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Introduction
This paper was generally well answered with candidates able to attempt all question 
parts and demonstrate an understanding of the physics that was being tested. All of 
the question parts were accessible to the majority of candidates and all of the marks 
were awarded to some candidates. There were a number of question parts that were 
more challenging and these provided good discrimination across the paper.

Candidates generally performed better on calculations and short answers and not so well on 
longer descriptive questions.

Multiple Choice Questions

Q2. Candidates chose the answers that had s-1 in the unit, presumably because that implies 
a rate.

Q3.   The clue was the mass quoted was much more than the mass of electron given in the 
data, hence it must be travelling close to the speed of light.

Q4.   This was a direct application of a given formula r =p/BQ.  Answer C was chosen 
because it was the only decrease, and candidates ignored the inverse relationship.

Q8.   By choosing B candidates  realised that the induced e.m.f. was increasing, but they 
ignored the fact that there was a non-zero gradient at 0 so that at time = 0, there was a 
value of e.m.f. 

Q9.   Perhaps because there was no track for the lambda particle, candidates assumed that 
it was stationary despite the fact that there is clearly momentum after the decay.

Q10. In a particle interaction mass and kinetic energy are interchangeable so the reference 
to total energy meant rest energy (mass) and kinetic energy, meaning that the conservation 
of energy gives B as the correct answer.

 

 

 

Question Topic % correct Common wrong 
answer

1 Nuclear structure 97
2 Momentum equations 65 B

3 Speed of particle in 
accelerators

68 A

4 Radius of path in magnetic 
field

74 C

5 Capacitors with same energy 49 A

6 Fleming’s LH rule 65 A

7 Particle interaction 69 B

8 Variation of induced e.m.f. 82 A

9 Particle tracks in detector 79 A/C
10 Energy of a particle decay 58 A
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Question 11 (a)

This question required candidates to explain what is meant by an inverse square law and 
40% of candidates did not score any marks. Other candidates who could explain what it 
meant and so scored one mark, did not make any reference to the graph.

This is an example of an answer that scores 
both marks.  It states the relationship, finds 
a value for k, and then uses that with the 
other pair of readings to justify the value of 
9 N.

Examiner Comments

When the question says 'with reference 
to points A and B', you are expected to 
use those values from the graph.

Examiner Tip



IAL Physics WPH04 01 5

This candidate has just written down 
the values at A and B and hasn't 
used them so this gets no credit. 
Also the statement that F increases, 
r decreases is not enough since that 
occurs for relationships other than the 
inverse square law.

Examiner Comments

The values from the graph need to be 
used and not just written down.

Examiner Tip
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Question 11 (b)

Nearly half of the candidates scored the full three marks but the next most common 
mark was zero. There were two different methods, either a calculation using Coulomb's 
law and substituting values of charges and distance or using the constant found in (a). 
For the first method, the most common mistake was centred around the use of 2 and 79 
with the electronic charge. Using the value of the constant from (a) was possibly more 
straightforward, but success was dependent on candidates getting the powers of ten correct. 
Powers of ten could be ignored in (a) when deriving two values of the constant but needed 
to be correct for this section.

A model answer using Coulomb's law with the correct 
charges.

Examiner Comments

This answer demonstrates the confusion that can occur with this equation. The candidate 
has put the πε

0
/4 on the top of the equation and has omitted the value for e twice. This 

scored zero marks.

Examiner Comments
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A 3 mark answer using the constant from (a)

Examiner Comments
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Question 12 (a)

A calculation which candidates scored well on, providing they used a correct equation and 
remembered to add a unit.

Candidates still get confused between C 
being used for the quantity capacitance 
and the unit coulomb. This candidate 
thinks the C is for charge and divides 
the two pieces of data, scoring zero.

Examiner Comments

Remember that C is used for capacitance 
and coulombs. Q is used for charge.

Examiner Tip

This candidate has confused nano and milli. 
This scores 1 mark for use of equation.

Examiner Comments
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Question 12 (b)

The calculation was generally well answered with many candidates able to handle the 
exponential equation. Weaker candidates could substitute into the equation and do the unit 
conversion but struggled to manipulate the equation to get an answer. Others having found 
the correct value of charge then subtracted it from the original, thereby finding the amount 
of charge lost rather than the amount remaining. This lost the candidates the answer mark. 
The most commonly lost mark was the last one for the comment because answers were 
often too general, such as decay is exponential or charge is below 37% of initial charge. 
Since the starting amount of charge was μC answers that stated amount of charge was 
small were not given credit.

Question 12 (c)

Candidates struggled with this and did not realise that multiplying a charge by the number 
of times it is charged per second gives you a current. Many divided by 500 and despite the 
question clearly stating that it is charged and discharged 500 times per second chose to 
multiply/divide by 250. Many candidates thought that they needed to use V=IR,  presumably 
because they did not know how to tackle this question and were randomly using an equation 
that contained a current.

The candidate uses the circuit values to find a 
current and then multiplies by 500, so gains no 
marks.

Examiner Comments
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This candidate finds the time for one discharge and 
uses this to find the current. This is corrct and scores 
both marks but making it a two step calculation 
increases the risk of error.

Examiner Comments
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Question 13 (a)

Candidates performed well here, remembering to add the reference to external forces. 
However,  marks were lost due to omission of total or sum. Only 40% of candidates scored 
the 2 marks for a definition.

Scores 1 mark but no mention of 
external forces.

Examiner Comments

Basic definitions are necessary 
for learning.

Examiner Tip

If symbols are used for definitions they 
must be defined. This scores 1 mark 
for the reference to no external forces.

Examiner Comments

It is best to always use words for 
definitions or principles.

Examiner Tip
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Question 13 (b) (i)

This was generally well done, with the majority of candidates scoring all 4 marks. The most 
common error was to fail to subtract the two initial momenta. If they had not identified 
a positive direction, they could not score the last marking point for identifying the direction 
of motion after the collision. The other mistake was to not add the arrow to the diagram.

Correct calculation of speed for 3 marks, but arrow 
not added to diagram.

Examiner Comments
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The common wrong answer where the intial 
momenta are added. This scored 1 mark for the use 
of momentum = mass x velocity.

Examiner Comments
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Question 13 (b) (ii)

The majority of candidates were able to find the total kinetic energy before and after the 
collision and identified that the collision was inelastic. Error carried forward was allowed 
from (b)(i) so candidates who added the momenta in (i) were able to score both marks in 
this section. 

Correct answer for 2 marks.

Examiner Comments

The calculations are set up correctly but 
the value for final kinetic energy is wrong 
and so this scores 1 mark.

Examiner Comments

Double check calculations to avoid calculator 
errors.

Examiner Tip
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This example calculates mv/2, neither momentum or 
kinetic energy and treats it as a vector quantity, so 
not surprisingly ends up with the same values . This 
scored 0.

Examiner Comments
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Question 14 (a)

50% of the candidates scored 2 marks with another 26% scoring one mark and 24% scoring 
0. The reasons why candidates did not score both marks were as follows:  stating 'produced' 
rather than 'induced', voltage or current instead of e.m.f, no indication of rate or time, 
writing the equation without defining symbols, and vague answers relating to conductor 
movement and magnetic fields.

This scored 1 mark for the induced e.m.f. The rate at 
which field lines are cut is not the same as the rate 
of change of flux linkage.

Examiner Comments

No 'induced' so scores 1 mark. Again no 
credit for the equation as terms have not 
been defined.

Examiner Comments

The induced e.m.f. is proportional to the 
rate of change of magnetic flux linkage. 
Learn this definition.

Examiner Tip
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Question 14 (b) (i)

Candidates whose first language is not English often struggle with the descriptive context 
questions and this was seen in this question, where very few candidates scored the full 3 
marks. Asking candidates to state Faraday's law gave them an indication about the physics 
of this question and most candidates were able to score 1 or 2 marks. Very few candidates 
identified that the cables under the road produced a changing magnetic field. Candidates 
were expected to link the induced e.m.f. to the charging of the batteries. Possibly because 
of language issues and the use of the word 'charging' relating to batteries, many candidates 
thought that capacitors were involved. This wasn't too apparent in (b)(i) and in itself did not 
stop marks being awarded but it became more of an issue in (b)(ii). 

This is an example that does score 3 marks but 
less than 10% of the candidates scored full marks.

Examiner Comments
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This scored 2 marks. MP1 is spread over first 5 lines. Reference to AC 
supply is there but the changing magnetic field is not until line 4 & 5. 
MP2 lines 5 & 6. Not MP3 because it is an induced current not emf.

Examiner Comments
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This scored just MP3. If the candidate had added 'changing' to their first sentence it would 
have got MP1.

Examiner Comments
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Question 14 (b)(ii)

This was very poorly answered (59% scored zero) with candidates having little appreciation 
that a battery once charged could drive the bus for a distance before needing recharging. 
Hardly any candidates indicated that the battery would be repeatedly recharged. A common 
answer was that the magnetic fields could spread and cover the areas where there were no 
cables. Many candidates thought that capacitors were involved and referred to these being 
charged. Some candidates just referred to the factors in Faraday's law that would determine 
the magnitude of the induced e.m.f.

An answer in terms of the factors that affect the 
induced e.m.f. which scored zero.

Examiner Comments
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This scored 2 marks for the repeated charging and 
the idea that the bus could travel for a while after 
being recharged.

Examiner Comments
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Another example of a 2 mark answer. Batteries charging quickly for MP2 and there is 
the idea of repeated charging by reference to the battery being charged up again. The 
candidate was not penalised for using simultaneously wrongly.

Examiner Comments
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Question 15 (a)

60% of candidates managed to score 1 mark with 20% scoring both marks. Some 
candidates lost marks because of the manner in which they expressed their answers.  A 
common answer was 'there was no tension force therefore it stopped moving in a circle'. 
The stem of the question asked why the sphere stopped moving in a circle so there is never 
any credit for just repeating the stem. The second mark was awarded for either stating that 
a force was needed to change direction or for an indication of motion of the sphere at the 
instant of release. A number of candidates stated that the path would be parabolic but this is 
true only in the time after release, not at the instant of release.

A 2 mark answer.

Examiner Comments

This scored 1 mark for no force at point of release. 
Saying a centripetal force is required for circular 
motion is not equivalent to referring to a force 
required for a change in direction.

Examiner Comments
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Question 15 (b) (i)

A calculation with 68% of the candidates scoring both marks. The most common error was 
with units, many writing m s-1 or omitting the unit.

Candidate uses wrong unit and so 
only scores 1 mark.

Examiner Comments

Candidates must take care of units.  The 
unit for angular velocity is rad s-1

Examiner Tip
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Question 15 (b) (ii)

A well answered calculation where the most common mistake was confusing velocities. 
Some candidates used the linear velocity as an angular velocity or vice versa.

Equation correctly set up but there is a 
calculator error, so the response scores 1 
mark.

Examiner Comments
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This candidate uses the mv2/r formula but uses the 
value of ω as v so scores no marks.

Examiner Comments
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Question 15 (c) (i)

The adding of arrrows to the diagram was used in order to help candidates when answering 
the next section. As expected it scored well, but 12% of the candidates did not score the 
mark. The mark was sometimes lost because we suspect that when answering the next 
section candidates added forces to the diagram as part of their workings.  This lost them the 
mark.

An example of a wrong answer.

Examiner Comments
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Question 15 (c) (ii)

In order to score full marks for this section candidates needed to make it clear that the two 
forces acting were the tension and weight and that it was the resultant of these two forces 
that provided the centripetal acceleration. This was an 'explain' type question with a quality 
of written communication, and although equations were expected and credited, full marks 
could not be awarded for equations alone. About a third of the candidates scored 3 marks, 
the missed mark being the one identifying the resultant force as centripetal. Candidates 
should not use F as the symbol for the centripetal force without defining it as such (since F 
is a generic symbol for force). 27% of the candidates scored zero because they thought the 
maximum tension was at the top X, so there was nothing they could write to justify this, 
hence no marks.

The mimimum that needed to be 
written for 3 marks.

Examiner Comments

Take note of the * at the start of the 
question. More words are needed to 
score full marks.

Examiner Tip
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An example that scores all four marks. Equations 
were not essential, it was the relative values of the 
forces that were required.

Examiner Comments
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An answer that shows that the candidate does not 
understand what is happening in this situation. This 
scored zero.

Examiner Comments
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Question 16 (a)

There were a considerable number of answers referring to a force of repulsion from the 
positive plate and a force of attraction for the negative plate. This was not credited. Having 
studied fields candidates should appreciate that in an electric field there is a single force 
acting on a charged particle. Very few candidates referred to the direction of the acceleration 
and there was hardly any mention of the constant horizontal velocity which was essential 
in order to explain a parabolic path. As a result, the marks of 0, 1 and 2 were achieved by 
about 25% of the candidates.

An example of an answer that scored 4 marks.

Examiner Comments
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A typical answer that scores 2 marks. There is no 
reference to acceleration or the horizontal velocity.

Examiner Comments
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An example of the repulsion and attraction type of 
answer that scored zero.

Examiner Comments
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Question 16 (b) (i)

A lot of candidates were unable to differentiate between fields and forces and gave answers 
about the two fields needing to be equal. The clearest answer was that the electric and 
magnetic forces needed to be equal and in opposite directions. Some candidates tried to 
give the direction of the magnetic field which was an alternative method but had to be 
correct. Stating that the fields had to be perpendicular, whilst correct, was not specific 
enough to identify the correct field direction. Over 50% of the candidates scored zero.

An answer that identifies the field direction and 
scores both marks.

Examiner Comments

The statement that the field strengths had to be equal meant that 
this scored zero marks, even though there is a later reference to 
equal forces, since these are contradictory statements.

Examiner Comments
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Question 16 (b) (ii)

Q16 was about the path of ions in magnetic and electric fields and nowhere was there any 
indication of the charge on the ion. This means that candidates could not make assumptions 
about the value of charge. Candidates were required to work with the data provided. They 
needed to equate a magnetic force and an electric force, both of which depend on the 
charge of the ion, to derive an equation that was independent of charge. Candidates who 
chose to assume a value of charge were limited to MP1 for the use of E=V/d. Nearly 40% of 
the candidates managed to score 4 marks with zero being the next most awarded mark.

This answer has taken the charge to be e and so 
scores only 1 mark.

Examiner Comments
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A well laid out answer that is clear to follow and 
scores 4 marks.

Examiner Comments
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Question 16 (c)

40% of candidates scored 1 mark on this question, and 40% scored zero. The main reason 
why full marks were not awarded was because candidates made no reference to the path 
in the electric field despite the question asking for the differences between the two paths. 
Candidates did not seem to appreciate that the direction of the electric field remains 
constant whilst the direction of the magnetic field continually changes. Often answers were 
too vague to be given credit. When describing the magnetic force as being perpendicular to 
the velocity of the ions, they often said it was perpendicular to the direction of the particles. 
Direction is not a quantity so this did not get a mark. Direction of motion was acceptable, 
but not direction alone.

This scored 2 marks for the first 3 lines of the 
answer and the 3rd mark in the last line. Only 4% of 
candidates scored 3 marks.

Examiner Comments
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This scores 1 mark for the idea of circular motion but 
the reference to displacement is wrong.

Examiner Comments

Another 1 mark answer for the idea that the path will 
curve upwards.

Examiner Comments
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Question 17(a) (i)

Many candidates, rather than adding to the circles on the power supply, chose to add + and 
- to the tubes. This showed the correct polarity, and was therefore acceptable. A significant 
number of candidates added nothing to the diagram thus losing out on a mark, while 
others labelled one tube positive and the other end of the same tube negative. Candidates 
could state that the field was from C to B, but if they answered in terms of repulsion and 
attraction they had to refer to both tubes and not just C.

This scored the diagram mark only. Stating 
that C was positive and D negative is just 
a repetition of what has been added to the 
diagram.  Since the  question was about 
particle accelerators there was no credit 
for merely referring to an acceleration.

Examiner Comments

Candidates should read the question 
carefully.

Examiner Tip
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Another one mark answer which explains why a field 
is necessary but not why the polarity is as shown.

Examiner Comments
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A 2 mark answer.

Examiner Comments
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Question 17 (a) (ii)

Only 68% of candidates scored this mark.

A good answer that scores the mark.

Examiner Comments
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Question 17 (a) (iii)

A number of candidates did not take time to read the question carefully and so calculated 
the energy in one gap. This scored 1 mark and was awarded to 40% of the candidates. 
22% of the candidates appreciated that the acceleration and gain in energy occurred in the 
gaps and so had a factor of 3 in their calculation and so scored the full 3 marks. Credit for 2 
marks was given to candidates who used a factor of 4 since this showed an appreciation of 
the increase in energy in stages along the accelerator.

A correct answer for 3 marks.

Examiner Comments

The common wrong anwer where the energy for one gap is found, scores 1 mark.

Examiner Comments
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Question 17 (b) (i)

Those candidates who understood the nature of matter and antimatter were able to score 
this mark. Both particles needed to be correct for the mark to be awarded. Three quarters of 
the candidates scored the mark. 

An example of the matter names being used.

Examiner Comments
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Question 17(b) (ii)

This was generally well answered with 65% scoring both marks. The most common error 
was to say that the charges were different rather than opposite. Different charges could 
mean different magnitude or polarity so this is not not sufficient for the mark.

An example of the use of the word 'different'.

Examiner Comments

Another way in which candidates demonstrate a lack 
of understanding of matter and antimatter.

Examiner Comments
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Question 17 (b) (iii)

The idea of annihilation was required and since the command word was stated, that was the 
answer required. 73% of the candidates scored this mark.

Question 17 (c) (i)

This question part was poorly answered because candidates did not appreciate that all 
charge is defined in terms of the charge on the electron and not the charge on the proton. 
Also the command word was 'explain' and not just 'write'. Candidates were required to use 
the word 'positive' or say that it was the opposite charge to the electron. Because it was an 
'explain' question, any symbol used had to be defined.

The most common answer was 'it is 2/3 the charge of the proton'. This scored zero which 
was the mark given to 66% of the candidates.

This scored zero because the 'e' has not been 
defined.

Examiner Comments

An example that scored 2 marks.

Examiner Comments
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A 1 mark answer for the use of the word positive.

Examiner Comments
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Question 17 (c) (ii)

Because of what was asked in (c)(i) the unit e was omitted from the table. Candidates 
needed to use the table to decide in their answers for the mass and charge of the quark and 
so the units of mass were expected in the answer, since they were in the table.  There was 
no requirement for the e to be added to the value of charge. Candidates should have written 
the words 'mass' and 'charge' to identify which of the values related to those quantities. If 
the words were omitted, it was assumed that the first number written down was the mass 
since that was asked for first in the question.

A fully correct answer with the quantities identified.

Examiner Comments

No unit for mass so 1 mark only.

Examiner Comments
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No words, so first value taken as the 
answer for the mass. This scored zero.

Examiner Comments

If you are asked for two quantities it is 
sensible to state which one is which.

Examiner Tip
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Question 17 (c) (iii)

This is a standard unit conversion that proved challenging for less able candidates. The most 
common errors were to fail to square the value c, to divide and later multiply by c2, and to 
divide by e and multiply by c2. 

A model answer for 3 marks.

Examiner Comments

This candidate has multiplied by c2 as 
well as by e. Scores 1 mark.

Examiner Comments
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This candidate multiplies by e and divided by c2 but 
goes on to divide by c2 again. Scores 1 mark.

Examiner Comments
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Paper Summary
Based on their performance on this paper, candidates should:

• Use words in calculations to explain what they are calculating.  They should not just 
write a series of numbers.

• Answer in terms of the context and not in general terms (in context questions).

• Read the question carefully and look for instructions when they are asked to add to the 
diagram.

• When writing descriptive answers candidates should use short sentences and check that 
the subject of the sentence is clear.

• Look at the command words. 'State' means the candidates need not write too much, and 
that often only one word is needed. 'Explain' means 'mainly words', and any symbols 
used require definition.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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