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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-mathematicsa-h235-h245-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.
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Question 1 (a) (i)

Exemplar 1

1 mark

Examiner commentary
“Write down” is a command requirement and means that no work needs to be done. Candidates who attempted to find a
and b using complex numbers were therefore disadvantaged as the amount of work required to find the roots and then the
sum and the product was well over the single mark available (even allowing for the use of the quadratic solve function on a
calculator) and would have effectively incurred a time penalty. This exemplar has carefully stated the underlying theory to
avoid the commonly seen sign confusion while ensuring a clear mathematical argument for ‘detailed reasoning’.
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Question 1 (b)
Exemplar 1

2 marks

Examiner commentary
This question also concerns symmetry of roots, so the sum and product of the new roots requires candidates to express them
in terms of the sum and product of the original roots.
It is then normal (but not an explicit requirement in this question) to write the new equation in the form ax2 + bx + c = 0 where
a, b and c are integers. While non- integer forms were not penalised, the absence of the “= 0” to form an equation would forfeit
the final accuracy mark as seen in this exemplar.
As a ‘detailed reasoning’ question that explicitly required the use of the result from part (a), there were no marks given for
candidates that simply substituted the numerical values for the original roots to find the new equation.
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Question 2

Exemplar 1

1 mark

Examiner commentary
“Sketch” is another command word and candidates would find it helpful to understand the difference between “plot”, “draw”
and sketch.
It was therefore acceptable to do this drawing freehand but it needs to be good enough for examiners to see that the first locus
is a circle which has its centre at 3 + 2i and touches the real axis at x =3.
A few candidates lost one or more marks because of the lack of clarity here.
A number saw the inequality | z | ≤ | z – 4 | as y ≤ 4 and so shaded the incorrect region. In this question, it was acceptable to
shade either the region that was required or the region that was not required.
It might be helpful for candidates to “test” their answer with some arbitrary points. In this response, the point (3,0) does not
satisfy the inequalities given but it does satisfy their sketch, which must therefore be wrong.
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Question 3

Exemplar 1

4 marks

Examiner commentary
The majority of candidates stated correctly that the complex conjugate of 2 + 5i i.e. 2 – 5i , was also a root.
The process of finding the third root was varied. The most efficient method is to use symmetric roots. This exemplar is
successful by considering the sum of the three roots equal to 2 and hence the third root is –2 . The other route is to recognise
that the product of all three roots will be –58 and hence find that third root .

Exemplar 2

4 marks

Examiner commentary
The longer, but more popular, way was to create the quadratic function with the two given factors and to divide that into
the cubic function to obtain (x + 2) and hence the third root, although most, as in this exemplar, created the third factor by
inspection rather than engaging in a full long division process.
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It is worth noting that as a ‘detailed reasoning’ question it was not sufficient to simply state the roots obtained using the cubic
solve function from a calculator, but a clearly argued use of the factor theorem (while not particularly elegant or efficient)
would be a valid method. This may be a useful class exercise to practice manipulating complex numbers.

Question 4
Exemplar 1

3 marks

Examiner commentary
The vast majority of candidates used the formulae for the sum of integers and the sum of cubes correctly.
While this exemplar shows the more common approach, some combined the two sums in terms of n before substituting;
marginally longer but equally satisfactory.
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Question 5 (a)

Exemplar 1

4 marks

Examiner commentary
This question was answered well. A few did not use the correct formula for cosh x and sinh x .
The conversion to exponentials, as shown in this exemplar, is the most efficient way to solve such equations. However, use
of compound angle formulae were acceptable even though they are not on the syllabus. Squaring and using Pythagoras is
another way.
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Question 5 (b)

Exemplar 1

1 mark

Examiner commentary
Conversion to exponential form could be done before or after integration; a few made sign errors. It was surprising to see so
many candidates state a = 5 and b = 5 , having obtained the right answer. Candidates should be encouraged to check their
working and their answers carefully.
The most common mistakes seen were careless slips in the accuracy of their working, which often was the result of incorrect
signs.
This exemplar illustrates such an error. It can be seen that the integration has been carried out successfully and the conversion
to exponentials results in the correct form of the answer. There is one error, however, in that the candidate has converted sinh x
to exponentials incorrectly.
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Question 6 (a)

Exemplar 1

2 marks

Examiner commentary
The expected method to solve this question was to use the chain rule to perform this differentiation. The alternative, as seen in
this exemplar, to make a substitution, was usually correct, although it took more writing (and therefore time) to do so.

Exemplar 2

0 marks

Examiner commentary
A significant number of candidates appeared to hold the misconception, as in this exemplar, that all that was required was to
1
substitute √2x into f’ (x) =
.
1 + x2
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Question 6 (b)
Exemplar 1

4 marks

Examiner commentary
Those candidates that spotted the connection between parts (a) and (b) obtained the correct answer relatively easily, as in this
exemplar.

Exemplar 2

1 mark

Examiner commentary
Some candidates, as in this response, attempted substitution methods, either ignoring or not spotting the link to part (a),
with varying degrees of success. Note that in this case the examiner has marked the crossed attempt with benefit of doubt,
since there was no replacement work offered; see note (g) in the Subject-specific Marking Instructions for A Level Further
Mathematics A section at the start of the mark scheme for guidance on the rules for replacement work.
12
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Question 7 (a)

Exemplar 1

2 marks

Examiner commentary
This proved to be a relatively straight forward 2 marks for most candidates. As a ‘Show that’ question it is important that all
steps are explicitly shown, as seen in this exemplar.

Question 7 (b)
Exemplar 1

3 marks

Examiner commentary
As with Question 6, there is a connection between the two parts in this question. A substitution is also required and most
candidates could see this. This is an indefinite integral and so the addition of a constant of integration is part of the answer. A
good proportion of candidates, as in this exemplar, missed out on the final accuracy mark due to this omission.
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Question 8

Exemplar 1

6 marks
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Examiner commentary
A significant majority of candidates decided that the question required them to find the shortest distance from the point to the
plane and then to double the distance to get to the reflection point. About half of these candidates completing the question
this way managed to obtain the correct answer.
In fact it is not necessary to find any distance. The neatest solution, as seen in this exemplar, was to find a parametric point on
the normal line to the plane through the point A and then, having found the value of the parameter for the point on the plane,
doubled it for the point of reflection.
→
The question asked for the coordinates of B; candidates should not confuse the direction vector OB with the coordinates of B.

Exemplar 2

5 marks

Examiner commentary

→
The question asked for the coordinates of B; candidates, as seen in this exemplar, should not confuse the direction vector OB
with the coordinates of B, which meant that the final accuracy mark could not be given.
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Question 9 (c)

Exemplar 1

2 marks

Examiner commentary
Parts (a) and (b) proved straight forward for the majority of candidates. Candidates who were successful in part (c) either
b
used the formulae for a GP, as in this exemplar, or argued that the sum of the roots of an equation equals –
where b is
a
4
the coefficient of the z term which is 0.
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Question 9 (d)
Exemplar 1

3 marks

Examiner commentary
This exemplar shows a clear line of mathematical argument to secure full credit. The ‘= 0’ was an important feature on each line.
As in the previous parts of this question, writing down values solely obtained from a calculator was not acceptable for this
‘detailed reasoning’ question.

Exemplar 2

1 mark

Examiner commentary
Slips in notation will generally result in marks not being given, especially in ‘show that’ questions at this level. This exemplar has
a careless error in cancelling on line 2 that obviously prevented further progress.
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Question 9 (e)
Exemplar 1

4 marks

Examiner commentary
Some candidates used angles in previous parts, although it was intended that all those parts would involve ω and the
questions are much more easily completed that way. However, in this last part candidates recognise the need for reverting to
the use of angles.
Part (d) was a hint and could be used even if no solution to that part could be found.
1
2
2
π as seen in this exemplar. Most candidates were
Hence ω + ω = 2 cos 5 π and so part (d) is a quadratic in 2 cos
5
able to tackle this problem. As is often the case in such equations, all roots need to be checked for validity and a proportion of
candidates did not do so, quoting an invalid answer (i.e. a negative value for an angle in the first quadrant).
Note that the ‘detailed reasoning’ statement does not explicitly mean that the quadratic solve function on the calculator cannot
be used, but that a clear line of reasoning must be seen. This candidate has made clear how they have used the quadratic
formula.
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Exemplar 2

4 marks

Examiner commentary
This exemplar has a clear substitution stated, the candidate could have made use of their calculator to find the values of their
defined ‘x’ rather than the shortly longer manual method. The crossed out ‘smallest positive’ suggests that they had checked
the alternate root to be invalid.
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Question 10 (c)

Exemplar 1

4 marks
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Examiner commentary
Candidates appeared well prepared for this topic. Most obtained full marks in parts (a) and (b). Many candidates were able
to access full marks for the final part (c). However, in a significant number of scripts, the logical reasoning which led to the
answer was lacking. The instruction to “determine” is a command word which requires reasoning and justification; sometimes
it was hard to navigate through the working to discern its accuracy or otherwise. In this exemplar, the candidate has looked at
a = 8 first, obtaining the second method mark and final 2 accuracy marks (in the order shown on the mark scheme) for their
substitution and solution and conclusion. They have also gained the first method mark, but having (incorrectly) stated that
there was a unique solution there should have been an attempt to find that solution. This candidate has identified that det A =
0, but not acknowledged that this indicates no unique solutions for either of their values for a.
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Question 11 (a)

Exemplar 1

4 marks
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Examiner commentary
This was a long question with a number of parts to it. Candidates should be able to write their working clearly and logically.
(Both were sadly lacking in a number of scripts.) The complementary function was usually found, although a number of
candidates wrote x = et (a cos 2t + B sin 2t) or x = e–1 (A cos 2t + B sin 2t). A small number of candidates then used the initial and
boundary conditions to find the parameters before adding the particular integral.
There was no complication with the particular integral in that the function in the differential equation did not form part of the
complementary function. Even so, a few candidates took their particular integral to be t (p cos t + q sin t).
When the general solution was differentiated to find the parameters, many candidates did not use the product rule. Others
made slips in their algebra having otherwise completed the solution correctly.
This candidate has found the complimentary function, the particular integral and so the general solution successfully. In
finding a particular solution, however, there was a sign error in the last stage of the question.
Candidates should be encouraged to check their working carefully; this error cost the candidate the final 2 accuracy marks.
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Question 11 (b)
Exemplar 1

2 marks

Examiner commentary
This was generally answered well, follow through marks being allowed for an incorrect particular solution in part (a). Note the
guidance in the mark scheme, since the question was a ‘write down’ candidates were not penalised if they only stated this final
line; however stating the reasoning is good practice and its absence would have been penalised if alternate command words
had been used.
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