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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

several 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 using

an exponential equation or applying conversions between mass in GeV/c2 to kg in a linac. They

also knew some significant points in explanations linked to standard situations, such as

electromagnetic induction and accelerators, and could generally set out their ideas in a logical

sequence but could not always identify which points were most relevant for a particular context,

even when it was a familiar one. There was also a lack of specific detail in answers, such as

explaining how momentum was conserved in a bubble chamber.

Steady improvement was demonstrated in all 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.
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Question 11(a)

This was a straightforward question to begin the exam. The vast majority of candidates scored

full marks. A small number of candidates did not know the charge of a proton and were unable to

progress. Some lost a mark for adding incorrect or missing units, as the omission of a unit

typically incurs a one-mark penalty on most clips. Others made powers-of-ten errors, which also

resulted in a one-mark deduction.

This candidate had made both a power of ten error and a unit error. In which case they are

only penalised once, one mark.

Work in standard units and write numbers exactly as they appear on your calculator

(correctly rounded if needed). Always include the correct units for every value. Avoid using

multipliers – for example, this candidate may have meant to write Mm.
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This is a typical fully correct answer.
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Question 11(b)

Candidates were asked to draw a proton’s path in a magnetic field. A clockwise curve towards the

bottom of the page was required. The only concept being tested here was Fleming’s Left-Hand

Rule (FLHR); no context (eg a bubble chamber) was provided, so a range of shapes and spiral

paths were accepted. Most candidates got the first mark but only just over half achieved the

second.

For the first mark, any curved line was accepted.

For the second mark, the curve needed to be both downward and clockwise.

This candidate had the direction of the proton incorrect. One arrow on a continuous line would

have sufficed — drawing multiple arrows is unnecessary.

This candidate scored 1 out of 2 marks.
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This was a perfect answer, full marks.

This candidate did not draw a downwards curve and therefore lost the second mark.

This candidate scored only the first mark because the curve was not drawn clockwise.
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Question 12

In this question the candidates had to use conservation of momentum to calculate the angle

between two spheres after a collision.

The vast majority scored the first mark for using the momentum equation. Those who did not

score this mark often mistakenly assumed that velocity is conserved.

The second mark was awarded for using the correct masses and clearly indicating that

momentum was conserved.

The final mark was achieved by about half the candidates - a common error was forgetting to

double the angle.
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This candidate only achieved the mark for use of momentum - p = mv

Remember, only certain quantities are conserved – momentum is conserved but not
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velocity.

This candidate had everything correct but omitted the unit. This candidate only scored 2 out

of 3 marks.

A common error was finding only half the angle between the spheres.
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This only scored 2 out of 3 marks.
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Question 13

This question required a straightforward application of the equation

F=BI L sin θ

The majority of candidates achieved full marks.

A common reason for not gaining full marks was either omitting the unit or providing an incorrect

one. Another common error was a power-of-ten mistake when converting grams to kilograms.

This candidate converted to metres correctly but forgot to convert grams to kilograms.
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This candidate scored 2 out of 3 marks.

This candidate used mass in place of force.
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This candidate only scored 1 out of 3 marks.

At this level, the mark is awarded for substituting values into the equation, not just for writing

down the correct equation.
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The candidate scored one mark for use of W = mg.

This candidate had used g= 10ms-2. So incurred a one mark penalty.
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This only scored 2 out of 3 marks.

Always use g=9.81ms -2
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Question 14(a)i

Candidates needed to say that a meson consists of one quark and one antiquark. The majority

scored full marks.

A perfect answer. It is important to indicate that there is only one of each type of quark.
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Question 14(a)ii

To provide a full explanation, candidates needed to identify the charge and the baryon number,

as well as explain how each is conserved.

This is best achieved by writing the values in the same order as they appear in the particle

equation and clearly showing how they are equal. Although this was not a "deduce" question, it is

good practice in this type of question to demonstrate that both sides are equal, ideally using an

equals sign.

Only about half of candidates scored full marks in this question.
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This is a perfect answer. The candidate clearly shows the baryon number and charge of each

particle and demonstrates how conservation of each is achieved.

This candidate scored 1 out of 2 for the charge mark but did not explain that the baryon

number was conserved.
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This candidate scored 0. They did not identify the baryon number of every particle. They did

not identify that the Κ 0 had no charge.

Symbols and numbers are the best way to answer this type of question. Always write the

value of the relevant quantity for each particle in the order of the particle equation, then

explain that one side is equal to the other to show conservation.
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Question 14(b)

This question was well answered with hardly any struggling with the conversion from kg to

MeV/c2 or vice versa.

There was a range of values allowed for the answer to allow for candidates who strictly kept to

the 4 significant figures given.

This answer scored full marks - an answer at the bottom of the range using interim

rounding.
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This answer scored full marks - an answer at the top of the range using interim rounding.
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Question 14(c)

This question required candidates to explain that neutral particles do not leave tracks, in order to

gain the first mark.

The remaining two marks were awarded for explaining that, to conserve momentum, one particle

must travel to the left as the Ω⁻ moves to the right.

Most candidates scored at least one mark; however, only a minority achieved all three.

A perfect 3 mark answer.
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This response scored 2 out of 3. The final mark was not awarded because it did not clearly

explain the opposite directions of the final momenta of the Ω⁻ and the K⁰.
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This scored 2 out of 3. It scored the two momentum marks but failed to explain that tracks

of the neutral particle could not be seen. All particles can be described as unseen.
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Question 15(a)i

This question was well answered by the vast majority of candidates. Most followed the first

method, calculating time period then angular velocity. Those who converted from degrees to

radians were more likely to make errors.

As this was a "show that" question, candidates were expected to work to one more significant

figure than given in the question, and it was important to show every stage of the working to

ensure all marks could be awarded.

This only scored 2 out of three marks, as they did not round correctly for the final mark.
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This candidate scored only one mark for correctly applying the definition of ω. The

mathematics on the right-hand side is incorrect, and the answer is truncated.

Make sure you recognise the instruction "show that" in the command line.
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A perfect three-mark answer, using radians — which was the less common approach.
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Question 15(a)ii

Most candidates only scored the mark for explaining the tangential velocity depends on radius

and not explaining why the angular velocity was constant. Even those discussing the angular

velocity often just said ‘constant because it turns through the same angle’, without mentioning

time.
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A perfect two mark answer.

This answer scored only the second mark. It simply repeated the information given in the

question — that the angular velocity was constant — without providing further explanation.

Always re-read the command line to ensure you have fully answered the question.
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Question 15(b)i

This was a "deduce" question that required a numerical comparison. Since the question asked

whether a distance was less than 5 cm, candidates needed to include a comparison using < or >

in their answer.

The question was deliberately written in a challenging way, as the final comparison could be

approached in different ways. Candidates broadly spread across the marking range.

Approximately one in three achieved full marks.
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This scored 3 out of the 4 marks, it is a good answer but did not include a numerical

comparison so missed the last mark. The candidate should have included 6cm>5cm.

Always include a numerical comparison and a conclusion in deduce questions.
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This candidate only scored two marks (first and the last) as they used diameter rather than

radius.
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A perfect full 4 mark answer.
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Question 15(b)ii

Candidates who scored full marks usually used equations in their answer.

However, those realising that mass didn’t affect the possibility of sliding were in a minority, with

the majority split evenly between the full and empty glasses being likely to slide, and scoring no

marks.

A full 2 mark answer using equations.

Try to use equations to support and structure your explanations in physics answers.
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One of the majority who scored no marks, mistakenly thinking that one glass would be more

likely to slide.
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Question 16(a)

The majority of candidates achieved two or more marks.

Many missed the key point that they were expected to explain the role of the potential difference

and how it relates to the electric field. Since the electric field is what accelerates particles in both

machines, failing to mention it significantly reduced the chances of gaining marks.

IC1, IC2, and IC4 could be credited for either machine, while IC3, IC5, and IC6 required

explanations covering both the linac and the cyclotron. IC1 was rarely seen, despite being

considered an ‘easy’ mark, whereas IC2 was usually identified. IC3 was often only partially

addressed — candidates more frequently explained the linac than the cyclotron. IC4 was cited

much more frequently, showing that candidates generally understand the concept of repeated

acceleration.

Those who scored IC5 typically used the alternative option: constant time in tubes/Dees. There

was a considerable amount of unnecessary discussion about magnetic fields, and some

candidates mistakenly believed the potential difference was responsible for the magnetic field.

IC6 was answered reasonably well, although many candidates omitted reference to the cyclotron

frequency.

This scored 3 marks 2 IC marks and 1 linkage mark.
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The candidate clearly explains the first two IC marks for both the Linac and the cyclotron

and then explains IC 3 separately for each machine.

This is a full-mark answer: 6 marks awarded (4 IC and 2 for linkage).

The separation of some points is acceptable, provided the meaning remains clear.
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IC3 in lines 1 and 3, IC2 line 4, IC1 line 5, IC4 line 9, IC5 via constant time in Dees and tubes in

unlined section at the bottom, IC6 lines 7,8 and 14,15.
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Question 16(b)

This was a "show that" question followed by a "deduce" question. Around half of the candidates

managed to score full marks on both parts.

In part (a), some candidates missed the factor of 4 in their calculation, although the "show that"

format helped prompt a few towards the correct answer. As expected in this type of question, at

least one extra significant figure was required to gain full marks.

In part (b), being a "deduce" question, candidates were expected to provide a quantitative

(numerical) comparison along with a clear conclusion.

40 Int Advanced Level Physics WPH14 01



This candidate scored 4 and 2 marks, losing the final mark because the explanation did not

match the quantitative (numerical) comparison.
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This candidate lost the final mark in the second part by failing to compare the two speeds.
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Question 17(a)

Candidates were required to read a value from a graph for this question, and the majority

succeeded in gaining the mark. Unfortunately, some failed to include the correct unit and

therefore did not score.
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This candidate read the graph correctly but failed to include a unit.

Always give your answer with units.
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Question 17(b)i

There was a wide range of marks awarded for this question, with approximately one third of

candidates achieving full marks.

There was a strong hint to use the bold line on the graph, and candidates were expected to

recognise discharging section of the curve. The only effective method was to take values directly

from the graph and substitute them into the relevant equation — a method that the majority of

candidates successfully employed.

This was a nicely explained and clear 5 mark answer. This candidate made a slightly more

complex answer in terms of the 5% than needed, but explained it well.
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This candidate correctly interpreted the graphical points but mistakenly assumed that the

tolerance applied to the capacitance rather than the resistance. As a result, they did not

achieve either the correct answer mark or the correct comparison mark.

46 Int Advanced Level Physics WPH14 01



Question 17(b)ii

This question required the use of a straightforward formula and a difference in potential

difference. Around half of the candidates scored full marks. Many lost marks due to

mathematical errors, particularly by finding the difference in potential differences and then

incorrectly squaring it.
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This response scored only one mark because the candidate did not correctly use the

difference in potential difference.

This response scored full marks.
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Question 17(b)iii

This was a challenging question, but the majority of candidates gained some marks by correctly

explaining that the time constant decreased, resulting in the capacitor discharging more quickly.

However, many missed the third mark by simply repeating information given in the question.
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The candidate scored the first two marks and made an attempt at the final mark. However,

to gain this mark, they needed to explain that the capacitor could fully discharge before the

next charging cycle began.

This candidate just managed to achieve the final mark, securing all three marks overall.
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Question 18(a)

This question was generally well answered, with the vast majority of candidates scoring at least

one mark, and a significant minority achieving full marks.

Almost all candidates gained the fourth mark by stating that an emf is induced. Most also

achieved the first mark by correctly explaining that the current produces a magnetic field. The

most challenging mark to obtain was the third, which required candidates to explain that the coil

in the mobile phone caused a change in flux linkage or cut lines of magnetic flux.
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This was a perfect response, clearly addressing all four marking points.

This candidate scored three marks, just missing the third marking point by omitting the

word " lines " at the end of the third row.
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Question 18(b)i

This question was well answered, with the majority of candidates gaining full marks. The most

common error was the use of an incorrect unit.
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This response scored full marks.
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This response lost a mark for having the wrong unit.
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Question 18(b)ii

This was a challenging question, and few candidates were able to achieve the mark. To gain

credit, candidates needed to explain that the flux linked by the coil connected to the a.c. supply

was not fully linked with the coil connected to the voltmeter. However, many responses focused

incorrectly on energy dissipation or resistance instead.

This response achieved no marks.

A well-explained response that successfully gained the mark.
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Question 19(a)

At the front of every paper, the required equipment is listed. A scientific calculator is always

needed, and sometimes a ruler is required. For this paper, a ruler was needed, specifically for the

question shown here.

This candidate’s lines were not evenly spaced, vertical, or touching the wires, so they only

scored the first mark for the arrows. The candidate would have benefited from using a ruler.
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A perfect two-mark answer; note that the candidate has not drawn more lines than

necessary.
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This candidate drew more than the required three lines, which likely wasted time and may

have cost a mark, as it is much harder to make extra lines evenly spaced. Please note that

edge effects are not required and are always ignored when marking.

Use a ruler to draw field lines, and avoid drawing more than necessary.
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Question 19(b)i

This question was taken directly from the specification requirement to "_understand that an

electric field is defined as a region where a charged particle experiences a force."_ Few candidates

achieved full marks, with the majority failing to score at all.

This achieved the second mark, but could have achieved the first mark if they had explained

the terms in their equation.
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This response only achieved the second mark. The first mark was not awarded because the

candidate failed to mention that the particle was charged.
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This candidate was typical of many who failed to score, as they did not appreciate that this is

an electric field and that movement is caused by the forces within the field.

This candidate scored two marks by using the alternative phrasing, “the charged particle

experiences electrostatic force,” and by explaining that this force was greater than the weight.
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This candidate scored two marks by using the alternative phrasing, "the charged 

particle experiences electrostatic force," and by explaining that this force was greater 

than the weight.
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Question 19(b)ii-iii

This question was well answered, with the vast majority scoring full marks on the first part and

around half of the candidates achieving full marks on the second part.

In Biii, most candidates correctly calculated the force. Many attempted to use Coulomb’s law to

find a radius, which then allowed them to score the marks for volume and, in some cases, weight

and density. The most common error was forgetting that they had calculated a radius rather than

a diameter, leading them to incorrectly select the 310 µm particle.
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This is a full mark answer.
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This candidate scored full marks for the first part and three marks for the second. The first

mark is shown in the left-hand corner, with the volume in the right-hand corner and the

density written underneath. Unfortunately, the candidate applied Coulomb’s law, which is

irrelevant here since this question does not involve point charges. They could have easily

gained an additional mark by selecting the smaller particle diameter of 720 μm.
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Question 19(c)

The first part of this question required candidates to add force arrows to the diagram, a common

question type. Unfortunately, a large number of candidates failed to label their forces, and some

drew them in incorrect directions.

The final section was designed to be challenging, so it was encouraging that many candidates

explained that the incline meant only a component of the weight needed to be lifted. However,

the last mark depended on the first being achieved, requiring candidates to explain that the

benefit of the incline was that more massive particles could be lifted. Only a small minority of

candidates achieved this.
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This response scored no marks in either section. The weight was not shown as acting

vertically downwards, and the addition of an extra force meant that even if the weight had

been correctly represented, the mark would still have been lost. Furthermore, the candidate

made no reference to the benefits of the incline, such as the presence of a component of

weight acting down the slope.
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A perfect answer: the labels in the first part were accurate, and the second part was clearly

explained.

When drawing forces on a diagram, ensure you label them clearly and draw them in the

correct direction.
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Paper Summary

Based on their performance on this paper, candidates should:

• Remember when you are asked to deduce whether a statement is true using numerical

evidence, that you must make a direct comparison of two values and state your conclusion in

words.

• 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. “Show that” means the steps must be shown and the answer

given to a greater number of significant figures than that shown in the mark scheme.

• Write numbers carefully as they appear on your calculator (correctly rounded if needed).

• In questions with mixed quantities, be sure to convert all values to standard SI base units or

derived units, eg convert mm to m, g to kg, MeV to eV etc.

• Remember that physical quantities have a magnitude and a unit and both must be given in

answers to numerical questions.

• While physics formulae are provided in the exam, the formulae for the circumference and

radius of a circle and area and volume of a sphere must be remembered.
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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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