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Introduction

The assessment structure of Unit 4: Further Mechanics, Fields and Particles is the same as 
that of Units 1, 2 and 5, consisting of Section A with ten multiple choice questions and 
Section B with a number of short answer questions followed by some longer, structured 
questions based on contexts of varying familiarity.

This paper allowed candidates of all abilities to demonstrate their knowledge and 
understanding of Physics by applying them to a range of contexts with differing levels of 
familiarity.

Candidates at the lower end of the range could complete calculations involving simple 
substitution and limited rearrangement, including short structured series of calculations, but 
could not always tackle calculations involving several steps or other complications, such as 
calculating range when there is a difference in height between the launch point and the 
landing point. They also knew some significant points in explanations linked to standard 
situations, such as electromagnetic induction, alpha scattering and linear accelerators, but 
missed important details and did not always set out their ideas in a logical sequence, 
sometimes just quoting as many key points as they could remember from the mark schemes 
of previous papers without particular reference to the specific context.

Steady improvement was demonstrated in all of these areas through the range of increasing 
ability and at the higher end all calculations were completed faultlessly, with most points 
included in ordered explanations of the situations in the questions.

3 IAL Physics WPH14 01



Section A

The multiple choice questions discriminated well, with performance improving across the 
ability range for all items.

The percentages with correct responses for the whole cohort are shown in the table.

Question Percentage of correct responses

1 77

2 64

3 42

4 67

5 39

6 63

7 50

8 75

9 83

10 25

More details on the rationale behind the incorrect answers for each multiple choice question 
can be found in the published mark scheme.
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Question 11

Most candidates were awarded at least the first mark for the use of W = mg, although some 
used the mass of water flowing per second or added both masses. Nearly half of the 
candidates went on to gain full marks by the application of Newton’s second law in the force 
equals rate of change of momentum form.

A significant number of candidates were unsure of how to deal with a mass flow rate and 
attempted some method of equating kinetic energy with gravitational potential energy 
gained per second. Others attempted to calculate a relevant time and use equations of 
motion.

Candidates occasionally omitted the unit for their answer and so were not awarded the final 
mark as quantities required a magnitude and a unit.

3 marks.

This candidate has set out their solution very clearly in terms of 
Newton's second law, arriving at the correct answer straightforwardly.
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3 marks.

The majority of candidates started with a weight calculation, but many 
did not know what to do next. The number of possibilities is limited, 
but this candidate has carefully carried out a dimensional analysis of 
the units to confirm that dividing by the mass flow rate is valid.
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Question 12 (a)

The majority of candidates were able to state this satisfactorily. Those who did not usually 
gave insufficient detail, stating that energy is conserved, for example, without mention of 
kinetic. Conservation of momentum was often mentioned as well.

0 marks.

This does not include sufficient specific detail because it does not 
include 'kinetic'. The total energy is always conserved.

0 marks.

The statement is too general in that it just says no energy conservation 
without reference to kinetic energy in particular.

The line about KE1 and KE2 is not sufficient because KE1 and KE2 are 
not defined and therefore ambiguous – they could just as well refer to 
a single body before and after the collision as to the whole system.
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1 mark.

A simple but sufficient statement that is awarded the mark.
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Question 12 (b)

About a quarter of the candidates gained credit here, usually for stating that total 
momentum before a collision equals the total momentum after the collision. Simply 
repeating that momentum is conserved added nothing to the information already given and 
was not credited. The other common credited response referred to a vector triangle, even if 
there was some ambiguity about whether this was for velocity or momentum.

While candidates sometimes mentioned the equal masses, they rarely explained why this 
was significant.

0 marks.

This response refers to total momentum conserved, but the question 
stem already includes the word 'conservation', so this doesn't add 
detail to that and so the mark is not awarded.

The explanation of a term cannot rely on the use of the term itself 
without further detail.
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2 marks.

This is a fairly rare example of a response scoring both marks.
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Question 12 (c)

About a third of the candidates did not appear to know how to use a scaled vector diagram 
and did not attempt one. About a quarter were awarded a single mark for a labelled line with 
an arrow. The remainder generally included a scale and a good proportion could complete 
the triangle, although some did not have all of the arrows in the correct directions. Having 
completed the required diagram, not all candidates made it clear that they were measuring 
the final angle for their conclusion. Quite a few calculated the final speed but were not able 
to use it to make the required deduction.

Although the question required use of a scaled diagram, a substantial number of candidates 
made their deduction by calculation, for example using the cosine rule. They were allowed 
one mark if they completed this correctly and made the correct conclusion without including 
any of the diagram.
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2 marks.

This gets a mark for a labelled vector with a scale, but no more. A 
vector triangle or parallelogram was required rather than this 
situational diagram. The final mark could be awarded for deduction by 
calculation, but this calculation assumes a 90 degree angle between 
the balls, candidates may be familiar with from elastic collisions 
between bodies of equal mass. They have already been told, however, 
that the collision is not elastic.
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4 marks.

This got all the marks but the last one because the final answer is not 
correct as a result of using 0.96 m s−1 instead of 0.92 m s−1.
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Question 13 (a)

As well as their knowledge and understanding of linear accelerators, this question assessed 
candidates’ ability to give coherent and logically structured answers, which, in most cases, 
they did. Many candidates saw this question as an opportunity to give a well-rehearsed 
description of the operation of linear accelerators according to the mark scheme for similar 
questions on previous papers but they did not give the wording of this question sufficient 
attention to see that it actually addressed a different aspect. Accordingly, a large proportion 
of candidates limited themselves to one or two marks because they explained the situation 
for the drift tubes rather than for the gaps between them. The answers given for the 
question in the candidates’ heads weren’t bad, as far as rote memorisation goes, but they did 
not explain what was required.

Whether they referred to the tubes or the gaps, there were some common points missing or 
lacking in detail. Candidates did not always state that the acceleration of the particles takes 
place in the gaps between the tubes, and some even said they accelerate between the gaps. 
A large proportion of the candidates refer very simply to electrons being attracted to the next 
tube by its opposite charge rather than stating that they are accelerated by the electric field 
between the tubes.

Two of the indicative content points are the same for gaps or tubes and were the most 
common points credited. Candidates often gained credit for stating that the frequency of the 
a.c. supply is constant, although some just referred to a constant frequency and didn’t say 
what it was that had a constant frequency. They also often gained credit for electrons 
approaching the speed of light.

The constant time was often mentioned, although most frequently for the time in the tube 
rather than between tubes.

Very few candidates were able to address points 4 and 6 in detail, where they were required 
to link time and speed to the gap length, even though it only required s= vt in addition to 
what they had already stated.
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1 mark.

Like many candidates attempting this question, this candidate's 
response is focused on the time spent while the electrons are in the 
drift tubes rather than when they are between them. This does get 
credit for electrons close to light speed, but that is all. There is no 
credit for the distance between the tubes being the same at the end 
because that is already in the question.
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While past paper mark schemes can be useful revision aids, questions 
will not be identical so quoting them directly is unlikely to answer a 
particular question. Be sure to answer the question on the paper and 
not a question from a previous paper with a similar situation.
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5 marks.

This response is based on the gaps between the drift tubes, as 
required. It is credited with all of the indicative content points except 
for the third because it does not make a clear statement that the time 
spent between the tubes is constant. That gets 3 marks and there are 2 
marks for structure because it reads very clearly with fully sustained 
lines of reasoning.

Learn standard descriptions of situations and physical processes, such 
as linear accelerators, alpha scattering and electromagnetic induction, 
and be able apply them with sufficient detail to specific situations, 
identifying the parts of the general explanation required to answer the 
particular question.
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Question 13 (b)

About half of the candidates gained at least one mark, the most common being for E = mc2 
and the next being a comparison of total momentum before and after the collision. While a 
lot of candidates were familiar with this comparison of collision methods, responses were 
often missing significant details required for the marks, for example by referring to more 
energy rather than more kinetic energy. Many candidates just said that the ‘inelastic collision’ 
would yield the more massive particles with no indication of which situation they thought 
was inelastic.

1 mark.

This gets one mark for describing momentum before and after the 
head-on collision but nothing else. There is a reference to 'all of the 
energy' but we need kinetic energy to be discussed specifically. There 
is no clear conclusion favouring one or the other type of collision.

A non-numerical question asking you to 'deduce whether' still requires 
a clear conclusion.
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3 marks.

This is awarded full marks for a clear discussion including momentum 
and kinetic energy, with a clear and well supported conclusion.
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Question 14 (a)

About one in three candidates gained full credit for this question and the great majority 
scored at least one mark. The majority were able to use the diagram to measure a radius 
within range and to apply the scale. When they achieved this, most candidates were able to 
apply the equation and calculate the momentum, although some candidates had problems 
with rearranging the equation. A few candidates did not use the pion charge in coulomb but 
used the relative charge of –1 instead. Occasionally the final mark was not awarded because 
the unit was missing.
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3 marks.

The measurement from the diagram is within range, the scale has 
been applied and the correct equation has been used. The only 
problem is that the candidate has decided that a pion has a charge one 
third that of the electron.
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4 marks.

The candidate has clearly shown how the radius has been determined, 
although it has been labelled d, and indicated the scaling clearly. The 
formula has been used correctly and the answer is within range.
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Question 14 (b)

Most candidates gained at least one of the marks. The second mark was often attempted but 
with insufficient detail, for example stating that the pions have opposite charge but not 
making it clear why this is relevant by reference to conservation of charge.

1 mark.

'It doesn't appear with a trail' is sufficient for the first mark, but 'one 
negative and one positive' is not enough for the second mark without 
a comment about charge conservation.

2 marks.

The first two lines are similar to the previous example, but there is a 
clear reference to the relevance of conservation of charge in the rest of 
the response.
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Question 14 (c)

A minority of candidates gained no credit for this question with about half getting both 
marks. Incorrect responses often saw the antiproton as ddd and the pion with three quarks.

1 mark.

The pion is correct. For the anti-proton the charge is correct, but the 
candidate has not used anti-quarks.
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1 mark.

The anti-proton is correct, but the candidate has given the pion 3 
quarks that have a total charge of –1 rather than a quark and an 

anti-quark.
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Question 14 (d)

About half of the entry were awarded full marks. A minority divided by c2 and multiplied by 
the electron charge instead of doing the opposite. Some candidates made power of ten 
errors when converting their calculated eV/c2, forgetting that giga means 109.

0 marks.

This has been done 'upside-down' as this sequence of operations 
would have been used for calculating mass in kg.

Practice the conversion from kg to GeV/c2 and vice versa to be sure to 
multiply and divide by the correct factors for the different conversions.
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0 marks.

The quoted formula has a squared term, but it has disappeared when 
the formula is applied.

When substituting in an equation with a power term, eg c2, don’t 
suddenly miss off the index when substituting or forget it in the 
calculation.
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Question 15 (a)(i-ii)

In Q15(a)(i) the graph was rarely completed well. Many candidates drew it as a discharge 
curve. Others drew what was almost a straight diagonal rapidly curving to level off which did 
not relate to an exponential function. Another common error was to start at time T. The value 
5 V was often omitted even when the shape was correct, so that the most common mark 
awarded was for levelling off after 4 or 5 time constants.

In Q15(a)(ii), of those who said it was an exponential decrease, few added ‘from 5V’ or ‘to 0V’. 
Candidates did not often explain the decrease by referring to the sum of the p.d.s and, where 
they did, it was usually written in symbols.
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Q15(a)(i) 1 mark.

Q15(a)(ii) 1 mark.

Q15(a)(i) – the graph is sufficient, with 5 V marked, for the first mark, 
but has too steep an increase for the second mark.

Q15(a)(ii) – this gets the first mark for exponential decay from 5 V to 

0 V. There is a hint of the second mark, but there is insufficient detail.
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Q15(a)(i) 1 mark.

Q15(a)(ii) 2 marks.

Q15(a)(i) – this graph missed out on the first mark because 5 V wasn't 
labelled.

Q15(a)(ii) – this is one of the better responses for full marks.
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Question 15 (a)(iii)

Only about a quarter of the candidates made much headway with this question, with many 
merely quoting the equation given with V0 in place of 5 and then replacing V0 with 5 again. 
On the other hand, a number of candidates gave a more detailed proof, starting with the 
equation for the exponentially decreasing current in the capacitor.

0 marks.

No credit has been given for copying the equation and replacing V0 
with 5 and then reversing it.
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2 marks.

This is well done and justifies the final term in more detail than was 
usual by referring to the exponentially decreasing current in the 
charging circuit.
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Question 15 (b)

A good majority were able to substitute values into the given equation, but a large number 
reverted to a simple discharge equation without the initial 5 V. These candidates were only 
able to gain a mark for taking logs. Candidates who had substituted correctly often had 
problems with this part because they did not subtract 3.3 V from 5 V first.

Some candidates completed the calculation correctly but did not make a choice of capacitor. 
Others gave their answer as 4.7 microfarad rather than 4.77 or 4.8 so it was not certain that 
they had actually carried out the calculation and they were not awarded the final mark.

1 mark.

In this response the formula used is for the resistor rather than the 
capacitor. One mark has been allowed for applying logs correctly.
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3 marks.

This has been done correctly, although the final conclusion could have 
been made clearer than just circling the chosen value.
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3 marks.

This is an alternative way to determine which capacitor to use. The 
candidate has determined the time constant value required to give 

3.3 V at 3.5 s. They have determined the time constant for each 
capacitor in series with the resistor, then selected which RC value is 
closest.
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Question 16 (a)

Candidates were clearly familiar with this experiment but did not always include sufficient 
detail, so the median mark was 3. The great majority referred to most alpha particles passing 
straight through, although some just said through and some missed most, and these 
candidates usually gained credit for ‘mostly empty space’. Reference to small angle scattering 
was not so clear, with a lot writing about large angles up to 90 degrees. Candidates did not 
always seem to appreciate the small proportion of alpha particles that did not pass straight 
through and just said ‘some’ rather than ‘few’ or similar. Even so, they usually got the linked 
conclusion of a concentration of charge, although some said ‘all of the charge’ when it is 
clearly half of the charge only as it was already known that there is both positive and 
negative charge. Similarly, the proportion scattering through more than 90 degrees was often 
called few, rather than ‘very few’ or similar, although the well-known fraction 1 in 8000 was 
sometimes seen. This third observation was generally linked to a concentration of mass.

Candidates who wrote each observation followed by the corresponding conclusion had more 
success than those who wrote all of the observations first because for the latter it was harder 
to link the pairs unambiguously.
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2 marks.

This gains marks for most alphas with no deflection and 1 in 8000 
deflected more than 90 degrees. The first paragraph refers to the foil 
being empty, rather than atoms. The second says 'some' when we 
really need to know that it is a relatively small number. 'Most' could be 
51%, so 'some' could be as much as 49%. Neither of the final two 
conclusions have sufficiently correct detail.
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4 marks.

This is a typical 4 mark question that misses the other 2 marks by not 
describing the small fraction of the alpha particles scattered through 
larger angles.
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6 marks.

This is an example of a full mark response. Note the use of 'most', 'few' 
and 'very few'.
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Question 16 (b)(i-ii)

In Q16(b)(i) nearly all candidates successfully converted MeV to J. A lot of candidates then 
tried to make use of the equation for radial electric field strength, confusing E for energy. 
Another incorrect method was the use of Coulomb’s law with various ways of trying to 
calculate the force and apply it to the kinetic energy equation. Those candidates realising 
they needed to use V = kQ/r usually combined it with W = QV into one equation to proceed to 
the correct answer. Some candidates omitted one or both of 2 and 79 for the charge of the 
helium and gold nuclei respectively.

Q16(b)(ii) was generally well answered, but some tried to use E = V/d, mistaking E for electric 
field with E for energy and substituting their value of 4.7MeV in J.
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Q16(b)(i) 1 mark.

Q16(b)(ii) 2 marks.

Q16(b)(i) – the conversion from MeV to J is correct, but then the 
candidate uses the equation for Coulomb force rather than for electric 
potential.

Q16(b)(ii) – the calculation is correct, using the 'show that' value, but 
the unit has been omitted, so the final mark has not been awarded.

Physical quantities have a magnitude and a unit and both must be 
given in answers to numerical questions.
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Q16(b)(i) 4 marks.

Q16(b)(ii) 3 marks.

This is an example of a response gaining full marks.
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Question 17 (a)(i)

About half of all candidates gained both marks and most of the rest were awarded one mark, 
usually for weight as they drew tension diagonally upwards, in the opposite direction to that 
required. These diagrams looked like those expected for a conical pendulum. Some 
candidates did not get the mark for weight because they labelled it as g or gravity. A few 
added a third horizontal force labelled centripetal, which was an incorrect addition as that 
would be a resultant force rather than a separate force. This did demonstrate a general 
misunderstanding of the situation because the incorrectly added centripetal force, when 
seen, was not in the direction of the resultant force.

1 mark.

This is a free-body force diagram for the sphere, but the tension has 
been drawn here in the opposite direction to the correct one, as if it is 
the force acting on the athlete's hand.
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1 mark.

Tension and weight are correct, but a force labelled centripetal has 
been added as well, even though it should be the resultant of the other 
forces.

'Centripetal force' is not a separate particular type of force but the 
resultant of the forces acting in a situation that results in circular 
motion.

51 IAL Physics WPH14 01



2 marks.

This is a correct diagram for comparison.
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Question 17 (a)(ii)

Only about one in ten candidates seemed to understand that it is the resultant force that 
acts as a centripetal force, with the majority of candidate talking about components of 
tension and/or weight acting at 90 ° to the motion, probably thinking of a conical pendulum.

0 marks.

This candidate is assuming that the path of the sphere is in the 
horizontal plane, like a conical pendulum.

1 mark.

Although a lot of the rest is incorrect, in this response the credit is for 
stating that there is a resultant force perpendicular to the direction 
motion.
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Question 17 (a)(iii)

The majority of candidates completed this successfully for 3 marks. A common error for the 
others was to take the frequency of 2.8 revolutions per second as the time period. A few 
candidates halved the radius given in the data. Some candidates dropped the square 
partway through their working and the unit of speed was sometimes given rather than the 
unit of acceleration.

0 marks.

A lot of candidates used 2.8 incorrectly. In this response it has been 
used as angular velocity.
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2 marks.

The calculations are correct, but the final unit is for speed rather than 
for acceleration.
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Question 17 (b)

About a fifth of the candidates were able to work this through to the end and draw a valid 
conclusion. Nearly all candidates were able to take components, and many could use an 
equation of motion and use s = vt.

A common error was to fail to take into account the initial height of 1.5 m above the ground. 
Some candidates used the centripetal acceleration they had calculated for the sphere. Some 
attempted to use conservation of energy, forgetting that the sphere still had kinetic energy at 
the top of its path.
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3 marks.

This is very nearly correct but for a missing minus sign. This method 
assumes that the sphere ends up 1.5 m above its launch height rather 
than below it. There is a clear comparison and conclusion, but this is 
only credited if the values are correct.

Where you are asked to come to a conclusion by command words such 
as ‘deduce whether’ using numerical data, you must complete your 
calculations, then explicitly compare the relevant values and then 
make a clear statement in conclusion – ‘Calculate, Compare, Conclude’.

57 IAL Physics WPH14 01



5 marks.

Candidates using this 'one-step' approach to time found the calculation 
quite straightforward. There is a clear comparison of values and 
conclusion, as required when a numerical question says 'deduce 
whether'.
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Question 18 (a)(i-ii)

In Q18(a)(i) the great majority of candidates completed this successfully, although a few did 
not give their final answer to the required 2 s.f. for this ‘show that’ question where the 
required quantity was stated to 1 s.f.

In Q18(a)(ii) the majority of candidates gained full marks for this part, using their previous 
value for momentum or for speed. The percentage part caused more difficulty than the 
physics, with a fair few using 10% instead of 90%. A few struggled with rearrangement or 
omitted the square root.
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Q18(a)(i) 2 marks.

Q18(a)(ii) 2 marks.

Q18(a)(i) – the final answer has been truncated to 0.31 Ns which is not 
acceptable because the calculated answer is 0.3158 Ns.

Q18(a)(ii) – there is a clear calculation of the initial kinetic energy and 
determination of the final kinetic energy, but not the final velocity.
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Q18(a)(i) 2 marks.

Q18(a)(ii) 3 marks.

Q18(a)(i) – the answer has been given as 0.3 Ns, which is the same as 
the 'show that' value in the question and does not have the required 
additional significant figure.

Q18(a)(ii) – this is fully correct.

When a calculation question starts with 'show that', you are required to 
give your final answer to at least one additional significant figure.
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Question 18 (b)(i)

About half of the candidates were awarded 2 marks, aided by having three marking points 
that could be credited. Most answers referred to all three points, but not always in sufficient 
detail, particularly relating to the change in flux linkage where they frequently omitted 
‘linkage’ or ‘lines’.

0 marks.

This is only 2 words away from 2 marks. Emf should be 'induced' rather 
than 'produced' and it should be the change in flux 'linkage'.

2 marks.

There were three possible marking points and this response has all 
three, being awarded 2 marks.
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Question 18 (b)(ii)

About a third of the candidates made relevant comments in their answers. Most tried to 
explain using Lenz’s law, but often applied it to opposing the induced emf rather than a force 
opposing the plate’s motion. Few candidates attempted to explain the origin of the force in 
terms of the motor effect.

0 marks.

The statement about the magnetic field opposing the motion is not 
sufficient without reference to force.
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2 marks.

This is a relatively rare example of a full mark response including all 
the relevant points.
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Question 18 (c)(i)

There were many possible approaches to this question and the great majority of candidates 
used one of them to gain 2 marks.

0 marks.

This is a relatively rare non-scoring response. Candidates were 
required to calculate an appropriate ratio. This candidate has just 
written down the three ratios and stated that they are equal without 
performing any calculations to justify that.
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2 marks.

This is one of a wide range of successful approaches. Note that this 
candidate has converted the percentage reduction in KE values to 
decimal numbers before calculating the ratios.
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Question 18 (c)(ii)

Only a small proportion of the candidates described an increased current caused by 
decreased resistance. Most candidates mistook increasing thickness for increasing length or 
width, leading them to write about increased rate of change of flux linkage, due to an 
increased area, and therefore increased induced emf. Some candidates wrote about 
increased numbers of charge carriers without linking this to decreased resistance.

0 marks.

This is a detailed response, but the thickness of the plate does not 
affect the area of the plate linked with the magnetic flux, so it is based 
on an incorrect assumption.
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1 mark.

This response includes a reference to decreased resistance due to 
increased cross-sectional area, for 1 mark. The mark for increased 
current has not been awarded as it has been attributed to increased 
emf.
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Paper Summary

Based on their performance on this paper, candidates should:

show all steps and substitutions clearly in derivations and start from standard basic 
formulae.
address all points specifically mentioned in questions, such as the use of a scale diagram.
learn standard descriptions of physical processes, and required procedures, such as linear 
accelerators, and be able to apply them with sufficient detail to specific situations, 
identifying the parts of the general explanation required to answer the particular question. 
note that when substituting in an equation with a power term, eg square root, don’t forget 
it in the calculation.
be sure to know the standard SI prefixes and be able to apply the correct power of ten.
remember that there are no extra marks for completing multiple choice questions ‘in your 
head’, so candidates should be ready to write them out on the paper.
be sure you know the command words and understand the level of required response for 
each of them, eg 'explain' would mean a candidate must say why something happens and 
not just describe what happens. There will always be at least two linked marking points for 
a question asking you to ‘explain’.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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