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In October 2019 we informed customers that all papers from summer 2020 onwards will 
enhance student experience when sitting examinations. 

The improvements to papers will focus on: 

• ensuring early questions are accessible to all and then steadily ramp in 
demand to encourage engagement and help build students’ confidence through 
the papers 

• dividing questions into parts so students are clear where marks can be 
achieved and can manage their focus and exam timings accordingly 

• using clear, concise language to better enable all students to access the 
questions and understand the type of response expected. 

The October 2021 paper was the second to showcase these changes within an 
examination series. Early questions did prove to be very accessible with the prepared 
candidate scoring high marks in questions 1 to 6.  

 
 
Question 1 
As the first question of the paper this did its job in settling nervous students: a 
straightforward question on arithmetic series which was answered correctly by the vast 
majority of students.  
Where mistakes were made the most common error in part (a) was to use the 21st term 
as 21, rather than 24, or students used an incorrect formula for the nth term, using un = a 
+ nd and not un = a + (n -1)d.  A few students incorrectly treated 24 as the sum of the 
first 21 terms in their attempt to find d. 
 
For part (b) most students used the correct formula and therefore gained the method 
mark, however some lost the accuracy mark from the incorrect common difference, and 
a very small minority of students used 𝑆𝑆500 = 𝑛𝑛

2
(a + (n - 1)d)  rather than 𝑆𝑆500 = 𝑛𝑛

2
(2a + 

(n - 1)d).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Question 2 
This question was well answered with the modal mark being full marks. Part (a) was the 
least well answered part where and it is clear that students have difficulty with the 
concept of range. Incorrect answers included y < 7and y  7. Some candidates 

attempted to use the graph’s x-intercepts in their work, so incorrect answers such as 
14 14
4 4

x− < <  appeared occasionally. 

In contrast, part (b) was well answered, with most candidates gaining all of the marks. 
The most common approach was to find f (1.8) = 0.52  and then g (x) = 0.975. Some 
candidates correctly established the composite function gf (x) and then calculated gf 

(1.8). There were occasional instances of finding fg (1.8) by mistake. 
Similarly (c) was well answered. Most candidates knew the process of finding the 

inverse function by rearranging to make x the subject and switching the x’s 

and y’s (or by switching first and then rearranging) and many successfully reached the 

correct answer of ( )1g
5 3

xx
x

− =
−

.  

Question 3 
This 3 mark question was attempted by almost all students and differentiated between 
those who could apply laws of logarithms and those who could not.  It was generally a 
well answered question and most students were able to get some marks and a large 
majority scored full marks. 
 A few students showed an invalid line of  

 

 
before recovering the error and continuing to the correct value of 4/39 for y, so only 
scored 1 of the 3 available marks.  A few students were unable to apply the subtraction 
law but they were often able to score the B mark for 9 seen. This was a straight forward 
question on logarithms so it was nice to see the candidates were generally prepared and 
those that correctly removed the logs were, on the whole, able to go on get full marks.  
A few students make slips when solving their linear equation, obtaining 39/4 instead of 
4/39.  A few also tried to use base e incorrectly, and a minority tried expanding the logs, 
hence getting no marks. 
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Question 4 

The first method mark in this question was often gained for sight of but the 

second mark proved more challenging, with errors seen in the correct application of the 
small-angle approximation. Some candidates missed out the square completely 

and just wrote . Many of those who did attempt  to expand made 

mistakes with fractions and powers, with 
2

23 1
4
θθ

 
− + 

 
 occasionally seen. Candidates 

who realised they could use and then use the  approximation 
fared better. In contrast, those using the double angle formula performed less well, with 
many fraction and sign errors seen with this approach. 
It was not uncommon to see candidates who followed the main  method ‘multiply 
everything by 4’ at the end leading to an incorrect final expression of 

, forfeiting the final A mark. 
 
Question 5 
This question was accessible to the majority of students however part (b) proved to be a 
good discriminator with only the most able gaining all 7 marks.   
The majority of students gained the first three marks of this questions by correctly 
differentiating the expression twice.  A few arithmetic errors were seen occasionally, 
although if this was the case then students would only lose 1 out of the three marks. 
Part (b) differentiated out the students to a greater extend.  Most students could identify 
the correct method to find the stationary point, although there were a disappointing 
number of students who failed to follow this up with a concluding statement or 
preamble.  A number of students got confused between parts (i) and (ii) and tried to use 
the second derivative to identify stationary points.  The most common method to 
identify the stationary point was using the first derivative and substituting the value x = 
1, although there were a significant number who chose to deduce the value x = 1 by 
factorising their cubic expression.  Both approaches tended to lead to a positive 
outcome, and full marks. Part (ii) was much more mixed in response.  A significant 
number of students gained no marks on this part as they assumed that when both first 
and second derivative equal zero then the point is a point of inflection.  Of those 
students who successfully answered this question there were an equal number of 
students who considered the first derivative as those that considered the second 
derivative.  Most of these students considered an appropriate intervals to gain full marks 
here, however a significant number of students considered inappropriate intervals such 
as 0 and 2 or 1.5 and so were unable to gain the accuracy mark.  
 
 
 
 
 
 
 
 



 

Question 6 
Performance on this question was variable and approximately 25% of candidates failed 
to score any marks. 
(a) The majority of candidates were successful with this part. Common errors were 

stating that angle AOB was  or  , sometimes following through to gain 

marks in (b) and (c). 
(b) Most candidates followed the correct strategy for finding the area of the logo by 
finding the sum of the areas of sectors OCD, OAB and OEF. 
Common errors were omitting the brackets round the 2r when finding the area of the 
sector OCD and algebraic errors when simplifying their expression for the sum of the 
two smaller sectors OAB and OEF. A small number of candidates showed insufficient 
working when simplifying their area of the sum of the two smaller sectors to arrive at 
the given result. 
(c) Again, most candidates attempted this part well.  A common errors was not to 
include 4r in the expression for the perimeter of the logo and there were some algebraic 
errors when simplifying the expression for the sum of the perimeters of sectors OAB and 
OEF. 
 
Question 7 
Part (a) was generally well answered, with most students able to differentiate correctly 
and understand the need to use the first derivate to find the gradient of the tangent line.  
A few tried to use the diagram to obtain the gradient, even after differentiating correctly 
so were only able to gain the first B mark, but they were in a minority.  The vast 
majority of candidates who correctly differentiated (a few integrated, hence lost the 
marks), were able to go on to find the correct equation of the line, often using y = mx + 
c rather than 𝑦𝑦 − 𝑦𝑦1 = 𝑚𝑚(𝑥𝑥 − 𝑥𝑥1).   A small minority displayed poor algebraic skills 
when rearranging their linear equation to find c, and a few used a gradient of 1

2
 instead 

of 2.   
In part (b), most students understood the need to show that the y-intercepts were the 
same for both the line and the curve, but often candidates struggled to write an adequate 
conclusion to verify they meet again, and hence lost this mark. 
Most students were able to gain some marks in part (c) but a score of two out of four 
was common. Those who got this, generally integrated the curve, obtaining a correct 
area of 455/12, but then failed to go any further. Very few students used the area of a 
trapezium formula, instead preferring to integrate the (2x – 23) or to split the area into a 
rectangle and triangle.  Of those who attempted the area of the trapezium a number 
struggled to get the correct dimensions.  Fully correct solutions using a trapezium were 
rare. A few students translated the curve and line upwards correctly by 23 units and 
often scored full marks using this method.  Those students who attempted the curve 
minus the line, often struggled with the constant 23, or incorrectly collected like terms 
(e.g. an x term with an 𝑥𝑥2 term). 
 
 
 
 
 
 
 



 

Question 8 
Many candidates gained some credit in this question but few gained full marks. 
Part (a) was relatively well answered. Most candidates identified that implicit 
differentiation was required and made good progress by correctly differentiating the 
given equation. When mistakes happened at this stage, they usually appeared in the 
differentiation of  rather than in the differentiation of or . There were a few 
candidates, however, who clearly were not able to employ implicit differentiation and 
who gained no marks. 
Once a differentiated expression had been obtained, many were able to rearrange 

correctly to make  the subject, obtaining the required answer of . A 

common mistake, however, was to make sign errors in the rearranging process and 

incorrect answers like  and  were surprisingly common 

following correct differentiation. 
In (b) most candidates gained some marks but few used a fully correct method to 
achieve the correct answer of and . 
Most were able to rearrange the equation of the normal, and identified that its gradient 

was  . They then identified the gradient of the tangent as and used their result 

from (a) at and  to attempt to form a correct equation in  and  such as 

. A number of candidates incorrectly equated the numerators and 

denominators to form the equations and and solved these to 
fortuitously arrive at the correct solution, losing most marks in (b). 
Another incorrect approach was to form the equation of the normal of the form 

and to rearrange to the form followed by 

'comparing coefficients' with (an incorrect method). 
Many candidates successfully substituted and  into the equation of C to 
get . This step was missed, however, by quite a few candidates, who could 
not then gain full marks for the question. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Question 9 
This question was fairly well answered by a number of candidates, who understood the 
need to use the sum to infinity formula, but a sizeable majority made little or no 
progress, not realising for example, that the sum started from n = 2 and not n =1 – hence 
they often did not get the first mark for a correct first term and/or common ratio.  9/16 
was seen fairly often, but not always attributed to the first term, with some candidates 
thinking this was the value of the sum.  One candidate misread the infinity symbol as an 
8 and applied the sum to 8 terms correctly, but was obviously not able to score any 
marks.  A number of students found the sum to infinity, using n = 1 to infinity and then 
subtracting the first term. This was done well by candidates who went down this route.   
Unfortunately, many students achieved no marks on this part due to a wide variety of 
errors at the beginning.  Calculating cos (360) on the calculator in radians instead of 
degrees was seen.  Some tried to split the summation incorrectly  into ∑ �3

4
�
𝑛𝑛

∞
2 ×

∑ cos 180𝑛𝑛∞
1  and find the sum to infinity of the trigonometric terms separately.  A few 

wrote  (3
4
)2cos (360) but did not evaluate the cos(360).  There were some very good 

solutions but in many responses there was often a lack of clear structure to their proof. 
 
Question 10 
The majority of candidates scored both marks for part (a). A common error was 
omitting base 10 when writing their final equation. In “show that” questions, we need to 
see the equation as stated in the question. 
Part (b) was demanding for many candidates, with confusion as to how to correctly deal 
with the log terms. Most candidates who were successful found the value of  by 
finding the gradient of the line. A less popular but usually successful approach was 

using simultaneous equations to eliminate . Solving the equation to find 

the value of  caused some problems.  
The question required a complete equation for the model, so just stating the correct 
values of  and  without the equation written explicitly meant candidates scored 3 out 
of 4 marks, which was a very common error. 
Part (c) was very rarely completed successfully. Common errors were thinking  was 
the intercept on the T axis or the time for the initial swing of the pendulum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Question 11 
 
In general part (a) was poorly answered, with many candidates seemingly unfamiliar 
with sketching modulus functions. The majority of candidates scored at least one B 
mark for their upturned V but a V shape was occasionally seen, typically scoring no 
marks.  Of those with the correct, many could not find the correct intersections and 
maximum point. Finding the correct y intercept seemed to be less challenging than 
finding the x intercept or the maximum point. 
Part (b) was better answered than part (a). Many candidates made correct attempts to 

find the second critical value of , gaining the M mark, but  was often not 

found. The ‘squaring’ method was occasionally seen, but as this led to a 3TQ in x and k 
and which was hard to factorise this was rarely successful. The final A mark was often 
lost due to lack of correct set notation. 
There were few fully successful answers to part (c) but some candidates could write 
down one correct co-ordinate. There was occasional success seen by candidates who 
used algebra by writing the transformed function as . 
 
Question 12 
This question discriminated well with weaker students generally able to pick up 2 marks 
and many able students were able to gain full marks. 
Part (a) was a relatively straightforward substitution question and as such many students 
made a very positive attempt at this part.  There were a mixture of methods used to 
answer part (a) with most students correctly identifying du/dx or dx/du. Those that 
found the second of these found the substitution very straightforward and generally 
went on to achieve full marks. Students who found du/dx instead sometimes struggled 
with the indices and how to deal with the negative power when dividing and hence 
made mistakes here. There were a small number of students who simply failed to make 
any attempt at this question, and generally these students gave up on the question 
entirely.  A few students lost the accuracy mark for not stating the limits or omitting du. 
In part (b) it was good to see many students recognised that “hence” meant that the 
answer in part (a) must be used and proceeded with the correct method of expanding the 
cubic and dividing by u, proceeding correctly to the correct answer.   If this was done 
correctly these students would usually go on to successfully apply the limits correctly 
and gain full marks. Unfortunately, a number of students attempted a method of 
integration by parts or some kind of product rule and therefore gained no marks here.   
Unfortunately a few did not take heed of the “hence” and proceeded to integrate the 
original expression scoring no marks in this part.  Some weaker students split the 
integral into an incorrect sum of 2 fractions eg  2

𝑢𝑢
+ (𝑢𝑢−1)3

𝑢𝑢
 and then used integration by 

parts which they tended to give up on half way through.  The method most successful 
was to take the 2 outside the integral, then integrate. Those that multiplied by 2 were 
more likely to make slips on the value of the coefficients for the 3rd and 4th term. 
Several students lost the final 2 marks as they used incorrect limits either 16 and 0 or 5 
and 0. 
 
 
 
 



 

Question 13 
This question involving differentiation of parametric equations was found to be 
challenging by the majority of students, particularly the differentiation of 𝑦𝑦 = cosec3 𝜃𝜃 
and part (b).  
 
The majority of candidates knew what was expected in part (a) and proceeded to 
attempt to use the chain rule to find d𝑦𝑦

d𝑥𝑥
, however they found differentiating 𝑦𝑦 =

cosec3 𝜃𝜃 challenging.   
Some did not check in the formula book that the derivative of cosec θ was negative, or 
omitted the constant 3, and this cost 3 of the 6 marks available in the whole question.   
For those that attempted to write 𝑦𝑦 = sin−3 𝜃𝜃 and use either the chain rule or the 
quotient rule success was mixed.  Other common incorrect derivatives included d𝑦𝑦

d𝜃𝜃
=

(cosec3 𝜃𝜃 cot3 𝜃𝜃) and variants of this.  Differentiating 𝑥𝑥 = sin 2𝜃𝜃 proved less 
troublesome, with most doing so correctly.  There was a proportion of candidates that 
rewrote sin 2𝜃𝜃 as 2 sin𝜃𝜃 cos 𝜃𝜃 and used the product rule, creating more work but 
ultimately doing so successfully in most cases.  The method mark was scored by the 
majority of candidates as a result, although there were a few candidates who tried to 
write 𝑦𝑦 in terms of 𝑥𝑥 and differentiate, with no marks being scored for this approach.  A 
number of candidates, having found a correct derivative, proceeded to attempt to tidy 
this up, unfortunately using time that could have been spent elsewhere in the paper. 
Part (b) proved more challenging for many candidates, with some unable to make a start 
as they were unable to process 8 = cosec3 𝜃𝜃 to arrive at either a value for sin𝜃𝜃 or 𝜃𝜃.  
Of those that did arrive at a value for sin𝜃𝜃 or 𝜃𝜃, many were able to work in exact form 
using their value to find an exact value for their 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
, others were unable to proceed or 

attempted to give a decimal answer.  24√3 and 8√3 were common incorrect final 
answers.  There were, however, some excellent and concise responses to this question. 
 
Question 14 
 
This question proved challenging for the majority of candidates, with many not 
answering it at all. 
For those that did attempt a response, part (a) was reasonably well answered, with many 
candidates gaining at least one of the B marks but quite a few then failing to correctly 
apply the chain rule and complete the proof. 
Some weaker candidates recognised they had to consider "flow in - flow out” but didn’t 

identify this as d
d
V
t

, with d 0.48 0.1
d
h h
t
= −  sometimes seen. It was also not uncommon 

to see d
d
V
t

= 0.48 or d
d
V
t

=  'uncombined' in some responses. Some candidates even 

started with and “differentiated” to get the printed result. 
Responses to part (b) were mixed. Some candidates failed to separate the variables 
correctly or did not recognise the logarithmic form for the integration. It was not 
unusual for the “+c” to be missed completely, but if it was included candidates were 
able to gain the 2nd method mark despite poor integration. 
Some candidates changed  to , making their following 
working much harder. There was some occasional use of Further Maths methods (e.g. 
integrating factors), potentially gaining full marks. 



 

Candidates who did not answer (a) rarely attempted (b), perhaps not realising (b) could 
be answered independently using the printed differential equation. 
Part (c) was attempted by many candidates, even if they hadn’t attempted (a) and (b). 
Students who progressed well in (b) often interpreted their formula correctly to obtain 
marks in (c). A minority of students who didn’t complete (b) still attempted (c) with 

some success, e.g. recognising that d
d
h
t

 was zero at the maximum height or using a ‘ 

flow in = flow out’  argument.  
 
 
Question 15 
This question discriminated well between candidates that got this far, but it did appear 
that many candidates had simply run out of time, perhaps indicative of a generally lower 
understanding than in a June series because of it being a resit paper following the 
pandemic. 
Part (a) was answered very accurately by the vast majority of candidates, recognising 
the need to use the compound angle formulae for cos(𝜃𝜃 + 𝛼𝛼).  Two common errors 
occurred, namely tan𝛼𝛼 = −1

2
, following inaccurate equating of the coefficients of cos 𝜃𝜃 

and sin𝜃𝜃, and an approximate value for 𝑅𝑅, which usually arose from candidates using 
their value of 𝛼𝛼 to find 𝑅𝑅 from either sin𝛼𝛼 = 1

𝑅𝑅
 or cos𝛼𝛼 = 2

𝑅𝑅
.  These candidates should 

be encouraged to find 𝑅𝑅 using Pythagoras. 
Part (b)(i) was usually well attempted by those who had answered part (a), however, 
some candidates did not recognise the need to double 𝑅𝑅 and arrived at 3 + 𝑅𝑅 rather than 
3 + 2𝑅𝑅 instead.  Others simply assumed that the maximum was 3, 5 or 7, from a poor 
understanding of combining two trigonometric functions and the purpose of using the 
compound angle formulae to combine these two functions. 
Part (b)(ii) proved to cause problems for many candidates, with the majority incorrectly 
assuming that 0.5𝑡𝑡 + 𝛼𝛼 = 0, and proceeded to ignore that this equation results in a 
negative value of 𝑡𝑡 (usually −0.9) by simply making this value of 𝑡𝑡 positive.  They had 
failed to recognise that the first maximum would occur when 0.5𝑡𝑡 + 𝛼𝛼 = 2𝜋𝜋.  Perhaps 
the use of a sketch or graphical calculators would have helped these candidates.  An 
alternative approach to part (b) required candidates to differentiate 𝐻𝐻, either in its 
original form or having used part (a) and solve the equation d𝐻𝐻

d𝑡𝑡
= 0.  This approach was 

more complicated and resulted in needing to solve tan(0.5𝑡𝑡) = −1
2
 and find the third 

solution, in order to avoid finding the maximum when 𝑡𝑡 < 0 or the first minimum.  
Generally, candidates taking this approach were unsuccessful in scoring the accuracy 
mark, although the method mark was scored reasonably frequently. 
Part (c) was another challenging part to this question and many candidates made no 
attempt.  A surprising proportion of candidates attempted to solve the equation 
cos(0.5𝑡𝑡 + 𝛼𝛼) = −1, apparently in an attempt to find the minimum, but did not appear 
to understand how to use this to solve the problem.  It was uncommon to see this 
method result in a correct value for 𝑇𝑇.  More commonly, candidates were successful in 
finding a value for 𝑡𝑡 that satisfied 𝐻𝐻 = 0, but incorrectly interpreted this as the solution 
to the problem.  Instead, they were required to find a second value of 𝑡𝑡 and find the 
difference between these times.  Again, there were a number of efficient and concise 
solutions to the problem that demonstrated an excellent understanding of what was 
required. 



 

The final mark in this question, in part (d), was rarely scored, and demonstrated that 
candidates are generally not well prepared to answer questions about refining models, as 
required in AO3.5c.  Many candidates did attempt this part, often despite making little 
or no progress with the earlier parts of the question.  Most concentrated on having an 
extra constant, wanted the average water level to be used, or simply restated the 
question by saying that the varying water level needed to be accounted for, without 
suggesting how this might be done.  Others knew that they needed to adjust the model, 
but suggested exponential, linear or quadratic terms to do this, which would not have 
been appropriate.  Again, there were some excellent and detailed explanations of how a 
trigonometric function could be included to taken into account the varying water level 
.   
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