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Introduction
Candidates were able to attempt all of the questions and demonstrate some understanding
of the physics that was being assessed. A reasonable number of candidates scored marks
for each question part with full marks being awarded to some candidates. There was no
evidence that candidates did not have enough time as nearly all candidates attempted the
whole paper. The table shows the percentage of correct answers for the multiple choice
questions with the most common wrong answers.
Question

Topic

% correct

1
2

Atomic structure
Angular and linear
velocity
Units magnetic flux
density
KE particles in Linac
Charging current of a
capacitor
eV to KE conversion
Units of electric field
strength
Interpretation of a
flux linkage against
time graph
Interpretation of a
force time graph to
find velocity
Conversion of particle
physics units.

97
62

Common wrong
answer
B/C

64

D

77
82

C
C

79
68

A/B
C

55

A

46

D

65

A

3
4
5
6
7
8
9
10

Question 8 required candidates to think about the variable that was plotted and how that
affected the induced e.m.f. Since the flux linkage increased at a constant rate and then had
a constant value, the e.m.f. would be constant and then zero, whereas the common answer
was to just describe the change in flux linkage.
In question 9 candidates did not take account of the fact that the force was decreasing over
the time of launch and found the speed reached if the force had been constant at 8 N for 5
s.
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Question 11
This is a familiar topic area which has been examined in the past and there is a tendency
for candidates to answer the question that has been set in previous examinations rather
than what has actually been asked. This question was directed to the nucleus rather than
the atom as a whole. There was an expectation that candidates would say that the nucleus
was very much smaller than the atom. However very few candidates did this, instead giving
the answer that 'most of the atom is empty space'. The decision was made, when looking
at the paper as a whole, to allow this as an alternative to 'the nucleus being very small'.
This might not happen in future exam series and so it is important to encourage candidates
to read the question and address what has been asked. Despite making that decision, and
bearing in mind this is really factual recall, only 24% of candidates scored full marks.
Candidates obviously have a good idea of what is wanted but often lose marks through a
lack of precision in their answers. The first marking point is that most of the particles go
through undeflected. Examiners often saw 'with little or no deflection' or 'some go straight
through'. Both of these comments are wrong. We do not credit free space in the atom.
Some candidates seem to completely forget that the atom has electrons with a charge and
some, albeit small, mass. So comments such as, 'all of the charge' or 'all of the mass is in
the nucleus' are wrong. When Rutherford carried out his experiment, it was at a time when
a lot of work was being done on atomic structure and charges, and Rutherford's experiment
only proved that the nucleus was charged. His own paper says that the same results would
have been obtained by either a positively or a negatively charged nucleus. It was only with
later knowledge from other scientists that it was accepted that the nucleus was positive.
The correct statement that candidates should make is that the nucleus is charged. If they
say the nucleus is positively charged, we ignore the reference to positive but if they just say
it is positive, they will not get the mark.

Examiner Comments

An example of a five mark answer that is
well written and clear to follow.
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Examiner Comments

This candidate states that all of the mass and all of the charge is in
the nucleus, so has forgotten the electrons and so lost 2 marks.

Examiner Tip

Don’t forget the electrons when talking about Rutherford’s
experiment. You can say most of the mass but not all of the mass.
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Examiner Comments

This candidate says that most went through with close to no
deviation. This is wrong. Also when referring to the atoms that
rebounded, there is no idea that the number is very small, so
again 2 marks have been lost.

Question 12
The interaction in this question was also tested in the January paper but as part of a longer
question. In that question the quark formation of the omega particle was examined in the
first part and so when the quark combinations for all of the particles was examined, it was
decided that it would be wrong to assess the same fact twice and so the quark combination
of the omega was not marked in the January examination. That was not the case in this
paper; this was a short four mark question and candidates needed to correctly identify all
five particles to score full marks. Some candidates who had rote learnt the mark scheme
from January chose to omit the omega particle and so lost one mark. We are well aware
that candidates memorise mark schemes but this is very much to be discouraged since
there is no guarantee, as in this case, that exactly the same mark scheme will apply to
another paper.
Some candidates misremembered the quark combination of the proton and others did not
pick up on the clue that strangeness is conserved which meant that each of the kaons had
to have a strange or antistrange quark in their composition.
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Examiner Comments

Everything is correct but candidate has omitted the
omega particle and so scores 4 marks.

Examiner Comments

This candidate has focussed on charge conservation and has ignored the
reference to strangeness being conserved. This means that all the kaons are
incorrect so only scores 2 marks for the proton and omega.

Question 13
Most candidates appreciated that this question was about electromagnetic induction and
three marks could be achieved by talking about the coil being in a changing magnetic field,
referring to an induced e.m.f. and by identifying that the induced e.m.f. was proportional
to the rate of change of flux linkage. The other two marks required references to the
graph. However many candidates failed to recognise that this was not the same as the
question from a couple of years ago, where a magnet fell completely through the coil and
out the other side. The change of polarity in that case was due to one pole going into the
coil followed by the other pole being closest as the magnet left the coil. In this question
the change in direction of the e.m.f. is due to the change in direction of movement of the
magnet. Candidates found it difficult to express this well enough to be awarded the mark.
A more straightforward mark was to recognise that at the points when the magnet's speed
was zero, the induced e.m.f. was zero. Quite a few candidates stated that the magnet had
a fixed frequency but failed to state that the frequency of the magnet was the same as the
frequency of the induced e.m.f. The majority of candidates did refer to/ included e.m.f. in
their answers. A lot of candidates spent a lot of effort writing about Lenz's law but the effect
of Lenz's law is insignificant in this context.
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Examiner Comments

An example that scores 5 marks. Changing flux, induced e.m.f.
positive and negative values, condition for zero values and
frequency of magnet’s oscillation.
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Examiner Comments

This scored 2 marks only. There is no reference to induced and
the last five lines are too vague.

Examiner Tip

When answering a question about electromagnetic induction, you
must refer to an induced e.m.f.

Examiner Comments

Three marks but there are no comments that relate to the graph.
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Question 14 (a)
Half of the candidates were able to successfully complete this calculation with both methods
in the mark scheme being used. A significant number of candidates (20%) forgot to double
their value of the photon's momentum and so got a velocity of half the correct value. Less
able candidates did not realise that they could use λ =h/p to calculate momentum and
set up an equation of momentum before equal to momentum after in terms of mass
and velocity. Candidates were then challenged about what value of mass to use. Some
candidates did complex calculations based on the speed of light which would give the
correct answers but the extra unnecessary steps are likely to lead to arithmetic errors.
Some candidates decided to use the mass of the hydrogen atom as the mass of a photon.
Needless to say this method did not score any marks.

Examiner Comments

A well laid out correct answer that scores 4 marks.
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Examiner Comments

Common wrong answer. Candidate has found the momentum of
the photon and equates it to the change in momentum of atom,
so gets half the required value.

Examiner Tip

When a photon/particle rebounds with the same velocity after a
collision, there is a change in momentum of 2p.

Examiner Comments

This candidate finds the momentum of the photon, divides by
c to get a mass, substitutes into a mass velocity equation and
multiplies by c. Theoretically this should work and candidates
should get the correct answer but there is an arithmetic error and
the answer is wrong.
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Question 14 (b)
A lot of candidates invented a new conservation law, that of kinetic energy. Some
candidates also wrote that there was more kinetic energy after the collision than before
the collision, therefore it was an inelastic collision. Candidates need to realise that in an
inelastic collision, the kinetic energy after the collision is always less than the kinetic energy
before the collision. Also the candidates were instructed in (a) to apply the conservation
of momentum and then in (b) to identify another conservation law. However, a significant
number of candidates identified momentum. Most candidates were able to identify that
there appeared to be an increase in kinetic energy, but only 10% of candidates were able
to deduce that the wavelength would be different if recorded to more significant figures and
only half of those stated that it would lead to an increase in wavelength.

Examiner Comments

This candidate incorrectly refers to conservation of kinetic
energy but does appreciate that there appears to be an increase
in kinetic energy and that the wavelength should be different.
Unfortunately, the candidate has not worked through the lower
energy → lower frequency→longer wavelength process.
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Examiner Comments

An example of an answer that scores 4

Question 15 (a)
In past papers, where questions about point charges have been asked it has usually been
to calculate the force between two point charges. This question required candidates to find
the field at a point due to two point charges. Majority of candidates wanted to use the force
formula which is incorrect. Other candidates, also incorrectly, wrote the force equation with
the two charges multiplied and just equated it to E. Candidates obviously do not understand
the difference between the three formulae for electric field strength that are printed on the
formula sheet. It was also not uncommon to see Boltzmann's constant used as the value
for k in the field equation. Even those candidates who appreciated that they were trying to
find an electric field struggled to appreciate that the vertical components of the two fields
would cancel and that the two horizontal components would add together. This meant that
there needed to be a factor of cos 49 and a factor of ×2. Candidates who tried to answer
the question with a force, were allowed to score the marks for these two factors. Generally
candidates struggled when dealing with the electric field due to points charges.
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Examiner Comments

An example of a correct calculation.
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Examiner Comments

A typical answer where the candidate has used the force equation with
the symbol E. This candidate has also failed to understand that you need
to find the value of E at a distance of 0.33 m and then take the horizontal
component rather than find cos 49 × 0.33, which is an incorrect distance.

Examiner Comments

This candidate has found the electric field strength and doubled it but has
not found the horizontal components. This scored 2 marks.
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Question 15 (b)
The most common score for this question part was zero. Of the two marks, more candidates
were able to identify that the electric field obeys an inverse square law but not many
candidates could state that at A the two fields were equal and opposite. The most common
answers were that it was zero because it was a neutral point or because the fields cancelled.
A significant number of candidates chose to just write about either why the field is zero at A
or about the value at large distances, despite the fact that the question asks for both.

Examiner Comments

This candidate has the idea of opposite directions but does not mention
magnitude. This scores 1 for the inverse square statement.

Examiner Comments

The first sentence scores the mark. However there is no mention of why the
field decreases at large distances. Scores 1 mark.

Examiner Tip

Read the question carefully and make sure you answer all of the parts.
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Examiner Comments

This candidate just explains that zero means there is no electric field and
this is not an explanation of why it is zero. Another 1 mark answer.

Question 15 (c) (i)
This part was generally well answered with candidates able to use F = QE with F = ma using
the data provided in the question part. The examples show the types of mistakes made by
those who did not score full marks.

Examiner Comments

The charge on the ion was given in the question but some candidates chose
to use the charge on an electron. This scored 1 mark for the use of F = ma

Examiner Tip

Read the question carefully and use the data provided.
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Examiner Comments

This candidate thinks there is circular motion and so uses the value of E and
Q to find a value to substitute into the circular acceleration formula. This
candidate does not appreciate that the electric field is produced by another
charge and not the charge that is entering the field.

Examiner Comments

This candidate decides to use all of the data in (i) including the speed, which
was needed in (ii). In order to use all of the data, the candidate has used
the formula for a magnetic field, despite this question being about electric
fields.

Question 15 (c) (ii)
This is probably the most conceptually difficult part of the paper. Candidates needed to
realise that at all distances there was a positive field acting and so the ion would always
experience a force and an acceleration over the distance shown. The ion has a speed
at point A and so there should be a non zero value of speed at A and the speed should
increase continually from that point. The rate of increase varies with a maximum at C but at
no time would the speed decrease.
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Examiner Comments

The most common wrong answer. The candidate has even marked in the
1500 but starts the graph at zero, the acceleration becomes zero at C
instead of a maximum and then the speed decreases, despite there still
being a resultant accelerating force. Effectively all the candidate has done is
copy the shape of the force graph.

Question 15cii_2320061_01.png

Examiner Comments

This candidate has not put any values on the y axis so we can’t tell that this
is a non zero start but at least it has a continually increasing speed but one
that would be produced by a constant field. This scores 1 mark.
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Examiner Comments

A rarely seen perfect answer that scores 3 marks.

Question 16 (a)
The straightforward answer that the string cannot be horizontal because there must be
a vertical component of tension to balance the downward weight of the mass was rarely
seen. In fact, it was surprising how few of the candidates managed to mention the fact that
weight acts vertically downwards. Most candidates just seemed to focus on the horizontal
motion, relating tension to centripetal force and showing that they did not understand that
a centripetal force is resultant of a physical force. In this case the horizontal component
of tension, the string, cannot be horizontal otherwise it would provide all of the centripetal
force. A worrying number of candidates seemed concerned about the fact that the string
would hit the person's arm.

Examiner Comments

This candidate does appreciate that the weight acts
vertically downwards but makes no link for the need for a
vertical component of tension to balance it.
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Examiner Comments

A 2 mark answer.

Examiner Comments

A typical wrong answer.

Question 16 (b) (i)
This question was generally well answered with 40% of candidates scoring all four marks
and 70% being able to calculate the necessary resultant physical force that acted as the
centripetal force. It required candidates to calculate the resultant force and then use
resultant force = tension + weight, to determine the tension in the string. A significant
number of candidates added the weight to the resultant force, rather than subtracting it.
For the small number of candidates who did not score well on this question, the common
mistake was to use F =mv2 /r but then substitute ω as v.
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Examiner Comments

This candidate has found the resultant force but has
ignored the weight of the mass.

Examiner Comments

A common error. The candidate has used the
condition for the bottom of the swing rather than
the top and so has added the weight rather than
subtracting it.
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Examiner Comments

This candidate has used the correct formula but has forgotten to square the
ω term which was a common error.

Examiner Tip

The difficult part is often identifying the equation to use. Having got this correct, take
care to make sure you use the equation correctly.

Question 16 (b) (ii)
This was another question part that was often well answered with the majority of candidates
scoring 3 or 4 marks. The two mistakes that were most common, was to have a zero value
at 0o and 360o and to have a negative gradient at the beginning. We ignored the values
used for force since wrong values were penalised in the previous part. We were just looking
for evidence of a non zero start.

Examiner Comments

A zero start so this scored 3 marks.
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Examiner Comments

A negative initial gradient and a non zero trough so
this scored 2 marks for the initial and final points.

Examiner Comments

A four mark answer. We accepted either straight
lines or curves between the points.
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Question 17 (a)
Candidates do not seem to know the definition of a magnetic field. The majority of
candidates could identify that, as with all fields, it is a region where a force is exerted but
very few could identify that it was the force on a moving charged particle. It cannot be
emphasised enough how important it is to learn definitions. Only a small percentage of
candidates scored both marks.

Examiner Comments

This scored zero. There is no reference to a region or area where the force acts
and although a charged particle is mentioned, there is no reference to it moving.

Examiner Comments

This scores 2 marks although the information about the direction is not needed.

Question 17 (b) (i)
Candidates needed to apply Fleminng's left hand rule to identify that the charge on the
particle is negative.

Question 17 (b) (ii)
The path of the particle in the magnetic field is circular and is explained because the
magnetic force on the particle is always at right angles to its direction of motion. We did not
accept curved as a description because it is too vague. We did not accept 'the force acts
as a centripetal force' for the explanation because it can only act as a centripetal force; the
force is at right angles to the direction of motion.
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Examiner Comments

The particle does not experience a centripetal force. It experiences a magnetic force
which acts as a centripetal force. An arc is not acceptable as a description of circular
motion since you can have an arc of a parabola. This scores 0.

Examiner Comments

Another example of an answer that did not score any marks. There is no mention of
the force being at right angles to the direction of motion of the particle, and curved is
not acceptable for circular.

Question 17 (b) (iii)
Just over 50% of the candidates were able to use the formula F = Bqv with the formula F
= mv2/ r to derive the required expression. The majority of incorrect answers just wrote
down r = p/Bq p=mv so r = mv/Bq. i.e. they took the answer made one change and then
reversed the change.
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Examiner Comments

This candidate uses the centripetal force equation but has e and q on the right hand
side and no v. The equation is rearranged accurately until the last step, where the
extra v and e are just omitted. Needless to say this scored 0.

Examiner Comments

An example of taking the answer, adjusting it with p = mv and finishing with what the
candidates started with.
This question was about charged particles in magnetic fields so the derivation of any
equation about this motion must involved F = mv2/r

Question 17 (c) (i-ii)
In (c)(i), the significant point that candidates should have observed was that the radius
of the particle changes dramatically as the particle passes through the foil. The equation
in (b)(iii) showed candidates that for a constant field, mass and charge, the radius of the
particle's path is directly proportional to the particle's velocity.Candidates were expected
to deduce that the particle has lost energy going through the foil, with velocity and radius
decreasing hence being able to determine the direction of travel of the particle. The majority
of candidates completely ignored the foil and made no reference to it at all and gave
general answers about the particle losing energy and the radius decreasing. That was a
suitable answer to explain a spiral where the radius is continually decreasing but not in this
situation, where there is one point where there is a specific discontinuity in the radius. By
not mentioning the foil, candidates lost 2 marks.
In (c)(ii), candidates were again expected to use the formula in (b)(iii) to appreciate that
momentum was directly proportional to radius in order to calculate the ratio of the momenta
so that p1/r1 = p2 r2. Candidates were expected to work out the value of 6.1/8.4 and not
leave it as a ratio. Many candidates were not able to do this.
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Examiner Comments

This candidate scored 1 and 2. There is no mention of the foil.

Examiner Comments

This candidate scored 3 and 1. Leaving the answer as 6.1:8.4
is like giving the answer as a fraction which we never accept
for the answer mark. Strictly speaking they should write it as
0.73:1 but we were prepared to accept just 0.73
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Question 18 (a) (i)
It was obvious from the answers to 18(a)(iii), that candidates need not think about
the circuit that was in this question before they started to answer it. Most candidates
appreciated that the starting point had the capacitor charged but they did not notice that
the resistor was in the discharging circuit but not the charging circuit. This was significant
for (iii) but candidates should look at a circuit analytically before they start answering
the questions. For (a)(i) it was an two easy marks, looking for the fact that the capacitor
discharges and secondly, that this happens over a time interval.

Examiner Comments

This scored 2 marks, the use of the word slowly implies a time interval.

Question 18 (a) (ii)
Not many candidates scored all three marks here and the likelihood of scoring each mark
went in the order of the mark scheme. Shape of graph and cutting y-axis but not x-axis,
were most often scored. Adding the initial current of 2 mA was next and then a sensible
time such as the time constant 0.04s in approximately the correct point was the lowest
scoring mark. Many candidates did not realise that the phrase 'indicate typical values of
current and time' meant that the values had to be specific to this circuit and values given.

Examiner Comments

This candidate did not get the shape mark because their graph touches
the x-axis. It scored the other two points. We accepted 0.2 s as a time
when there was negligible current flowing.
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Examiner Tip

Remember that an exponential graph must touch the y-axis but never the x-axis.

Examiner Comments

An example that scored all three marks although there was no need to
add the current at the time of 0.04 s.

Examiner Comments

This scored 1 mark for the shape. This candidate does understand what
happens in an exponential graph but has not answered the question
because there are no actual values given.

Examiner Tip

Typical values means numbers such as 2 mA or 0,04 s.
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Question 18 (a) (iii)
As mentioned earlier, hardly any candidates noticed that there was no resistance in the
charging circuit. The three marks were for identifying a charging process which happened
instantaneously because there was no resistance. Only 4% of candidates noticed that
there was no resistance. Candidates realised that there wouldn't be 3 marks for just saying
that the capacitor charged up and so wrote quite eloquently, but with no credit, about the
process and the electrons.

Examiner Comments

An example of one of the few candidates who made the correct deductions.

Examiner Comments

A typical 1 mark answer.
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Question 18 (b)
This was well answered with almost half of candidates scoring all three marks. One error
that did occur was to use 20V as the final voltage rather than as the initial voltage. Some
candidates wanted to use the Q = Qo e-t/RC which is the exponential formula given in the
paper. It was possible to do the calculation by this method but there were was an increased
chance of making a mistake as usually happened. This was done by the less able candidates
who did not realise that the exponential formula can be used with quantities other than
charge. The other mistake that was made was candidates correctly calculating the value of
0.13 V but then proceeding to subtract this from 20V. This meant they could not score the
final answer mark.

Examiner Comments

This candidate has set up the calculation correctly including the unit conversions but
gets the wrong answer. This is either a candidate who is not sure how to use the
calculator or perhaps did not have a calculator at all.

Examiner Tip

At A2 you can expect to have to do an exponential function calculation. Make
sure you know how to use your calculator to do this.
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Examiner Comments

An example of the common wrong answer where the candidate
subtracts the correct answer from 20V.

Question 18 (c)
Generally this was well answered with the majority of candidates being able to calculate
the two energy values. Where errors were made, it was after having written the equation
correctly, the candidates failed to square the velocity of the potential difference. Other
candidates failed to realise that they needed to use W = CV2/2 for the capacitor. As with
Q17(c)(ii), candidates struggled with the idea of a ratio. They do not seem to realise that
the ratio is the energy stored on the ultra capacitor divided by the kinetic energy of the car.
Only half of the candidates who successfully found the two energies went on to score the
third mark.

Examiner Comments

This candidate forgot to square the 2.5 in the capacitor
equation so again this scores 1 mark.

Examiner Tip

Take care, when using an equation that you square
terms when needed.
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Examiner Comments

This candidate scores 2 marks for the energy calculations but gets the
ratio the wrong way round and so does not score the answer mark.
Even if the ratio had been written as 13:576 the mark would still not
have been awarded, we were looking for a complete answer which is
0.023:1 or just 0.023
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Paper Summary
Based on their performance on this paper, candidates are offered the following advice:
•

Candidates need to memorise definitions.

•

Candidates should ensure that when doing calculations, they remember to include
processes such as squaring and square roots when needed.

•

Although looking at past papers and mark schemes can be beneficial, it is worth
remembering that a mark scheme indicates the minimum requirement for that specific
paper and it cannot be guaranteed that a similar question on a future paper would be
marked in the same way.

•

Also questions on a specific topic can be worded differently to assess different aspects of
that topic and so candidates need to read the question carefully.

•

Always answer the question that is being asked not one that was asked in a previous
series.
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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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