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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.
A selection of candidate answers is also provided. 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 and the mark scheme can be downloaded from OCR.

Would you prefer a Word version?
Did you know that you can save this PDF as a Word file using Acrobat Professional?
Simply click on File > Export to and select Microsoft Word

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on
the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that
will also convert PDF to Word (search for PDF to Word converter).
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Paper 1 series overview

Examiners’ report

This paper had been written during the disruption to education due to the measures taken to deal with
Covid-19. It is by design a paper on which candidates can show what they know and many very good
responses were seen. Candidates could pick up almost a third of the marks on routine questions.

Candidates who did well on this paper

generally:

Candidates who did less well on this paper
generally:

attempted all questions
worked accurately with arithmetic and algebra
used correct trig identities

explained their answers so that the method
was clear to the examiner

demonstrated an understanding of modelling
and its relation to the real life situation.

left blank spaces rather than trying something

made errors in algebraic manipulation and in
the use of the laws of logarithms

used incorrect formulae and identities

worked in fragments rather than a coherent
argument

did not draw conclusions from the evidence
they had found

were unable to use vectors in a Mechanics
context.
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Section A overview

The questions in Section A are designed to be fairly routine procedural and require little reading or
understanding of contexts. There is a steady gradient of difficulty through the section.

Question 1

1  Aball is thrown vertically upwards with a speed of 8ms™".

Find the times at which the ball is 3 m above the point of projection. [2]

Most candidates used a correct suvat equation to set up a quadratic equation for t which they solved
successfully. Many then went on to give a range of times for which the ball was above 3m, but full credit
was given for this where the boundary values were correct.

Question 2

S5x+1
2 Express ——————
P - 2

1 in partial fractions. [4]
r—

This question was answered successfully by the majority of candidates, with errors mostly being around
the use of +/- signs. Very few candidates did not realise the need to factorise the denominator.

Question 3

3 Find f(2x4 —xv/x)dx. [3]

Many candidates used fractional powers and integrated this successfully. Some lost a mark for omitting
the arbitrary constant.

Assessment for learning

@ Simple methods better — some candidates tried to use integration by parts for the x+/x term.

As this is an unnecessarily complicated method, it had to be successful to get the method
mark.
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Question 4 (a)

4  Aruler PQRS is a uniform rectangular lamina with mass 20 grams. The length of PQ 1s 30 cm and
the length of PS is 4 em. The ruler is attached at P to a smooth hinge and held with S vertically
below P by a horizontal force of magnitude F N as shown in the diagram.

P Q
FN
s R
(a) Calculate the value of F. [3]

This question was well answered with most candidates aware that the centre of mass was 15 cm from P
horizontally. Some candidates made mistakes with units. Candidates who used mass instead of weight
were only eligible for the B1 mark for 15 cm.

Question 4 (b)

(b) Explain what would happen to the lamina if the force at S were removed. [1]

The expected response was ‘rotate clockwise’, but we accepted variations on rotate provided ‘clockwise’
was seen. However it was common to see just fall’, or a description of where the ruler would finish.

Question 5 (a)
5 In this question you must show detailed reasoning.

(a) Find the coordinates of the two stationary points on the graph of y = 15 —x* — % [3]

X

Most candidates understood that they needed to differentiate and equate to zero, although some had
difficulty with the negative index. There were many good solutions with both turning points found
correctly, but some candidates took out a factor of x and were led to believe that there was a turning
point at x = 0. Many of these did not notice that the function was undefined at x = 0.
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Question 5 (b)

(b) Show that both these stationary points are maximum points. [2]

The majority of candidates used the second derivative and were able to show that this was negative at
both turning points to show that these were local maxima. As in part (a), there were a few issues with the
negative index. A minority looked at the gradient on each side of each turning point, which was a more
laborious approach.

Question 6 (a)

6 (a) Show that the equation sin (J.'+ %H) = cos (x— %ﬂ) can be written in the form

V2 —1

tanx = m [4]

Some candidates had learned tan = % without realising that the arguments of these functions have to
match. They tried to divide the LHS by the RHS mistakenly thinking that gave a correct line of working.

Others just wrote sin (x + %n) =sinx + sin%n etc These responses could get the second M mark for
using correct exact values for two trig terms.

There were some candidates who used almost correct identities but introduced a sign error in the cosine
identity.

Where correct identities and exact values were used, the examiners were looking for correctly factorised
work, and missing brackets could lose the final mark.

Question 6 (b)

(b) Hence solve the equation sin (x+ %ﬂ') = Cns(x - %II) for 0 <x<27. [1]

Almost all candidates used the given expression and their calculator to get one root but some candidates
did not get the second root in the range.

Occasionally the mark was not given when the handwriting meant that their written response read as
7/24m or even # which may not be what the candidate intended.
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Section B overview

In Section B, there are more stretching questions involving more interpretation. Many very successful
responses were seen.

Question 7

7  Determine the exact distance between the two points at which the line through (4, 5) and (6, —1)
meets the curve y = 232 —Tx+1. 7]

This was generally well answered with all candidates able to pick up some of the method marks since
these were not dependent. There were occasional mistakes on the gradient formula for the equation of a
straight line. But those candidates who evidenced their working by showing substitution into the formula
correctly before making a slip could still earn this method mark. Most did this successfully and went on to
solve simultaneously forming and solving their quadratic. Occasionally candidates forgot the last part of
the question or added coordinates in their calculation for length of line rather than subtracting before
squaring, but many gained this M mark FT even if their coordinates found were incorrect.

Question 8 (a)

8  Abus is travelling along a straight road at 5.4ms™"'. At r = 0, as the bus passes a boy standing

on the pavement, the boy starts running in the same direction as the bus, accelerating at 1.2ms
from rest for 5s. He then runs at constant speed until he catches up with the bus.

-2

(a) The diagram in the Printed Answer Booklet shows the velocity-time graph for the bus.

Draw the velocity-time graph for the boy on this diagram. [3]

Many candidates had fully correct graphs with the change in gradient at (5, 6) clearly shown. Candidates
who had not calculated the velocity of the boy at t = 5 did not always have the horizontal section above
the given line representing the velocity of the bus and lost 2 marks.

Question 8 (b)

(b) Determine the time at which the boy 1s running at the same speed as the bus. [2]

This was well answered by equating an expression of the boy’s velocity to 5.4.
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Question 8 (c)

(c¢) Find the maximum distance between the bus and the boy. [3]

This question is straightforward once you recognise that the distance between the boy and the bus is
growing while his speed is less than that of the bus, and reduces when he is quicker than the bus. Some
candidates assumed that the maximum distance happened at t = 5 instead and some credit was given
for calculating the distance travelled by the boy at any time up to and including 5.

This question was sometimes answered using calculus and an expression for the difference between the
displacements of the bus and the boy.

The area between the two graphs up to t = 4.5 gives the maximum distance in one step and is equal to
the displacement of the boy, which is structural to the solution as the boy starts from rest. Where
candidates used an area calculation, examiners assumed they were attempting this method. Where it
seemed that suvat equations were used, they assumed that they were looking at the displacement of
either the bus of the boy, So 12.15 m from a suvat calculation on its own did not receive full credit.

Assessment for learning

to the calculations can help the examiner recognise the method being used and award the

@ It is important that candidates explain their methods in their response. Just a word or two next
method marks.

Question 8 (d)
(d) Find the distance the boy has run when he catches up with the bus. [3]

This was a more challenging question as the boy has two phases of motion to consider before catching
up with the bus. Many candidates equated the expression for displacement valid during the acceleration
phase to 5.4t without noticing that this was only valid for the first 5 seconds. Some muddled up the time
from the start with the time after t = 5.

Candidates who realised that the boy was 12m behind the bus when he reached top speed and used
relative speed to calculate an additional 20s were often successful, although some did not include the
first 15m in their total distance.
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Question 9 (a)
. .. dy | .
9  The gradient of a curve 1s given by P —de™.

(a) Show that the x-coordinate of any point on the curve at which the gradient is 3 satisfies the
equation (e*)> —3e™ —4 = 0. [2]

This question asked candidates to derive the equation by equating the expression for j—i to 3 and

rearranging. In the structure of the whole question, it should lead candidates to solve a quadratic in e* in
part (b). Some candidates tried to solve the equation in part (a) rather than rewriting.

Question 9 (b)

(b) Hence show that there is only one point on the curve at which the gradient is 3, stating the
exact value of its x-coordinate. [3]

To obtain full marks here, candidates needed to solve the quadratic to give e* = —1,4 and then explain
why e* = —1 did not lead to a solution, leaving x = In 4 as the only root.

Misconception

@ Taking logs of terms which are added together does not give logs of each term added
together.

Soe* —4e7* =3 doesnotgive x —4Ine ™™ =1In3

Question 9 (c)
(¢) The curve passes through the point (0, 0).

Show that when x = 1 the curve is below the x-axis. [5]

Most candidates realised they had to integrate the expression for j—z and evaluate the y-coordinate when

x = 1. Some explanation was needed after the line y = —0.81 that this meant the curve was below the
axis. A few omitted the constant so were unable to get a negative value.
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Question 10 (a)

10 The diagram shows the graph of y = 1.5 +sin’x for 0 < x < 27.

y

A

(a) Show that the equation of the graph can be written in the form y = a— b cos2x where a and
b are constants to be determined. [2]

A number of candidates confused cos? x and cos 2x, treating them interchangeable. The few who
compared like terms to evaluate a and b usually made an error when dealing with the negative signs. A
few candidates attempted alternative methods using graph transformations. Full credit was given for a
correct expression even if a = 2,b = —0.5 as subsequently seen and marked ISW (Ignore Subsequent
Working).

Assessment for learning

There are two formulae for sin? x namely sin? x = 1 — cos? x which was not relevant here and
. 1 . .
sin?x = - (1 — cos 2x) which is needed here.

Also emphasis that cos? x and cos 2x should not look the same when written.

Question 10 (b)

(b) Write down the period of the function 1.5+ sin’x. (1]

This was often well answered. No credit was given for 180° unless m was seen as well.

12 © OCR 2023
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Question 10 (c)

(¢) Determine the x-coordinates of the points of intersection of the graph of y = 1.5 +sin’x
with the graph of y = 1 +cos2x in the interval 0 < x < 27. [3]

Many candidates found a value for cos 2x and at least one root in the required interval. Not many
candidates went on to find the other three roots. This was more of a problem for candidates who found
an equation for sin? x

Assessment for learning

The question was structured so that the expression found in (a) could be used for the simplest
method to find the points of intersection. It was much more work to begin from scratch and
find an equation for sin? x or even cos? x.

Question 11 (a) (i)

11 The height hcm of a sunflower plant 7 days after planting the seed is modelled by h = a+bln¢
for t =2 9, where a and b are constants. The sunflower 1s 10 em tall 10 days after planting and
200 cm tall 85 days after planting.

(a) (i) Show that the value of b which best models these values is 88.8 correct to 3 significant
figures. [2]

Many realised the need to build and solve simultaneous equations and used an algebraic method to find
the exact value for b which rounds to 88.8 to 3 s.f. Where a calculator was used to solve the equations, it
was necessary to show a value for b to more than 3 s.f. and show it rounds to 88.8.

Question 11 (a) (i)

(ii) Find the corresponding value of a. [1]

This was generally correct even where candidates had to use the given value for b. Some did not write
the negative sign needed.

Question 11 (b) (i)
(b) (i) Explain why the model is not suitable for small positive values of t. [1]

Most candidates realised that the model predicted negative values for h which was not possible. Some
made an attempt to explain away the negative sign by talking about the seed being below the ground,
which was not necessary and does not explain the fact that the model gives h - —co as t - 0.

13 © OCR 2023
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Question 11 (b) (ii)

(ii) Explain why the model is not suitable for very large positive values of t. [1]

To obtain a mark here candidates had to state that the model predicts that the height tends to infinity and
that this is not possible in reality. Some did not mention what the model predicts. Others stated that the
model predicts unlimited growth but did not explain that there was a problem with that in reality. Some
stated that the height grows exponentially or at an increasing rate which is not correct, so they also lost
this mark.

Exemplar 1 B .
vk gk by g -

U‘-—_—I

This exemplar shows a response where it is not clearly stated that the model predicts unlimited growth
although it hints at it. This was a borderline case that would have had the mark had the response
included ‘for large values of t’ or similar.

Question 11 (c)

(¢) Show that the model indicates that the sunflower grows to 1 m in height in less than half the
time it takes to grow to 2 m. [2]

Many candidates decided to calculate the time to grow to 1m and also to 2m, not realising that 85 days
for 2m is given in the question. A clear statement comparing 27.4 days to a half of 85 (or their calculated
value) was also needed to get the second mark.

There were quite a lot of errors with units — the given units in the question are cm.

Question 11 (d)
(d) Find the value of # for which the rate of growth is 3 cm per day. [3]

This was well answered but a few candidates did not think to use the derivative of the model in their
response and so obtained no marks.

14 © OCR 2023
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Question 12 (a)
12 In this question the unit vectors i and j are horizontal and vertically upwards respectively.

A particle has mass 2kg.

(a) Write down its weight as a vector. [1]

In all parts of this question, examiners expected to see vector answers and it was clear that some
candidates did not know that Newton’s second law and the suvat equations are vector equations.
Column vectors or vectors in terms of i and j were equally acceptable.

For this first part it was quite common to see a positive component for weight even though the question
defined the j direction as vertically upwards. Some candidates omitted the g effectively giving mass
acting in the j direction which makes no sense.

Question 12 (b)

A horizontal force of 3N in the i direction and a force F =(—4i+12j)N act on the particle.

(b) Determine the acceleration of the particle. [3]

Most candidates wrote the 3N horizontal force correctly as a vector and many fully correct answers were
seen. A large minority forgot to include the weight of the particle in their equation of motion, although part
(a) was included to help them with that. Candidates who had a correct acceleration vector did not lose a
mark for then finding its magnitude.

Misconception

magnitude of the resultant force to get the magnitude of the acceleration instead. This did not

@ Some candidates thought that Newton’s second law must be a scalar equation and found the
get the method mark.
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Question 12 (c)

(c) The initial velocity of the particle is Sims™'.

Find the velocity of the particle after 4s. [2]

Similar problems confusing vectors and scalars were frequently seen. Some candidates attempted to
add vectors and scalars, which lost the method mark. Some candidates who had a correct velocity
vector sometimes lost the final mark by giving the speed rather than the velocity as their final answer.
The decision was made not to award the final mark where this was seen on this part of the question as
the distinction between speed and velocity is a specification point to be tested.

Assessment for learning

the speed and not the velocity. Students need to recognise the distinction between scalar

@ Velocity is vector and must be the final answer. If you then find its magnitude, you are finding
speed and vector velocity..

Question 12 (d)

(d) Find the extra force that must be applied to the particle for it to move at constant velocity. [1]

Candidates who had included the weight earlier in the question typically got this correct, but those who
had omitted weight earlier did so again here and were not given the mark.
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Question 13 (a)

13 A block of mass 8kg is placed on a rough plane inclined at 15° to the horizontal. The coefficient
of friction between the block and the plane 1s 0.3.

One end of a light rope 1s attached to the block. The rope passes over a smooth pulley fixed at the
top of the plane, and a sphere of mass 5 kg, attached to the other end of the rope, hangs vertically
below the pulley. The part of the rope between the block and the pulley is parallel to the plane.
The system is released from rest, and as the sphere falls the block mowves directly up the plane

with acceleration ams 2.

15°

(a) On the diagram in the Printed Answer Booklet, show all the forces acting on the block and on
the sphere. [4]

There were many fully correct diagrams with the direction of the forces clearly shown. Some candidates
lost a mark for using T1 and T for the tensions. Some candidates lost the mark for the weights either by
labelling them both W, or showing the weight of the block and its components as additional forces.

Exemplar 2

. 5

This response shows a good example of the components of the weight indicated with dotted lines
without looking like additional forces. The label R for the normal reaction would be enough on its own
and the friction is in the correct direction. There was no indication of the direction of the tension, so a
mark was lost.
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Question 13 (b)

(b) Write down the equation of motion for the sphere. [2]

This was usually well answered, but a few candidates had the direction of travel wrong despite it having
been stated in the question. Some did not read the question correctly and tried to look at whole system
equation. Others used 5g as mass in F = ma. A few candidates did not understand the term ‘equation of
motion’ and tried to use one of the suvat equations.

Question 13 (¢)

(c¢) Determine the value of a. [6]

Candidates who considered the 2 objects separately and then eliminated T in their simultaneous
equations usually wrote more successful responses than those that attempted a ‘round the corner’
method trying to do the whole system = 13a in one go. Some used the value for T from the equilibrium
case not realising the tension is not the same while the system is in motion.

Candidates should be encouraged to write down their methods and leave substituting in values for terms
until the last stage. This usually means they get less confused with their method and force directions and
it leads to more accurate answers.

Question 14 (a)
14 (a) Use the laws of logarithms to show that log,,200—log, 20 is equal to 1. [2]

Most candidates used the laws of logs correctly and showed sufficient working to get full credit.

Question 14 (b)

The first three terms of a sequence are log, 20, log, 200, log, ,2000.

(b) Show that the sequence is arithmetic. [2]

It was very common for candidates just to state that the difference between the second and third terms
was 1 without proving it, or by giving numerical values only.
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Exemplar 3

—

[OY 0 2090 — (030200 =i
(0% 1020 ®© = OG0 2O =7
(a AR~ e = Qg =,

1

Gl v dad O C

In this exemplar, the working was enough for the M1 but not the second mark for a full explanation.
There is no evidence to support the statement in the second line.

Question 14 (c)

(c¢) Find the exact value of the sum of the first 50 terms of this sequence. [2]

This was successfully answered by candidates who used the formula with clear substitution. The A mark
was given for a fully correct expression so candidates who made an error in simplifying were able to
have 2 marks, ignoring subsequent working. Responses where candidates attempted to use the form
involving the last term were often less successful as that term was tricky to get right. Candidates who
used their calculator to sum the series to give a decimal answer did not get full credit here as an exact
answer was needed.

Question 15 (a)

15 A projectile i1s launched from a point on level ground with an initial veloeity u at an angle € above
the horizontal.

2uzsin8cose_ 3]

(a) Show that the range of the projectile 1s given by g

This question asked candidates to derive algebraically formulae that may be familiar to some. It was
specifically set using this form as the better known version with sin 26 is not helpful in part (b).

Many fully correct solutions were seen where candidates found the time for the whole flight, or
sometimes where candidates doubled the time needed to reach the highest point. Sometimes
candidates did not introduce the factor of 2 until very late and without explanation, so the final E mark
was lost, as the final result was a given answer.
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Question 15 (b)

(b) Determine the set of values of @ for which the maximum height of the projectile is greater
than the range, where € 1s an acute angle. Give your answer in degrees. [5]

Candidates who used the equation v? = u? + 2as with v = 0 often found a correct expression for the
maximum height. Candidates who found the time to the top first and then tried to use itin s = ut + %at2
often struggled to combine the terms to get the simplified answer.

A method mark was given for comparing their expression for maximum height with the given range as
long as the expression for height did not contain t.

Some candidates struggled to simplify the resulting equation to a simple equation for tan 8 and
occasionally the final mark was lost by candidates who reached tan 8 = 4 where their final answer was
not a correct inequality.
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assessor or drop in to a Q&A session. Most of our courses are delivered live
via an online platform, so you can attend from any location.

Please find details for all our courses for your subject on Teach
Cambridge. You'll also find links to our online courses on NEA marking
and support.

ExamBuilder is the question builder platform for a range of our GCSE,
A Level, Cambridge Nationals and Cambridge Technicals qualifications.
Find out more.

ExamBuilder is free for all OCR centres with an Interchange account
and gives you unlimited users per centre. We need an Interchange
username to validate the identity of your centre’s first user account for
ExamBuilder.

If you do not have an Interchange account please contact your centre
administrator (usually the Exams Officer) to request a username, or
nominate an existing Interchange user in your department.

Review students’ exam performance with our free online results analysis
tool. It is available for all GCSEs, AS and A Levels and Cambridge
Nationals.

Find out more.
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Need to get in touch? We really value your feedback

If you ever have any questions about OCR Click to send us an autogenerated email about
qualifications or services (including administration, this resource. Add comments if you want to.
logistics and teaching) please feel free to get in touch Let us know how we can improve this resource or
with our customer support centre. what else you need. Your email address will not be

used or shared for any marketing purposes.
Call uson

01223 553998 0| like this Qldislike this

Alternatively, you can email us on
support@ocr.org.uk

For more information visit

[0 ocr.org.uk/qualifications/resource-finder
{8 ocr.org.uk

© facebook.com/ocrexams

¥ twitter.com/ocrexams
instagram.com/ocrexaminations

[ linkedin.com/company/ocr

O youtube.com/ocrexams

Please note — web links are correct at date
of publication but other websites may
change over time. If you have any problems
with a link you may want to navigate to that
organisation’s website for a direct search.
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OCRis part of Cambridge University Press & 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 2023 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.

OCR operates academic and vocational qualifications regulated by Ofqual, Qualifications Wales and CCEA as listed in their qualifications registers including A Levels,
GCSEs, Cambridge Technicals and Cambridge Nationals.

OCR provides resources to help you deliver our qualifications. These resources do not represent any particular teaching method we expect you to use. We update
our resources regularly and aim to make sure content is accurate but please check the OCR website so that you have the most up to date version. OCR cannot be
held responsible for any errors or omissions in these resources.

Though we make every effort to check our resources, there may be contradictions between published support and the specification, so it is important that you
always use information in the latest specification. We indicate any specification changes within the document itself, change the version number and provide a
summary of the changes. If you do notice a discrepancy between the specification and a resource, please contact us.

You can copy and distribute this resource freely if you keep the OCR logo and this small print intact and you acknowledge OCR as the originator of the resource.
OCR acknowledges the use of the following content: N/A

Whether you already offer OCR qualifications, are new to OCR or are thinking about switching, you can request more information using our Expression of Interest form.

Please get in touch if you want to discuss the accessibility of resources we offer to support you in delivering our qualifications.
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