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Example Candidate Responses — Paper 3

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS & A Level
Mathematics 9709 and to show how different levels of candidates’ performance (high, middle and low) relate to the
syllabus requirements.

In this booklet, candidate responses have been chosen from the November 2020 exam series to exemplify a range of
answers.

For each question, the response is annotated with a clear explanation of where and why marks were awarded or
omitted. This is followed by examiner comments on how the answer could have been improved. In this way, it is
possible for you to understand what candidates have done to gain their marks and what they could do to improve their
answers. There is also a list of common mistakes candidates made in their answers for each question.

This document provides illustrative examples of candidate work with examiner commentary. These help teachers
to assess the standard required to achieve marks beyond the guidance of the mark scheme. Therefore, in some
circumstances, such as where exact answers are required, there will not be much comment.

The questions and mark schemes used here are available to download from the School Support Hub. These files are:

November 2020 Question Paper 32

November 2020 Paper 32 Mark Scheme

Past exam resources and other teaching and learning resources are available on the School Support Hub:

www.cambridgeinternational.org/support




Example Candidate Responses — Paper 3

How to use this booklet

Example Candidate Response — middle Examiner comments

1  Solve the equation
In(1+e¥)=2.
Give the answer correct to 3 decimal places. [3]1
3 .
............................................. L= 8 a
_&.2_&4———_—-4—'—:-—0
............................................................................................ T et on RTINS
.......................................................... RE e T
T - o= = o = s dot=.3%5..2.00 .
.............................................................................................. LTt K S-S 2N
—-3 =3
A o-66q
N —o-66t

the logarithm.

marks are awarded.

Total mark awarded =
1 out of 3

o The candidate takes the
correct first step, removing

9 The candidate uses an
incorrect formula In(4 + B)
=In 4 + In B so no further

Answers are by real candidates in exam conditions.
These show you the types of answers for each level.
Discuss and analyse the answers with your learners in
the classroom to improve their skills.

How the candidate could have improved their answer

The candidate could have paused to think about the basic rules for this topic. Us
no further marks could be awarded.

Examiner comments are
alongside the answers. These
explain where and why marks
were awarded. This helps you
to interpret the standard of
Cambridge exams so you can
help your learners to refine

\their exam technique.

~

)

This section explains how the candidate could
have improved each answer. This helps you to
interpret the standard of Cambridge exams and
helps your learners to refine their exam technique.

Common mistakes candidates made in this question

Incorrect removal of brackets to give In1+(—3x)=2.

A correct first step followed by incorrect use of logarithms to give In 1+ (-3x)=2.
Calculator errors.

Not giving the final answer to the required accuracy.

Lists the common mistakes candidates made

Often candidates were not awarded
marks because they misread or
misinterpreted the questions.

in answering each question. This will help your
learners to avoid these mistakes and give them
the best chance of achieving the available marks.
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Question 1

Example Candidate Response — high Examiner comments

1 Solve the equation

In(1+e %) =2,

Give the answer correct to 3 decimal places.» ' [3]
I AR ) 2 N ) e
—3% >
...... \ {\({\&&\:\AQ o The first Step is correct.
- :

....... AR L. A

5 >\ : : 9 This line is correct. On
................... e T e e ettt st st e s et e et e st ees et eee e ee e eeeeeses s s semeeesaes the next line, the left-hand

~2 e side is simplified correctly,
..u...............Qr........:‘. ----- 62 .-.% ..... ?.\ ..................... L................uu.:-: ........................................................ but there is a Calculation
oo™ 63809 error on the right-hand side

(the correct value should
be 1.854...).

- %‘/\: * 3 5
ORI N5 ok OO OO OO e The candidate uses a
................... 2 \=~\"’°°§e correct method but makes
3 an accuracy error.
Y = O\BRE Total mark awarded =
.............................................................................................................................................................. 2 Out Of 3

How the candidate could have improved their answer

The method used was correct. The candidate could have used any time available at the end of the exam to check the
accuracy of their calculations.
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Example Candidate Response — middle Examiner comments

1  Solve the equation
: In(1+e ) =2,

Give the answer correct to 3 decimal places. ' [3]

0 The candidate takes the
correct first step, removing
the logarithm.

e The candidate uses
an incorrect formula
In(4+B)=InA4+InB so no
further marks are awarded.

Total mark awarded =
1 out of 3

How the candidate could have improved their answer

The candidate could have paused to think about the basic rules for this topic. Use of an incorrect formula meant that
no further marks could be awarded.

Common mistakes candidates made in this question

+ Incorrect removal of brackets to give In1+(—3x)=2.

« Acorrect first step followed by incorrect use of logarithms to give In 1+ (-3x)=2.
« Calculator errors.

* Not giving the final answer to the required accuracy.
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Question 2

Example Candidate Response — high Examiner comments

2 (a) Expand f+6xin ascending powers of x, up-to and inclnding the term in x*, simplifying the

coefficients. lf’} [41
R (RI-CS N | N @ The candidate carries
N out a correct conversion
cesievineeens feeereeneeris R e Y o into index form.
....... L+ (%) A (-0 (6a) 5 BX3-NA-2ea)®
......... 2 o@D | @ The candidate gives
a correct expansion in
et e e er v s s s oo e unsimplified form.
|} 2p- ot B A
e e The accuracy marks

........................................................................................................................................................ are awarded when the
candidate obtains a correct
expansion in simplified
form.

Mark for (a) =4 out of 4

o The candidate makes
a correct statement about
the values of 6x, but the
question asks for the

..... Va|ues of X.

Mark for (b) = 0 out of 1

Total mark awarded =
............... \.G.:X\..(T\e.........4............ 4 out of 5

How the candidate could have improved their answer

The candidate’s approach was entirely correct but, at the end their response they needed to answer the question.
They were asked about the values of x and their response was about values of 6x.
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Example Candidate Response — middle Examiner comments

2 (a) Expand {1+6xin ascending powers of x, up to and including the term in x°, simplifying the
coefficients. [4]

o (1+e0° ©

.............. ST 20 B S 10> e D > SN N [ RO
........................................................................... 2 2

(b) State the set of values of x for which the eipansion is valid. [1]
............................... B = et

x= 1

........................................................ eo

N —————

e S8 L K

0 The candidate correctly
converts the expression
into index form.

e The first two terms in
the binomial expansion are
correct.

e The structure of the
remaining terms is correct,
but the candidate is using
powers of x rather than
powers of 6x so the third
and fourth terms are
incorrect.

Mark for (a) = 2 out of 4

0 The candidate identifies
the critical value and states
the correct interval.

Mark for (b) = 1 out of 1

Total mark awarded =
3 outof 5

How the candidate could have improved their answer

The correct use of brackets would have helped the candidate to avoid their error. They wrote 6x? and 6x° when the

correct answer came from (6x)* and (6x)°*.
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Example Candidate Response — low

2 (a) Expand T +6xin ascending powers of x, up to and including the term in _f, simplifying the
coefficients.

Examiner comments

o The candidate attempts
to express the term in
index form, but makes an
error.

e The candidate expands
their form correctly, but is
not awarded any marks
because they do not obtain
the method mark at the
start of the question.

Mark for (a) = 0 out of 4

e Itis assumed that, at
this point, the candidate is
simply quoting a general
validity statement.

0 The candidate gives a
correct response.
Mark for (b) = 1 out of 1

Total mark awarded =
1outof5

How the candidate could have improved their answer

The candidate misinterpreted the symbol for the cube root. This meant that no marks were available in part (a)

because they did not answer the question set.

Common mistakes candidates made in this question

* In part (a), not using the correct index.

* In part (a), an expansion using powers of x rather than 6x.

* In part (a), errors in arithmetic when simplifying the coefficients.
* In part (b), only considering one side of the inequality.

« In part (b), stating |x| <1 as a statement of a remembered result, without applying that result to the current

expansion.
* In part (b), repetition of all or part of the answer to part (a).

10
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Question 3

Example Candidate Response — high Examiner comments

3 The variables x and ¥ satisfy-the relation' 2¥ =312, . T

@) By taking logarithinis, show. that the gtaphi of y against x is a straight line. State the éxact value

of the gradient of this line. ) [3]
b 3082 e 125D 208, 3 @ @ The candidate correctly
R ) : . ‘ uses logarithms as the first
Q"’ Lz ‘%3'1&;‘0 B OSSR eeeee step to remove the indices.
............... 4lea2 = - 2sclead . leg B e e eeee ettt e
3 N \ © The candidate
...... SRR 17 Y1 SO S SR removes the brackets and
e : - : rearranges the equation,
...................................................................................................................................................... but they do not mention
. how they know that the
............... equation represents a
e R 8o e e e straight line.
e eeent e e ens s e enees v vensesees e R R R — e The value identified by
o . : : ' the candidate is not the
........................... : gradient of the line.

Mark for (a) = 1 out of 3

(b) Find the exact x-coordinate of the pointof intersection of this liné with the line y =3x. Give your

answer in the form E—Z , where @ and b are integers. 2]
................... j DL\'(\Q\-.~.".?-9C.\V\3‘\""\3.........

o The candidate makes x
the subject of the equation.

e The candidate states the

N SR N . WX ‘ = W_\ 2’ e ....... feemeenreerrereniressree seeraerneererrarsnee everenens correct answer in the form
S N S Y- S e R required by the question.

' ‘ ‘ ‘ ‘ ' ' ‘ Mark for (b) = 2 out of 2
...................................... s L S NURY - YOO OO
’ ' ‘w9 e Total mark awarded =
.................................................... Dt e 3 out of 5

How the candidate could have improved their answer

* In part (a), the candidate correctly used logarithms, removed brackets and rearranged the equation, but they did
not address the demand to show that the graph was a straight line. For example, they could have compared their
equation with the standard form y=mx +c. The value of m would have given the correct value for the gradient.

* The response to part (b) was correct and concise.

1



Example Candidate Responses — Paper 3

Example Candidate Response — middle Examiner comments

3 The variables.x and y-satisfy the relation 2¥ = 31-2%,

(a) By taking logarithms, show that the graph of y against x is a straight line. State the exact value

of the gradient of this line. [31
=2

(b) Find the exact x-coordinate of the point of intersection of this line with the line y = 3x. Give your

answer in the form ;—g—g, where a and b are integers. [2]

...... n% —.2lal. . ..2.5%x e i S
e LIV e Sln2t21a8.
....... St 2ln 2z [n38 S —
e X L e
NER NN ,g% ....... o T
(0Ll L e
X2 0 2 g Lol e
[ T A TN 1 L S

o The candidate uses a
correct method to remove
the indices.

e The candidate
rearranges the equation.
At this stage, they could
compare their equation
with y=mx+c to confirm
the linear form, but there is
no mention of this.

e The candidate identifies
the correct term for the
gradient, but the answer
should be negative not
positive.

Mark for (a) = 1 out of 3

o The candidate
rearranges the equation
correctly to obtain the value
of x. The question asked
for the value to be given in
a particular form, and their
denominator does not fulfil
that. They need to show
further steps in the working
to be awarded full marks.
Mark for (b) = 1 out of 2

Total mark awarded =
2 out of 5

How the candidate could have improved their answer

« The response in part (a) was initially correct, but finished with a sign error in the gradient. If the candidate had
shown the match between their equation and y=mx + ¢, the error might have been avoided. They would also have

demonstrated that the graph was a straight line.

» The work in part (b) was correct but, to be awarded full marks, the answer needed to be given in the form

requested.

12
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Example Candidate Response — low

3

The variables x and y satisfy the relation 2 = 312,

(a) By taking logarithms, show that the graph of y agdinst x is a straight line. State the exact value

of the gradient of this line. [3]
Y 4 -2
........... 2. =00
............... fege .
.................................... QZ»:@&

(b) Find the exact x-coordmate of the point of intersection of this line with the line y=3x 3x. Give your

answer in the form where a and b are integers. [2]

lb’

Examiner comments

o The candidate’s working
is correct. It would be
acceptable to go directly
from the form in the
question to their fifth line of
working.

e This is a correct
equation. The candidate
was asked to show that the
graph will be a straight line
so they need to comment
that this equation is of the
form y=mx+c.

9 A sign error in
rearranging the equation
leads to an incorrect value
for the gradient.

Mark for (a) = 1 out of 3

o The candidate starts
with a correct statement
based on their version of
the equation.

e The candidate makes
errors in the algebra at
this stage of the working,
so the method mark is not
awarded.

Mark for (b) = 0 out of 2

Total mark awarded =
1outof 5

13
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How the candidate could have improved their answer

The candidate gave correct working, but their response did not address the request to show that the graph was a
straight line. They needed to say how they knew that it was a straight line, for example, they could have compared
their equation with y=mx +c. The sign error at the end of part (a) might have been detected through careful
checking at the end of the exam.

In part (b), the candidate made algebraic errors. For a small slip, the method mark could have been awarded.
However, the errors in dealing with the fractions meant no further marks were awarded.

Common mistakes candidates made in this question

.

In part (a), omission of the brackets when first taking logarithms, obtaining yIn2=1-2x1n3.

In part (a), no statement to explain how candidates knew that the graph would be a straight line.

In part (a), an equation with subject yIn 2 followed by a statement that the gradient was +21n3 or £2x1n 3.
In part (a), confusion between the gradient and the intercept on the y-axis.

In part (a), giving a decimal approximation to the gradient when the question asked for the exact value.

In part (b), algebraic errors in the course of making x the subject of the equation.

In part (b), incorrect manipulation of the logarithms when rearranging the equation.

In part (b), the use of decimal approximations when the question asked for an exact answer.

In part (b), working in alternative bases for logarithms and not converting the final answer to the required form.
In part (b), not taking the final step to express 2In3+31n2 as a single logarithm.

In part (b), the use of incorrect laws in simplifying 2In3+31n2.

14
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Question 4

Example Candidate Response — high Examiner comments

4 (a) Show that the-equation tan(8+ 60°) = 2 cot § can be written in the form

- tan®0+3v/3tan6—-2=0. [3]
Y @S W N1 S
Fane
.......... T AN e 12 1
................ L d0G a0 €0 e
............... J’Q"l@'i‘@:%“ o The candidate states a
| — Rtane - tane correct equation in terms of
e e 8 81 s 0 tan 6.

9 The candidate

e e verreeeaienes e e s e ananres . e rearranges their equation
........................................... kealon... .t 303 ka0 o2 5.0, | [0obtainthe given form.
9 D e Mark for (a) = 3 out of 3
i 0°) = 6, for 0° < 8 < 180°. 3
(b) Hence solve the equation tan(@ + 60°) = 2cot 8, for 0° < 8 < 3] e The candidate states
S - T =S O [ OO =X Xs et A= = W correct values for tan 6.
................... _.......................e.;................t................J.ﬂm.&:.E,..Q..f..3.6:..............&:?...1.9.'..2 ° The candidate states
two correct values for the
= - r 9: €
................................................. tan@. 2. m 8066 On 300 | o e mode
_ the incorrect value 79.8.
prerbreseeans evensrens ' ............................................... 5 WSROI €crro0 S This value is correctly
......... USRS OSSO KOOSO ol S | AL - &= %98 | obtained in their working,
' . K , but should not be part
........................ - &E‘&:maz of the final answer.
- Consequently, the final
T PO DRI EO N y ...'.......l..;-.................; ................. ;...o.,..,.,.,....g: ...... eecarren JOT mark |S not awarded
¢ Mark for (b) = 2 out of 3
T—. ............ H O R T Y T T LY TP PR P T TS
Total mark awarded =

5 out of 6

How the candidate could have improved their answer

Most of the work here was correct. At the end, the candidate could have distinguished between values used as part
of the working and the final answer. The candidate included an incorrect value in their final answer so could not be

awarded the final mark.

15
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Example Candidate Response — middle Examiner comments

4 (a) Show that the equation tan(6 + 60°) = 2 cot'd can be-written in the form

tan? 0 +3v3tan-2=0. - ‘ [31
L8 4.800). 7 DT

o301 23RO+ {T A 8.2.2.5.0 |
D 5 28 + 34O ~ 2 = O Ghows)

(b) Hénce solve the equation tan(8 + 60°) = 2 cot 8, for.0° < 8 < 180°. [3]

R 2 T Tl = € N
.......... TRt = S
M(M*SJEJ: ..... e

o e T A = S

o The candidate obtains a
correct equation in tan 6.

9 The candidate
rearranges the equation
correctly to obtain the given
form.

Mark for (a) = 3 out of 3

e The candidate
recognises the equation
is a quadratic equation
and substitutes to obtain
simpler notation.

0 The correct method
is to consider the factors
of zero. Nothing can be
deduced by considering
the factors of 2, so the
candidate is not using a
valid method and no further
marks are awarded.
Mark for (b) = 0 out of 3

Total mark awarded =
3 out of 6

16
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How the candidate could have improved their answer

» The response to part (a) was correct and concise yet showed all the required working.

» Part (b) started correctly and the candidate reached a correct quadratic equation. At this point, candidates needed
to solve the quadratic equation by considering factors of zero. Nothing could be determined by considering the
factors of 2.

17
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Example Candidate Response — low

4

(a) Show that the equation tan(8 + 60°) = 2 cot 8 can be written in the form

tan?0+3+3tan6 -2 = 0. [3]

o S o el MC&.F&J(\ =z 2Loetd =

[T RSN B
............ befeteen) = L sobfere Oloe s s
A e a

sbemeb tane 0 e 3 leqe B3 NBLo o2 om

........ o e W TSI e SN

O et - J  TO
Jewen b 8 | =0

Examiner comments

o The candidate attempts
to write the right-hand side
in terms of tan 0 but the 2
should have remained in
the numerator.

e The candidate uses the
expansion of tan (4 +B)
correctly.

e The error prevents
the candidate obtaining
a correct equation free of
fractions.

0 The candidate attempts
to rearrange their equation
to obtain the given form but
the earlier error makes this
impossible.

Mark for (a) = 1 out of 3

18
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Example Candidate Response - low, continued Examiner comments
(b) Hence solve the equation tan(@ + 60°} = 2 cot 0, for 0° < 6 < 180°. [3]
s e SO (5 S @ The candidate states
bl veoy = zlkeote o bedte bxfmoh e o fhe equation correctly here.
S e L BT o e
-l
......... e L S T S
R S L T Y. & " © The candidate
.............. e recognises the equation
as a quadratic in tan 0
........................................................................................................................................................ but they make an error in
........ o "—-C"E(:Q"‘M substituting y for tan 6.
............................................. Kevesor N
%'““L—hl—%cﬂc—’a ..............................................................
R S,
. e a The candidate uses the
................................................................................ o quadratic formu|a Correctly
oL = . 3k 2 for their equation.
................................................. et ees et
" o= (&) N gL 12 e ¢ — 1 L2
PORRING ST VOO SPODOTIL SOOI c2- SO eooo O rie e TSRO
..... @>»~—5~—G’*—“ﬂ~e @ The candidate
introduces an incorrect
.............. i ............“...........u...‘......‘..4..‘...Z._}-................................................-...‘.............................‘.. Square root Slgn Because
..... (Commd) = (o8802) o~ =282 . | theysquare each value

before using the inverse
trig function, they do not
have a correct method.

LA E ke L B S e S MR S8 | Markfor (b) =0 outof 3

Total mark awarded =
1 out of 6

G ~ % T 162 6 e

19
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How the candidate could have improved their answer

The candidate might have avoided some errors by checking the algebra carefully. In the first part, they used

1
cotO= but they also replaced 2 with —. In the second part, they recognised the quadratic equation, but in

tan
attempting to simplify it, they have changed 3\/3 - 3[ — 3 and consequently were awarded no marks.

Common mistakes candidates made in this question
 In part (a), expanding tan(6+60°) as tan 0+tan 60°.

* In part (a), rewriting 2 cot 0 as

2tan 6’

* In part (b), premature approximation of decimal values.

* In part (b), giving incorrect over-specified answers.

* In part (b), the inclusion of additional incorrect solutions.

* In part (b), concluding that tan 6=—5.556 gave no solution within the range.

* In part (b), incorrect attempts to solve a quadratic equation, e.g. writing the given equation as tan 6 (tan 6+ 3\/5) =2
and equating each factor to 2.
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Question 5

Example Candidate Response — high Examiner comments

5

0

The diagram shows the curve with parametric equations

i N
x=tan8, y=cos6, QCC)'SQ\

for—-%n<9<%n. QQQC";‘—“\('S‘(‘@)
(a) Show that the gradient of the curve at the point with parameter 8 is ~2 sin Bcos® 6. 3]
A s Seel QS Y 2 R E0RCSES,

o The candidate states
correct values for both
derivatives.

9 The candidate uses the
correct method to find the
gradient of the curve.

e The candidate obtains
the given answer correctly.
Mark for (a) = 3 out of 3
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Example Candidate Response - high, continued Examiner comments

The gradient of the curve has its maximum value at the point P,

(b) Find the exact value of the x-coordinate of P, - 41
2
‘B\\ ........ \)om\ ......... ‘Q ............. M e e
A

D AN TN A e

A
........ M 280 @Q e v Cent
WL - et ® VL (e @) (- o)

O 0. © The candidate uses the
. T “ product rule correctly to
- <« - ISES .
O‘QD%“\ ..... @Ld% ................ —‘Y &’AQ ............ CQ\ .............. differentiate the gradient.

(5 ) Lianr@ =\ . © This is a correct
............................................................................................................................................... decision, This factor gives
RTINS A oveoUo VR W SO T no solutions in the required

J T oy

................................................................................................... Q5| @ The candidate is soiing
) the correct equation but
A TR = s S u—& ....... Y e overlooks the negative

root.

AVANIEY SK'O\"\ k) k L \ a The candidate reaches

an incorrect conclusion that
does not match the graph.
Mark for (b) = 3 out of 4

Total mark awarded =
6 out of 7

How the candidate could have improved their answer

The candidate could have checked the diagram for information relevant to the final answer. The graph clearly showed
that the x-coordinate of P was negative but, at the end of their solution, the candidate has only considered the positive
root of their equation and they could not be awarded the final mark.
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Example Candidate Response — middle Examiner comments

-

5.

o The derivative of x is
correct.

> 9 The derivative of y
should be negative. It is
difficult to be sure whether
or not this expression
x=tn, y=cos?h, contains a ‘-’ sign, but

‘ only one of the derivatives

The diagram shows the curve with parametric equations

1

- for —sm< 6<%n.

2 needs to be correct to be
(a) Show that the gradient of the curve at the point with parameter @ is —2 sin §cos® 8 [3] awarded the first mark.
i RO i %_,620058’8”39’9 ...... © The candidate states the
—Canl correct method but there is
..... 0 ..:.-—d;;é:,...:ﬁs@g....Q’.....A..............,..........:........Q:J'Q....................‘............................;... no evidence that they use
ae ‘ . A it. The method mark is not
eetrs e e et e b s s R bR RS RSShL4b 4tk st s e s et e ss e ene s e ss s s e sn e annn ey available.
L -
Cos e o The candidate states
....................................... S SRR UTN the given answer, but there
- . ‘ is no working to support it.
............................................................................... ,:.................‘..........:................‘........................ Mark fOr (a) — 1 Out Of 3
@ ~dy +do =-2ces oSine ©
B e % % DI e /AR etorote B ilrrt L - el o eetastasmreassererenmaras R sans e s er et sR e
doo de 0?96 ' Q There is a slip here,
e g, .............. e eenserassereste At reEsbe s se R eesse s var s rnnrrnnrraesanns but the correct derivative
==L (0ST 6 SN0, implies that the candidate

uses the correct function.

The gradient of the curve has its maximum value at the point P.

e There is a possible sign
[4] error in the second term

b) Find the exact value of the x-coordinate of P. = o€
® of the derivative, but the

UZC@SQGG .................................................................... Sz 8 nex:1| !idne confirmﬁ that t:e t
2 . - - candidate uses the produc
chl)?;"\%CQ")@sm@ ...... dw = ROSG . rule correctly.
de .
un‘.d...Q ............................................................................................................................................ ° This Value fa”S outside
. the interval given in the
...................... kvo-.-u-u----.........----...............,;...u-.----...........‘~..—.......-...‘..”u.---uu--u----....------'-cc-n....--.- question.

e The candidate does not

............... “ consider possib|e solutions
3 > [ 2 S22 e N from this bracket.
i Tocos Pof—cos o425 20000 . o o ot 4
20T =0, =L T e
“e Total mark awarded =
L 3outof?7

How the candidate could have improved their answer

» Since the question began with ‘Show that ..." the candidate needed to show fully correct working. In part (a), it looked as
if they made a sign error in the top line, and the lack of a clear substitution into the correct formula made it impossible to
be sure. This candidate has concluded with the required answer but they have not reached it from their working.

» The candidate could have checked their answers carefully to avoid the two slips in the first line of part (b). Although
they wrote cos? 6 in place of cos® 6, their following work suggested that they intended the correct term. They could have
detected the sign error in the derivative by reference to the list of standard results given in the formula booklet.
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Example Candidate Response — low

» X
The diagram shows the curve with parametric equations
x=tanB, y= c'os2 o,
for —in < 0 < in.
(a) Show that the gradient of the curve at the-point with parameter @ is —2 sin 8 cos’ 6. [31
.............. A2 000 S T D008 R M
... @ = =
clt
S— @—dx ...............................................................................................
adx dk clé
SOOI S-=1:111 Y - N SR 50030 5 A 24N, .
seclg
.......................... =.22.508. ¥l —
( 1 +tan2@)
O Sillorst 121101 SIS S0 et eeeees e seere s eseres e oo
( i £0546- 5in?0
...................... T e 06280
cosle
........................... R AT L AR T
............................ el oz L IR L LA RS 1 -
sinTe 0
e =780 0. 4200528, 5272810 et

58

The gradient of the curve has its maximum value at the point P.

(b) Find the exact value of the x-coordinate of P. [4]

e E T BI0.008%8 e et

o e

Examiner comments

0 The candidate provides
a correct derivative.

e This is not the
expression for y given

in the question, and the
change in form suggests
that the candidate does not
misread the information in
the question. Only one of
the two derivatives needs
to be correct to obtain the
first mark.

Q The candidate states the
correct method for finding
the gradient, and they
use their two derivatives
correctly.

0 The candidate’s earlier
error means that they
cannot reach the given
result.

Mark for (a) = 2 out of 3

e The candidate quotes
the correct form of the
gradient, but there is no
indication of a strategy to
answer the question.
Mark for (b) = 0 out of 4

Total mark awarded =
2outof 7
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How the candidate could have improved their answer

— = cos” 6 and took a more complicated route
sec” 0

in which they did not recognise cos? 6+sin?> 6=1. They could have checked first whether the expression could be
simplified before making it more complicated.

In part (b), the hint was in the rubric to the question: the task was to locate the maximum value of the function, so
the first step was to differentiate.

In part (a), the candidate overlooked the simple substitution

Common mistakes candidates made in this question

In part (a), incorrect differentiation of cos? 6, e.g. stating an answer + sin? 0.
In part (a), inconsistent signs in the working.

In part (b), using an approximate method of solution (e.g., considering tabulated values of the function) when the
question asks for an exact answer.

In part (b), looking for the point(s) where the function itself was zero, rather than where the gradient of the function
was zero.

In part (b), errors in differentiating cos* 6.
In part (b), giving a positive final answer although the diagram shows P as a point with a negative x-coordinate.
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Question 6

Example Candidate Response — high Examiner comments

6  The complex number u is defined by

o 7+i
g
(a) Express u in the form x + iy, where x and y are real. [3]
..................... W o= Jvy .. . e s=
e
L . el B B aable @ The candidate uses the
. correct method.
.............. ooy N\ e

......................... Ltv o0 @& ... |© Thecandidate's working
. is correct and simplifies to
........................... ma B L s e the correct answer.
L vy o W Mark for (a) = 3 out of 3
................................................................................................................ e
(b) Show on a sketch of an Argand diagram the points A, B and C reprcse}iting u,7+iand 1 —i
respectively. ) o [2]
N g %
;
5
: {1 1)
& 'V o .
‘ 9 e The candidate plots all
_— . . o e i s L three points correctly.
=t 2 a0 o, s ¢ W ¢ B8 | Markfor (b)=2outof2
-3 w( x o -“)
<3
-
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Example Candidate Response - high, continued Examiner comments

(c) By considering the argumments of 7 +iand 1 — i, show that

tan™! () = tan™! (L) + Iz, (31

.............. 9+on(w\m)64on(_‘_) © This is a correct

statement about the
argument of 1—1i.

erererann Peererrveresrtrae s e e iR e Re e s s as e e narae s brane et eenanesac z ‘.’....T"a ........................... e The candidate writes

down the given answer, but
they give no explanation of
how this is obtained.

Mark for (c) = 1 out of 3

Total mark awarded =
reeemearTarteasetger e s e aaetaaaa s aseteaasrataeensreseasansanteeeranteeerantetonseneseennssssennar s sensanens e anassnessetaoa s eaieeeameenne e reeers 6 out of 8

How the candidate could have improved their answer

* The candidate gave fully correct answers to parts (a) and (b).

« Part (¢) required full working because the request was to ‘show that ...". The candidate has noted the instruction for
the first step but, to make further progress, they needed to recognise how part (c) was related to part (a), or else
work through from first principles.
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Example Candidate Response — middle Examiner comments

6  The complex number u is defined by
i
1

(a) Express u in the form x + iy, where x and y are real.

1=t (\TU

(¢) By considering the arguments of 7 +i and 1 — i, show that

tan'l(g) = tan'l(%.) + %Lm.

respectively.
4] >
e w @/
A4 = .
4
i
—
T T 1} T ) T T T T
- - % 1 G A
5 9 1 K i 3 A =

A3£7+)2m6‘—7)

(b) Show on a sketch of an Argand diagram the points A, B and C representing u, 7 +iand | —i

(2]

£3]

o The candidate selects
the correct method.

o This is sufficient
evidence that the candidate
is using a correct method
for their multiplication, but
there is an error in the
numerator.

e As a result of the
candidate’s error, the final
answer is not correct.
Mark for (a) = 2 out of 3

o The candidate has set up
the Argand diagram correctly
but this point represents
1+31, not their u.

e The candidate plots the
other two points correctly.
Mark for (b) = 1 out of 2

e This is a correct
argument.

0 The candidate states the
given result but does not
explain how they obtained it.
Mark for (c) = 1 out of 3

Total mark awarded =
4 out of 8
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How the candidate could have improved their answer

« Through careful checking, the candidate could have detected both errors in the first two parts. In part (a), the
candidate has 7x 1=1 and in part (b), they have plotted 1+ 31 in place of 3 +i.

In part (c), there was no working to support the given answer, so perhaps they have not recognised the link
between part (a) and part (c).
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Example Candidate Response — low

6  The complex number u is defined by
141

1
(a) Express « in the form x + iy, where x and y are real. [3]

h T —— e

(b) Show on a sketch of an Argand diagram t}}e\points A, B and C representing u, 7 +iand 1 —i
respectively. 2]

Examiner comments

o This incorrect form,
and the denominator 2
that follows, suggest that
the candidate has some
knowledge of how to
divide complex numbers
but they apply the method
incorrectly. The method
mark is not awarded.
Mark for (a) = 0 out of 3

9 The candidate plots the
other two points correctly.

9 The candidate correctly
plots the point representing
their answer to part (a),
so they are awarded the
follow-through mark.

Mark for (b) = 2 out of 2
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Example Candidate Response - low, continued Examiner comments

(c) By considering the arguments of 7 +1i and 1 — i, show that

tan (%) = tan”' (1) + }m. [3]

o The candidate correctly
states the value of

arg(1-1).

e The question gives
the hint that the route
to the given result is by
considering the arguments
of the complex numbers,
but the candidate does not
form an equation linking
the arguments.

e The candidate copies
the given answer which
does not follow a correct
line of reasoning.

Mark for (c) = 1 out of 3

Total mark awarded =
3 out of 8

How the candidate could have improved their answer

In part (a), the candidate made an error which could have been detected if they had taken care to expand (1 —i)?
properly.

In part (b), they demonstrated correct plotting of points on an Argand diagram.

The error in part (a) meant that their diagram did not help them with part (c). As an alternative, they could have

4 1
used the expansion of tan(4 — B) with angles tan ™' 5) and tan”' 7 )
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Common mistakes candidates made in this question

In part (a), no indication of method.
In part (a), the use of 1 —iin place of 1+i.
In part (a), slips in the arithmetic and incorrect simplification of i2.

In part (a), some candidates who adopted the alternative method of multiplying both sides of the equation by 1 -1
did not go on to consider the real and imaginary parts of their equation.

In part (b), diagrams with uneven scales.
In part (b), incorrect plotting of points.
In part (b), confusing the real and imaginary axes.

In part (c), stating that arg(1—1) = g

In part (c), no statement linking the arguments of the complex numbers.
In part (c), working implying that in the division of two complex numbers the arguments are added.
In part (c), the use of decimal approximations to establish an exact answer.
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Question 7

Example Candidate Response — high Examiner comments

7  The variables x and ¢ satisfy the differential equation

e¥ d_x = ccqs2 2%,
dr

¢ . -

Aottt 2 0. It is given that x = 0 when £ = 0.
(a) Solve the differential equation and obtain an expression for x in terms of ¢. Vo [71
% ' , : -
........ 6.‘t‘i’§—_..;.e.d$v-.2ﬂ(...' ceosrerniiasiBaserirorrestostienreniteenererettanrerastasentisrinsansnn
;A ’ 1) o @ The candidate
ceemeee e s e rerne et e need LS bverbeguessiensssasssostossisssbessssnZhonssgeesgrpmsresserbenses s ns ek ss e e separates the variables
2) 5/7— A= = —ZE = - SECYE- correctly.
1 Creredureag .C@S.Z-‘A. ....... deanrtansed .._@..e O PR roer ot Senceessar ’...\. ........... diveians

e The candidate
completes both integrals
correctly.

e The candidate obtains
the correct value for the
constant of integration.

0 There is an error in
multiplying through by 2.

6 The final answer is not
correct due to the earlier
error.

Mark for (a) = 6 out of 7

e The candidate reaches
the correct conclusion for
their equation.

Mark for (b) = 1 out of 1

Total mark awarded =
7 out of 8

How the candidate could have improved their answer

The methods used by the candidate in this response were all clear and correct. By careful checking at the end, they
might have found the error in multiplying by 2. However, despite this error, because their answer had the correct
structure, they obtained the ‘follow-through’ mark in part (b).
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Example Candidate Response — middle Examiner comments

7

The variables x and ¢ satisfy the differential equation -
e & cos 2x,
dr

for t > 0. It is given that x = 0 when 7 = 0.

(a) Solve the differential equation and obtain an expression for x in terms of £.

36

— J(QQCQOQ)QQ%#L ....... S

>

B L T T Y TR T Y P PP Tyy

0 The candidate
separates the variables
correctly.

e The integration of the
right-hand side is correct.

e The candidate
recognises the form of

the left-hand side and

uses a correct method of
integration. They use the
correct function, but not the
correct coefficient.

o The candidate uses the
limits correctly to find the
constant of integration.
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Example Candidate Response — middle, continued Examiner comments

—ge ....................................................................

........... zoc:i(-eq—’
3

............. 2z fo! [ 3 (-‘fge—ﬂ))
.............. ;C;""é._;,_][%(;b'?.é;_l))'e arererreay
...... 2 : peprenrens

(b) State what happens to the value of x when f tends to infinity. [11

-t /I

x&ndshs@_ém(g)e ................................................................
..................... S s Y

6 The process for finding
an expression for x in
terms of ¢ is correct, but
no accuracy marks are
awarded due to the earlier
accuracy error.

Mark for (a) =4 out of 7

e The candidate uses
their answer to part (a) and
obtains the corresponding
limit. There is no working
or explanation: the correct
conclusion is sufficient.
Mark for (b) = 1 out of 1

Total mark awarded =
5outof 8

How the candidate could have improved their answer

The candidate took the crucial step in recognising
cos” 2x

as sec’2x. When dealing with a ‘function of a function’ they

needed to take particular care over the coefficients. This was where their slip occurred. When reviewing answers, this

could have been part of a checklist of common errors to look out for.
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Example Candidate Response — low

7

The variables x and £ satisfy the differential equation
& cos?2x,
dr

for ¢ > 0. Itis given thatx = O when ¢ = 0.

(a) Solve the differential equation and-obtaih an expression for x in terms of z. » |

Qécfﬂsfbﬁgc)\’:“ /s 6“%

Examiner comments

o The candidate
separates the variables
correctly.

e The candidate does not
recognise the trig integral
as a standard form and
attempts to integrate using
an incorrect method.

e The candidate
integrates the exponential
function correcily.

o The candidate follows
the correct process for
finding the constant of
integration, but to be
awarded the method mark
they would need to be
working with functions of
the correct form.
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Example Candidate Response - low, continued

¢ gt x4
0 SRSt (I ﬂ ..............................................................
..... ~8t
...... ‘Focﬁfwlﬁmi‘i‘b(e*d b

‘v . T {‘ -

" ............ \'" ...................................................................................

7 ’

(b) State what happens to the value of x whe ¢ tends to infinity. [1]
.. OGS O

Examiner comments

e Because the candidate
does not obtain the method
mark, they are awarded no
further marks.

Mark for (a) = 2 out of 7

e To be awarded this
mark, the candidate needs
to have an expression
in part (a) whose limiting
behaviour could be
considered as t tends to
infinity. A precise statement
was needed.

Mark for (b) = 0 out of 1

Total mark awarded =
2 out of 8

How the candidate could have improved their answer

The candidate recognised that they needed to deal with >

cos” 2x
helpful here because they should have known that J.%dx # J.—
X f(x)dx

. They used a correct trig substitution, but it was not

. The integral required was a simple variant of

a form given in the formula booklet. The candidate needed to prepare thoroughly to help them recognise standard

forms, and to make effective use of the resources available to them in the exam.

Common mistakes candidates made in this question

* In part (a), incorrect separation of the variables.
 In part (a), errors in the coefficients when integrating sec?2x and e,
 In part (a), integrating e’ to obtain ke .

 In part (a), not recognising cos™2x as sec?2x, and employing various alternative incorrect methods to integrate the

function.
* In part (a), errors in rearranging the solution to obtain an expression for x.
* In part (b), not stating a value for the limit.

+ In part (b), stating the value of L tan™' (%) in degrees.
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Question 8

Example Candidate Response — high Examiner comments

8  With respect to the origin O, the position vectors of the points A, B, C and D are given by

Y AN A A U & L W 5
OA=|1], 013:‘(-1), 00:(1) and 0D=(2).
5 1/ 2 Co\3]

(a) Show that AB=2CD. 31
BB = OB OA
Rz S —
A ..... Theamd e g d S o, CD: ..... O D—-@C- ............
|

............ divechiond ,
................................ :
(b) Find the angle between the directions of AR and EE [3]

.

o The candidate states
correct values for both
vectors.

e This is an incorrect
statement about the two
vectors.

Q The candidate makes no
attempt to find the lengths
of the vectors, so no further
marks are available.

Mark for (a) = 1 out of 3

0 The candidate
calculates the scalar
product correctly.

e The candidate
completes the process for
finding the angle, but they
disregard the negative
value for cosine of the
angle and give an incorrect
answer.

Mark for (b) = 2 out of 3
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Example Candidate Response - high, continued Examiner comments

(¢} Show that the line through A and B does not intersect the line through C and D. 4]

e The candidate states
the equations of both lines
correctly.

° The candidate uses a
correct method to find the
point of intersection of the

two lines.
e The candidgte
............... Yol )bz 3 Gobine AB A80h pot | LU erarsimen
z;' 3 e > \V\POVSZCE ke Mark for (c) = 4 out of 4
.............................................................................................. B I SR
—_ 2/3 +— 1/3 =" <5 Al Total mark awarded =

.......................................................................................... BT TTTrrerS U USROS 7 out of 10

How the candidate could have improved their answer
* The candidate needed to be familiar with the notation for the exam as set out in the syllabus. In part (a), the
candidate confused 4B with AB and, consequently, they have not done what the question asked them to do.

* In part (b), the working was correct, but the candidate has not taken account of the negative value for cos 6,
something that they might have picked up through careful checking.

* The solution to part (c) was fully correct.
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Example Candidate Response — middle Examiner comments

8  With respect to the origin O, the position vectors of the points A, B, C and D are given by

- Y A A U 5 | L
0A=(1), 03:(—1), 0c=(1) and OD=|2].
5 1 2 3

(a) Show that AB = 2CD. ‘ [3]
) .

o The candidate states
the two vectors correctly.

e There is no attempt to
find the length (modulus) of
either vector, so no further
marks are awarded.

Mark for (a) = 1 out of 3

._5
Ad - CO .-

e The candidate uses the
correct vectors and the
correct method for finding
the scalar product.

o The candidate uses the
correct method to complete
the process to obtain the
required angle.

Q Despite obtaining a
negative value for the
cosine of the angle, the
candidate gives an acute
answer.

Mark for (b) = 2 out of 3
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Example Candidate Response — middle, continued Examiner comments

(c) Show that the line through A and B does not intersect the line through C and D. [4]
Cosss r\‘%S Hov o \y
i e 'Y P\ -

e The candidate
miscopies their answer for
the direction of AB.

0 The candidate sets up
the equations of the two
lines correctly and uses the
correct method to find the
point of intersection.

e The candidate reaches
the required conclusion,
but this is fortuitous due to
the earlier accuracy error.
Mark for (c) = 1 out of 4

Total mark awarded =
5 out of 10

How the candidate could have improved their answer
» The response to part (b) confirms that the candidate knew how to find the magnitude of a vector, but they did not
recognise the notation for this in part (a). They needed to be familiar with the notations listed in the specification.

* The candidate could have read the question more carefully. Part (b) did not ask for the acute angle between two
vectors, so the negative value for cos 0 needed to be considered.

* In part (c), the candidate had miscopied their own writing from part (a). As a result, the method mark was available
but not the accuracy marks. They could have checked that they had transferred figures correctly in their working.
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Example Candidate Response — low

8  With respect to the origin O, the position vectors of the points A, B, C and D are given by
At .

I A A AR | 3
0A=(1), 03:(—1), OC=(1) and 0Dr=(2).
, 5 1 2] - 3/

(@) Show that AB = 2CD. . : ~ 31

........ S — —

=[2 f
oy 0? .......... T S

- ¢ -9 ;
........................................................................................ SO 0 W

2
........... e e 2 SO
(b) Find the angle between the directions of AB and_‘c—zi. 3]
(323...@.;....Ez’i.%&-..z)fﬁ%&y)’i.:..K_msﬁkz.’t .......... L R R
- 2

n

Q

“ _

)
\

............ 0- ws [ =% \
2 (€ , |

Examiner comments

o This vector is correct.

e The candidate uses
OA not OC here. To be
awarded the first mark,
they need both correct
vectors.

e The candidate does
not consider the lengths of
their vectors, so no further
marks are available in
part (a).
Mark for (a) = 0 out of 3

o The candidate makes
a sign slip here in copying
their vector CD. They are
awarded the method mark
for correct evaluation of the
scalar product.

e The candidate correctly
completes the process
for finding the angle, but
the earlier error means
that they do not obtain the
correct answer.
Mark for (b) = 2 out of 3
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Example Candidate Response - low, continued

(¢) Show that the line through A and B does not intersect the line through C and D. [4]

Examiner comments

e This is the candidate’s
direction vector.

a This is a position vector
of a point on the line.

e The candidate has not
set up the equation of the
line correctly.

e The candidate applies
the correct method
for finding the point of
intersection of two lines.

@ Although the candidate
uses the correct process,
incorrect equations result in
an incorrect answer.

Mark for (c) = 1 out of 4

Total mark awarded =
3 out of 10

How the candidate could have improved their answer

The candidate needed to understand the notation used in part (a).

In (b), the candidate was given the benefit of doubt over the error in the vector, and was allowed credit for correct

use of the method to find an angle.

In part (c), the candidate had confused position vectors and direction vectors, so the only mark available was the

method mark for finding out where their lines meet.

The candidate could have checked for errors in the working. This response showed knowledge of the correct

processes, but more precision was needed in applying them.
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Common mistakes candidates made in this question

« In part (a), sign slips in stating the required vectors.

* In part (a), not using the modulus to compare the magnitudes of the two vectors.

* In part (b), not using the correct vectors.

* In part (b), sign slips in copying their vectors.

* In part (b), stating the final answer as an acute angle.

* In part (c), sign slips in copying the vectors from earlier working.

» In part (c), confusion between directions and position vectors when setting up the equations of the two lines.

* In part (c), using the same parameter in both line equations, making it impossible to solve for the point of
intersection.

* In part (c), errors in solving the equations.

* In part (c), no concluding statement, e.g., some candidates reached a statement such as % =% but wrote nothing
more.
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Question 9

Example Candidate Response — high Examiner comments

Tx+18
(Bx+2)(x2+4)

9 Letf(x)=

(a) Express f(x) in partial fractions. [5]

T .

sl

o The candidate selects
the correct form for the
et e b e e s e partial fractions.

e The candidate obtains

et et et s st the correct value for 4.
ﬁ =5 e
.............................................................................. The candidate has the
= y»
LU= DA Y correct equation for C but
Com 5 Q makes an error in solving it.
OS2 DT DTS © Anincorrect value for
H=- B follows from the earlier
............................................................................................ error.
o Mark for (a) = 3 out of 5
..................... "5 Ty
B CEULZD. o O ZE 2 © The candidate
N integrates the first term
(b) Hence find the exact value of J f(x)dx. f6] correctly.
0
L © The candidate
S 2 " 5 3. recognises ’;he need to split
........ R e e b I TTTIL ..;...... Y T T P T T L T T the Second ractlon Into tWO
ol Ot ) @ separate terms.
a .......................................... g s 0 The candidate does not
recognise the form of the
.............................. Second integral.

........ I l V)(,sz s InC ) &};{g - ‘ © The third integral

............................................................................................................................... follows Correcﬂy from the
............. . Dn‘z 1 ZIn¢g~2lnu | | candidate’s coeffcients.
, V\gz — W _ =
D/V)ST ....................................................................... /! ”QH”L’Z/‘W’?’ ..... © Two of the candidate’s
X 27 ' 2 x 9uE three terms are of the
[}h'——g_%z —mllﬂélﬁ e ........ freserstreesseriseerreranes correct form. They use the
s limits correctly, but their
ebieietuetes st e Rttt ses e es b b SRR E s Ao b s EA e Re Rt R eR e ER b an R et seneTeR e TN S a0 enE e e g ER e Ra A e enma et Rees final answer is not correct
n.t4.=..1n8.. et ettt ettt due to the earlier errors.
............. s Mark for (b) = 4 out of 6
(7
........................ T2
— 13 Total mark awarded =
RO I00 1 N~ S ettt LR
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How the candidate could have improved their answer

« The errorin the arithmetic in part (a) could have been detected through careful checking of the working.
» The accuracy errors in part (a) affected the answer in (b), but a more important issue here was that the candidate
f'(x)

did not recognise a standard integral. A quick check would have confirmed that this term was not of the form )
X
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Example Candidate Response — middle Examiner comments

Tx+18
9 Letf(x)= —————-~Fr——,
) = Gre R e H)
(@) Express f(x) in partial fractions. 0 (5]

e A1 = AC&”H&*’B&%(AM@) ..............................

T : ) ) 2 B - .
(b) Hence find the exact value of J‘ f(x) dx. 6]
WO . :

a3

IR J; 30;.-1—'2. ...................

P :

: S : ) o B 20\ o PN d")- T LR
E\q@x%"-)‘%’rﬁ(itw“‘(?ﬂ) ] T
..... Linanstr s Bar 5)s 2 w7 1, @

-y%2

Ao b 0 7 By bon T \; 1"1)‘*’3%“"%”(%2,) ....... oreeseenssssssane .

In 12 *Q.(A‘;ﬂ e

a This equation implies
that the candidate is using
the correct form for the
partial fractions, but for it
to be correct, they should
have brackets around
Bx +C. At this stage, it is
not possible to tell whether
or not the candidate knows
that the brackets should be
there.

e The candidate uses
a correct method to find
the value of 4 and their
answer suggests that they
are aware of the ‘invisible
brackets’ in their initial
equation.

e The candidate obtains
the correct value for C.

o The equation for B is
not using the ‘invisible
brackets’ and consequently
the candidate obtains an
incorrect value.

Mark for (a) =4 out of 5

e The candidate
integrates the first term
correctly.

e The candidate is not
using the brackets around
the numerator in the first
line, but their intention
becomes clear on the third
line.

a The candidate is not
using a correct method to
integrate the second term.

e Although the candidate
appears to have two terms
of the correct form, these
have not been obtained
correctly, so the method
mark for correct use of the
limits is not available.
Mark for (b) = 1 out of 6

Total mark awarded =
5 out of 11
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How the candidate could have improved their answer
» Using brackets in the initial working for part (a) would have improved the candidate’s chances of reaching a correct
answer.

* In (b), the error arose in treating 5x+3 as a scalar multiple of the integral, not as a function of x. When starting
work on the integral, the candidate could have looked to see if it could be split into terms that follow a known
pattern, i.e. not by treating a variable as a constant.
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Example Candidate Response — low
Tx-+18
9 Let f(X) = m
(a) Express f{x) in partial fractions. [5]
Fooxoa8. = A +...8x.x.c a ......
Conr2) Cuirs T Gk B
e ST A o B
................. o) | (e
Tk L = A +@u%)[3n+z}
— 2
............ ’J— sseersancsen
....... Hmmt
2\t 3
-2 o] — + A’
........ Z I ( [CJ ) %)
...... Lo STROTRSIIo: of - 0 . OO, O
3 9
...... A_:...;}..
et s b e et RSt s bR e see s R sbenesasae e bea et s L TS = TP
...... )/L—-;_ l
Fot LS Lwa) +L ..... £ L8
Sh+—4x
2s - IS = 4+ S8 p 4y
“}u ...... 5 - —?L.vm . q ...... ~35 iy
2 4. .
GMJ—QOEHJ Cg,u—l) Cn® o $= -_;}
/—-___——~‘
(b) Hence find the exact value of Jj f(x)dx. (6]
L£Au£2) ! r —;’:H( =z
T VAR AR )

2

o

r:&: lasnt.2 L /'-_?7119- .CM) ?n(‘rnﬂ-ﬂ
L 2 N2 (5 x
P S R T ‘T(z)7x In(2l+e)
N L_ ‘f
M=o
l[nots 4+ oxinfoia)
_ : (6 )
= % . ln.B TR Lo W o 0 Wi <

4

7n8‘_m_€ .2

St 83120001l

Examiner comments

o The candidate selects
the correct form for the
partial fractions.

9 The candidate uses a
correct method to obtain
the correct value for A4.

e The candidate makes
an error in substituting
x=0, leading to an
incorrect answer for C and
subsequently an incorrect
answer for B.

Mark for (a) = 3 out of 5

0 The candidate
integrates the first fraction
correctly.

e The candidate has not
recognised the need to split
this fraction into two parts
before it can be integrated.

G The candidate attempts
to use the limits but
the method mark is not
awarded because they are
not working with terms of
the correct form.
Mark for (b) = 1 out of 6

Total mark awarded =
4 out of 11
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How the candidate could have improved their answer

» The candidate could have noticed the error in part (a) through checking.
* In part (b), the first step should have been to split the second fraction into terms that followed recognised forms
rather than using this relationship which is not true: If(x)g(x)dx = Jf(x)dx X Ig(x)dx.

Common mistakes candidates made in this question
B
+ .
3x+2  x*+4
 In part (a), rewriting x>+4 as (x+2)*> or as (x—2)(x+2).
« In part (a), the use of 8 in place of 18 in the course of their working.
» In part (a), slips in solving correct equations.

* In part (a), use of the incorrect form

* In part (b), errors in the coefficient when integrating

Bx+C

x* +4

* In part (b), errors in simplifying after the correct use of limits.

3x+2
as a single term.

* In part (b), attempting to integrate
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Question 10

Example Candidate Response — high Examiner comments

10

[
=

i
la

1
1
1
1
1
1
1
I
1
1
.

The diagram shows the curve y = yXcosx, for 0-€ x € ?’-n, and its minimum point M, where x = a.
The shaded region between the curve and the x-axis is denoted by R+ . * -

(a) Show that a satisfies the equation tana = élz o 131
' A g
........... K.’LCQ/S":X.....‘.....l..'...“,....
1 !
T Dy O 0 S e @ The candidate
dat - , L RN e differentiates correctly
L LEQ%%%:I.’IS?AJX,‘“ .................... et creviregginesesnas eeeterrterraearsssennaes using the product rule.
Lo
! I ..... — BN Mo i vtiinsaisirasssinstiesissinsersesanreransnsssrnrss
PR 2 B2 B L - @ The candidate
%_ ........ —’——.‘\n/\m@i;a AR SRS rreenans e ferectunnie rearranges their answer
A 1‘ Froued and shows sufficient
zazﬁn[ad DUC«‘ .......... ; rrrrecesisissesitesisinrssseennsssaarrenes Working to confirm that they
‘ . A . have obtained the given
(b) The sequence of values given by the iterative formula Ay =T+ tan'l( %), with initial value la\l/lnasrvl:?(;rc?;;e—cgyc-)ut of 3

X = 3, converges to a.

Use this formula to. determine a correct to 2 decimal places, Give.the result of each iteration to

4 decimal places. 3]
TS WIS B— ) GG T30 ) b e 2 172V SO
o S Y D OTETIE T 1 G0 L
D.CT TR 18-S Xoae 2 1355 2 S
Y=, 6.5H08 K kelsee S © The candidate appears
to understand the method

Xs= dSI30 X, =“’s|3%qe ................... for using an iterative

, formula, but they are
Xé.’:.g' q L* q _Xl. ;,_—*_'_“4&_1 ....... ivtasiesesensaiiarasnrnrnsne v Working in degrees SO NO
SN 2. s B RIS TR e PE L marks are available.

Mark for (b) = 0 out of 3
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Example Candidate Response - high, continued Examiner comments

(c) Find the volume of the solid obtained:when the region R is rotated completely about the x-axis.
Give your answer in terms of 7. ’ ==76]

e The candidate selects
the correct method for
finding the required
volume.

6 The candidate uses
the correct substitution to
be able to integrate the
trigonometric function.

e The candidate works
through the integration by
parts correctly.

......................................................... = J—'—%Cos&H’ R S

BE G Y3 & G OIS VT £ o
2z

0 The candidate uses
the limits the wrong way
round, and this leads to
the negative of the correct
answer.

Mark for (c) = 4 out of 6

Total mark awarded =
7 out of 12

How the candidate could have improved their answer

» Part (a) was fully correct.

* The question made it clear that x was measured in radians, and the candidate should have been aware that when
completing an iteration involving a trig function, they should work in radians. No marks were available in part (b) for
working in degrees.

* In part (c), the candidate’s work to find the volume was all correct until they used the limits the wrong way around.
They could have asked themselves whether the final answer made sense: the negative value should have provided
a hint that there was an error.
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Example Candidate Response — middle

Examiner comments

10

a

M

The diagram shows the curve y = yxcosx, for 0 < x € 31:, and its minimum point M, where x = a.
The shaded region between the curve and the x-axis is denoted by R.

(a) Show that a satisfies the equation tana = —2%. [3]

(’19- = “)(_‘ik,.si“q') 1,5 i
an A COS’K(—?:‘“) W
=~ sivw + 22 M a . o
- 2{7 n COSO.
oS G o2

\
a = 0% Cosa

0 =-Ja sna xr ———— s
1Y N2
Q
O
{dsiaa = < iq :
A\]q
2.08inA = cosq
Yana. o A
E=59]

2a

(b) The sequence of values given by the iterative formula a, , == + tan'l(i), with initial value
n

X = 3, converges to a.

Use this formula to determine a correct to 2 decimal places. Give the result of each iteration to
—_—

4 decimal places. 3]
A =3 a = 330 ko2dp

G = 3.3067F 6
032 2,99\ e

% = 32,2923
O0s = 2,02923
0q = 3.2122

Gq = 3,242 °

o The candidate uses
the correct method for
differentiation of a product,
and they obtain the correct
answer.

e The candidate shows
clear working and they
obtain the given answer
correctly.

Mark for (a) = 3 out of 3

e The candidate applies
the iterative process
correctly.

o The candidate gives
sufficient correctly rounded
results to support a correct
answer.

Q The candidate makes
a rounding error in their
conclusion.

Mark for (b) = 2 out of 3
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Example Candidate Response — middle, continued Examiner comments

(c) Find the volume of the solid obtained when the region R is rotated completely about the x-axis.
Give your answer in terms of 7. [6]

== (b ur AL SO = 2gnu osn

e The candidate states the
correct function to integrate
to find the required volume.

a The candidate is correct
in thinking that they need
to use integration by parts,
but they are not awarded a
mark because they do not
use a correct method to
integrate the trigonometric
function.

Mark for (c) = 1 out of 6

Total mark awarded =
6 out of 12

How the candidate could have improved their answer

* Part (a) was fully correct.
» The rounding error in part (b) could have been detected if the candidate had time to check their working.

» If the method for integration by parts had been applied correctly in part (c), the candidate would have realised that
they had an increasing power of x and so this approach was not leading in a useful direction.
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Example Candidate Response — low Examiner comments
10
¥y
A
m
7] e %1; » X
|
|
L
M
The Hiagram shows the curve y = X cos'x, for 6 £x< %x, -and its minimum point M, where x = a.
The shaded region between the curve and the x-axis is denoted by R . ,
(a) Show that a satisfies the equation tana = %. - 3]
L N ST\ P G =S, | @ cos 2 has become sing
= et ey rerreaenrers et as et anesareras but there is no evidence
Ao LR Sine) \fi.ﬁ,}q ................................................... » that the candidate has
Qb - ) ‘ - attempted to differentiate
'3= AR D . S = a product, so the method
\33 o, \ ' YoPer mark is not awarded.
. WP—ova W 3 S rned e sisatieesnsesinas st an s e e e o e e s e e s smantaese sron s et oeesrineresen bt ranenrararanan _
CocF Mark for (a) = 0 out of 3
..... - e
S N
""tt’(’lw@\ A T R L A ST
(b) The sequence of values given by the iterative formula a ] ST F tan_l(%), with initial value
x = 3, converges to a. - "
Use this formula to determine a correct to 2 decimal places. Give the result of each iteration to
4 decimal places. 31
D22 e ———— e
Ay = X . _
Sl ¥ o T (L G B Y S
2w
LeeEiaiieieiiieneiend e e e nraenne SR, fraeensmsarararsssssransasar s e The candidate
9@--— “ = «%ﬁr ror 1 Y understands the method
LEEELLAT Bad..E RN 97\\>.e’s ...................................... Tererrarenrerrenearnnneines fOF applylng the |terat|ve
.............. process, but they are
: working in degrees, so no
.......... * %&3§W+¥W\”C¢— e AR marks are awarded.
ZxEMm : Mark for (b) = 0 out of 3
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Example Candidate Response - low, continued Examiner comments

(¢) Find the volume of the solid obtained when the region R is rotated completely about the x-axis.
Give your answer in terms of @ [6]

9 The candidate indicates
the correct strategy for
finding the volume of the
solid. Their notation is not
correct: the integral should
have ‘dx’ at the end to
indicate that the integration
is with respect to x.

o The candidate attempts
to use integration by
parts, which is the method
required here, but they do
not have a correct method
for integrating the trig
function, so no marks are
awarded.

Mark for (c) = 1 out of 6

Total mark awarded =
1 out of 12

How the candidate could have improved their answer

The hint was in the rubric: M was the minimum point, so differentiating the given function needed to be their first step.
In using an iterative formula with a trig function, the working needed to use radians, not degrees.

This candidate made a correct start but, to avoid their error in the integration, they needed to be aware of one of
the basic forms: how to complete jcosz xdx.

Common mistakes candidates made in this question

In part (a), slips in the differentiation.

In part (a), no working to show the rearrangement of the derivative to obtain the given result.
In part (b), working in degrees.

In part (b), using an incorrect formula, e.g., tan in place of tan™'.

In part (b), not working to the accuracy specified in the question.

In part (c), attempting to use J.ydx in place ofjﬁry2 dx.

In part (c), use of an incorrect method to integrate cos? x.

In part (c), use of incorrect limits (usually 0 and %n) to evaluate the integral.
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