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Introduction
These exemplar answers have been chosen from the 
summer 2017 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 (http://www.ocr.
org.uk/qualifications/as-a-level-gce-physics-a-h156-h556-
from-2015/) 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 2017 Examiners’ Report to Centres available on 
the OCR website http://www.ocr.org.uk/qualifications/. 

The question paper, mark scheme and any resource 
booklet(s) will be available on the OCR website from 
summer 2018. Until then, they are available on OCR 
Interchange (school exams officers will have a login for 
this). 

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 1

Which of the following is a correct unit for gravitational field strength?

A   J kg−1

B   N kg−1

C   N m2 kg−2

D   kg m s−1

 [1]

Mark(s): 1/1

Examiner commentary
The correct answer. Almost all candidates got this correct.
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Question 2

Four materials A, B, C and D have the same length and cross-sectional area. The force against extension 
graph for each material up to the breaking point is shown below.

Which material is brittle and has the greatest ultimate tensile strength? [1]

Mark(s): 0/1

Examiner commentary
The most common incorrect answer. Virtually all candidates 
identified either A or B as brittle. Ultimate tensile strength is the 
stress at which the sample fails. The sample with the largest force 
(and hence largest stress as the cross-sectional areas are the 
same) is sample B.
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Question 3

The braking distance of a car is directly proportional to its initial kinetic energy.

The braking distance of a car is 18 m when its initial speed is 10 m s−1.

What is the braking distance of the car, under the same conditions, when its initial speed is 25 m s−1?

A   7.2 m

B   45 m

C   113 m

D   222 m [1]

Mark(s): 1/1

Examiner commentary
This candidate used the white space well. The working is 
a little difficult to understand but works because the KE = 
Force x distance and the force is constant (hence KE is directly 
proportional to braking distance). By calculating the constant 
of proportionality and using the new speed the answer is still 
correct.

A better set of working would have been to realise that the 
braking distance is directly proportional to the square of the 
speed (i.e. F d = ½ mv2), so a factor of 2.5 increase in speed 
would give a 2.52 = 6.25 factor increase in the braking distance.
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Question 4

A ball is dropped from rest above the ground. Air resistance has 
negligible effect on the motion of the ball.

The speed of the ball is v after it has fallen a distance h from its point of 
release.

Which graph is correct for this falling ball? 

 [1]

Mark(s): 1/1

Examiner commentary
This candidate has also used the white space well. By using the 
equation ‘v2 = u2 + 2as’ and remembering to use the idea that 
u=0, has reduced the relationship to v2 = 2aS i.e. that that v2 and 
s (i.e. h) are directly proportional, giving a straight line through 
the origin.
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Question 5

Which is the best estimate of the area of a rectangular field of length 98 ± 3 m and width 47 ± 2 m?

A   4600 ± 5 m2

B   4600 ± 6 m2

C   4600 ± 300 m2

D   4606 ± 337 m2 [1]

Mark(s): 0/1

Examiner commentary
This candidate has done all of the working (out of clip) and 
found the correct area (98x47=4606) and uncertainty (the 
percentage uncertainty in the area = the sum of the percentage 
uncertainties in the length and breadth since the dimensions are 
multiplied together)

The issue is that they have forgotten that both of the dimensions 
are given to 2 SF and the uncertainties on both to 1 SF. This 
means that the correct answer must also be 2 SF with an 
uncertainty of 1 SF.

It is very important that the final answer is clearly distinguishable. 
Answers which are no longer considered correct should have 
a line through them, whilst the new answer should be clearly 
legible, carefully formed to avoid any confusion.
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Question 6

The flat end of a uniform steel cylinder of weight 7.8 N is glued to a horizontal ceiling. The cylinder hangs 
vertically. The breaking stress for the glue is 130 kPa. 

The glue only just holds the cylinder to the ceiling.

What is the cross-sectional area of the cylinder?

A   6.0 × 10−2 m2

B   6.0 × 10−5 m2

C   1.7 × 10−2 m2

D   1.7 × 101 m2 [1]

Mark(s): 1/1

Examiner commentary
The large majority of the cohort got this question right, by 
correctly dividing the weight of the block by the stress, assuming 
that they had converted the stress from 130 kPa to 130 000 Pa 
(as shown by the candidate).
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Question 7

The intensity against wavelength graph of an object at 750 °C peaks at a wavelength of λ. The 
temperature of the object is raised to 960 °C.

What is the wavelength now at the new peak intensity in terms of λ?

A   0.78 λ

B   0.83 λ

C   1.2 λ

D   1.3 λ [1]

Mark(s): 1/1

Examiner commentary
This candidate has remembered Wien’s law and applied is 
correctly. Those that remembered the law, or correctly identified 
it from the data and formula sheet, and executed the numerical 
work correctly only got the wrong answer because they had 
neglected to convert the temperatures into kelvin, rather then 
leaving them in oC.
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Question 8

The diagram shows two opposite vertical forces of magnitude 1.2 N and 2.1 N acting on an object.

Which of the following statements could be correct?

 1 The object is accelerating and moving up. 
 2 The object is decelerating and moving down. 
 3 The magnitude of the resultant force is 0.9 N.

A   Only 3

B   Only 1 and 3

C   Only 2 and 3

D   1, 2 and 3 [1]

Mark(s): 1/1

Examiner commentary
This candidate has shown that they understand that the 
resultant force is 0.9N upwards. All three of the statements are 
correct. Most candidates that got this wrong didn’t remember 
that the resultant can be opposite to the direction of the velocity 
and hence decelerate the object giving the incorrect answer B.
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Question 9

A graph of y against distance r from the centre of a planet is shown below.

The graph shows that y is inversely proportional to r2.

Which quantity is best represented on the y-axis of the graph?

A   Period of a satellite orbiting the planet.

B   Gravitational potential of the planet.

C   Gravitational field strength of the planet.

D   Kinetic energy of a satellite orbiting the planet. [1]

Mark(s): 1/1

Examiner commentary
Most candidates got this correct. “A” cannot be correct (Kepler’s 
3rd Law doesn’t have T directly proportional to r2 but T2 directly 
proportional to r3). “B” cannot be correct since gravitational 
potential is inversely proportional to r and is negative. “C” is 
connected with Newton’s Law of Gravitation so is the correct 
answer.
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Question 10

Part of the line spectrum for light from the Sun is shown below.

Which spectrum best shows light from a similar star to the Sun?

 [1]

Mark(s): 1/1

Examiner commentary
Very few got this question correct, with the most common 
incorrect answer being A. The key point is that the emission 
lines all undergo the same “fractional” wavelength increase, so 
that the longer wavelengths will have larger absolute increase, 
as indicated by option B. Option A gives lines which are all the 
same absolute increase.
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Question 11

A tensile force of 4.5 N is applied to a spring. The spring extends elastically by 3.2 cm.

What is the elastic potential energy of the spring?

A   0.072 J

B   0.14 J

C   2.4 J

D   14 J [1]

Mark(s): 1/1

Examiner commentary
This candidate has used the white space well. They have 
remembered that E = ½ Fx and thus calculated the elastic 
potential energy of the spring to be 0.072 J, the correct answer.
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Question 12

An object above the ground is released from rest at time t = 0.

Air resistance is negligible.

What is the distance travelled by the object between t = 0.20 s and t = 0.30 s?

A   0.20 m

B   0.25 m

C   0.44 m

D   0.49 m [1]

Mark(s): 1/1

Examiner commentary
This candidate has correctly used the equation “s = ut + ½ a t2” 
and used the data in the question that u = 0. By calculating 
the displacement at the two separate times and finding the 
difference, they have arrived at the correct distance travelled 
between those two times, i.e. 0.25m.

Candidates got this wrong by forgetting to subtract the distance 
covered up to 0.20 s, giving the answer C.
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Question 13

A puck of mass 0.16 kg is sliding on ice with a constant velocity of 11.0 m s−1. A hockey stick exerts a 
force on the puck, for a short period of time, in the opposite direction to the velocity of the puck. The 
momentum of the puck changes by 2.0 kg m s−1.

Ignore friction.

What is the speed of the puck when it leaves the hockey stick?

A   1.5 m s−1

B   3.8 m s−1

C   12.5 m s−1

D   23.5 m s−1 [1]

Mark(s): 0/1

Examiner commentary
This candidate has found the momentum of the puck (0.16 x 
11.0 = 1.76 kg ms-1 and has then added 2.0 kg ms-1 and divided 
by the mass to give 12.5 ms-1. Many students did this, without 
acting on the word opposite that was in bold, meaning that the 
puck’s momentum after the collision was -0.24 kg ms-1, giving a 
speed of 1.5 ms-1 , answer A.
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Question 14

A container has an ideal gas. The mean square speed of the gas molecules in the container  
is 3.0 × 105 m2 s−2.

Over a period of time, a third of the gas molecules escape from the container. The pressure and volume of 
the gas in the container remain the same.

What is the mean square speed of the molecules left in the container?

A   1.0 × 105 m2 s−2

B   2.0 × 105 m2 s−2

C   4.5 × 105 m2 s−2

D   9.0 × 105 m2 s−2 [1]

Mark(s): 1/1

Examiner commentary
In question 14, candidates should consider the equation pV = 
nRT. If the pressure and volume remain the same, this gives nT as 
a constant also. If the number of particles decreases to two thirds 
of the original number, then the temperature in kelvin, and thus 
the total kinetic energy and hence mean square speed must 
have increased by a factor of 1.5 (since average KE per molecule 
is diretly proportional to temperature in kelvin), giving option C.
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Question 15

Which two quantities are related in Hubble’s law?

A   Distance and mass of galaxies.

B   Velocity and intensity of galaxies.

C   Distance and velocity of galaxies.

D   Distance and red shift of stars in our galaxy. [1]

Mark(s): 1/1

Examiner commentary
A straightforward way to finish the multiple choice questions: 
this tested knowledge of Hubble’s Law, i.e. that distance and 
velocity of galaxies are directly proportional. The answer is C.
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Question 16(a)

Fig. 16 shows a hydraulic jack used to lift a car which has a mass of 1200 kg. A mechanic exerts a 
downwards force of 400 N on the handle of the jack, moving it 80.0 cm downwards. As he moves the 
handle, the car rises 2.0 cm.

Calculate the work done by the 400 N force exerted by the mechanic. work done =                                 J   [2]

Mark(s): 1/2

Examiner commentary
This candidate had exactly the right idea, but unfortunately 
converted the 80 cm into metres incorrectly, giving an answer 
that was a factor of 10 or a Power of Ten (POT) too small.
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Question 16(b)

Calculate the ratio

 ratio =                                    [2]

Mark(s): 1/2

Examiner commentary
This candidate has correctly assumed that the speeds of the 
two pistons will be the distance they have travelled divided by 
the time taken in each case. The time taken for each case must 
be the same (as stated), so that the ratio of speeds must be the 
ratio of distances travelled. 

This candidate has got that upside down, yet still gets the 
mark for demonstrating the knowledge about the times being 
constant.



Exemplar Candidate Work

22

A Level Physics A

© OCR 2017

Question 16(c)

Calculate the useful work done on the car and hence the percentage efficiency of the jack.

 efficiency =                                 %   [2]

Mark(s): 2/2

Examiner commentary
This is the same candidate as that for 16a. The answer to part a) is 
clipped together, so that the examiner could award Error Carried 
Forward (ECF)for dividing the correct useful work done (235.44) 
by the original work done by the mechanic, even though the 
answer is plainly impossible. The correct answer is 73.6%.
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Question 17(a)

A group of students are conducting an experiment in the laboratory to determine the value of absolute 
zero by heating a fixed mass of gas. The volume of the gas is kept constant. Fig. 17.1 shows the 
arrangement used by the students. 

The gas is heated using a water bath. The temperature θ of the water is increased from 5 °C to 70 °C. The 
temperature of the water bath is assumed to be the same as the temperature of the gas. The pressure p of 
the gas is measured using a pressure gauge.

The results from the students are shown in a table. 

Describe and explain how the students may have made accurate measurements of the temperature θ.

    [2]

Mark(s): 2/2

1



Exemplar Candidate Work

24

A Level Physics A

© OCR 2017

Examiner commentary
Script 1 has scored both marks perfectly concisely. 

Script 2 has only scored 1 out of 2, primarily because they have 
not told us which instrument they are going to use to measure 
the temperature. In effect, they have scored the second mark 
multiple times over. This shows that being careful about which 
instrument is being used is vital.

Mark(s): 1/2

2
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Question 17(b)(i)

Fig. 17.2 shows the pressure gauge. Measurements of p can be made using the kPa scale or the psi 
(pounds per square inch) scale. The students used the psi scale to measure pressure and then converted 
the reading to pressure in kPa.

[For copyright purposes this image cannot be reproduced here; the image used within the question can 
be viewed in the original question paper.]

Suggest why it was sensible to use the psi scale to measure p.    [1]

Mark(s): 0/1

Examiner commentary
This candidate has not spotted that the divisions are given to the 
same number of significant figures, so this cannot be the reason 
that one scale is more sensible than the other. The point here 
is that the resolution is smaller, i.e the intervals between marks 
across the whole range is smaller for the psi scale.
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Question 17(b)(ii)

The students made a reading of p of 37.0 ± 0.5 psi when θ was 44 ± 1 °C. 
Convert this value of p from psi to kPa. Complete the table for the missing value of p. 
Include the absolute uncertainty in p.

1 pound of force = 4.448 N 
1 inch = 0.0254 m [2]

Mark(s): 2/2

Examiner commentary
A really elegant way of converting both the pressure and the 
uncertainty. Many candidates converted the pressure correctly 
and maybe did not realise that the uncertainty could also be 
converted in the same way.

Note again that the number of SF for the original reading and 
uncertainty have been retained (i.e 3 SF for the reading, and 1 SF 
for the uncertainty).
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Question 17(c)(i)

Fig. 17.3 shows the graph of p against θ.

Plot the missing data point and the error bars on Fig. 17.3. [1]
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Mark(s): 1/1

Examiner commentary
The vast majority of candidates plotted the point correctly, even 
if they had calculated it incorrectly in the previous item.
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Question 17(c)(ii)

Explain what is meant by absolute zero. Describe how Fig. 17.3 can be used to determine the value of 
absolute zero.

Determine the value of absolute zero. You may assume that the gas behaves as an ideal gas. [6]

Level/Mark(s): Level 3 - 6/6

Level/Mark(s): Level 2 - 4/6

1

2
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Level/Mark(s): Level 1 - 2/6

3
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Examiner commentary
The first candidate has scored produced a high L3 answer in a 
very concise way. The description of absolute zero is very close 
to that in the specification. The description of how to calculate 
absolute zero is correct, as well as a best fit line having been 
drawn. The calculation is clear and efficiently performed, giving 
the answer within an acceptable range, quoted in oC.

The second candidate has also produced some correct ideas 
about absolute zero and how to go about calculating absolute 
zero from the data. There is a mistake in the algebra, which has 
meant their value is incorrect (even though it is in the correct 
range). 

The third candidate has made a serious error in the calculation 
which has prevented them from finding a value for absolute 
zero, restricting this to a L1 response.
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Question 17(d)

Describe, without doing any calculations, how you could use Fig. 17.3 to determine the actual uncertainty 
in the value of absolute zero in (c)(ii). [2]

Mark(s): 1/2

Examiner commentary
Many candidates made the correct statement that they should 
plot a line of worst acceptable fit (this is by far the most concise 
way of describing what to do first).

This candidate didn’t make reference to the line of worst 
acceptable fit, but correctly described what to do next, i.e. find 
the difference between the value for absolute zero found for the 
worst fit and that for the best fit.
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Question 17(e)

The experiment is repeated as the water bath quickly cools from 70 °C to 5 °C. Absolute zero was found to 
be −390 °C.

Compare this value with your value from (c)(ii) and explain why the values may differ. Describe an 
experimental approach that could be taken to avoid systematic error in the determination of absolute 
zero. [4]

Mark(s): 3/4

Examiner commentary
This candidate has followed the instructions fairly carefully, 
scoring marks for stating that the new value is considerably 
lower than than original, that there is a lag between the 
temperature of the water and that of the gas and the effect that 
this will have on the line of best fit.

Had they also mentioned that by stirring the water, the effect 
would be minimised, then they would have scored all four 
marks.

No credit was given for discussing insulating the water bath.
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Question 18(a)(i)

A swimming pool designer investigates the depth d below a water surface reached by a diver when 
diving from a height h above the water surface. The designer models the diver as a uniform wooden 
cylinder. The experimental arrangement is shown in Fig. 18.1.

The wooden cylinder has mass 5.0 × 10−3 
kg, diameter 1.0 × 10−2 m and length 7.0 × 
10−2 m.

Calculate the density of the wood. 
 density =                                  kg m−3 [2]

Mark(s): 0/2

Examiner commentary
This item was well done by many candidates, although some 
made slips. This candidate has not halved the diameter of the 
cylinder for the formula for the volume. Had this had been 
propagated correctly, then this response would still have 
merited a mark. The volume calculation is wrong by 2 powers 
of ten, giving a density which is a factor of 100 out from the ECF 
value of 227 kg m-3.
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Question 18(a)(ii)

Suggest why wood is an appropriate material to model the depth reached by a diver. [2]

Mark(s): 1/2

Examiner commentary
The candidate has correctly suggested that wood and humans 
have a similar density, although not gone as far to suggest why 
this is beneficial, i.e. that the wood would then float or not sink 
just like a human or that the density of both is less than the 
density of water.
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Question 18(b)

The cylinder is released from rest from a trapdoor. The base of the cylinder is at a height h = 0.30 m above 
the water surface.

Calculate the speed of the cylinder just before the base hits the water. Ignore air resistance.

 speed =                                  ms-1 [2]

Mark(s): 2/2

Examiner commentary
Very many candidates got this item correct. This candidate has 
managed to get the right answer by getting the negative in the 
equation counter-acted by the negative value for ‘g’.



Exemplar Candidate Work

37

A Level Physics A

© OCR 2017

Question 18(c)(i)

Fig. 18.2 shows the cylinder fully submerged under the water surface before it has come to rest. The 
cylinder is moving vertically down.

Add arrows to Fig. 18.2 to show the three forces acting on the wooden cylinder. Label the arrows.  [3]

Mark(s): 3/3

Examiner commentary
This candidate has produced a perfect answer, even to the point 
of ensuring that the resultant of the drag and upthrust is greater 
than the weight. 

Labels such as buoyancy, pressure, weight of water etc were not 
acceptable. The specification is clear about what the names of 
the relevant forces are.
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Question 18(c)(ii)

Describe and explain how the resultant force on the wooden cylinder varies from the moment the 
cylinder is fully submerged until it reaches its deepest point.  [3]

Mark(s): 3/3

Examiner commentary
The first candidate has produced an excellent answer. In the first 
sentence they have conveyed that they realise that the resultant 
force is always upwards, yet decreases as the cylinder continues 
into the water, thus scoring all three marks. The second bullet 
point for this scores the second marking point another two 
times, by stating that there is no drag at the deepest point and 
that the upthrust is constant throughout.

The second candidate has produced what was a typical 
response with mixed physics. The issue lay in that many 
candidates thought that the resultant force was zero at the 

stationary point, which would mean the cylinder would be at 
rest there. The cylinder goes back upwards, which means that 
there must be an upwards resultant force at the lowest point. 
They have scored the mark for the idea that the resultant force 
decreases, but nothing else.

Mark(s): 1/3
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Question 18(d)

The graph of Fig. 18.3 shows the depth d reached for different initial drop height h. 

The designer is required to double the height of a diving board for an existing swimming pool. He 
suggests that the depth of the pool also needs to be doubled. Use Fig. 18.3 to explain whether you agree 
with this suggestion. [2]

Mark(s): 2/2
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Mark(s): 0/2

Examiner commentary
The first candidate has scored the first mark on the very last line 
by stating that these two quantities are not directly proportional. 
The second mark could have been more easily gained by 
describing why this graph does not show direct proportionality 
(i.e. it’s not a straight line through the origin). The candidate has, 
however, used quite sophisticated language to describe the 
curve levelling off, the notion that the gradient is not only not 
constant, but also decreasing.

The second candidate has not scored anything, principally 
because they appear to have ignored the graph in fig. 18.3. 
This candidate could have discussed how the increase in d for 
uniform increase in h was reducing, so simpler language but the 
same concept as the first candidate.
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Question 19(a)(i)

This question is about a simple pendulum made from a length of string attached to a mass (bob). For 
oscillations of small amplitude, the acceleration a of the pendulum bob is related to its displacement x by 
the expression

where g is the acceleration of free fall and L is the length of the pendulum. The pendulum bob oscillates 
with simple harmonic motion.

Show that the period T of the oscillations is given by the expression

 [3]

Mark(s): 2/3

Examiner commentary
This candidate has missed out one line of working towards the 
end, otherwise this response was completely acceptable. This 
question requires clear and logical steps, as the command word 
is ‘show’.
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Question 19(a)(ii)

A student notices that the amplitude of each oscillation decreases over time. Explain this observation and 
state what effect this may have on T. [2]

Mark(s): 2/2

Examiner commentary
This candidate, unlike many, made the connection between the 
term ‘damping’ and that this means a lose of energy from the 
pendulum with time.

There were many ways of scoring the second mark, although 
this example was by far the most common. The term 
‘isochronous’ is on the specification so was equally as acceptable 
as this response.

There are much neater ways to indicate what is considered to 
be a error by the student. Providing the crossed out work is still 
legible, the examiner may credit the work if it is actually correct 
and has not been contradicted elsewhere.
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Question 19(b)*

Describe with the aid of a labelled diagram how an experiment can be conducted and how the data can 
be analysed to test the validity of the equation 

for oscillations of small amplitude. [6]

Mark(s): Level 3 6/6
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Examiner commentary
This is an excellent response. The candidate has satisfied the 
basic requirements of the question by producing a labelled 
diagram and a description of which measurement to take. They 
have been specific about which instruments they intend to use. 
Some candidates produced otherwise good work, yet by not 
mentioning the ruler and stopwatch, prevented their responses 
being anything more than L1. Mentioning which instrument to 
use is a fundamental skill.

This candidate has gone on to be specific about what graph 
they intend to plot and moreoever, what that graph would 
show. Merely mentioning that the graph would be a straight line 
was part of the evidence to suggest that an answer was not L2. 
This candidate has mention the line passing through the origin, 
as well as describing what the value of the gradient should be in 
relation to ‘g’.

The evidence for this being a L3 answer is that the vast majority 
of the rest of the points are they, as well as an attention to 
producing quality data. The fiducial mark has been discussed 
and shown. There is a realisation that the length ‘l’ is in fact the 
length from the suspension point to the centre of the bob. 
Finally, the candidate has been specific about what angle is 
required (10 degrees or less) for the oscillations to be small 
enough in amplitude for the small angle approximation to be 
valid.
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Question 19(c)(i)

Another student conducts a similar experiment in the laboratory to investigate the small amplitude 
oscillations of a pendulum of a mechanical clock. Each ‘tick’ of the clock corresponds to half a period.

Show that the length of the pendulum required for a tick of 1.0 s is about 1 m. [2]

Mark(s): 1/2

Examiner commentary
This candidate has got quite close to scoring the second mark. 
They have clearly used the idea that the period of this motion 
is 2.0 seconds. In order to score the second mark, they should 
have calculated the length to 2 or even 3 SF and then drawn 
the conclusion  that this length was about 1m. In other words, 
rounding the square root of 4.02 to ‘2’ was a case of rounding too 
early.
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Question 19(c)(ii)

If the pendulum clock were to be used on the Moon, explain whether this clock would run on time 
compared with an identical clock on the Earth. [2]

Mark(s): 1/2

Examiner commentary
This candidate spotted that the value of ‘g’ on the Moon is lower 
than it is on the Earth. The rest of the answer is true, yet required 
the additional evidence from the equation (i.e. that T2 is inversely 
proportional to g) to score the second mark.
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Question 20(a)

A plastic kettle is filled with 0.60 kg of water at a temperature of 20 °C.  
A 2.2 kW electric heater is used to heat the water for a time of 4.0 minutes.

Calculate the total energy supplied by the heater during the time of 4.0 minutes. 
 energy =                                  J  [2]

Mark(s): 2/2

Examiner commentary
The majority of candidates got this completely right. It is GCSE in 
level, although a small number of candidates forgot to convert 
the time into seconds.
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Question 20(b)

The specific heat capacity of water is 4200 J kg−1 K−1 and the specific latent heat of vaporisation of water is 
2.3 × 106 J kg−1. The boiling point of water is 100 °C.

Calculate the mass of water remaining in the kettle after 4.0 minutes. Assume that all the thermal energy 
from the heater is transferred to the water. 
 mass of water remaining =                                  kg [4]

Mark(s): 4/4

Examiner commentary
A very elegant answer, which demonstrated early on that the 
candidate knew exactly what was going on. 

A method employed by many high-scoring candidates began 
with a word equation “Total energy transferred = energy 
required to heat all of water to boiling point + energy required 
to vaporize water”. This made it clear to award the mark for 
substituting into the specific heat capacity equation and clear to 
the candidate how to find the mass of vaporized water.

Less successful candidates muddled the mass of water being 
boiled (0.60 kg) and the correct mass for the equation relating 
mass of water vaporised, specific latent heat of vaporization and 
energy supplied to vaporise.
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Question 21(a)(i)

Fig. 21.1 shows some of the energy levels of electrons in hydrogen gas atoms. The energy levels are 
labelled A, B, C and D.

[For copyright purposes this image cannot be reproduced here; the image used within the question can 
be viewed in the original question paper.

Energy levels shown on the image are:

A: -0.85

B: -1.51

C: -3.40

D: -13.6]

Explain why the energy levels are negative.  [1]

Mark(s): 0/1

Examiner commentary
This candidate, and many more, suggested that the energy levels 
are negative, solely due to the fact that electrons have negative 
charge. The point is that the electron is in a potential well due to 
its electrostatic interaction with the nucleus. Thinking classically, 
there is an attractive force between the electron and the 
nucleus, which results in a negative potential energy.

Other acceptable answers involved a discussion of the electron 
requiring a gain in energy to be promoted or to reach the 
ionisation level. The word ‘it’ or ‘they’ refers to the only noun in 
the stem of the question, namely the energy levels, hence the 
word “electron” was required.



Exemplar Candidate Work

50

A Level Physics A

© OCR 2017

Question 21(a)(ii)

An electron makes a transition (jump) from level C to level A.

   1 Calculate the energy gained by this electron.  energy =                           eV   [1]

   2 Calculate the wavelength in nm of the photon absorbed by this electron.  
 wavelength =                           nm [3]

Mark(s): 1/1

Examiner commentary
The correct answer, as provided by the vast majority of 
candidates. Those that did not score the mark did so by 
calculating the difference between the wrong energy levels or 
by arithmetical slip.

Mark(s): 0/1

Examiner commentary
Although most candidates scored well on this question, this 
candidate has not remembered the conversion factor of  
1.6 x 10-19 required for conversion of an energy measured in 
electronvolts to an energy measured in joules. This has rendered

 the response uncreditworthy.

A common error was to forget to convert the wavelength into 
nm or use of the wrong power of ten.
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Question 21(b)(i)

Light from a distant galaxy is passed through a diffraction grating. Fig. 21.2 shows the part of the 
spectrum of light that shows a strong hydrogen-alpha emission line.

[For copyright purposes this image cannot be reproduced here; the image used within the question can 
be viewed in the original question paper.]

 

State how an emission line is produced. [1]

Mark(s): 0/1

Examiner commentary
This candidate has muddled how to produce an emission line 
with how to produce a spectrum. Most candidates muddled 
emission line and absorption line.

The correct answer is a two step process involving the electron 
being promoted to a higher energy level and then relaxing to a 
lower energy level with the production of a photon.
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Question 21(b)(ii)

State an adjustment that could be made to the experimental arrangement that would space the emission 
lines more widely. [1]

Mark(s): 1/1

Examiner commentary
This is one of two correct ways of space the emission lines more 
widely in the laboratory. The other was increasing the distance 
from the grating to the screen or detector.

Many candidates mentioned spreading out the emission lines 
on the graph, and so referred to using a smaller increment or 
step size along the x-axis, erroneously.
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Question 21(b)(iii)

In the laboratory, the wavelength of the hydrogen-alpha emission line is 656.3 nm. Use Fig. 21.2 to 
determine the recession velocity of the galaxy. recession velocity =                            ms-1  1]

Mark(s): 3/3

Examiner commentary
This is a really clear answer, scoring all three marks. The peak 
has been correctly identified (by vertical line on the figure and 
substitution of a valid number into the equation). The calculation 
has been performed carefully. 

Some candidates substituted the ‘new’ wavelength for the 
denominator, when they should have used the laboratory 
wavelength instead.
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Question 21(b)(iv)

Suggest why hydrogen spectral lines play an important role in determining red shift of galaxies.  [1]

Mark(s): 0/1

Examiner commentary
This candidate has missed the point here, by talking not talking 
specifically about hydrogen. The idea is that hydrogen is by far 
the commonest element in stars and therefore galaxies, and 
so finding the hydrogen line patterns, even if they are red-
shifted, should not be too troublesome. Only a comment about 
abundance was required.
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Question 21(c)

Light from a similar star is viewed in a galaxy further away. The star is part of a pair of stars which orbit a 
common centre of mass. 
Describe and explain how the equivalent spectrum might appear.  [3]

Mark(s): 1/3

Examiner commentary
This candidate has scored one of the more difficult marks 
by suggesting that the intensity will be less (predominantly 
because the new galaxy is further away).

Any reference to blue shift was contradictory to any thing else, 
so the last sentence would have negated anything else sensible 
about the two stars each producing a shifted spectrum and that 
the stars would have had slightly different red shifts depending 
on their periodic position (and hence relative velocity) in their 
orbit.

The first sentence hasn’t made clear the link between a larger 
distance, hence a larger recessional velocity and therefore a 
larger red shift than before.
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Question 22(a)

Define the internal energy of a substance.  [1]

Mark(s): 1/1

Examiner commentary
A perfect response. The idea of the particulate nature of 
the substance was required. The definition is clear in the 
specification.
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Question 22(b)

A block of paraffin wax is melting at a constant temperature of 52 °C. Use the behaviour of paraffin 
molecules to describe and explain the changes to the internal energy of the molecules of the paraffin wax 
as it melts.  [4]

Mark(s): 1/4

Examiner commentary
This candidate has correctly identified that the potential 
energy is increasing (indeed, they have recalled that the PE 
is negative and approaching zero). The next sentence shows 
poor understanding, and by the mark scheme, renders the last 
sentence redundant. The KE is not changing during melting. 
Statements that the KE was not increasing were not specific 
enough. The question refers to the temperature being constant 
throughout melting, so no credit could be given for this idea’s 
restatement, unless it was linked to the idea of constant KE.

For the mark for ‘increasing internal energy’ to be awarded, the 
candidates needed to state both ideas about increasing PE and 
constant KE.

Notice that the first five lines are redundant, as the candidate 
talks about what’s happening while the paraffin is solid.
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Question 23(a)

Write an expression for the gravitational potential Vg at the surface of a planet of mass M and radius r.  [1]

Mark(s): 1/1

Examiner commentary
The correct answer. The candidate has underlined key points, 
presumably so as not to get muddled with potential energy or 
other similar quantity.

The minus sign was required – the expression is included on the 
formula booklet.
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Question 23(b)(i)

The table below shows some data for Mercury and Pluto.

Show that the escape velocity v of a gas molecule on the surface of Pluto is given by the equation

where M is the mass of Pluto and r is its radius.  [2]

Mark(s): 0/2

Mark(s): 2/2



Exemplar Candidate Work

60

A Level Physics A

© OCR 2017

Examiner commentary
The first candidate has invented a relationship between KE, 
radius of orbit and force that is dimensionally correct but not 
grounded in any correct physics. More common errors involved 
equating centripetal force and gravitiational force.

The correct (and clearest) approach was to state, in words, that 
the GPE gained by a gas molecule would equal the KE lost by 
that molecule, substitute the correct expressions and show the 
working to arrive at the quoted result. The second candidate has 
not stated the word equation, yet their intent from the rest of 
the working is clear.

Question 23(b)(ii)

Calculate the escape velocity v of gas molecules on the surface of Pluto. v=                          ms-1    [1]

Mark(s): 0/1

Examiner commentary
The candidate has substituted in the values correctly yet arrived 
at the wrong answer, presumably due to calculator error. This 
candidate went on, incidentally, to calculate correctly the escape 
velocity for Mercury in the next item.
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Question 23(b)(iii)

Explain why Mercury has no atmosphere whilst Pluto still has a thin atmosphere. Use data from the table 
to support your explanation.  [3]

Mark(s): 1/3
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Examiner commentary
The first candidate has scored a mark for correctly calculating 
the escape velocity for Mercury. They have very nearly scored 
the second marking point but have not quite made the 
understanding clear about Mercury being hotter because it is 
closer to the Sun. Finally, many candidates lacked the clarity for 
the third marking point i.e. the link between higher average KE, 
thus higher average speed and so molecules having sufficient 
speed to exceed escape velocity. It is not acceptable to equate 
high energy with speed i.e. has more energy than the escape 
velocity.

The second candidate, in contrast, has made all three points 
succinctly and clearly, thus scoring all three marks.

Mark(s): 3/3
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