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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/Images/171726-specification-accredited-a-levelgce-physics-a-h556.pdf ) for full details of the assessment
for this qualification. These exemplar answers should
also be read in conjunction with the sample assessment
materials and the June 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 5
A progressive wave of amplitude a has intensity I. This wave combines with another wave of amplitude
0.6a at a point in space. The phase difference between the waves is 180°.
What is the resultant intensity of the combined waves in terms of I ?
A
B
C
D

0.16 I

0.4 I

1.6 I

[1]

2.6 I

Mark(s) – 1/1

Examiner commentary
Multiple choice questions (MCQs) are new to the Physics A
specification.
Careful reading and execution is necessary to tackle such
questions.
Underlining or circling key information is a sensible strategy.
There is ample room on the question paper for jotting down
ideas and equations.
Question 5 was on the superposition of waves and the
relationship intensity � amplitude2. The amplitude of the
resultant wave is 0.4a and therefore the intensity of resultant
wave must be 0.16I. Less than half of the candidates got the
correct answer of A.

The example shown here, demonstrates excellent reasoning
and the answer A is written in the box reserved for the answer.
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Question 7
The graph below shows the variation of potential difference V with charge Q for a capacitor.

Which row is correct for the gradient of the graph and the area under the graph?

		
[1]

Mark(s) – 1/1

Examiner commentary
This is a question on capacitors.

gradient of the line is capacitance-1 and the expression
W = ½ QV shows that the area under the line is equal to work
done; so the correct answer has to be A.

The candidate here has written down two key expressions
linking together the variables V and Q to the quantities of energy
and capacitance. The expression V = 1 clearly shows that the
Q C

This technique used by the candidate here is perfect;
underlining key terms and writing down the correct expressions.
5
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Question 11
An electron moves in a circle of radius 2.0 cm in a uniform magnetic field of flux density 170 mT.
What is the momentum of this electron?
A

3.4 × 10-3 kg m s-1

B

5.4 × 10-17 kg m s-1

C

1.4 × 10-18 kg m s-1

D

5.4 × 10-22 kg m s-1
[1]

			

Mark(s) – 1/1

Examiner commentary
When tackling a MCQ, it is best to do calculations on calculators
to save time.
Getting the physics correct in the first place is the key to
success.
This is a question on the circular motion of an electron in a uniform
magnetic field. The centripetal force on the electron is provided by
the ‘magnetic force’ BQv. In the example shown here, the candidate
has correctly derived the expression for the momentum p of
the electron. Then it was a matter of using the correct values
for the quantities to see which one of the options was correct. The
value of the charge on the electron (1.60 x 10-19 C) is in the Data,
Formulae, and Relationship Booklet. The correct answer D is
written in the box by the candidate.

6
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Question 16(a)
State the principle of superposition of waves.
[1]

			

Mark(s) – 1/1

Examiner commentary
Most candidates made a poor start to Section B by incorrectly
stating the principle of superposition. Instead of ‘the resultant
displacement being the sum of the individual displacements of
the waves’, candidates wrote about the addition of amplitudes.
This is illustrated in the example here.
Some candidates also wrote either about constructive or
destructive waves.

7
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Question 16(b)(i)
Fig. 16.1 shows an arrangement to demonstrate the interference of monochromatic light.

Coherent blue light from a laser is incident at a double-slit. The separation between the slits is 0.25 mm. A
series of dark and bright lines (fringes) appear on the screen. The screen is 4.25 m from the slits.
Fig. 16.2 shows the dark and bright fringes observed on the screen.

The pattern shown in Fig. 16.2 is drawn to scale.
Use Fig. 16.2 to determine accurately the wavelength of the blue light from the laser.
[3]

			

8
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Mark(s) – Exemplar 1 – 3/3 and Exemplar 2 – 2/3
1

2

Examiner commentary
This question was about the equation λ = ax/D; which appears
in the Data, Formulae, and Relationship Booklet. One mark
for this question was reserved for accurately determining the
separation x between adjacent fringes using at least two fringe
separations. A wide range of 7 mm to 9 mm was allowed for
x. Most candidates used the correct equation and had no
problems with powers of ten. Almost all the answers were
written in standard form.

substitution and the final answer is written to 2 significant
figures and in standard form. All three marks have been picked
by this candidate.
In the second example, the candidate has incorrectly calculated
a value for x. This value is outside the range allowed. The
substitution and the physics thereafter is all correct, and the
candidate picked up the remaining two marks through the
error carried forward (ECF) rule.

In the first example shown here, the distance x appears in the
substitution as 0.072/9. The equation is clear to see, as is the

9
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Question 16(b)(ii)
The blue light is now replaced by a similar beam of red light.
State and explain the effect, if any, on the fringes observed on the screen.
[2]

			

Mark(s) – 2/2

Examiner commentary
The first mark in this question was for stating that red light
has a longer wavelength and the separation between the
fringes increases. The final mark was reserved for the correct
explanation in terms of the equation x = λD/a.
The example shows an immaculate answer. The mark scheme
for this answer is M1 A1 which means that the second mark
cannot be given unless the first mark has already been awarded.
The two most common errors were:
•
Red light has shorter wavelength than blue light.
•
The pattern had something to do with the refraction of light
through the double-slit.

10
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Question 17(b)(i)
Fig. 17 shows two resistors X and Y connected in series.

The resistors are wires. Both wires have the same length L and diameter d. The material of X has resistivity
ρ and the material of Y has resistivity 2ρ.
(i) Show that the total resistance R of the wires is given by the equation R = 12pL2 .
πd
			
[2]

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

2

11
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Examiner commentary
This question is about the resistivity equation and knowing the
correct expression for the cross-sectional area of the wires.
The first mark, an M1 mark, was for the equations R = ρL/A and
A = πd2/4. Writing the cross-sectional equation in terms of the
radius r was allowed if the r2 transformed correctly into d2/4. The
final mark was for clear algebraic steps leading to the expression
given in the question paper.
The first example from an A-grade candidate shows excellent
structure. The steps are clearly and logically set out. Maximum
marks scored by this candidate.
In the second example, the cross-sectional area of the wire is
written incorrectly. This is a fundamental error and the incorrect
physics meant that no further marks could be gained by this
E-grade candidate.

12
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Question 17(b)(ii)2
A student uses the equation in (i) to determine R.
The table below shows the data recorded by the student in her lab book.

Use the data in the table and the equation in (i) to determine R and the absolute uncertainty. Write your
answer to the correct number of significant figures.
R = ...................... ± ...................... Ω [4]

Mark(s) – Exemplar 1 – 4/4, Exemplar 2 –2/4
1

2
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Examiner commentary
This question produced a range of marks and discriminated well.
According to the data shown in the table on page 13, the final
value for the resistance R had to be given to 2 significant figures
(SF), but an answer to 3 SF were allowed. Some candidates
successfully calculated the maximum and the minimum values
for R and then the absolute uncertainty from half the range.
The first mark was for the correct value for the resistance. The
second mark was for the fractional or percentage uncertainty in
either length L or cross-sectional area A. The third mark for the
correct determination of the percentage uncertainty in the value
for R and the final mark was for correctly writing the absolute
uncertainty in the value for R.
In the first example shown, this top-end candidate scored all 4
marks. The percentage uncertainty in d is calculated as 1.11%
and hence the percentage uncertainty in the cross-sectional
area A is 2 x 1.11 because A α d2. The final percentage uncertainty
in the value of R is correctly calculated by adding the percentage
uncertainty in L and A. The final answer, 2.34 ± 0.08 Ω, is
acceptable. Maximum marks scored.
The second example is messy, however, the candidate picked up
two marks. One mark was awarded for the correct value of R and
the second for determining the fractional uncertainty in L (this
appears as 1/95 on the script). The percentage uncertainty in A
is incorrectly calculated by squaring rather than doubling the
fractional uncertainty in the diameter.
Other common mistakes being made were:
•
Calculating the resistance of either resistor X or resistor Y.
•
Inconsistency between R and its absolute uncertainty, e.g.
R = 2.3 ± 0.077 Ω.

14
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Question 18(a)(i)
Fig. 18.1 shows a circuit.

The cell has e.m.f. 1.5 V. The cell and the variable power supply both have negligible internal resistance.
(i) The e.m.f. of the power supply is set at 4.2 V.
Calculate the current I in the 33 Ω resistor.

I = ............................................ A
[3]

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

2
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Examiner commentary
The success in this question hinged on understanding the effect
of two opposing e.m.f.s in a circuit and determining the total
resistance of the circuit.
About a third of the candidates produced well-structured and
reasoned answer leading to the correct current of 0.037 A. Most
candidates picked up a mark for determining the total resistance
of the two parallel resistors (40 Ω). The total e.m.f. in the circuit is
2.7 V and the total resistance is 73 Ω. Those using a total e.m.f. of
5.7 V ended up with the incorrect current of 0.078 A; two marks
were awarded for this answer. A small number of candidates
tried to calculate the current using either using 1.5 V or 4.2 V or
33 Ω.
The first example shows excellent structure and good use of
calculator skills. The total e.m.f. is correct as is the total resistance.
The current in the circuit is calculated by dividing the total e.m.f.
by the total resistance. The final answer is also quoted to the
correct number of significant figures; an answer quoted to more
SF would also have acceptable.
The only error made by the candidate in the second example is
incorrectly determining the total e.m.f. The rest of the calculation
is error-carried-forward. In the guidance of the mark scheme, an
answer of 0.078 A was allowed 2 marks.

16
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Question 18(a)(ii)
The e.m.f. of the variable supply is now slowly decreased from 4.2 V to 0 V.
Describe the effect on the current I in the 33 Ω resistor.

[2]

Mark(s) – 2/2

Examiner commentary
Most of the answers to this question showed poor
understanding of the circuit in Fig. 18.1. Nothing could be
awarded for vague answers such as ‘current decreases because
I α V’ or ‘e.m.f. decreases so current decreases’. The current
decreases as the e.m.f. of the supply approaches 1.5 V, at 1.5 V
the current is zero, the direction of the current reverses and its
magnitude increases when the e.m.f. of the supply gets below
1.5 V.
The mark scheme allowed any two from the list below:
•
The current decreases up to 1.5 V.
•
The current is zero at 1.5 V.
•
The current changes direction when less than 1.5 V.
•
The current increases below 1.5. V.
In the example shown, the candidate has mentioned all but
the second bulleted point. A maximum of 2 marks has been
awarded for this clear answer.
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Question 18(b)*
A group of students are investigating the power dissipated in a variable resistor connected across the
terminals of a cell. The cell has e.m.f. 1.5 V.
The students determine the power P dissipated in the variable resistor of resistance R.
Fig. 18.2 shows the data points plotted by the students on a graph of P (y-axis) against R (x-axis).

The group of students know that maximum power is dissipated in the variable resistor when R is equal to
the internal resistance r of the cell.
Describe, with the help of a suitable circuit diagram, how the students may have determined P and R.
Use Fig. 18.2 to estimate the internal resistance r of the cell and discuss any limitations of the data plotted
by the group.
[6]

Level/Mark(s): Level 3 – 6/6

. . . continues
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Examiner commentary
This was a Level of Response (LoR) question had three
ingredients – drawing a viable circuit diagram that would enable
the data shown in Fig.18.2 to be reproduced, using Fig. 18.2 to
estimate the internal resistance of the cell and finally outlining
any limitations of the data displayed in Fig. 18.2.
There is no one perfect model answer for a level of response
question.

is well-drawn using correct circuit symbols. The power and
resistance are determined using the correct equations. A
reasonably smooth curve has been used to estimate the
maximum power and hence the internal resistance of the
cell. This is quoted as 2.4 Ω, which is very plausible. There is
recognition of some of the limitations of the experiment. The
whole answer flows well and the candidate has demonstrated
good knowledge and understanding.

The example shown here shows the criteria of ‘a well-developed
line of reasoning which is clear and logically structured, and the
information is relevant and substantiated’. The circuit diagram

Some weaker candidates attempted to draw a straight line of
best-fit through the data points and then tried to determine the
internal resistance from the gradient.

20
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Question 19(a)
Electromagnetic radiation is incident on a negatively charged zinc plate. Electrons are emitted
from the surface of the plate when a weak intensity ultraviolet source is used. Electrons are
not emitted at all when an intense visible light from a lamp is used.
Explain these observations.
[4]

Mark(s) – 4/4

Examiner commentary
Many candidates wrote enthusiastically about photoelectric
effect and understood the significance of work function (or
threshold frequency) and the one-to-one interaction between
a photon and an electron. Some candidates did not mention
‘photons’ and this limited the marks they could acquire.
In the example shown, the candidate has confused ‘threshold
frequency’ with ‘fundamental frequency’, but this was condoned.
The candidate picked up marks for recognising that photons
were involved, there is a one-to-one interaction between a
photon, the energy of the visible light photon is less than the
work function and also for the equation E = hf.
The role of intensity was less understood by candidates. Many
thought it was linked to ‘the number of photons’ or ‘the amount
of electrons emitted’. The important term rate of the missing
ingredient.
The two common misconceptions were:
•
Photons were emitted from the negative plate.
•
Confusing threshold frequency and work function energy.

21
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Question 19(b)
The maximum wavelength of the electromagnetic radiation incident on the surface of a metal which
causes electrons to be emitted is 2.9 × 10−7 m.
Calculate the maximum kinetic energy of electrons emitted from the surface of the metal when each
incident photon has energy of 5.1 eV.
maximum kinetic energy = ....................................................... J
[3]

Mark(s) – 3/3

Examiner commentary
This was a notable success for most of the candidates.
Examiners were pleased to see a range of techniques being used
to get the correct answer of 1.3 x 10-19 J. Many answers showed
excellent structure, effortless conversion of energy between
electronvolt (eV) and joule (J) and excellent use of the calculator
when dealing with powers of ten.
In the example shown, the candidate has correctly calculated
the work function of the metal in J and then converted into
correctly into eV. The maximum kinetic energy of the electron is
the difference between the energy of the photon and the work
function. The candidate correctly calculates this as 0.81 eV and
then multiples this by 1.6 – 10-19 to get the correct answer in J.
A small number of candidates left the final answer as 0.81 eV; the
only thing missing was the conversion to J.

22
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Question 19(c)
Electromagnetic radiation of constant wavelength is incident on a metal plate. Photoelectrons are
emitted from the metal plate. Fig. 19.1 shows an arrangement used to determine the maximum kinetic
energy of electrons emitted from a metal plate.

The metal plate and the electrode C are both in a vacuum. The electrode C is connected to the negative
terminal of the variable power supply.
Fig. 19.2 shows the variation of current I in the circuit as the potential difference V between the metal
plate and C is increased from 0 V to 3.0 V.

Explain why the current decreases as V increases and describe how you can determine the
maximum kinetic energy of the emitted electrons.
[3]

23
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Mark(s) – 1/3

Examiner commentary
The electrons emitted from the metal plate have a range
of kinetic energy. The emitted electrons are repelled by the
negative electrode C. Fewer electrons reach C as the p.d. is
increased. When the p.d. is about 2.2 V, and the current zero,
the most energetic electron are stopped from reaching C. This
makes the maximum kinetic energy of the electrons equal to 2.2
eV or 3.4 – 10-19 J.
The question baffled most candidates. Some top-end candidates
commented on ‘the electrons repelled by C’ and the maximum
kinetic energy of the emitted electrons being 2.2 eV. Such
answers were rare. Too many candidates made guesses with
answers such as ‘the current drops because resistance increases’ and
‘temperature increases and hence the current decreases’.
In the example shown, the candidate has picked up one for
recognising that the maximum kinetic energy of the electrons is
equal to 2.2 eV.

24
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Question 20 (a)
Fig. 20.1 shows a positively charged metal sphere and a negatively charged metal plate.		

On Fig. 20.1, draw a minimum of five electric field lines to show the field pattern between the sphere and
the plate.
[2]

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

2
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3

Examiner commentary
Most candidates drew decent field patterns and showed the
correct direction of the electric field. It is difficult to draw curved
field lines, but those who were careful and had the field lines
perpendicular at both the surface of the sphere and the metal
plate were rewarded.
In the first example shown here, the field pattern is all wrong
with some field lines being non-perpendicular to the sphere and
or the plate. However, the direction of the field is correct, hence
the one mark.
In the second example, the field pattern is good enough to
gain one mark, but unfortunately, the direction of the field is
incorrect.
The third example shows a decently drawn field pattern – both
marks scored.
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Question 20 (b)
Define electric potential at a point in space.

[1]

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

2

Examiner commentary
This was not well-answered; the modal mark for this question
was zero.
Definition for electric potential lacked precision and often
made no reference to either a ‘unit positive charge’ or ‘per unit
positive charge’. At times, other quantities such as electric field
strength and gravitational field strength were being defined.
This was a missed opportunity – definitions just need to be
learnt.
The first example shows a decent answer where instead of ‘work
done’, the equivalent term ‘energy’ has been used. There are
many ingredients in this definition and the candidate has done
a good job.
The second example shows a statement that started well but
the answer was spoilt by the additional of ‘per unit mass’. No
mark for this response.
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Question 20 (c)(ii)1
Fig. 20.2 shows the charged sphere from (i) suspended from a nylon thread and placed between two
oppositely charged vertical plates.

The weight of the sphere is 1.7 × 10−2 N. The string makes an angle of 4.0° with the vertical.
1. Show that the electric force on the charged sphere is 1.2 × 10−3 N.

[1]

Mark(s) – 1/1

Examiner commentary
This was a good discriminator with high-scoring candidates
either using triangle of forces, or resolution of forces, to
determine the electric force on the sphere. The value of the
force was given so that it could be used to answer the next
question.
In the example shown, the candidate has drawn a vector
triangle and used it to determine the correct expression for the
electric force. The final answer is given in the question, so the 1
mark was for the correct substitution of the numbers into the
expression.

28
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Question 20 (c)(ii)2
Calculate the uniform electric field strength E between the parallel plates.
E = ................................................ N C−1
[2]

Mark(s) – 2/2

Examiner commentary
More than half of the candidates correctly calculated the
electric field strength using the information provided in (c)
(i) and (c)(ii)1. Some candidates used the elementary charge
rather than the value from (c)(i) to calculate the field strength;
this gave an incorrect answer of 7.5 x 1015 N C-1.
In the example shown, the candidate gained one mark for the
correct substitution into the expression E = F/Q and then the
final mark for the correct answer. The example shows excellent
structure and good use of calculator.

29
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Question 21 (b)(i)
Fig. 21 shows a circuit.

The capacitance of each capacitor is 1000 μF. The resistance of the resistor is 10 kΩ. The cell has e.m.f. 1.5 V
and negligible internal resistance.
(i) Calculate the total capacitance C in the circuit.
C = .................................................... μF
[2]

Mark(s) – 2/2

Examiner commentary
The modal score for this question was two marks, with most
scripts showing excellent understanding of capacitors in
combination. Many candidates arrived at the final answer of
1500 μF without much calculation. A small number incorrect
swapped the equations for series and parallel combinations and
arrived at the incorrect answer of 670 μF.

In the example shown, the candidate starts off by correctly
determining the total capacitance of the capacitors in series
and then goes on to calculate the total capacitance by adding
the 500 μF and 1000 μF. The candidate has worked throughout
in μF, which was a sensible strategy.

30
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Question 21 (b)(ii)
The switch S is closed at time t = 0. There is zero potential difference across the capacitors at t = 0.
Calculate the potential difference V across the resistor at time t = 12 s.
V = ...................................................... V
[2]

Mark(s) – 1/2

Examiner commentary
Many candidates correctly calculated the time constant of the
circuit and then either determined the p.d. across the capacitors
(0.83 V) or the resistor (0.67 V) – the latter being the correct
answer. The expressions for the p.ds across charging capacitorresistor circuit is given in the Data, Formulae, and Relationship
Booklet.

candidate was just one step away from the correct answer.
The most common mistake was calculating e-12/15 rather
than 1.5 x e-12/15. A small number of candidates got nowhere by
attempting to use V = IR and Q = VC.

In the example shown, the candidate has gained just one mark
for determining the p.d. across the capacitor. The question
required the p.d. across the resistor - this could have been
calculated by subtracting 0.83 V from the e.m.f. of 1.50 V. The
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Question 22 (a)*
A student conducts an experiment to confirm that the uniform magnetic flux density B between the poles
of a magnet is 30 mT.
A current-carrying wire of length 5.0 cm is placed perpendicular to the magnetic field.
The current I in the wire is changed and the force F experienced by the wire is measured. Fig. 22.1 shows
the graph plotted by the student.

The student’s analysis is shown on the graph of Fig. 22.1 and in the space below.

Evaluate the information from Fig. 22.1 and the analysis of the data from the experiment. No further
calculations are necessary.
[6]
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Level/Mark(s): Level 1, 2/6

Examiner commentary
This was the second Level of Response (LoR) question in the
paper. It required evaluation of a graph drawn by a student and
the analysis shown in the box on page 24.
Most candidates realised that the graph had few data points,
the triangle used for the gradient was too small and the line
drawn totally missed one of the error bars. The analysis shown
by the student did not include an absolute uncertainty in
B, which made the statement written by the student lack
credibility. Many candidates wrote about drawing doing a
line of worst-fit and determining the percentage uncertainty.
This was only possible if there were more data points and the
error bars for the F values reduced by perhaps repeating the
measurements.
The example shown here is a level 1 (L1) response. The
candidate has written a lot, but has only mentioned drawing
a worst-fit line and determining the percentage uncertainty.
There is nothing on the evaluation of the graph. This is a typical
L1 response, with no evaluation of the graph and only limited
analysis.
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Question 22 (b)(i)
Fig. 22.2 shows a transformer circuit.

The primary coil is connected to an alternating voltage supply. A filament lamp is connected to the
output of the secondary coil.
(i) Use Faraday’s law of electromagnetic induction to explain why the filament lamp is lit.
[3]

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

Examiner commentary
The topic electromagnetic induction always challenges
candidates. Successful responses often showed correct use
of technical terms such as magnetic flux or flux linkage. Most
candidates scored a mark for correctly stating Faraday’s law of
electromagnetic induction. Many realised that an alternating
current produced an alternating magnetic flux within the iron
core and this change in flux produced an e.m.f. at the secondary
coil.
In the first example, the candidate scored the M1 mark in the
mark scheme for realising that there is a ‘change in flux linkage’.
The A1 mark was not scored because there was no mention
of the ‘flux linkage being linked to the secondary coil by the
iron-core’. In the second example, the candidate scored the
independent mark for stating Faraday’s law.
One of the popular misconceptions was that there was an
alternating current (or induced e.m.f.) within the iron-core.
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Question 22 (b)(ii)1
The primary coil has 400 turns and the secondary coil has 20 turns. The potential difference across the
lamp is 12 V and it dissipates 24 W. The transformer is 100% efficient.
1. Calculate the current in the primary coil.
current = ...................................................... A
[2]

Mark(s) – 2/2

Examiner commentary
This question on current in the primary coil was successfully
answered by most candidates.
In the example here, the candidate has used the turn-ratio
equation to determine the p.d. across the primary coil. Then this
value of 240 V together with the equation P = VI is effortlessly
used to calculate the current in the primary coil. A perfect
answer.
Another popular route to the correct answer of 0.10 A was to
calculate the current in the secondary and then the current in
the primary coil using the ratio of turns.
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Question 23 (a)
Describe the nature of the strong nuclear force.
[2]

Mark(s) – 2/2

Examiner commentary
Most candidates scored two marks and knew a great deal about
the strong nuclear force.
In the example here, has three mark-worthy statements: ‘force
between nucleons’, ‘repulsive force below 0.5 fm’ and ‘attractive
force between 0.5 fm and 3 fm’ - so, the candidate scored the
allowed 2 maximum marks.
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Question 23 (b)(i)
Name a hadron found in the nucleus of an atom and state its quark combination.
name of hadron: .......................... quark combination: ..........................
[1]

Mark(s) – 1/1

Examiner commentary
The modal score for this question was 1. The answers were brief
with either proton as u u d or the neutron as u d d. The up 
and down  arrows were allowed as acceptable notation for
the up and down quarks respectively.
The example here shows a correct typical answer.
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Question 23 (b)(ii)
Write a decay equation in terms of a quark model for beta-minus decay.
[2]

Mark(s) – 1/2

Examiner commentary
A variety of answers for the decay equations were accepted
with most candidates picking up marks. No credit could be
given for showing the decay of a neutron into a proton because
of the absence of the quarks.
In the example shown, the candidate has only scored the first
M1 mark for showing a down quark decaying into an up quark
and an electron. The antineutrino has been omitted, so this is an
incomplete decay equation.
Some missed opportunities from other candidates were:
•
Representing the electron as e- rather than –01 e.
•
Confusing the positron and the electron.
•
Assuming the decay was u  d rather than d  u.
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Question 23 (c)
The radius of a nucleus is directly proportional to A1/3, where A is the nucleon number.
The mass of a proton and a neutron are similar.
Explain why the mean density of all nuclei is about the same.
[2]

Mark(s) – 2/2

Examiner commentary
This proved challenging for most candidates with answers
lacking clarity.
The example shown here was rare. The first mark was for
showing that the mass of the nucleus was directly proportional
to the nucleon number A. The final mark was for clear steps
leading to the correct conclusion using the density equation
and volume of nucleus directly proportional to A. This is a
flawless answer from a top-end candidate.
Too many scripts had vague answers such as ‘neutrons and
protons are the same, so their density is the same’ and ‘protons and
neutrons have negligible mass so density is unaffected’.
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Question 24 (a)
Stars produce energy by nuclear fusion.
One particular fusion reaction between two protons (11H) is shown below.

In this reaction 2.2 MeV of energy is released.
(a) Only one of the particles shown in the reaction has binding energy.
Determine the binding energy per nucleon of this particle. Explain your answer.
[2]

Mark(s) – 1/2

Examiner commentary
About half of the candidates scored one or two marks. The only
particle with binding energy was the 21H nucleus. The first mark
was identifying this particle and stating that it has 2 nucleons.
The second mark was for calculating the binding energy per
nucleon to be either 1.1 MeV or 1.76 x 10-13 J.
In the example shown, the candidate has correctly determined
the binding energy per nucleon but has failed to pick up the
second mark. Instead of clearly stating that the hydrogen-2
nucleus has two nucleons, we instead have reference to
‘smaller particles’. A missed opportunity from this candidate.
Some candidates incorrectly attempted to answer the question
using Einstein’s mass-energy equation and rest masses of
proton and neutron. A small number gave the answer as 2.2
MeV, thus confusing the ‘binding energy’ and ‘binding energy
per nucleon’.
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Question 24 (b)
Explain why high temperatures are necessary for fusion reactions to occur in stars.
[2]

Mark(s) – 1/2

Examiner commentary
Fusion is possible in stars because the higher temperatures
ensure that nuclei have large enough kinetic energy for the
most energetic ones to get close enough for the attractive
strong nuclear force to trigger the reactions. One mark was
for mentioning protons (or nuclei) repel and the second mark
was for realising that high-temperatures meant greater kinetic
energy of the protons and hence the greater chance of getting
close enough to each other to trigger fusion.
In the example shown, the candidate has only picked up the
first mark. The key term ‘kinetic’ is missing, so the second mark
could not be awarded to this candidate.
Some answers from candidates were spoilt for stating that
atoms were fusing.

42

© OCR 2017

A Level Physics A

Exemplar Candidate Work

Question 24 (c)
A gamma photon in a star can spontaneously create an electron-positron pair.
Calculate the maximum wavelength of a gamma photon for this creation event.
maximum wavelength = ..................................................... m
[3]

Mark(s) – 3/3

Examiner commentary
This was another question that favoured the top-end
candidates. The answers from them showed excellent
understanding of pair production.
In the example shown here, the candidate has scored
maximum marks for a well-structured answer. The first mark was
for the correct expression hc/ λ = 2mc2. The second mark was
for the correct substitution of all the numbers into the equation
and the final mark for the correct answer of 1.2 x 10-12 m.
A small number of candidates also correctly recalled the 1.02
MeV energy required to produce an electron-positron pair. Full
credit was given if this led to the correct answer of 1.2 x 10-12 m
for the gamma photon. A disappointing number of candidates
used 2.2 MeV from 24(a) and the equation λ = hc/E to calculate
the maximum wavelength. There was no credit for this incorrect
approach.
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Question 25 (a)
Fluorine-18 is a common radioactive isotope used in positron emission tomography (PET). Fluorine-18
emits positrons. A patient is injected with a radiopharmaceutical containing fluorine-18.
Describe how a PET scanner is used to locate an area of increased activity within the patient.
[4]

Mark(s) – 4/4

Examiner commentary
Most candidates scored two or more marks for their description
of the PET scanner. Most candidates knew that the annihilation
of positrons and electrons was central to the scanning
technique. A small number of candidates either confused the
PET scanning with CAT scanning or assumed that the gamma
detectors were monitoring the emission of positrons from the
patient.
The example shown here is from a top-end candidate. The
position of each tick shows where each marking point in the
mark scheme was scored. The physics is all correct, use of
technical vocabulary (e.g. annihilate and gamma-photons) is
perfect and there is no ambiguity in the text. A perfect answer
and well-deserved four marks.
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Question 25 (b)
The half-life of fluorine-18 is 110 minutes.
Calculate the time t in minutes for the activity of the radiopharmaceutical to decrease to 30%
of its initial activity.
t = ............................................ minutes
[3]

Mark(s) – 3/3

Examiner commentary
This was not an easy question. It required knowledge and
understanding of activity, decay constant and natural logs.
It is good to report that most of the candidates produced
immaculate answers.
In the example shown, the answer is well-structured. All the key
steps are clear to see, the understanding of natural logarithms is
perfect, the use of calculator is flawless and the time in seconds
has been converted correctly into minutes. This is a model
answer.
The common mistakes made by other candidates were:
•
Using either ln(1/3) or ln(0.70) rather than ln(0.30) in the
calculations.
•
Assuming the decay was linear rather than exponential.
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Question 25 (c)
PET scanners are not available in all hospitals. This is because fluorine-18 requires expensive on-site
particle accelerators and fluorine-18 has a very small ‘shelf-life’.
Suggest the impact this may have on the treatment and diagnosis of patients in the country.
[1]

Mark(s) – 1/1

Examiner commentary
Almost all candidates gave a plausible suggestion in this last
question in the paper. It is good to report that physicists are
mindful of the impact of science on society. This is illustrated by
the example shown here.
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