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Introduction

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates. The reports will include a general
commentary on candidates’ performance, identify technical aspects examined in the questions and
highlight good performance and where performance could be improved. The reports will also explain
aspects which caused difficulty and why the difficulties arose, whether through a lack of knowledge, poor
examination technique, or any other identifiable and explainable reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report. A full copy of the question paper can be
downloaded from OCR.
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Paper Y533 series overview

This is one of the optional modules in the new specification for AS Further Maths, alongside the
compulsory Pure Core, and the other optional modules in Statistics, Discrete Mathematics and Additional
Pure Mathematics. This component complements the Mechanics content of the AS Mathematics course
and requires candidates to solve practical problems using a variety of techniques including energy,
power, momentum, connected particles, horizontal circles and dimensional analysis. To do well on this
paper, candidates needed to be able to work systematically and accurately with the standard principles
of Mechanics. They often needed to make sense of more complex situations, for example, correctly
combining several forces and/or types of energy in a variety of situations, such as two or more sources
of gravitational potential and/or kinetic energy, and have some understanding of the purpose of
mathematical modelling.

Candidates who did well on this paper Candidates who did less well on this paper
generally did the following: generally:
¢ Recognised the different sources of energy ¢ Did not know how to model an unfamiliar
change relevant in a problem and combined situation using familiar techniques, such as
them systematically. Q2 (a) where the particles are effectively

combined after the “collision”, or 6 (a) where

e Recognised the different forces that were there is an unknown rebound velocity

acting and the correct direction.

o Were not always able to use Newton’s Second
Law in the context of a fixed Power source
present.

¢ Made good use of diagrams to help them
understand the problem.

e Were able to use Newton’s Second Law
(F = ma) confidently together with the
relationship between Force and Power.

¢ Did not recognise all the forces and/or energy
sources present in a situation, especially in
2 (c) and 5 (d).
* Were able .t9 apply their knowledge to.complex Made avoidable errors in calculations.
and unfamiliar problems such as working with
an unknown coefficient of restitution. o Used very laborious and inefficient methods,
particularly for momentum problems, leading

o Were efficient and effective in applying their to errors in both method and application.

knowledge, always choosing the simplest
possible route to the solution.

There was no evidence that any time constraints had led to a candidate underperforming and scripts
where there was no response to the final question often had earlier sections of the paper which had not
been tackled.
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Question 1 (a)

1

B

e m—
8.4ms™!

A smooth wire is shaped into a circle of radius 2.5m which is fixed in a vertical plane with its
cenfre at a point O. A small bead B is threaded onto the wire. B is held with OB vertical and 1s then
projected horizontally with an initial speed of 8.4ms ™" (see diagram).

(a) Find the speed of B at the instant when OB makes an angle of 0.8 radians with the downward
vertical through O. [3]

This question required candidates to relate gain in potential energy to loss of kinetic energy in a
pendulum in order to calculate the final velocity.

This question was generally well received. Almost all candidates attempted this question, with most
being successful and gaining full marks. Most candidates recognised the need to subtract the potential
energy change from the initial kinetic energy to get the final kinetic energy. A small number equated the
initial and final energies, which is a little more complicated and led to errors on occasion.

A significant minority of candidates chose not to work in radians, opting to convert to degrees rather than
change the angle setting on their calculator. The extra complexity meant that in some cases an incorrect
angle was used, often 0.8 x 180 = 144°.

As per the previous year, some thought that the height change was rcos@ rather than (1 — cosB); a very
small number mistakenly thought that this was a conical pendulum and were therefore unable to gain
any marks. A few tried to equate the gain in GPE with the final KE.
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Question 1 (b)

(b) Determine whether B has sufficient energy to reach the point on the wire vertically above O.

(3]

This question required candidates to determine whether or not the pendulum would be able to make a
full vertical circle by considering whether or not the initial KE was as great as the GPE at the top.

This question was attempted very successfully by most candidates who realised that the energy
available was insufficient. A variety of other methods were seen, such as finding the final angle and
comparing to 2r or 180°, finding the maximum possible height gain and comparing to 5m, or finding the
velocity required to reach the top and comparing to 8.4 m/s. In all cases, the key to getting full marks was
to present a correct and convincing argument to determine the result.

Some candidates were not sufficiently careful and made a wrong statement such as: “35.28 m > 49m”,
without explaining that since this is false, the top is not reached. Others concluded that v? = —27.44 and
then attempted to square root this. A small number of other mistakes were made such as using the
radius rather than the diameter.

Question 2 (a)

2 Aparticle 4 of mass 3.6kg is attached by a light inextensible string to a particle B of mass 2.4kg.

A4 and B are initially at rest, with the string slack, on a smooth horizontal surface. 4 is projected
directly away from B with a speed of 7.2ms™".

(a) Calculate the speed of 4 after the string becomes taut. [3]

This question required candidates to recognise the use of conservation of momentum where the two
objects were tethered rather than colliding directly.

Almost all candidates attempted this question and the clear majority were successful. However, some
did not realise that tethering meant that the final velocities were the same and therefore a second
equation for restitution (or possibly energy) was not required. As a result, most candidates either scored
1 mark or full marks on this question. Some candidates made careless errors such as assigning the
initial velocity to object B rather than object A.

In order to get around the difficulty of not having a second equation for restitution, candidates employed
a variety of strategies. Some assumed, contrary to the question, that the initial velocities were both zero
and that 7.2 was the final velocity of one or other of the objects, using this to calculate the other velocity.
Another popular option was to attempt to formulate an equation using kinetic energy, often with both final
velocities equal or using an assumed value.
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Question 2 (b)

(b) Find the impulse exerted on A4 at the instant that the string becomes taut. [2]

This question required candidates to use the equation I = mv — mu to find the impulse acting on A. It
was only available to those that had already attempted some kind of momentum equation in part (a) and
obtained a definite result from it.

Most candidates who attempted this question scored at least one mark. For full marks, the correct use of
the formula and/or recognition of the vector nature of impulse was required, usually seen as a negative
value (but dependent on how they framed the initial velocity of A) or described as being in the opposite
direction to A or such like. A significant proportion of candidates did not meet this requirement and
therefore lost the accuracy mark at the end.

Question 2 (c)

(¢) Find the loss in kinetic energy as a result of the string becoming taut. [2]

To be successful at this question, candidates needed to have used a momentum equation in part (a) and
to compare the kinetic energy of the system before and after the “collision”. This involved finding the
kinetic energy of A before the change of motion, and the energy of both A and B afterwards. Having just
calculated the change in momentum of A in part (b), many candidates went on to calculate the energy
change of A rather than the energy change of the system and gained 0 marks.
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Question 3 (a)

3 A car of mass 1500kg has an engine with maximum power 60kW. When the car is travelling at
10 ms " along a straight horizontal road using maximum power, its acceleration is 3.3ms 2.

In an initial model of the motion of the car it is assumed that the resistance to motion is constant.

(a) Using this initial model, find the greatest possible steady speed of the car along the road. [4]

This question required candidates to use the relationship between Power, Force and Velocity in the
context of Newton’s Second Law in order to find the frictional force on a moving object, and then to find
the terminal velocity.

Most candidates were able to solve this problem successfully using standard techniques. Owing to the
nature of the numbers, very few arithmetical errors were made and nearly all candidates scored full
marks or no marks.

A very small number of candidates managed to find the friction but were unable to reformulate the
problem to find the correct terminal velocity.

Of those that attempted the question but did not score any marks, some simply did not know how to
formulate the problem, but more commonly, the mass x acceleration (= 4950) was taken to be the
(frictional) force and used to find the terminal velocity.

Exemplar 1

MR(—IL\—‘\'I} - - _ _ .
R=fy  frma |

Reellorik ﬁmm Fon'? = 1500x3.2

1450 N

LY ™ F

Sy ':\%/ ) Trﬂnl Mm foce. = eoxm =z G(TT(?M
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=g = B el ) - grenkesk dearlyy qeed

Here the candidate has correctly found the resistance of 1050 N. Unfortunately, they have then gone on
to use the resultant force of 4950 N instead of the resistance to find the terminal velocity, losing the final
2 marks.
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Question 3 (b)

In a refined model the resistance to motion is assumed to be proportional to the speed of the car.

(b) Using this refined model, find the greatest possible steady speed of the car along the road. [5]

This question is very similar to part (a) but requires a slightly more complicated equation since the
friction is now given by R = kv rather than having a fixed value. Other than that, the principles are the
same as for part (a).

Due to the extra complexity, candidates were somewhat less successful at this question overall. Again,
most scored full marks or no marks, but the numbers gaining zero marks was much closer to the number
gaining full marks.

Question 3 (c)

The greatest possible steady speed of the car on the road is measured and found to be 21.6ms™".

(¢) Explain what this value means about the models used in parts (a) and (b). [2]

In this question, candidates were required to make two meaningful statements about the models, ideally
comparing the terminal velocity predicted by each model with the actual terminal velocity given in the
question, and evaluating the appropriateness of each model.

Most candidates were not able to interpret the results effectively, often showing that they did not grasp
the nature and purpose of a mechanical model. Candidates should understand that a model is
necessarily an approximation to real life, and by its nature is not expected to be completely accurate.

What we are looking for here, is whether or not the model gives a good approximation or a good fit to the
friction in real life, by comparing the terminal velocity predicted by each model with the actual terminal
velocity. Therefore, comments such as “(a) (or (b)) is not accurate” did not earn any marks, as they do
not say anything meaningful. Statements to the effect that one or other model is correct were also not
appropriate, since a model is only an approximation and does not take account of every factor.

To gain marks, candidates needed to note that (a) is a very poor model for the friction as the predicted
speed was very inaccurate, and that (b) is a good model as the predicted speed is quite close to the
actual figure. Other comments, such as those comparing the two models with each other required
awareness that the model in (b) is much better than (a), and rather than just “better”, ideally with some
justification.

Candidates should also be aware that marks are only available for using the information from the
question itself and for statements that are directly relevant to the modelling assumptions being made.
Therefore, any comments relying on prior knowledge, such as that air resistance tends to increase with
speed or is proportional to the square of the speed, or about the efficiency of the engine, etc., do not
gain any credit.
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Question 4 (a)

4 A student is studying the speed of sound, «, in a gas under different conditions.
He assumes that # depends on the pressure, p, of the gas, the density, p, of the gas and the
wavelength, A, of the sound in the relationship u = ]qt;oﬂo'8 AY, where k is a dimensionless constant.

(The wavelength of a sound is the distance between successive peaks in the sound wave.)

(a) Use the fact that density is mass per unit volume to find [p]. [1]

This question required candidates to use the relevant standard dimensional units, i.e. M, L and T, to
express the units of density.

The vast majority of candidates gained this mark. A few errors and misconceptions were seen, primarily
through the use of non-standard units such as m, kg and s instead of the correct ones. This was only
penalised once throughout the question.

Question 4 (b)

(b) Given that the units of p are N m 2, determine the values of ¢, Sand y. 7]

This question required candidates to use the method of dimensional analysis to determine the values of
the exponents of a formula.

Despite being considerably more challenging than last year’s question on the same topic, candidates
were much better prepared for this question and about half gained full marks, with most of the rest
gaining at least half marks.

The first mark was given for finding an expression for the pressure. Most were able to do this
successfully, but a significant minority produced the wrong expression, often because they confused the
common units with the standard notation. In particular, there were many instances where Force was
correctly quoted as MLT? but then the area was mistakenly written as M? (from m?) rather than L?,
giving (MLT?)+(M?) = M'LT for the pressure instead of ML"'T".

The second mark was for the dimensional equation. Some candidates did not realise that they needed to

explicitly substitute their expressions for p, p and A into the given equation u = kp%*pFf 1Y, even though
the question asks them to determine the values of the exponents.

Similarly, a very small number of candidates did not produce the required equations for each of the
dimensions to determine the values of @, f and y and as a result were not able to gain any credit for their
answers.
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Question 4 (c)

(¢) Comment on what the value of ¥ means about how fast sounds of different wavelengths travel
through the gas. [1]

This was another question requiring interpretation of the values found in a previous part of a question, in
this case using the candidate’s value of y to determine the effect of wavelength on the speed of the
wave.

Most candidates correctly interpreted their values. Some made statements that were incorrect or too
vague to gain any credit, e.g. (for y = 3): “the wavelength ... makes a considerable difference to the
speed if it is changed”, without saying what kind of difference it would make. Others used inappropriate
terms such as distance instead of wavelength, or talked about the value of y instead of A, which again
did not gain any credit.

Question 4 (d)

The student carries out two experiments, 4 and B, to measure . Only the density of the gas varies
between the experiments, all other conditions being unchanged. He finds that the value of » in
experiment B is double the value in experiment A.

(d) By what factor has the density of the gas in experiment 4 been multiplied to give the density
of the gas in experiment B? [2]

In this question, candidates were required to use their value of g to quantify the change in density
required to make the wave travel at twice the original speed.

Most candidates attempted this question and some were successful. Whilst most showed some

awareness of the formula by substituting their value of 8, not all were able to use the mathematical

concept of proportionality. In this case, vor—, meaning that pocviz. This gave an answer of %4, assuming

75

that g was correct.
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Question 5 (a)

As shown in the diagram, 4B is a long thin rod which is fixed vertically with 4 above B. One end
of a light inextensible string of length 1m is attached to 4 and the other end is attached to a particle
P of mass m kg. One end of another light mextensible string of length 1m is also attached to P. Its
other end 1s attached to a small smooth ning R, of mass m kg, which is free to move on 45.

Initially, P moves in a horizontal circle of radius 0.6m with constant angular velocity wrads ™.
The magnitude of the tension in string AP 1s denoted by 7)N while that in string PR 1s denoted by
T,N.

(a) By considering forces on R, express 7, in terms of m,. [2]

In this question, candidates had to use the principles of horizontal circular motion to determine the forces
acting on two strings and the rotational speed of P, together with the kinetic and potential energy
changes as P comes to rest.

Like the corresponding question on last year’s paper, this question was generally found to be very
challenging and few did well after part (b). The key steps in any horizontal circle problem are to establish
an equilibrium equation(s) in the vertical direction and an equation for the centripetal acceleration in the
horizontal direction, in either order as appropriate to the question.

The first part involves resolving vertically for object R to find T, by first finding the cosine of the angle
RAP (or the sine of the angle between AP and the horizontal), preferably using Pythagoras’ theorem to
get the correct exact value.

Most candidates attempted to do this. Some candidates attempted to resolve in the direction AP or
confused the sine and the cosine. Others used trigonometry to find 6 and then cos6, which was
condoned as long as a value of exactly 0.8 was stated later on.

mxg
sin53.13
for example and therefore did not gain the second mark. Candidates are reminded that final answers
should be put in fully simplified form and given to 3 significant figures unless stated otherwise. In this
case we allowed the use of g, but the coefficient needed to be correct to at least 3 significant figures.

A significant number of candidates did not simplify their answer adequately, leaving it as % or
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Question 5 (b) (i)

(b) Show that

W) T, =2 (m, +m,). 2]

This question again involved resolving vertically, this time on object P to find T, in terms of m; and T,
having previously found T5.

Most candidates found the given answer helpful and were able to find it correctly. Some astutely noticed
that they could work with the system as a whole and equate the vertical component of T; to the
combined weight of objects P and R, removing the need to resolve T,.

As with all questions with a given answers, it is essential for candidates to show adequate working to
justify the answer. Whilst most did this, a small number did not do so and lost the second mark. Similarly,
a few candidates did not maintain sufficient accuracy (e.g. using sin(53.13°)) to justify full marks, whilst
some had their vertical components of T; and T, going in the same direction.
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Question 5 (b) (ii)

49(m + 2m,)

s 2 2
(i) o= 4m, ) [3]

In this question candidates needed to resolve T, and T, horizontally to find an expression for the
centripetal acceleration and hence find an expression for w?.

This question proved to be significantly more challenging than 5(b)(i), with nearly a quarter of candidates
not attempting the question and about the same number gaining no marks. Of those who made
significant progress, most scored full marks and a few scored 1 or 2 marks.

Common problems included resolving in the wrong direction, only counting one of the forces (usually T ),
not including adequate working for a given answer, lack of accuracy, and using the wrong formula for
centripetal acceleration. As always, there were attempts to work backwards from the given answer,
which were not successful unless the candidate determined what was incorrect in the first place.

Exemplar 2

Q= )2 F =)
ISinfAru® | -
Tisn0-644 —ww’l |
49 (. wmi\ X.SIN 0644 =Mru?
& _
49 (o +')mn\)&(} = s Q6x U2
7
49 (m-H?mfﬂ = xu®

.{.\

. ,u_:'l = Ll-q (mﬁ— 2 r\m\
Leyvng

In this response, the candidate has only resolved T; in the horizontal direction, losing the first M mark,
and has used a non-exact value for sin6, which has been recovered later. The second M mark is not
accessible since they are unable to substitute for T, as required in the mark scheme. Having arrived at
their final response and found it to be wrong, they have then squeezed a coefficient of 2 in front of all the
instances of m, without realising that this extra m, must have come from somewhere, namely the
missing T, in the original equation.
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Question 5 (c)

(¢) Deduce that, in the case where 7, is much bigger than m,, @ ~ 3.5. [2]

This question required candidates to use the concept of limits to justify the exclusion of m, from the
calculation of w, given that my is much bigger than m..

Very few candidates were able to justify this correctly using the fact that the ratio % (or appropriate
1

multiple of this) becomes very small or negligible as m, becomes comparatively large. Some argued that
my + 2m, = my if my >> m,, which we reluctantly allowed if no wrong statement was made alongside it.

Most simply ignored m, or wrongly set it equal to zero, and so scored no marks. Some made statements
about m, being negligible (by comparison to m,) or used suitable trial values which gave w = 3.5 to 1d.p.
We allowed SC1 for both of these as partially correct reasoning as long as there was no hint of m, being
equal to zero in the first case, or my was sufficiently large by comparison with m; in the second case.

Despite the above, this was still the least well done of all the questions on the paper. Candidates are
encouraged to familiarise themselves with finding limiting values in order to tackle similar problems in the
future.

Question 5 (d)

In a different case, where m, = 2.5 and m, = 2.8, P slows down. Eventually the system comes to
rest with P and R hanging in equilibrium.

(d) Find the total energy lost by P and R as the angular velocity of P changes from the initial value
of wrads ™' to zero. [5]

This question required candidates to use the result in part 5(b)(ii) to find w and hence the kinetic energy
in P, together with the change in potential energy of the system as P comes to rest.

A large number of candidates did not respond to this question. Most candidates who did attempt the
question started by trying to find w and then the kinetic energy, but did not always know how to find the
speed and/or the kinetic energy correctly.

Very few candidates realised that the objects would drop in height as the strings moved to a vertical
direction, causing a change in potential energy for P and R. This is hinted at in the question since it asks
for the total energy lost, not just the kinetic energy. Of those that did, some were able to find the correct
vertical distances moved and therefore find the correct change in potential energy.

A small but significant number of candidates substituted m, + m, instead of m; + 2m,, into the formula
for w?. Some also made errors such as using w instead of v, or giving both P and R the same speed
when finding the kinetic energy.
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Question 6 (a)

6  Particles 4 of mass 2m and B of mass n are on a smooth horizontal floor. 4 is moving with speed u
directly towards a vertical wall, and B is at rest between 4 and the wall (see diagram).

u

—
2m m
[ ] [ )
A B

A collides directly with B. The coefficient of restitution in this collision is 31
B then collides with the wall, rebounds, and collides with 4 for a second time.

(a) Show that the speed of B after its second collision with A4 is %u. [6]

This question required candidates to solve a three-way collision by considering each collision in turn,
with the second collision between object B and the wall having an unknown coefficient of restitution.

Almost all candidates were able to access the start of this question and make some progress. The first
part was a standard collision with restitution problem and most candidates were able to set up at least
one or both of the required equations. In a small number of cases, candidates were not able to set up the
correct equations and did not gain any marks.

Some candidates used relatively poor algebraic manipulation which increased the likelihood of making
mistakes or not being able to find the speeds after the first collision. In most cases, rearranging the
restitution equation and eliminating one variable between this and the momentum equation is the
simplest method. Otherwise, substitution for V4 or Vg in the momentum equation will be an efficient
technique. Some candidates assumed that the velocities after collision were in different directions, whilst
others chose to rearrange the momentum equation for V; and then substitute for this in the restitution
equation, for example, which could lead to difficulties.

The absence of any given coefficient of restitution between object B and the wall confused many
candidates who wrongly assumed that it must again be 7%, or possibly 1. A small number multiplied Vg (=
u) by an unknown e to give a velocity of -eu and a very few candidates simply left it as an unknown,
which subsequently cancelled out between the equations to give the required speed of A.

For those who used an assumed a value for the speed of B, this also led to the correct answer if
otherwise worked correctly, and we gave this SC1 as a result, provided the velocity of B was feasible.
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Question 6 (b)

The first collision between 4 and B occurs at a distance d from the wall. The second collision
between 4 and B occurs at a distance + from the wall.

(b) Find the coefficient of restitution for the collision between B and the wall. [5]

This question required candidates to use information about the motion of A and B between their first and
second collisions to determine the value of the coefficient of restitution between B and the wall.

For this, candidates needed to find the speed of B (= u) and set the rebound speed to eu. They then had
to equate the times taken by A and B using the standard relationship between distance, speed and time,
from which they could form an equation for e in terms of d and u, both of which cancel out later.

Few candidates were able to solve this problem, but since many had already found V; = u and some had
suggested a rebound speed of eu in part (a), we gave these marks if already seen in (a) but not used in
part (b). Of those who did set up the problem correctly, almost all then found the correct value of e.

Some candidates showed considerable ingenuity in recognising that they could just use the distances
travelled by A and B after the collision with the wall (= % and % respectively) to show that the speed of

B was % of the speed of A and thus find the value of e relatively easily.
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method that is required by OCR. Whilst every effort is made

to ensure the accuracy of the content, OCR cannot be held
responsible for any errors or omissions within these resources.
We update our resources on a regular basis, so please check the
OCR website to ensure you have the most up to date version.

This resource may be freely copied and distributed, as long as
the OCR logo and this small print remain intact and OCR is
acknowledged as the originator of this work.

Our documents are updated over time. Whilst every effort is made
to check all documents, there may be contradictions between
published support and the specification, therefore please use the
information on the latest specification at all times. Where changes
are made to specifications these will be indicated within the
document, there will be a new version number indicated, and a
summary of the changes. If you do notice a discrepancy between
the specification and a resource please contact us at:
resources.feedback@ocr.org.uk.

Whether you already offer OCR quialifications, are new to OCR, or
are considering switching from your current provider/awarding
organisation, you can request more information by completing the
Expression of Interest form which can be found here:
www.ocrorg.uk/expression-of-interest

Please get in touch if you want to discuss the accessibility of
resources we offer to support delivery of our qualifications:
resources.feedback@ocr.org.uk

Looking for a resource?

There is now a quick and easy search tool to help find free resources
for your qualification:

www.ocr.org.uk/i-want-to/find-resources/

www.ocr.org.uk

OCR Customer Support Centre

General qualifications

Telephone 01223 553998

Facsimile 01223 552627

Email general.qualifications@ocr.org.uk

OCR is part of Cambridge Assessment, a department of the University of
Cambridge. For staff training purposes and as part of our quality assurance
programme your call may be recorded or monitored.

© OCR 2019 Oxford Cambridge and RSA Examinations is a Company
Limited by Guarantee. Registered in England. Registered office The
Triangle Building, Shaftesbury Road, Cambridge, CB2 8EA. Registered
company number 3484466. OCR is an exempt charity.
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