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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

Which pair contains one vector and one scalar quantity?

A  velocity  acceleration

B  displacement  force

C  kinetic energy  work done

D  momentum  distance

 [1]

Mark(s): 1/1

Examiner commentary
This question to select a pair of vector and scalar quantities was 
well answered by the vast majority of candidates.
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Question 2

The unit of electrical resistance is the ohm Ω. 1 Ω is the same as

A  1 C V–1

B  1 S–1

C  1 C2 J–1 s–1

D  1 A V–1

  [1]

Mark(s): 1/1

Examiner commentary
Correctly selected S-1 as an equivalent unit for the ohm (Ω) for 
electrical resistance .
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Question 3

Which quantity is followed by a reasonable estimate of its order of magnitude?

A  weight of an apple  100 N

B  volume of a table tennis ball  103 cm3

C  wavelength of infra-red radiation  104 m

D  temperature of Sun’s surface  105 K

    [1]

Mark(s): 1/1

Examiner commentary
Here candidates had to handle order of magnitude estimates 
for a wide variety of quantities. 100 N was correctly chosen for 
the weight of an apple by realising that 100 N  ≡ 1 N, all other 
estimates are at least one order of magnitude out.
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Question 4

A signal is being digitised by sampling at 12 kHz.
The total voltage is 5.0 V and the noise voltage is 4.9 mV.

Which statement is correct?

A

B  The highest frequency in the signal should not exceed 24.0 kHz.

C  The recommended number of bits per sample is 8.

D  The voltage resolution of the sampling should be about 1 mV.

   [1]

Mark(s): 1/1

Examiner commentary
This question about digitising a sampled signal was correctly 
answered by recognising the only correct statement was A, 
about the total signal to noise ratio being ≈ 103. The candidate 
has sensibly confirmed the incorrect answers by working out 
the correct values for the quantities requested.
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Question 5

The following information is for use in questions 5 and 6.

The diagram shows a combination of four resistors.

 

What is the resistance between X and Y?

A  5 kΩ

B  7.5 kΩ

C  15 kΩ

D  30 kΩ

    [1]

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

1

2

Examiner commentary
D was selected incorrectly by the first candidate, although the 
candidate’s writing is rather unclear (could this be interpreted 
as B?), other annotations indicate that 30 kΩ was selected (so 

definitely incorrect) and scores zero.  The second candidate 
selects the correct answer 7.5 kΩ, although using some very 
loose mathematical notation to arrive at it! 
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Question 6

The following information is for use in questions 5 and 6.

The diagram shows a combination of four resistors.

A battery of e.m.f. 12 V and negligible internal resistance is connected across X Y.

What is the magnitude of the p.d. between L and M?

A  2 V

B  4 V

C  6 V

D  8 V

   [1]

Mark(s): 1/1

Examiner commentary
The candidate has sensibly calculated the voltage at the middle 
of each resistor pair using the potential divider equation twice, 
to give 8 V and 4 V. By subtraction the p.d. is 8 – 4 = 4 (V) giving 
the correct answer.
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Question 7

The following information is for use in questions 7 and 8.

The diagram shows the Q – V graph for a capacitor charged to 12 V.

What is the capacitance?

A  2 × 10–3 F

B  144 × 10–3 F

C  288 × 10–3 F

D  500 F

   [1]

Mark(s): 1/1

Examiner commentary
(Q7 & Q8) This pair of questions was based on a Q – V graph for 
a capacitor. The capacitance (C = Q/V) was correctly selected by 
the candidate, who had sensibly set out the calculation, using 
the maximum values from the graph.
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Question 8

The following information is for use in questions 7 and 8.

The diagram shows the Q – V graph for a capacitor charged to 12 V.

Which of the following is the energy stored?

A  2 × 10–3 J

B  144 × 10–3 J

C  288 × 10–3 J

D  500 J

    [1]

Mark(s): 1/1

Examiner commentary
(Q7 & Q8) This pair of questions was based on a Q – V graph for 
a capacitor. The energy stored (E = ½ QV) was correctly selected 
by the candidate, who had sensibly set out the calculation, 
using the maximum values from the graph.
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Mark(s): 1/1

Question 9

Electrons accelerated through a potential difference V pass through a thin layer of graphite. The beam 
forms a diffraction pattern of rings on a fluorescent screen.
When V is made larger the diameter of the rings get smaller and they also become brighter.

Which one of the following statements about this experiment is correct?

A  The power delivered to the fluorescent screen decreases as V increases.

B  The diameter of the diffraction rings is independent of the interatomic spacings in graphite.

C  The wavelength of the electrons decreases as their kinetic energy increases.

D  The momentum of the electrons decreases as V increases.

    [1]

Examiner commentary
This question concerned selecting a correct statement about 
electron diffraction. This candidate was successful in elucidating 
the inverse relationship between energy and wavelength, even 
though written reasoning suggests they were thinking about 
photon rather than electron wavelengths.
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Question 10
 

Which one of the following statements about photons is correct?

The probability of arrival of a photon at a position

A  is proportional to the amplitude of the waves arriving at that position.

B  is greater if the phasor amplitudes for paths from the source to that position “curl up” when they are 
 added.

C  is proportional to the (resultant phasor amplitude)2 for all photon paths from the source to that 
 position.

D  is proportional to the phasor amplitude for the photon path straight from the source to that  
 position.

    [1]

Mark(s) – 3/3

Examiner commentary
Candidates had to select a correct statement about the 
probability of arrival of a photon at a position. Answer C was 
correctly selected: 

probability ∝ proportional to (resultant phasor amplitude)2
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Question 11
     

The three forces in this vector diagram act in one plane on an object P.

What is the magnitude and direction of the resultant?

A  1 N  

B  1 N  

C  1 N  

D  11 N  

    [1]

Mark(s) – 1/1

Examiner commentary
This question involved the addition of three scaled vector 
forces. This candidate was successful. The most common 
incorrect answer was B, a vector of correct magnitude but 
pointing in the opposite direction.
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Question 12
 

A car travelling at 10 m s–1 is brought to rest in a braking distance of 10 m.

Using the same average braking force, in what distance can the car be brought to rest from a speed of  
40 m s–1?

A  20 m

B  40 m

C  80 m

D  160 m

   [1]

Mark(s) – 1/1

Examiner commentary
The candidate had to predict the braking distance of a car with 
quadrupled speed, and chose correctly a sixteen-fold increase in 
braking distance (distance ∝ speed 2). The most common error 
was to assume that the distance also quadrupled.   
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Question 13
 

The drag force F of the air on a train is

 F ≈ 10v 2

where F is in newtons and the speed v is in m s–1.

What power must be delivered by the engine to keep the train travelling at a constant 50 m s–1?

A  25 kW

B  125 kW

C  1.25 MW

D  2.5 MW

    [1]

Mark(s): 1/1

Examiner commentary
The candidate correctly realised that the power ∝ v3 and 
correctly chose 1.25 MW. The most common error was to 
assume power ∝ force ∝ v2, as in the given equation for drag 
force.
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Question 15
 

The following information is for use in questions 15 and 16.

Two heater coils X and Y dissipate the same power when coil X runs at 12 V and coil Y runs at 6 V.
The coils are made from equal lengths of wire of the same material, but different diameter.

Which one of A to D below is equal to the ratio resistance of X ?
   resistance of Y

A  ¼

B  ½

C  2

D  4

   [1]

Mark(s): 1/1

Examiner commentary
This pair of questions (Q15 and Q16) was about the resistance 
and diameter of wires for two equally powered heating coils. The 
numerical ratios involved scaling reasoning and this candidate 
wrote out full reasoning before selecting the correct response of 
x4. A common error was to get the inverse of the correct ratio of 
¼.
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Question 16
 

The following information is for use in questions 15 and 16.

Two heater coils X and Y dissipate the same power when coil X runs at 12 V and coil Y runs at 6 V.
The coils are made from equal lengths of wire of the same material, but different diameter.

Which one of A to D below is equal to the ratio resistance of wire X ?
   resistance of wire Y

A  ¼

B  ½

C  2

D  4

    [1]

Mark(s): 1/1

Examiner commentary
This pair of questions (Q15 and Q16) was about the resistance 
and diameter of wires for two equally powered heating coils. 
The numerical ratios offered involved scaling and the candidate 
sensibly wrote out proportionality reasoning to find the 
relationship required between the resistance R and diameter D 
of the wire before selecting the correct answer ½.
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Question 22
 

An aluminium ring is free to move on a steel rod.

When the power supply is on, the ring floats.

Which of the following is correct?

A  An a.c. or d.c. power supply can be used.

B  The induced current in the ring is in the same direction as the current in the coil.

C  The only purpose of the steel rod is to support the ring.

D  When the ring is pushed down towards the coil more flux links it and the induced current increases.

    [1]

Mark(s): 1/1

Examiner commentary
This question was about a jumping induction ring. It was 
correctly answered, the candidate was well organised and 
crossed or ticked possible answers for being incorrect or correct 
before making the final decision.
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Question 31(a)
 

The main bolt of a lightning strike flows through air already ionised by a “leader” strike.

State why air needs to be ionised to carry an electric current.

   [1]

Mark(s): 1/1

Examiner commentary
The candidate realised that air needs mobile charge carriers in 
order to conduct electricity.
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Question 31(b)
 

The current in a main strike is 30 kA and lasts for 250 μs.

Show that the charge delivered by this strike is less than 8 C.

[2]

Mark(s): 2/2

Examiner commentary
The candidate could calculate the charge carried by lightning 
bolt (7.5 C) given the current and its duration,  
(Charge = current x time) gaining both the method and 
evaluation marks.
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Question 32(a)
 

This question is about refractive index. 

For light passing from a vacuum into a medium, the refractive index is 

Complete this line of algebraic reasoning.

   [1]

Mark(s): 1/1

Examiner commentary
The candidate could complete the algebraic reasoning for the 
refractive index from glass to water, substituting and using 
subscript labels correctly. 
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Question 32(b)
     

Fig. 32.1 shows a ray of light going from glass into water at an angle of incidence i = 30°.

Calculate the angle of refraction r in the water.

   r = ....................................................... ° [2]

Mark(s): 2/2

Examiner commentary
Candidates are more used to handling refraction from air to 
glass (or water). The majority used the inverse of the correct 
refractive index, despite their reasoning in (a), and got the 
incorrect refraction angle of 24o. Candidates should have been 
expecting:              angle r  >  angle i       given that the light was 
entering a less optically dense medium. The ratio of refractive 

indices from air to medium, method or the n sin (θ) = constant 
method, were both credited. After an initial false start (crossed 
out) this candidate got the correct ratio and angle of refraction 
at 38o.



Exemplar Candidate Work

25

A Level Physics B (Advancing Physics)

© OCR 2017

Question 33(a)(i)
 

An electric shower runs at 230 V and 46 A.

In summer it increases the water temperature from 22 °C to 39 °C.

Calculate the thermal energy used to increase the temperature of 1 kg of the water.

Specific thermal capacity of water = 4200 J kg–1 K–1

   energy = ..................................................... kJ [2]

Mark(s): 1/2

Examiner commentary
The candidate calculated correctly the energy to heat 1 kg of 
water (71.4 kJ). Sadly it was then contradicted by recording 71.3 
kJ on the answer line, so ended up with only the method mark. 
Candidates can round answers sensibly on the answer line but 
cannot contradict a previous correct value without penalty, 
presumably they had counted 3 d.p. for a final answer in kJ and 
recorded the 3?
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Question 33(a)(ii)
 

Calculate the time it will take the heater to deliver this amount of thermal energy.

   time = ....................................................... s [2]

Mark(s): 2/2

Examiner commentary
Given the current and voltage to the heater the candidate could 
correctly calculate the time (t = E / IV) taken to heat the 1 kg of 
water by 17º (6.7 s).
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Question 33(b)
 

In winter the inlet water temperature drops to 5°C, but the final temperature remains at 39°C.

State and explain the change to the water flow rate for this shower in winter compared to summer.

      [2]

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

1

2

3

Examiner commentary
The first candidate did not realise that the flow rate in winter 
would have to be lower than in summer so does not get any 
mark. The second candidate did, but had not spotted that the 
temperature rise in winter was doubled, and so the flow rate 
would be halved (2nd mark). The third candidate scored max 
1 mark for “flow rate is slower”. Weaker candidates missed out 
all together, by only talking about the time to heat the water 
being longer, and not considering the flow rate as requested. 
Candidates should be encouraged to be as numerically precise 
as possible in answering state and explain questions where 
numerical values are given, as a calculation may be required for 
full credit. Of course they must also respond to the question 
asked, not to a related question that they would prefer to 
answer.
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Mark(s): 2/2

Question 34(a)
 

A student makes an iterative model for the decay of charge on a capacitor. The time constant of the circuit 
is RC = 10 s.

Complete the numerical values in the two blank cells in the table.  [2]

Examiner commentary
The candidate could predict the next iteration for ∆Q (0.45 C) 
and the new value of Q (4.05 C).
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Mark(s) – Exemplar 1– 2/2 and Exemplar 2 – 0/2

Question 34(b)(i)
 

Explain the physics behind the approximation in the third column of the table 

    [2]

Examiner commentary
The first candidate explained the physics behind the 
approximation that drives the model using clear algebraic 
argument, drawing out that current  ≈  ∆Q / ∆t  depends on  
V / R (Ohm’s Law) and that the p.d. V across the capacitor is 
given by V = Q / C (definition of capacitance). Hence  
∆Q / ∆t ≈ Q / RC.

The second candidate concentrated on the exponential type 
decay and made a correct statement of physics, that the charge 
Q gets smaller the change in charge ∆Q also gets smaller, but 
does not answer the question and scores 0/2.

1

2
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Question 34(b)(ii)
 

State the assumption made in using this approximation and explain how its effect can be made 
insignificant.  
   [2]

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

1

2

Examiner commentary
The first candidate stated the assumption behind the model’s 
approximation, e.g. charge on capacitor remains constant 
during the time interval ∆t, for the first mark. Also that the 
model can become more precise by taking smaller time 
intervals and repeating more iterations, for the second mark.

The second candidate states a trivial assumption that the 
charge decays all at once, so misses the first mark, but gets the 
second mark for mentioning the improvement with smaller 
time intervals.
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Mark(s): 2/2

Question 35(a)
 

An asteroid is tracked from the Earth by radar pulses.
A pulse places it at a distance of 44.444 light-minutes from Earth.
After 24 hours a second pulse places it 44.204 light-minutes from Earth.

Use this data to calculate the average velocity of approach of the asteroid relative to Earth.

   relative velocity = ................................................ m s–1 [2]

Examiner commentary
Although this was a straightforward velocity = change in 
displacement / time calculation there was plenty of scope for 
error with the rather complex units, as displacements were 
given in light-minutes, separated by one whole day. 

The candidate correctly calculates the displacement in light-
minutes and converts to 4.32 x 109 m (the slip of the pen 
for speed of light being 3 x 106 was overlooked because the 
evaluation was correct). Then divides by the seconds in a day 
to get the velocity (50 km/s) for both method and evaluation 
marks.
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Question 35(b)
 

The path of the asteroid is shown in Fig. 36.1. After 24 hours the angular shift in position of the asteroid 
relative to Earth is 1.8 mrad.

Estimate the velocity component of the asteroid perpendicular to its direction from Earth.
Make your method clear.

   perpendicular velocity = ................................................ m s–1 [3]

Mark(s): 3/3
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Examiner commentary
Part (b) was to find the asteroid velocity component 
perpendicular to the line of sight. The neatest solution was to 
use v = R ω since the angular position shift of the asteroid in the 
day was given at 1.8 mrad. Where R is the range, either min. max 
or mean over the one day period makes negligible difference 
to the answer (17 km/s). This candidate has got the correct 
range for the first mark and has then used the tan version of the 
small angle approximation to correctly find the perpendicular 
component of distance, and divided by the seconds in one day 
to find the perpendicular velocity very neatly.
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Mark(s) – Exemplar 1 – 0/2 and Exemplar 2 – 2/2

Question 36(a)
 

The Moon is in circular orbit around Earth at constant speed.
Explain why we describe the Moon as accelerating towards the Earth.

[2]

1

2

Examiner commentary
Part (a) did not work particularly well, only a small proportion of 
candidates securing the 2 marks available. The question asked 
for an explanation of the Moon’s acceleration towards Earth, 
whilst in a circular orbit. Most candidates missed the clue to talk 
about circular geometry and the changing of the direction of 
the Moon’s velocity vector towards the Earth, even if its speed 
remains constant. Notions of centripetal acceleration were 
credited one mark if correctly discussed, but those who relied 
solely on a gravitational force explanation were not rewarded, 
unless they drew out that acceleration depends on resultant 
force: a = F / m  or  a ∝ F. 

The first candidate incorrectly refers to the force on the Moon 
cancelling out the centripetal force (rather than providing it), 
and the reference to F = ma was too woolly for any credit so 
scores 0/2.

The second candidate scored both marks by clearly stating that 
acceleration is a rate of change of velocity, and that a change in 
direction (at constant speed) constitutes acceleration towards 
the Earth 2/2.
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Mark(s) – Exemplar 1 – 1/1 and Exemplar 2 – 1/1

Question 36(b)(i)
 

Starting from the equation for circular motion show that the acceleration of the Moon

towards the Earth is given by a =

where the Moon’s orbital radius is R and the Moon’s orbital time is T.

   [1]

Examiner commentary
The first candidate could use the equations of circular motion 
and geometry to show that the acceleration in a circular orbit 
a = v2 / R = 4 π2 R / T2. 

The second candidate used an equivalent argument using  
a = ω2 R for the mark.

1

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

Question 36(b)(ii)
 

Show that the Moon’s acceleration is less than 3 mm s–2.

R = 3.84 × 108 m T = 2.35 × 106 s

   [1]

1

2

Examiner commentary
Both candidates substituted and calculated correctly that the 
acceleration of the Moon in Earth orbit is 2.7 mm s-2.
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Mark(s) – Exemplar 1 – 3/3 and Exemplar 2 – 3/3

Question 36(b)(iii)
 

The Moon’s orbital radius R = 60 × REarth.

The gravitational acceleration at the Earth’s surface g = 9.8 m s–2.

Calculate the acceleration due to the Earth’s gravity at the Moon’s orbit.

Compare this value to the value calculated in (ii).

acceleration = ...................................................... m s–2 

[3]

Examiner commentary
Candidates had to dilute Earth’s surface gravitational 
acceleration.

(9.8 m / s2) using the inverse square law, by a factor x 1 / 602, 
because the Moon is 60 Earth radii away. Both candidates 
performed this correctly for the first two marks.  They both went 
on to compare the acceleration with (bi) for the 3rd mark (same 

value of acceleration to 2 S.F.  ; values approximately the same) 
to score full marks 3/3.

1

2
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Question 37(a)
 

A ball bearing of diameter 12 mm was dropped through a tube of glycerol (a viscous liquid).The tube was 
next to a millimetre scale as shown in Fig. 37.1. The ball bearing was dropped fromrest at the surface of 
the liquid. It was filmed using a video camera.

Fig. 37.2 shows the graph of velocity against time obtained by analysing the video recording.
This method has an uncertainty of about ± 3% for velocity measurement.

Use data from Fig. 37.2 and the measurement precision to calculate the terminal velocity of the ball 
bearing and its absolute uncertainty.

terminal velocity = ................................ ± ..................... m s–1 [2]
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Mark(s): 2/2

Examiner commentary
The candidate correctly read the terminal velocity from 
the graph for the first mark, and went on to estimate 
the uncertainty in it given ± 3% uncertainty in velocity 
measurement. (0.65 ± 0.02 m/s for the second mark).
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Mark(s): 2/2

Question 37(b)
 

Describe the motion shown in the graph at time t = 0.5 s and explain it by reference to the forces acting 
on the ball bearing.

[2]

Examiner commentary
Candidate gets the first mark for saying the ball bearing was still 
accelerating, and went on to correctly account for this using a 
downwards resultant force argument, securing the second mark 
too.  (There was no need for them to consider the upthrust of 
the fluid here.)
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Mark(s): 1/2

Question 37(c)(i)
 

The investigation is extended to see how the terminal velocity vT varies with ball bearing diameter D.

Identify and justify one other variable that you would control during this investigation.
[2]

Examiner commentary
The candidate chooses to control the liquid (which was felt to 
be too trivial a variable to credit directly).  Full marks could have 
been obtained if the property viscosity had been mentioned, 
but only viscous liquid is referred to, so the answer was credited 
1/2 with some BOD (benefit of doubt).
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Question 37(c)(ii)
 

This table shows the data obtained in the extended investigation.

[5]
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Mark(s): 5/5

Examiner commentary
This was an opportunity to run a data test on some values 
to test for   v ∝ D 2. Candidates should be advised to run a 
quick numerical test on all the data offered (not just 2 or 3 
data points in case there is a trend upon which they could 
comment). Here looking for D 2 / v = constant or the inverse 
is quick and easy on a calculator. This candidate went to the 
trouble of plotting a graph and looking for proportionality, and 
made a very good job of it, even though graph paper was not 
available, scoring the full 5/5 mark. (This may not be advisable 
due to inherent inaccuracy of judgement by eye and the 
time taken must be considerable?). But any correct method, 
if correctly applied was fully credited. The first mark was for 
the proposed data test, the next for testing two data sets, and 
another for testing all data sets (clearly on graph). Finally two 
marks for reaching a full conclusion. Here the three smallest 
ball bearings did show a consistent constant (v / D 2  ≈ 0.0069) 
but the larger two bearings have lower values (0.0049, 0.0045). 
This is apparent on the candidate’s graph, although there is no 
comment on it, as the line of best fit and small scale rather hide 
this. So the conclusion of proportionality was fully credited in 
this case, considering all the careful work performed.
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Question 38(a)
 

Fig. 38.1 shows a displacement s against time t graph for the motion of a swing in simple harmonic 
motion.

Use Fig. 38.1 to find the magnitude of the maximum velocity of the swing.
Make your method clear.
   velocity = ................................................ m s–1 [2]
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Mark(s) – Exemplar 1 – 2/2 and Exemplar 2 – 2/2

1
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2

Examiner commentary
This was a question on S.H.M. and both candidates have 
clearly drawn a sensible tangent to the curve (first mark) to 
find the magnitude of the gradient (maximum velocity when 
displacement is zero at time t = 1.0 s). The velocity estimate 
taken from a triangle as large as possible gives is within the 
tolerance 1.1 ±  0.1 m s-1 allowed for this graphical method 
(second mark)

The most common error for the graphical method was for 
candidates to take too small a triangle for the gradient and 
estimate outside the acceptable range, they should be 
encouraged to take the maximum triangle they can fit in when 
applying this method (either full ∆y or ∆x range) to minimise 
reading uncertainties.
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Question 38(b)
 

On Fig. 38.2 scale the y-axis suitably and draw the velocity v against time t graph for this motion.

   [2]

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

1
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2

Examiner commentary
In part (b) candidates were asked to plot the velocity time 
graph and to scale the v-axis appropriately. The first mark was 
for the correctly shaped –sine curve, (here the negative sign 
was required), and the second mark for scaling and labelling 
the v-axis clearly. Both candidates achieved this drawing their 
graphs to an appropriate scaled size for their calculation. 
Candidates in general should be reminded to read the 
question, underline key action words and attempt every aspect 
requested. 
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Question 38(c)
 

Show that the length of the simple pendulum having the same time period as the swing in Fig. 38.1 is 
less than 4.0 m.
   [2]

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

1

2

Examiner commentary
For the first mark both candidates have reorganised the simple 
pendulum equation as:  L = T2 g / 4π2, then shown that the 
length of the simple pendulum that would give these graphs 
was 3.97 m (less than 4.0 m) for the second mark.
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Question 39(a)
 

A class observes the absorption of α, β and γ radiation.
A Geiger tube is placed 1.0 cm from radioactive sources X, Y and Z as shown in Fig. 39.1

X emits .............................. justification .............................................................................................................

....................................................................................................................................................................................

Y emits .............................. justification .............................................................................................................

....................................................................................................................................................................................

Z emits .............................. justification .............................................................................................................

....................................................................................................................................................................................

....................................................................................................................................................................................

[3]

The time to reach 104 counts is recorded and the count rate C per second is calculated with an uncertainty 
of ± 1%. The data has been corrected for background radiation.

One of the sources emits α, β and γ radiation,
one source emits β and γ
and one source emits pure β.

For each source below state which radiations are emitted. Justify your choices using data from the table.
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Mark(s): 2/3

Examiner commentary
Candidates were given a table of activities for 3 radiation 
sources with absorbers of 1 cm of air, 0.1 mm paper, 2 mm 
aluminium and 5 mm lead, and asked to identify the sources: 
pure β, mixed α β γ and mixed β γ. The candidate scored the 
first mark for correctly identifying all sources, and one further 
mark for the last two correct explanations. The final mark for 
a third correct explanation, was not awarded because the 
candidate relied on an argument involving β radiation for the 
first source, but this did not work, as β was present in each 
source. Instead they should have argued for the first source not 
containing any γ because count rate was at background level 
with the 5 mm of lead absorber.
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Question 39(b)(i)
 

A source emits α, β and γ radiation. The corrected count rate C from the source is plotted against distance 
R from a thin window Geiger tube as shown in Fig. 39.2.
Fig. 39.3 shows the same data in log / log graph form.

Calculate the gradient of the sloping part of the log / log graph in Fig. 39.3.
gradient = .......................................................... [2]
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Mark(s): 2/2

Examiner commentary
The candidate drew and measured the gradient of the steep 
part of a log (activity) against log (range in air) graph of a source 
containing α β γ radiation, for the first mark. The gradient (- 2.3) 
was assessed from a large triangle, and the candidate got the 
correct negative minus sign which was required for the second 
mark.



Exemplar Candidate Work

54

A Level Physics B (Advancing Physics)

© OCR 2017

Question 39(b)(ii)
 

State whether the graph shows that the count rate C varies as

and explain which radiation(s) α, β or γ might be responsible for such a variation.

[4]

Mark(s): 2/4

Examiner commentary
Candidates were asked to state and explain whether the log / 
log graph supports the activity ∝ 1 / R2, and to explain which 
radiation(s) might be responsible. There were 4 marks available 
here and candidates could well be advised to try to make four 
separate meaningful statements under such circumstances. 
Many made only one or two comments and limited their 
score accordingly. Many good points were made by better 
candidates: log (activity) = constant - 2 log (range), so gradient 
quite close to - 2 agrees with inverse square law of dilution. 

This candidate did not realise the relevance of the gradient in bi 
being close to -2. Credit was gained for the low range not being 
a good fit (flat knee on graph) possibly due to short range in 
air for α radiation. And another mark for recognising that the 
inverse square law applies to γ radiation being penetrating and 
interacting little with the air.
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Question 40(a)
 

This question compares the properties of pure aluminium with Aluminium Strong Alloy. Fig. 40.1 and  
Fig. 40.2 show stress against strain graphs for these metals. Fig. 40.2 shows that both metals have the 
same initial elastic regions.

Calculate the Young modulus for the metals using data from Fig. 40.2.
   Young modulus = ..................................................... Pa [1]

Mark(s): 1/1

Examiner commentary
Part (a) was a Young modulus estimate from the stress against 
strain graph, and the candidate estimated a value in the 
acceptable range (7.0 to 7.3) x 1010 Pa for the mark. On such a 
linear graph with a “not straightforward” scale candidates could 
perhaps be encouraged to choose an easy point to read rather 
than to take the largest readings possible? In the end their 
evaluation will be judged against a reasonable tolerance limit 
(usually to ½ smallest graph square on each axis).
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Question 40(b)
 

State and justify which of the metals you would use for the crumple zone of a car.
   [2]

Mark(s): 1/2

Examiner commentary
Part (b) drew many wrong answers, most candidates believing 
that pure aluminium is more suitable for crumple-zone 
construction than aluminium strong alloy, simply because 
it undergoes more strain. However the energy dissipating 
capability (area under the graph is proportional to energy per 
volume) is more important in dissipating crash energy outside 
the passenger compartment, which is the mark gained by 
this candidate. The easier mark about the strong alloy being 
more than x6 stronger than the pure metal was missed by this 
candidate who scored 1/2.  Many asserted the area under the 
graph is greater for the pure metal, but measurement would 
have shown that the strong alloy is more than twice as capable 
of absorbing energy per unit volume! Candidates should be 
encouraged to be as quantitative as possible in answering 
questions.
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Question 40(c)(i)
 

Fig. 40.3 shows a TEM (transmission electron microscope) image of atoms in a metal with a scale marker 
of 1 nm. 

Mark(s): 1/2

Examiner commentary
The candidate attempted to divide a scaled distance by a 
counted number of atoms (5.4 nm / 15 atoms) and got the 
method mark. However, more careful allowance for the angle 
of the atomic planes was not made and the final value for the 
atomic diameter was outside the acceptable range  
(1.8 to 2.7) x 10-10 m. The candidate should have aligned the 
ruler with the direction of the atomic plane before counting 
atoms.

Use the Fig. 40.3 to estimate the diameter of a metal atom.
   diameter = ..................................................... m [2]

[For copyright purposes this image cannot be reproduced here; 
the image used within the question can be viewed in the original 
question paper.]
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Question 40(c)(ii)
 

Mark(s): 1/1

Examiner commentary
The candidate could identify the dislocation from the STEM 
image.

Name the feature represented by the lines of atoms added to the image.
name of structure .......................................................... [1]
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Question 40(d)*
 

Mark(s) – Exemplar 1 – 6/6, Exemplar 2 – 6/6 and Exemplar 3 – 1/6

Use ideas about bonding and structures in pure metals and alloys to explain the similarities and 
differences in elastic and plastic properties of aluminium and its strong alloy shown in Fig. 40.1.
    [6]

1
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2

3



Exemplar Candidate Work

61

A Level Physics B (Advancing Physics)

© OCR 2017

Examiner commentary
Part (d) was a LoR (Level of Response question) and worth 
6 marks. Candidates had to use ideas about bonding and 
structure in metals and alloys to explain elastic and plastic 
behaviour. The most common error was for candidates to miss 
out on one or more of these elements and thus restrict the 
level they could achieve. The first two candidates could write 
meaningfully and from knowledge about all the requested 
aspects of metals and alloys and how their different mechanical 
properties arise. There is a high density of relevant points 
from the start of the paragraph and the candidates quickly 
establish a Level 3 response, the clear marshalling of ideas and 
mode of expression also indicate a top score of 6/6. Labelled 
diagrams could have been used more to advantage, but are not 
necessary.

The third candidate has a very weak response at L1 scoring 1/6 
for one standalone correct statement about alloys containing 
“different atoms by pinning dislocations”. Together with many 
erroneous statements: “metals are amorphous”, “electrons are in 
layered structures” and “deformation occurs when one atom in 
the structure slips”.
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Question 41(c)
 

Mark(s): 2/2

Fig. 41.1 shows the electric field pattern near two protons and Fig. 41.2 the electric field pattern near a 
proton and an electron.

Fig. 41.2 can also represent two spherical charge distributions of +1 C and –1 C situated 1 km apart.
Calculate the electric field midway between the charge centres, at 500 m from each.

electric field = ................................................ V m–1 [2]

Examiner commentary
The candidate correctly finds the field at mid-point of the 
opposite equal charges remembering to double the field of 
a single charge (kQ / R2), by vector addition and scored both 
marks.  
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Question 41(d)*
 

Fig. 41.3 shows the electrical potential V and the magnitude of the electric field E against distance R for 
an isolated –1 C charge.

By considering a unit positive charge being moved from R = 100 m to 300 m explain the relationship 
between the electric field and the electric potential.
You may annotate the graphs in Fig. 41.3 if it is helpful.
   [6]
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Mark(s) – Exemplar 1 – 4/6 and Exemplar 2 – 3/6

1
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2
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Examiner commentary
In the final LoR question candidates were given graphs of the 
field and potential near an isolated -1 C charge. They were  
asked to explain the relationship between electric field and 
electric potential by considering movement of a  
unit + 1 C charge from R = 100 m to 300 m. This was a 
deliberately testing question on a challenging aspect of A Level 
Physics. Many candidates made one or two isolated points 
reaching L1, (commonly recognising the appropriate shapes 
of the graphs as 1 / R2 and 1 / R) and fewer reached L2 or L3. 
Candidates limited the scope of the level reached by missing 
one or more of the strands that they should have covered: the 
work done, the area under the E(R) field graph and the gradient 
of the V(R) potential graph. Here the first candidate only talks 
a little about energy, rather than relating the work to the area 
under the E(R) graph, so is limited to L2 (scores 4/6). The first 
candidate has gone on to consider potential gradients, and 
estimated values and showed equivalence to the field at a 
point.  However there is no evidence of numerical integration 
(by counting about 15 squares under the field graph) between 
the suggested R values showing the change in potential to be 
60 MV, which agreed with the change on the potential graph 
from going from -90 MV to -30 MV. 

The second candidate understood the physics and annotated 
the graphs well with the appropriate area and gradient, and 
repeated this in the description, which was judged to be at 
L2 (3/6), because they did not make any numerical estimates 
which would have raised it to L3.

Candidates should be encouraged that writing good technical 
physics with equations, quantitative estimates, diagrammatic 
reasoning and explanation will all be credited, some seem to 
think that only prose is acceptable for this type of question.
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