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Paper 2

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge O Level Additional
Mathematics (4037), and to show how different levels of candidates’ performance relate to the subject’s
curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For ease of reference the following format for each component has been adopted:

4 N

Mark scheme

A 4

Example candidate
response

A 4

Examiner comment

\

For each question an extract from the mark scheme, as used by examiners, is followed by examples of
marked candidate responses, each with an examiner comment on performance. Comments are given to
indicate where and why marks were awarded, and how additional marks could have been obtained. In this
way, it is possible to understand what candidates have done to gain their marks and what they still have to
do to improve them.

This document provides illustrative examples of candidate work. These help teachers to assess the standard
required to achieve marks beyond the guidance of the mark scheme.

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
http://teachers.cie.org.uk

2 Cambridge O Level Additional Mathematics 4037
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Assessment at a glance

Assessment at a glance

All candidates will take two written papers.

The syllabus content will be assessed by Paper 1 and Paper 2.

Paper 1 Duration Marks
10-12 questions of various lengths

; ; ; 2 hours 80
There will be no choice of question.
Paper 2 Duration Marks
10-12 questions of various lengths

4 \ . 2 hours 80
There will be no choice of question.

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at http://teachers.cie.org.uk

Cambridge O Level Additional Mathematics 4037 3


http://www.cie.org.uk/
http://teachers.cie.org.uk/

Paper 2

Paper 2

Question 1

Mark scheme

1@

(ii)

(iii)

2 B3,2,1,0
B
AY
A
5
3

3 BIft
14,6} Blft

2 correctly placed in Venn diagram;
1, 3, 4, 6 correctly placed;

12, 8,0, 7,9, 10 correctly placed;
11, 5 correctly placed

correct or correct ft their (i), provided
non-zero

correct or correct ft their (i), provided not
the empty set

Cambridge O Level Additional Mathematics 4037




Paper 2

Example candidate response — high

1 The universal set contains all the integers from 0 to 12 inclusive. Given that

A={1,2,3.8, 12}, B=1{0,2,3,4,6} and C={1,2,4,6,7,9, 10},
(i) complete the Venn diagram, 3]

(ii) state the value of n(4" N0 B' N C), (1]
n(x'0%'Nec) = 3

(iii) write down the elements of theset A" N B N C. (1]
~hene. i ¢ 4%

Marks awarded = (i) 2/3, (ii) 1/1, (iii) 1/1

Total marks awarded = 4 out of 5

Examiner comment — high

The candidate has clearly understood all the set notation being assessed. There is one minor error in the
first part of the question as the integer 5 has been omitted. The candidate may have avoided this error if they
had listed the integers from 1 to 12 and deleted them as they placed the values in the Venn diagram. This
candidate has given a well-presented and well thought out solution to this question.

Candidates providing answers at grade A usually earned 4 or 5 marks for this question.

Cambridge O Level Additional Mathematics 4037 5



Paper 2

Example candidate response — middle

1 The universal set contains all the integers from 0 to 12 inclusive. Given that

A={112,3.8,12). B={0,2.3.4.6) and C={1,2.4.6.7.9. 10},
(i) complete the Venn diagram, (3]
:

(ii) state the valueof n(4' N B' 0 C), (1]

(\\f\'«‘\\i‘\‘\ = 3.

(iii) write down the elements of the set A" N B N C. "
Nonne =g £ 0, 4,65

Marks awarded = (i) 2/3, (i) 1/1, (iii) 0/1

Total marks awarded = 3 out of 5

Examiner comment — middle

This candidate has shown some understanding of the set notation being assessed. They have indicated
some method — underlining and circling elements in the given sets. This was a sensible approach. They
have omitted two elements from the Venn diagram. This could have been avoided if the candidate had also
listed the elements in the Universal set. The candidate understands the notation for the number of elements
and has chosen the correct set in part (ii). In part (iii), the candidate has misinterpreted the setas B n C.

Candidates giving middle grade answers generally scored 2 marks for part (i). The usual reason for this was
the candidate omitting the 5 and 11. Occasionally a candidate working at this grade used notation
inappropriately. To improve their mark, some candidates needed to take better care with their notation. For
example, in part (ii) the answer was sometimes given as {3} rather than simply 3.

6 Cambridge O Level Additional Mathematics 4037



Paper 2

Example candidate response — low

1 The universal set contains all the integers from 0 to 12 inclusive. Given that

A={1,2,3,8,12}, B=1{0,2,3,4,6} and €=1{1.2.4,6,7.9.10}.
(i) complete the Venn diagram, 3]
€

[

(1

Marks awarded = (i) 2/3, (ii) 0/1, (iii) 0/1

Total marks awarded = 2 out of 5

Cambridge O Level Additional Mathematics 4037 7



Paper 2
Examiner comment — low

This candidate has shown understanding of Venn diagrams. In part (i) they have used a method with partial
success. This candidate needs to recall or interpret set notation more accurately in order to improve. In part
(ii), the candidate has interpreted the notation for the number of elements as the sum of the elements. Other
candidates at grade E misinterpreted similarly. In part (iii), the candidate has redrawn the Venn diagram and
shaded out some relevant sections. This was a good approach, although they would have benefitted from re-
reading the question as they have misread B as B’in the set they were attempting to identify.

8 Cambridge O Level Additional Mathematics 4037



Question 2

Mark scheme

Paper 2

2 @M

(i)

(iii)

60 70 58
P=llso 52 24

] and [Q =] (120 300)

(22200 24000 17160)

The total (amount of revenue) from all
(three) flights. oe

B2

B2

Bl

50 52 34
or [P =] and
60 70 58

[Q=](300 120)

or B1 if one error

may be written as an unevaluated product;
BO if choice of P and Q offered

must have brackets and must not have
commas; must be a 1 by 3 matrix; must be
from correct product; working may be
seen in (i)

or B1 for any two elements correct
do not accept, e.g. The total amount from

each flight; must be a comment not just a
figure; must not contain a contradiction

Cambridge O Level Additional Mathematics 4037



Paper 2

Example candidate response — high

2 The table shows the number of passengers in Economy class and in Business class on 3 flights from
London to Paris, The table also shows the departure times for the 3 flights and the cost of a single ticket

in each class.
Departure time Mumber of passengers in | Number of passengers in
' _ Economy class Business class
0930 60 50
1330 ' 70 52
1545 38 34
Singlé ticket price (£) 120 300

(i} ‘Write down a matrix, P, for the numbers of passengers and a matrix, Q, of single ticket prices,

such that the matrix pmdu:t QP can be found, 2]
9/@ Q- Efm .ann]
1o 58
; 5 o 52 32
(ify Find the matrix product QP. [2]

190 to 10 53
[_ ED{I [51:- 29 3;4]
L0+ S0t Guoo £ 15622 4940 & mmj
8P [22200 24000 nl.w]

I , explain what information is found by evaluating the matrix product QPR. [1]
i

OPR =(22200 9y peo l’lléc_&]
BR = DR :
bt R o A mlliplicabive ity oabte
berowne. 'wdoﬁmmweﬁf}ufmhﬁwfuoh

(iii) Given that R =

Marks awarded = (i) 2/2, (ii) 2/2, (iii) 0/1

Total marks awarded = 4 out of 5

10 Cambridge O Level Additional Mathematics 4037



Paper 2
Examiner comment — high

This candidate has shown they are able to interpret information and display it as a matrix of the correct
order. Initially, this candidate selected two matrices of the incorrect order. At some point they have realised
that they have chosen unsuccessfully and corrected their error. This is good practice — candidates would do
well to check and evaluate answers they have given as they work through a question such as this. This helps
to ensure that they have indeed given the answer they were asked for. The candidate then goes on in part
(ii) to correctly evaluate the matrix product and gives evidence of their method. Their solution is clear, neat
and well set out. This candidate may have improved in part (iii) if they had attempted to find the matrix
product QPR as they have misinterpreted R as the multiplicative identity. The candidate may also have done
better if they had realised that they were being assessed on their ability to interpret the data given in the
matrix. This means interpreting the data in the context of the question rather than considering the structure
and nature of the form of the answer.

Cambridge O Level Additional Mathematics 4037 11



Paper 2

Example candidate response — middle

2 The table shows the number of passengers in Economy class and in Business class on 3 flights from
London to Paris. The table also shows the departure times for the 3 flights and the cost of a single ticket

in each clasg,
Dreparture time Mumber of passengersin | Mumberof passengers in
_ Economy class Business class
0930 60 50
1330 70 52
1545 58 34
Single ticket price (£) 120 300
(i) Write down a matrix, P, for the numbers of passengers and a matrix, Q, of single ticket prices,
such that the matrix produ |@ an be found. 2]
120
pP= [&O sO Q = ( 300
Fo s
53 h
(ify Find the matrix product QP. 2
= PQ = ;DD = FoxR0+ 5220 \ = | 5000
cyx 20t g4 KIT | 1Lo
5’% R‘F

1
1
1

» explain what information is found by eva]uating the matrix product QPR. [1]

Th s T total ot
22200 |
i ,“crwvj cotiected ‘% ot
alfapwﬁwt
" . AR g

(iiiy Given that R=[

Marks awarded = (i) 0/2, (i) 1/2, (iii) 1/1

Total marks awarded = 2 out of 5

Examiner comment — middle

This candidate has shown some understanding of how to apply matrices to solve a problem. In part (i), they
have chosen matrices of the wrong order in part (i). Rather than realising that they had made an error in part
(i) they have stated that QP = PQ. This candidate would have improved if they had recalled that matrix
multiplication is not commutative. If they had realised this, they may have gone back to their answer to part
(i) and corrected their error in that part. They have shown some skill in multiplying matrices in part (ii) and
therefore earn a special case 1 mark for finding the correct 3 values.

12 Cambridge O Level Additional Mathematics 4037



Paper 2

Example candidate response — low

2 The table shows the number of passengers in Economy class and in Business class on 3 flights from
London to Paris. The table also shows the departure times for the 3 flights and the cost of a single ticket

in each class.
Departure time | MNumber of passengers in | Mumber of passengers in
_ ; Economy ¢lass 1 Business class
0930 &0 50
1330 70 52
1545 38 34
t Si_hg_lp_e ticket price (£)7 120 300

{i) Write down a matrix, P, for the numbers of passengers and a matrix, (), of single ticket prices,
such that the matrix product QF can be found. . (21

QQ b Solli e
1o B | 2EC

58 3y
(i) Find the matrix product QP. (2]
oy 122 1 BO <206 222000
QP |Fov 20 + B2xz00 |
2y eee
EBx 12& + 23U« 200
71 &0

1
1
1

TL shows Ahe lobtal amount @’f‘ Mon ey
cafned b?‘ ep.oh m‘f e 2 {!ﬂahi—.g -Far
ese one deportue -

(iii) Giventhat R =|1|, explain what information is found by evaluating the matrix product QPR. [1]

Marks awarded = (i) 0/2, (ii) 1/2, (iii) 0/1

Total marks awarded = 1 out of 5

Cambridge O Level Additional Mathematics 4037 13



Paper 2

14

Examiner comment — low

The candidate has shown some skill in interpreting the question. More care needed to be taken in the
reading of which matrix was which as this was important and the candidate has reversed the labels P and Q.
They have indicated that they are able to apply matrix multiplication in part (ii) and have earned a special
case 1 mark for finding the three correct values. In part (iii) they have attempted to make a comment in
context, which was the correct approach. The comment made, however, refers to each of the 3 flights, rather
than all the flights. To earn the mark, candidates needed to indicate the matrix product represented the total
amount for all the flights. This needed to be clearly and unambiguously stated.

Some candidates working at this grade indicated that the matrix product QPR could not be found as the
matrices were not of the correct order. This should have been a clue that the matrices they had formed at the
start were not correct. Some candidates, working at a slightly higher level, realised this and successfully
corrected their earlier error.

Cambridge O Level Additional Mathematics 4037



Question 3

Mark scheme

Paper 2

3 G3)

(ii))

(36+15J§) (6—3\6)

(6+3£) (6—3\6)

216+90v5 — 1085 — 225
9

1+245 cao

Alternative method:
36+15v5 = (6a +15b)+ (3a + 6bW5

6a+15b =36
3a+6b=15

a=landb=2

{ACZ = (6+3\/§]2 +zheir(1 + z\/gﬂ

=36+36 5+45+their(1+4 5+20J

102 + 4045 cao

M1

DMI

Al

Ml

DMI

Al

Ml

Al

(12+5f5) (2—\/5)

(2+35) 245 *

o 24+1045 -124/5 - 25
1

or —(24+1oﬁ)—12£—25

allowa=1and b=2

orI+2x/§

correct or correct ft expansions, using

Pythagoras with (6 +34/5 ) and their BC

ignore attempts to square root after correct
answer seen

Cambridge O Level Additional Mathematics 4037
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Paper 2

Example candidate response — high

3 Do not use a caleulator in this question.

C

B A

{6+ 3vSjem

The diagram shows the right-angled triangle ABC, where 4B =(6+ 3+/5)em and angle B = 90°. The
.. . [36 + 15\"3] N
area of this triangle is | —————|cm”.

(iy Find the length of the side BC in the form (g + 5v3)em, where @ and b are integers, [3]
heen. - <L ab C o= _26HBE 5 &-20
S crag | 6-olE
+ 1508 iy _ e—z{ﬁ(mﬂsﬁ)
__Ef___é————— = -Ja'.—' (5"'3"5)&- Q;)l__ fa@ﬂ.
po(6+2{5) _ setisls |- A6t Wl 085 {45%5)
: a T T a 3&-—(‘2'}(5)
Be (6124 )= 3656 | Eq%isq? _
= _26+56{E = _
Be b+3E f:_ﬁ&ti"'n/ﬂ’_”aﬁ = |46

S =] and b=a @m%)
(i) Find (ACY in the form (¢ + 4v3)em?, where ¢ and 4 are integers. R

Kt (1) + (6+38)
='i{ Y42 206 {&E}c{ {6 6.3 +@4§-.)%{
- i: + 445 + (4x5)] +ig@ #3605+ (ar5 )]
= (1+475 +a0 )+ (261 265 14-;5)

) @H@.;(mﬁé@
= Al +4E+81+26\8 ¢ =R
_ !DQ'{""?G‘IE u.t &5“!0 @%%“)

Marks awarded = (i) 3/3, (ii) 2/2

Total marks awarded =5 out of 5

16 Cambridge O Level Additional Mathematics 4037



Paper 2

Examiner comment — high

In this question, candidates were not allowed to use a calculator. This instruction indicated that candidates
needed to show full and clear method. This candidate has done exactly what was needed. They have
omitted some brackets at one point in part (i), but have recovered in the next line of working and it is very
clear that they fully understand what is required and the method to achieve the correct answer. Part (ii) was
also fully correct, with every line of method shown. The candidate has identified that Pythagoras’ theorem is
appropriate and has applied it correctly. Each step is shown and the candidate has been careful and
accurately found the answer. This is an exemplary answer.

Cambridge O Level Additional Mathematics 4037 17



Paper 2
Example candidate response — middle

3 Do not use a caleulator in this question.

c

B A

(6+3v3)em

The diagram shows the right-angled triangle ABC, where 4B = (6-+3V5)em and angle B = 90°. The

area of this triangle is [@]cmz. !

' (i) Find the length of the side BC in the form (g + b'5)cm, where a and b are integers. 3]
=1 ;
S BC= (1635 )omm
B4ISE = L ((38)#EC |

BC= 36T g

O 2 g
= 36‘{"'{(7‘: =235
b Fow T e
o ~ 108 ¥ 9038 225"
b= 36—
B(= —9-&TRIC
-9
(i) Find (ACY in the form (¢ +d+/5)em?, where ¢ and d are integérs. . [2]

> 3f§]ﬁ-(QH‘ZJ?‘] >
Eﬁ?a%(%i + SRE MO

@CY"; \ oS & 0SS

I+ |40

Marks awarded = (i) 2/3, (ii) 1/2

Total marks awarded = 3 out of 5

Examiner comment — middle

This candidate has understood the method that is required to solve the problem in part (i). They have applied
the method correctly and have shown enough correct method to indicate that they have not used a
calculator. They have made a slip in the very last step and misevaluated the answer. This candidate would
have benefitted from double checking their answer. This could have been done by multiplying their answer

by 6+35 and checking that the result was 36 +15y5 . In part (i) the candidate has used the correct
method applying Pythagoras correctly with their answer to part (i). They have, again, shown enough clear
method to be awarded the method mark.

18 Cambridge O Level Additional Mathematics 4037



Paper 2
Example candidate response — low
3 Do not use a calculator in this question.

c

B A

(6+3V5)em

The diagram shows the right-angled triangle ABC, where AB = (6 + 3¥3)cm and angle B = 90°. The
area of this triangle is [“*T's"g]cm’. "

—

(i) Find the length of the side BC in the form-(a + 5v5)cm, where-a and b are integers. 3]
"R = LxABxBC L
2

3¢+ 155%

.L;:x Q+3'f§'> * BC-'

26 + 15T
B L e ————,

€ +3{¢

e

W

(i) Find (ACY in the form (¢ + dV5)cm?, where ¢ and d are integers. [2]
o a;
(4 3%+ (r2fsY) = acC

u
(_34'+ 3615t ua % [_\ puds + 207 = AC
g1 +367C ¢ 21 rulds = act

kS
pe- = tox it uels um -

Marks awarded = (i) 0/3, (ii) 2/2

Total marks awarded = 2 out of 5

Cambridge O Level Additional Mathematics 4037 19



Paper 2
Examiner comment — low
This candidate has shown, in part (ii), that they are able to perform simple operations with surds. In part (i),

even though the correct answer has been given, the candidate has not been awarded any marks.
Candidates were instructed not to use a calculator. In order to be awarded marks, candidates needed to give

full and clear method to show that they fully understood what was required.

20 Cambridge O Level Additional Mathematics 4037



Question 4

Mark scheme

Paper 2

4 (i) Alternatively
2 . 2
cos(x) =3 oe soi Ml sin(y) = S 68 §6i
o o Al 4]8]00 or

48.189...°0or 131.810...° or 3

0.8410.... rad or 2.3(00...) rad oe isw i+

with reference axis indicated by comment, wallr e lareie A indicate(.i v Ko

e.g. “to the bank” or “upstream”, etc. or e.g. “to the perpendicular with the bank”,

clearly marked on a diagram d etc. or clearly marked on a diagram
If MO then SC1 for an unsupported
answer of 138.189...° or 2.4118... rad or
318.189...° or 5.5534... rad
with reference axis indicated by comment,
e.g. “on a bearing of” or “from North” or
clearly marked on a diagram

< 2 80
(ii)) | Speed =9 —4(= \/g) or 3sin48.2 or Bl Or Distance = T 107.(33...)
2tan48.2 or 3cos41.8 or or 0e s0i
tan41.8
\/22 +3% —2x2x3c0s48.2 oe
or 2.236(0...) rot to 4 or more figs or 2.24
[m/s] soi

. their 107.33...

time = 2 oe M1 time = o 22

their \/g 3
35.66 to 35.8 (seconds) oe Al ignore subsequent rounding or attempted

conversion to, e.g. minutes but A0 if
answer spoiled by continuation of method

if no working, so BO MO0, then allow B3
for an answer 35.66 to 35.8 oe

Cambridge O Level Additional Mathematics 4037
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Paper 2

Example candidate response — high

4 Ariver, which is 80m wide, flows at 2ms™ between parallel, straight banks, A man wants to row his

beat straight seross the river and land on the other bank directly opposite his starting point. He is able

to row his boat in still water at 3ms~'. Find

(i) the direction in which he must row his boat,

aeng
ey >

a R 14
SIn0 | i

_.__-‘-I._..-—-'!

3 z

'3?5 =51 e

&=4Ll-%
36b.4l.g

Wﬁ:m:nﬁ of 3,-.1,,1”/

(if) the time it takes him to cross the river.

57, 2% at
G- Y= s

5= 4
Speed= JF mfs .

Tom

JG g

Marks awarded = (i) 1/2, (ii) 3/3

Total marks awarded = 4 out of 5

22
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Paper 2

Examiner comment — high

This candidate has drawn a clear and correct diagram in part (i). This is very good practice in questions of
this type and should be encouraged. The candidate has correctly applied trigonometry and found a correct
angle. They would have earned both marks if they had labelled the angle they were finding on the diagram or
given a correct explanation in words. The comment at a bearing of 318.2 °is not valid as north is not
indicated. The candidate would have been awarded the mark if they had said, for example, perpendicular to
the bank or similar, which would have been valid for the angle found. In part (ii), the candidate has used the
most reliable method as they have used the figures given in the question to find the resultant speed and

completed the method correctly and accurately. As they have used the surd form «/’3 rather than
decimalising at this point, they have given a final answer which is sufficiently accurate. Using working values
of sufficient accuracy to produce a final answer which is of acceptable form is very good practice.

Cambridge O Level Additional Mathematics 4037 23
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Paper 2

Example candidate response — middle

4 A river, which is $0m wide, flows at 2ms™" between parallel, straight banks. A man wants to row his
boat straight acress the river and land on the other bank directly oppesite his starting point. He is able

to row his boat in still water at 3ms™!, Find

(i) the direction in which he miust row his boat,

Vo, 2ems!

W= f]
$-L g‘ 1"-
UFM' '5!""-

W .-vl-l'\ll' Y
Vigjw= B k1
gﬁl".' ard

=5
cas B = 2
=

h??}-\ﬁv'

(i) the time it takes him to.cross the river. .
4 - Yauud Vv Vg
& -f B
| R
")Pi_d = d‘;‘.i:l'ﬁ"if.-f
.. e
.In.,.n_q_lr_ d"d l--
h SP-M_J
= ‘E =]
L

ler-;-:* {

Marks awarded = (i) 2/2, (ii) 1/3

Total marks awarded = 3 out of 5

2]

(31
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Paper 2

Examiner comment — middle

The candidate starts the question well. Part (i) is fully correct. A labelled diagram has been drawn and the
angle is identified. The candidate also comments “upstream” which is correct for this angle. In part (ii), the
candidate has given two calculations for the required speed and chooses the incorrect value to work with.
The candidate has drawn a second, correct diagram in this part and considering this diagram may have
prevented the error made. The speed required cannot be more than 3 as this is the hypotenuse of the
triangle in the diagram and hence the longest side of the forces triangle. The candidate may be confused by
how to calculate simple relative velocity when the velocity is the magnitude of the vector given, rather than
when the velocity is given in vector component form.

Cambridge O Level Additional Mathematics 4037 25



Paper 2

Example candidate response — low

4 Ariver, which is 80 m wide, flows at 2ms™! between parallel, straight banks. A man wants to row his

boat straight across the river and land on the other bank directly opposite his starting point, He is able
to row his boat in still water at 3ms™. Find

{i} the direction in which he must row his boat,

Vig = 2mfe el
S.I'-.A. 9": '2_‘ > &
3 Vet = 55 U"‘ 8o m
8. sin(o1) "N
TR

- 484 &gy

rF\-E e raou sk Wl L_,'..;
bood ok o lLeasx

e of |
oo .a"fl'ﬂt':y'j' ~ o

() the time it takes him to cross theriver,
Ve - Veloridy of boak
Vig = V

(31

dru'\lj of viver wokes
Verw = Udnf}:] of Loat vesotive fo water

Vs Vet * Vi = 34 2 - S /e

oke Gk « Diflamed . 3o
Speed T

= 16 cecands

Marks awarded = (i) 1/2, (ii) 1/3

Total marks awarded =2 out of 5

26 Cambridge O Level Additional Mathematics 4037



Paper 2
Examiner comment — low

The candidate starts the part (i) well. A labelled diagram has been drawn and the angle is identified. The
candidate has made a premature approximation error in rounding % to 0.7. The angle found from this is

therefore incorrect. Candidates should be encouraged to keep all working values as accurate as reasonably

possible to ensure the accuracy of their final answer. This candidate would have done better if they had used
the fractions key on their calculator rather than decimalising and introducing the error. If they had maintained
their accuracy, the labelled diagram would have been sufficient for the second mark. The comment the man

must row his boat at a bearing of 044 °is not correct as north has not been indicated in the question, but this

would not have been taken into account as the angle had been marked.

The candidate may improve by revising how to calculate simple relative velocity when the velocity is the
magnitude of the vector given. In part (ii), the candidate incorrectly uses the speed 5. They have calculated
relative velocity for the case where the objects are moving in the same straight line, rather than when at right
angles. They may have avoided this error if they had considered their diagram in part (i). The speed required
cannot be more than 3 as this is the hypotenuse of the triangle in the diagram and hence the longest side of
the forces triangle.
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Question 5

Mark scheme

28

Substitution of either 4 — x or 4 — y into M1 condone one sign error or slip in either
equation of curve and brackets expanded equation of curve or expansion of
brackets; condone omission of =0, BUT
4 —x or 4 — y must be correct
12x* — 52x + 48 [= 0] Al
or 12y* — 44y + 32 [= 0] oe
Solve their 3-term quadratic Ml dep on a valid substitution attempt
)c=i and 3 isw Al orx=i y=§
3 3 3
not from wrong working
8 .
y=—and | isw Al orx=3 y=1
3 not from wrong working
if no working, allow full marks for fully
correct answer only.

Cambridge O Level Additional Mathematics 4037




Paper 2

Example candidate response — high

5  Solve the simultaneous equations
2+ 3y = Ty, ——(1)

'[:rsm'LZ) CoxtyEaly - B
Uy b bk 0) Bl
! +33‘—I(“1?'1‘)lj. v Whew,
3[“”2‘1*1*1'+'a;f,—r (- ) | - =21, %5 103
3;?-%»34.3‘111_3':[1#38 j N s, %= 3¢
TRy o |
\Qtf'_ L\"lj+3a £ 0 v ' Prelle solubsns :
By quadvatic fovmala, S e3a)
4r =49z alcanyye) % (2,1)

2(13)

Total marks awarded = 4 out of 5

Examiner comment — high

This candidate clearly understands what is required to arrive at the correct solution. They have labelled and
referenced the equations. This shows a logical thought process, even though it did not gain any credit in
itself. They have indicated what their method involves and have detailed it fully and correctly. The only way
this candidate could have improved their overall solution would have been not rounding the decimal values
to 2 significant figures. The rubric suggests that inexact answers should be given to 3 significant figures. In
this case, the candidate would have done better to have kept their solutions as fractions, rather than
decimals.
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Example candidate response — middle

5 Solve the simultaneous equations .
2 +3)% = Ty,
x+y=4. ' (5]

')k-_u._a. 'g,UL__g_E)._L&‘jJrL{:D !

O U I R R R T E R e
| ay-w (g =

(1 e ny) w2yt e 2ty - 0y 37§ Y

32 - b AT atga Ty e weny =a
o m=ula
L. P _ : whwen v = \-\j L,
,\3\3 —a&j X =0 ., ‘ ‘3 ) FN

L-y

2

n( ) o
24 3y +4)=0
;o =& —F k%,’?s

S bt n £ 2= 1)
N v '

Total marks awarded = 2 out of 5

Examiner comment — middle

This candidate has understood the method required to solve the problem. They have made a slip when
expanding the first bracket. They have not recovered from this and therefore have earned the two method
marks only. The first mark has been awarded for a correct substitution and correct expansion of brackets
with no more than one error. The second mark has been awarded for the correct factorisation of their
quadratic equation, following their error. This candidate needed to give a little more care and attention to
detail. If they had done so, they would most likely have earned a much higher mark. This question was very
well answered by candidates on the whole and generally marks were lost through inaccurate, rather than
incorrect, methods.
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Example candidate response — low
-5 Solve the simultaneous equations .
T 2+t =Ty, —(] -
Sttt © inhy @) xty=4 ® . is]
. 3 Gei—p%
IH"{-;(}(—-*—Q 2 7‘&9‘}!"1'9 7 w4 EDx

_ So = -9- =12
LI 3249t _ 72— L8 M R

SH Tt Mg agurtf=o A

ap USaE PYRT TSRV,
W -l -AH o

SRR T PV W R

u,f H-[i) I-l(u,—ll]—,e

MU=2-L o =

Total marks awarded = 1 out of 5

Examiner comment — low

Again, this candidate has shown that they have an understanding of a valid approach. The substitution
chosen is incorrect in this case, however. This has resulted in a significant loss of marks, as the correct
substitution is fundamental to the method. One mark has been awarded for the correct solution of their
guadratic equation which has resulted from an attempt at substitution. The candidate has shown sufficient
correct method, following their earlier error, to earn the method mark awarded for this step. This candidate
may have improved their result by substituting the values found for x and y into the equation they have
labelled 2, to check that the values satisfied both equations. This is good practice when solving simultaneous
equations.
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32

Question 6

Mark scheme

6 (a) (x=2) log 6 =log (%) oe or Mi or xlog6= log(%) oe
1
logs(zj=)‘—2 oe or x log6 —log36 = log 1 — log4 oe
1.23 or 1.226(29...) rot to 4 or more figures Al correct answer or 1.22 implies M1
isw
(b) Method 1
8 x 2y2 x16y 5 X .
log| ——— |=log4" oe B3 or B2 if at most one error or omitted step
64y or B1 if at most two errors or omitted

steps

y=2 Bl not from wrong working

Method 2 B3,2,1,0 | LHS terms

log2 +2logy+3log2+4log2+logy— log2y” = log2 + 2 logy;

6log2 —logy=4log2 log8=3log2;

log 16y =4log2 + logy;
~log64y =-6log2 —logy;
RHS term
2log4 =4log2

y=2 Bl not from wrong working
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Example candidate response — high

é =9
6 {a) Solve 6% 2=

-lo.
_’é@?—é ) WM 6

¢ L s 23

l-*

,mha

(b) Solve log, 2y2+ log, 8 + log, 16y — logaﬁf&y:' 2log, 4.

W "JG(L;}M&),,_ oy 4{{1"“”.'
oja él::ﬁa = quq.‘& ()_Z__,_,J(ITH}M
L

:.': y H:%r ofﬂ"_.:r::
) G, ' ?.:_1 ara:-l

Marks awarded = (a) 2/2, (b) 3/4

Total marks awarded =5 out of 6

Examiner comment — high

Paper 2

2]

41

The candidate has applied a useful method in part (a). They have manipulated the terms correctly and taken
logarithms at a valid point. The final answer has been given to an acceptable accuracy and the method is
detailed and clear. In part (b), they have chosen to combine the logarithms. This was the simplest and most

direct approach. The candidate has anti-logged correctly. The final mark has not been awarded as the
candidate needed to have discarded the negative solution. In questions such as this, involving solving

equations where the unknown is the argument of a logarithm, candidates should check that all the solutions

given are valid and whether any need to be disregarded.
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Example candidate response — middle

6 (@ Solve 6= ‘ ?
z / : _

o = =OF77
a=- /- 226
(b) Solve I-:ug,azy2 +log, 8 + log 16y —log 64y = 2log 4. 4

Ddgga s+ Uege 2 F Ugpa 2 ~ 4905 ~ Gl 2 = Thegel

~ ") ?+‘-f~«é-j’) - O
s/%ﬁ,(%’{ 'Z&ﬁ“/ ( 7 4'%/*_?/&2
loguy + lp2(-3) - AT T
e 7 (654 g = O
Marks awarded = (a) 2/2, (b) 1/4

Total marks awarded = 3 out of 6

Examiner comment — middle

This candidate has used a successful method in part (a). They have taken logarithms as their first step and
done so correctly. They have been careful with the accuracy of their method and have also given their
answer to an acceptable accuracy. In part (b), the candidate has chosen the more involved approach of
separating the logarithms. The second and fourth terms on the left hand side and the term on the right hand
side have been dealt with correctly and so the candidate has been awarded B1. The answer, although it
appears to be correct, has been obtained from incorrect working and so no credit has been given. This
candidate has interpreted the argument of the first logarithm i.e. 2y? as (2y). The y has been omitted from
the argument of the third term. A common error made by candidates giving solutions at grade C was to treat

log,16y as Ioga(2y)4 and hence rewrite it as 4log, 2y .

34 Cambridge O Level Additional Mathematics 4037



Paper 2

Example candidate response — low

3lega 2T log, LT

6 (@ Sove 67=1. 2]
3 ()" < 3% - b= =2 |
T T 3w = H
- —a j
(b) Solve logq2y= +1log 8 +log, 16y — 1ognﬁr%3 =2log, 4. 4]

Qogale+ f‘fﬂag)‘i‘ l_e\c]h Cﬁ%) = “‘Jf]a g
199 Hy 1——@9'3'“-'? Eﬂojml - [930_% 2 ’?ﬁa% -FGB“?“
foﬁa"f\j d- Iaﬁal‘l =~ O

loga (144 =0 /
).

Marks awarded = (a) 0/2, (b) 1/4

Total marks awarded = 1 out of 6

Examiner comment — low

The candidate has attempted to manipulate the left-hand side and right-hand side of the given equation to
take logarithms to the same base in part (a). In doing so, they have made an error when separating the left-
hand term into factors. This was unnecessary work. They clearly realised that taking logarithms was the
correct method. If they had done this, using a consistent base, in the first line, they may well have been more
successful. When they do take logarithms to base 2 at the start of their second column of working, they
make a second error, which enables them to arrive at a solution. The method is incorrect and no marks are
awarded, even though there is evidence that the candidate had some appreciation of what was appropriate.
The candidate attempts to combine the arguments of the logarithms in part (b). They have some success in
doing this. Two of the left hand terms are correctly combined using the division rule. The first term on the left-
hand side has been incorrectly manipulated. The term on the right-hand side has also been incorrectly
manipulated — the candidate may have thought that 4> = 8 or thought that 2log, 4 =log, (2x4). All the
remaining steps follow through correctly from these errors and so the candidate earns B1. It is possible to
check the answer by substituting the value of y into the left-hand side of the original equation to ensure it did
indeed match the right. This could have been done with any base, for example, base 10. Although this would
NOT have been acceptable as a solution, it would have been a perfectly sensible check.
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Paper 2
Question 7

Mark scheme

4 2
7 n(n—an—ZXn—3X2 )=10n(n—1)(2 ) M3
4x3x2x1 21
or better

condone omitting the factor of » and/or
n — 1; must have dealt with factorials

M2 if one slip/omission
or M1 if two slips/omissions

or
B1 for n(n2— 1)(2)2[x2] seen

and
n(n—l)(n—Z)(n—3) af 4
B1 for T(Z) [x ]

seen

n* —5n—24[=0] oe Al equivalent must be 3-terms, e.g.
n”—5n=24

(n+3)(n-8)[=0] M1 or any valid method of solution for their
3-term quadratic

n=38 only Al A0 if -3 also given as a final solution, i.e.
not discarded

If zero scored, allow SC1 forn =28
unsupported or without correct method
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Example candidate response — high

7 Inthe expansion of {1 + Zx)°, the coefficient of x* is ten times the coefficient of x°, Find the value of

the positive integer, . [8]
3
[:If'-"z-ﬂ)-] j + 3 31 4...!'?( ziﬂf ?;_ ﬂﬂ ‘31-:3 -f‘ﬂq-r.-rsﬂq-
5 - 3

ﬂdq 6y = Jo X 'ﬂ% Gt

16 ﬂfl,- = h4on,
4
ol .,
! - X . ,.-—

(naq;?f #fc'(_ (n ~g} w mJ

j.
18/ x

i

6 5x ?_q}(,, -4)] ﬁ,ﬂgq;n- 2)!

b0= F__;&l
2 n-yl.

(ﬂ%f’ﬁ/f’ =

,;ﬂ:f (;6-2,/)(/??'3) . P 5‘m;’
P2 =3n -—lr.r-f‘ﬁ-;ﬁ.iﬂ - =1 M&L

- - = a 9‘
n2—60-28=0.T52 nr anseker

Total marks awarded =5 out of 6
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38

Examiner comment — high

This candidate clearly understood what was required to answer this question. The method used was well-
presented and the logical thought progression was clear. The candidate starts by forming the binomial

expansion of terms, including the general binomial coefficients "C, and so on. The method is sound and the

candidate forms the correct equation in terms of "C, and "C, . At that point, the candidate deals with the

binomial coefficients. The candidate forms the correct equation in terms of n — they have omitted some
brackets when doing this, but have recovered from that slip in the next line, so this is condoned. They solve
the correct equation and find a correct pair of solutions. This candidate would have improved if they had
reread the question more carefully and realised that n needed to be a positive integer. In fact, for this
syllabus, candidates are only expected to work with values of n that are positive integers.
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Example candidate response — middle
T Inithe expansion of {1 + 2607, the cosfficient of x* s ten tirnes the ceefficient of x*. Find the value af
the posifive inlegen n. . 4]
b i
I+ ﬂc_.@L} ¥ nr_lk'_::_}:' £ one, (ax) o+ n,___H[:.u_}'*

o (0, Y

=, 16)x 4

“[’[ﬁ{:"}] = lb[ n{_n'_l}f.ﬁ"ﬂ[“‘gj] @

L‘
w{nt —q) =

'f[{“a 'ﬁﬁin"-sn—an'kﬂ

TONE = 2B o2 Y.

80t -2y,
Haw _ 240 4+ Yyt

Yo% - 280 4 4

Lot - 190 #2048 - o

“Yp = b

- bad g

=y =0
' '

20 (N*-n) . ntigag g w -

Y I::n:-_,n’}

' L - £l

Ar-Sh Ho-5 =0 ' .
BT t:}

fz 5% lag-y m

—r
2 .
ERLEETRNCELEY

Total marks awarded = 3 out of 6
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Paper 2

40

Examiner comment — middle

This candidate clearly understood what was required to answer this question. The method used was well-
presented and the logical thought progression was clear. The candidate starts by forming the binomial

expansion of terms, including the general binomial coefficients "C, and so on. The method is sound and the

candidate forms the correct equation in terms of "C, and "C,. At that point, the candidate deals with the

binomial coefficients and forms an equation in terms of n. However, they have made a slip in writing 4! as 4
and therefore are awarded M2 for this part of the method. Their resulting quadratic is not correct and so they
are not awarded the accuracy mark. They do show correct method, applying the quadratic formula correctly,
in order to solve their equation and so earn the method mark for that. This candidate would have done better
if they had taken a little more care with the application of their method. Checking the formula sheet at the

|
start of the examination paper would have indicated that (n] " Perhaps the candidate did not
r

B (n—-r)ir!
. n S L
make the connection between ( j and "C, and therefore the useful nature of given information in the
r

formula sheet was not appreciated. It is important that the information given to candidates in the formula
sheet on page 2 of each examination is appreciated and fully understood by the candidates taking the
examination. The work that the candidate deleted indicates that they first attempted to multiply out the
brackets, but then realised that, since the value of n was a positive integer and must be greater than 1 for the
expansion to exist in the first place, division by n and by n — 1 was a reasonable method step.
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Example candidate response — low

7 In the expansion of {1 + 2x), the coefficient of x* iz ten times the coefficient of x*, Find the value of
the positive integer, a. 5]

t:‘i-)-*r ‘"L.l {t}'(m}n— ﬁrL [1) (11}" 1'1"% Q) (209« “%{t H V) ('1"7‘}"1

ol wund
A e na ﬁls-'ﬁ ["-{'1" 4 h&, %1__1_1“ | _
Lh-*‘) £ 7 tfr"f'“l """“'*“ (e 1) - '

!

:1'5' (L“ =1 ) J-h. ) ;{\q..%%q-“m‘"-—ézn)(k | ,5)- m
gt _

Vo I:z.'n -—u'lml ';.{U\"{...Lm *’rﬂmL#Lﬂ}
- l. -'5 I
;:(ﬂn":-mn) 1Ln3-*r1-wr A, Yo ush R
U &
bo ' —bon = 2a - 1P 5 220 4 m v
L . B L Ln.} ‘n-‘_*.\}
3 ; (0> —3nta2n) =

A
B 3R T AeT - Ents Ant- b
20 w2- bn>\an +28) =¢ =0
nY bt N3 20

.M ! .1
o S _ R o Un 21
' ¥ A L.

. L
N : : Lo ’ e : = N =0
. - . . + 1_.

3
Y4 Mt len

n'm 4 Y a-2). {-p. -ﬁ"][_n z\j

] 1 ’ ) ) . n:Lw:.!-

3, .
- R e L

‘:{\E"—_’:nl'-i-:ln ="

Total marks awarded = 2 out of 6
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42

Examiner comment — low

The candidate starts the question correctly, expanding using the binomial theorem and finding the second
and fourth terms correctly. The candidate has included the x*and x* elements when forming their equation.
This was a slip in method. If they had removed them with no errors in the next line, this would have not
counted as an error. However, in the next line, there is a sign error and so they are awarded M2 only (for
either line). The candidate chooses to multiply out the factors, rather than divide, and does not solve their
cubic equation. In general, division rather than factoring can result in a loss of marks. For example, solutions
to equations may be omitted should candidates divide common factors. In a question such as this, where it is
clear that the value must be an integer and also be greater than 1, candidates who divided rather than
multiplied out were more successful. Candidates may improve should they be clear when it is appropriate to
do this.
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Comment [CT1]: | am not sure what
this means? Either take it out or clarify
please.




Paper 2
Question 8

Mark scheme

8 Method 1 (Separate areas subtracted)
[x, =x.=] 7 soi Bl
[j(xl—6x+10)dx:] X_J_Eq.]ox M2 or M1 for at least one term correct
3 2
Correct or correct ft substitution of limits 0 DM1 dep on at least M1 being earned,
. ¥ 6x? evidence of substitution must be seen in
and their 7 into their, {? ~ 5t IOx} their integral which must be at least two
terms; condone omission of lower limit;
%(IO+17)X7 oe or B2 or M1 for
%(their 10 + their 17) x their 7 oe
7 2
2 7\
I(:(x+10)dx:{x7+10x} =%+|0(7) or BI for
0 ¥’
56 I(x+10hx=7+10x
(189 112 . .
their (T = T] Ml dep on a genuine attempt to integrate the

equation of the curve;

must be their area trapezium/under the
line — their attempt at area under curve
343

? or 57% or57.2to 3 sfor 57.16(6...) Al from full and correct working with no

: omitted steps
rot to 4 figs isw g

Method 2 (Subtracting and using
integration once)

[xB =x, =] 7 soi Bl
I(— P+ 7x)dx Bl condone omission of dx
3 2 3 2
|:_x? + %] oe or {%—%} oe M3 or M2 for
3 2
_[(pxz +gx)x = % + % oe either with
p==Florqg==+7
3 2
or M1 for J-(pxZ +qx)dx :%+%
with non-zero constants p and g, with p #
1 and g #+7
Correct or correct ft substitution of limits 0 M2 dep on a valid integration attempt;
and their 7 evidence of substitution must be seen;

condone omission of lower limit;

2 . XX
into their | ——+——
3 2

343
'y or 57% or 57.2 to 3 sfor 57.16(6...) Al from full and correct working with no

. omitted steps
rot to 4 figs isw P
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Example candidate response — high

y=x+10

1 -
o [y x

The geaph of y = —6x 4 10 cuts the y-axis at 4. The graphs of y=2x"—6x+10and y=x+10
cut one anather at 4 and B, The line BC is perpendicular to the x-axis. Caleulate the area of the shaded
region enclosed by the curve and the line A2, showing all your working. [8]

rea =1 (s e 2 ‘
@ aread Ao =L (rorB)xo0c oo G At 144 00

LM p¥—§(o) e z
b : -.f,j (w-sntie) ol
a . a
; 7
- Pq(f;!ﬁ_) %-‘3;’“{*'0@
k)
. [&]

51:-'?.“'-63ﬂ +r0 —O
- - 7Y 410 (7) -O

Yz 140 — &

. A4 Jo = ﬂ,"--'ﬁ‘.l’\-'( [o
g6= L=TL
(-7) =0 _ — 86.73
1oo |%=7 T G ) B T
B0 = '

j4-:- .iu W ' -

) = el
Jﬁi? -

ML _qg4Te @
- 8

s B=(1517)

Total marks awarded = 6 out of 8
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Examiner comment — high

This candidate understands the key steps in the method required to solve the problem. There is one error
and the final step has been omitted resulting in two marks not being awarded. The candidate starts correctly,
realising that finding the coordinates of the point B is the first valid step in the method. They then correctly
state the calculation for finding the area of the trapezium OABC and earn B2 for that. Integrating was
essential and this candidate integrates the equation of the curve between the correct limits. The substitution
of the limits has been shown. This was essential as candidates were directed to show all their method in the
question itself. The candidate omits to make the connection between the two areas they have found and
therefore are not awarded the final method mark. Their answer would not have been accurate as they have
made some arithmetic slips in the process.

It is good practice to show full method in all questions as this is expected as outlined in the assessment

objectives for this syllabus. In a question such as this, where it is specifically demanded, candidates are not
awarded a significant proportion of the marks if the full method is not shown.
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Example candidate response — middle

&
¥i

ym e fx+ 10

A

y=x+10

o

|l -
[

The graph of ¥ =% — Gx+ 10 cwis the y-axis at 4, The graphs of ¥ = 2" = e+ 10 and 3= x+ 10
cut one znother 8t 4 and B, The line BC is perpendicular to the x-axis. Caleulats the area of the shaded
region enclosed by the curve and the line A8, showing all your working, i£1

Ak A, w=C
y - e

2] Lc:,lc}]

———

For B
“I-__E_._‘-_ tﬁ'“q}ﬂ‘
wn o= An ~ O

o,

M;!l-_-?-fl.@'lq'

Qo= 3 ,107)

Ppply d.f-!::‘n:‘“l.e i‘n{.ﬁﬂnﬂl
for atea wnder ﬂrﬂ-ph:

T
,In*‘;b « 1o dx

. »_ 36t Liow
3 -
e

Total marks awarded = 4 out of 8

w
- j ::-_t__ ot 0
E
o

= dr_ z(3) e
3 V%
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Examiner comment — middle

This candidate has some understanding of the method required here. The candidate has correctly found the
coordinates of B — the valid first step in solving the problem. To evaluate a plane area, integration is required
at some point. The candidate has correctly integrated the equation of the curve between the correct limits
and the full method for that has been shown. The notation has not been used correctly as the integral sign is
still present, even though the candidate has integrated. This is condoned. The candidate has not dealt with
the area of the trapezium OABC and no further marks can be awarded as the method is incomplete. This
candidate may have improved their mark if they had realised that they had found the area between the curve
and the x-axis rather than the shaded area. It may be that this candidate thought that they had found the
area required with the calculation shown indicating a misinterpretation of the area given by the integral.

Other candidates working at this level omitted key method steps. The most significant method steps that
were omitted were the substitution of the limits into the integral (or integrals, depending on their approach).
Also, it was not uncommon for the coordinates of B to be given as (5, 15) with a slip having been made in
solving the equations of the line and curve — this resulted in accuracy being lost.
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Example candidate response — low

] .

Fi

pE bk 10

A =

- M o
o [y x

The graph of y=x"— Gx+ 10 culs the y-asis at A, The praphs of y=x®—6x+ 10 and y=x+ 10
cut one another at 4 and 5. The line B is perpendiculsr 1o the r-axis. Calculste the area of the shaded
region enclosed by the curve and the line A8, showing all your warking. 5]

H.-_H.""--'hu'rhw -

R 1%

v o =blad +1p

(eit2) A . Fn b

o T oy
larid ) = o* <p w*\0 -

2l A-1Y =05 .

A = Hzes S s
% (V)

-
Y WA e A B1]

= .

. @ [A ] =Au-§ A wopor boepent

Total marks awarded = 2 out of 8
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Examiner comment — low

The candidate has some appreciation of the method required. They have correctly found the coordinates of
B. They have integrated the equation of the line to find the area of the trapezium OABC. They have not
shown the substitution of the limits to find the answer. It is possible that the candidate understood what was
required and was not awarded marks as the method was asked for and not shown. It is also possible that the
candidate calculated the definite integral using the numerical integration function on their calculator.
Candidates would improve their mark if they realise that this function is useful to check their solution, but
they should not be used as a replacement for method and that method must be shown. One of the syllabus
aims is to integrate information technology (IT) to enhance the mathematical experience. This is not an
assessment objective, however, and the usefulness and limitations of using a calculator to demonstrate
method must be clearly understood by candidates who wish to improve their results.
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50

Question 9

Mark scheme

9 ()

(i)

(iii)

(iv)

v)

(vi)

10 =2m + 4 soi
m=3

1

le oe soi
2—-1

(-1,7)orx=-1landy=7

Use of my my = —1 with their m from (i)

y—10= [Iheir - %](v -2)
3y+x=32isw

(1 , 11) ;
—, their— | oe isw
2 2

4.5 oe cao

M1

Al

B1

Ml
Al

M1

Al

Al

B1,B1ft

B2

ory=x+8oe

if y =7 only stated, provided that
x =—1 is soi in working allow both marks

if MO then B1 for y = 7 only with no
working

may be implied by perpendicular gradient
seen in equation

or (1heir - %Jv +¢ and
a1
10 = [thezr - 5]2 +c

allow for correct equation with integer
coefficients in any simplified form

ft their yo

or M1 for (ﬂ, IOHJ seen
2 2

not from wrong working

or M1 for any correct method with correct
coordinates
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Paper 2
Example candidate response — high
9  Solutions by accurate drawing will not be accepted.

YA g y=nmx+4
2,10)

Nl

0

/]

=1 0 2

" |

The line y = mx + 4 meets the lines x = 2 and x =—1 at the points P and Q respectively. The point R is
such that OR is parallel to the y-axis and the gradient of RP is 1. The point P has coordinates (2, 10).

(i) Find the value of m. e1q10) (04), 2]
j-"—-j-, = 6
ANy T

. oM o Byia

o =32

(i) Find the y-coordinate of Q. m
§= Bty

g (-4 Y4
==3 Y

(-1

(iii) . Find the coordinates of R. : 2]
ie R? .. 2 (-119)
T \n e, jz—\-\-%'
v o= & *¢C ' *

Wo—-1r =< (-‘.1)
G
!-S_ 1%

-

Marks awarded = (i) 2/2, (ii) /1, (iii) 2/2
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Example candidate response — high, continued

{iv} Find the equation of the line through P, perpendicular to PO, giving your answer in the form
ax + by = ¢, where a, b and ¢ are infegers, 3]

¥ t-‘ﬂwuilln'l_' - FII'} bj = ﬂj;ﬁ+_1’§l"-_.
- 9= o) HAn = 2
j*":‘:&‘-‘g@“ -2).

Ntby =B
Sles sALWM T LS ' 1 |
Y . z -
(¥} Findﬂmmm—din&“mnfrlwumidpuinr,ﬁ-:",ufllmnnq.}’g_ hﬂh*“} A, .{—l;l) 21
MH{-mh (ﬂ.-w; ; j'* ‘_)
L= k= .

( <=1, lox! ar
o L
(e, + ") (g.@fﬁ.@'} L
(vi} Find the area of triangle ORM. : [2]

 Mea o badgle
oS - | —'] &5

5.C # . 7 G5

(pxa1 T894 (3501759

=% 12 = (~2)
= -l %3
= A - q%ﬂuﬁm

Marks awarded = (iv) 3/3, (ii) 2/2, (vi) 0/2

Total marks awarded = 10 out of 12
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Examiner comment — high

This question was well-answered by the majority of candidates. Candidates who gave well-presented and
clear methods, taking care to be accurate, performed best overall in this question.

In part (i), this candidate writes down and uses the general formula for the gradient of a straight line and then
uses it appropriately. This is good practice and reduces the possibility of making an error by, for example,
reversing the coordinates. Using their correct value from part (i), the candidate forms the correct equation for
the line through P and Q and uses that to answer part (ii) correctly. This was also a valid and reasonable
approach to use to solve the problem. In part (iii), the candidate forms the equation of the line RP using the
given gradient. The method has been detailed clearly and logically with no errors seen. In part (iv) the
candidate again correctly uses the value found in part (i) and shows the general form of the equation of a
straight line. The correct coordinates have been used to form the equation and the candidate has taken care
to ensure all the requirements of the question have been met. In part (v) the candidate again shows full and
clear method. The stating of the general form for finding midpoints was useful and is likely to have ensured
that this candidate made no errors with signs in this part. In part (vi), the candidate has chosen the popular
shoelace method of finding the area of the triangle. This was not the simplest method in this case. The
candidate may have benefitted from a moment of reflection at this point. In this particular question, the
easiest method of solution was to use half base times height, as both the base and height were very easy to
state from the coordinates found. The candidate has omitted the factor of a half from their shoelace formula
attempt and therefore the method is incorrect and no marks are awarded.
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Example candidate response — middle
%  Solutions by aceurate drawing will not be aceepted.

¥ :;'_m"'d'

"

/

T 7] ' 2

o )

The line ¥ = pic+ 4 meets the lines x = 2 and x =—1 at the puinis F and O respectively, The point & is
guch that (R is parallel to the y-axis and the gradient of P is |, The point P has coordinates (2, 10},

(iy Find the value of m. 21

= e 2leA T
~k

sy

(i} Find the y{p-arédinam of & [1
y= =340

X azl

(iify Find the coordinates of B. [
' a W + ) .

24V
"
lo 4

- N+t
C iy -,l\;:ﬁ(_-l}SD

Marks awarded = (i) 2/2, (i) 1/1, (iii) 1/2
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Example candidate response — middle, continued

{iv) Find the equation of the line through P, perpendicular to PG, giving your answer in the form

ax + by = ¢, where a, b and ¢ are integers. [3]
Mz -LE

ﬂ-z' =1+
IG-L-‘L.'T‘-' ?:)
Lr'r-.-'l-"-* "E:S:ﬂi J

(¥) Find the coordinates of the midpoint, M, of the line PO. 2]

gjﬂ ID*‘I)
L > 7 7
m(ﬂ rl

(vi) Find the area of triangle ORM, [2]

L |
;‘ ;XSKH}LXJ
I
;[

. L7y

Marks awarded = (iv) 3/3, (v) 1/2, (vi) 0/2

Total marks awarded = 8 out of 12
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56

Examiner comment — middle

In part (i), this candidate uses the equation of the line given in the question and substitutes the coordinates
of P into it. This was the best approach as only information explicitly given in the question needed to be
used. This reduced the possibility of introducing an unnecessary error. Part (ii) was also answered using the
equation given in the question, along with the correct answer from part (i). The candidate starts part (iii)
using a correct approach. They would have done better if they had paid more attention to the presentation of
their work, however. After correctly stating y = x + ¢ and finding ¢ = 8, and so earning the first mark, they
miscopy their equation as y = x + 6 and therefore have the incorrect coordinates for R. This impacts the
overall mark awarded as all points needed to be correct for marks to be awarded in part (vi). In part (iv), the
candidate correctly uses their value from part (i). They use the y = mx + ¢ form of the equation of a straight
line and find c correctly. Some candidates working at this level needed to take more care with their arithmetic

in order to improve as it was not uncommon for ¢ to be given as 23—8 following 10 = -§+c . This sign slip

may have been avoided if these candidates had included the step 10 +§ =c in their working, rather than

calculating this mentally. In part (v) this candidate has detailed a correct method for finding the midpoint, so
have clearly understood what is required. An arithmetic slip results in only 1 of the 2 possible marks being
awarded. Many candidates working at grade C made errors when dealing with the negative coordinates.

Commonly, candidates at this grade would give [%, &2_1} as their method. These candidates may have
. . X X, VitV )i . oo .
improved if they had stated [T T] initially. This may have reduced the likelihood of such a sign

error being made. In part (vi), candidates needed to be using the correct points with a correct method. This
candidate did not have the correct points and therefore no marks were awarded.
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Example candidate response — low

9  Solutions by accurate drawing will not be accepted,

7 R

=Y

-1 Qa 2

The line y = mx + 4 meets the lines x-= 2 and x =—1 at the points P and O respectively. The point R is
such that OR is parallel to the y-axis and the gradient of RP is 1. The point P has coordinates (2, 10).

(i) Find the value of m. 2)
@ ‘K‘%Z)’“ %-\-i‘i 4 1o-4
2-0
* 8//‘; - 7/2 - £
¥ *
@ 2 i ED
(ii) Find the y-coordinate of Q. . (1}
9.-1—:3 \ *
R ' b S e mfx "'*B
9_+‘j z z & (%—5 v.&_.,... \o=> .'.\—-:9\
Zf ~ & '
‘ = #4 : = —6+l®
2 &7"‘) “)3 a4 -
(i) Find the coordinates of R. ; A (2]

~

R = é’&."ﬁ})

Marks awarded = (i) 2/2, (ii) 0/1, (iii) 2/2
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Paper 2
Example candidate response — low, continued
{iv) Find the equation of the line through P, perpendicular fo PO, giving your answer in the form
ax+ by = e, where a, b and ¢ are integers, 31

tjr*&l :-ﬁ\["ﬂ..‘ik:)
-t = 2 L—m—@

é_ﬁ:,-rut"ﬁ =%
e T -

Yy = Hel 4
") Findtl'l:ﬁrdinmuflhemidpcinl,ﬂ-f,nfllmlinnPQ_ ) (2]
2+ (-1 5 lo Y
T— r
’ &
e, 6 g2
™
= X2 » 3
C
me = (2547
(v} Find the area of triangle DRM. 121
&@%rea;- 1 8, & m &

L S
. \] (. A
Marks awarded = (iv) 0/3, (v) 2/2, (vi) 0/2

Total marks awarded = 6 out of 12
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Examiner comment — low

Candidates working at this grade tended to make more arithmetic slips than most. They often did not seem
to read the question as carefully as was required and often omitted key elements of the method. For
example, in part (iv), it was common for the coordinates of a point other than P to be used in forming the
equation or for the equation not to be simplified to the required form.

This candidate starts the question well in part (i). After initial confusion, which they have deleted, they apply
a correct method and have earned both marks. In part (ii), they have returned to using the unsimplified form
of the equation of the line. This was unnecessary and may have been responsible for the arithmetic slip the
candidate makes in simplification. This candidate has already found the y-intercept of the line PQ. If they had
considered how reasonable it was, therefore, for Q to have the same y-coordinate as the intercept, they may
have realised they had made an error and checked through their method. Checking how reasonable an
answer is against given or known information is good practice in questions that have many, connected parts,
such as this one. The candidate has the coordinates of R stated correctly. No method has been shown and,
if their coordinates had been incorrect, no marks would have been awarded. Candidates should be
encouraged to show full and clear method to reduce the possibility of errors being made and to increase the
likelihood of method marks or full marks being awarded. In part (iv), the candidate again shows that they
have not made connections between relevant parts of this question. They may have benefited from reading
the question more carefully and highlighting key words and phrases such as perpendicular. They use the
gradient of PQ they have found in part (i), rather than finding the perpendicular gradient. If they had thought
about the information given in the question and their answer to part (i), they should have realised that they
had simply found the equation of the line PQ. This may have alerted them to their error and they may have
improved their mark in this question. In part (v), this candidate states the general form of the midpoint. Even
though they are not using the correct values, they do apply the correct method, following through their points.
Clear and full method is shown and full credit can be given. In part (vi), the candidate considers applying the
shoelace method for finding the area. They do not make progress with their method and marks are not
awarded for a general statement such as this alone.
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60

Question 10

Mark scheme

(iv) y=1 or [l, 00)

10 (a) : B2,1,0 | correct sinusoidal/reflected sinusoidal
shape, all above x-axis with intent to have
all maximum points of equal height;

2 maximum points of intended equal
| Y } \ height only over 0 to 360;
2 90 180 270 360
all max points clearly aty =1;
cusp at 180
eIn(4vf3) +3 .
(b)() [hg(x) =] = MI Alternative method
4 »=In(4x - 3) and change of subject to x
oe,
fully correct and completion to [hg(x) =] x Al fully correct and comment that
h(x) =g (x) oe
(ii) -~ v =h(x)
B2,1,0 | correct shape;
1 marked on the y-axis or (0, 1) stated
close by;
curve with positive gradient in first
quadrant only
1
(iii) | x>0 or [0, x) Bl not domain = 0
Bl

or h(x);l , h>1etc.

Cambridge O Level Additional Mathematics 4037




Paper 2
Example candidate response — high

10 (a) The function f is defined by Fix—|sinx| for 0° < x < 360°. On the axes below, sketch the
graph of y = f(x). 2]

YA

S
s
3
3
Y

(b) The functions g and hg are defined, for x 2> |, by

g(x) = In(4x - 3),
hg(x) = x.

¢ +3 2]

(i) Show that hix)=

ht@){&v\(‘w\—’ﬂ]*— N

W

W) = dartan- 3|

Marks awarded = (a) 2/2, (b) (i) 0/2

Total marks awarded = 2 out of 4
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Example candidate response — high, continued

(ii)

The diagram shows the graph of y = g(x). Given that g and h are inverse functions, sketch, on the
same diagram, the graph of y = h(x). Give the coordinates of any point where your graph meets

the coordinate axes. [2]

(iii) State the domain of h. (1
n >0

(iv) State the range of h. (1]

g3

Marks awarded = (b) (ii) 2/2, (b) (iii) 1/1, (b) (iv) 1/1

Total marks awarded = 6 out of 8
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Examiner comment — high
Candidates giving answers at grade A displayed a good and broad working knowledge of functions.

In part (a) this candidate has drawn a good graph, indicating all the key features. The value 1 has been
marked on the y-axis, the cusp is positioned correctly and the shape is reasonably good. The candidate has
taken care and has two maxima of roughly equal height. As is often apparent in graphs of the modulus of a
function, the candidate has drawn the part of the original sine curve that fell below the axis on the graph
using dotted lines. This is good practice and is perfectly acceptable.

The candidate starts part (b) (i) using a correct approach. They do not seem to realise what the next step in
their method actually is, however. If they had recalled that the inverse of h™is h and therefore gone on to
find the inverse function of what they were given, they would most likely have been successful here too.
Many candidates working at this level stated that, as hg(x) = x, then h was g~ and correctly found this. In
part (b) (ii), the candidate draws a neat and accurate graph, again paying careful attention to detail and key
features such as symmetry, shape and the y-intercept. The scale chosen for the vertical axis is the most
appropriate as the candidate has attempted to use a square scale and therefore avoids skewing the graph in
one direction. They have also drawn the line y = x, clearly indicating their method and that they are aware of
the symmetrical relationship between the graphs. In part (b) (iii) and (iv), the candidate has chosen the
correct notation and the correct values and has shown good knowledge of the domain and range of a
function.
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Example candidate response — middle

10 (a) The function f is defined by fix—|sinx| for 0° € x < 360°. On the axes below, sketch the
graph of y = f(x). 2}

YA
z‘-l

\ o v - - - - — - - ———

4 |

ol 90° 180° 270° 360°

(b) The functions g and hg are defined, for x = 1, by

glx) = In(4x-3),
hg(x)==x.

( Show that h(x)= -2, )
4o = Y
y - JnUn = In3
eY = ‘ﬂfr(_u‘)" |n&(,3)
Un = e’ +32

w - CY « 3
L‘
6"(}) - @:.."-—?3
Y

Marks awarded = (a) 2/2, (b) (i) 0/2
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Example candidate response — middle, continued

(i)
v \‘\ ’

The diagram shows the graph of » = g(x). Given that g and h are inverse functions, sketch, on the
same diagram, the graph of y = h{x). Give the coordinates of any point where your graph meets

the coordinate axes. 2]

(iif) State the domain of h. L))
hix) > O

(iv) State the range of h. [
heo > 24

Marks awarded = (b) (ii) 2/2, (b) (iii) 0/1, (b) (iv) 1/1

Total marks awarded =5 out of 8
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Examiner comment — middle

Candidates working at this level generally showed a reasonable working knowledge of functions. Graphs
were usually reasonably well drawn and all sections of the question attempted, but notation was not always
correct and sometimes there was evidence of exploratory rather than logical method.

This candidate has drawn a reasonable graph in part (a). The graph is good enough to earn both marks —
having a good enough shape, and all the key features required in the mark scheme being present. The
candidate has drawn a helpful dotted line at y = 1 to help them get the level correct. This is good practice.

In part (b) (i), the candidate has realised the h = g™ and attempted to find the inverse of g. They have made
fundamental errors in manipulating the logarithms in their second and third lines, however, and therefore no
marks have been awarded as the method was flawed. This candidate perhaps would not have made this
error if they had had a better understanding of logarithmic and exponential functions. The graph the
candidate has drawn in part (b) (ii) is neat and clear with all key features indicated and scores full marks.
The scale chosen for the vertical axis is the most appropriate as the candidate has attempted to use a
square scale and therefore avoids skewing the graph in one direction. They have also drawn the line y = X,
clearly indicating their method and that they are aware of the symmetrical relationship between the graphs.
Some candidates working at this level ignored the information given regarding the inverse nature of the
functions h and g. These candidates used the function given in part (b) (i) for their sketch here. Often, these
candidates omitted to restrict their graph to the first quadrant or they marked the y-intercept at % rather than
1. In parts (b) (iii) and (iv), this candidate has a clear understanding of which set of values is the domain and
which is the range. The notation used for the domain in part (b) (iii) is not correct, however, as the candidate
has used h(x) rather than just x. Candidates would do better if they paid careful attention to detail such as
this, as marks are only awarded if the notation used for domains and ranges is correct.
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Example candidate response — low

10 (a) The function f is defined by Fx~—|sinx| for 0° < x < 360°. On the axes below. sketch the
graph of y = f(x).

2
A

™ |

T T

(b) The functions g and hg are defined, for x 2 |, by

glx) = In(4x - 3),

hg(x)=x.
( Show that h(x)= <=2, 2
Let,
a{l) : a
O 8 = In (41-3)
GU -3 = e”
xs e¥s3
4
: e%+3
Py 8 l*) - 4 A\‘

Marks awarded = (a) 0/2, (b) (i) 1/2
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Example candidate response — low, continued

(i)

by |

31 w2

The diagram shows the graph of y = g(x). Given that g and h are inverse functions, sketch, on the
same diagram, the graph of y = h(x). Give the coordinates of any point where your graph meets
the coordinate axes. 2)

(iii) State the domain of h. m

X domain of k> -1

(iv) State the range of h. (1]

<&

Marks awarded = (b) (ii) 0/2, (b) (iii) 0/1, (b) (iv) O/1

Total marks awarded = 1 out of 8
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Examiner comment — low

Candidates working at this grade often showed limited knowledge of functions. The graphs produced at this
level often had key features omitted or the shapes were not drawn accurately enough to be awarded credit.

In part (a), it is possible this candidate has simply not made the connection between the graph of a function
and the graph of the modulus of that function. The graph given is sinusoidal, but not a basic sine curve, as
the period is different. The candidate has omitted to mark at least 1 on the vertical scale. This candidate may
have improved if they had started by drawing a basic sine curve. Once that had been done, any section of
the curve under the x-axis could have been reflected above and the section under the axis erased.

In part (b) (i), the candidate shows some skill in being able to find the inverse of a function. This question
required candidates to show that a given result was true. This being the case, candidates using this
approach were required to justify why it was valid to do so. This candidate has not quite concluded the
argument, labelling their inverse function as g(x) rather than g™(x) and omitting the statement h(x) = g(x).

This candidate may have improved in part (b) (ii) if they had recalled that the graph of a function and its
inverse are reflections of each other in the line y = x. This candidate has not drawn the line on their diagram
which would have been helpful. It was not uncommon for candidates working at this grade to draw graphs
such as this or to reflect the given graph in one of the coordinate axes. In part (b) (iii) and (iv), the candidate
shows some confusion between domain and range, In part (b) (iv) they give the domain for their graph as
the range, although they have at least used appropriate notation for a range. In part (b) (iii) they state the
point as a single value rather than a set of values. This candidate may have improved if they had understood
that the domain of the inverse is the range of the function and vice versa. This would have enabled them to
have quoted the correct answers for the last two parts of the question regardless of whether or not their
graph was correctly drawn in part (b) (ii). Candidates should be encouraged, where possible, to use
information given to them in the question, rather than using their own values or answers. This ensures that
accuracy is maintained and marks can be awarded.
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Question 11

70

Mark scheme

11

U]

(i)

% or8:8—hsoi

8_hx4 oe

h(g_hx4j_ oe
8
3

expand and simplify to h: —4h* +16h AG

ih2 —8h+16 oe
4

their(%h2 -8h+ I6j =0 and attempt to

solve

§ oe onl
3 y

M1

Al

Ml

Al

Bl

M1

A2

OFLOFS—hZSSOi
8—h

or 4+

h must be in the numerator of the
expression for this mark;

must be a 3-term quadratic; must be an
attempt at a derivative

or Al for h= % and 8

allow 2.67 or 2.66(6...) rot to 4 or more

8
figs for —
|gsor3
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Paper 2

Example candidate response — high

1 RS e b

1

[3‘35(“*\'-\! 3 A . et S S 3
A —D
,9/ h \i —r |
Y VA A _
Y
J &

The diagram shows a cuboid of height i units inside a right pyramid OPQRS of height & units and with
square base of side 4 units. The base of the cubaid sits on the square base PORS of the pyramid. The
points A4, B, C and D are corners of the cuboid and lie on the edges OF, 00, OR and OF, respectively,
af the pyramid QPORS. The pyramids OPQRS and O4BCD are similar,

(i} Find an exp-m:smn fior AD in terms of & and henece show that the volume F of the cuboid is given

by F= ——auf + 16k units®, [4]
Simbler yagacelds

8 .4 ' vs@n*)fh

gh AD : %}1’

.S Ve (64 16h i )n
)%i -\J{: @;’;}L w b _-_-_l.-l__)

= éLI!!‘]bh} * b}‘"
= e v 4
A9 AN ; ?E/ LERES +15h¢
20 MG H

| Shen—

Marks awarded = (i) 4/4
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72

Example candidate response — high, continued

(i) Given that i can vary, find the value of & for which Fis a maximum. [4]

VAP \"CE (T .
Ekyh e b o :

W isitc o - N

- .
he g ates masismusm Jyaloe, g0 Jh; 4
-9 %) s

Marks awarded = (ii) 3/4

Total marks awarded = 7 out of 8

Examiner comment — high

Candidates working at this grade usually chose the simplest methods and gave clear and detailed evidence
of method to support their answer. This was important in part (i) where the answer was given.

In part (i) the candidate forms a correct proportional relationship from the information given. They then use
this to find the expression asked for and to derive the formula given.

In part (ii), the candidate uses the correct approach. They have differentiated the given formula for the
volume and equated the result to zero. They have given a pair of factors in the solution of the quadratic they
have found and then stated the roots of the equation. The candidate would have earned all the marks if they
had perhaps re read the question at this point. If they had done so, they may have realised, as many

candidates did, that 8 was not a possible value and so the answer was g . Other candidates applied the

second derivative test and also arrived at the correct final answer.

It is likely that this candidate has found their factors using the roots of the equation given by their calculator,
as the form of the factors does not match the form of the equation. Candidates should try to avoid this.
Method marks are only awarded if the solutions to the equation are correct in the case when a candidate has
omitted to show their method. Candidates should be encouraged to use their calculator to check their
solutions rather than as a replacement for method being shown.
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Example candidate response — middle

11 u

M _--'-i'r.-.‘
i

d

The diagram shows & cuboid of height & units inside a right pyramid OPQRS of height 8 units and with
square base of side 4 units. The base of the cuboid sits on the square base PORS of the pyramid. The
points A, B, C and D are corners of the cubeid and lie on the edges OP, 00, OR and O, respectively,
of the pyramid CPCRS. The pyramids OP QRS and O4BCD are similar.

(i} Find an expression fior AD in teems of & and hence show that the volume ¥ of the cuboid is given
3
by ¥="—a? + 16k units” [4]

=t @% v

&) ~ 416
(I i v T

Marks awarded = (i) 2/4
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Example candidate response — middle, continued

(i} Given that i can vary, find the value of & for which ¥ is a maximum, [4]

A - 3n _th 6
i

WY - gk 46 =
Ly

3hi'f 2o +oh LA
-_.—-—""-_-_-_-_-__P. -

O

* 2t 22k U FO

i

P ZLAC AL,

Marks awarded = (ii) 3/4

Total marks awarded =5 out of 8
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Examiner comment — middle

Candidates at this grade show some understanding of the method required to solve the problem.
Occasionally, methods were chosen that caused a significant increase in the complexity of the work
required. For example, candidates compared areas or volumes rather than lengths. Also, some candidates
at this level chose to compare lengths in similar triangles within the pyramids, rather than simply using the
information given in the question. These approaches increased the possibility of an error being made.
Candidates would do better to realise that using the dimensions given in the question resulted in the quickest
and simplest method of solution.

In part (i), this candidate states the correct expression for AD without any evidence of method. The form of
the expression given is sufficient for the candidate to be awarded 2 marks. This comes directly from the
dimensions given. It would have been useful if the candidate showed the first step in their thinking which is

likely to have been something along the lines of PS = % x8 therefore AD = %x (8 - h).

This candidate omits the method required to find the given formula for the volume. They have attempted to
use the maximum value they have found in part (ii) in some way here, but this is not valid. This candidate
may have improved if they had reread the question and realised that as the pyramids were square-based,
they had all the dimensions required to find the volume of the cuboid. This question directly assessed
problem solving skills mentioned in the Assessment Objectives in this syllabus i.e. formulate problems into
mathematical terms and select and apply appropriate techniques of solution.

In part (ii) the candidate successfully differentiates the given formula and equates to zero. No method of
solution is shown and candidates should be aware that method marks can only be awarded if an answer is
incorrect if the method is given. In this case the candidate’s answers are correct. It is useful to check
answers using a calculator. It is much better to detail the full method of solution first. This candidate rejects
the correct answer in favour of the incorrect one. If they had reread the question or applied a relevant test,
this would have been less likely to happen. It is important to encourage students at this level to make
connections between parts of questions that are linked to check how reasonable their answers are.
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Example candidate response — low

11
A i R
I
_.A'—B'—-;_-ﬂ'-ﬁn'\
q,,__—!»— o L
- (R0
’ .

The diagram shows a cuboid of height fr units inside a right pyramid OPCQRS of height § units and with

square base of side 4 units. The base of the cuboid sits on the square base PORS of the pyramid. The

points 4, B, C and D are corners of the cuboid and lie on the edges OF, 00, OR and 08, respectively,
© of the pyramid OPQRS. The pyramids OPORS and O4BCD are similar.

(i) Find an expression for 40 in terms of k and hence show that the volume ¥ of the cubaid is given
1
by ¥=B - ah?+ 16 units’. Volurme of: :p [4]
. 3 (‘Lf } X
Plj’f armad

AD. &-—h Co=l1lxb 128

= = q(ﬂ): ,&_‘__E‘
Unmn{?m&:m}f: Ei L.'R:E-':I" 6 J 2 _

- —h
ffr__%j)ﬂ? (%)x ﬁ) Breaddh) .

H

Marks awarded = (i) 2/4
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Example candidate response — low, continued

(i) Given that h can vary, find the value of & for which ¥ is a maximum, [#]

AV 3 H
- TN YA Vi

* v

4 ) | l
Edl-.ux
2 —32hs &Y -0 — Sh-3]3lEH=0 '

r = m . _.12 N.tﬂx
42\ Fov bz =27 '
.m, 6h-32, - g (co)mx.

v ey

J(’qa )+ 14

- 3 Eﬂwss

Marks awarded = (ii) 1/4

Total marks awarded = 3 out of 8

Examiner comment — low

Candidates working at this level showed some understanding of the methods required. They were able to
start both parts of the question, but most often, were unsure of how to complete the methods successfully.

This candidate starts part (i) correctly — forming a correct proportional relationship and correctly stating an
expression for AD. They do not realise that the dimension they are missing, the breadth, is given by the fact
that the pyramid is square based. Re-reading the question may have helped this candidate score more
highly in this part.

In part (ii), the candidate again starts the method successfully. The expression given in part (i) has been
correctly differentiated. The candidate then manipulates the equation into a more useful form and does so
correctly. They then state two solutions without giving any method. Both solutions are incorrect and the
candidate cannot be awarded the methods mark or the accuracy marks as the method had been omitted.
This candidate would have done better if the method had been stated. This candidate has not made the
connection between the practical context of the question and the mathematics they are using. If they had
made that connection, they may have realised that the values of h they had found were highly unlikely to be
correct as they were negative. Candidates need to make sense of their answers in the context of the
guestion, where a context is given. This candidate has done more work than was necessary in this part.
They have found what they believe to be the maximum volume. This was not penalised in any way, but did
waste some time.
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Question 12

78

Mark scheme

12

U]

(i)

(iii)

~120+104+22-6=0
or correct unsimplified form, e.g.

15(-2)* +26(-2)* = 11(-2) =6 =0 or
15(-8) +26(4) — 11(-2) -6 =0

Substituting x =3 into 15x° +26x> — 11x -6

600

(x = 1)(15x° +26x* — 11x — 6) soi

Multiply out

(x £ 1)(15x° +26x* = 11x - 6)

and compare coefficients of x* or x to
quartic

B1

M1

Al

Bl

M1

Al
Al

or correct synthetic division

-2 |15 26 -11 -6
-30 8 6
15 -4 -3 0

or correct synthetic division

45 213 606
15 71 202 600

3 ‘15 26 -11 -6

correct answer implies M1; must be
explicitly identified as answer if using
synthetic/long division methods by e.g.
circling

by inspection or division;

may be implied by e.g.

(ax + b)(15x° +26x° — 11x — 6)

and a = 1, b =—1 seen in later work
comparing coefficients

or multiply out, e.g.

(ax + b)(15x° +26x° — 11x — 6)

and compare coefficients of x* or x to
quartic

correct p or ¢ implies M1; correct p and ¢

www implies B1 M1
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Example candidate response — high

12 (i) Show thatx=-2 is a root of the polynomial equation  15x* + 26" — [lx—6=10. [
L(-2) » 15¢2) 226 (-2 - 11¢-1) ~& P :
R =0

(x5 T & s

(i) Find the remainder whin 15"+ 26 — 1lx— 6 is divided by x - 3. . B )|
FG) c18€z)® #2603 7 - W3 6
£ . 00

{iii}_FLnddl.cvaJmufpandnqumhdm 156" +26x* — 1lx— & s a factor of ’
15 + o’ =37 + gx + 6. 4
("'R.. —a) [ 1tm3F 26w+ b =8)
[543 26md =l S 6 —ffan? —26an> + faw -6a
(5 £ 2 — [Sand — b 26 an® - G 4 llaw 64

=l -26a & + 1Y) = g,
e 264 -
A S
& = - 26
—ze
e L

P:lll
q{br

Marks awarded = (i) 1/1, (ii) 2/1, (iii) 4/4

Total marks awarded = 7 out of 7
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Examiner comment — high

Candidates often answered part (i) and part (ii) of this question very successfully. The simplest approaches
— using the factor theorem and the remainder theorem respectively — were usually made by better
candidates. Part (iii) was more challenging, with only the best candidates using the neatest method of
solution which was to find the linear factor and expand. The linear factor in this case was easily found by
inspection and it was acceptable to simply state what it was.

This candidate shows full and correct method for parts (i) and (ii). In part (iii), they realise that the linear

factor can be found and construct a simple general factor then expand. They are accurate and clear in their
working. They quickly arrive at the correct linear factor and the correct values for p and q.
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Example candidate response — middle

12 (i) Show thatx=-2 is a root of the polynomial equation  15x” + 260 = [lx =6 = 0. [1]
I P 16 CLY - ) - 6 = 0

-1 410+ 22-% =0
-J/(-b/bé =0
=0
shoer, .

(i} Find the remainder when  15%7 + 265" — 112 — 6 is divided by x—3. 2]

e

1l

15 (3) + 26 ()" -1 () -6

IS C21) + 26(4) - 1(3) -6
= yoS-+ 12y -3 -6

(i} Find the value of p and of g such that 157+ 26" = 11x=6  is a factor of
. 15c* + poc* — 3T + ge + 6.

[4]
905 262 M=t =0 ) o003t e p ) - 2700 14lDk

5 26 =N ' % —Bp -4 =9
*—Jl_v—q?}" X 0 g qy = &P+,
(whn) (Js0=tn-3)=o SCBY

. —p .4
w==1, ARTLEL LU R AR se v T

—_—

25 21 3
3w (Su -2 W 1T =0 co _ praay

. ' -;%._ﬂ ’I’\'.:-é. ) _}71 }d

2¥8 = W

'&P*__if = &%

o= 14 &
Pf"j";?‘ﬂf:h >

Marks awarded = (i) 1/1, (ii) 2/2, (iii) 2/4

Total marks awarded =5 out of 7
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82

Examiner comment — middle

Candidates working at this level generally answered part (i) and part (ii) correctly. Many candidates chose to
divide out or use synthetic division to answer these parts. Occasionally this caused an error. Some
candidates who used a division method omitted to identify the remainder in part (ii) which was a requirement
for both marks to be awarded. Commonly 1 or 2 marks only were awarded for part (iii), which these
candidates found challenging.

This particular candidate has used the factor theorem and remainder theorem in parts (i) and (ii) and done
so very well. In part (iii) they have found the roots of the cubic equation and used two of them to form a
correct pairs of equations in p and g. They have been awarded 2 marks for arriving at this point in their valid
method correctly. They have made an error in solving their equations and have therefore not earned the final
two marks. The candidate may have improved if they had checked, for example, that -2 was a root of the
quartic they had found with their p and g. They should have realised it was not and this should have resulted
in the candidate checking their method for a possible error.
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Example candidate response — low

12 (i) Show thatx=-2 is a root of the polynomial equation  15¢* + 265° — 1lx— 6 =10, [
15¢-22% % 26 (-2)* = 1(=2)— §=0 ' '
15 (-€) +26(u) +32 -6 =0
=l 4+ loby +a—- & =o

Q=0 _g&ﬂ- .IJ-

(i) Find the remainder when 150 + 266 = 11z =6 isdividmdhy_x_-;;. [2]
n=3 =0,
= 3
1503320 (3) ~11(3) ¢ _
1S (23) +26(9) -33 -6
Y05 +azu- 2% . '
I by . - :

(iif) Find the value of pand of g suchthat  15x" +26x* — 11x—6  is a factor of
15x* + por® =37 4 g+ 6. [4]

|5ty pr 3= 3" £ g0 46 = 18334 2L 2t =l — &

ER

4
P’ = ||§':-|.3

Marks awarded = (i) 1/1, (ii) 1/2, (iii) 0/4

Total marks awarded = 2 out of 7
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Examiner comment — low

Candidates working at grade E usually demonstrated some knowledge of factors and remainders.
Occasionally they made arithmetic slips in part (i) and part (ii). In part (iii) many candidates substituted

x = =2 into the quartic and equated to 0. This was valid as —2 was a root of the cubic and therefore also a
root of the quartic. They then, however, tended to substitute x = 3 into the quartic and equate to 600. This
was not a valid approach. The candidate had misinterpreted the information from part (ii) and they made no
further progress.

In this case, the candidate successfully completes part (i). In part (ii), their method is correct. They make an
arithmetic slip in calculating —33 — 6 as — 27 and therefore have not been awarded the accuracy mark. Part
(iii) required a good understanding of factors of polynomials. This candidate offers the other, most common
solution at this grade. They have equated the quartic and the cubic and written down the values of p and q
that are given by comparing coefficients. This candidate may have realised that the correct method was not
quite as “simple” as this if they had looked at the total mark awarded for the question.

This part of this question proved to be a good discriminator across all grades.
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