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A Level Physics A

Exemplar Candidate Work

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/171726-specification-accredited-a-levelgce-physics-a-h556.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.
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Question 2

Exemplar 1

1 mark

Examiner commentary
This is a straightforward question. The candidate has identified two choices that have vectors in that cannot be the right answer,
namely A and D. Option C includes the quantity ‘force’, which is also a vector. This leaves option B as the only viable choice.
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Question 3

Exemplar 1

1 mark

Examiner commentary
This is an excellent example of a candidate using the white space to show their working clearly. The working is perfectly laid out,
making option A the obvious choice.
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Question 8

Exemplar 1

1 mark

Examiner commentary
This is a challenging question with several steps. The candidate has calculated the energy of the photon correctly. The value of the
photon energy is one of the incorrect options; option B. This was the most common incorrect answer. The value of energy level X is
2.72 x 10–19 J below the level at –5.40 x 10–19 J. This gives (–5.40–(2.72)) x 10–19 = –8.12 x 10–19 J, which is option D.
6
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Question 9

Exemplar 1

1 mark

Examiner commentary
This question required the candidate to think carefully about simple harmonic motion. The damping force, i.e. the air resistance,
is always opposite in direction to the velocity. Statement 2 is therefore true, eliminating response C. The damping force increases
with increasing speed. Thus, the maximum damping force will be experienced when the speed is a maximum. This occurs at zero
displacement, making statement 3 true.
The candidate has made their thought process clear by circling statements 2 and 3 and striking through statement 1.

7

© OCR 2018

A Level Physics A

Exemplar Candidate Work

Question 11

Exemplar 1

1 mark

Examiner commentary
This is a challenging item. The candidate here has just about made their intention clear by heavily writing ‘D’ several times in the
answer box. It is important to be as clear as possible. In this case, crossing through the answer neatly and writing the correct answer
next to the box would have been clearer.
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Question 16 (a) (i), (ii), (iii) and (iv)

Exemplar 1

1 mark (a)(i), 2 marks (a)(ii),
1 mark (a)(iii), 2 marks (a)(iv)

9
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Examiner commentary
The candidate answered every part of this question correctly, as did many candidates. In part (i), most candidates realised that they
needed the sine of 70 degrees to calculate the vertical component. The data in the question is a mix of 2 and 3 significant figures, so
the correct answer is 28 m s–1, however 28.2 m s–1 was allowed. Note that the unrounded calculator value should be used in part (ii).
Part (ii) went well provided that the candidate remembered to use the answer to the previous part of the question, not 30.0 m s–1
Part (iii) was answered well. This is a particularly logical answer, although any response in which it was clear that the ball was still
travelling horizontally was acceptable.
Part (iv) caused more problems, largely because candidates forgot that at the maximum height, the only component of velocity left
is 30.0 cos(70) m s–1.

10
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Question 16 (b)

[6]

Exemplar 1

Level 3, 5 marks

11
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Examiner commentary
The significant difference between this example and exemplar 3 is the realisation that the time of flight is constant, which explains
fully the relationship proposed between x and v. The correct graph and analysis is there, along with some indication of repeatable
or concordant results. There is still little sophistication in the method of measuring x or v, such as measuring the diameter of the
ball and dividing by the time of transit of the ball across the light gate. Other candidates mentioned the use of a sand pit to catch
the ball or a video recorder and frame-by-frame play back to locate the landing point with more confidence. This candidate has
however, mentioned a method for changing the velocity of the ball. This puts this response in the lower bracket of Level 3.

Exemplar 2

Level 2, 3 marks
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Examiner commentary
This candidate has been more successful in describing the relationship between v and x. The relationship is correct but misses a
fundamental point that the time of flight is independent of the horizontal velocity. The experimental details are very similar in quality
to that in exemplar 3. The suggested graph is correct with correct analysis that the best-fit straight line should go through the origin.
The minor misunderstanding about the role of the light gates prevents this from being 4 marks, but this is still a Level 2 response.

Exemplar 3

Level 1, 2 marks

Examiner commentary
This candidate has made a mistake very early on by considering the relationship between x and the time of flight, whereas the
question requires the candidate to describe a relationship between v and x, almost immediately restricting this to a Level 1 response.
The candidate has mentioned some relevant physics in that there is no acceleration in the horizontal direction. Light gates and
a ruler are mentioned although with no discussion about how they are to be employed. There is no discussion of the difficulty of
determining exactly where the ball lands nor of how to achieve different projection speeds.
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Question 17 (a) (i), (ii) and (iii)

Exemplar 1

1 mark (a)(i), 2 marks (a)(ii), 3 marks (a)(iii)

14
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Examiner commentary
Almost all candidates showed that the direction of the gravitational force on Phobos was horizontally to the right in part (i). This
response is particularly good because the arrow is clearly directed towards the centre of Mars and drawn with a ruler.
In part (ii), the candidate attempted using the formula that results from Kepler’s Third Law. This approach is perfectly valid, and many
candidates used it successfully. This candidate remembered that there was a more straightforward approach, as the radius of the
orbit and the orbital velocity were supplied in the question. By calculating the circumference of the orbit and dividing by the orbital
velocity, the orbital period was successfully obtained. Common errors included forgetting that the radius was in km and needed to
be in m if the time was to be obtained in seconds.
Part (iii) required use of the formula given in the relationships booklet for Kepler’s Third Law. This candidate re-arranged the formula
correctly before substituting the correct values and performed the calculator work with skill to arrive at the correct answer. This
formula involved three different quantities, all with different powers of ten, so a cautious and clear approach is very sensible.
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Question 17 (b) (i), (ii)1, (ii)2

[1]

16
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1 mark (b)(i), 2 marks (b)(ii)1, 1 mark (b)(ii)2

Examiner commentary
This candidate has made a good attempt at the best-fit straight line, by getting a fair distribution of points above and below the line,
as well as minimising the distance from the line to the points. The triangle for the gradient calculation is as large as possible, which is
good practice. Too small a triangle can give rise to unacceptably large errors.
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1 mark (b)(i), 2 marks (b)(ii)1, 1 mark (b)(ii)2

Examiner commentary
In a slightly alternative method for finding the gradient, this candidate has stated the points on the line that they have selected for
the gradient calculation. It would not have been acceptable to use co-ordinates from the data table, unless those points lay on the
line of best-fit. Best practice is described in the Practical Skills Handbook.
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1 mark part (b)(i), 0 marks part (b)(ii)1,
1 mark part (b)(ii)2

Examiner commentary
The candidate has correctly used base–10 logarithms to calculate the missing data in the table. The point has not been plotted.
The attempt at the best-fit line is insufficient, since it misses the first data point in the table and goes much closer to the other three
points. The candidate has not been penalised for the best-fit line, which has been calculated correctly for their line.
19
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Question 17 (b) (ii)3
17 (b) (ii)

[2]

Exemplar 1

2 marks

Examiner commentary
This example was one of the best the examining team saw. It is clear and logical, showing each step of the algebra. The final two
lines makes the comparison between the expression and the general equation for a straight line explicitly as required.

Exemplar 2

0 marks

Examiner commentary
This candidate did not deal with the (GM) part of the original formula and so could not score any marks. The second line, indicated
with a cross from the examiner, is not true, since there is an additional term, lg(GM).
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Exemplar 3

0 marks

Examiner commentary
This response was also fairly common. The candidate realises that the –2 gradient is due to the inverse square law, but cannot
produce the working to demonstrate the link.
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Question 17 (c) (i)
17

[2]

Exemplar 1

1 mark

Examiner commentary
Many candidates described the overall shape yet made little attempt to explain why the graph was that shape. This candidate
explained why the initial portion was a curve, since there was an inverse square law involved. They have been clear about the
formula determining the curved shape. After this sentence, the discussion is confused, even though the correct words are used.
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Exemplar 2

0 marks

Examiner commentary
Many candidates saw this graph as describing the interaction between Earth and Mars themselves, rather than describing the
gravitational field strength in space due to these two planets. No part of the curve is exponential – candidates should be careful to
reserve that term for relationships such as capacitor discharge or radioactive decay.
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Question 17 (c) (ii)
17 (c)

Exemplar 1

2 marks

Examiner commentary
This is an excellent example. The candidate has realised that the gravitational field strengths from the two planets must be equal
in magnitude. Note the attempt to make it clear that the distances involved on either side of the equation are different. Some
candidates had the right idea but got confused with the idea of different distances.

24
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Question 18 (a)

Exemplar 1

2 marks

Examiner commentary
Most candidates got this item correct, usually by substituting in the values given into the formula KE = ½ m v2.

25

© OCR 2018

A Level Physics A

Exemplar Candidate Work

Question 18 (b) (i)
18

[3]

Exemplar 1

3 marks

Examiner commentary
The question required both sides of the equation to be reduced to SI base units. Some candidates showed that the units were the
same, but not in base units, so usually scored 1 mark. This candidate has been exceptionally clear with their working. It leaves the
examiner in no doubt what they are doing. Common errors included confusing power with pressure (since in formulae, both use the
letter p.) or being unable to manipulate the powers of units e.g. m2 x m–3 x m3 = m2.
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Question 18 (b) (ii) and (iii)
18

Exemplar 1

2 marks part (b)(ii), 2 marks part (b)(iii)

Examiner commentary
This response re-arranges the correct equations before substituting and calculating the correct answer. It was also acceptable to
substitute much earlier, find A and then find L afterwards in stages. Common errors included assuming that the cross-sectional area
was square or getting the wrong power of ten for mega-watts.
For part 18biii, the candidate has found the actual output of a single turbine and then divided that into the required 50 MW to give
99.2 turbines. In order to exceed this, 100 turbines are required.
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2 marks part (b)(ii), 2 marks part (b)(iii)

Examiner commentary
This candidate used a slightly different approach. They calculated the required area of turbine cross-section to give 50 MW and
found the number of turbines by dividing by the area of a single turbine from the previous item. This gave 41.66… turbines
assuming they were 100% efficient. As they are not, more turbines are required, the exact number given by dividing the 41.66…
turbines by the efficiency, 0.42.
The same answer is calculated – importantly, marks are usually given credit for answers that are not expected but give the correct
answer using correct physics.
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Question 19 (a), (b) (i) and (b) (ii)

Exemplar 1

1 mark part (a), 2 marks park (b)(i),
1 mark part (b)(ii)
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Examiner commentary
This question was answered well by many candidates. Most could identify the two regions of the Hertzsprung-Russell (H-R) diagram
correctly. The calculation to find the temperature of Beta Pictoris was well within the capabilities of most candidates if they used the
idea that λmax × Tsurface was a constant. A significant fraction used the wrong relationship, assuming that λmax and Tsurface were directly
proportional. Either way, most candidates could then correctly position Beta Pictoris on the H-R using their value of the surface
temperature. A common error was to forget that the scale on the temperature axis increases to the left, rather than to the right.
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Question 20 (a)
[2]

Exemplar 1

2 marks

Examiner commentary
This item asked for a combination of two very familiar expressions into a new expression for kinetic energy. Many candidates stated
that Ek = ½ mv2 and that momentum, p = mv. Rather fewer could combine those two equations successfully. The most common
error was to suggest that Ek = ½ p v, which is true, but does not fulfil the requirements of the question, which asked for the kinetic
energy in terms of p and m. The exemplar shows a clear route to the correct expression. There were many other perfectly acceptable
routes.
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Question 20 (b) (i)
20

32
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Exemplar 1

3 marks

Examiner commentary
This item was straightforward. Many candidates successfully translated the displacement-time graph into a velocity-time graph with
three stages. The first with constant positive velocity, the second with zero velocity and the third with constant negative velocity,
yet with a larger speed than the first section. Common errors were to get the length of time of the second portion incorrect (often
ending at 3.0 s) or to neglect that the speeds where different in sections 1 and 3.
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Question 20 (b) (ii)
20

(b)

[2]

Exemplar 1

1 mark

Examiner commentary
In exemplar 1, the candidate has supplied a lengthy answer for why the KE is 0 at the start and constant between 0.0 s and 2.0 s.
While this is all correct, it attempts to explain why the KE is constant, which is not required: the command word is “describe”. Again,
the response for GPE is insufficient, omitting the idea that the increase in GPE is linear.

Exemplar 2

0 marks

Examiner commentary
Many candidates understood that since the load was travelling at steady speed, that its kinetic energy (KE) would remain constant
and that the gravitational potential energy (GPE) was increasing since the load was travelling upwards. A common misconception
was that for the GPE to increase, the KE must decrease (as it would in question 16). The missed idea is that the motor is providing
energy to the load. Since the speed is constant, the increase in GPE is also increasing in a linear way.
In exemplar 2, the candidate has supplied an answer for KE that is contradictory (indicated by the ‘con’ annotation). The response for
GPE is insufficient, omitting the idea that the increase in GPE is linear.
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Question 20 (b) (iii)1 and 2
20

(b)

Exemplar 1

1 mark part (b)(iii)1, 2 marks part (b)(iii)2

Examiner commentary
The candidate has taken the correct approach here yet has forgotten that the load is not being released from rest. The velocity when
the spring breaks is calculated from the displacement-time graph and is 0.80 m s–1. The examiner has credited 1 mark for the rest of
the calculation being correct.
In part (b)(iii)2, the candidate has calculated the force correctly using their value of the impact velocity, which gained both marks as
an error carried forward.
35
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Question 21 (a)

[2]

Exemplar 1

1 mark

Examiner commentary
Many candidates scored zero simply because they assumed that the drum was still performing circular motion. This meant that they
used terms such as centripetal force and angular speed in the wrong context. The question states that the drum is at rest and that
the magnitude of the clothes’ weight and the normal contact force are the same. There is no requirement to state Newton’s Third
Law. This candidate recognised that both forces were acting on the clothes. A pair of forces that are Third Law partners act on two
separate bodies. Furthermore, Newton’s Third Law pairs of forces must be of the same type. The two named forces are not of the
same type, so this provides a second reason why the forces are not an example of the Third Law.
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Question 21 (b)
20

Exemplar 1

2 marks

Examiner commentary
This item was challenging, however the candidate in this exemplar has done an excellent job of making their response as clear
as possible. They have used the data in the question to calculate the circumference of the drum and the time taken for the drum
to complete one cycle. By using speed = distance/time, they have calculated the speed correctly. They have also calculated the
percentage uncertainty in the answer, 6.25%. By multiplying the drum’s speed by the percentage uncertainty, they have found the
absolute uncertainty in the speed. This should have been quoted to 1 significant figure to gain the last mark.
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Question 21 (c)
20

Exemplar 1

3 marks

Examiner commentary
This question requires some thought. The exemplar here is excellent. The candidate has written some words to explain what they
are about to do. When the clothes are at the top of the drum, the centripetal force is equal to the sum of the clothes’ weight and the
normal contact force. The question explains that the normal contact force is zero at the required speed. The candidate has correctly
deduced that the weight must equal the centripetal force at that moment.
The first mark has been credited for that statement in the form of the equation. From that point, the mathematics is straightforward.
A common error was to use the diameter value instead of the radius.
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Question 22 (a) (i)

Exemplar 1

1 mark

Examiner commentary
This is the most concise way of defining an elastic collision. Common errors included omitting the word ‘kinetic’ or simply referring to
momentum only.
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Question 22 (a) (ii)
20 (a)

Exemplar 1

3 marks

Examiner commentary
The candidate has begun their response with some useful indication as to their intent. They are making sure that they have
considered the total momentum both before and after the collision. In this case, the candidate has considered conservation of
momentum in the x-direction (parallel to the velocity of the incoming alpha particle). After that, the mathematics is correct, giving
the right answer.
There were alternative acceptable approaches. Consideration of conservation of momentum in the y-direction would also have
worked and was possibly fewer steps. The original intent of the question was to use the idea from part (a)(i). The collision is elastic;
therefore the kinetic energy before the collision must equal the kinetic energy after the collision. This meant that the Ek of particle Y
could be found and from that, its speed. The momentum of particle Y is then just the product of its mass and speed.

Exemplar 2

1 mark

Examiner commentary
This candidate has certainly got the right idea, yet has forgotten to include the correct trigonometric function for the momentum of
Y. This restricted them to 1 mark.
40
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Exemplar 3

1 mark

Examiner commentary
While the candidate has remembered all the necessary trigonometry, they have made a serious error by forgetting the masses for
the momenta after the collision. Essentially the equation states that a momentum equals the sum of two velocities. The mark has
been credited for the expression of an attempt at viable equation considering conservation of momentum in a particular direction.

Exemplar 4

0 marks

Examiner commentary
In this case, there has been no attempt at considering components at all and so was not credited any marks.
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Question 22 (b)
20

Exemplar 1

Level 3, 6 marks
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Examiner commentary
In contrast to the previous two exemplars, this candidate has not only set up the correct equation but has also completed the
calculation arriving at the right rms speed of 1330 m s–1 (and converted that answer to km s–1). The escape velocity is given in km s–1
so a conversion of one of the speeds is required – this was not performed well by many candidates.
After that, the comparison between the rms speed and the escape velocity is clear and there is lengthy discussion of the distribution
of speeds which has enabled the faster helium atoms to escape over time. This is therefore a clear Level 3 response.

Exemplar 2

Level 2, 3 marks

Examiner commentary
In comparison to exemplar 40, this attempt is marginally better. It is clear that there is an error in the working (the mass of the helium
atom is wrong by a factor of 103), giving an answer for the rms speed that is too large. There is an appreciation that the helium atoms
have a range of speeds and that is linked into why some particles escape and why others do not. As a result, this response is barely
Level 2.
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Exemplar 3

Level 1, 2 marks

Examiner commentary
This candidate starts well, equating the mean kinetic energy per particle (3/2 kT) with KE of a particle with rms speed. The velocity of
42 kms–1 is incorrect and has no supporting working. The subsequent explanation cannot be right. The final sentence mentions the
relationship between temperature and mean KE per particle again, so nothing further has been added. This is a Level 1 response as
there is some relevant content, yet no further pertinent calculation, description or explanation.
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Question 23 (a)

Exemplar 1

1 mark

Examiner commentary
Two key words that candidates use interchangeably (and incorrectly) were given in the stem of the question. The question also
mentions that the laws of physics are universal – any response that suggested that homogeneous meant that the laws of physics
were universal merely repeated the question.
The correct definition is as stated in the exemplar. By far the commonest error was mistaking homogeneous and isotropic. Isotropic
means ‘looks the same in all directions’, which can still be true even if the universe is not the same density throughout.
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Question 23 (b) (i)
23

Exemplar 1

3 marks

Examiner commentary
Note again the importance of clear working. The galaxy’s velocity is returned in km s–1 using the data in the question. The speed
of light is quoted in m s–1 so another conversion is required before the values are substituted into the Doppler effect equation.
The candidate has realised that the value for the change in wavelength is returned in metres, so once more, the value needs to be
converted to the same unit as the original wavelength. Finally, since the galaxy is receding, the wavelength of the emitted light must
be longer than the original, yielding the correct value of 293 nm. Common errors included subtracting the change in wavelength
and incorrect conversions between units.
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Question 23 (b) (ii)
23

(b)

Exemplar 1

1 marks

Examiner commentary
The mark scheme suggests that there are several acceptable characteristics that are unique to black holes. Vague references to ‘large
mass’ were not given credit.
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Question 23 (c)
23

[4]

Exemplar 1

4 marks

Examiner commentary
This response starts well, as did a large proportion of the responses. Candidates knew that the Big Bang theory starts with a very
dense, very hot universe. They also knew that the universe expanded and has continued to expand. The acceptable steps after this
point are listed in the mark scheme. If three steps were described correctly, in the right order, then the fourth mark was credited. This
candidate has made an error in suggesting that both quarks and leptons are combined to form protons, but has gone on to state
that protons and neutrons form the first nuclei, thus scoring the fourth mark.
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Exemplar 2

2 marks

Examiner commentary
In comparison to exemplar 1, this exemplar says a lot, some of which is confused. The candidate has scored a mark for ‘infinite
density’. Later on in the response, there is a mark credited for the idea that quarks combine to form hadrons. The Higgs boson does
not turn photons into matter nor do photons turn into quarks (without anti-quarks). The last sentence is also incorrect. Two correct
ideas, gaining two marks.
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Question 24 (a)

[1]

Exemplar 1

1 mark

Examiner commentary
The candidate has drawn a diagram of the triangle under consideration and has used trigonometry correctly to get the relationship
between y, √(x2+y2 ) and sin θ. Directly underneath this, the candidate has written the general equation for a straight line and made
explicit the links between the different terms in the equations. Even if candidates got as far as the correct relationship, the link to the
equation for a straight line was not clear in many cases.
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Question 24 (b) (i)
24

Exemplar 1

3 marks
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Examiner commentary
This question requires the candidate to know that the wavelength can be found using the grating equation, d sin θ=nλ. The value
for sin θ is found by calculating the gradient. The gradient needed to be in the range as stated in the mark scheme for the first mark.
The light is at the second order, so n=2. Many candidates found the conversion of the number of lines per mm into a suitable value
for ‘d’ challenging. In this exemplar, the candidate has divided 1 metre by the number of lines in 1 metre, i.e. 600 lines per mm is
equivalent to 600 x 103 lines per m. Once sin θ, n and d have been found calculating the wavelength is straightforward.
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Question 24 (b) (ii)
24

(b)

Exemplar 1

1 marks

Examiner commentary
There were lots of reasonable suggestions for why there were no error bars shown, however, very few candidates understood that
the absolute uncertainty in the measurement of y were so small that they could not be seen. This candidate was specific about the
absolute uncertainty, where many merely referred to uncertainty or error.
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A Level Physics A

Exemplar Candidate Work

Question 24 (b) (iii)
24

(b)

Exemplar 1

1 marks

Examiner commentary
The Practical Skills Handbook is clear about the definition of precision. In this question, all that was required was a suggestion of how
the precision would be affected. The use of a protractor, compared to the trigonometric method described earlier in the question
would reduce the precision, i.e. make the measurement less precise.
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