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Introduction
The following resource has been developed to support 
teachers in understanding how examiners apply 
the marking criteria and what they are looking for in 
candidate responses. There are sample responses for a 
selection of questions from the Sample assessments, with 
accompanying commentary. 

The sample responses and commentaries should be read 
alongside the Specification for GCSE Gateway Suite - 
Physics A (9 -1) which is available from the website. 

OCR will update these materials as appropriate. 

Centres may wish to use these support materials in a 
number of ways: 
• teacher training in interpretation of the marking 

criteria 
• departmental standardisation meetings 
• exemplars for candidates to review. 

Please note that this resource is provided for advice and 
guidance only and does not in any way constitute an 
indication of grade boundaries or endorsed answers. 
Whilst a senior examiner has provided a possible mark/ 
level when marking these answers, in a live series the 
mark a response would get depends on the whole 
process of standardisation, which considers the big 
picture of the year’s scripts. Therefore the mark/level 
awarded here should be considered to be only an 
estimation of what would be awarded. How levels and 
marks correspond to grade boundaries depends on the 
Awarding process that happens after all/most of the 
scripts are marked and depends on a number of factors, 
including candidate performance across the board. 
Details of this process can be found here: http://www.ocr. 
org.uk/Images/142042-marking-and-grading-assuring-
ocr-s-accuracy.pdf

http://www.ocr.org.uk/Images/142042-marking-and-grading-assuring-ocr-s-accuracy.pdf
http://www.ocr.org.uk/Images/142042-marking-and-grading-assuring-ocr-s-accuracy.pdf
http://www.ocr.org.uk/Images/142042-marking-and-grading-assuring-ocr-s-accuracy.pdf
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J249/01: Foundation paper – Tier 1 –
Question 20

20 The extension of four different springs is shown in the graph.

(a) Explain which of the springs A, B, C or D has the highest spring constant?

 [2]

Mark scheme

Question Answer Marks AO element Guidance

20 (a) A (1)

It is the steepest gradient (1)

2 3.1a

3.2b

1 mark

Question 20(a), sample answer

Commentary 
The learner has failed to relate the gradient of the line as being 
equal to the spring constant, choosing instead to focus on 
the fact that the line remains straight and therefore shows no 

permanent deformation.  Another common pitfall is when the 
axes are reversed and a steep gradient then indicates a low spring 
constant.
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(b) Explain why the line for spring B has a different shape to the others. 
 [2]

Mark scheme

Question Answer Marks AO element Guidance

20 (b) It has passed its elastic limit or it no longer 
obeys Hooke’s Law (1)

(The spring is) permanently deformed/
distorted or (the spring) has undergone 
plastic deformation (1)

2 2 x 3.2b

Question 20(b), sample answer

Commentary 
Once again, the learner has been too quick to focus on the 
general deformation of the material.

0 marks
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(c) (i) A spring has a spring constant of 27 N/m.
  For an extension of 25 cm, calculate the energy transferred in stretching.
  Use the formula: energy transferred = 0.5 x spring constant x extension2

  answer: ................................. J
  [2]

Mark scheme

Question Answer Marks AO element Guidance

20 (c) (i) 0.5 x 27 x (0.252) (1)

0.84 (J) (1)

2 2 x 2.1 ALLOW 0.25 (1) for conversion of cm to m.

Commentary 
This is a classic learner mistake – forgetting to convert cm into SI 
units.  The fact that the quantity is squared further amplifies the 
error.

0 marks

Question 20(c) (i), sample answer
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(c) (ii) A student set up the apparatus shown in the diagram.

 Describe how they could use this apparatus to collect data to draw a force/extension graph for this   
 spring.

[4]

Mark scheme

Question Answer Marks AO element Guidance

20 (c) (ii) Record the original length (1)

Add a mass (1)

Recorded the new length (1)

Repeat for increasing masses (1)

4 4 x 2.2

3 marks

Question 20(c) (ii), sample answer 1

Commentary 
The learner has picked up the first three marks very efficiently.  
However, they have then gone on to try to explain the physics 
involved; this highlight a common muddling of the instructions 

‘describe’ and ‘explain.’  The learner has failed to mention the need 
to then repeat the entire process with increasing masses.
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1 mark

Question 20(c) (ii), sample answer 2

Commentary 
This second sample is a much lower scoring answer.  The learner 
has mentioned the need to add increasing masses, but has then 
simply said ‘measure the extension’ rather than describing exactly 
how this could be done.  
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(c) (iii) The above spring has a spring constant of 30 N/m, this is replaced by a spring with a spring   
  constant of 10 N/m.
  What changes will the student have to make to this method to investigate this spring?
  [2]

Mark scheme

Question Answer Marks AO element Guidance

20 (c) (iii) Use smaller weights (1)

Use a ruler that can measure smaller 
intervals (1)

2 2 x 3.3b .

Commentary 
The first ‘easy’ mark has been won, but the learner has missed the 
deeper point that smaller masses produce smaller extensions and 
therefore a ruler with a greater resolution is required to measure 
the smaller changes in length precisely.

1 mark

Question 20(c) (iii), sample answer
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J249/01: Foundation paper – Tier 1 – 
Question 21

21 A student finds a resistor which has no markings on it.
 The student uses a voltmeter, an ammeter and a cell to find the resistance of the resistor.
 (a) Draw a circuit diagram the student could use to find the resistance of the resistor.
  [3]

Mark scheme

Question Answer Marks AO element Guidance

21 (a) Correct circuit symbols used for ammeter 
and voltmeter (1)

Correct circuit symbols used for the cell and 
resistor (1)

Components connected correctly for 
current and voltage to be measured (1)

3 3 x 1.2

Question 21(a), sample answer

Commentary 
The learner has omitted the cell completely, however a more 
common mistake to watch out for is the muddling of the circuit 
diagrams for a ‘cell’ and a ‘battery.’  The voltmeter has been 
connected in series, rather than parallel.  It might be worth 
emphasising to the students that voltmeters generally have a very 
high resistance and therefore would almost entirely prevent the 
flow of current in a circuit if connected in series.

1 mark
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(b) In the experiment the current reading is 0.15 A and the potential difference is 2.0 V.
 Use the formula: potential difference = current x resistance
 to calculate the resistance of the unknown resistor.
 Show your working.
 Record your answer to 3 significant figures.
  [3]

Mark scheme

Question Answer Marks AO element Guidance

21 (b) 2.0/0.15 (1)

13.3 (ohms) (1)

3 sig. figs (1)

3 3 x 2.1 ALLOW 13 or 13.3333333333 (ohms) (2)

Question 21(b), sample answer

Commentary 
The learner has clearly gained full marks here.  However, note 
the use of the overhead ‘dot’ recurring decimal symbol – some 
learners will typically leave this symbol in their final answer, which 
implies an inappropriate (in fact infinite) number of significant 
figures.  The tendency of modern calculators to display this 
symbol (as well as exact fractional forms) is usually the main cause 
of this problem.

3 marks
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(c) The students repeat the experiment with different potential differences and currents.
 Look at the results.

There is an anomaly in the results.
(i) Write down the anomaly from the table.

  [1]

Mark scheme

Question Answer Marks AO element Guidance

21 (c) (i) Attempt 3 at 6.0 V (1) 1 3.2a

Question 21(c)(i), sample answer

Commentary 
In this case, the value of 0.38 A is unique to the table; however this 
may not always be the case, so learners must be trained to clearly 
identify the specific measurement in question.

1 mark
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(ii) State how the students dealt with the anomaly?
  [1]

Mark scheme

Question Answer Marks AO element Guidance

21 (c) (ii) They didn’t include it in the mean (1) 1 3.1b

Question 21(c)(ii), sample answer

Commentary 
This is a classic case of the learner being too quick to simply use 
the word ‘repeat’ in a bald fashion.  The root of this issue is often 
due to learners being routinely drilled with this word in science 
lessons from a young age.

0 mark
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J249/01: Foundation paper – Tier 1 – 
Question 22

22 A student completes an experiment to find the specific heat capacity of a metal.

 (a) (i) The student takes voltage and current measurements.
  Suggest three other measurements they need to take?
  [3]

Mark scheme

Question Answer Marks AO element Guidance

22 (a) (i) Temperature rise or start and end 
temperatures (1)

Time that the heater is switched on (1)

Mass of the block (1)

3 3 x 1.2

Question 22(a)(i), sample answer

Commentary 
The student has scored the mass mark and the change in 
temperature mark by using a triangle before temperature to 
indicate this. However, the triangle is not as clear as it could be 
so using the words ‘change’ or ‘rise’ in temperature of the metal 
would have helped the marker.  While the energy transferred to 

the metal is a required quantity for the calculation of SHC, this 
measurement cannot be made directly using the apparatus 
stated in the question and therefore this mark cannot be 
awarded.

2 mark



[2]
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(ii) Describe how these measurements could be used to determine the specific heat capacity of the metal. 
  [2]

Mark scheme

Question Answer Marks AO element Guidance

22 (a) (ii) Reference to:

energy = voltage x current x time (1)

SHC = energy / (mass x temp rise) (1)

2 2 x 1.2

Question 22 (a)(ii), sample answer

Commentary 
The learner has failed to pick up on the circuit diagram symbols 
for an ammeter and voltmeter which imply that measurements 
of voltage and current are required; therefore they have failed 
to score the first mark.  Without any reference to the formula or 
definition of SHC, the second mark cannot be earned.

0 marks
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(b) The value obtained from the experiment is much higher than expected.
 Suggest two reasons how this could have occurred and suggest two improvements to the    
 experimental procedure.
 [4]

Mark scheme

Question Answer Marks AO element Guidance

22 (b) Any two reasons and any two improvements

Reasons

Heat escapes to the surroundings (1)

Part of the immersion heater is outside of 
the block (1)

Poor thermal contact between the 
immersion heater and block (1)

It takes time for the thermometer to reach 
its maximum temperature (once the heater 
is turned off ) (1)

Improvements

Lag/insulate the aluminium block (1)

Make sure all of the heater is in the block/
use a smaller heater (1)

Use petroleum jelly to transfer heat between 
the immersion heater and the block (1)

Wait until the maximum temperature is 
reached (1)

4 2 x 3.2a

2 x 3.2a

Max 2 reasons and 2 improvements

ALLOW (idea of ) residual heat not
reaching the block before the final
temperature is recorded.

Question 22(b), sample answer

Commentary 
The learner has been a little sloppy with their first statement and 
omitted the words ‘lost to the surroundings’; simply stating that 
‘heat has been lost’ is vague, e.g. heat will also have been lost to 
the thermometer.  Simply stating ‘put it in an enclosed system’ is 
similarly vague and does not explicitly imply a thermally insulated 
system.  The ideas of ‘improving thermal contact between heater 
and block’ and the issue of ‘temperature time lag’ are much higher 
level answers that only the most able learners would be expected 
to score.

0 mark or possible 1 mark (with marker’s discretion)
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J249/03: Higher paper – Tier 2 – 
Question 19

19 A student takes voltage and current measurements for four resistors.
 The table shows the results from this experiment.

 (a) Which two resistors have the same resistance value?
  Use the data to show this.
  [2]

Mark scheme

Question Answer Marks AO element Guidance

19 (a) B and D (1)

resistance = voltage ÷ current (1)

2 2 x 3.1b Both required for the mark. Either order.
e.g. correct numbers substituted into 
correct equation

Question 19(a), sample answer

Commentary 
The learner has not shown the full working of the calculation 
of R, however they have stated the formula correctly and the 
calculated values of R in the table are correct.

2 marks
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(b) Calculate the maximum resistance that can be made using all four resistors.

answer: .............................. Ω
  [1]

Mark scheme

Question Answer Marks AO element Guidance

19 (b) 19 (1) 21 3.1b ALLOW ECF from (a)

Question 19(b), sample answer

Commentary 
Resistor values correctly added in series.

1 mark
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(c) (i) Draw a circuit diagram that could be used to find out how the resistance of a filament bulb   
  changes with current.
  Describe the readings you need to take.
  [4]

Mark scheme

Question Answer Marks AO element Guidance

19 (c) (i) All correct circuit symbols (1)

Circuit diagram with ammeter, lamp and 
power supply in series (1)

Circuit diagram with voltmeter in parallel (1)

Vary current, measure voltage / ORA (1)

4 1.1

3 x 1.2

To include ammeter, voltmeter, lamp and 
power supply/cell. Ignore variable resistor.
ALLOW vary variable resistor and 
measure current and voltage if circuit 
includes a variable resistor 

Question 19(c) (i), sample answer

Commentary 
The first three marks have been granted; the only quibble would 
be that the use of the cell circuit symbol, rather than a battery 
or powerpack, however this is acceptable in the context of this 
question.  The final mark has been lost as the learner has omitted 
to state the need to ‘vary/change’ one variable (voltage) in order 
to see the effect it has on the other (current).

3 marks
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(ii) Sketch the shape of the graph using the axes below.

 State how this graph can be used to calculate resistance at any specific value of current.
  [2]

Mark scheme

Question Answer Marks AO element Guidance

19 (c) (ii) Correct curve shape (1)

use of graph to read values of V and I and 
description of use of

R = V ÷ I (1)

2 1.2

2.2
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Question 19 (c)(ii), sample answer

Commentary 
This question illustrates a rather common mistake of the learner 
being too quick to simply recall the memorised IV curve shape 
for a filament bulb, without first checking which way around the 
axes are drawn!  The second mark has been lost due to two not 
uncommon misconceptions, namely that the gradient has units 
of AV–1 or Ω–1 (due to the reversal of the axes) and that, for a non-
linear IV graph, the resistance is not represented by the gradient 
anyhow; the definition R=V/I must be used with correctly 
substituted values of V and I.

0 marks
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(d) A voltmeter is used to measure the output voltages produced from the circuit.
 The voltmeter is not connected to a circuit and not recording a voltage.

 Name the type of error on the voltmeter and suggest how it should be dealt with.
  [2]

Mark scheme

Question Answer Marks AO element Guidance

19 (d) Systematic error (1)

Reset the meter/subtract 1.0V from all 
readings (1)

2 2 x 1.2 ALLOW zero error

ALLOW subtract initial reading from all 
future readings

Question 19(d), sample answer

Commentary 
The Working Scientifically content of the specification covers the 
identification of systematic and random errors. The learner has not 
explicitly named the type of error and cannot be credited for an 
answer where the reader has to infer that the learner is alluding to 
a ‘systematic error.’  The second ‘reset’ mark has been earned in this 
case.  The idea of subtracting the systematic error of 1V from all 
readings is a higher-level response expected only from more able 
learners.

1 mark
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J249/03: Higher paper – Tier 2 – 
Question 20

20 A student investigates the motion of a glider on a frictionless air track using the apparatus shown in the  
 picture.

 (a) (i) Explain how the student can use this apparatus to demonstrate Newton’s Second Law.
  Include details of any additional equipment required
  [3]

Mark scheme

Question Answer Marks AO element Guidance

20 (a) (i) Change mass/Force applied (1)

Release glider and idea of measuring 
acceleration with appropriate apparatus to do 
this stated (e.g. Light gates/datalogger) (1)

Check results/plot graph to see if it matches 
F=ma formula (1)

3 3 x 2.2 

e.g. Fprop a or m prop 1/a

Question 20(a)(i), sample answer

1 mark
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Commentary 
The learner has narrowly missed several marks here due to the 
omission of individual key terms.  For instance, the first mark has 
been missed due to the omission of the word ‘change’ when 
referring to adding masses.  The second mark on how to measure 
the acceleration could have been earned by stating the use of 
light gates to measure the speed at the two points mentioned.  
The final mark has been awarded as the learner has described a 
valid numerical method of verifying F=ma; a more able learner 
would typically have suggested the graphical method of plotting 
F against a, which should yield a straight line through the origin 
(with gradient = mass).

(ii) A 0.25 kg glider is pulled by a 1.0 N force.
 Calculate the acceleration of the glider using the formula:

force = mass x acceleration

 answer: ....................................... m/s2

[1]

Mark scheme

Question Answer Marks AO element Guidance

20 (a) (ii) 4 m/s2 (1) 1 2.1

Question 20(a)(ii), sample answer 

Commentary 
This question has been well laid out by the learner.

1 mark
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(iii) Suggest reasons why the recorded value was less than your calculated value.
[2]

Mark scheme

Question Answer Marks AO element Guidance

20 (a) (iii) Any 2 from:

The track is not perfectly frictionless/AW (1)

Friction of the pulley (1)

(Idea of ) light gates incorrectly set up (1)

2 2 x 3.3a

Question 20(a)(iii), sample answer 1

Commentary 
In the two sample answers shown, the first learner has scored 
one of the friction marks; a less-able student might simply state 
‘friction’ which is too vague.  The second sample answer illustrates 
a common mistake in which the learner has failed to realise that 
air resistance, while indeed a source of friction, is insignificant in 
comparison to other much larger frictional forces, such as the 
friction due to the pulley and track.

1 mark

Question 20(a)(iii), sample answer 2

0 marks
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(b) The student repeats the experiment for 4 more forces.

 There is an anomaly in the results.
 Identify the anomaly and explain how the student could have dealt with it.

[2]

Mark scheme

Question Answer Marks AO element Guidance

20 (b) Attempt 1 at 4 newtons/12.0 (1)

Don’t include it in the mean/repeat 
readings/repeat this reading during the 
experiment (1)

2 3.2a

1.2

Question 20(b), sample answer

Commentary 
This question has generally been well answered by the learner.  
The use of the word ‘mean’ would have been preferable to 
‘average’ as there are different possible measures of an average 
(e.g. median, mode etc).

2 marks
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(c) Explain what is meant by a reproducible experiment.
[1]

Mark scheme

Question Answer Marks AO element Guidance

20 (c) Another person/group gets similar results/
AW (1)

1 1.2

Question 20(c), sample answer

Commentary 
The learner is on the right track with the idea of reproducing the 
same/similar results, however they have failed to mention the key 
point that the results must be reproduced by an ‘independent’ 
party.

0 marks
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J249/03: Higher paper – Tier 2 – 
Question 21

21 (a) (i) Write down the name of the rule which can be used to predict the direction of the force  
   perpendicular to a current-carrying conductor in a magnetic field.
  [1]

Mark scheme

Question Answer Marks AO element Guidance

21 (a) (i) Fleming’s left hand rule (1) 1 1.1 ALLOW left hand rule / motor rule 

Question 21(a)(i), sample answer

1 mark

Commentary 
The learner has omitted the word ‘Fleming’s’, however they are still 
awarded the mark as stated in the Guidance section of the mark 
scheme.
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A student places four wires of different lengths perpendicular to different magnetic fields with different 
currents flowing.
Look at the table of their results.

(ii) Use the data to show that wire D experiences the highest force.
 Show your working.

[2]

Mark scheme

Question Answer Marks AO element Guidance

21 (a) (ii) Reference to B, I, L are the largest in the table 
(1)

Some calculation to show the use of 
F=BIL e.g. one mark point for four correct 
calculations:

A: 0.125 N

B: 0.225 N

C: 0.225 N

D: 1.250 N (1)

2 2 x 3.1b If no calculations are made pupils can 
only receive 1 mark

Question 21(a)(ii), sample answer 1

Commentary 
The learner has correctly used the equation F=BIL and completed 
the four calculations correctly; however there is no reference 
made to the fact that the values for wire D are the largest in the 
table, which is an important observation since the force on a wire 
is directly proportional to each of B, I and L.

1 mark
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(b) (i) The student decides to build a model transformer.
  The transformer is a step-up transformer which doubles the input voltage.
  Describe how they could build this step-up transformer in a science laboratory.

[4]

Mark scheme

Question Answer Marks AO element Guidance

21 (b) (i) Wind two coils of wire around an iron core 
/ AW (1)

Secondary coil has twice/double the 
number of primary turns / ORA (2)

Connect primary coil to an a.c. supply (1)

4 1.1

2 x 1.2

1.1

ALLOW secondary coil has more turns 
than the primary coil / ORA (1)

Question 21(b)(i), sample answer

Commentary 
The learner has clearly understood the basic structure of a 
transformer, so the first mark has been awarded.  The need for one 
of the coils to contain twice the number of turns as the other has 
also been appreciated, however the learner has not used the key 
terms ‘primary’ and ‘secondary’ when referring to the two coils so 
only one of the second marks has been scored.  The omission of 
the word ‘alternating’ has cost the learner the final mark, since a 
transformer will only work with a.c. electricity.

2 marks
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(ii) Suggest one risk associated with this experiment and how it can be reduced.
[2]

Mark scheme

Question Answer Marks AO element Guidance

21 (b) (ii) High voltages can be produced / AW (1)

Any 1 from:

Insulate the secondary coil (1)

Use very low voltages on the primary coil (1)

Keep primary coil voltages low / AW (1)

2 1.2

3.3b

ALLOW below 6 V

Question 21(b)(ii), sample answer

Commentary 
The learner appears to be identifying ‘electrocution’ as the main 
risk, however this term has not only been spelt incorrectly but is 
also a bit too broad to be accepted by the mark scheme.  There is 
a clear reference to the idea of keeping the voltages low, although 
the ‘primary’ coil has not been explicitly referred to here.  All in all, 
one mark has been awarded for this question, using examiner’s 
discretion.

1 mark
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(c) Describe how a microphone works.
[2]

Mark scheme

Question Answer Marks AO element Guidance

21 (c) Microphones convert pressure variations in 
sound waves (1)

into variations in current/voltage in electrical 
circuits / AW (1)

2 2 x 1.1

Question 21(c), sample answer

Commentary 
The statement ‘sound vibrations moving cone in microphone’ 
sufficiently implies the learner’s appreciation that sound waves 
cause mechanical disturbances in the air, thus the first mark has 
been awarded.  However, the use of the term ‘electrical energy’ is 
rather too vague to score the second mark.

1 mark
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17 A car on a roller coaster is stationary at the top of a slope.
 It has a weight of 6 500 N and a potential energy of 217 000 J.
 (a) Calculate how high above the ground it is.

answer: ..........................m

[2]

J249/04: Higher paper – Tier 2 – 
Question 17

Mark scheme

Question Answer Marks AO element Guidance

17 (a) Re-arrange and substitute into WD = F x D:

217 000 / 6 500 (1)

33.4 (m) (1)

2 2 x 2.1

Question 17(a), sample answer

Commentary 
Although the two marks have been earned, it is worth noting that 
the learner’s final answer should ideally be to either 2 or 3 s.f.  
(not 4 s.f.)

2 marks
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(b) 

 The energy at the bottom of the slope is lower than expected.
 Suggest two ways to improve the efficiency of the roller coaster car.

[2]

Mark scheme

Question Answer Marks AO element Guidance

17 (b) Reduce the friction between the car and 
track/lubrication (1)

Make the shape of the car more streamlined 
to reduce drag (1)

2 2 x 3.3b

Question 17(b), sample answer

Commentary 
The learner has lost out on the friction mark as simply stating 
‘reduce the amount of friction on the wheels’ is too vague as 
there are several sources of friction acting on the wheels, e.g. 
friction between the wheel and its bearings / friction between the 
surface of the wheels and the surrounding air etc.

1 mark



35  © OCR 2018

Candidate Style AnswersGCSE (9–1) Gateway Science Physics A

20 Kate investigates how well different balls bounce.
 She drops different balls from the same height and measures the height the balls bounce.
 She repeats the experiment 3 times for each ball.

 Her results are shown in the table.

 (a) Kate forgot to record one of the results for the yellow ball.
  Suggest the value of the missing result.

  answer: ……………………… cm
[1]

J249/04: Higher paper – Tier 2 – 
Question 20
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Mark scheme

Question Answer Marks AO element Guidance

20 (a) 28 (1) 1 3.1a

Question 17(a), sample answer

Commentary 
The mean bounce height is given as 26cm.  The second bounce 
reading (24cm) is 2cm BELOW the mean and the first bounce 
reading is exactly 26cm, therefore the missing reading must be 
2cm ABOVE the mean ⇒ 28cm.

1 mark
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(b) Josh does an experiment with bouncing balls.

 He does his experiment with a drop height of 200 cm.

 One ball bounces 100 cm.

 Josh says that this ball is a better bouncer than any of Kate’s.

 Use the data and ideas about efficiency to explain why Josh is incorrect.

[2]

Mark scheme

Question Answer Marks AO element Guidance

20 (b) (Josh’s is only) 50% efficient / AW (1)

And any one from:

(Kate’s ) red is 76% efficient (1)

Blue is 61% efficient (1)

White is 85% efficient (1)

2 2 x 3.1b

Question 20(b), sample answer

Commentary 
The bounce height percentage calculations have been 
completed correctly, therefore the second mark has been 
awarded.  However, the learner has failed to link the bounce 
height as a percentage of the drop height to the efficiency of the 
ball.

1 mark
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(c)  Josh uses a new ball. He says this ball is an amazing bouncer.

 He says if you drop it from 200 cm it will bounce to a height of 250 cm.

 Explain why this is not possible. 

[2]

Mark scheme

Question Answer Marks AO element Guidance

20 (c) Idea there is fixed energy in system/can’t be 
(more than) 100% efficient (1)

Idea that extra energy is heeded for this to 
happen (1)

2 1.1

2.2

Question 20(c), sample answer

Commentary 
The second mark has clearly been earned; however the learner 
has not gone on to relate this to the idea that the total energy of a 
closed system (the ball) is constant and cannot be increased and/
or the requirement that efficiency ≤ 100%, thus the first mark has 
been lost.

1 mark
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24 Matt experiments with radioactive materials.
 He investigates how the activity of radiation changes with distance.
 The radiation moves from the source to the detector.
 He measures the counts per minute from a radioactive source.

 The table shows the results from the experiment.

 (a) Describe using the data in the table how the count rate changes as the detector is moved away  
  from the source.

[2]

J249/04: Higher paper – Tier 2 – 
Question 24
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Mark scheme

Question Answer Marks AO element Guidance

24 (a) Distance doubles count rate is 4 x less / 
count rate is inversely proportional to the 
square of the distance / as distance triples 
activity is 9 x less / AW (2)

12 2 x 3.1b ALLOW distance doubles count rate
per minute is reduced by more than
half (1)

Question 24(a), sample answer

Commentary 
The precise nature of the inverse square law has not been clearly 
stated.  The learner has correctly stated that the count rate 
decreases by a factor of 4, but they have omitted to state that this 
happens with every doubling of the distance, thus only one mark 
has been awarded.

1 mark
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(b) Matt does two further readings at 160 cm and 320 cm.

 His results are in the table below.

 As the distance is increased to 160 cm and 320 cm the results do not follow the same pattern as the   
 other results.

 What do you think these results should have been?

 Explain the anomalies in the last two results.

[3]

Mark scheme

Question Answer Marks AO element Guidance

24 (b) If the pattern was followed, 160 cm (ideally) should be 4 / 320 cm 
(ideally) should be 1 (1)

Radiation / activity is random (1)

Randomness is amplified at low readings / AW (1)

3 3.2a

3.2b

3.2b

Question 24(b), sample answer

2 marks

Commentary 
The learner has scored the first two marks although the value of 
320 is incorrect and should be 1; they have correctly stated the 

ideal value for 160 cm.  The final mark is a high-level answer that 
only the most able learners would be expected to score.
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(c) Gamma radiation is used to irradiate cancers in the brain.
 Treatment is given for 15 minutes every 4 days.
 Each patient receives a certain dose of radiation.

 Explain how this treatment reduces damage to healthy cells.
[4]

Mark scheme

Question Answer Marks AO element Guidance

24 (c) Any four from:

4 days between treatments allows healthy cells to be repaired or 
replaced (1)

Size of dose related to the mass of the patient / age of patient / 
size of tumour / nature of tumour (1)

Rotation of source reduces damage to healthy cells (1)

BUT rotation of source reduces damage to healthy as time of 
exposure is shorter (1)

Patient remaining still will reduce the damage to healthy cells (1) 

4 4 x 2.2

Question 24(c), sample answer 1

1 mark
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Commentary 
Sample answer #1: The first sample answer is a weak response.  
The learner has scored the most commonly expected mark for 
the rotation of the source spreading the dose received by healthy 
cells – this concept is probably the most visual (and therefore 
most easy) for learners to retain, especially if they have been 
shown a video clip of a radiotherapy machine in action.  The 
learner has attempted to explain why the patient must lie very 
still, but they have not clearly explained that this ensures the 
radiation beam remains on-target with the tumour and therefore 
minimises its effect on surrounding healthy tissues.

Sample answer #2: The second sample answer is a much stronger 
response.  The learner has clearly stated that damage to healthy 
cells can be minimised by BOTH ensuring that the patient remains 
still and by rotating the beam, thus scoring these two marks with 
ease.  The remaining marks would be expected to be earned by 
only the most able learners.

Question 24(c), additional sample answer 2

3 marks
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