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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-b-advancing-
physics-h157-h557-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.

http://www.ocr.org.uk/qualifications/as-a-level-gce-physics-b-advancing-physics-h157-h557-from-2015/
http://www.ocr.org.uk/qualifications/as-a-level-gce-physics-b-advancing-physics-h157-h557-from-2015/
http://www.ocr.org.uk/qualifications/as-a-level-gce-physics-b-advancing-physics-h157-h557-from-2015/
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Question 1(a)

This question is about notes produced by a flute.

A flute is an instrument that produces standing waves with displacement antinodes (A) at both ends. The 
nodes (N) and antinodes for the lowest note possible for a flute of length L are shown in Fig. 1.1.

Explain how standing waves are formed in air. [3]

Mark(s) – Exemplar 1 – 3/3, Exemplar 2 – 1/3 and Exemplar 3 – 0/3

1

2

3
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Examiner commentary
This question asks candidates to explain the formation of 
standing waves in air. The mark scheme gives four marking 
points for the three marks. The first candidate gains all three 
points, and indeed, covered all four possible marking points. 
The clear statements about the phase relationship of the 
superposing waves at nodes and antinodes are particularly 
worthy of note. The second response is much less impressive, 
showing a lack of understanding of the varying phase 
relationships across the standing wave but does identify 
that the forming of standing waves is an example of wave 
superposition. The third response, although stating some 
correct physics, gives no relevant explanatory points.
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Question 1(b)

Mark the antinodes and nodes on Fig. 1.2 for a note of twice the frequency of the note indicated in Fig. 
1.1. Explain your answer.

  
 [2]

Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 1/2 and Exemplar 3 – 1/2

1

2

3
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Examiner commentary
This question required candidates to identify the positions 
of nodes and antinodes for the second harmonic. This was 
achieved by nearly all candidates. However, although many 
candidates explained that the wavelength of the second 
harmonic is half that for the fundamental in this case, only the 
best stated that this implies that the frequency will double if the 
velocity remains constant. The first response, although lacking 
in clarity, meets both marking points whilst the second and 
third responses only gain the mark for the diagram.
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Question 1(c)

   [2]

Mark(s) – 2/2

Examiner commentary
This response shows a clear derivation of the required equation. 
Candidates do not find this type of question particularly 
accessible and in this example need to carefully distinguish 
between the letter p and the symbol ρ. The crossed-out 
working shows the candidate made some unsuccessful 
attempts at the derivation but the final answer is admirably 
clear.
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Mark(s) – 2/2

Examiner commentary
This is another clear response through a different method. The 
crucial thing for candidates to remember is that the examiner 
must be able to follow their argument. This is easy to do in this 
case.

Mark(s) – 0/2

Examiner commentary
Although the candidate has reached the required expression, 
the derivation is flawed. After cancelling out the two ‘m’, the 
candidate mistakenly writes            rather than          . This is 
followed by a second error.
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Question 1(d)

A flute of length L sounds a note of 262 Hz at a temperature of 293 K. Calculate the frequency of the 
note from the same length flute when the temperature of the air in the flute has increased to 303 K. The 
change in length of the flute caused by this temperature rise is negligible.

   frequency at 303 K = .................................................... Hz [3]

Mark(s) – 3/3

Examiner commentary
This question requires candidates to show an understanding of 
the dependency of frequency of a note on the root of the air 
temperature. This candidate’s response is clearly laid-out and 
accurate.
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Mark(s) – 0/3

Examiner commentary
This script shows the common mistake of ignoring the 
dependency on the root of the air temperature. The final parts 
of questions can often draw together ideas from the whole 
question. This part of the question requires candidates to 
remember the dependence on temperature given in part (c).

Mark(s) – 0/3

Examiner commentary
This response is typical of many candidates who hoped to reach 
the answer simply by substituting values into an equation given 
earlier without a great deal of thought. Note that this response 
incorrectly assumes that k is the Boltzmann constant, another 
common error.
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Question 2(a)

This question is about charging a capacitor in a circuit with two resistors in series.

(a) Show that the p.d. across the 4.7 kΩ resistor in the circuit in Fig. 2.1 is about 4 V, assuming that the 
 cell has zero internal resistance.  
   [2]

Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 2/2 and Exemplar 3– 2/2

1

2

3

Examiner commentary
This question concerns charging a capacitor – a new element in 
the specification. Part (a) is a simple potential divider calculation 
which nearly all candidates successfully answered. 
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Question 2(b)

(b)  A student changes the circuit as shown in Fig. 2.2

Show that the time constant of the circuit is about 15 s.  
   [2]

Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 2/2 and Exemplar 3– 2/2

1

2

3

Examiner commentary
Another simple ‘show that’ question successfully answered by 
the vast majority of the candidates.
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Question 2(c)

The graph in Fig. 2.3 shows how the p.d. across the capacitor varies with time up to 5 RC. Add a line to the 
graph that shows how the p.d. across the 4.7 kΩ resistor varies with time.

Add another line to show how the p.d. across the 2.0 kΩ resistor varies with time. Label the lines. 
 

   [2]

Mark(s) – 2/2

Examiner commentary
This part asks the candidates to draw lines showing the 
variation in p.d. across the resistors as the capacitor charges. This 
proved more difficult for many candidates. This candidate does 
not draw perfect curves but does begin at the correct p.d.s 
for the two resistors and the lines show clear exponential fall, 
ending at close to zero after 5 RC seconds.
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Mark(s) – 1/2

Examiner commentary
This candidate gains the mark for labelling the curves and 
beginning at the correct p.d.s but the graphs fall to zero too 
quickly so that the sum of p.d.s is not maintained at 6.0 V.

Mark(s) – 0/2

Examiner commentary
This shows a common error. The two p.d.s across the resistors 
sum to across the capacitor rather than the three p.d.s summing 
to 6.0 V.
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Mark(s) – 4/4

Question 2(d)

Calculate the time it takes from the start of the charging for the p.d across the capacitor to reach 5.0 V.

   time = ....................................................... s [4]

Examiner commentary
The final part of the question requires candidates to calculate 
the time for the p.d. across the capacitor to reach 5.0 V. 
Candidates need to understand natural logs to answer the

question through use of the equation                                

The data sheet gives the standard for the exponential equation 
as in X=X

o
 e-kt for both capacitor charge and radioactive 

decay, requiring students to adapt the form to the context 
of the question. This makes it a higher level question and 
was particularly challenging as it is new material on the 
specification. This response shows a clear understanding of the 
situation and gains all the marks.
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Mark(s) – 0/4

Examiner commentary
This candidate correctly recalled the relevant equation but did 
not reach any of the marking points, perhaps indicating a lack 
of practice in using the charging equation. It was uncommon 
for a candidate to remember the equation but not work the 
calculation through.

Mark(s) – 0/4

Examiner commentary
This candidate used the discharge equation, a common error.
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Question 3(a)
 

This question is about the force on a sail of a land yacht, a small vehicle that is powered by the wind.

(a)  Explain how air particles exert a pressure on a sail and why, when no wind is blowing, the sail 
 experiences the same pressure on both sides. 

   [4]

Mark(s) – 3/3

Examiner commentary
This question requires candidates to explain air pressure using 
ideas from kinetic theory. Good responses, such as this example, 
used clear, correct technical language. In particular, the link 
between force and rate of change of momentum is clear.
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Mark(s) – 2/3

Examiner commentary
This response gains two marks – for the link between pressure, 
force and area and recognising the random nature of particle 
motion. The response is of a markedly lower level than the 
previous example (which gained 3/3).

Mark(s) – 1/3

Examiner commentary
This response does not really address the question and uses 
imprecise terminology. The response gains the low-level mark 
for the link between pressure, force and area but the rest of the 
writing is to little effect.
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Question 3(b)
 

(b) A sail has an area 8.0 m2. A wind of velocity 18.0 m s–1 strikes the sail at 90° to the surface of the 
 sail. It is assumed that the velocity of the wind falls to zero when it strikes the sail.

 Calculate the force on the sail and suggest why the assumption may not be accurate.

  density of air = 1.2 kg m–3

   force on sail = ...................................................... N [4]

Mark(s) – 4/4

Examiner commentary
This requires candidates to calculate the mass of air striking the 
sail in one second and use this to calculate the rate of change of 
momentum. If the candidate states that the mass of air  
(173 kg to 2 s.f.) is the force on the sail no marks are gained as 
this shows a misunderstanding of the physics. The candidate 
in this example has provided a clear calculation and a sensible 
assumption.



Exemplar Candidate Work

21

A Level Physics B (Advancing Physics)

© OCR 2017

Mark(s) – 2/4

Examiner commentary
This candidate correctly calculates the mass striking the sail and 
so gains the first two marks. These marks would not have been 
awarded if the candidate went on to confuse the mass with 
force.

Mark(s) – 1/4

Examiner commentary
Although the calculation is incorrect the candidate gives 
a reasonable suggestion concerning the assumption that 
the wind speed falls to zero. This response as a whole may 
show a lack of understanding of physics but shows sufficient 
pragmatism to gain a mark.
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Question 3(c)
 

A constant force of 300 N strikes the sail of a land yacht at an angle of 50° to the direction of motion of the 
vehicle as shown in Fig. 3.2. The mass of the yacht and rider is 135 kg.

Calculate the time for the land yacht to travel 50 m in the direction shown. The yacht starts from rest. 
Ignore resistive forces.

time = ....................................................... s [4]

Mark(s) – 4/4
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Examiner commentary
This part of the question relates to kinematics and resolution 
of vectors. It is usually tackled in two stages, calculating the 
component of force in the direction of travel and then using 
the calculated force to calculate the acceleration and hence the 
time to travel 50 m. This example shows a clear and accurate 
response.

Mark(s) – 3/4

Examiner commentary
This response shows the importance of writing down each step 
of a calculation. The candidate made an arithmetic error in the 
last stage but gained 3 marks for earlier working.
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Mark(s) – 2/4

Examiner commentary
This candidate makes the fairly common error of using sin rather 
than cos to find the resolved component of the force. Using 
an incorrect force value through to a consistent final answer 
gains two marks. This is another illustration of the importance of 
showing working.
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Question 4(a)
 

This question is about the New Horizons spacecraft mission to the dwarf planet Pluto.

In July 2015, the Long Range Reconnaissance Imager (LORRI) sent the image shown in Fig. 4.1a.

(a)  It takes 4.5 hours for the radio signal from the spacecraft at Pluto to reach the Earth. Calculate the  
 distance of the spacecraft from Earth when the signal was transmitted.

   distance = ..................................................... m [2]

Mark(s) – Exemplar 1 – 2/2 and Exemplar 2 – 0/2

1

2



Exemplar Candidate Work

26

A Level Physics B (Advancing Physics)

© OCR 2017

Examiner commentary
This longer question is based around the context of the New 
Horizons mission to Pluto. Part (a) is a very familiar problem 
and proved to be an accessible question with most candidates 
gaining both marks, as in the first example. The second response 
is a rare example of an incorrect answer to this low-level 
question. 
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Question 4(b)(i)
 

The square image is 1024 pixels wide. The diameter of Pluto is 2700 km.

(i)  Calculate the resolution of the image in km pixel –1.

   resolution = ........................................ km pixel–1 [3]

Mark(s) – 3/3

Examiner commentary
This is a familiar type of question and was correctly answered by 
most candidates. This is a typical example of a correct response.



Exemplar Candidate Work

28

A Level Physics B (Advancing Physics)

© OCR 2017

Question 4(b)(ii)
 

(ii) The image in Fig. 4.1a was taken at a distance of 770 000 km. The angular resolution of LORRI is 
 5 × 10–6 radian per pixel. This means that each pixel covers an angle of 5 × 10–6 radian. By calculating  
 how many radians Pluto subtends (angle θ in Fig. 4.1b), test whether the value for angular resolution 
 agrees with your value for the resolution in (b)(i). Comment on your answer.

[4]

Mark(s) – 4/4

Examiner commentary
This part of the question was much more challenging and 
required the candidates to read the stem of the question with 
care, and follow the instructions given; namely, to calculate the 
angle subtended by Pluto in radian and use this value to test 
whether the angular resolution agrees with the resolution in  
km pixel-1. This example shows a correct calculation and well-
argued comparison between the two resolutions. Such answers 
were rare.
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Mark(s) – 2/4

Examiner commentary
This response gained the first two marks but did not go beyond 
calculating the number of pixels across the diameter of the 
image of Pluto. The comparison between the two resolutions 
was void as the candidate had not calculated the resolution 
from the angular resolution. Moreover, the comparison was not 
precise enough to gain the mark.
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Mark(s) – 1/4

Examiner commentary
This response only got as far as calculating the angle subtended 
by Pluto.
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Question 4(c)*
 

New Horizons is powered by a radioisotope thermal generator. This produces electrical power from the 
thermal energy of decaying plutonium-238.

Explain why solar power is not used for this spacecraft. Use the data below to calculate the energy 
released per second at launch and the reduction in energy released per second when New Horizons 
reached Pluto. Comment on your results.

Data:

Mean Sun-Pluto distance = 40 × mean Sun-Earth distance

Amount of plutonium-238 carried by spacecraft: 36 mol

Number of plutonium-238 nuclei in one mole: 6.0 × 1023 mol –1

Half-life of plutonium-238: 87.7 years (2.8 × 109 s)

Energy released in the decay of one plutonium nucleus: 5.6 MeV

Journey time to Pluto: 9 years 

[6]
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Examiner commentary
This is a Level of Response (LoR) question. To gain the highest 
level a candidate must show clear and complete calculations 
of the energy at Earth and Pluto for both RTG and a clear 
comparison between the two. It should be noted that the 
inverse-square relationship of light forms part of the Advance 
Notice article so candidates will have been familiar with this 
concept. Very few candidates reached the highest level; this 
paper shows an example of an impressive answer. Each stage 
in the argument is clearly shown and a numerical comparison 
between the proportion of energy remaining for solar power 
compared to RTG is clearly made. Note also that the response 
is correctly framed in terms of energy per second, many 
candidates did not make the link between activity and power 
output.

Mark(s) – 6/6
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Examiner commentary
This response shows a good understanding of the situation but 
does not reach the higher level marks because there is no direct 
comparison and comment on the reduction in solar power 
compared to power from the RTG. The response also suffers from 
not including a clear reference to the intensity of sunlight falling 
with distance from the Sun.

Mark(s) – 4/6
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Examiner commentary
This response gives a clear explanation of the drop in power of 
the RTG but no discussion of solar power other to say that ‘not 
stable’ and ‘too low’ at Pluto, there is no link to the intensity of 
solar radiation.

Mark(s) – 3/6
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Question 5(a)
 

This question is about the Boltzmann factor, f = e–E/kT.

Fig. 5.1 shows how the Boltzmann factor varies with temperature for three processes: A, B and C.  
 

(a) Explain how the graphs in Fig. 5.1 show that line C represents the process with the greatest  
 activation energy E. 

 [3]

Mark(s) – 3/3

Examiner commentary
This challenging question requires a clear explanation why 
line C in the graph given represents the process with the 
highest activation energy. The mark scheme gives two routes 
to answering the question, a descriptive response and a more 
algebraic response given in the guidance column. This response 
takes the arithmetic approach and is commendably clear. 
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Examiner commentary
This response gains marks using both routes but does not score 
full marks as the argument is not complete; the first sentence in 
the answer contributes nothing to the explanation. The second 
sentence hits the second bullet point in the answer column 
of the mark scheme and the third sentence gains the second 
marking point from the guidance column.

Mark(s) – 2/3

Examiner commentary
This response is a good example of a candidate writing a few 
lines of explanation but not answering the question asked. The 
candidate has described the graphs rather than explained their 
shape, or used their shape to answer the question. This approach 
was quite common and resulted in about half the responses 
gaining no marks.

Mark(s) – 0/3
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Question 5(b)(i)
 

This part of the question is about the evaporation of liquids; the process in which molecules of the liquid
 gain sufficient energy to enter into the vapour.

(i)  The Boltzmann factor for water molecules escaping the liquid and entering the vapour state is  
 4.9 × 10–8 at 310 K.

 Calculate the activation energy required for a water molecule to escape into the vapour at this 
 temperature. 

activation energy = ....................................................... J [3]

Mark(s) – Exemplar 1 – 3/3, Exemplar 2 – 3/3 and Exemplar 3 – 2/3

1
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2

3

Examiner commentary
This is a standard calculation for which most candidates gained 
three marks. The first two examples show clear working leading 
to the correct answer. The third example only gains two marks 
as the candidate forgot to take the natural log of the number 
in the penultimate line. Once again though, the usefulness of 
showing working is demonstrated – without the working the 
candidate would have gained no marks.
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Question 5(b)(ii)
 

Explain how particles with an average energy lower than the activation energy gain enough energy to 
escape into the vapour. 

 [2]

Mark(s) – 2/2

Examiner commentary
This question requires candidates to explain that energy 
is exchanged in collisions and if a particle gains energy in 
(enough) successive collisions it may gain sufficient energy to 
escape into the vapour. It is acceptable for candidates to write 
of particles ‘getting lucky’ but this must be linked to the idea 
of consecutive energy gains. This response is both concise and 
clear. 

Mark(s) – 1/2

Examiner commentary
This response gains the first mark for describing (random) 
collisions amongst the particles but does not go on to consider 
consecutive, energy gaining collisions.
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Mark(s) – 0/2

Examiner commentary
This response gains no marks. There is no mention of collisions 
between particles and the explanation suggests that all initially 
low energy particles will break bonds through ‘absorbing’ 
energy. 
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Question 5(b)(iii)*
     

The activation energy for a molecule of ethyl alcohol to escape into the vapour state is 6.6 × 10–20 J.

Calculate the Boltzmann factor at 310 K for this process and use ideas from the question to explain why a 
drop of ethyl alcohol feels colder on the skin than a drop of water.

   [6]

Mark(s) – 6/6
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Examiner commentary
This is a Level of Response question. To reach the higher level 
candidates are expected to correctly calculate the Boltzmann 
factor for the process, compare this value to that of water and 
link a higher Boltzmann factor with a higher rate of evaporation. 
This higher rate of evaporation leads to a quicker drop in 
temperature of ethyl alcohol than water. Other points can be 
made in the explanation as given in the guidance in the mark 
scheme. This response is a good example of level 3 answer. 
The candidate begins by correctly calculating the Boltzmann 
factor for ethyl alcohol. This is clearly linked to the proportion 
of particles evaporating in a given time interval. A link is made 

between energetic particles entering the vapour state and the 
temperature of the skin, suggesting that the skin is the ultimate 
source of energy for the particles in the liquid, and as the ethyl 
alcohol particles enter the vapour state more rapidly than water, 
the skin feels colder.  Note that this is not a ‘perfect’ answer, nor 
does it hit all the bullet points given in the mark scheme, but it 
does represent a high level answer as the explanation is clear, 
sufficiently detailed (compared to the guidance in the mark 
scheme) and of A level standard.

Mark(s) – 4/6

Examiner commentary
This response gives a correct value for the Boltzmann factor 
of ethyl alcohol. It includes a number of the indicative points 
given in the mark scheme, identifying that the Boltzmann factor 
affects the rate of evaporation and that the energy is removed 
from the skin more quickly than for water. However, the answer 
is incomplete and the statement that more energy is removed 
per molecule of ethyl alcohol is not correct. 
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Mark(s) – 2/6

Examiner commentary
Many mid-range candidates are confident in answering 
arithmetic questions but show much less facility in responding 
to explanatory questions. This response gains two marks for the 
correct calculation but goes no further. This was quite common. 
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Question 6(a)
 

This question is about muon decay. Muons are charged leptons. They are formed by cosmic rays 
interacting with the upper atmosphere.

(a) Explain how the decay equation shows that charge and lepton number are both conserved and  
 name one other property that is conserved in the decay.

[3]

Mark(s) – 3/3

Examiner commentary
Question 6 concerns muon decay and relativistic time dilation. 
Part (a) requires candidates to explain how the decay equation 
shows that charge and lepton number are conserved and to 
suggest a further (relevant) conserved quantity.  Candidates 
should be reminded of the need for precise technical language 
in this paper – many responses missed out on marks through 
lack of precision or careful thought. This response, however, 
is concise and accurate and gains all three marks. It is worth 
noting that the charges on the particles are given in the decay 
equation to help candidates.
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Mark(s) – 2/3

Examiner commentary
This response meets the first two marking points but makes the 
common error of suggesting that ‘energy’ is conserved. This is 
not sufficiently precise. ‘Total energy’ or ‘mass-energy’ are both 
acceptable conserved quantities. 

Mark(s) – 1/3

Examiner commentary
This response gains the first marking point by identifying that 
neutrinos are uncharged. However, the second statement 
misses the point – at the instant for which the equation is 
valid the neutrinos are both in existence and lepton number is 
conserved. The last point – that mass is conserved – is now a 
relatively rare error.
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Question 6(b)
 

The maximum total energy of the particles formed from the muon is about 106 MeV.

Show that this suggests that the mass of the muon is about 200 times that of an electron.

[3]

Mark(s) – 3/3

Examiner commentary
This calculation, a simple application of E=mc2 also required 
candidates to convert electronvolts to joules and use the 
data sheet to find the mass of an electron. Most responses 
gained three marks, as in this example which takes the route of 
calculating the mass of a muon and comparing this to the mass 
of an electron.
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Mark(s) – 3/3

Examiner commentary
This candidate takes the alternative route of calculating the 
rest energy of an electron and then comparing this to the rest 
energy of a muon.
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Mark(s) – 0/3

Examiner commentary
This response gains no marks and suggests a lack of knowledge 
of the mass energy relationship and a rather hopeful calculation 
to reach a ratio of 200.
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Question 6(c)
 

Muons travel through the atmosphere at 98% of the speed of light.

The half-life of a muon at rest is about 1.5 × 10–6 s. Show that about 0.0005% of the original muons will 
remain after travelling 8 km through the atmosphere, ignoring relativistic effects.

   [3]

Mark(s) – 3/3

Examiner commentary
This part asks the candidates to calculate the time taken for 
a muon to pass through 8 km of atmosphere and from this 
value calculate the proportion of muons remaining if relativistic 

effects are ignored. This response is a good example of a high-
level response, calculating the proportion remaining through a 
simple and elegant method.

Mark(s) – 2/3

Examiner commentary
This response gains the first two marking points but does not 
explain why 18.1 half-lives represent a fraction remaining of 
0.0005%.
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Mark(s) – 1/3

Examiner commentary
This response gains the mark for calculating the journey time 
but confuses half-life with decay constant and misremembers 
the decay equation.
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Mark(s) – Exemplar 1 – 2/3, Exemplar 2 – 1/3 and Exemplar 3 – 0/3

Question 6(d)(i)
 

In a measurement it is found that about 9% of the muons remain after travelling through 8 km of 
atmosphere.

Explain why a greater number of muons remain than suggested by the non-relativistic calculation in (b).

[3]

1

2

3

Examiner commentary
This question requires a clear argument from the candidates. 
The question proved to be challenging, with only about 
two-thirds of the candidates gaining any marks, and very few 
gaining all three marks.  Candidates may find checking that they 
have matched the number of points made with the number of 
marks available a helpful aid to writing responses of sufficient 
depth and breadth.  Although examiners will accept alternative 
wording (AW) the sense of the response has to match the 
answer on the mark scheme whether or not the candidate 
chooses to use different but relevant terminology. A complete 
explanation is required to gain three marks. The first response 
gained two marks, for linking time dilation to velocity but did 

not make a link to the gamma factor. The second example only 
gains the mark for identifying time dilation in the context of the 
question; a little more explanation would have easily gained the 
other marking points. The third example, which did not score, 
shows only a superficial understanding of the situation. 
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Mark(s) – 3/3

Question 6(d)(ii)
 

Use your answer to (c) and the measured value of 9% of muons remaining after passing through 8 km of 
atmosphere to calculate the relativistic factor γ for the muons.

relativistic factor γ = .......................................................... [3]

Examiner commentary
This question requires candidates to calculate the relativistic 
factor using the comparison between the half-life of a muon 
at rest and the proportion of muons travelling through 8 km of 
atmosphere. Three methods are described in the mark scheme 
which also notes that finding the relativistic factor by the 
Lorentz relationship only merits one mark as this method is not 
answering the question posed. This candidate has calculated 
the number of half-lives passed to reduce the number of muons 
to 9% of the original, calculated the time this is equivalent to 
and then calculates the relativistic factor from             .
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Mark(s) – 3/3

Examiner commentary
This response is an interesting example of a candidate who 
has initially calculated the relativistic factor from the Lorentz 
equation and then confirmed this using the method required in 
the question.

Mark(s) – 1/3

Examiner commentary
This response uses the Lorentz equation and reaches the 
correct value for the relativistic factor but does not answer the 
question as given on the paper, so only gains one mark.
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Question 7
 

State the feature of the diagram in Fig. 1 in the article which shows that the distance scale is logarithmic 
and suggest a possible disadvantage of representing data in this manner.

   [2]

Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 1/2 and Exemplar 3 – 1/2

1

2

3

Examiner commentary
This is the first question based on the Advance Notice article 
‘How far are the stars’. It is assumed that the candidates will have 
considered the article in lessons and it is a good idea to write 
practice questions that are relevant to the article. Candidates 
can be asked to identify the areas of physics discussed in the 
article and write possible questions for one another. When the 
candidate enters the examination room he or she should have a 
good understanding of the physics covered in the article. 

This question is about the logarithmic display of data shown 
in Fig. 1 of the article and requires candidates to give evidence 
that the scale is logarithmic and suggest a disadvantage of such 
a representation. As with all the explanatory questions, answers 
must be unambiguously correct to gain the marks. The first 

response meets the marking criteria, stating that the increments 
increase in factors of powers of ten and pointing out the 
difficulty of interpolating between marked points on the 
diagram. The second response clearly identifies the logarithmic 
nature of the scale but does not give a precise enough 
suggestion for the difficulty – the suggestion just states that 
the scale is logarithmic without explaining why this may cause 
difficulties of interpretation.  The third response is just sufficient 
to gain the first marking point, though this is not stated very 
clearly. Once again, the candidate is not precise enough to 
score both marks ‘(losing) some accuracy in measurements 
when representing them’ is not a problem for logarithmic scales 
alone.
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Mark(s) – Exemplar 1 – 4/4, Exemplar 2 – 3/4 and Exemplar 3 – 2/4

Question 8
 

The density of silver is 10 500 kg m–3. The mass of one silver atom is 1.8 × 10 –25 kg.

Use this data to calculate an estimate for the diameter of an atom of silver, explaining your reasoning and 
assumptions.

   diameter of silver atom = ..................................................... m [4]

1
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2

3
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Examiner commentary
This estimation question can be tackled in two similar ways, 
imagining the silver atoms to be cubes or to be spheres. The 
first response assumes the atoms to be cubes. The diameter 
is correctly calculated and the assumption in clearly stated. 
The second response correctly calculates the diameter of a 
spherical atom but misses the point that the volume calculated 
assumes that there are no ‘gaps’ between the atoms, or that 
such gaps have minimal effect on the calculated estimate. The 
third example correctly calculates the volume occupied by a 
single atom but then makes an error in calculating the diameter 
– having calculated a ‘diameter’ (of the cube) the radius is then 
calculated and this value stated as the diameter. This candidate 
did not state an assumption about the calculation so gained 2 
marks out of 4.
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Question 9(a)(i)
 

This question is about an experiment to estimate the resolution of the human eye.

Two vertical, parallel black lines are drawn on a piece of card. The separation between the lines is 2.0 ± 0.5 
mm. The card is fixed to a wall at head height.

A group of students look at the card whilst each covering one eye. They walk back from the card until they 
can no longer separate the two lines. The distance L between the eye and the card is measured.

(i)  State the spread of the distance values.

   spread = ± ..................................................... m [1]

Mark(s) – Exemplar 1 – 1/1, Exemplar 2 – 0/1 and Exemplar 3 – 0/1

1

2

3

Examiner commentary
This longer question is about resolution and relates to lines 6 
to 10 in the article. Part (a)(i) requires candidates to state the 
spread of the distance value given in the table in the question. 
The first response is correct, the second is an example of 

the common confusion between range and spread. The last 
response seems to be a guess but may arise from an arithmetic 
error. 
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Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 1/2 and Exemplar 3 – 0/2

Question 9(a)(ii)
 

A student suggests that the uncertainty in the distance values can be ignored when calculating the 
minimum angle that can be resolved because of the uncertainty in the separation of the lines on the card. 
Comment on this suggestion, explaining whether or not you agree.

[2]

1

3

2
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Examiner commentary
This question requires a comment on the comparative 
uncertainties in two values. A valid comparison requires the 
percentage uncertainties in the values to be calculated, the first 
marking point. The second mark is gained by a clear argument 
linking to the percentage uncertainties – note that the mark 
is for the clarity of the argument rather than the conclusion 
drawn. The first example gains both marks for correctly 
calculating percentage uncertainties and linking these in a clear 
argument. The second response only gains the first marking 
point for calculating a single percentage uncertainty. The third 
response gains no marks as the uncertainties have not been 
calculated.
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Mark(s) – 3/3

Question 9(a)(iii)
 

Calculate a value for the minimum angle that can be resolved. Include an estimate of the uncertainty in 
your value. Explain how you estimated the uncertainty.

minimum angle that can be resolved = .......................... ± ................... rad [3]

Examiner commentary
This part requires the candidates to calculate the resolution of 
the eye and estimate the uncertainty, showing clear working. 
This response gains all three marks, based on a percentage 
uncertainty of 25%. Note that the uncertainty is on the last 
significant figure of the value of the angle, as it should be. 
Many responses showed a mismatch between the number of 
significant figures in the uncertainty and the value. 
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Mark(s) – 2/3

Examiner commentary
This response gains two marks: the candidate made an error 
in part (a) (i) and is working on a value of 0.4 m for the spread. 
This gives the uncertainty value of around 32% - meeting the 
second marking point. However, the uncertainty of 1  ×  10-4 
means that the value for minimum angle should be quoted as 
3 × 10-4 rather than 3.3  × 10-4.

Mark(s) – 2/3

Examiner commentary
This response also gives the incorrect number of significant 
figures in the value for resolution compared to the calculated 
uncertainty, and also gives too many s.f. for the uncertainty.
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Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 1/2 and Exemplar 3 – 0/2

Question 9(b)
 

An approximate value for the minimum resolvable angle θ min can be obtained from the equation  

The students estimated the diameter of the pupil to be 3 mm and the wavelength of light to be 
5 × 10 –7 m. Use the data to estimate the minimum resolvable angle and compare your answer with the 
value obtained in (a)(iii).

minimum angle that can be resolved = ................................................... rad [2]

1

2
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Examiner commentary
This part of the question asks candidates to calculate the 
resolution of the eye, and provides the equation to use. 
Unsurprisingly, most candidates gained this mark. The second 
mark is for comparing the two values for resolution from (a) (iii) 
and (b). This requires a link to the experimental results rather 
than just stating that one resolution is better than the other. 
The first example gains both marks for a correct calculation 
and clear link to data. The second response only gains the 
calculation mark. The final response fails to gain the calculation 
mark through a rounding error – a common cause of missed 
marks across the paper.

3
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Mark(s) – 3/3

Question 10
 

This question is about measuring stellar distances by parallax.

The parallax of the star Sirius is 0.38 arc seconds.

One light year is the distance light travels in one year.

Calculate the distance to Sirius in light years.

Earth-Sun distance = 1 AU = 1.5 × 1011 m
1 year = 3.2 × 107 seconds

distance = .......................................... light year [3]

Examiner commentary
This question links to the section in the article concerning 
parallax. Candidates are required to calculate the distance to 
Sirius given its parallax. Some candidates recalled the distance 
of a parsec in metres or light years whereas others calculated 
the angle in radian and used this to find the distance. A large 
number of candidates prefer to work in degrees – perhaps 
showing lack of confidence in handling radian measure. This 
response is an example of this method.
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Mark(s) – 3/3

Examiner commentary
This candidate calculates the distance in parsecs using the 
equation given in the article and then determines the distance 
in light years by recalling the conversion factor. This shows that 
the candidate had studied the article with care and researched 
the topics discussed.

Mark(s) – 1/3

Examiner commentary
This response only gains the mark for calculating distance 
in parsecs, using a given equation. About a quarter of the 
candidates produced responses of this level, perhaps showing 
less preparation time on the article.
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Mark(s) – Exemplar 1 – 2/2, Exemplar 2 – 0/2 and Exemplar 3 – 0/2

Question 11
 

Explain why turbulence in the atmosphere limits the resolution of ground-based optical telescopes (lines 
7–39).

[2]

Examiner commentary
This question requires a clear statement that density changes 
in the atmosphere change the refractive index of the gases 
(or produce refraction) which leads to a shift in position of the 
observed object (or constantly shifting position) which limits 
resolution. The first response gains both marks – explaining that 
refraction occurs and linking this to resolution. Note that this 
is not a complete explanation, and the use of the term ‘density’ 
as a synonym for ‘optical density’ is not to be encouraged. 

Nevertheless, the response fulfils the marking criteria. The 
second response illustrates a common confusion over refraction 
and diffraction.  This is an understandable error; diffraction 
effects are important in the resolution of optical instruments 
and candidates aware of this may have answered the question 
without considering the situation described. The third example 
shows a candidate who has misinterpreted the question and 
considered digital resolution and memory.

1

2

3
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Mark(s) – 6/6

Question 12*
 

This question is about spectroscopic measurements of stellar distances.
Describe how absorption spectra are formed and how they are useful in establishing the spectral class of 
a star.
Explain how determining the value for the absolute brightness and apparent brightness of a star can lead 
to a measurement of the distance to a star.
The following example may help in your explanation:
Star X is known to have three times the absolute brightness of star Y but both appear to be equally bright 
in the sky. The distance to star Y has been measured as 12 parsecs.

[6]
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Examiner commentary
The final question on the paper is a Level of Response question 
about the formation of absorption spectra and the use of 
absolute and apparent brightness in establishing distances. To 
gain the highest level the candidate must use the article as a 
foundation for the response rather than merely paraphrasing 
ideas from the article. A high-level response should include 
a simple quantum explanation of absorption spectra, an 
explanation of spectral class and a correct calculation of 
distance using absolute and apparent magnitude as described 
in the article. This response is a fine example of a high-level 
response and shows that the candidate has thoroughly 
prepared for questions on the Advance Notice article. The 
explanation of spectral lines is detailed and goes beyond 
paraphrasing the article and the calculation of distance is clear.
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Mark(s) – 2/6

Examiner commentary
This response gives a reasonable explanation of the formation 
of spectral lines but does not go beyond stating the (given) 
relationship between apparent brightness and distance and 
makes no attempt at a calculation of distance. There are no 
errors in the response but it does develop the ideas in the 
article sufficiently to gain more marks.
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Mark(s) – 1/6

Examiner commentary
About 60% of the candidates scored 2 marks or fewer on this 
question. As it is the last question on the paper the candidates 
may have been rushing a little. This response is typical of 
the lower-level answers to the question. The candidate links 
absorption spectra to electron transitions but does not go 
beyond this point. The discussion of apparent brightness and 
distance is not sufficient to raise the level of the response. 
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