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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
using radius when diameter was provided in the data, using the change in potential to
approach one body as well as the change in potential to leave another. They also knew some
significant points in explanations linked to standard situations, such as electromagnetic
induction and linacs, 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 stating
constant ac rather than constant ac frequency.

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.
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Section A

The percentages for those with correct multiple choice question responses are shown in the
table.

Question Percentage of correct responses

1 65

2 67

3 77

4 96

5 21

6 67

7 90

8 91

9 82

10 57

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 (a)

The great majority of candidates completed this nuclear equation correctly for 2 marks.
Some got the proton number and nucleon number the wrong way round for the neutron but
balanced the numbers along the top correctly to get 4, (9), 13, 0. A few candidates didn’t
know the numbers for the alpha particle.

Here the neutron has been incorrectly assigned zero for both proton
and nucleon numbers. The candidate has kept the totals equal on each
side of the equation and has still been awarded the mark for proton
numbers.

This is a typical fully correct answer.
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Question 11 (b)

A good majority of candidates gained both marks here, nearly always from the first two of
the three available marking points, stating that a neutron is not fundamental and that it is
made of quarks, rather than commenting on the accuracy or inaccuracy of Rutherford’s
statement. A few candidates stated that a neutron could be made of an electron and a
proton because the charge would be neutral. A minority of candidates were not awarded the
second marking point because they used letters only to indicate neutron substructure, eg
writing qqq or ddu without use of the word ‘quark’.

Those candidates that commented on the statement often stated either that it was true or
that it was false without specifying which part. As the first part was true and the second part
false, this gained no credit.

Here the candidate gains marking points one and two for the first two
lines. Lines 3 and 4 are ambiguous because it isn't clear that they know
which part of the statement is incorrect, but this part doesn't
contradict the two correct points they have already made.
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This gets 1 mark for outlining the quark structure. It says the
statement is incorrect, but is not clear about which part. If anything,
this answer supports the second part of the statement.
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Question 12 (a)

About two thirds of candidates gained the mark for this simple circuit. A fair number omitted
either the cell or ammeter and some candidates connected the ammeter in parallel when it
should have been in series. Some circuits included a voltmeter as well as the required
ammeter, but the additional voltmeter was sometimes in series, which would prevent a
current. Some candidates went beyond the requirements of the question, showing a circuit
that could be used to charge and then discharge, but they did not always put the ammeter in
the correct branch.

The question asks for a circuit to measure current while charging, but
this circuit is suitable for measuring p.d. while discharging.

Read the question carefully so your answer is about what is asked and
not about a similar thing you have revised from past papers.
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Here we can see the terminals of a power supply, but without an
indication as to whether it is DC, ie a plus and a minus, or AC. There is
also the faint outline of a cell. It is not for the examiner to decide what
a candidate means when it is left ambiguous.
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Question 12 (b)(i)-(iii)

The overall performance on this set of calculations on a relatively familiar context was very
good, with approaching half of the candidates gaining the full 8 marks.

In part (b)(i), candidates were evenly divided between those using the time constant
approach and those substituting values into the decay equation. A number of candidates had
problems reading values from the graph correctly because they assigned incorrect values to
the minor divisions, usually because they looked at the scale value below the one they were
reading but not the next value. For example, 90 s would be read as 78 s, using a division of 1
s rather than 5 s. Some candidates went wrong by transposing their values for
I and I0 when using the formula.

A few candidates did not appreciate that the formulae for current for charging and
discharging both involve a decay form only and attempted to use a current version of the
charging formula for p.d. or charge. Some candidates tried to calculate charge from the
graph, eg by using the area under the graph, and using it in C = Q/V.

A few candidates used an approximation that a capacitor may be considered as fully charged
after approximately 5 times the time constant. This was not accepted as a satisfactory
method, although they could still get the second marking point for use of the value.

In part (b)(ii), the most common error was using the current value at 250 s, rather than the
maximum current value, to calculate the p.d. when fully charged, presumably because they
weren’t thinking in terms of the initial current being when the p.d. across the capacitor was
zero.

Power of ten errors with mA made a difference in part (ii), whereas they cancelled out in
part (b)(i) and still allowed the correct answer for capacitance.

A number of candidates omitted the final unit for charge or gave it as Q.

In part (b)(iii) some candidates used W = QV, without ½, and some used a correct form with
capacitance and p.d. but forgot to square p.d. in their calculation. Some candidates got the
symbol C for capacitance mixed up with C for coulomb and used the wrong value in their
calculation.
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In part (b)(i) the method is correct, using the time constant method,
but there has been a scale error reading from the graph. The candidate
has looked at 100 s and gone two spaces back, but counted each of
them as 10 s, arriving at 80 s rather than 90 s.

2 marks are awarded for the method, but the answer is out of the
accepted range, so no third mark.

Parts (b)(ii) and (b)(iii) are completed fully with ecf for the incorrect
value of capacitance.

When reading from graphs, be sure to check the scale on either side of
your point to avoid interpolation errors.
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Part (b)(i) is fully correct, using the formula for exponential decrease of
the current.

In part (b)(ii) the current at 350 s has been used to calculate the p.d.
when charged, whereas the initial current should have been used. This
means that the first mark cannot be awarded. The correct method is
used for calculating charge, but the answer is incorrect, so there is
1 mark for part (b)(ii).

Part (b)(iii) is completed correctly with ecf for the incorrect capacitance.
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Question 13 (a)

While most candidates were able to calculate the angle or the sine of the angle
straightforwardly, some used 30 cm as the base of their triangle and incorrectly applied the
tangent of the angle. Very few candidates did not apply W = mg correctly.

A significant minority of candidates could not apply trigonometry correctly to the forces, for
example thinking that weight was equal to a component of the normal contact force rather
than the reverse. Candidates should realise that the sum of normal contact force and
frictional force is equal and opposite to weight so that weight is the hypotenuse of the force
triangle. Weight must therefore be the largest of the three forces, so will be multiplied by the
cosine and sine respectively and not divided by them.

Some candidates mistakenly attempted to apply centripetal force at this stage before it was
relevant.
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The sine of the angle has been used correctly and the angle calculated.
W = mg has also been used correctly. Following this however, weight
has been treated as equal to a component of the frictional force rather
than the reverse. A free-body force diagram would have made this
clear.

Using a free body force diagram doesn't take much time and can help
to clarify a situation.
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This is an example of a correct solution with enough steps visible to
satisfy the requirement to 'show that' and the required extra significant
figure has been included for full marks.
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This is a correct answer by a visibly correct method, but it has been
done as a single calculation. This is fine when it is correct, but a single
error can lead to zero marks whereas showing the steps and arriving at
an incorrect answer can lead to most of the marks still being awarded.

Show a sufficient number of steps in your calculations, especially when
the question requires you to 'show that' a certain value is correct.
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Question 13 (b)(i)-(ii)

In part (b)(i), most candidates were able to calculate angular velocity, but there were a few
recurring errors. The unit was sometimes stated as metres per second, or even degrees per
second. Some candidates applied 60/45 the wrong way up and effectively divided 2 pi by the
frequency rather than the period. Some candidates did not complete the calculation and
gave their answer as 1.5 pi or even 3 pi / 2. This is not acceptable as answers should be given
as decimal fractions with few exceptions, such as fractional charge for quarks and for phase
relationships.

In part (b)(ii), most candidates were able to apply the centripetal force equation, some using
the force to calculate the radius of the path and some using radius to calculate force. Even
so, candidates often only got 1 mark out of 3 because a deduce question such as this
requires a clear comparison of values and a statement in conclusion, not just the calculation
of a value. It was more difficult when they did not understand the significance of 5 cm being
the distance to the edge. For example, many candidates calculated a radius of 10 cm and
said it was unsuitable as it was greater than 5 cm. Others calculated force using a radius of
5 cm and obtained a force of half the required value. Some candidates confused diameter
with radius and used 25 cm instead of 10 cm.
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The working done here is correct, but incomplete in each section.

In part (b)(i) the answer has been left as a multiple of pi, which is only
likely to be acceptable for a phase relationship.

In part (b)(ii) 0.102 m has been calculated correctly, but the relevance
with respect to the distance from the edge has not been realised and
there has been no attempt at a comparison and conclusion.
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This gains full marks.

In part (b)(ii), this is the absolute minimum possible for a comparison
and conclusion. We see 4.8 cm ≈ 5 cm, therefore yes it is.

When a question asks you to 'deduce whether' related to a numerical
value, you are expected to make a direct comparison between two
values, usually one stated and one calculated, and give a written
conclusion.
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Question 14 (a)

Two thirds of candidates got both marks. A frequent error was giving a specific baryon quark
structure in letters, such as ddu, rather than the general description ‘three quarks’. While
‘three quarks or three antiquarks’ is accepted, some candidates said ‘three quarks or
antiquarks’, which could be a mixture and was not accepted. Similarly, some candidates said
that mesons are made of ‘quarks and antiquarks’ without specifying one of each.

The question is asking about baryons and mesons in general, but this
response is giving specific responses for a proton and a pion.
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The mark for meson is clear, but there is ambiguity in the answer for
baryons so this mark has not been awarded. 'Baryon made of any
3 quarks antiquarks combination' would include those with a
quark/antiquark mixture.
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The ambiguity is avoided here where it says 'either three quarks or
three antiquarks'.
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Question 14 (b)(i)

Half of the candidates did not score on this question, with those who did score being fairly
evenly spread over the remaining mark outcomes. Most frequently identified was an up
quark, then an anti-electron. Even having identified an anti-lepton, many candidates did not
state the −1 lepton number. A surprising number of candidates said the baryon number was
zero after identifying the up quark, not remembering that a single quark has a 1/3 baryon
number. Candidates did not always make their reasoning clear with respect to the charge
totals.

This response shows a suitable pair of particles, but incorrect quantum
numbers. There is no attempt to support them with evidence based on
the charge. The command word 'determine' and reference to 'your
working' indicate that more than a straight answer is expected and a
candidate could be expected to consider whether there are at least 5
points in their answer when 5 marks are available.
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Lines 3 and 4 show the determination of charges and the lepton
number and suggested quark are correct. In common with quite a few
other candidates, the baryon number has been stated as zero.
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Question 14 (b)(ii)-(iii)

In part (b)(ii) most candidates were able to calculate the maximum mass straightforwardly.
Some did not apply the correct power of ten for 6800 GeV. Some omitted the square for the
speed of light when substituting or when calculating.

Few candidates scored for part (b)(iii), the most common incorrect answers referring to a
short lifetime. The answer required some sense of comparison of energy available with
energy required, but those who referred to energy often just stated a requirement for a lot of
energy without relating it to the energy available.

Part (b)(ii) is fully correct. It has been done as a single calculation, but
all of the required steps are visible in the substitution. The answer has
been given to the required extra significant figure.

Part (b)(iii) is an incorrect suggestion and, even on its own terms, is not
clear as there is no suggestion as to whether this is a short or a long
time.
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This is an example of a fully correct answer for both parts. It is
probable that this candidate's answer did not match the 'show that'
value first time as the added factors of 1/2 on the first line and 2 on
the next appear as afterthoughts, but they have been correctly applied
and we can see all of the reasoning, so this is a sensible reaction.

Be ready to check and repeat a calculation if you do not get the
expected answer.
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Question 15 (a)

A good majority of candidates referred to little or no friction, although some just referred to
reduced friction, which was not sufficient. They usually said that this meant there were no
external forces. Clearly there is weight at all times, so candidates were required to state that
there was no resultant external force.

Decreases friction is not sufficient as it could still be substantial. 'No
external forces' is not correct – it should say that the sum of the
external forces is zero.

Learn standard definitions, laws and principles in detail so they can be
applied appropriately in new question contexts.
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This response shows an improvement in suggesting that there is no
friction, but still refers to no external forces.
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'No external resultant forces' isn't quite in the right order, but is
acceptable. Friction has not been mentioned.
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Question 15 (b)(i)-(ii)

Half of the entry scored at least 8 out of 10 for these two linked sections of relative
familiarity. Those scoring 8 marks had completed all of the calculations correctly but did not
make the required comparison of values and written conclusion using this comparison to
answer the question as to whether the condition stated was correct. A comparison will
require an explicit statement including two values and that one value is greater than, less
than or equal to the other.

In part (b)(i) some candidates did not use a two-dimensional approach and attempted to
solve it without taking components of momentum after the collision. Others attempted to
apply the angle to find components before the collision.

Most candidates were able to arrive at an angle of 58 degrees and they usually added it to 33
degrees, but they did not always state that 91 degrees is about 90 degrees, so it is correct to
say that the angle between the paths is 90 degrees.

In part (b)(ii) the great majority of candidates were able to calculate at least one kinetic
energy correctly. Some candidates made it more difficult by using the momentum to
calculate velocity and then using that for kinetic energy. They should be aware of the formula
EK= p2/2m. Candidates were generally able to calculate the momentum of puck B and go on
to calculate all of the kinetic energies, although a fair number did not give the unit J at any
stage. Candidates should note that we do not expect absolutely identical values of kinetic
energy to judge a collision to be elastic and 9.62 × 10–3 J and 9.75 × 10–3 J may be considered
as approximately equal for this purpose.
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All of the working in part (b)(i) is correct, but the first attempt at a
comparison has been crossed out and not replaced. 90.9 is about
1 percent more than 90, so, after a long sequence of calculations
based on experimental data given to only 2 significant figures, it is
justified to say they are equal in this context.

Part (b)(ii) has an error in substitution where a component of
momentum has been used in the third kinetic energy calculation. The
final answers have been compared and a minimal, but sufficient,
conclusion has been written.
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This is an example of a fully correct response, with comparisons and
conclusions in both parts. Notice that in part (b)(ii) the values have not
been compared directly, but KE initial and KE final have been clearly
calculated and identified, so this is satisfactory.
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Question 16 (a)

Most candidates were able to show that treating this as kinetic energy of a non-relativistic
particle, this energy would require a speed of 1.5 × 1011 m s-1, but many did not make a
statement that this is greater than the speed of light. Quite a few candidates who did make a
comparison of the numbers omitted the unit m s-1 entirely, meaning that they were not
making a valid comparison.

There were occasional difficulties with applying GeV in the energy conversion. Some
candidates used proton mass, limiting themselves to the first mark and would benefit from
careful familiarisation with the list of data at the end of the paper.
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This calculation is correct and the candidate has related it to the speed
of light, but the unit of the calculated speed must be included to make
it a valid comparison.

Always include the unit with your numerical answers.

This calculation is correct, but there is no comparison with the speed
of light, so the conclusion is not fully supported.
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This is an example of a fully correct answer. It has been done as a
single calculation, supported by a combined formula. Substitution
errors and calculation errors with this approach can prevent the award
of 'use of' marks when the final answer is incorrect, so it is suggested
that separate steps are shown.
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Question 16 (b)

This was well answered overall, with nearly half of the entry gaining 4 or more marks.
Candidates were generally familiar with the context of linacs and answers were usually set
out with a coherent and logical structure.

Candidates frequently missed IC1 because they did not refer to the electric field accelerating
the electrons, often just mentioning the potential difference, or even alternating current.
Note that the specification refers to the role of electric fields in linacs, so this was a
requirement. Quite a few candidates slipped up and referred to acceleration between the
gaps rather than between the drift tubes.

Candidates usually made an attempt at IC2 but could not always express the idea of the
polarity change maintaining the direction of acceleration sufficiently clearly.

With IC3, some candidates missed out because they stated that the ac was constant without
mentioning frequency.

Even though IC4 required two linked ideas – constant time and increasing length – it was
generally given correctly.

Most candidates mentioned the constant length for IC5 and explained it in terms of
approaching the speed of light, although some did not mention that this meant that the
speed was then almost constant. A few candidates stated that the particles were travelling at
the speed of light.
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This response was awarded indicative content points 2 and 4 for
describing the polarity reversal and the increase in drift tube length to
keep the time constant. It refers to particle acceleration by magnetic
fields and to it taking place between the gaps. The constant frequency
part refers to the particle and does not mention ac. There is a
reference to no more increase in velocity, but not the speed of light.
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This response has everything but the first two indicative content
points. It starts 'There is an electric present', so the word 'field' has
been omitted, and it doesn't state 'between the drift tubes'. The
second point is not made at all. The rest is clear to read and logically
structured, so the available linkage mark is awarded as well as 3 marks
for 4 indicative content points.
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Question 16 (c)

More than half of the candidates achieved at least 1 mark, with most of those scoring 2. The
most frequent mark was for the small de Broglie wavelength and the next for linking this to
high momentum, but relatively few candidates were able to go on to link this to better
resolution.

Quite a few candidates referred to high energy being needed to overcome repulsive forces
between the electron and the proton without considering that they have opposite charges so
this would not be the case. Some others gave answers in terms of energy to create new
particles, possibly because they were thinking of the answer to a past paper question on a
different aspect of the topic.

This is awarded the first 2 marks for the parts numbered 2 and 3. It
does not go on to tell us how a small wavelength is of benefit.
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This is credited for small wavelength and high detail, but the
explanation of high momentum is insufficient. The formulae used
would be sufficient if it also stated that high energy particles have high
speeds.
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Question 17 (a)(i)-(ii)

Most candidates gained some credit for their equipotential diagrams, but often just 1 mark
for concentric lines circling the charges or 2 marks if they included the straight line in the
middle. The difference in spacing in the different sections was often not shown. Some
candidates did not add a 0 V label, but most of those who had included that equipotential
labelled it correctly. A fair few candidates did not take sufficient care and drew lines that
crossed. A small number of candidates just drew parallel lines.
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In part (a)(i) a mark is awarded for the circular form, but no more
because some of the circles cross and the spacing doesn't change.

Part (a)(ii) is awarded the mark.
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Although some of the lines are slightly flattened, this has all of the
features required for full marks.
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Question 17 (b)(i)

About half of the candidates scored at least 1 mark for applying the equation to calculate
potential, although some used 5 m instead of 2.5 m. Half of these then applied W = QV and a
majority of those went on to calculate the correct answer.

A variety of errors and incorrect approaches were seen. Having calculated the correct
potential, some candidates used the same charge for the work calculation, rather than the
electron charge, and some did not multiply by 2 to apply it for both bodies. Some candidates
used r 2 in the denominator and some just used the force formula. One approach was to use
the force formula and multiply by distance, even though force was clearly not constant.

When substituting in the formula, quite a few candidates did not substitute fully for k or ε0.
When they made a mistake in their calculation, or substituted the incorrect value of r, they
could not be awarded the ‘use of’ mark because this requires full substitution of all
constants, with the exception of pi and Euler’s number.

2 marks are awarded for 'use of' the required relationships. This is
missing a factor of 2, effectively just representing the energy to remove
an electron and not to get it to the surface of the satellite.
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This is a fully correct answer with all the stages fully and clearly set out.
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Question 17 (b)(ii)

About half of the candidates scored at least 1 mark for applying the force equation and
about half of those then went on to calculate a suitable value of distance or time, but not all
of those went on to compare it explicitly to the value in the question and state the conclusion
that the estimate was correct.

Typical errors in the force calculation included omitting the square at the substitution or
calculation stage, being confused over the distance and adding the diameter to the distance
between the centres.

While most candidates who calculated force could calculate acceleration, some of those used
it to calculate a velocity then went on to treat it as constant and use it in v = s/t when they
should have halved it to give average velocity.

Some candidates thought that they should use formulae for circular motion since the objects
were in orbit.
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This calculation is fully correct and the time at the end has been
converted to units (days) comparable to the value in the question, but
the direct comparison, such as 63 is approximately equal to 60, has not
been made so the final mark has not been awarded.
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This is a good example of a well set out response with the required
numerical comparison and written conclusion.
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Question 17 (c)

Only 1 in 6 candidates gave a sensible suggestion here, usually expressing the idea that some
of the electrons missed the satellite.

This was an interesting idea, but candidates may safely assume that
the satellite is in a vacuum.

This is representative of the correct answers seen.
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Question 18 (a)

Most of the candidates scored at least 1 mark, usually for stating that an emf is induced, and
nearly half also mentioned that a magnetic field was produced by the current. Only about 1
in 6 candidates got full credit. MP3 was often attempted but not awarded because they did
not mention a change in current or just referred to a change in flux generally and not a
change in flux linkage with the secondary.
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This response is awarded the first and third marking points. It does
refer to a change in flux linkage when the switch is opened, but doesn't
mention that this is because of the decrease in the current.
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This is a typical example of one of the answers gaining full credit.
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Question 18 (b)

Although this calculation included a long sequence of calculations, nearly half of the entry
scored full marks. One pitfall was using the diameter instead of the radius in the area
calculation and some candidates just used radius or diameter instead of area when
calculating flux. There were some power of ten errors with mm. Some candidates were not
awarded the final mark because they did not include a correct unit – or any unit at all.

Quite a few candidates combined several formulae and did the calculation in two steps using
V = B πr2N/t and E = V/d, and some did it in one. While most candidates who did this were
able to complete the calculation correctly, some made calculation errors and then were not
awarded all of the marks for ‘use of’ along the way because there was no clear substitution of
each step.

The emf has been calculated here, with clear working through the
steps, but then it just stops without an attempt to calculate electric
field strength. The candidate knows that their answer is not electric
field strength because they have included the unit V.
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The calculations are all correct and clearly set out but the unit has
been omitted, so only 4 marks have been awarded.
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This is an example of a response scoring full marks.
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Question 18 (c)

Only about a third of candidates scored here, usually just 1 mark for stating that induced
e.m.f./current/field is such as to oppose the change causing it. Many more candidates
attempted a Lenz’s law statement, but not as it applied to this situation. For example, they
referred to a force opposing the movement that caused the induced emf, but there were no
moving parts in this context. Some candidates were awarded the second marking point, but
usually because they had heard of ‘back emf’. Some candidates seemed to suggest that there
were two opposing currents in the wire rather than citing opposing p.d.s. Very few candidates
got the idea of reducing the rate of increase of the current, being more likely to state that it
decreased the current, which was clearly not what was shown on the graph.
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This has elements of the required explanation, but not with the correct
detail. The Lenz's law part refers to resisting motion, but there is none
here. The response describes two currents in opposite directions in the
same wire, which is not possible. It also, finally, refers to current
decreasing, which it is clearly not doing in the graph.

This was allowed the first mark for the general statement of Lenz's law,
up to '... causing it'. The continuing part about motion does not apply
here, but the general part is still correct.
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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.
Learn standard descriptions of physical processes, such as electromagnetic induction, and
required contexts, such as linacs, 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.
Ensure when substituting in an equation with a power term, eg square, that they 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 when using graphs, to read the scale values on either side of the point of
interest to ensure you are using the scale correctly.
Remember that physical quantities have a magnitude and a unit and both must be given
in answers to numerical questions.
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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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