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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 (MEI). It is a 2 hour 15 minute paper consisting of 120 marks. The paper consists of two 

sections, A and B. Section A has between 25 and 35 marks and comprises more straightforward 

questions. Section B has between 85 and 95 marks and comprises 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 many candidates who sat this paper produced successful solutions. 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 

question; 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 3, 4 (a), 4 (b), 5 

(b), 6, 7 (a), 7 (b), 7 (c), 8 (c), 9 (c), 10, 11 (c), 12 (b), 12 (c), 12 (d) and 13 (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), 9 (a), 11 (b), 11 (d) and 13 (a).  

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). 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: 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).  
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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 
responses that were requested. 

• made mistakes 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 
responses that did not meet the required 
degree of accuracy (or did not use all the 
information given in the question). 
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Section A overview 

Section A is designed to provide a gentle introduction to the examination, with short, straightforward 

questions. Most candidates made a good attempt at these 4 questions, although a small proportion 

omitted question 3. 

 

Question 1 (a)  

Most candidates correctly applied the conservation of linear momentum to find the value of 𝑣. When 

errors occurred, they tended to be either sign errors or a mistake in applying one of the values correctly. 

Occasionally, some candidates tried to use an energy approach believing incorrectly that in this situation 

kinetic energy was conserved.  

 

Question 1 (b)  

Nearly all candidates used the result that ‘Impulse = change in momentum’ to solve this part. Candidates 

were approximately equally split between applying this result to either A or B to find the required impulse 

(although it should be noted that it was slightly easier to apply the result to B due to B being at rest 

before the tow-rope tightened).  

 

Misconception 

 

Candidates are reminded that when a question in mechanics asks for the magnitude of a 

particular quantity the corresponding answer must always be positive.  

 

 



A Level Further Mathematics B - Y421/01 - Summer 2024 Examiners’ report 

 8 © OCR 2024 

Question 2 (a)  

Most candidates correctly applied the result that 𝐹 = 𝑘𝑥 to find the required stiffness of the spring. The 

only error seen by examiners was the very occasional use of 2 rather than 2𝑔 for . 

 

Question 2 (b)  

This part was also answered extremely well with most candidates using the result that 𝐸 =
1

2
𝑘𝑥2 to find 

the required energy stored in the spring.  

 

Question 2 (c)  

Most candidates in this part used the result that 𝐹 = 𝑘𝑥 to find the dimensions of stiffness of a spring. 

Occasionally, candidates used the result 𝐸 =
1

2
𝑘𝑥2 and were usually just as successful.  

Assessment for learning 

 

Candidates are reminded that if the dimensions of a quantity are explicitly required in a 

question, then they must be stated using capital letters without any form of brackets. 

Therefore, in this particular question the only acceptable answer was [𝑘] = MT−2.  
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Question 2 (d)  

This part was answered extremely well with most candidates correctly using [𝑣] = LT−1, [𝑚] = M, [𝑎] =

L and the correct dimensions of 𝑘 to find the values of 𝛼, 𝛽 and 𝛾. The most common error was assuming 

that the 𝑎 in the question stood for acceleration and not the stated amplitude.  

 

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 previous part. 
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Question 3  

This question was answered well. Most candidates were aware that they needed to take moments about 

a point on the diameter through AO and use the given result that the centre of mass of the remainder of 

the disc was at a distance of 2𝑟 from A. One common error was to add, rather than subtract, the circular 

hole that was removed from the disc. 

Many candidates found the correct cubic equation for 𝑟 and then proceeded to solve this algebraically. 

As the command was to ‘determine’ the value of 𝑟, rather than use ‘detailed reasoning’, it was sufficient 

to use a calculator to solve the cubic equation and then state the corresponding value of 𝑟. It is good 

practice to justify why the other roots are not valid solutions, but there was no penalty for not explicitly 

rejecting roots on this question.  

 

Assessment for learning 

 

In this question there were at least five points that candidates could reasonably have taken 

moments about to find the required value of r and, at times, it was difficult to follow which 

point candidates were taking moments about. It is always useful in mechanics questions to 

either state the principle being applied and/or give further detail about where the principle is 

being applied (so for example, in this question, it would have been beneficial if candidates 

had said ‘taking moments about A’).  
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Question 4 (a)  

Most candidates realised that to find the magnitude of the normal contact force between the peg and the 

rod they needed to take moments about point A. The most common errors were not being able to find 

the distance from A to the peg correctly, or assuming that the direction of the normal contact force at the 

peg was either horizontal or vertical (rather than being perpendicular to the rod).  
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Question 4 (b)  

Although this part could be done by a variety of methods (for example, taking moments about another 

point on the rod or resolving parallel/perpendicular to the rod), most candidates opted for resolving 

horizontally and vertically to find both the normal contact force, and the frictional contact force at A. The 

most common error was assuming that the normal contact force at A had a magnitude of only 3𝑔 (and so 

ignoring the previously found normal contact force from part (a)). Many candidates stated incorrectly that 

𝐹A ≤ 𝑅Psin25 which examiners assumed was due to the question asking for the range of possible values 

of the coefficient of friction. The range of values came from the fact that 𝐹𝐴 = 𝑅𝑃sin25 and 

𝑅A = 3𝑔 − 𝑅Pcos25, together with the general result that 𝐹A ≤ 𝜇𝑅A.  

 

Misconception 

 

A very common misconception was the appearance of an upper limit on the value of the 

coefficient of friction. It was common to see 0.402 ≤ μ ≤ 1 which is incorrect; unlike the 

coefficient or restitution, there is no upper limit on the value of μ. 
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Section B overview 

The questions in Section B are designed to be a mix of more and less straightforward questions and to 

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

structured setting. 

 

Question 5 (a)  

Most candidates correctly used the result that 𝑃 = 𝐷𝑣 to find the greatest steady speed at which the car 

could travel.  

 

Question 5 (b)  

Most candidates realised that, due to the variable resistive force, an energy approach needed to be used 

to find the distance travelled by the car up the hill. Apart from sign errors, the other common errors were 

forgetting one of the required terms (for example, ignoring the speed at the bottom of the hill or the work 

done by the car), using the speed found in Question 5 (a), or using the distance travelled up the hill as 

the change in height for GPE term.  

 

Misconception 

 

Each year, in questions which require the application of the work-energy principle, many 

candidates include both a ‘change in PE’ term and a ‘work done by gravity’ term. These are 

the same thing and so candidates are in essence adding an extra incorrect term to their 

equation (and so will not be given the corresponding method mark which is most often given 

for forming an equation with the correct number of relevant terms). 
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Question 6  

This was one of the best answered questions on the whole paper, with many candidates finding a correct 

cartesian equation for the path of C. When errors occurred, they were usually (minor) mistakes in 

calculating the required constants of integration or leaving their final answer in terms of i and j. 

 

Question 7 (a)  

Most candidates correctly found the coordinates of the centre of mass of L. However, it was clear from 

their working that many spent a considerable amount of time explicitly evaluating the integrals ∫𝑥𝑦 d𝑥 

and 
1

2
∫𝑦2d𝑥 when they could easily have evaluated both of these integrals on their calculators (as once 

again the command in this part was to ‘determine’ and ‘detailed reasoning’ was not required).  
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Question 7 (b)  

Most candidates in this part used the result that tan 𝛼 =
𝑥

𝑦
 , and compared this value of 𝛼 to the given 

angle of 30 to show that M would topple.  

 

Question 7 (c)  

In a similar approach to Question 7 (b), most candidates used the result that tan𝛼 =
𝑦

𝑥
 , and compared 

this value of 𝛼 to the given angle of 30 to show that M, in this case, would not topple.  

 

Question 8 (a)  

Most candidates correctly applied Hooke’s law in this part to find the extension in the string and then 

added the natural length (of the string) to find that OA = 0.7 m. 
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Question 8 (b)  

In this part, many candidates were inconsistent when applying Newton’s second law to show that P 

initially performed SHM. While many correctly stated that the resultant force when P was displaced a 

distance 𝑥 from the equilibrium position was given by the expression 3𝑚𝑔 −
4𝑚𝑔(0.3+𝑥)

0.4
 many then 

equated this incorrectly to 𝑚�̈� forgetting that the mass of P was 3𝑚 and not 𝑚. When it came to finding 

the corresponding amplitude, many candidates attempted to find this from an expression for 𝑥 (usually of 

the form 𝑎 sin𝜔𝑡) instead of simply applying the known result that 𝑣max = 𝑎𝜔 where 𝑣max was given in 

the question (as 2.5).  

Exemplar 1 

Exemplar 1 is given 2 out of the 5 marks available and highlights the common (but fundamental) error of 

the inconsistent use of the mass of P in the two parts of Newton’s second law.  
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Question 8 (c)  

Due to the error mentioned in part (b) (of using 𝑚 rather than 3𝑚 for the mass) many candidates 

believed that P continued to perform SHM throughout its entire motion and so therefore the smallest 

distance between P and O was given by 0.7 − 𝑎 (which was given no marks). Only the most successful 

responses could correctly use the conservation of energy (balancing the initial KE and EPE with the final 

GPE) or another equivalent method to correctly find the shortest distance of 0.231 m.  

 

Question 9 (a)  

This part was answered very well with most candidates correctly applying Newton’s second law with 

𝑎 = 𝑣
d𝑣

d𝑥
 to derive the given result. The most common (and surprising) error was the number of 

candidates who stated that 𝑎 =
d𝑣

d𝑥
.  

 

Question 9 (b)  

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

Question 9 (a) and checked that when x = 0, v = 0, 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 first order differential equation and used the given 

conditions to calculate the arbitrary constant. While this approach could be given 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 on this paper 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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Question 9 (c)  

Many candidates appreciated that to determine the work done against resistance, they first needed to 

find the corresponding values of 𝑥 and 𝑣 when 𝑎 = 8.36. Those that did usually then correctly found both 

the loss in GPE and the gain in KE and used these together to find the required work done. Many 

candidates attempted to use the result that work done = ∫𝐹 d𝑥, even though this result is not required for 

this specification. When this result was applied correctly it was given full marks, but many errors were 

seen such as forgetting the 0.05 or integrating 𝑣2 with respect to 𝑣 (instead of correctly substituting for 

the given expression for 𝑣2 and then integrating with respect to 𝑥). 

 

Question 10  

This unstructured direct collision question was generally answered well with most candidates realising 

the different steps required to find the time for P to hit the ground. Most candidates correctly found both 

the time for the collision to occur and the height above the ground where this collision took place. Most 

candidates then correctly calculated the speed of both particles at the point of impact. While most then 

realised that they needed to apply both the conservation of linear momentum and Newton’s experimental 

law to find the speed of P after impact, many did not apply these equations consistently (with many 

making sign errors). Of those that did find the correct speed of P after impact, most used the equation 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 to find the required time. Some candidates did not read the question carefully and instead 

found the time from the instant when P first left the ground until the instant when it subsequently hit the 

ground.  

 

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, some candidates did not 

make it explicitly clear which letters were being used for the speeds of the particles at 

different stages of their motion. In this type of question, candidates may have benefitted from 

drawing diagrams in the Printed Answer Booklet with all speeds/distances clearly labelled to 

assist both theirs (and the examiners’) understanding. 
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Exemplar 2 
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Exemplar 2 is given 9 of the 10 marks available. The candidate makes good use of a number of 

diagrams and explains their reasoning at each stage to make it clear to the examiner what principles of 

mechanics are being applied (at each step). The candidate correctly finds the time of impact between P 

and Q, the distance above ground when this impact occurs, the speeds of P and Q both before and after 

impact, and then attempts to apply a SUVAT equation to find the required time. The candidate’s only 

error is a sign error when applying 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 (in that on the left-hand side the 4.375 should be 

negative).  
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Question 11 (a)  

It was clear that many candidates were unfamiliar with this relatively straightforward demand to find the 

tangential acceleration of P with many incorrectly finding (or attempting to find) the radial acceleration 

instead. The most common error seen was stating that 𝑎 = 𝑔 sin 20 rather than the correct 𝑎 = 𝑔 cos20. 

 

Question 11 (b)  

Most candidates correctly applied both Newton’s second law radially and the principle of conservation of 

energy to find an equation involving 𝜃 only (which if correct was 32 = 29.4 sin𝜃 + 20.48). Many 

candidates then attempted to use a sign change test to show that 𝜃 = 23.1 (correct to 1 decimal place) 

instead of simply solving this equation algebraically.  

 

Question 11 (c)  

Candidates either used energy or SUVAT to find the speed of P when it arrived at A. Those using energy 

were generally more successful, as the majority of candidates who used a SUVAT approach tended to 

only find the vertical component of the velocity at impact.  

 

Question 11 (d)  

Only the most successful responses were able to complete this part, and many candidates either left this 

part blank or made little in the way of progress. The most successful responses found the time for P to 

reach A and then compared the distance travelled using this time with the value of 0.5 cos 23.1.  
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Question 12 (a)  

This part was answered well with most candidates referencing the fact that as the vertical component of 

velocity of A was zero after impact, therefore, due to the impulse (at impact) being parallel to the line of 

centres (XY), the vertical component of velocity must have been zero before the impact, and so A must 

have been moving along XY before the collision.  

 

Question 12 (b)  

This part was also 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 

speed of A before collision and the velocity component parallel to XY of B after collision. Most 

candidates then solved these equations and correctly found the speed of A immediately before the 

collision. The most common error was those candidates who thought that the speed of B immediately 

after the collision was 6.4, therefore forgetting the component of the velocity perpendicular to XY (which 

if dealt with correctly would have given the speed after collision as √6.42 + (2 sin60)2 = 6.63). 
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Question 12 (c)  

While many candidates correctly used the fact that tan 𝜃 =
2sin60

6.4
 to obtain 𝜃 = 15.1 , not all realised that 

the angle turned through by the direction of B in the collision was 60 − 𝜃. 

 

Question 12 (d)  

Even though the word ‘parallel’ was in bold in the question, many candidates had the wall in this part 

perpendicular to XY. It was also quite common for candidates to only consider one of the velocity 

components of B when considering the KE of B either before or after the collision with the wall. Very few 

candidates correctly obtained the equation 

1

2
× 5 × (6.42 + (𝑒 × 2 sin 60)2) = 0.95 ×

1

2
× 5 × (6.42 + (2 sin 60)2), and even fewer solved this correctly 

to find the coefficient of restitution between B and the wall.  
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Question 13 (a)  

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

others making very little progress (apart from possibly stating that the tension in the string was 4𝑔). The 

two main approaches seen by examiners were: 

1. Resolving forces vertically at Q and also applying N2L horizontally at Q to form two separate 

equations, then eliminating the normal contact force (at Q) from these two equations.  

2. Applying N2L for Q parallel to the surface of the shell.  

While many candidates were successful (with applying either approach) there were a number of 

common errors seen. In the first approach it was common, when resolving vertically, to forget the 

component of the tension in the string. In the second approach it was common for the acceleration to be 

given incorrectly as 𝑚𝑟𝜔2 rather than 𝑚𝑟𝜔2 sin 𝛼. Errors common to both approaches were: using a 

wrong expression for 𝑟 (which if correct should have been ℎ tan𝛼), using an incorrect mass for one (or 

both) particle(s) and not giving the final answer in the integer form required.  
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Exemplar 3 

Exemplar 3 is given 6 of the 7 marks available. The candidate draws a diagram at the beginning of their 

response, therefore implicitly defining their variables clearly. The candidate’s working is easy to follow 

(as they indicate, at each stage, which mechanical principle(s) they are applying) and they show 

sufficient working in their attempt to obtain an answer in the form required. Their only error is not giving 

the three 𝑘 values as integers (as requested in the question).  
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Question 13 (b)  

This part was a ‘stretch and challenge’ question with very few candidates making significant progress. 

Some candidates correctly set an expression for the normal contact force at Q equal to zero and 

obtained an equation in both 𝛼 and ℎ. However, it was not common to see the two different equations, 

containing the normal contact force at Q, used successfully to arrive at the result that 

cos 𝛼 =
1

2
⇒ ℎmax =

5

4
.  
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If you ever have any questions about OCR 
qualifications or services (including administration, 
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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
 twitter.com/ocrexams
 instagram.com/ocrexaminations
 linkedin.com/company/ocr
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Click to send us an autogenerated email about  
this resource. Add comments if you want to.  
Let us know how we can improve this resource or 
what else you need. Your email address will not be 
used or shared for any marketing purposes. 
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For staff training purposes and as part of our quality assurance programme your call may be recorded or monitored. © OCR 2024 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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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 in your centre, in line with any specific restrictions detailed in the resource. Resources intended for teacher use should not 
be shared with students. Resources should not be published on social media platforms or other websites.

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. 

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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