

Exemplar 2 2 marks

Examiner commentary
The last question on the paper is a fairly straightforward efficiency calculation. The challenging aspect of the problem is to calculate 
the incident intensity at 5.2 AU. This requires an understanding of the inverse square relationship – a relationship that is mentioned 
in the article in the context used in this question.

The first example shows a clear and correct calculation. The second example shows a candidate gaining marks for working correctly 
from an incorrect value of intensity at 5.2 AU.
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