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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 Y421/01 series overview 

This is one of the two major examination components for the A Level examination for GCE Further 

Mathematics B. It is a two-hour fifteen-minute paper consisting of 120 marks. The paper consists of two 

sections, A and B. Section A will have between 25 and 35 marks and will comprise more straightforward 

questions. Section B will have between 85 and 95 marks and will comprise a mixture of more and less 

straightforward questions.  

Inevitably, the report that follows will concentrate on aspects of the candidates’ performance where 

improvement is possible to assist centres on preparing candidates for future series. However, this should 

not obscure the fact that a significant number of candidates who sat this paper produced solutions which 

were a pleasure for examiners to assess. Many candidates demonstrated a most impressive level of 

mathematical ability and insight which enabled them to meet the various challenges posed by this paper 

on all the associated mechanics content; precision, command of correct mathematical notation and 

excellent presentational skills were evident in many scripts.  

The specification includes some guidance about the level of written evidence required in assessment 

questions; these were provided to reflect the increased functionality of the available calculators and the 

changes in assessment objectives, since there is a significant change from when the equivalent legacy 

qualifications were designed.  

The word ‘Determine’ in a question does not simply imply that candidates should find the answer but, to 

quote the specification, ‘this command word indicates that justification should be given for any results 

found, including working where appropriate.’ This command word featured in Questions 1, 2, 3 (b), 4 (a), 

4 (b), 5 (b), 6 (a), 6 (b), 7 (a), 8 (a), 9 (a), 9 (b), 10 (a), 10 (b), 11 (b), 12 (a) (ii) and 12 (b).  

The phrase ‘Show that’ generally indicates that the answer has been given, and that candidates should 

provide an explanation that has enough detail to cover every step of their working. This command 

phrase features in Questions 8 (b), 10 (c), 11 (a) and 13 (d).  

While there is no specific level of working needed to justify answers to questions which use the 

command word ‘Find …’, method marks may still be available for valid attempts that do not result in a 

correct answer, and standard advice (included in the specification) that candidates should state explicitly 

any expressions, integrals, parameters and variables that they use a calculator to evaluate (using correct 

mathematical notation rather than model specific calculator notation).  

OCR support 

 

Full details of ‘command words’ can be found in section 2b of the specification. OCR also 

publish a classroom poster and associated guidance on command words, which centres 

should make sure candidates are familiar with. These can be found on Teach Cambridge. 

 

Regardless of the final required accuracy, candidates should be careful of not rounding prematurely, but 

also take care to avoid over specifying rounded answers where the context does not support that level of 

accuracy. 

One general point with regards to the answering of certain mechanics questions should be made in this 

overview. This is that unless told otherwise the value that candidates should use for the acceleration due 

to gravity, g, is 9.8 and not 9.81 or 10 (and this value is stated explicitly on the front cover of the 

examination paper). However, when a different value is stated in the question (for example, in Question 

9) then this value must be used. 

https://teachcambridge.org/57aeb2e9-239e-49ba-9020-ec8e29d8d419/subject-home?subject=de175848-4e24-43db-8511-99397ad35993&unit=all
https://teachcambridge.org/102e78c6-4e56-4bf6-aecc-05c72573ea1a/for-your-students?subject=de175848-4e24-43db-8511-99397ad35993&unit=all
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Candidates who did well on this paper 

generally: 

Candidates who did less well on this paper 

generally:  

• used formal language and notation correctly 

• defined the letters used for speed, time, etc. in 
unstructured questions 

• understood the level of response required for 
the command words used in the questions 

• made efficient use of their calculator 

• read questions carefully and provided the 
answers that were requested. 

• made careless mistake in algebraic 
manipulation 

• did not give sufficient evidence on ‘Show that’ 
and ‘Determine’ questions 

• used imprecise notation or language 

• did not read the question carefully and gave 
answers not to the required degree of 
accuracy (or did not use all the information 
given in the question). 
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Section A overview 

This section consists of more straightforward questions to act as a gentle start to this long exam paper. 

Most candidates answered the questions in this section very well, although for some candidates there 

seemed to be some conceptual misunderstanding to the topics assessed in Questions 4 and 5.  

 

Question 1  

This question was answered extremely well with almost all candidates obtaining the correct answer. 

When errors occurred, it was usually due to a sign error when applying Newton’s second law or not 

using the correct value of 27000 for the power.  

 

Question 2  

Although some candidates needlessly spent time calculating the coefficients of restitution associated 

with the two possible cases of the motion of A after collision, most candidates correctly found the two 

possible speeds with which B moved after the collision (the one associated with A continuing to move in 

its original direction of its motion before collision, or the second case in which the direction of motion of A 

was reversed). When errors occurred, they were usually errors of sign or incorrectly applying the values 

given in the question. 
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Question 3 (a)  

Most candidates correctly resolved vertically to find the greatest possible value of 𝜃 with the most 

common errors being; using 0.2 as the weight, using sine instead of cosine, or not giving the final answer 

to the nearest degree as requested (although on this occasion any answer that was either an answer 

which rounded to 82 or 1.44 (radians) was accepted).  

 

Question 3 (b)  

Part (b) was also answered well with almost all candidates correctly applying Newton’s second law 

horizontally to find the greatest possible value of 𝜔. The most common error was using 0.75 as the 

radius (rather than the correct expression 0.75sin𝜃) or using inexact values that lead to a value of 𝜔 that 

was not exactly 10 (although on this occasion any answer that was an answer that rounded to 10 was 

accepted – provide it came from correct working). 
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Question 4 (a)  

Since the first examination in 2019 candidates have struggled to answer questions that involve forces in 

equilibrium that contain a couple, and this was no different this series. All that was required in this part 

was to an introduce a common angle (either to the horizontal or vertical) and then resolve horizontally 

and vertically. Those that did usually deduced the correct magnitude of F as 1.2 N and furthermore 

correctly stated that it acted in the direction AC. 

Assessment for learning 

 

When a question asks for a direction, it is advisable to give this in relation to information 

already given in the question. For example, in this part candidates who referenced AC were 

usually more successful than those who simply mentioned that the direction was ‘vertical’ (as 

it was not sufficiently clear if this was vertically upwards or downwards). 

 

Question 4 (b)  

This part was not answered particularly well with many candidates leaving this part blank. Of those that 

did attempt this part, many did not choose the most ideal point to take moment about (namely A as about 

this point the force found in part (a) could be ignored). Those candidates who did take moments about A 

(and derived an equation of the form 6(3sin𝜃) + 6(4sin𝜃) where 𝜃 was the angle between AB and the 

upward vertical) usually wrote the most successful responses. 
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Question 5 (a)  

This part was answered extremely well with most candidates using the correct dimensions of force and 

velocity together with [𝐹] = [𝑘] × [𝑣] to correctly obtain the dimensions of k. 

 

Question 5 (b)  

It was clear that several candidates had a fundamental misunderstanding of dimensional analysis. Most 

candidates started off by writing 

1 1 1 2
1 2 1 2

2 2 2

MLT MT M(LT )
T +(MT ) M (LT ) (MLT )

MLT (MLT )

  
− − −

− − −

− −
= − and while 

this is not strictly incorrect many did not realise that as each term of the equation had to have the same 

dimensions that it was therefore the case that 1 2 1 2T (MT ) M (LT ) (MLT ) .  − − −=  A number of 

candidates who started with the statement that 
1 1 1 2

1 2 1 2

2 2 2

MLT MT M(LT )
T +(MT ) M (LT ) (MLT )

MLT (MLT )

  
− − −

− − −

− −
= − did not make any significant progress (or 

incorrectly treated it as an equation and therefore started to combine like terms). The most successful 

candidates were those that realised that 1 2 1 2T (MT ) M (LT ) (MLT )  − − −=  and then formed and solved 

three equations in ,   and .  

Misconception 

 

The most common misconception in this part was assuming that k was dimensionless even 

though most candidates had correctly found the dimensions of k in the first part. 
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Section B overview 

The questions in Section B were less straightforward in nature than those in Section A and also provided 

candidates an opportunity to apply their understanding of the mechanics content in a less structured 

setting.  

 

Question 6 (a)  

Almost all candidates answered this part correctly by differentiating the given displacement vector to find 

v in terms of t. 

 

Question 6 (b)  

Candidates struggled in this part to set up a correct equation to find the time when P was moving parallel 

to the given vector with many surprisingly setting a scalar product equal to 1 or considered the 

displacement rather than the velocity vector. Those candidates who realised that (
4𝑡 − 12

3𝑡2 + 6𝑡 − 8
) =

𝑘 (
1

−4
) and solved for k were mostly successful. Of those candidates who correctly found that t = 2 

(when P was moving in the given direction) most correctly went on to find the required speed (rather than 

leaving their answer as a velocity vector). 

Misconception 

 

Candidates are reminded that the direction of a moving body is governed by its velocity and 

not its displacement. 

 

Question 6 (c)  

In comparison to part (b) this part was answered extremely well with almost all candidates correctly 

differentiating to find the acceleration vector and then using Pythagoras to find the required value of t. 
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Question 7 (a)  

This part was answered extremely well with most candidates correctly resolving perpendicular to the 

plane for A, then using both 𝐹 = 𝜇𝑅 and Work done = 𝐹 × 𝑑 correctly to find the work done against 

friction as A moved up the ramp.  

 

Question 7 (b)  

Several candidates did not read the question carefully and instead gave a solution using Newton’s 

second law and constant acceleration formulae (therefore scoring no marks). The most common errors 

when applying the work-energy principle were either having the gravitational potential energy for A as 

2gd rather than 2gdsin30, not including the result from part (a) or not including the KE gained by both A 

and B (most candidates forgot to include A in their calculation). 
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Question 7 (c)  

Many candidates did correctly state one improvement that would make the model more realistic (for 

example, include the dimensions of the pulley, model the rope as elastic, or model the friction at the 

pulley) but some incorrectly gave a modelling assumption that already existed for the problem. Many 

candidates did not make it clear what the improvement was, for example, just stating ‘do not model the 

blocks as particles’ does not make it clear what form the improvement is going to take. 
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Question 8 (a)  

This question was not answered well with many candidates not finding the required expression for the 

y- coordinate of the centre of mass of the lamina. Many candidates used the extremely inefficient method 

of applying calculus in their attempt to calculate the centre of mass of the triangle below the line segment 

from (k, 0) to (4, 4), when all that was required was realising that the centre of mass of this triangle is at 

a distance of 
4

3
 from the x-axis. The most logical way of tackling this problem was to calculate the area 

below the curve as 
112

9
 (which could be done directly on a calculator), then work out 𝐴𝑦̅ =

1

2
∫ 3𝑥 + 4

4

0
d𝑥 

as 20 (again from a calculator) and combining this with the triangle below the line to give an equation of 

the form  

20 −
1

2
(4)(4 − 𝑘) (

4

3
) = (

112

9
−

1

2
(4)(4 − 𝑘)) 𝑦̅ 

and from this equation the required answer of 𝑦̅ =
42+12𝑘

20+9𝑘
 drops out relatively easily.  
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Question 8 (b)  

Most candidates who attempted this part scored at least 1 mark for setting their answer to part (a) equal 

to 1.5 and solving for k. Some candidates who correctly derived that in this case k would equal 8 did not 

explicitly reference why this value was not possible (and hence the y-coordinate could not be 1.5).  

 

Question 9 (a)  

The responses to this unstructured part were very mixed with some candidates scoring full marks and 

others making very little progress. In the most successful responses candidates correctly applied 

𝑠 = 𝑢𝑡 + 0.5𝑎𝑡2 perpendicular to the plane with 𝑎 = −𝑔cos𝛼 and 𝑢 = 20sin𝜃 to find the time of flight as 

2.6. Those that did start by finding the time of flight usually went on to correctly apply 𝑣 = 𝑢 + 𝑎𝑡 parallel 

and perpendicular to the plane (to find the components of the velocity of P before impact) and then finish 

the problem by applying 𝑠 = 𝑢𝑡 + 0.5𝑎𝑡2, this time parallel to the plane, to find the distance OA as 28.6. 

Although the question explicitly stated that the value of g should be taken to be 10 many candidates 

used the value of 9.8 and so lost 2 of the 9 marks available.  
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Exemplar 1 

This response was fully correct. Each line of working was extremely clear as was the level of detail in the 

algebraic working to show the required results for this part.  
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Question 9 (b)  

The responses to this part were mixed, however, many candidates correctly realised that the greatest 

angle would occur when the collision with the plane was elastic. Only the highest scoring candidates 

realised though that the required angle was given by the expression, 

 arctan (
⌈𝑦̇⌉

𝑥̇
) + arctan (

5

12
) with 𝑥̇, 𝑦̇ being the velocity components from part (a). 

 

Question 10 (a)  
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The responses to this question were mixed and while some candidates set their working out in a logical 

manner, examiners did report that at times it was difficult to follow some candidates’ working. 

Surprisingly, a few candidates used 𝑢2 =
𝑔𝑟

2
 for the initial speed of A. 

 

Question 10 (b)  

This part was answered relatively well with many candidates correctly stating the magnitude of the force 

exerted on P at A as 
𝑚𝑢2

𝑟
− 𝑚𝑔cos60 and then setting up an equation in 𝜃 only (using the given 

information regarding the differences in magnitudes and different parts of the bowl) to then derive the 

required vertical distance of B above the floor. 

 

Question 10 (c)  

A common error in this part was to derive the result that 𝑢 > √
𝑔𝑟

2
 which had already been given to the 

candidates in the opening stem of the question. This given result guarantees that the initial speed of P is 

sufficient for it not to leave the surface of the bowl before it reaches the top of the bowl again. A second 

common error was to consider the diameter of the rim of the bowl as being either r or 2r rather than the 

correct 2r cos30. In the most successful responses in this part candidates first found the time of flight, 

after it left the inner surface, for when P would be at the same horizontal level as the rim of the bowl and 

then compared the horizontal distance that would be travelled in this time with 2r cos30 (which leads 

nicely to the given result). 
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Question 11 (a)  

Candidates found this the most demanding question on the paper with very few being able to derive the 

given result. While most candidates could resolve vertically and horizontally and apply 𝐹 = 𝜇𝑅 correctly, 

few were successful with taking moments. Those that took moments about either point A or B were far 

more successful than those that took moments about either point C or G. While the majority of 

candidates did take moments about A, very few had both required terms for the weight component (as if 

considering the weight having components parallel and perpendicular to AC then the moment equation 

consists of both a 4×(15cos 𝜃) and a 1× (15sin 𝜃) term). Even when a candidate had a correct moment 

equation very few could then eliminate all other unknown terms correctly to obtain an equation in P and 

𝜃 only. 
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Assessment for learning 

 

When a question involves multiple stages of working that include the need to introduce a 

certain number of variables that have not been defined in the question it is the responsibility 

of the candidate to define the variables they use. In this question many candidates did not 

make it explicitly clear which letters were being used for the forces acting on the prism. In this 

type of question candidates are advised to draw a diagram in the printed answer booklet with 

all forces clearly labelled to assist both theirs (and the examiners) understanding. 
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Exemplar 2 

This response scored 6 of the 8 marks available. The candidate drew a clear diagram at the top of the 

response which showed the correct forces acting on the prism. The candidate correctly resolved 

vertically and horizontally (and correctly stated that 𝐹𝐴 = 0.5𝑁𝐴 and 𝐹𝐶 = 0.5𝑁𝐶). When it came to taking 

moments about A the candidate made the common mistake of only considering the anticlockwise 

moment of the weight component (and not realising that there would be a clockwise moment too). They 

did, however, eliminate all other variables to arrive at an equation in terms of P and 𝜃 only.  
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Question 11 (b)  

Many candidates left this part blank or incorrectly considered 40cos𝜃 + 95sin𝜃 (the numerator of the 

expression from part (a)). While some did correctly realise that 𝑃 > 0 ⇒ 16𝑠𝑖𝑛𝜃 − 13𝑐𝑜𝑠𝜃 > 0 and hence 

𝜃 > 39.09 … very few also realised that for equilibrium 𝑡𝑎𝑛𝜃 ≤ 4 and hence 𝜃 ≤ 75.96 … 

 

Question 12 (a) (i)  

It was rare for candidates to give the correct explanation that the impulse acts in a direction parallel to 

the line of centres because the sphere were smooth.  

 

Question 12 (a) (ii)  

This part was answered extremely well with most candidates correctly applying the conservation of linear 

momentum and Newton’s experimental law consistently to derive the correct equations for the velocity of 

A and B after collision. Most then solved these equations correctly and obtained a correct expression for 

the velocity of either A and/or B after impact. Sadly, when it came to working out the impulse several 

candidates used either an incorrect mass (so used m instead of 𝜆𝑚 together with the velocity of B) or 

gave only the magnitude of the impulse.  
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Question 12 (b)  

Candidates found the algebraic demands of this part very demanding with many stopping after setting up 

a correct equation. Only the highest scoring could obtain the equation, 

𝜆(1−𝑒2)

1+𝜆
=

1

4
 (or similar) and then consider the fact that 0 ≤ 𝑒 ≤ 1 (which would then lead to the required 

range of possible values of 𝜆).  

 

Question 13 (a)  

This part was answered extremely well with almost all candidates applying Hooke’s law correctly to find 

the required extension in the spring.  

 

Question 13 (b)  

The responses to this part were mixed with only the highest scoring expressing the upward displacement 

of P correctly as 𝑦 + 𝑔𝑛−2 − 𝑥. 

 

Question 13 (c)  

Although several candidates left this (and part (b)) blank, a number did give the correct answer of 𝑘𝑡 − 𝑥̈. 
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Question 13 (d)  

The responses to this part were mixed. While some candidates correctly set up the equation of motion 

as 
2

( )
man x

mg m kt x
a

− = − and were then successful in deriving the given differential equation many 

started with the acceleration as a or appeared to be trying to work backwards from the given result.  

 

Question 13 (e)  

While most candidates did indeed verify this solution by substituting it into the differential equation from 

part (d) and furthermore checked that when t = 0, 
d

0
d

x

t
= and x = gn-2, several candidates instead solved 

the given differential equation or did not check the initial conditions. 

Misconception 

 

The word ‘Verify’ does not have the same mathematical meaning as ‘Show that’ – many 

candidates in this part solved the second order differential equation and used the given 

conditions to calculate the two arbitrary constants. While this approach could score all 4 

marks it was a time-consuming way of tackling the problem. Furthermore, the solution to 

differential equations (apart from those found via SHM) are not required for this unit and it 

may not always be possible to solve the differential equation that candidates are being asked 

to verify in this unit. 
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Exemplar 3 

This response scored 3 of the 4 marks available for this part. The candidate has correctly shown that the 

given expression for x satisfies the given differential equation and has also shown that at time t = 0, the 

expression for x is the required gn-2. However, they did not verify that 𝑥̇ = 0 at time t = 0. 

 

Question 13 (f)  

Very few candidates correctly stated that as 𝑥̇ ≥ 0 for all values of t that it could then be inferred that P 

does not move closer to the ceiling of the lift in the subsequent motion. Even though the question 

explicitly directed candidates to do so, many gave an answer that did not include consideration of 𝑥̇ at 

all.  
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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 
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Nationals.
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Need to get in touch?

If you ever have any questions about OCR 
qualifications or services (including administration, 
logistics and teaching) please feel free to get in touch 
with our customer support centre. 

Call us on 
01223 553998

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

For more information visit
	 ocr.org.uk/qualifications/resource-finder
	 ocr.org.uk
	 facebook.com/ocrexams
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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.

OCR is 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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