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Introduction
These exemplar answers have been chosen from the 
summer 2019 examination series.

OCR is open to a wide variety of approaches and all 
answers are considered on their merits. These exemplars, 
therefore, should not be seen as the only way to answer 
questions but do illustrate how the mark scheme has 
been applied.

Please always refer to the specification https://www.ocr.
org.uk/qualifications/as-and-a-level/further-mathematics-
b-mei-h635-h645-from-2017/ for full details of the 
assessment for this qualification. These exemplar answers 
should also be read in conjunction with the sample 
assessment materials and the June 2019 Examiners’ report 
or Report to Centres available from Interchange https://
interchange.ocr.org.uk/Home.mvc/Index

The question paper, mark scheme and any resource 
booklet(s) will be available on the OCR website from 
summer 2020. Until then, they are available on OCR 
Interchange (school exams officers will have a login for 
this and are able to set up teachers with specific logins – 
see the following link for further information http://www.
ocr.org.uk/administration/support-and-tools/interchange/
managing-user-accounts/).

It is important to note that approaches to question 
setting and marking will remain consistent. At the same 
time OCR reviews all its qualifications annually and may 
make small adjustments to improve the performance of 
its assessments. We will let you know of any substantive 
changes.

https://www.ocr.org.uk/qualifications/as-and-a-level/further-mathematics-b-mei-h635-h645-from-2017/
https://www.ocr.org.uk/qualifications/as-and-a-level/further-mathematics-b-mei-h635-h645-from-2017/
https://www.ocr.org.uk/qualifications/as-and-a-level/further-mathematics-b-mei-h635-h645-from-2017/
https://interchange.ocr.org.uk/Home.mvc/Index
https://interchange.ocr.org.uk/Home.mvc/Index
http://www.ocr.org.uk/administration/support-and-tools/interchange/managing-user-accounts/
http://www.ocr.org.uk/administration/support-and-tools/interchange/managing-user-accounts/
http://www.ocr.org.uk/administration/support-and-tools/interchange/managing-user-accounts/
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Question 1 (c)

Exemplar 1 1 mark

Exemplar 2 0 marks

Exemplar 3 0 marks

Examiner commentary
Question 1 was generally very well answered, although a significant number of candidates dropped the mark for 
part (c). This exemplar shows a concise response with the correct equation of the mirror line is provided, in the 
vector form, with no unnecessary work.

Examiner commentary
This exemplar gives two equations for the mirror line, the correct (y = 2x) one and a perpendicular one (y = –2x) and 
therefore loses out on the available mark. A surprising number of candidates gave (y = –2x) as the mirror line.

Examiner commentary
This exemplar has the correct direction vector of the line, but unfortunately their equation does not start with r . It 
is important that students are reminded that the correct vector form of the line equation is r = a + tb.
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Question 2 (a)

Exemplar 1 2 marks

Exemplar 2 1 mark

Examiner commentary
Part (a) was well answered. This exemplar gains full marks. The first mark is achieved for correctly finding the values 
of y and x that make both partial derivatives vanish. The second mark is achieved for showing the substitution of 
these values into the expression for z to find z = 6 . 

Examiner commentary
This exemplar was awarded the method mark for finding x and y values of the stationary point. Although these 
values are correct, the accuracy mark is not achieved as the substitution of x and y into z to find z = 6 is not shown.

Candidates should be reminded that the command words ‘show that’ require every step of their work to be shown.
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Question 2 (b) (i)

Exemplar 1 2 marks

Examiner commentary
In part (b)(i), nearly all candidates gained the first mark for drawing a good approximation to a circle. This exemplar 
shows full credit for clearly indicating the coordinates of the centre and the radius in the sketch. The section in the 
specification on the meanings of some instructions used in examination questions (‘command words’) states that 
important features of a sketch needs to be shown. Explicitly indicating this as part of written working was fine but 
expecting the examiner to imply this from stating the equation of the circle in the standard form was not enough.



Exemplar Candidate Work

7

A Level Further Mathematics B (MEI)

© OCR 2019

Exemplar 2 1 mark

Examiner commentary
This exemplar earns the first mark for the sketch of a closed single curve that is roughly circular. However, the 
second mark cannot be awarded because the value of the radius is not indicated on either the sketch nor in the 

work (marking       on the x axis and –1 on the y axis may have been given BOD for the centre had the radius been 

stated).

1
2
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Question 2 (b) (ii)

Exemplar 1 3 marks

Exemplar 2 1 mark

Examiner commentary
This proved to be a challenging question for candidates to answer fully. Some candidates chose to ignore their 
sketch and just describe a minimum point, which gained no marks. A complete, concise argument is illustrated in 
this exemplar. The candidate identifies P as being inside (first mark) and below the contour (P has z = 6 so is below 
the contour where z = 42 , second mark). The response also gains the third mark for explaining that moving from P 
to the contour in every direction must be upwards, since there is no other stationary point.

Examiner commentary
This exemplar only earns the second mark for implying that P is below the contour.
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Question 2 (c) 

Exemplar 1 4 marks

Examiner commentary
This was another question which candidates found challenging. This exemplar shows a fully correct response. The 

candidate expresses z as a function of x and c , then solves          = 0  giving  x = 0.5 = a. Finally, the substitution gives 

the values of c.

dz
dx
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Examiner commentary
This is fully correct exemplar shows the solution obtained using completing the square to find the value of a 
instead of differentiation.

Exemplar 2 4 marks

Exemplar 3 2 marks

Examiner commentary
This exemplar starts on the right track with the first two marks secured for expressing z as a function of x and c and 

solving  
dz
dx  = 0  to find  x = 

1
2  . Unfortunately, even though  x = a  is stated, the final answer has been left with an 

equation in terms of a and c. 
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Question 3 

Exemplar 1 8 marks

Examiner commentary
This question was attempted successfully by most candidates and it was possible to gain six marks of the available 
eight even with a minor error in finding the characteristic polynomial. This exemplar shows a response that earns 
full marks and demonstrates good practice in showing the matrix A2 (which was preferable, though not essential) 
and for making good use of the calculator in calculating the square of a matrix.



Exemplar Candidate Work

12

A Level Further Mathematics B (MEI)

© OCR 2019

Exemplar 2 5 marks

Examiner commentary
This candidate makes good progress and arrives at an expression for A 

–1 in terms of A, but did not continue to find 
the matrix A 

–1. 
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Exemplar 3 4 marks

Examiner commentary
The determinant in this response contains an error and therefore only earns one of the first three marks. The Cayley-
Hamilton theorem is then applied to their characteristic equation. Whilst a method mark is gained for using the 
equation to find the inverse, the accuracy mark (which is a ‘follow through’ mark) is withheld because of the identity 
matrix at the denominator. Finally, the mark is given for A 

2, although this could be done more efficiently using their 
calculator.
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Question 4 (a)

Exemplar 1 2 marks

Exemplar 2 1 mark

Exemplar 3 1 mark

Examiner commentary
Nearly all candidates correctly recognised 2 as the identity. This candidate earns both marks available for stating the 
identity element and for giving the correct explanation.

Examiner commentary
This response earns the mark for correctly stating the identity element, but the reason provided (equivalent to 
stating that all elements are self-inverse) is not enough for the second mark.

Examiner commentary
This exemplar shows a response that did not gain the second mark, stating that all elements are self-inverse was 
not sufficient.
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Question 4 (b)

Exemplar 1 3 marks

Exemplar 2 3 marks

Examiner commentary
This candidate uses the Latin square property of the Cayley table to eliminate 1, 2, and 3, thus concluding that the 
required answer is 4.

Examiner commentary
This elegant, well-structured response is based on the elimination of 1, 2 and 3, using the identity and self-inverse 
property.
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Exemplar 3 2 marks

Exemplar 4 1 mark

Examiner commentary
This exemplar gained two of the three marks; earning the first mark for eliminating 1 and 3 and the second mark for 
stating the required value of 4 but fails to gain the third mark as it does not eliminate 2.

Examiner commentary
This exemplar scored one out of the three marks available, earning a mark for finding the correct value (4). 
Although there is an aborted attempt to use the Cayley table, there is no valid explanation of how the result is 
obtained.
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Question 4 (c) (i)

Question 4 (c) (ii)

Exemplar 1 0 marks

Exemplar 1 0 marks

Examiner commentary
This question was generally well done. In this exemplar the candidate has unfortunately not earned any marks 
because there are fewer than seven entries in the table outside the leading diagonal. 

Examiner commentary
The statement that the table is symmetrical is not enough to earn the available mark (the full, correct statement is 
that the table is symmetrical along the diagonal(s)).
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Question 5 (a) 

Exemplar 1 2 marks

Exemplar 2 1 mark

Examiner commentary
This exemplar shows a well-reasoned response to Question 5 part (a). The candidate justifies the given form of the 
recurrence relation and in which the coefficients are expressed in terms of α and R.

Examiner commentary
As part (a) of this response contains one of the most common errors, namely a = 1 + α instead of  a = 1 + α

100 , only 
one mark of the two available are gained. Other common errors were a = α , a = 1 + α %  and b = R.
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Question 5 (b) 

Exemplar 1 5 marks

Examiner commentary
This exemplar shows a complete and well-structured solution of a first-order recurrence relation: complementary 
solution, particular solution of constant form, general solution, use of  L0 = C  to fix the arbitrary constant. All the 
coefficients are expressed in terms of a, b and C as requested.
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Exemplar 2 4 marks

Exemplar 3 2 marks

Examiner commentary
In this exemplar the solution of the recurrence relation is found correctly, including using the boundary condition 
to find the arbitrary constant. However, the coefficients are not expressed in terms of a, b and C as requested, so the 
final accuracy mark cannot be awarded.

Examiner commentary
This exemplar shows the work required for finding the complementary solution. The concept that the particular 
solution must be constant is also present, but the value of the constant is not found, so only the first two marks are 
awarded.
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Question 5 (c) 

Exemplar 1 2 marks

Exemplar 2 1 mark

Examiner commentary
This exemplar shows a fully correct solution for part (c): the coefficient of a 

n is set to be negative and the given 
relationship is proven with no error in the working.

Examiner commentary
In this exemplar the candidate has applied the correct idea that the coefficient of a 

n must be negative in order for 
the repayment scheme to terminate but makes a sign mistake which prevents the award of the accuracy mark.
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Question 5 (d) (i)

Exemplar 1 3 marks

Examiner commentary
There were a lot of candidates who gave no response to this question. This is an example of a completely correct 
solution. The candidate substitutes the values into Ln , deals expertly with the signs and sets Ln = 0.

Even though the stem stated that the repayment is finished once Ln becomes negative (Ln< 0) , an equality or an 
incorrect inequality sign was not penalised for the second mark. Finally, the third mark was given for the correct 
number of years.

This question explicitly stated that an algebraic method should be used; some candidates used a numerical method 
instead of an algebraic method which was not acceptable here and just stating the answer gained no credit. 
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Exemplar 2 1 mark

Examiner commentary
This response gains one method mark as the values of a, b and C are correctly substituted into the candidate’s 
incorrect expression for Ln . The second mark is not earned since the value of n found does not round to 20.9 (in fact, 
in this case, it is negative). The final accuracy mark was for a correct answer only.



Exemplar Candidate Work

24

A Level Further Mathematics B (MEI)

© OCR 2019

Question 5 (d) (ii)

Exemplar 1 3 marks

Examiner commentary
A significant number of candidates did not appear to understand what was required in this question, even if they 
had an answer to 5(d)(i). Quite a few calculated L21 (which gained a mark) but got no further. In this exemplar the 
value of L21 has then used to find the total amount and the final answer is correct.

Another successful approach was to calculate the amount still owing at the end of the 20th year (£2 542.82) and 
then add the final repayment to £60 000. 
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Question 6 (a) 

Exemplar 1 2 marks

Exemplar 2 2 marks

Examiner commentary
This is an example of a complete argument. The candidate correctly sets up the proof by contradiction and then 
logically arrives at the conclusion, leaving no gap.

Examiner commentary
This another example of a good response. The candidate starts the proof by contradiction correctly by assuming 
that  a2 – 7b2 = 0  and completes the argument by discussing the result of multiplying a rational number by an 
irrational number.
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Exemplar 3 1 mark

Examiner commentary
This is an example of an incomplete argument, in which the statement that the product of a rational number by an 
irrational is irrational, is missing. Note that the missing ± would be condoned.
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Question 6 (b) 

Exemplar 1 6 marks

Examiner commentary
Part (b) was a lengthy question that requires a detailed proof. This exemplar gained all the available marks except 
the last accuracy mark. This is due to the fact that whilst the inverse element is expressed in the required form, the 

three conditions for this to be in G are not justified (namely: a 
2 – 7b 

2 ≠ 0 , 
a

a 
2 – 7b 

2   and  
–b

a 
2 – 7b 

2  ∈ Q  and not both 

zero).
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Exemplar 2 5 marks

Examiner commentary
In this exemplar the first four marks were awarded, but the subsequent two marks were withheld since the form of 
the inverse element is wrong. However, the final mark is earned for stating that (G, ×) given that all the four axioms 
are stated. Notice that careful reading of the question regarding the assumption of associativity could have saved 
this candidate (and many others) unnecessary working. 
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Question 6 (c) 

Exemplar 1 2 marks

Exemplar 2 2 marks

Examiner commentary
In this exemplar a numerical example is suitably used to show that H is not closed under the binary operation. 

In order to gain the accuracy mark, it was necessary to conclude that H is not a subgroup of  (G, ×), as this candidate 
does.

Examiner commentary
In this exemplar the candidate chooses to use a general element to successfully justify their answer. 

Exemplar 3 2 marks
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Examiner commentary
In this exemplar a numerical example has been suitably used to show that a specific element of H does not possess 
an inverse in the set.

Exemplar 4 1 mark

Examiner commentary
In this exemplar the candidate chooses to use a general element but does not convincingly show that the rational 
part is different from one, thereby losing the accuracy mark.



Exemplar Candidate Work

31

A Level Further Mathematics B (MEI)

© OCR 2019

Question 6 (d) 

Exemplar 1 1 mark

Examiner commentary
In this response the set {1, –1} is suitably identified and is stated to be a non-trivial subgroup of (G, ×). However, the 
proof is not completed as neither the fact that (G, ×) has infinite order nor the conclusion that the statement is false 
(or that {1, –1} is a counter-example), is present.
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