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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A  Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts,
for their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

It is generally not possible to award M0 followed by A7, as A mark(s) depend on the
preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A7 for
using the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
AO0A1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a
note.

The response to a “show that” question does not need to restate the AG line, unless a
Note makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if
this working is incorrect and/or suggests a misunderstanding of the question. This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part. For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A7 in the
first part.
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Examples:
i ?
Correct Further Any FT issues? .
answer . Action
working seen
seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in  (condone the incorrect further
decimal value) | question. working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in| (and full FT is available in
72 decimal value) | subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen
or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a
question is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in
part (d) or incorrect value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks,
there must be working present and not just a final answer based on an incorrect answer to
a previous part. However, if all the marks awarded in a subsequent part are for the answer or
are implied, then FT marks should be awarded for their correct answer, even when working is
not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts,
where the markscheme for the subsequent part is (M1)A1, it is possible to award full marks
for their correct answer, without working being seen. For longer questions where all but the
answer marks are implied this rule applies but may be overwritten by a Note in the
Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for
work which uses the error, but M marks may be awarded if appropriate.

e If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

o If the error leads to an inappropriate value (e.g. probability greater than 1, sind=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may
be using an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This



-5- 2225-7109M

includes when candidates fail to complete a “show that” question correctly, and then in
subsequent parts use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read
(MR). A candidate should be penalized only once for a particular misread. Use the MR
stamp to indicate that this has been a misread and do not award the first mark, even if this is
an M mark, but award all others as appropriate.

¢ |f the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sind=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored
in the subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the
question specifies a method, other correct methods should be marked in line with the
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative
methods are not permitted unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example
1.9 and 1,9 or 1000 and 1,000 and 1.000.
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e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and
examiners are asked to apply appropriate discretion to judge if the candidate work is
equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer
to the required accuracy. If the level of accuracy is not stated in the question, the general rule
applies to final answers: unless otherwise stated in the question all numerical answers must
be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact
value, however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3
sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed,

and any values that lead to integers should be simplified; for example, ‘/24—5 should be written
as % An exception to this is simplifying fractions, where lowest form is not required
(although the numerator and the denominator must be integers); for example, %may be left

in this form or written as % However, % should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition
and multiplication, e.g. 4e>* x¢’* should be simplified to 4¢™, and 4e’* xe™* —e* xe* should be
simplified to 3e’*. Unless specified in the question, expressions do not need to be factorized,
nor do factorized expressions need to be expanded, so x(x+1) and x’ +x are both
acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result
in no grade awarded. If you see work that suggests a candidate has used any calculator,
please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless an
explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise. If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.
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Section A

(@) Inl2
(b) In2’
=In8

-1
() h{%j OR —(In1-In2) OR —In2""'

=In2

f'(x)=4x-16

sets their derivative equal to zero
4x*-16=0, (x=%2)

p=2 (accept x=2)

substitutes their positive p into f(x)

4(2Y) 32 . 64
y —T—16(2)(—?—32——?j

——ﬁ (accept —_—64)
q 3 pty 3

2225-7109M

A1
[1 mark]

(A1)
A1
[2 marks]

(A1)

A1
[2 marks]
Total [56 marks]

A1
(M1)

A1
(M1)

A1

Total [5 marks]



(a)

(b)

(c)

attempt to find binomial coefficients or multiply out brackets

2225-7109M

A1

[1 mark]

(M1)

e.g. Pascal’s triangle down to correct row OR (1 +2x+ x2)2 OR substitute into

binomial expansion
(1 + x)4

=1+4x+6x*+4x° +x*

METHOD 1

recognition that the expansion can be used with x replaced with &

4
1+L

[ 100)
4

=l+—+ 62+...(:1+O.04+0.0006+...)
100 100

multiplies by 1000 (seen anywhere)

1 4
1000 1+—
( 100)

=1000+40+0.6+ (= 1040.6...)

=1041 (dinar)

METHOD 2

attempt to find the value of (l-l-k)4 by hand

(1.01)" =(1.0201)(1.01)" = (1.030301)(1.01)
=1.0406...

multiplies by 1000 (seen anywhere)
1000(1.01)"

=1040.6...
=1041 (dinar)

A1
[2 marks]

(M1)

(A1)

(M1)

A1

(mM1)

(A1)
(M1)

A1
[4 marks]
Total [7 marks]
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METHOD 1

attempt to set up integral e* —(—ex) =2e" or e¢"and then double (M1)

[(e"=(~e"))dx OR 2[e"dx

1
=2 Le dx
1
=2[e']. (A1)
attempt to substitute correct limits into their integrated function and subtract (M1)
=2(e—lj, 2e—3, 2e-2e! A1
e e
METHOD 2
1 1 1 1
L e'dx = [e L and L "dx = [—e L (A1)
attempt to substitute correct limits into both their integrated functions and subtract (M1)

e—e' and —e' —(—e™)
subtracts their two integrals in correct order (M1)

e —e! —(—e1 +e’1)

:2(e—lj , 26—%, 2e—2¢! A1
e e

Total [4 marks]
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(a)

(b)
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1
P(4)=— (A1)
4
attempt to use P(B|4) _PBnd) (M1)
P(4)
2_P(BNn4
3L
4
2(1
P(ANB)=—| —
nm=3(5)
:ji(:lj A1
120 6
[3 marks]
attempt to use P(4U B)=P(A4)+ P(B)—P(4An B) OR a Venn diagram, with
their values of P(4) and P(B A) m1
3 1 1
—=—+P(B)——
4 4 (8) 6
1 1
P(B)=—+—
(B) 57

:i(:%j A1
6 3

P(B|A) =P(B) OR P(A)P(B)= % so P(AnB)=P(A)P(B) (hence 4 and B are

independent) R1

Note: The R1 is dependent on all previous marks ‘

[3 marks]
Total [6 marks]



(a)

(i)

(ii)
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for a sequence of areas, uses two consecutive terms to find a common
ratio OR for sequences of both widths and heights uses two consecutive
terms for both sequences to find both common ratios OR recognises that

both widths and heights are geometric sequences with common ratio i M1
. e .45
areas form a geometric sequence with first term 20 and common ratio % A1
3 n—1 3 n—1
OR area of picture frame F), is 4(5j XS(E)
9 n—1
area of F is ZO(ZJ AG
u, (r" - 1)

attempt to find the sum of the areas using S, = (M1)

r—1

20[ 9jm —IJ
4 9 10
sum of areas —[: 16((2) - IJ] (A1)

e A
SEREER "

[5 marks]

continued...
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Question 6 continued

(b) recognition that median is between 5" and 6" picture frame (M1)
4 5
zo@ . zo@
median area = > (A1)
4
20(9j (1 + 9)
_\4 4
2
4
£ .
_65
1 2
[3 marks]

Total [8 marks]



(a)

(b)

(i)

(ii)

(ii)
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Section B
attempt to find v(1) (M1)
v(1)=30+20-10
max velocity 40 (ms™) A1
attempt to find v(5) (M1)

v(5)=30+20(5)—-10(5)* =-120

max speed 120 (ms™) A1

[4 marks]
T=3 A1
attempt to set up an integral of v(¢)to find area under velocity graph (M1)

i(30+20t—1012)d1
0

3 3
300+107 1% A1

3 0
attempt to substitute their limits into their integrated function and subtract (M1)

3
30(3) +10(3) —w@ 90+90 - 90)

distance 90 (metres) A1
[5 marks]

continued...
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Question 7 continued.

(c)

METHOD 1

attempt to find total displacement by setting up an integral of v(¢) between

t=0and r=5 (M1)
5
[(30+20-10¢)ds
0
104 T
={30t+10t2— } (A1)
3 0
3
=30(5)+10(5)* —@
:400_@(2 _ﬂj A1
3 3
total displacement is negative OR total displacement is not zero, (so the object R1
does return to its initial position)
METHOD 2
attempt to find displacement after change in direction by setting up an integral
of v(¢) between =3 and t=35 (M1)
5
[(30+20-10¢) e
3
108 7T
={30t+10t2— } (A1)
3 3
3 3
= (30(5) +10(5)° - @] - [30(3) +10(3)* - @j = (400 - ?j -90
:_ﬂ_go(z _ﬁ) A1
3 3
320 . N :
T > 90 compares to distance before change of direction, (so the object does
return to its initial position) R1
[4 marks]

Total [13 marks]
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METHOD 1

a=>5 (A1)
attempt to use roots and symmetry to find % (M1)

-1 - —D=(-

h= ED+E) OR half the distance between the roots % =1 (may be
seen on a diagram)

h =-2 (accept x =-2) (A1)
[(x)=5(x—(-2))" =5(=5(x+2)* -5) A1
(a=5h=-2,k=-5)
METHOD 2

a=5 (A1)
attempt to expand

(x+1)(x+3) =x"+4x+3 OR 5(x+1)(x+3) =5x”+20x+15
EITHER
uses their expansion to attempt to complete the square to the form (M1)

p(x+q)* +r ,where q is half the coefficient of their x term

=(x+2)"=2743(=(x+2)"~1) OR 5[(x+2)2 =) +3}(: 5(x+2) -5) (A1)
OR
uses their expansion to attempt to differentiate and sets equal to zero (M1)
d—y=2x+4:0 OR Q:IO)HZO:O

dx dx

h=-2 (accept x=-2) (A1)
OR
uses their expansion to attempt to find axis of symmetry using 4 = ;— (M1)

a
h="20or n="2
2 10

h =-2 (accept x =-2) (A1)
THEN

f(x)=5(x—(-2))" =5(=5(x+2)* -5) A1
(a=5 h=-2,k=-5)

[4 marks]

continued...
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Question 8 continued.

(b)

15

y=/(x)
X
-3 1
(-2,-5)
M1A1A1A1
award M1 for a roughly symmetric curve which is concave up
award A1 for x intercepts at —3 and -1
award A1 for y intercept at 15
award A1 for vertex at (-2,-5)
[4 marks]
() 5(x+2)*-5<40 OR 5(x+1)(x+3)<40 OR (x+1)(x+3)<8leading to
(x+2)*<9 OR 5x*+20x-25<0 OR x*+4x-5<0 (A1)
valid attempt to find the critical values for their quadratic inequality (M1)
x+2=23 OR (x+5)(x—l) =0
x=-5x=1 (A1)
-5<x<1 A1
Note: Accept (x €)[-5,1] or equivalent.
[4 marks]

continued...
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Question 8 continued.

d) () (fog)x)=5(Inx+1)(Inx+3) OR 5(Inx+2)*-5 OR
5(Inx)* +20Inx+15

(i)  attempt to replace x with Inx using their solution to part (c)

-5<Inx<1

e <x<e

2225-7109M

A1

(mM1)

A1

Note: Accept (x€)[e™,e] or equivalent.

[3 marks]
Total [15 marks]



(b)

-19 - 2225-7109M

(i)  recognition that AB=2rand BC =2R (seen anywhere) (M1)
0059:2—R OR .2r = 2R (: 2R j A1

2r sin90° sin(90° - 6’) cosé
R=rcosb AG

(i) attempt to use Pythagoras, sine or the sine rule or cosine rule in triangle
ABC or similar (M1)
2r  h
sin90° siné

siné?:zi OR h*+(2R)* =(2r)'OR
r

h* =(2R) +(2r) —2x2Rx2rcos(6)

h=2rsind OR h=\/4r2—4r200529 A1
[4 marks]

area of one circle = R*
=mn(rcos 9)2 A1

curved surface area =2nRh

=2n(rcosd)(2rsin@) OR =2m(rcos 6’)\/4?2 —4r% cos’ 0 A1

Note:

these A7 marks can be awarded independently.

(c)

recognition that total surface area = area of two circles + curved surface area

=2nR* +27Rh (seen anywhere) m1

=212 cos® 0+ 4 sin@cos@ OR = 2777 cos? O + 21r cos O\ 4r* —4r% cos> 6

= 2nr2(1—sin2 6?)+47tr2 sin@cos @ A1
total surface area of the cylinder =27’ (1 +2sin@cosé —sin’ (9) AG
[4 marks]

attempt to equate external surface area of the sphere to 25

4y’ = 4nr’ (1 +2sinfcos @ —sin’ 9) or equivalent m1
2sinfcosd —sin’ 6 =0 A1
sin@ =0 R1
2cos@—sinfd =0 A1
tan@ =2 AG

[4 marks]

continued...
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Question 9 continued.

(d)

attempt to find volume of the cylinder in terms of »and @ (M1)

Volume of cylinder =R’k =n(rcos 0)2 (2rsin@) OR zr*cos’ O\ 41> —4r? cos’ @
OR 7z(rc0st9)2><4rc0s6? A1

attempt to use right angled triangle to find cos& and sin@ (M1)

1 2
VI +22 =45, cos@=——, sinf=——
5 J5

2 3
volume = 2w’ (Lj (ij OR 477r® [Lj A1
J5 5 "

= %nr3\/§ A1
4
T
[5 marks]

Total [17 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and marks
awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an attempt
to use an appropriate method (e.g. substitution into a formula) and A7 for using the correct values.
Where there are two or more A marks on the same line, they may be awarded independently; so if
the first value is incorrect, but the next two are correct, award AQA71A1T.

Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note makes
this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a uniform
approach to marking, with less examiner discretion. Although some candidates may be advantaged
for that specific question item, it is likely that these candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this situation,
award FT marks as appropriate but do not award the final A7 in the first part.

Examples:
Correct Further Any FT issues? Acti
i ction
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
2, 35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be

awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

If the error leads to an inappropriate value (e.g. probability greater than 1, sin@=1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

The markscheme may use the word “their” in a description, to indicate that candidates may be using
an incorrect value.

If the candidate’s answer to the initial question clearly contradicts information given in the question,
it is not appropriate to award any FT marks in the subsequent parts. This includes when candidates
fail to complete a “show that” question correctly, and then in subsequent parts use their incorrect
answer rather than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s), award
marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

¢ Ifthe question becomes much simpler because of the MR, then use discretion to award fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sind=1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy than
given in the question, this is NOT a misread and full marks may be scored in the subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

e Alternative  methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9 and
1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in brackets
immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all equivalent
notations/answers/methods will be presented in the markscheme and examiners are asked to apply
appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to final
answers: unless otherwise stated in the question all numerical answers must be given exactly or
correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and any

/2
values that lead to integers should be simplified; for example, TS should be written as % An

exception to this is simplifying fractions, where lowest form is not required (although the numerator

10 5
and the denominator must be integers); for example, Tmay be left in this form or written as 5

However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e>* xe™* should be simplified to 4e’*, and 4e¢™ xe’* —e* xe* should be simplified
to 3¢™*. Unless specified in the question, expressions do not need to be factorized, nor do factorized
expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.

If the layout of the responses makes it difficult to judge, examiners should apply appropriate discretion
to judge which is “first”.
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SECTION A

(a) attempt to differentiate (at least one correct term seen)
f(x)=3x" +10x
3+10

F(1)=13
(b) attempt to find f(l)

1+5-8 (:—2)

y+2:13(x—1) OR y=13x-15

recognises to integrate g'(x)

Ig'(x)dx OR j(cosx+ez")dx
g(x):sinx+%ezx (+C)
substitutes (0,7) into their integrated expression (must involve +C)

g(O)=O+%+C=7 =C=65

g(x)= sinx+%e“ +6.5

2225-7114M

(m1)

A1
[2 marks]

(m1)

A1

[2 marks]
Total [4 marks]

(mM1)

A1A1

(M1)

A1

[5 marks]
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(@) —2 (accept (0,—2)) A1
[1 mark]

3 .
(b) y= > (must be an equation) A1

‘ Note: Do not accept # sign. ‘

[1 mark]
(c) attempt to reflect the graph of f in the x-axis OR one correct value seen (M1)
3
both correct values _E and 2 (seen anywhere) A1
3

—~<y<g2 A1

) y
[3 marks]

Total [56 marks]



(a)

(b)

(c)

correct substitution in sine rule
sinfd sin26 .
= (or equivalent)

5 62

attempt to use double angle rule for sin264

sinf 2sinfcosd
5 672
1 2cos®

672sin@=10sinfcos® OR - OR equivalent
5 62

W2

cosfd =——

valid attempt to find sin @

2225-7114M

(A1)

(M1)

A1

AG

[3 marks]

(m1)

2
sin’® 49—{%} =1 ORright triangle with adjacent side and hypotenuse labelled

siné’zg

%xwixmxg:z\/ﬁ

pc-1
3

A1

[2 marks]

(A1)

A1

[2 marks]
Total [7 marks]



(a)

(b)

-10-

recognising A> 0 (seen anywhere)
A=k —4(15-k) (=k*+4k—60)

valid attempt to solve quadratic (in)equality

(k-6)(k10) or ¥ 4C0)

2

two correct values —10 and 6 (seen anywhere)
k<-10, £>6

recognising constant or product of roots is positive
15-k>0=> k<15
k<-10, 6<k<15

2225-7114M

(mM1)
A1

(M1)

A1

A1
[5 marks]

(M1)

A1
[2 marks]
Total [7 marks]
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(a) correct substitution into distance formula A1

2
P=xInx+4-x*+x> OR \/(x—0)2+(\/x21nx+4—x2—0) OR

\/xz+x21nx+4—x2

I=+x’Inx+4 AG

[1 mark]
. dl
(b) recognising a =0 (seen anywhere) (M1)
EITHER
attempt to use chain rule with / (M1)
1
l(lenx+4) 2><i(x21nx+4)
2 dx
o d/s
attempt to use product rule with a(x lnx+4) (M1)
1 2 _l 2 1
—(x lnx+4) 2x|x"x—+Inxx2x A1
2 X
OR
recognising to minimise lnx+4 (M1)
attempt to use product rule (M1)
x2><1+lnx><2x A1
X
THEN
x+2xInx=0 (or equivalent) A1
1
=>Ihx=——
2
_! 1
x=e 2 |=— A1
( JEJ

Note: Award A0 for including x =0 in the final answer.

[6 marks]
Total [7 marks]



(a)

12 —
Section B

recognise sum of probabilities is 1 (seen anywhere)
k+3k*+2k*+k*=1 OR ZP(X:x) =1

6k>+k—-1=0 OR 6k*+k=1

valid attempt to solve their quadratic =0

(3k-1)(2+1) OR k=" 12—(‘;§6)(-1)

k:l and k=—l
3 2

1
0<k<1 (so,disregard k= —5 )

Note: accept k>0 or k£ £ 0 or k is a probability.

Do not award R17 unless the previous mark has been awarded.

k=1
3

Z

1
ote: If a candidate uses & = 3 to verify that the probabilities sum to 1, award

M1AOMOAORO.

(b)

1-P(X=3a) OR P(X=0)+P(X=a)+P(X=2a)

1-k* (:1_1j OR 5k*+k (=§+1j OR
9 9 3

P(X<3a)=§

2225-7114M

(m1)

A1
(mM1)

A1

R1

AG

[5 marks]

(M1)

A1

[2 marks]

continued...
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Question 7 continued.

(c)

(d)

valid attempt to identify the correct required outcomes (M1)

P(X >anX <3a)

P(X <30) OR P(a< X <3a) OR P(X=a)+P(X=24) OR

X=aand 2a OR P(X <3a)-P(X <a)

8 1 5
correct numerator  3k* + 2k’ (: Skz) OR>+20R S—2[=2 (A1)
9 9 9 30 9
>
9
8
9
5
1)()(2a|)(<3a):g A1
[3 marks]
attempt to use the expected value formula (M1)
O><l+a><l+2a><z+3a><l (:20)
3 3 9 9
10a :
7220 OR 3a+4a+3a =180 (or equivalent) A1
a=18 A1
[3 marks]

Total [13 marks]
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() amplitude is %=36 OR 8=acos(bx0)+44

a=-36

ote: If no working shown, award A1A0 for a =36.

(ii) %:12 (accept?zlz) OR 80z—36cos(6b)+44

b :% (do not accept 30)

(6, 80)

2225-7114M

(A1)

A1

(M1)

A1

[4 marks]

A1A1

Note: Award A1 for maximum at (6,80).

For an approximately correct sinusoidal shape,

award A1 for correct end points (accept y-intercept labelled as 8).

Accept coordinate values clearly aligned and labelled on the axes.

[2 marks]

continued...



15—

Question 8 continued.

(c) equating their —36cos (%tj +44>26

‘ Note: Accept working with = or > sign.

cos (EIJ < l
6 2
5w

T=Z oR Z4=2% (accept 30t =60 or 30t =300 )
6 3 6 3

t=20R =10
valid attempt to find interval
12-2x2 OR 10-2

T =8 (minutes)

Note: If their values from part (a) result in a single solution for ¢ only, award

M1A1FTA1FTMOAOQ as appropriate.

(d) (i) attempt to differentiate using chain rule

h'(t)=-36x—sin (Etj x X (: 67sin (Etn
6 6 6

2225-7114M

(M1)

(A1)

A1
(mM1)

A1

[5 marks]

(mM1)

continued...
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Question 8 continued.

(ii)

METHOD 1

sketch of their /' (with their minimum point labelled)

h'(1)
o1
: !
3 6 9 12
_67-[ i
(9, —6m)
t=9
METHOD 2

attempt to find and solve their A"(¢)=0

h”(t):—36x—cos(£tjx£x£ :nzcos(ﬁt) =0
6 6 6 6

t=3,t=9
t=9

METHOD 3

L - : 3 :
recognising (minimum value of sine —1) occurs at 1 of revolution
%t = 37” (accept 30t =270)

t=9

2225-7114M

(mM1)

A1

(M1)

A1

(m1)

A1

[4 marks]
Total [15 marks]
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(@) 4°=8 OR f'(x)=log,x OR f'(8)=log,8 (A1)
attempt to use indices with same base OR change of base of logs (M1)
3 3 _ log, 8
27 =2° 4°=42 OR f'(8)=log,4> OR f(8)=—2"
log, 4
0 3
f(8)== A1
2
[3 marks]
(b) (i) interchanging x and y (seen anywhere) (M1)
x=1+log,y orR y—-1=log,x
x—1=log,y OR 2" =x
-1 x—1 .
g7 (x)=2"" (or equivalent) A1
(i)  METHOD 1
a horizontal translation/shift by 1 unit to the left (do not accept ‘move’)
1
followed by a horizontal stretch/dilation with scale factor E (accept horizontal
compression by a factor of 2)
one correct transformation A1
two correct transformations in the correct order A1
METHOD 2
1
horizontal stretch/dilation with scale factor E (accept horizontal compression A1
by a factor of 2)
vertical stretch/dilation with scale factor 2 A1
Note: A7s can be awarded independently here as order is not important. ‘
[4 marks]

continued...
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Question 9 continued.

(c) attempt to find composite function (in any order) M1

Lf(1+log2x)(::4um&x)

4X410g2x OR 4X22log2x OR 410g22x OR 2(2+210g2x) OR 4(log44+2log4x) (A1)
_4x2m" OR 2°60T or 4] A1
[3 marks]
, 1 (2x=1)(2x+1)+1
d [ 2x—1+ = A1
@ 0 * 2x+1 2x+1 (A7)
2
_ 4x°—1+1 A1
2x+1
2
2x—1+  §~ AG
2x+1 2x+1
‘ Note: Accept working from RHS to LHS.
(i) METHOD 1
3 1
enclosed area is J. [2x—1+ jdx
1 2x+1
attempt to integrate (at least one correct term or ln(2x+1) seen) (M1)
zxz—x+%ln|2x+l|(+c) A1A1
1
Note: Award A1 for x° —x and A1 for Eln|2x+1|.
1
Accept Eln(2x+1).
substitute correct limits into their integrated expression and subtract (M1)
1 1
=19-3+—In7|-|1-1+—=1In3
2 2
A= 6+llnZ A1
2 3

continued. ..
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Question 9 continued.

METHOD 2

attempt to use integration by substitution (M1)

let u=2x+1 OR usz—l:%zz

2
:lj w2+t du Ole(“_l) du ORlI wi—tau A1
2 u 2 u 2 u+?2

correct integration

zluz—u+lln|u|(+c) OR luz-l-lln|u-|-2|(+c) A1
4 2 4 2
substitution of their limits into their integrated expression and subtract (M1)
= £—7+lln7 > 2—3+lln3 OR E+lln7 N l+lln3
4 2 4 2 4 2 4 2
1, 7 :

A:6+Eln§ (or equivalent) A1

[7 marks]

Total [17 marks]
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Instructions to Examiners

Abbreviations

M Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and marks
awarded according to the markscheme.

It is generally not possible to award MO followed by Al, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an attempt
to use an appropriate method (e.g. substitution into a formula) and A1 for using the correct values.
Where there are two or more A marks on the same line, they may be awarded independently; so if
the first value is incorrect, but the next two are correct, award AOA1AL.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note makes
this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a uniform
approach to marking, with less examiner discretion. Although some candidates may be advantaged
for that specific question item, it is likely that these candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this situation,
award FT marks as appropriate but do not award the final Al in the first part.

Examples:
Correct Further Any FT issues? Acti
. ction
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. (condone the incorrect further
decimal value) working)
2. 35 0.468111... Yes. Award AO for the final mark
- (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be

awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

If the error leads to an inappropriate value (e.g. probability greater than 1, sin@=1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

The markscheme may use the word “their” in a description, to indicate that candidates may be using
an incorrect value.

If the candidate’s answer to the initial question clearly contradicts information given in the question,
it is not appropriate to award any FT marks in the subsequent parts. This includes when candidates
fail to complete a “show that” question correctly, and then in subsequent parts use their incorrect
answer rather than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s), award
marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

e If the question becomes much simpler because of the MR, then use discretion to award fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sind=1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy than
given in the question, this is NOT a misread and full marks may be scored in the subsequent part.

¢ MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.
e Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for example 1.9 and
1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in brackets
immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all equivalent
notations/answers/methods will be presented in the markscheme and examiners are asked to apply
appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to final
answers: unless otherwise stated in the question all numerical answers must be given exactly or
correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and any

’25
values that lead to integers should be simplified; for example, 7 should be written as g An

exception to this is simplifying fractions, where lowest form is not required (although the numerator

and the denominator must be integers); for example, %may be left in this form or written as g :

10 4 e .
However, — should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe* should be simplified to 4e°*, and 4e** xe* —e** xe* should be simplified
to 3e**. Unless specified in the question, expressions do not need to be factorized, nor do factorized
expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.

If the layout of the responses makes it difficult to judge, examiners should apply appropriate discretion
to judge which is “first”.



@)

(b)

@)

(b)
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Section A

68 OR 74
74—-68
=6

recognizing 25% of golfers scored between 70 and 74
25%x80 OR 60-40
=20

2225-7119M

(A1)

Al

[2 marks]

(M1)

Al
[2 marks]
Total [4 marks]

correct application of log, xy =log, x+log, y or log, X" =mlog, x (M1)
correct expression in terms of log,; 2 AND log,,3 (arguments must be 2 and 3) (A1)
3log,, 2+log,,3 OR log,,2+log,, 2+log,, 2+l0g,,3
3p+q Al
[3 marks]
I I 2
(|0938=) 09108 — 3 Oglo (Al)
IoglO 3 IoglO 3
= 3_p Al
q
[2 marks]

Total [5 marks]
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(@ f(3)=-1 Al
[1 mark]
(b) —-3<x<5 Al

Note: Award A1 for answers using interval notation [-3, 5] .

[1 mark]

© (f*(2x-7)=-3=)2x-7=1f(-3) OR f*(-1)=-3 (M1)
2x—-7=-1 (A1)

X=3 Al

[3 marks]

Total [5 marks]
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(such as moving terms from one side to the other).

Note: Award a maximum of MLAOAO if the candidate manipulates both sides of the equation

METHOD 1

recognizing difference of two squares
(cos* x—sin*x =) (cos’ x)2 ~(sin? x)2
(cos® x+sin® x)(cos” x—sin® x)
1xcos2x

cos* x —sin* x = cos 2x

Note: Award a maximum of M1A1AOQ if cos® X +sin® X =1 not seen.

METHOD 2

expressing cos* xas (€08 x)
oost x-sin x= (e )" sin‘
(1-sin® )" —sin‘ x

1-2sin’ X

cos* x—sin* x = cos 2x

METHOD 3

expressing sin‘ xas (sin’ x)’
eos—sin ) st x—(ain
cos* x—(1-cos? x)’

~1+2c0s X

cos* x —sin* x = cos 2x

(M1)

Al

Al
AG

(M1)

Al

Al
AG

(M1)

Al

Al
AG

[3 marks]

continued...
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Question 4 continued

(b) j(cos“ x—sin® x) dx :Icos 2x dx

EITHER
attempt to integrate C0S2X by inspection

. . 1 .
Note: A valid attempt must include 3 and/or SIn2x.

OR

u=2x:>d—u:2
dx

_[cost dx :lfcosu du
2
THEN

= %sin 2X+C (mustinclude+c)

1. ,
Note: Award (M1)A1 for Esm 2x as afinal answer.

2225-7119M

(M1)

(M1)

A2

[3 marks]
Total [6 marks]
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(b)

-11- 2225-7119M

equating Y=mx—3 and y=x*-x-1 M1
x> —Xx—1-(mx-3)=0 OR X*—mx—x+2=0 Al
x> —(M+1)x+2=0 AG

[2 marks]

METHOD 1 (discriminant)
correct substitution into discriminant (do not award if seen only in quadratic formula) (A1)

(-(M+1))° -41)(2) OR (M+1)*-4(1)(2)

discriminant equals 0 (seen anywhere) Al
(m+1)>=8 OR M*+2m-7=0 Al
(m=) —1-22, —1+2{2 A1A1

METHOD 2 (derivative)

W o1 Al
dx

T m+1
substituting m=2x—-1 or X= > into AG from part (a) (A1)

2
X* —(2x-1+1)x+2=0 OR x*-2x*+2=0 OR [mTHj —(m+1)mT+1+2=0

x=+J2 OR —m?—2m+7=0 OR m?+2m—7=0 Al
(m=) 242-1, —242-1 A1A1
[5 marks]

Total [7 marks]
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(b)

(©)
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recognizing constant change from Y to X and/or comparing the two distributions
b-7 22-19

b-7=22-19 OR b=7+(22-19) OR — = (M1)
a a

b=10 Al
[2 marks]

(P(7T-a<X <7+a)=) 0.68 Al

[1 mark]

EITHER

recognizing that 22 is one standard deviation above the mean (M1)

OR

recognizing symmetry of the normal curve and total area =1 (M1)

THEN

0.16 or 0.34 (or equivalent) seen in correct sketch or probability statement (A1)

(P(r <22)-)1-222 OR 05+0.34 OR 0.68+0.16

0.84 Al
[3 marks]

Total [6 marks]
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Section B
60 .
(@ 4xx2y=60 OR Xyzg(:7.5) (or equivalent)

15
2X

(b) (T =)10y+12x

1O(Ej+lzx
2X

Note: Award a maximum of (A1)AOFT if their answer to part (a) is incorrect.

T :12X+E

(©) (d—szlZ—l? (=12-75x7%)

dx X

Note: Award A1l for each correct term.

2225-7119M

(A1)

Al

[2 marks]

(A1)

Al

AG

[2 marks]

AlAl

[2 marks]

continued...
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Question 7 continued

75

() 0] 12_F:0 Al
k? :§ OR k :ig (or equivalent) (A1)
k=2 Al

2
(i)  substituting their value of k into T (M1)
(T =) 60 (m) Al
(i)  substituting their value of k into their y or into their length equation (M1)
y:i OR 12 S +10y =60 (or equivalent)
B
21 =
2
(y=)3(m) Al

[7 marks]

continued...
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Question 7 continued

d°T j@

@ () [d?_ ; (=150x°) Al

(i) METHOD 1 (using second derivative)

(local) minimum since ios >0 (% >0) (curve is concave up) R1

5

2

Note: Award RO if candidate does not substitute their numerical values.

d’T
Award R1FT on their d_2 and their positive value of K .
X

METHOD 2 (using first derivative from part (c))

(local) minimum since the derivative is negative for a value of X < E , and positive

5
for a value of x> E ) R1

Note: Award RO if candidate does not substitute their numerical values.

dT
Award R1FT on their d_ and their positive value of k .
X

[2 marks]
Total [15 marks]
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(i)

(ii)
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METHOD 1
attempt to equate differences of consecutive terms (M1)
(3—2k)—(k—5) = (5k +3)— (3—2k) OR (k—5)—(3—2k) = (3—2k) —(5k +3) Al
8-3k =7k
4
k=) = Al
(k=) c
METHOD 2 (system of equations)
TWO correct equations involving k and d Al
k—-5+d=3-2k OR 3-2k+d=5k+3 OR k—5+2d =5k+3
OR g(z(k—5)+2d)= k—5+3—2k+5k +3 (or equivalent)
valid attempt to solve their system of equations using substitution or elimination  (M1)
(d =5.6)
4
k=) — Al
(k=) c
METHOD 3 (in terms of k)
g(k—5+5k+3):k—5+3—2k+5k+30yeqmvmem) Al
combining like terms (M1)
9%k -3=4k+1 OR 5k =4 (or equivalent)
4
k=) — Al
(k=) c
METHOD 4 (arithmetic mean)
attempt to find mean of u, and u, (M1)
(k—5)+(5k+3):3_2k Al
2
3k-1=3-2k
4
k=) — Al
(k=) c
substituting their value of k into expression for u, (A1)
4
(U3 :) 5Xg+3
-7 Al
[5 marks]

continued...
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Question 8 continued

(b) (i) substituting k =12 into u,, u, or u, (M1)
(u;=) 7 AND (u, =) —21 AND (u, =) 63 (A1)
(r:)_—21=E (=-3) OR (-21)’=7x63 OR r=-3 R1

7 21
u,, U, and u, are in geometric sequence AG
(i) since |r|>1 R1
hence not convergent AG
[4 marks]

() (i) attempts to find ratios, in terms of k , of consecutive terms and equating (M1)

(3-2k) _ (5k+3) OR (3—2k)* = (k —5)(5k +3) (or equivalent)

(k-5 (3—2k)
912k +4k* =5k* —22k 15 Al
Note: Award Al for correct expansion of all brackets leading to given result.

k?—10k —24=0 AG
(i)  recognizing need to factorize, complete the square or substitute into quadratic

formula (M1)

+

(k+2)(k-12) (=0) OR (k —5)* 49 (=0) OR k :m—T V196

k=-2 (accept k=—2and k=12) Al

substituting their value of k (other than k =12) to find u,, u, or u, (M1)

(uy=) =7 AND (u,=) 7 AND (u, =) =7 Al
(i) (S,,=) 0 Al

[7 marks]

Total [16 marks]
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(i)  recognizing need to factorise, complete the square or substitute into quadratic

formula -
4+/(-4)° - 4x(-1)x5
B+x)0X)OR 9_(x+2y Or HEVEA —4x(D)x
2x(-1)
o Al
(i) sign diagram or sketch of y =5-4x—x? with -5 and 1 indicated "
-5<x<1 .

Note: Award A1l for answers using interval notation (-5, 1).

(b)

(©)

[4 marks]
0 (a=)-5 Al
(i) (b=)1 Al
[2 marks]
(log, (5-4x-Xx*) =0=>)5-4x—x" =1 (A1)
X*+4x—4=0 OR 4—-4x—x*=0
attempting to solve their quadratic equation set to 0 (M1)
—4+.,/4* —4x1x(-4
X = \/ (4) OR (x+2)*-8 (=0) Al
2x1
x=-2+22 Al
[4 marks]

continued...
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Question 9 continued

(d)

EITHER
recognizing that maximum of f is when 5—4x—x* is a maximum or when f’(x):O (M1)

o b —4-2X
substituting into x=—— OR —-4-2x=0 OR > =
2a (5-4x-x*)Ink
OR
use of symmetry to find x-coordinate of maximum (M1)
a+b OR Xo sum of their answers to (c)
2 2
THEN
X =-2 (seen anywhere) Al
maximum of quadratic is 9 OR argument of logarithm is 9 (A1)
log, (9)=2 OR log, (9) =log, (k?) OR k*=5-4(-2)—(-2)" (or equivalent) Al
valid approach to solve (M1)
k?’=9 OR k=43
k=3 Al

[6 marks]
Total [16 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and marks
awarded according to the markscheme.

It is generally not possible to award MO0 followed by A7, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an attempt
to use an appropriate method (e.g. substitution into a formula) and A7 for using the correct values.
Where there are two or more A marks on the same line, they may be awarded independently; so if
the first value is incorrect, but the next two are correct, award AOA7A1T.

Where the markscheme specifies A3, M2 etfc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note makes
this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a uniform
approach to marking, with less examiner discretion. Although some candidates may be advantaged
for that specific question item, it is likely that these candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this situation,
award FT marks as appropriate but do not award the final A7 in the first part.

Examples:
Correct Further Any FT issues? Acti
i ction
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
2. 35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

o If the question becomes much simpler because of an error then use discretion to award fewer

FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be using
an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the question,
it is not appropriate to award any FT marks in the subsequent parts. This includes when candidates
fail to complete a “show that” question correctly, and then in subsequent parts use their incorrect
answer rather than the given value.

o Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s), award
marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

¢ If the question becomes much simpler because of the MR, then use discretion to award fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy than
given in the question, this is NOT a misread and full marks may be scored in the subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9 and
1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in brackets
immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all equivalent
notations/answers/methods will be presented in the markscheme and examiners are asked to apply
appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to final
answers: unless otherwise stated in the question all numerical answers must be given exactly or
correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and any

f2 5
values that lead to integers should be simplified; for example, TS should be written as E An

exception to this is simplifying fractions, where lowest form is not required (although the numerator

10 5
and the denominator must be integers); for example, Tmay be left in this form or written as E .

1
However, ?0 should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e’* xe** should be simplified to 4¢’*, and 4e”* xe’* —e** xe* should be simplified
to 3e™*. Unless specified in the question, expressions do not need to be factorized, nor do factorized
expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.

Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.

If the layout of the responses makes it difficult to judge, examiners should apply appropriate discretion
to judge which is “first”.
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Section A
(@ @) 27 A1
(i) 30 A1
(i) 35 A1
[3 marks]
(b) O =31and Q,=46 (A1)
attempt to subtract their upper and lower quartiles (M1)

Note: Award M1 only for correct values, or for values clearly indicated as candidate’s O, and

0.

46-31
IQR =15 A1

[3 marks]
[Total: 6 marks]
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(@) —=r’(d)=6 OR %r2(0.75)=6 (A1)

attempt to solve their equation to find » or »* (M1)

Note: To award the M1, candidate’s equation must include »* and 8 =1.5, and they
must isolate »* or r.

=16

r=4 (cm) A1
[3 marks]

(b) evidence of summing the two radii and the arc length (M1)

perimeter =2r+rf

=8+4(0.75)

=11 (cm) A1
[2 marks]

Total [5 marks]



(a)

(b)

—9-—

use of P(4UB)=P(4)+P(B)-P(4NB)
P(ANB)=0.45+0.65-0.8 (or equivalent)
=0.3

P(A4'nB')=0.2 (may be seen in Venn diagram)

. i . P(A’ﬁB')
attempt to substitute their values into P(A' | B'): P(B’)
0.2
P(A'|B')=——
( | ) 0.35

_E(_ij
35007

8824 —7104M

(m1)
(A1)

A1
[3 marks]

(A1)

(m1)

A1

[3 marks]
Total [6 marks]
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4, METHOD 1
attempt to expand (2n+5)2 —(2n—5)2 m1

Note: Award MO for invalid attempts such as (27 +5)2 =4n* +25.

=4n” +20n+25—(4n =201 +25) or equivalent A1

=40n OR 20n+20n A1
40 40n .

:10(411) OR 5:4 OR Tlen OR 20n+20n:10(2n+2n) (or equivalent) R1

so is a multiple of 10 AG

Note: Do not award the R17 unless both A marks have been awarded.

METHOD 2
use of @’ —b’ =(a+b)(a—b)where a=2n+5,b=2n-5 m1
=(2n+5+2n-5)(2n+5-2n+5) A1A1

Note: Award A1 for each correct bracket.

=4nx10 (=40n) R1

so is a multiple of 10 AG

Note: Do not award the R7 unless both A marks have been awarded.

[4 marks]
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attempt to substitute into cosine rule (M1)
3°+10° -8
(cos20:)m OR 8’ =3’ +10> -2x3x10xcos 26
45( 3
cos20=)—|=— A1
( )60( 4j (A1)
attempt to use cos26 =2cos’ 01 (M1)
1+ﬁ 1+é
cos’g=—2"00 | __ 4
2 2
5 105( 7
cos O=——|=— A1
120\ 8
105 i/
cosl=(x),[— | =.]— A1
( ) 120 { SJ (A7)
7
02
14
:_J4_‘ (p=14,9=4) AT

‘ Note: The final answer must be positive. ‘

[6 marks]
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attempt to use u, =u, +(n—1)d or S, =§[2”1 +(n—1)d] or S, :g[ul +u,]to set up at least

one equation in u, and d (M1)
25

14=u,+9d and 2OO=7[2u1+24d] A1
attempt to solve their two linear equations in i, and d simultaneously (must eliminate one

variable) (M1)
d:—2(:u1:32) (A1)
attempt to solve u, =0 with their d (or with their d and u,) (M1)
=>k=17 A1

[6 marks]
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Section B
7. (@) f(x)=-2x+12 (accept y=-2x+12,accept m=-2 and c=12) A1A1
Note: Award A1 for correct gradient, A1 for correct y-intercept
[2 marks]
(b) METHOD 1 Axis of Symmetry
axis of symmetry is —2+6 (=2) (A1)
. —=b L
equating e to their axis of symmetry (M1)
a

—b_,
-2
b=4 A1
METHOD 2 substitution
attempt to substitute (-2,0) or (6,0) into g (M1)
—(=2)* =2b+12=00r —(6)> +6h+12=0 (A1)
b=4 A1
METHOD 3 factored form
attempt to write g in factored form (M1)
g(x)=(x+2)(6-x)
—x>+4x+12 (A1)
b=4 A1
METHOD 4 quadratic formula
attempt to substitute into quadratic formula and set equal to -2 or 6 (M1)

(A1)

—b+.[b*—4(-1)(12 —b+.b*—4(-1)(12
o hEP A0 o b -4(-1)(12)
2(-1) 2(-1)
b*—24b+144=b>+48 OR b’ +8b+16=>b"+48 (or equivalent, must not contain
radical)
b=4

A1
[3 marks]

continued...
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Question 7 continued

(c)

(d)

(e)

recognizing to subtract g — f* (in correct order) (M1)
[[(~ +4x+12)~ (-2x +12) dx A1
0
60 2
IO (—x + 6x)dx AG
[2 marks]
attempt to integrate (M1)
—%x3+3x2 (+C) A1
attempt to substitute limits into their integrated function and find difference (M1)
1 3 2 1 3 2
——6"4+3:6" |-| —-0"+3-0
3 3
36 A1
[4 marks]
g'(x)=-2x+4 A1
attempt to equate their derivative of g to their gradient of f (M1)
—2x+4=-2 A1
x=3 A1
y=15 A1
[5 marks]

Total [16 marks]



(a)

(b)

(c)

15—

(i)  substitution of x=2 in part (i) or x =% in part (ii)

log, (8% 2) OR log, (16)

log, (16) =4
W s[5

swap x and y
x=log,(8y)OR x=3+log, y
attempt to write as exponential

2" =8y

(7 (x) :)% (=2°) Laccept e % o yzzu}

oo | —

8824 —7104M

(mM1)

A1

A1

[3 marks]

(M1)

(mM1)
(A7)

A1

[4 marks]

A1

[1 mark]

continued...
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Question 8 continued

(d) METHOD 1
f(4x2) =log,(8x 4x2)

attempt to use addition rule for logs (M1)
log, 8+1log, 4+1log, x*OR log, 32 +log, x> (or equivalent) (A1)
attempt to use exponent property for logarithms (M1)
f(4x*)=5+2log, x (or equivalent) A1
the graph of g must be vertically stretched (dilated) by a scale factor of 2 and then
vertically translated (shifted) 5 units upwards. A2
METHOD 2
f(4x*)=log,(8x4x%)
attempt to write argument as a power (M1)
2
log, (32x2) =log, ((\/32)6) ) (or equivalent) (A1)
attempt to use exponent property for logarithms (M1)
f(4x*)=2log, (\/3_2)6) (or equivalent) A1
EITHER
the graph of g must be vertically stretched (dilated) by a scale factor of 2 and stretched
(dilated) horizontally by a scale factor of L A1
V32
OR
the graph of g must be stretched (dilated) horizontally by a scale factor of % and
32
vertically stretched (dilated) by a scale factor of 2. A1
Note: In this method, the final mark is A1, as the question specifically asks for a translation

and a stretch.

[6 marks]

[Total: 14 marks]




(a)

(b)

(c)

17—

outer curved surface area is 271(4r)h AND inner curved surface area is 27rh

area of each base (top and bottom) is 7z(4r)2 —r’
§=2| 7 (4r) = |+ 27 (4r) - 277

=307r* +107rh

307 + 107wk = 2407

attempt to solve their equation for / or 7/ in terms of r (mustisolate /& or 7h)

a2 3,2 2403077
e 240-30r"( _24-3r" \op yp= —r(: 24—3r2) (or equivalent)
107 r 10

uses volume = large cylinder — small cylinder

V= 7z(4r)2 h—rnrh (: 167r*h—r*h = 157rr2h)

attempt to substitute in for / or rh

u 2 _ 2
V:lSﬂr2(24 3% j OR V=15zr(%J(=15m(24—3r2)) OR

7

3847r —487r’ —247r + 371

=3607zr — 4571

d—V =360m—135m2

dr

8824 —7104M

(A1)
(A1)
A1

AG
[3 marks]

(m1)

A1

(m1)
A1

(m1)

A1

AG

[6 marks]

A1A1

[2 marks]

continued...
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Question 9 continued

(d)

METHOD 1 (working with r)

recognition that (for a maximum) ((11_V =0
r

3607 —1357r =0

o _360(_8

135\ 3

/360 8
= — | = —

135 3
p=2 OR rzz\E

2
METHOD 2 (working with p\/; )

recognition that (for a maximum) d—V =0

dr
2
2
3607[—1357{p\/;] =0

360-90p> =0

8824 —7104M

m1

A1

A1

m1

A1

A1

[3 marks]

continued...
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Question 9 continued

(e) attempt to substitute their value of » into V' =360nr — 451

3
V =3601x 2\/2— 45nx(2\/§J
3 3
360m x 2\/§—45n x 8 xgx \/2 = 7207:\/§—240n\/z
3 3 3 3 3
= 4807:\/g
3

(¢=480)

8824 —7104M

m1

(A1)

A1

[3 marks]
Total [17 marks]
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Instructions to Examiners

Abbreviations

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding ¥
marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous
parts, for their correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be
checked, and marks awarded according to the markscheme.

It is generally not possible to award MO followed by A7, as A mark(s) depend on
the preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means
M1 for an attempt to use an appropriate method (e.g. substitution into a formula)
and A1 for using the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
AO0A1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there
is a note.

The response to a “show that” question does not need to restate the AG line,
unless a Note makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further
working even if this working is incorrect and/or suggests a misunderstanding of the
question. This will encourage a uniform approach to marking, with less examiner
discretion. Although some candidates may be advantaged for that specific question
item, it is likely that these candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working
is used in a subsequent part. For example, when a correct exact value is followed
by an incorrect decimal approximation in the first part and this approximation is then
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used in the second part. In this situation, award FT marks as appropriate but do not
award the final A7 in the first part.

Examples:
i ?
Correct Further Any FT issues? .
answer - Action
working seen
seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in|  (condone the incorrect further
decimal value) | question. working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in| (and full FT is available in
72 decimal value) | subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work
is seen or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of
a question is used correctly in subsequent part(s) (e.g. incorrect value from part (a)
used in part (d) or incorrect value from part (c)(i) used in part (c)(ii)). Usually, to
award FT marks, there must be working present and not just a final answer based
on an incorrect answer to a previous part. However, if all the marks awarded in a
subsequent part are for the answer or are implied, then FT marks should be awarded
for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent
parts, where the markscheme for the subsequent part is (M1)A1, it is possible to
award full marks for their correct answer, without working being seen. For longer
questions where all but the answer marks are implied this rule applies but may be
overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded
for work which uses the error, but M marks may be awarded if appropriate.

e If the question becomes much simpler because of an error then use discretion to
award fewer FT marks, by reflecting on what each mark is for and how that maps
to the simplified version.

e If the error leads to an inappropriate value (e.g. probability greater than 1,
sin@ =1.5, non-integer value where integer required), do not award the mark(s) for
the final answer(s).
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The markscheme may use the word “their” in a description, to indicate that
candidates may be using an incorrect value.

If the candidate’s answer to the initial question clearly contradicts information
given in the question, it is not appropriate to award any FT marks in the
subsequent parts. This includes when candidates fail to complete a “show that”
question correctly, and then in subsequent parts use their incorrect answer rather
than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to
subsequent part(s), award marks as appropriate, unless the command term was
“‘Hence”.

Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-
read (MR). A candidate should be penalized only once for a particular misread. Use
the MR stamp to indicate that this has been a misread and do not award the first
mark, even if this is an M mark, but award all others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to
award fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sind=1.5
, non-integer value where integer required), do not award the mark(s) for the
final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.

If a candidate uses a correct answer, to a “show that” question, to a higher degree
of accuracy than given in the question, this is NOT a misread and full marks may
be scored in the subsequent part.

MR can only be applied when work is seen. For calculator questions with no
working and incorrect answers, examiners should not infer that values were read
incorrectly.
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Alternative methods

Candidates will sometimes use methods other than those in the markscheme.
Unless the question specifies a method, other correct methods should be marked in
line with the markscheme. If the command term is ‘Hence’ and not ‘Hence or
otherwise’ then alternative methods are not permitted unless covered by a note in the
mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for
example 1.9 and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks
and intermediate A marks can be scored, when presented using calculator
notation, provided the evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be
written in brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets.
Not all equivalent notations/answers/methods will be presented in the
markscheme and examiners are asked to apply appropriate discretion to judge if
the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the
answer to the required accuracy. If the level of accuracy is not stated in the question,
the general rule applies to final answers: unless otherwise stated in the question all
numerical answers must be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the
exact value, however candidates may also use the correct answer to 3 sf in
subsequent parts. The markscheme will often explicitly include the subsequent
values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed,

and any values that lead to integers should be simplified; for example, ‘/2745 should be
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written as —. An exception to this is simplifying fractions, where lowest form is not required
2
. , 10
(although the numerator and the denominator must be integers); for example, Tmay be left

1
in this form or written as % However, ?O should be written as 2, as it simplifies to an

integer.

Algebraic expressions should be simplified by completing any operations such as addition
and multiplication, e.g. 4e** xe** should be simplified to 4e’, and 4e** xe’* —e** xe* should
be simplified to 3e’*. Unless specified in the question, expressions do not need to be
factorized, nor do factorized expressions need to be expanded, so x(x+1) and x*+x are
both acceptable.

Please note: intermediate A marks do NOT need to be simplified.

Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and
will result in no grade awarded. If you see work that suggests a candidate has used
any calculator, please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: |If a candidate has drawn a line through work on their
examination script, or in some other way crossed out their work, do not award any
marks for that work unless an explicit note from the candidate indicates that they
would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to
the same question, an examiner should only mark the first response unless the
candidate indicates otherwise. If the layout of the responses makes it difficult to
judge, examiners should apply appropriate discretion to judge which is “first”.
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SECTION A
(@ (@) 22 A1
(i) 20 A1
(i) 30 A1
[3 marks]
(b) Q=26 and O, =38 (A1)
attempt to subtract their upper and lower quartiles (M1)
Note: Award M1 only for correct values, or for values clearly indicated as candidate’s
Q1 and Q3.
38-26
IQR =12 A1
[3 marks]

[Total: 6 marks]

(a) %r29=48 OR %%(1.5):48 (A1)

attempt to solve their equation to find » or »? (M1)

Note: To award the M1, candidate’s equation must include > and @ =1.5, and they
must attempt to isolate »* or r.

=64

r=_8 (cm) A1
[3 marks]

(b) evidence of summing the two radii and the arc length (M1)

perimeter =2r +rf

=16+ 8(1.5)

=28 (cm) A1
[2 marks]

Total [5 marks]




(a)

(b)

use of P(4UB)=P(4)+P(B)-P(4NB)
P(ANB)=0.65+0.45-0.85 (or equivalent)
=0.25

P(A'nB')=0.15 (may be seen in Venn diagram)

attempt to substitute their values into P(4'| B') =

t5(2)
550 11

8824 -7109M

(mM1)
(A1)

A1
[3 marks]

(A1)

(mM1)

A1

[3 marks]
Total [6 marks]
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4. METHOD 1

attempt to expand (3n+2)2 —(3n—2)2 M1

Note: Award MO for invalid attempts such as (3n +2)2 =9n° +4.

=9’ +12n+4—(9n2 —12n+4) or equivalent A1
=24n OR 12n+12n A1
=12(2n) OR %:2 OR 247”=12n OR 12n+12n=12(n+n) (or equivalent)

R1

so is a multiple of 12 AG

Note: Do not award the R71 unless both A marks have been awarded.

METHOD 2
use of az—bzz(a+b)(a—b)where a=3n+2,b=3n-2 m1

=(3n+2+3n-2)(3n+2-3n+2)

=6nx4 A1
=24n A1
=12(2n) OR 214—2n=2n OR 247”=12nOR 12n+12n=12(n+n) (or equivalent)

R1
so is a multiple of 12 AG

Note: Do not award the R71 unless both A marks have been awarded.

[4 marks]
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5.  attempt to substitute into cosine rule (M1)
2,2 g2
(005219:)m OR 5* =4*+ 6> —2x4x6xco0s 260
2x4x6
27 9
cos20 =) —| =— A1
( )48[ 16} (A1)
attempt to use cos26 =2cos’ -1 (M1)
1+£ 1+2
cos’=—8 16
2 2
cos? =12 [zéj A1
6 3
75 25 5
cosfd=(1),|— |=./]—~=—=—— A1
CNe ( RN (A1)
5
W2
542

Note: The final answer must be positive.

[6 marks]
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attempt to use u, =u, +(n—1)d or S, :g[Zul +(n-1)d] or S, =§[u1 +u,]to set up at least one

equation in u, and & (M1)
25

16 =u, +9d and 10027[2u1+24d] (A1)
attempt to solve their two linear equations in u, and & simultaneously (must eliminate one
variable) (M1)
d=-4(=u, =52) A1
attempt to solve u, =0 with their d (or with their d and u,) (M1)
=>k=14 A1

[6 marks]
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SECTIONB

7. (a) f(x)=-2x+8 (accept y=—-2x+8,accept m=-2 and ¢ =8) A1A1

Note: Award A1 for correct gradient, A1 for correct y-intercept

[2 marks]
(b) METHOD 1 Axis of Symmetry

axis of symmetry is —2+4 (=1) (A1)

. —=b L
equating 3 to their axis of symmetry (M1)

a

b _,
-2
b=2 A1
METHOD 2 substitution
attempt to substitute (-2,0) or (4,0) into g (M1)
—~(=2)*-2b+8=00r —(4)’ +4b+8=0 (A1)
b=2 A1
METHOD 3 factored form
attempt to write g in factored form (M1)
g(x) = (x+2)(4-x)
—x* +2x+8 (A1)
b=2 A1

METHOD 4 quadratic formula

attempt to substitute into quadratic formula and set equal to -2 or 4 (M1)

4=—bi,/b2—4(—1)(8) o 2=—bi1/b2—4(—1)(8)

R —
2(-1) 2(-1)
b*—16b+64=>b>+32 OR b*+8b+16=>b"+32 (or equivalent, must not
contain radical) (A1)
b=2 A1

[3 marks]

continued...
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Question 7 continued.

(c) recognizing to subtract g — f (in correct order) (M1)
[[(-* +2x+8)—(-2x+8)dx A1

0
[[(=x* +4x)dx AG
[2 marks]
(d) attempt to integrate (M1)
_éf £ 20 (+C) A1

attempt to substitute limits into their integrated function and find difference  (M1)

(—1-4%2-42)—(—1.03+2.02j
3 3

32

3 A1

[4 marks]

(e) g(x)=-2x+2 A1
attempt to equate their derivative of g to their gradient of f (M1)
—2x+2=-2 A1

x=2 A1

y=38 A1

[5 marks]

Total [16 marks]



(b)

15—

(i)  substitution of x =8 in part (i) or x :%in part (ii)

log, (4x8) OR log, (32)

log, (32) =5
(i {ﬂﬂ

swap x and y
x=log,(4y)OR x=2+log, y
attempt to write as exponential

2" =4y

8824 -7109M

(M1)

A1

A1

[3 marks]

(mM1)

(mM1)
(A1)

A1

[4 marks]

A1

[1 mark]

continued...
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Question 8 continued.

(d)

METHOD 1

f(16x7) =log,(4x16x")

attempt to use addition rule for logs (M1)
log, 4+1log,16+log, x’ OR log, 64 +log, x* (or equivalent) (A1)
attempt to use exponent property for logarithms (M1)
f(16x*)=6+3log, x (or equivalent) A1

the graph of g must be vertically stretched (dilated) by a scale factor of 3 and then
vertically translated (shifted) 6 units upwards. A2

METHOD 2 (5 marks maximum)
f(16x7) =log,(4x16x")

attempt to write argument as a power (M1)
log, (64x") = log, ((4x)3) (or equivalent) (A1)
attempt to use exponent property for logarithms (M1)
f(16x*) =3log, (4x) (or equivalent) A1
EITHER

the graph of g must be vertically stretched (dilated) by a scale factor of 3 and
stretched (dilated) horizontally by a scale factor of i A1
OR

the graph of g must be stretched (dilated) horizontally by a scale factor of i and

vertically stretched (dilated) by a scale factor of 3. A1

Note: In this method, the final mark is A1, as the question specifically asks for a

translation and a stretch.

[6 marks]
[Total: 14 marks]




(@)

(c)
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outer curved surface area is 27[(4r)h AND inner curved surface area is 27zrh

(A1)
area of each base (top and bottom) is 7r(4r)2 —r’ (A1)
S=2[7r(4r)2 —ﬂr2}+27r(4r)h+27zrh A1
=307zr> +107rh AG

[3 marks]

307r° +107rh = 2407

attempt to solve their equation for /& or rh in terms of » (must isolate h or rh)

(M1)
240-30r2 ( 24—32 240-30r"
h= 0-30r = 3 OR rh:—r(: 24—3r2) (or equivalent)
107 r
A1
uses volume = large cylinder — small cylinder (M1)
V=n(4r) h—m’h (=16zr’h—ar’h=1571"h) A1
attempt to substitute in for 4 or rh (M1)
A 2 2 _ 2
V=15nr2[24 5% j OR V=157zr(MJ(:157rr(24—3r2)) OR
r 10
384xr—48xr’ —24xr + 371 A1
=360nr —45m° AG
[6 marks]
d—V:3607t—1357w2 A1A1
dr

[2 marks]
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Question 9 continued.

(d)

METHOD 1 (working with 7)

recognition that (for a maximum) ((ll—V =0

r

3607 —13521* =0

o0
135\ 3
/360 8

V= _— = —_
135 3

p=2 OR r=2\/g

2
METHOD 2 (working with p\/;)

recognition that (for a maximum) i—V =0
r
2
2
3607;—1357:(19\/;} =0
360-90p° =0
p'=4

p=2 ORr=2\E

8824 -7109M

M1

A1

A1

M1

A1

A1

[3 marks]

continued...
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Question 9 continued.

(e)

attempt to substitute their value of # into V =3607zr—457zr

3
V:360nx2\/§—45nx 2\/2
3 3
=3607‘CX2\/§—4STEX8X%X\/§ :72071\/2—24071\/g
3 3 3 3 3
2
:4807:\/; (q:480)

8824 -7109M

M1

(A1)

A1

[3 marks]
Total [17 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.
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Examples:
Correct Further Any FT issues? Acti
i ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should
be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

o Ifthe error leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes when
candidates fail to complete a “show that” question correctly, and then in subsequent parts use
their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.



-5- 2224 -7104M

Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award
all others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

¢ MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, 75 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, A may be left in this form or

5 10
written as —. However, — should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe** should be simplified to 4¢’, and 4e”* xe™* —e* xe* should be
simplified to 3e’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* +x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.

Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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Section A

(@) valid method to find the common difference (M1)

d=22"10 OR 10+2d=22 OR u,+d =10, u, +3d =22 OR u, =16
d=6 A1
[2 marks]
(b) 1 =10-6(=4) (A1)
u,=4+6(n-1) OR u, =6n-2 A1
[2 marks]
Total [4 marks]
(a) attempt to form equation for the sum of frequencies=16 or mean=3 (M1)
p+q+4+2+3=16(=p+q=7) A1

+2g+12+8+18 +2¢+12+8+18
pPraq :3(:>p+2q:10) OR pPToq :3(:>2p+q:11) A1
16 9+p+g
attempt to eliminate one variable from their equations (M1)
p+2(7—p)+38:48 OR 2(7—q)+q =11
p=4and g=3 A1
Note: Award M1AOAOMOAT for p =4, =3 with no working.

[5 marks]
(b) mean final score =30 A1
[1 mark]

Total [6 marks]



(b)
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1
log, 1-log,;a OR log,,a™' =~log,,a OR log,,10 * OR IOX:% (A1)
103
1
:_5 A1
[2 marks]
log,,a 11 10 3 3 é x 3\
Tog 1000 OR 31°8m0 10 OR log,y, {1000’ OR 10° =1000" (= (10’ (A1)
10
log,,a 1 % é 1
—;  OR glogmoolooo OR log,,,, 1000° OR 3x=2 (A1)
1
:5 A1
[3 marks]

Total [5 marks]
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(@ 2r+ré=10 A1
L,
—r8=6.25 A1
2
attempt to eliminate & to obtain an equation in r M1
correct intermediate equation in r A1
25 10 25 1 ,(10
10-2r=— OR —-2=— OR —=7’| —-2|=625 OR 12.5+2r* =10r
2r r 2r 2 \r
477 —=20r +25=0 AG

[4 marks]

(b) attempt to solve quadratic by factorizing or use of formula or completing the square (M1)

(250 OR r20iJ<—2o>2—4<4><zs>£ zoWo_mo]

2(4) 8
5
r=— A1
2
attempt to substitute their value of » into their perimeter or area equation (M1)

5
10—2()
9-——2) or 6’=i

B )

[4 marks]
Total [8 marks]
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(a) recognising cosx =2sIn xcos x (M1)
(cosx * 0) so sinx :E OR one correct value (accept degrees) (A1)
T Sn ;
X - coordinates —— and —/— A
6 6

Note: Award (M1)(A1)AO for solutions of 30" and 150°.

[3 marks]
(b) METHOD 1
attempt to integrate +(cosx —sin2x) (M1)
sn sn
I"é (cosx—sin2x)dx OR Jf (cosx—2sinxcosx)dx
2 2
Sm
.1 © : L, E
= s1nx-|—5cos2x OR :[smx—sm xlf A1
> 2

Note: Award A1 for tcorrect integration. Condone incorrect or absent limits up to this point.

attempt to substitute their limits into their integral and subtract M1

({35l x5 o2 2)
(i) o i

1

area = — A1

4

Note: Award all corresponding marks as appropriate for finding the area between A and B.

Accept work done in degrees.

continued...
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Question 5 continued

METHOD 2
5m sn o 1 SZE

j.f cosxdx =[sinx]$ and .[,f sin2xdx:[—5cos2x} A1
2 2 2 z

‘ Note: Award A1 for correct integration. Condone incorrect or absent limits up to this point.

attempt to substitute their limits into their integral and subtract (for both integrals) M1
. [ Sm . [m 1 Sm) 1
sin| = |-sin| = | and ——=cos| — |+=cos(m)
6 2 2 3 2
attempt to subtract the two integrals in either order (seen anywhere) (M1)

sn s
sin(s—nj—sin Th- —lcos on +lcos(n) OR I,ﬁ’ cosxdx—j,f sin 2xdx
6 2 2 3) 2 3 5

G b

area = — A1

4

Note: Award all corresponding marks as appropriate for finding the area between A and B.

Accept work done in degrees.

[4 marks]
Total [7 marks]
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10" -1
a) S = A1
(@) 9, 9
(a:IO,b:9)
[1 mark]
(b) METHOD 1
S +8,+8,+...+8,
_10—1+102—1+ +10”—1 (A1)
9 9 " 9
_10-1410°=1410"—1+...+10" -1 &= 9(10-1+10" ~1+10° =1+...+10" ~1)
9 81
attempt to use geometric series formula on powers of 10, and collect -1’s together M1
. 10(10" 1)
10+10°+10 +“.+10”=——76—7——-and—d—l—L":—n A1
10(10" 1) . 10(10" 1) |
Tlo-1 —n 10—-1
— OR A1
9 81
Note: Award A1 for any correct intermediate expression.
10(10" ~1)-9n
= AG

81

continued...



-13 - 2224 -7104M

Question 6 continued

METHOD 2
attempt to create sum using sigma notation with S,, M1

10" -1 1({&. . &

EE— =— 10— > 1

5 [Ee-g)

n 10(10" -1
21()1' - ( ) A1
P 9

Yl=n A1

i=l

~1[10(10"-1) 1 10(10"=1)~9n

K At

_ 10(10”8—11)—9n G
[4 marks]

Total [5 marks]
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Section B

@ () %£=3x2—2x—1 A1A1

Note: Award A7 for 3x> —2x and A1 for —1.

. d2y
(ii) . =6x—-2 A1
[3 marks]
(b) setting their (quadratic) jxy to 0 and solve using valid method (M1)

(re1)(r-1)=0 Or 1o 2V 4D (zzisz

2(3) 6
xz_%(OR x=1) A1
2

substituting one of their x values into —3 M1
EITHER

1 & 1
at x=——, —J2}=6 ——[-2(=-4) <0 so local max R1

3 dx 3
OR

2

at x=1, 3;2/ =6(1)—2(=4) >0 so local min hence local max at x:—% R1

Note: Award R1 only if the previous M1 has been awarded and there is reference to <0 or >0,
as appropriate.

continued...
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Question 7 continued

THEN

substituting their x-coordinate of A into y

(-

3
Y 27

_ 1 32
so coordinates of Aare | —,—
327

2224 -7104M

(M1)

A1

Note: This (M1)A1 may be awarded independently of the previous M1R1.

[6 marks]
d2
(c) setting their de; to 0 (M1)
6x—-2=0
o=l A1
3
[2 marks]
(d) gradient of tangent = —1 (A1)
negative reciprocal of their gradient (M1)
gradient of normal = 1
equationis y=x+1 (accept point/slope form y—-1=(x-0)) A1
Note: Do not accept L=x+1.
[3 marks]

Total [14 marks]




(a)

16—

vertical asymptote x =2 sketched and labelled with correct equation

horizontal asymptote y = 4 sketched and labelled with correct equation

For an approximate rational function shape:

1

labelled intercepts —— on x-axis, —1 on y-axis

2

two branches in correct opposite quadrants with correct asymptotic behaviour

2224 -7104M

A1

A1

A1A1

A1

Note: These marks may be awarded independently.

(b)

y =4 (orequivalent)

[5 marks]

A1
[1 mark]

continued...
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Question 8 continued
5 1 5 —,tp
24~ OR | = [+2x> OR —2— =2 OR —4=—_p+ L+ A1
c 4=
(©) 2 ( 2] 2 2 Py
p=2 AG
2
[1 mark]
(d) METHOD 1
attempt to substitute both roots to form a quadratic (M1)
EITHER
1 9 ) 1 9 1 9
X+— || X——=|OR X" —| ——+— [X+| ——X—
2 2 2 2 2 2
9
=x’ —4x—— A1A1
9
(bmt--2)
4
‘ Note: Award A1 for each correct value. They may be embedded or stated explicitly.
OR
) 9
(2x+1)(2x—-9) =4| x _4X_Z
b=_4,C:_2 A1A1
4
Note: Award A1 for each correct value. They must be stated explicitly.
METHOD 2
b
—5:2 OR 4+b=0=b=—4 A1
attempt to form a valid equation to find ¢ using their b (M1)
2 2
1 +—4[—lj+c:0 OR 2) +—4(2j+c:0
2 2 2 2
c ) 1
-2 A
4

continued...
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Question 8 continued

METHOD 3

attempt to form two valid equations in b and ¢

(A o en (3 g

b=—4,c=—2
4

METHOD 4

2224 -7104M

(M1)

A1A1

attempt to write g(x) in the form (x—h)2 +k and substitute for X,/ and g(x) (M1)

2
(—1—2) +k:0:>k:—2
2 4
25
(x-2y -2
4
=x"—dx—— A1A1
9
(b-te=-3)
4
‘ Note: Award A7 for each correct value. They may be embedded or stated explicitly. ‘
[3 marks]
(e) attempt to substitute x = 2 into their g(x) OR
complete the square on their g(x) (may be seen in part (d)) (M1)
25
-2 A1
=
[2 marks]

continued...
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Question 8 continued

(f)

both graphs sketched on same axes and identifying points of intersection (M1)

3 solutions A1

Note: Exception to FT: If the candidate’s graph in part (a) is incorrect, the M7 may be awarded for a
sketch of their graph from part (a) and g(x) . Do not award the final A7 in this case.

[2 marks]
Total [14 marks]
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(a) evidence of understanding that there are now 3R and 2B (M1)
3 2
=2, g=2 A1
P 5 i 5
[2 marks]
(b) attempt to add two products (M1)
P(same) = P(RR or BB) = Sx*, 1,2 A1
4 5 4 5
_14
20
_7 AG
10
[2 marks]
(c) attempt to use conditional probability formula in context (M1)
P(RR|same) = _PRR)
P(same)
Note: Award MO if candidate only writes P(A|B) formula and nothing else.
20)
20
=</ A1
( 4 j (A1)
20
12( 6
14\ 7
[3 marks]

continued...
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Question 9 continued

6( 3j 12[ 6)
d) a=—|=—| b=—""|=—
200 10 200 10

(e) attempt to use the formula for E(X)

E(X)=0x3;+1xfl+2x12
10

20 20
_30(_3
200 2

(f)

|~

(g METHOD 1

P(n—lreds):éxix...xnﬂ( 3 j
4 5

n+2 :n+2

P(next one blue) =
n+3

P(n—1 reds then 1 blue) = P(n —1 reds) x P(next one blue)

3 1 3

X —_—
n+2 n+3 56

(n+2)(n+3)=56

n=>5

2224 -7104M

A1A1

[2 marks]

(M1)

A1

[2 marks]

A1

[1 mark]

(A7)

(A1)
(m1)

(A7)

A1

Note: If no working shown, award MTAOAOAOA1T for n=5.

continued...
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Question 9 continued

METHOD 2

Let X be the number of selections in total made when first blue picked

attempt to establish pattern for X =1,2,3,... with at least 3 cases (M1)
P(le):l and P(second pick):%x— (A1)
3 4 1 31
P(X =3) =—x—x—|==—x— A1
( )( 4 5 6) 56 (A1)
3 1 3
P(X=5)==—x—-|=— A1
(X=5)=2 8( 56) (A1)
son=>5 A1
METHOD 3
P(next one blue) = (A1)
n+3
recognising P(n—1 R then 1B) = P(n—1 R) x P(next one B) OR %x%x...x ! 3 (M1)
n+
ixixixﬁxl[_ij (A1)(A1)
4 5 6 7 8 56
Note: Award A1 for gxixzxé (seen anywhere) and A1 for xl.
4 5 6 7 8
son=>5 A1
[5 marks]

Total [17 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA7A1T.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.



-4 - 2224 -7109M

Examples:
Correct Further Any FT issues? Acti
: ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should
be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

o Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

e If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

o If the error leads to an inappropriate value (e.g. probability greater than 1, sin&=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award
all others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

o Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /2745 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

) . 10 o
numerator and the denominator must be integers); for example, ?may be left in this form or

1
written as % However, ?0 should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4¢** xe** should be simplified to 4e™, and 4e** xe** —e** xe* should be
simplified to 3e¢’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x° + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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SECTION A
@ @) f(4)=1 A1
iy fof(4)=3 A1
iy f'(3)=1 A1
[3 marks]
(b)
Y
10
9
8
7
6
5
4
3
2
1
X
0 1 2 3 4 5 6 7 8 9 10
concave up curve with y intercept at (0,10) and x intercept at (5,0) A1
curve passes through (2,2) OR through (1, 4) and (3, 1) A1
Note: Do not award the second mark unless the first mark has been
awarded.(Do not award A0A1T).
[2 marks]

Total [56 marks]
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2.  tan'1=45" orequivalent (A1)
attempt to equate 2x—5° to their reference angle (M1)
Note: Do not accept 2x—-5°=1.
2x—5" =45",(225°)
A1A1

x=25,115°

Note: Do not award the final A1 if any additional solutions are seen.

[4 marks]
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(a) valid attempt to solve a quadratic equation (factorising, use of formula,
completing square, or otherwise)

—5++/25+24

(3m—1)(m+2)=0 OR m = e (or equivalent)

m=—, m==2

3

(b) setting their m -value(s) =3* OR recognising a quadratic in 3*

3=~ (or 3'=-2) OR 3x(3') +5x3'~2=0

W | —

2224 -7109M

(m1)

(A1)

A1

[3 marks]

(M1)

A1

Note: Award the final A7 if candidate’s answer includes x =—1 and
x =log, (-2). Award A0 if other incorrect answers are given.

[2 marks]

Total [5 marks]
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33

4. (a) () (i%} (acceptx:% and y=—-)

2

2224 -7109M

A1

(i) using m= m with their midpoint OR gradient perpendicular to AC
changein x
OR m=tan30° (M1)
] (A1)
3
=—3x OR y—ﬂ :ﬁ(x—g (must be written as an equation) A1
3 2 3 2
[4 marks]
(b) substituting x = 6 into their equation (M1)
so at B y:2x/§ (A1)
area of triangle OAB :%x6><2\/§ = 6\/5
area of quadrilateral OABC :12\/5 A1
[3 marks]

Total [7 marks]
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Spring Summer
k :
— Nestin
> 9
Nesting
k l—ﬁ Not nesting
2
- % Nesting
Not nesting
| k Not nesting
2
1-k for Spring A1
k
1—5 for both Summers A1

[2 marks]

continued...
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Question 5 continued.

(b) (i)  multiplying the two correct branches (A1)
k
1-k)| 1-—
a-01-4]
attempt to expand and equate to g (M1)
2
1—k—£+k—=§
2 29
2 2
18— 18k—0k+0k> =10 OR £ _3k.,4_ o or 2E_27k 4, A1
2 2 9 2 2
9k* —27k+8=0 AG
N 1. . . 8
(i) (k& :g is the only valid solution as) B >1 R1

Note: Accept any valid reasoning indicating that any probability cannot be greater than 1
and/or probability cannot be less than 0.

[4 marks]

Total [6 marks]



(a)

(b)

y:

(i)

(ii)

—-13 -

% (must be written as equation with y =)

EITHER

=mx+1

attempt to expand to obtain a quadratic equation
2x+6=3mx> +6mx+3x+6

3mx’ +(6m+1)x=0 OR 3mx* +6mx+x=0
recognition that discriminant A =0 for one solution

(6m+1)" =0

2224 -7109M

A1

[1 mark]

A1

(mM1)

A1

(m1)

continued...
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Question 6 continued.

=mx+1

attempt to expand to obtain a quadratic equation

2x+6=3mx* +6mx+3x+6

3mx’ +(6m+1)x: 0 OR 3mx’ +6mx+x=0

attempt to solve their quadratic for x and equating their solutions

x(3mx+6m+l)=0

x=0 OR x:—6m+1(20)
3m
_6m+1:0
3m
OR

attempt to find f"'(x) using the quotient rule

f'(x):z[(x+2)_()z+3)j:( -2 zj OR 2(3x+6)—3(22x+6)
3 (x+2) 3(x+2) (3x+6)
equivalent

recognition that m is the derivative of f(x)at x=0

THEN

>m=——

2224 -7109M

(M1)

A1

(M1)

(m1)

A1

(M1)

A1

continued...
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Question 6 continued.

(iif)

Note: In this part, FT may be awarded only for values of m between —1 and 0.

—l<m<0 A2
6

Note: Award A1 for only m > —é . Award A1 foronly m <0 .

[7 marks]
Total [8 marks]
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SECTION B

2n 21
(@) 12b=2m OR (b=)—= OR 12==- A1

12 b
b=l AG

6

[1 mark]
(b) () a=5 A1
(i) =15 A1
[2 marks]

continued. ..
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Question 7 continued.
(c) (i) attempt to substitute x =5 into g(x) (M1)
g(S) = 3.55in%+1 1

sin%:% (A1)

g(5)=3.5x%+11
1
2 (5)= 12.75(: %j At
(i)  METHOD 1 (finding maximum temperature)
considering the maximum value of sin%x(: 1) OR g'(x) =0 at maximum
OR maximum = vertical shift + amplitude (may be seen on a graph) (M1)
T T
g =3.5+11 OR 3-3.5005(ng =0 OR x=3

oo =145 A1

14.5 <15 (hence the midday water temperature is never warm enough for
Alex to swim) R1

Note: Do not award the R mark unless the previous marks been awarded
(Do not award M1AOR1 or MOAOR1 ) .

Worded conclusions are acceptable for the R1, as long as the reasoning
is clear that the water does not reach 15°, so not warm enough for Alex.

continued...
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Question 7 continued.

METHOD 2 (working with inequality)

3.55in(%xj+112 15

sin (Exj > §
6 7

sine values can never be greater than 1 (hence the midday water
temperature is never warm enough for Alex to swim)

Note: Do not award the R mark unless the previous marks been awarded
(Do not award M1AOR1 or MOAOR1 ) .

If candidate works with an equation throughout, the M7 and A7 may be
awarded, if appropriate. A correct inequality is required for the R1 to be
awarded.

2224 -7109M

(M1)

A1

R1

[6 marks]

continued...
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Question 7 continued.

(d) EITHER

attempt to find 0.7f(x) OR O.7f(x)+q (M1)

O.7f(x)=3.55in%x+10.5 OR O.7f(x)+q=3.55in%x+10.5+q OR

10.5+g =11 (A1)

OR

attempt to find 0.7 f(x)for a particular value of x (M1)

eg maximum 20x0.7=14 (A1)

THEN

g=0.5 A1
[3 marks]

Total [12 marks]
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METHOD 1
X 42x+2=(x+1)" +1 A1
(x+1)2>0 R1
(x+1)>+1>0 AG
METHOD 2
discriminant A =4-8(=-4) A1

A <0 and concave up OR A<0 and coefficient of x*> >0 (may be seen in

diagram) R1
hence x> +2x+2>0 AG
x>—1 (accept x>-1) A1

[3 marks]

continued...
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Question 8 continued.

(b) () x=-1

(i)  attempt to use the quotient rule

2(x* +2x+2)—(2x+2)(2x+2)
(x* +2x+2)°

/()=

Note: Award A1 for first term in numerator, A1 for second term in numerator
(including the minus sign). If the numerator is correct, but the
denominator is incorrect or missing, award M1A1A0.

_2x2+4x+4—4x2—8x—4 _2x2+4x+4—(4x2+8x+4)

"(x) (X +2x+2) OR f"(x)= (X +2x+2)

weoN —2x* —4x
/ (x) ] (x> +2x+2)

2224 -7109M

A1

(m1)

A1A1

A1

AG

continued...
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Question 8 continued.

(iii)  substituting x =—linto f”(x), clearly leading to positive numerator A1
” -2+4
=2 -2
f"(-1)>0 R1
therefore this is a local minimum point AG

Note: Do not award AOR1.

[7 marks]

continued...
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Question 8 continued.

(c) recognition to integrate f'(x)

f(x):J. 2x+2

—— " _dx OR jldu with = x> +2x+2
X +2x+2 u

f(x) = ln(x2 +2x+2)(+c)

using initial conditions x=2,y=3+1In10 to find ¢

£(2)=In(10)+c=3+In(10)=c=3

f(x)=ln(x2+2x+2)+3

d f'(2) BT

attempt to take the negative reciprocal of their f(2)

gradient of normal = —%

y—(ln10+3):—§(x—2) (y=—§x+%+ln10) (

2224 -7109M

(M1)

A1

(m1)

A1

[4 marks]

A1

m1

y—-In10-3 5

- A1
x—2 3)

[3 marks]

Total [17 marks]
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(a) attempt to find a difference
d=p-a,2d=q—-a,d=q—p OR p=a+d, g=a+2d,q=p+d

correct equation

p-a=qg-p OR q—a=2(p—a) OR p=a;q (or equivalent)

2p-q=a

(b) attempt to find a ratio

S t t 2
r=—,r'=—, r=— OR s=ar,t=ar",t=sr
a

a N

correct equation

(or equivalent)

T/~
Q |
~
(3]

Il
|~
(@]
A

Q |
Il
O)lN

2224 -7109M

(m1)

A1

AG

[2 marks]

(mM1)

A1

AG
[2 marks]

continued...
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Question 9 continued

(c) EITHER
2p-1=s> (or equivalent) A1
2
+1
(s°>0) = 2p-1>0 OR s=y2p-1=2p-1>0 OR p="—— (and s*>0) R1
OR
2p—1=aand s’=a A1
2 a+l1
(s>0,s0)a>0 = 2p—-1>0 OR p=Tand a>0 R1
= >l AG
P 2

Note: Do not award AOR1.

[2 marks]

continued...
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Question 9 continued

(d) () 95.,1,-3

A1A1
Note: Award A1 for each of 2" term and 4" term
.. 1
(ii) 9,3,1,5 A1A1
Note: Award A1 for each of 2" term and 4" term
[4 marks]
(e) (i) attempt to find the difference between two consecutive terms (M1)

d=u,—u;=5+In3-9-In9 OR d =u; —u, =1+In1-5-In3

In9=2In3 OR Inl1=0 OR 1n3—1n9=1n§(=ln31=—1n3) (seen anywhere) (A1)

d=—4-In3 A1

continued...
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Question 9 continued.
(i) METHOD 1
attempt to substitute first term and their common difference into §,, (M1)
10 10 .
?(2(9+ln9)+9(—4—ln3)) OR 7(2(9+ 21n3)+9(—4—1n3)) (or equivalent ) A1
= 5(—18 —51n3) (or equivalent in terms of In3) A1
10
DU, =-90-25In3 AG
i=1
METHOD 2
u, :9+ln9+9(—4—ln3)(: —27+ln9—9ln3)
attempt to substitute first term and their u,, into S, (M1)
%(2(9+ln9)+9(—4—ln3)) OR I?O(9+ln9—27+1n9—91n3) OR
%(2(9+2ln 3)+9(-4-1n3)) OR %(9+ln9—27 ~71n3) (or equivalent) A1
=5(—18—-5In3) (or equivalent in terms of In3) A1
10
D U, =-90-25In3 AG
i=1
[6 marks]

Total [16 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A7, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.
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Examples:
Correct Further Any FT issues? Acti
: ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1) and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all

the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

If the error leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, 75 should be written as % An

exception to this is simplifying fractions, where lowest form is not required (although the numerator

10 5
and the denominator must be integers); for example, Tmay be left in this form or written as 5

However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e>* xe™* should be simplified to 4e’*, and 4e¢™ xe’* —e* xe* should be
simplified to 3e¢*. Unless specified in the question, expressions do not need to be factorized, nor do
factorized expressions need to be expanded, so x(x+1) and x” + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.
If the layout of the responses makes it difficult to judge, examiners should apply appropriate
discretion to judge which is “first”.



(a)

(b)

(c)

(i) period = 7«
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(i) b=""ORm==
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=2

substituting % into their /" (x)

(503
{33
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i

Section A
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A1
[1 mark]

A1

(A1)

A1
[3 marks]

(M1)

(A1)

A1

[3 marks]
Total [7 marks]
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(a) attempt to form (gOf)(x) (M1)
((gof)(x))=(x=3)+k> (=x"—6x+9+k") A1

[2 marks]

(b) substituting x=2 into their (g f)(x) and setting their expression =10 (M1)

(2-3)" +k*=10 OR 2°-6(2)+9+k* =10

k*=9 (A1)
k=13 A1
[3 marks]

Total [56 marks]

(@ (P(4UB)=)0.65+0.75-0.6 OR 0.05+0.6+0.15 (A1)

=0.8 A1
[2 marks]

(b) recognition that A’mB’z(AuB)’ OR A’ "B =1-AUB

(region/value may be seen in a correctly shaded/labeled Venn diagram) (M1)
(=1-0.8)
=0.2 A1

Note: For the final mark, 0.2 must be stated as the candidate’s answer, or
labeled as P(A'mB’) in their Venn diagram. Just seeing an unlabeled 0.2

in the correct region of their diagram earns M1A0.

[2 marks]
Total [4 marks]
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(@) METHOD 1

attempt to form at least one equation, using either S, or S (M1)

65=25p-5¢ (13=5p—q) and 40=16p-4q (10=4p—q) (A1)

valid attempt to solve simultaneous linear equations in p and ¢ by substituting

or eliminating one of the variables. (M1)

pP=3,q=2 A1A1
Note: If candidate does not explicitly state their values of p and ¢, but gives

S, =3n*—2n, award final two marks as A71A0.

METHOD 2

attempt to form at least one equation, using either S, or S (M1)

65 = %(2141 + 4a’) (26 =2u, + 4d) and 40= 2(2u1 + 3d) (20 =2u, + 3d) (A1)

valid attempt to solve simultaneous linear equations in u, and d by substituting

or eliminating one of the variables. (M1)

w=1,d=6 A1

n 2
S =—(2+6(n-1))=3n"-2n
=2 (2+6(n-1))

p=3andg=2 A1

Note: If candidate does not explicitly state their values of p and ¢, do not award
the final mark.
[5 marks]

(b) u;=S8;-S, OR substituting their values of u, and d into us =u, +4d

OR substituting their value of i, into 65 = %(u1 +us) (M1)

(u;=)65-40 OR (u;=)1+4x6 OR 65 =§(1+u5)

=25 A1

[2 marks]

Total [7 marks]
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METHOD 1
EITHER
attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)
(\/52 T :)\/ﬁ (A1)
OR
attempt to use the Pythagorean identity cos”  +sin” o =1 (M1)
. 1Y
sin’ BAC =1 —(gj (A1)
THEN
smBAC:—g—(mwbe&mnmamammwb) A1
attempt to use ‘Area:%ab sinC' (must include their calculated value of sin BAC) (M1)
1 24
=—><10><\£><£ (A1)
2 5
=12 (cm?) A1
[6 marks]

continued...
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Question 5 continued

METHOD 2

attempt to find perpendicular height of triangle BAC (M1)
EITHER

height = J6 xsinBAC

attempt to use the Pythagorean identity cos” o +sin” o =1 (M1)
1 2
height =~/6 x 1—(;) (A1)
_ Jox Y24 (: 2} A1
5 5
OR
adjacent = @ (A1)
attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)
. 6( 12 _
height = 6—2—5 = (may be seen in area formula) (A1)
THEN
attempt to use ‘Area:%baseXheight' (must include their calculated value for height) (M1)
= l><10><2
=12 (cm?) A1

[6 marks]
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attempt to apply binomial expansion (M1)

(I+kx)" =1+ "Chkx+"C,k°x* +... OR "Ck=12 OR "C, =28
nk =12 (A1)

n!
— =28
(n—2)!2!

=28 OR (A1)

n(n-1)
2

n’-n-56=0 OR n(n-1)=56

valid attempt to solve (M1)
(n-8)(n+7)=0 OR 8(8-1)=56 OR finding correct value in Pascal’s triangle

=>n=28 A1
2

Note: If candidate finds n =8 with no working shown, award MTAOAOM1A1AO0.

If candidate finds n=8 and k = %with no working shown, award

M1A0AOM1A1A1.

[6 marks]
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Section B

@ () p=9 A1
(i) 600 < <800 A1

‘ Note:Award AQ if candidate answers 700. |

[2 marks]

(b) (i) median =600 A1
(i)  80%of 800 =640 (A1)

40 (performances less than 80% of tickets sold) (A1)

20 (performances) A1

[4 marks]

(c) (i) anyreasonable answer which suggests a biased sample (must include reason,
do not accept reasons such as “sample size is too small”, or answers that simply
say “not representative of entire audience” without a valid reason) A1

eg likely to come from the same part of the theatre OR be part of same group
OR be from priority seating OR it is convenience sampling

(i)  every 20™ person A1A1

Note: Award A1 for recognizing that sampling occurs at regular intervals eg
“‘every”.
Award A1 for interval length is 20.

(i) quota (sampling method) A1
[4 marks]

continued...
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Question 7 continued

(d) (i) 75% (of 36000 spent between $3 and $25) (M1)
= 27000 A1

iy a=7 A1

[3 marks]

(¢) () METHOD 1

old mean is 600 (tickets) (A1)
recognising new mean is old mean + 17 (M1)
600+17
=617 (tickets) A1
METHOD 2
new total number of tickets = 36000 + 60x17(=37020) (A1)
new meln 3 36000;060><17 (= 3760020) (M1)
=617 (tickets) A1
(i)  no effect on the variance A1
[4 marks]

Total [17 marks]



(b)

(i)

(ii)

(iif)

15—

setting In(2x—-9)=2Inx—-Ind
attempt to use power rule
2Inx =Inx’ ( seen anywhere )

attempt to use product/quotient rule for logs

2 2

X X
In2x-9)=In— OR In
( ) y 5

o Ind OR In(2x-9)d =Inx’

x_

2
X

2
X _2x-9 OR =d OR (2x-9)d =x"
d 2x-9

X —

x> =2dx+9d =0

discriminant = (—2d)’ —4x1x9d
recognizing discriminant > 0

(=2d)" —4x1x9d >0 OR (2d)*—4x9d >0 OR 4d*-36d >0
d*—9d >0

setting d(d —9)>00R d(d-9)=0 OR sketch graph
OR sign test OR d’ >9d

d<0ord>9 putdeR’

d>9 (or 19,00 )
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A1
[1 mark]

M1
(mM1)

(mM1)

A1

AG

(A1)
(m1)

A1

AG

(M1)

A1

[9 marks]

continued...
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Question 8 continued

(c) x*—20x+90 (=0)

attempting to solve their 3 term quadratic equation

20+4/(~20)? —4x1x90
2

((x=10)"~10=0) or | (x=)

x=10-+/10(= p) or x=10+~/10(=¢)
subtracting their values of x

distance =2+/10

(a=2,b= 10)

8823 -7114M

A1

(m1)

(A1)
(M1)

A1

Note: Accept 140 OR /40 .

[5 marks]
Total [15 marks]
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(a) attempt to use either the quotient or product rule (M1)
8<x2 +1)3 —8x><3><2x(x2 +1)2 3 ;o
- OR 8(x +1) +8x><(—3)><2x(x +1) A1A1
(x2 +1)
Note: Award A1 for correctly applying chain rule to (x2 -I-l)3 and A1 for
everything else correct.
:8("2“—64?62) oR 8(x* +1) (x* +61—6x2) oR 8—40xz 8x2+8—4§x2 A1
(xz +1) (x2 +1) (x2 +1) (x2 +1)
8(1-5x"
_8 x4) AG
(x2 +1)
[4 marks]

continued...
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Question 9 continued

(b) EITHER

attempts to integrate by substitution using u = x> +1 or u = x’ (mM1)

u=x +1:>d—u—2x OR u=x :>d—u:2x
dx dx

Note: If candidate simply states u =x”+1 or u =x", but does not attempt to
substitute into their integral, do not award the (M1).

8x
J= s A1)
(x +l) u+1
) -2
= -2u"(+¢) OR —2(u+1) (+¢) (A1)
OR
attempts to apply integration by inspection (M1)
4 24
(x2 +1)
1 2 -2
:4{_5)@ +1)” (h) oy
Note: Award A1 for correct power of (x”+1) and A1 for L
THEN
2 -2 2 , .
—2(x +1) +¢ OR ——— = +c¢ (final answer must include +c) A1
X+ 1)
[4 marks]

continued...
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Question 9 continued
(c) recognizing g'(x)= f'(x) = g(x) = f(x)+k (may be seen in diagram/drawing) A1

area of R is given by subtracting functions f'and g in integral(s) (M1)

+['kdv OR =['|g=f]dx OR [ f(x)+k - f(x)dx OR [ f(x)dv~[ g(x)dx

=+[k] OR|-—2 thr| - ——2 2 2 k| (a1
L T R I R P R Rl R
J_r3k:277 (A1)

8x 9 8x
g(x)= —— AND g(x)=

2 . 7 2 3+2
(x +1) (x +1)

(accept f(x)+% AND f(x)—%) A1

[5 marks]
Total [13 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA1A1T.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.
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Examples:
Correct Further Any FT issues? Acti
: ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should
be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

o If the error leads to an inappropriate value (e.g. probability greater than 1, sind=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award
all others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

¢ Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /2745 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, N may be left in this form or

written as % However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4¢>* xe** should be simplified to 4e™, and 4e** xe™* —e** xe* should be
simplified to 3e™. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x>+ x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.



(a)

(b)

(c)

i

Section A

(i) period=m

(i) b=""ORm=""

8823 -7109M

A1
[1 mark]

A1

(A1)

A1
[3 marks]

(M1)

(A1)

A1

[3 marks]
Total [7 marks]
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(a) attemptto form (go f)(x) (M1)
((gof)(X))Z(X+2)2—k2 (=x2+4x+4—k2) A1

[2 marks]

(b)  substituting x =4 into their (g /)(x) and setting their expression =11 (M1)

(4+2) k=11 OR 4’ +4(4)+4-k’=11

k*=25 OR —k*=-25 (A1)
k=45 A1
[3 marks]
Total [5 marks]

(@ (P(4UB)=)0.7+0.75-0.55 (A1)
=0.9 A1
[2 marks]

(b) recognition that 4'NB'=(4UB) OR A'"B'=1-AUB

(region/value may be seen in a correctly shaded/labeled Venn diagram) (M1)
(=1—0.9)
=0.1 A1

Note: For the final mark, 0.1 must be stated as the candidate’s answer, or
labeled as P(A4'M B') in their Venn diagram. Just seeing an unlabeled
0.1 in the correct region of their diagram earns M1A0.

[2 marks]
Total [4 marks]



(a)

METHOD 1

attempt to form at least one equation, using either S or S

65=25p—5¢q (13 =5p—q) and 96=36p—6q (16 = 6p—q)

valid attempt to solve simultaneous linear equations in p and ¢ by substituting

or eliminating one of the variables.

p:3, q:2

Note:

If candidate does not explicitly state their values of p and ¢, but gives
S =3n’—2n, award final two marks as A1A0.

METHOD 2

attempt to form at least one equation, using either S or S
65=%(2u1 +4d) (26=2u,+4d) and 96=3(2u, +5d) (32=2u,+5d)

valid attempt to solve simultaneous linear equations in u, and d by substituting
or eliminating one of the variables.

u=1,d=6
S, =5(2+6(n=1))=3n>~2n

p=3andg=2

Note:

If candidate does not explicitly state their values of p and ¢, do not award
the final mark.

(b)

u, =S, —S; OR substituting their values of u, and d into u, =u, +5d
OR substituting their value of u, into 96 :g(u1 +ug)
(u6 =)96—65 OR (u6 :)1+5><6 OR 96:3(1+u6)

=31

8823 -7109M

(m1)

(A1)

(m1)

A1A1

(m1)

(A1)

(M1)
A1

A1

[5 marks]

(M1)

A1
[2 marks]

Total [7 marks]
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METHOD 1

EITHER

attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)

(\/42 P =)JE (A1)

OR

attempt to use the Pythagorean identity cos* o +sin’ a =1 (M1)

. 1Y

sin>’ BAC =1 —(Zj (A1)

THEN

sin BAC = g (may be seen in area formula) A1

attempt to use ‘Area= %ab sinC"' (must include their calculated value of sin BAC) (M1)

:lx16xJEx\/E (A1)

2 4

=30 (cm?) A1

[6 marks]

continued...
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Question 5 continued

METHOD 2
attempt to find perpendicular height of triangle BAC (M1)

EITHER

height = J15 xsin BAC

attempt to use the Pythagorean identity cos* o +sin’ a =1 (M1)
1 2
height =+/15 x 1—&] (A1)
= \/Ex@(: %j (may be seen in area formula) A1
OR
adjacent = g (A1)
attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)
: / 15( 15 ,
height =, (15 _E(: ?J (may be seen in area formula) A1
THEN
1 . : . .
attempt to use ‘Area= EbaseXhelght' (must include their calculated value for height) (M1)
= l>< l6><E
=30 (cm?) A1

[6 marks]
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attempt to apply binomial expansion (M1)

(1+kx)" =1+ "Chx+"C,k’x* +... OR "C1k=% OR "C, =15
9

nk =— A1
5 (A1)
-1 |

171 15 0r M s (A1)

(n—2)!2!

(n"—=n-30=0) OR n(n-1)=30

valid attempt to solve (M1)

(n—6)(n+5)=0 OR 6(6-1)=30 OR finding correct value in Pascal’s triangle

=>n=6 A1

4

Note: If candidate finds » =6 with no working shown, award M1A0AOM1A1A0.

If candidate finds n=6 and k& :%with no working shown, award

M1A0AOM1A1A1.

[6 marks]
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Section B

@@ @O p=9 A1

(i) 600 <n <800 A1

\ Note: Award A0 if candidate answers 700. |

[2 marks]

(b) () median =600 A1
(i)  80%of 800 =640 (A1)

40 (performances less than 80% of tickets sold) (A1)

20 (performances) A1

[4 marks]

(c) (i) anyreasonable answer which suggests a biased sample (must include reason,
do not accept reasons such as “sample size is too small”, or answers that simply
say “not representative of entire audience” without a valid reason) A1

eg likely to come from the same part of the theatre OR be part of same group
OR be from priority seating OR it is convenience sampling

(i)  every 20™ person A1A1

Note: Award A1 for recognizing that sampling occurs at regular intervals eg
“‘every”.

Award A1 for interval length is 20.

(i) quota (sampling method) A1
[4 marks]

continued...
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Question 7 continued

(d)

(e)

(i)

(ii)

(i)

(ii)

75% (of 36000 spent between $3 and $25)
= 27000

a="7

METHOD 1

old mean is 600 (tickets)

recognising new mean is old mean + 18
600+18

=618 (tickets)

METHOD 2

new total number of tickets = 36000+ 60 x18(=37080)

new mean =

36000+60x18 (37080
60 60

=618 (tickets)

no effect on the variance

8823 -7109M

(M1)
A1

A1
[3 marks]

(A1)
(mM1)

A1

(A1)

(M1)

A1

A1

[4 marks]
Total [17 marks]



(b)

(ii)

(iif)

15—

setting In(2x—-7)=2Inx—Ind
attempt to use power rule

2Inx =In x’ ( seen anywhere )

attempt to use product/quotient rule for logs

2 2

In(2x-7)=In"— OR In———=Ind OR In(2x-7)d =Inx*
d x=17

x2 xz 2

—=2x-7 OR =d OR 2x-7)d =x

d 2x-=17

x> =2dx+7d =0

discriminant = (-2d)* —4x7d
recognizing discriminant > 0
(2d)* —4x7d >0 OR 4d> —-28d >0

d*-=7d >0

setting d(d —7)>00R d(d—-7)=0 OR sketch graph

OR sign test OR d”* > 7d
d<0ord>7,butdeR"

d>17 (or ]7,00])

8823 -7109M

A1
[1 mark]

M1
(mM1)

(mM1)

A1

AG

(A1)
(m1)
A1

AG

(mM1)

A1

[9 marks]

continued...
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Question 8 continued

(c)

x*=20x+70 (: 0)

attempting to solve their 3 term quadratic equation

204+/(-20)> —4x1x70
2

((x=10)"=30=0) or | (x=)

x=10-+/30(=p) or x=10++/30(=¢)
subtracting their values of x

distance = 2+/30 (or \/120)

(a=2,b=30) (ora=1, b=120)

8823 -7109M

A1

(m1)

(A1)
(m1)

A1

[5 marks]
Total [15 marks]
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(a) attempt to use either the quotient or product rule
12(x* +2) ~12x0x3%2x (2% 42
(x2 + 2)6

Note: Award A1 for correctly applying chain rule to (x2 +2)3 and A1 for
everything else correct.

8823 -7109M

(M1)

OR 12(x*+2)  +12xx(-3)x2x(x*+2)"  A1A1

:12(x2+2—46x2) oR 12(x2+2)2(x2-:2—6x2) or 24700F oo 120 +2-T20
(x2 +2) (x2 +2) (x2 + 2) (x2 +2)
12(2-54) AG
- (x2 + 2)4
[4 marks]

continued...
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Question 9 continued

(b) EITHER

attempts to integrate by substitution using u = x> +2 or u = x’

u=x2+2:>%=2x OR u=x2:>d—u:2x

8823 -7109M

(M1)

Note: If candidate simply states u = x> +2 or u =x*, but does not attempt to
substitute into their integral, do not award the (M1).

J‘(xlfz)dx JSrdu OR ij

= 3u?(+c) OR =3(u+1)7 (+c)

OR

attempts to apply integration by inspection

2x
6| ———dx
'[(x2 +2)3

= 6x(—%j(x2 +2)72 (+¢)

1
Note: Award A1 for correct power of (x2 + 2) and A1 for =4

THEN

—3(x2 +2)_2 +c OR —;+c (final answer must include +c)

(x2 +2)2

(A1)

(A1)

(m1)

(A1)(A1)

A1

[4 marks]

continued...
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Question 9 continued
(c) recognizing g'(x)= f'(x) = g(x)= f(x)+k (may be seen in diagram/drawing) A1

area of R is given by subtracting functions f'and g in integral(s) (M1)

+['kdx OR =['|g=f|dv OR [ f(x)+k - f(x)dx OR [ f(x)dx~[ g(x)dr

=J_r[kx]30—22 +kx——222 —222——222+kx()
(x +1) (x +1) " (x +1) (x +1) .
21
3k =— A1
5 (A7)
k=i2(=iz=i35)
6 2
g(x):lz—xB—Z AND g(x):lz—x3+Z (accept f(x)+Z AND f(x)—z) A1
(x2+2) 2 (x2+2) 2 2 2
[5 marks]

Total [13 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA7A1T.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.
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Examples:
Correct Further Any FT issues? Acti
: ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should
be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

o If the error leads to an inappropriate value (e.g. probability greater than 1, sind=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award
all others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

o Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /2745 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

) . 10 o
numerator and the denominator must be integers); for example, ?may be left in this form or

1
written as % However, ?0 should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4¢** xe** should be simplified to 4e™, and 4e** xe** —e** xe* should be
simplified to 3e¢’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x° + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.



(a)

(b)

attempts to find perimeter
arc+2xradius OR 10+4+4

=18 (cm)

10

1 2
(c) area =5(7)(4 ) (=1.25x16)

=20 (cm?)

i

Section A

M23/5/MATHX/SP1/ENG/TZ2/XX/IM

(M1)

A1
[2 marks]

(A1)
A1

[2 marks]

(A1)

A1

[2 marks]
Total [6 marks]
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@ u+3d=u, (M1)
0.6+3d =0.15

d =-0.15 A1

[2 marks]

(b) METHOD 1

u, =0.45 or u, =0.3 (may be seen in their equation) (A1)
summing their probabilities to 1 (seen anywhere) (M1)
06 u u 015 _,

k k k k

%+—O'45 +£+—0'15 =1 (or equivalent) (A1)

k k k k

EN

k

k=1.5 A1

[4 marks]

METHOD 2 (using S, formula)

4 4 0.6 —-0.15
S,=—(2(0.6)+(4-1)(-0.15)) OR S,=—|2| — |+(4-1)| —
=205 a-n(019) o s,=3[2( %421
OR S4:%(0.6+0.15) OR S4:%(%+%j (or equivalent) (A1)
summing their probabilities to 1 (seen anywhere) (M1)
D455 %1 OR w+u,+u,+u, =k OR S,=1 OR S, =k
kK k k &k
%(2(0.6)+(4—1)(—0.15)):k (or equivalent) (A1)
k=1.5 A1

[4 marks]

Total [6 marks]



(a)

(b)

I
[\

(i X
(i) y

Il
—
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A1
A1

[2 marks]

A1

A1

[2 marks]

continued...
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Question 3 continued

(c)
y
ix=2
W) S
2 |
SR o y=1____ _
— T T T T T i /_ X
: (3,0)
1 i |
=1 !
4 x—2 | :
two correct branches with correct asymptotic behaviour and intercepts clearly shown A1

[1 mark]
Total [5 marks]
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4.  substitutes into P(4UB)=P(A4)+P(B)-P(ANB) toform

0.55=0.4+P(B)-P(ANB) (or equivalent) (A1)
_ _ P(4NB) P(4NB) _
substitutes into P(A | B) =———7*to form 0.25=——— (or equivalent) (A1)
P(B) P(B)
attempts to combine their two probability equations to form an equation in P(B) (M1)

Note: The above two A marks are awarded independently. |

correct equation in P(B) A1
P(B)-0.1
0.55=0.4+P(B)-0.25P(B) OR %:025 OR P(B)-0.15=0.25P(B)
(or equivalent)
p(8)=L (=l=o.2j A1
75 5

Total [5 marks]
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A:'([xzj-de

EITHER

attempts to integrate by inspection or substitution using u =x*+2 or u=x’ (M1)

Note: If candidate simply states = x> +2 or u = x*, but does not attempt to
integrate, do not award the (M1).

Note: If candidate does not explicitly state the u-substitution, award the (M1) only
for expressions of the form klnu or kln(u+2).

c

242 ?
[llnu} OR [lln(u+2)} OR Fln(x2 +2)} A1
2 2 2

2 0 0

Note: Limits may be seen in the substitution step.

OR
attempts to integrate by inspection (M1)

Note: Award the (M1) only for expressions of the form kln(x2 + 2) :

c

[%ln(x2 +2)} A1

0

Note: Limits may be seen in the substitution step.

THEN

correctly substitutes their limits into their integrated expression (M1)

%(ln(cz+2)—ln2) (=In3) OR %ln(02+2)—%ln2(:ln3)

continued...
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Question 5 continued

correctly applies at least one log law to their expression
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2 2
%ln(c ;2](=In3) OR ln\/c2+2—ln\/§(=ln3) OR ln(c ;2J21n9
+2 c’+2
OR In(c®+2)-In2=In9 OR In,|*"=(=In3) OR I ~In3
n(c + ) n n n ( n ) n 5 ( n )

(M1)

‘ Note: Condone the absence of In3 up to this stage.

2
2
c+2=9 OR ¢+

=16
c=4

A1

A1

Note: Award AO for ¢ =+4 as a final answer.

Total [6 marks]
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attempts to form (go f)(x) (M1)
[f)] + f(x)+3 OR (ax+b)’ +ax+b+3

a2x2+2abx+b2+ax+b+3(: 4x2—14x+15) (A1)

equates their corresponding terms to form at least one equation (M1)

a’x* =4x* OR a*=4 OR 2abx+ax=-14x OR 2ab+a=-14 OR

b>+b+3=15
a =12 (seen anywhere) A1
attempt to use 2ab +a =—14 to pair the correct values (seen anywhere) (M1)

f(x)=2x—4 (accept a=2 with b=—-4), f(x)=-2x+3 (accept a=-2 with b=3) A1A1

[7 marks]
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Section B
(@) x=-2 (mustbe an equation) A1
[1 mark]
(b) h=-2, k=-5 A1A1
[2 marks]
(c) substituting x =0 into f(x) (M1)
—l(0+ 2)" -5
77y
y=-4 (accept P(0,-4)) A1
[2 marks]
, 1 1
(d) f(x)zE(x+2)(=Ex+lj (A1)
substituting x =0 into their derivative (M1)
/'(0)=1
gradient of normal is —1 (may be seen in their equation) A1
y=-x—4 (accept a=-1, b=-4) A1
Note: Award A0 for L =—x—4 (without the y =).
[4 marks]

continued...
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Question 7 continued

(e) equating theirf(x) to their L (M1)

1 x+2) =5=—x-4
4

%xz +2x=0 (or equivalent) (A1)
valid attempt to solve their quadratic (M1)
ix(x+8)=0 OR x(x+8)=0

x=-8 A1

Note: Accept both solutions x =—8 and x =0 here, x =—-8may be seen in
working to find coordinates of Q or distance.

substituting their value of x (not x =0) into their f(x) or their L (M1)

y=—(-8)-4 or y=%(—8+2)2—5

Q(-8,4) A1

correct substitution into distance formula (A1)

J(8-0)" +(4~(4))

distance =~/128 (=8+/2) A1
[8 marks]

Total [17 marks]



(a)

(b)
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(i) attempt to use Pythagoras (M1)
2 2
sin’ 9+(§j =1 OR x*+2%=3> OR right triangle with side 2 and
hypotenuse 3
sinf = ﬁ A1
3
(i)  attempt to substitute into double-angle identity using their value of siné (M1)
sin26 =2 ﬁ (z
3 )3
sin 26 = M A1
9
[4 marks]
METHOD 1 (using values from part (a))
b a
sind sin26
attempt to use sine rule with their values from part (a) (M1)
3 9
b __a OR K
5[4 b
3 9
correct working that leads to AG A1
3b 9
ﬁa :ﬂb OR —— =24 OR %= 4b (or equivalent)
3 9 545 39
p=32 AG
4

continued...
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Question 8 continued

METHOD 2 (double-angle identity)

b a
sind sin26
using double-angle identity (A1)
.b __ a R be .asmﬁ OR h=_Y
sind 2sinfcosd 2sindcos 2cosd
correct working (involving substituting cos @ = %) that leads to AG A1
i “I3
b= Lnez OR b=—————%— OR b= Lz (or equivalent)
2sin6’(j o) ﬁ 2 2()
3 3 3 3
p=32 AG
4
[2 marks]
(c) METHOD 1 (using supplementary angles)
recognizing CAD and BAC are supplementary (M1)
recognizing supplementary angles have the same sine value (A1)
sinCAD =sin260
sin CAD :% A1

continued...
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Question 8 continued

METHOD 2 (using sine rule)
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recognizing CD =a (M1)
a b
sinCAD sin@
correct substitution of sin & :g and b =%a into sine rule (A1)
3a o
a 4 LA 3 _
— = OR sinCAD= (or equivalent)
sinCAD [ +/5 3a
3 4
sin CAD 45 A1
9
[3 marks]
(d) METHOD 1 (using CAD in area formula)
recognizing DCA =0 (A1)
. 3a
recognizing AD =5 :T (A1)
correct substitution into area formula (must substitute expressions for two sides
and name/expression/value for sin CAD ) (M1)
area = %(b)(b)(#j OR area = %(b)(b)sin 260 OR area= %(b)(b)sin CAD
correct substitution in terms of a (A1)
1(3a\(3a )\ 45
area=—| — || — || —
204 )\ 4 9
2
area = \/gga A1

continued...
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Question 8 continued

METHOD 2 (using ACD or ADC in area formula)
recognizing CD=a (A1)

recognizing AD =5 (: %] and/or DCA =6 (A1)

correct substitution into area formula (must substitute expressions for two sides
and name/expression/value for sin ADC or sin ACD ) (M1)

area:%(a)(b)ng OR area:%(a)(b)sinﬁ OR area:%(a)(b)sinAf)C

OR area = %(a)(b)sin ACD

correct substitution in terms of a (A1)

etz

V542
8

arca =

A1

[5 marks]
Total [14 marks]
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(@ °=9-x" OR y=+/9-%’ A1
(since y>0) = y=+9—x" AG
[1 mark]
b) b=2y (:2 9—x2) or h=x+3 (A1)
attempts to substitute their base expression and height expression into 4 = %bh (M1)
2(x+3)V9-x7
A=+9-x*(x+3) (orequivalent) | = (x l a :xJ9—x2+3J9—x2 A1
[3 marks]
., d4
(c) attempts to use the product rule to find T (M1)
attempts to use the chain rule to find %\/9—x2 (M1)
1 2
(% :) Vo2 +(3+x)(lj(9—x2) 2 (2x) | =o—x? - 21 A1
dx 2 9—x’
(dA J 9-x"  x*+3x 9—x"— x2+3x) A1
dx \/9—x2 \/9—)62 NCESS

d4 9-3x-2x°

a7/ x AG
dx V9 -x*

[4 marks]

continued...
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Question 9 continued

dA4 9-3x-2x"
d ZLoo| 2= o M1
(d) & ( - j (M1)
attempts to solve 9—3x—2x° =0 (or equivalent) (M1)
-2x-3)(x+ 3)(: 0) OR x= 3t \/(_32)2__2;‘ (=20) (or equivalent) (A1)
x=2 A1
2

Note: Award the above A1 if x =-3 is also given. |

substitutes their value of x into either y =+/9—x* or y=-/9—x’ (M1)

Note: Do not award the above (M1) if x<0. |

z_ﬁ[z_ﬂ,z_ ij_\/ﬁ] A1

[6 marks]
Total [14 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.
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Examples:
Correct Further Any FT issues? Acti
i ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should
be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

e If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes when
candidates fail to complete a “show that” question correctly, and then in subsequent parts use
their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award
all others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

o Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

e MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.



10.

-6- M23/5/MATHX/SP1/ENG/TZ1/XX/IM

e In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

f2
any values that lead to integers should be simplified; for example, 75 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, Tmay be left in this form or

1
written as % However, ?0 should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4¢** xe** should be simplified to 4e’, and 4e** xe™* —e** xe* should be
simplified to 3e™. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x° + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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Section A
(@) M (6,-3) A1A1
[2 marks]
. 5
(b) gradient of [PQ] =—§ (A1)
. 9
gradient of L =§ A1
[2 marks]
(c) y+3 zg(x—6) OR y :%x—65—9 (or equivalent) A1
Note: Do not accept L :gx—%.
[1 mark]

Total [5 marks]
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recognizing f(x)=0

x=-1

(i) x =2 (must be an equation with x)

@iy y =% (must be an equation with y)

EITHER
interchanging x and y
2xy—4x=Ty+7

correct working with y terms on the same side: 2xy -7y =4x+7

OR
2yx—4y=Tx+7
correct working with x terms on the same side: 2yx—7x=4y+7

4y +7
2y =17

interchanging x and y OR making x the subject x =

THEN

_1 4x+7 . 7
x)=—— (or equivalent #—
ST (%) 7 (oreq ) | x 5

(mM1)

A1
[2 marks]

A1
A1

[2 marks]

(mM1)

(A1)

(A1)

(M1)

A1

[3 marks]
Total [7 marks]
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(@) (i) summing frequencies of riders or finding complement (M1)
34
robability = — A1
P n
(i)  attempt to find expected value (M1)
&+ 2x£ + 3><i + 4><i
40 40 40 40
60
—(=1.5 A1
40( )
[4 marks]
(b) evidence of their rides/visitor x1000 or +10 (M1)
1500 OR 0.15
150 (times) A1
[2 marks]

Total [6 marks]
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(@) 1-2sin’x=sinx A1
2sin’ x+sinx—1=0 AG
[1 mark]
(b) valid attempt to solve quadratic (M1)
—1+1-4(2)(-1
(2sinx—1)(sinx+1) OR 2)ED
2(2)
recognition to solve for sin x (M1)
. 1
sinx=—ORsinx=-1
2
any correct solution from sinx =-1 A1
. 1
any correct solution from sinx = 5 A1
Note: The previous two marks may be awarded for degree or radian values,
irrespective of domain.
yo_lLmOm A1
26 6
Note: If no working shown, award no marks for a final value(s).
Award A0 for —g,%,% if additional values also given.
[5 marks]

Total [6 marks]
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recognition of quadratic in e*
(¢} ~3¢' +Ink(=0) OR 4> ~3A4+Ink(=0)
recognizing discriminant = 0 (seen anywhere)

(-3)" —4(1)(Ink) OR 9—4Ink
Ink < 2
4

e”* (seen anywhere)

O<k<e™

M23/5/MATHX/SP1/ENG/TZ1/XX/IM

(M1)

(M1)

(A1)
(A1)
A1

A1
[6 marks]
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(a) recognition that period is 4m OR substitution of a point on f (except the origin) (M1)
4m :2—n OR 1=singm

q
m=-_"" A1

2q
[2 marks]

, .3

(b) horizontal scale factor is B (seen anywhere) (A1)

Note: This (A7) may be earned by seeing a period of 6m , half period of 3m or
the correct x-coordinate of the maximum/minimum point.

A1A1A1
Note: Curve must be an approximate sinusoidal shape (sine or cosine).
Only in this case, award the following:
A1 for correct amplitude.
A1 for correct domain.
A1 for correct max and min points and correct x-intercepts.
[4 marks]

Total [6 marks]



(a)

(b)

(c)
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Section B

substitution of x=0

(y=) 3 (accept (0,3))

evidence of using the product rule

h'(x)=2e" +2xe"

setting their derivative equal to zero

correct working

2¢*(1+x) (=0) OR —2x=2

x =—1 (seen anywhere, and must follow on from their derivative)
substituting their value of x into /(x)

2 \
y=="+3 (=—2¢7"+3)

A(—l,—g+3j
(&

(M1)
A1
[2 marks]

(M1)
A1
[2 marks]

(mM1)
(A1)

A1
(M1)

A1

[5 marks]
continued...
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Question 7 continued

(d)y (i) A"(x)=2e"+2e"+2xe"OR 2e" +2e"(1+x) A1A1

Note: Award A1 for (26’“) =2e" , A1 for 2¢* +2xe*or (2x+2)ex

h'(x)=(2x+4)e" AG

(i)  recognition that 4" > 0 OR attempt to find point of inflexion (M1)
since ¢* >0, 2x+4>0 OR 2x+4=0 (= x=-2)
x>-2 A1

[4 marks]
Total [13 marks]



(b)

(ii)

recognition that «, = 5, (may be seen in (a)) OR substituting their », into s,

15—

recognition that n =5

S, =45

METHOD 1

recognition that S +u, =S

u, =15

METHOD 2
recognition that 60 = g(Sl +g)
60=3(5+u,)

us, =15

METHOD 3

substituting their #, and d values into u, +(n—1)d

u, =15

OR equations for S; and S in terms of u, and d

1+4

u =35

OR 60 =g(u1 +15)

M23/5/MATHX/SP1/ENG/TZ1/XX/IM

(M1)
A1

(mM1)

A1

(mM1)

A1

(M1)
A1
[4 marks]

(M1)

A1

[2 marks]
continued...
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Question 8 continued
(c) EITHER
valid attempt to find d (may be seen in (a) or (b)) (M1)
d=2 (A1)
OR
valid attempt to find S, —S, | (mM1)
n2+4n—(n2—2n+1+4n—4) (A1)
OR
equating n° +4n =§(5+un) (M1)
2n+8=5+u, (or equivalent) (A1)
THEN
u,=5+2(n-1) OR u, =2n+3 A1
[3 marks]
(d) recognition that v,7* =v,OR (v,)" =v, xv, (M1)
r>=3 OR v, =()5V3 (A1)
r=+3 A1
Note: If no working shown, award M1A1A0 for \/5 .
[3 marks]
(e) recognition that » is negative (M1)
45
v, =153 (= ——j A1
J3
[2 marks]

Total [14 marks]
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(a) attempt to integrate v (integration of at least one term)

14 73 2
)=t 4P -+ 6t (+C
(s(t)=) 4t+6t ©*+61 (+C)

Note: Award A1 for at least two correct terms.

substitution of ¢ =1into their integrated expression

displacement = 5H :7—1 (m)
12\ 12

(b) attempt to differentiate v (differentiation of at least one term)

a(t)=-3+7t-2

(c) setting theirv'(¢)=0
3t +7t-2=0
valid attempt to solve quadratic
~7+.,/49-4(-3)(-2)
-6

(3r-1)(r-2)=0 OR

1 1

t=—,2 (t=—may be omitted)

3 3

substitute their largest positive z-value into v(z)

greatest speed is 8 (ms™)

(mM1)

A2

(M1)
A1

[5 marks]

(M1)
A1
[2 marks]

(mM1)

(M1)

(A1)
(mM1)

A1

[5 marks]

continued...
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Question 9 continued

(d) attempt to check other boundary value at ¢ =4 (M1)
v(4)=—64+56-8+6 (= —10)

greatest speed is 10 ms™ A1
[2 marks]
(e) identifying correct intervals where speed increases (may be seen in integral) (A1)(A1)

tzéto t=2and t=k tor=4

Ev(t)dt+j:|v(t)|dt OR jfvdtJr J':vdt

OR va(t)dt—j:v(t)dt A1

Note: Condone missing dr .

[3 marks]
Total [17 marks]




N22/5/MATHX/SP1/ENG/TZ0/XX/M ® Diploma Programme
Programme du dipléme
' Programa del Diploma

Markscheme

November 2022

Mathematics: analysis and approaches

Standard level

Paper 1

24 pages




-2- N22/5/MATHX/SP1/ENG/TZO0/XX/M

© International Baccalaureate Organization 2022

All rights reserved. No part of this product may be reproduced in any form or by any
electronic or mechanical means, including information storage and retrieval systems,
without the prior written permission from the IB. Additionally, the license tied with this
product prohibits use of any selected files or extracts from this product. Use by third
parties, including but not limited to publishers, private teachers, tutoring or study services,
preparatory schools, vendors operating curriculum mapping services or teacher resource
digital platforms and app developers, whether fee-covered or not, is prohibited and is a
criminal offense.

More information on how to request written permission in the form of a license can be
obtained from https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-
license/.

© Organisation du Baccalauréat International 2022

Tous droits réservés. Aucune partie de ce produit ne peut étre reproduite sous quelque
forme ni par quelque moyen que ce soit, électronique ou mécanique, y compris des
systemes de stockage et de récupération d’informations, sans l'autorisation écrite
préalable de I'IB. De plus, la licence associée a ce produit interdit toute utilisation de tout
fichier ou extrait sélectionné dans ce produit. L'utilisation par des tiers, y compris, sans
toutefois s’y limiter, des éditeurs, des professeurs particuliers, des services de tutorat ou
d’aide aux études, des établissements de préparation a I'enseignement supérieur, des
fournisseurs de services de planification des programmes d’études, des gestionnaires de
plateformes pédagogiques en ligne, et des développeurs d’applications, moyennant
paiement ou non, est interdite et constitue une infraction pénale.

Pour plus d’informations sur la procédure a suivre pour obtenir une autorisation écrite
sous la forme d’une licence, rendez-vous a I'adresse https://ibo.org/become-an-ib-school/
ib-publishing/licensing/applying-for-a-license/.

© Organizacion del Bachillerato Internacional, 2022

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto
de ninguna forma ni por ningiin medio electrénico o mecanico, incluidos los sistemas de
almacenamiento y recuperacion de informacién, sin la previa autorizacion por escrito del
IB. Ademas, la licencia vinculada a este producto prohibe el uso de todo archivo o
fragmento seleccionado de este producto. El uso por parte de terceros —lo que incluye,
a titulo enunciativo, editoriales, profesores particulares, servicios de apoyo académico o
ayuda para el estudio, colegios preparatorios, desarrolladores de aplicaciones y
entidades que presten servicios de planificacién curricular u ofrezcan recursos para
docentes mediante plataformas digitales—, ya sea incluido en tasas o no, esta prohibido
y constituye un delito.

En este enlace encontrara mas informaciéon sobre cémo solicitar una autorizacién por
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.



-3- N22/5/MATHX/SP1/ENG/TZO0/XX/M

Instructions to Examiners

Abbreviations

M

A

R

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A7, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part.
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Examples:
Correct Further Any FT issues? Acti
: ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all

the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

If the error leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

o If the MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /2745 should be written as % An

exception to this is simplifying fractions, where lowest form is not required (although the numerator

10
and the denominator must be integers); for example, Tmay be left in this form or written as % .

However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe** should be simplified to 4e’*, and 4e>* xe’* —e* xe* should be
simplified to 3e™*. Unless specified in the question, expressions do not need to be factorized, nor do
factorized expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.
If the layout of the responses makes it difficult to judge, examiners should apply appropriate
discretion to judge which is “first”.
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(b)
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Section A
gradient of g is —2 (may be seen in function, do not accept —2x+3) (A1)
g(x)z—Zx A1
[2 marks]
gradient is % (may be seen in function) (A1)
attempt to substitute their gradient and (—1,2) into any form of equation for
straight line (M1)
1 1
y—2:—(x+1) OR 2:—-(—1)+c
2 2
1 1 5
hix)=—(x+1)+2 |=—x+— A1
() =3 (x+1)+2 (<3243 ]
[3 marks]
1 5 5 5
oh)(x)=-2| —x+—=| OR A(0)=— OR — A1
(eoh)(x)==2{ 3x+3 | OR #(0)=3 OR o] @
(goh)(0)=-5 A1
[2 marks]

Total [7 marks]
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g'(x)= 2xe’ ! (A2)
substitute x =—1 into their derivative (M1)
g'(-1)=-2¢ A1

Note: Award AOMOAO in cases where candidate’s incorrect derivative is
g;(x) _ ex2+l .

[4 marks]
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(i) attempt to find midpoint of A and B (M1)
centre (—1,3,—2) (accept vector notation and/or missing brackets) A1
(i)  attempt to find AB or half of AB or distance between the centre and A (or B) (M1)
2 2 2
—“4+§+4 or V22 +12 422
=3 A1
[4 marks]

attempt to find the distance between their centre and V

(the perpendicular height of the cone) (M1)

VJO*+4*+2> OR \/ (their slant height)2 - (their radius)2
=20(=245) (A1)

Volume = énSzm

=3my/20 (= 6745 ) A1

[3 marks]

Total [7 marks]
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(a)

Note: Award a maximum of M1A0AQ if the candidate manipulates both sides of
the equation ( such as moving terms from one side to the other ).

METHOD 1 (working with LHS)

attempting to expand (a2 —1)2 (do not accept a* +1 or a* —1) (M1)
4 A2 2, 4~ 2
LHS:a2+a 2a° +1 or da”+a” —2a" +1 A1
4 4

4 2

_a +2a” +1 A1
4
2 2
2

Note: Do not award the final A1 if further working contradicts the AG.

METHOD 2 (working with RHS)
attempting to expand (a2 + 1)2 (M1)

4 2
Rus= 4 24+l

_4a2+a4—2a2+1

A1
4
_a2+a4—2a2+1 A1
4

21 2

= +(“ 5 j (=LHS) AG
Note: Do not award the final A1 if further working contradicts the AG. |

[3 marks]

continued...
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Question 4 continued

(b) recognise base and height as @ and [az _lj (may be seen in diagram) (M1)
correct substitution into triangle area formula A1
Area = g(az _lj (or equivalent) [ a(az _1) = a a]
20 2 4 4
[2 marks]

Total [56 marks]
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recognizing need to integrate (M1)
9% 4 OR u=x*+1 OR ¥ =2,

x +1 dx

[2du OR 3 22’“ d (A1)
u x +1

:3ln(x2+1)(+c) or 3lnu(+c) A1

correct substitution of x=1and f(x)=50r x=1andu =2 into equation
using their integrated expression (must involve c) (M1)

5=3In2+c

2

S(x)=3In(x*+1)+5-3In2 (=3ln(x2 +1)+5—ln8=3ln(x 2“}5]

(or equivalent) A1

| Note: Accept the use of the modulus sign in working and the final answer. |

[5 marks]
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(@) P(4nB)=0.24 A1
[1 mark]

(b) P(4UB)=1.1-P(4NB) (A1)
(0<)P(4UB)<I1 (M1)

Note: This may be conveyed in a clearly labelled diagram or written explanation
where P(4UB)=1

the minimum value of P(4NB) is 0.1 A1
[3 marks]
(c) Aisasubsetof B (so P(4NB)=P(A4)). R1

Note: This may be conveyed in a clearly labelled diagram where A is completely
inside B, or in a written explanation indicating that P(4NB)=P(A4)

so the maximum value of P(4NB) is 0.3 A1

Note: Do not award ROA1. |

[2 marks]

Total [6 marks]



(a)
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Section B

correct substitution of #=3 and k=2 into f(x)

f(x):a(x—3)2+2

correct substitution of (5,0)

0=a(5-3)" +2 (a:—%j

| Note: The first two A marks are independent.

(b)

F(x)=-5(x-3)"+2

() METHOD 1
correct substitution of (1, 4)
p+(t-1)—-p=4
t=5
substituting their value of ¢ into 9p-3(t-1)-p=4
8p—12=4

p=2

(A1)

(A1)

A1

[3 marks]

(A1)

A1

(M1)

A1



(ii)
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METHOD 2

correct substitution of ONE of the coordinates (-3,4) or (1,4) (A1)
9p-3(t-1)-p=4 OR p+(t-1)-p=4

valid attempt to solve their two equations (M1)
p=2,1t=5 A1A1

(g(x)=2x2+4x—2)

attempt to find the x-coordinate of the vertex (M1)
x=2"1 1) OR Z2 OR 4x+4=0 OR 2(x+1) -4

2 2%x2
y-coordinate of the vertex =—4 (A1)
correct range A1

[-4,+%[ OR y>-4 OR g>-4 OR [-4, )

[7 marks]
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(c) equating the two functions or equations (M1)

g(x)zj(x) OR px2+(t—1)x—p:—x+3p

px*+tx—4p=0 (A1)
attempt to find discriminant (do not accept only in quadratic formula) (M1)
A=t +16p° A1
A=t>+16p*> >0, because t* >0 and p° >0, therefore the sum will be positive R1R1

Note: Award R1 for recognising that A is positive and R1 for the reason.

There are two distinct points of intersection between the graphs of g and ;. AG

[6 marks]

Total [16 marks]



(a)

(i)

(ii)

(iif)

- 17 -

valid approach to find the required logarithm

1 1
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(M1)

2*=— OR 2*=2"% OR—=2" OR log,1-log,16
16 16 2 2

1
log, —=-4
g216

valid approach to find the required logarithm

1
9"=3 OR 3*=3 OR 3=9? OR 1083
log,9

1
log93:5

(\/g)x:SI OR 19881

log, \/5

(3): =3 OR ~=4 O0R

| =] &

A1

(M1)

A1

(A1)

(A1)

A1
[7 marks]

continued...
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Question 8 continued

(b) ()

Note: There are many valid approaches to the question, and the steps may be
seen in different ways. Some possible methods are given here, but
candidates may use a combination of one or more of these methods.

In all methods, the final A mark is awarded for working which leads

directly to the AG.
METHOD 1
(ab)3 =a (A1)
attempt to isolate b or a power of b (M1)
correct working (A1)

b=—2_ OR b=a® OR b'=(ab)’ OR b'=—L

a a

1 -2
bzﬁ OR b:(ab) OR 3log,b=-2log,,a OR -log,b=2log, ab A1

log,, b=-2 AG
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METHOD 2
(ab)3 =a (A1)
taking logarithm to base ab on both sides (M1)

log,, (ab)3 =log,a OR log,a’b’=log,a
correct application of log rules leading to equation in terms of log_, (A1)

3log,, a+3log,,b=log,a OR 3log,b=-2log,a OR log,b’=log,a”

2

2 2
log,b=1log,,a * OR logabbz—glogaba OR log, b=-=(3) A1

log,, b=-2 AG

Note: Candidates may substitute log,, a =3 at any point in their working.

continued...
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Question 8 continued

METHOD 3
log,a=3

writing in terms of base a

log a
—4—(=3
log, ab( )

correct application of log rules

k’g—aa(zg) OR 1—(=3) OR 3log,h=-2 OR
log, a+log, b 1+log, b

2
log, b=—=
g,b=-3

writing log , b in terms of base a

logab b 3 loga b
log, a+log, b

correct working

(M1)

(A1)

(A1)

A1

AG

continued...
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Question 8 continued

(ii)

METHOD 4

log,,ab=1 A2
log,,a+log, b=1 (A1)
3+log,b=1 A1
log,,b=-2 AG

applying the quotient rule or product rule for logs

3 3
logab TZ y- 1Ogab %/5 - 1Ogab \/g OR logab % = logab %/5 + 1Ogab % (A 1)
correct working (A1)

= %logab a —%logab b OR log,, ab-log, Jb

1, 1
_?3—5(—2) (A1)

=2 A1

Note: Award A1A0A0A1 for a correct answer with no working. |

[8 marks]

Total [15 marks]
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cos’x—3sin’x =0

valid attempt to reduce equation to one involving one trigonometric function (M1)
sinx 1

—=— OR Il-sin’x-3sin’x=0 OR coszx—3(1—coszx):O
cosx 3

OR cos2x—1+cos2x=0

correct equation (A1)

tanzyc:l OR coszx:i OR sinz)c:l OR cos2x:l
3 4 4 2

fanx=+—— OR cosx:iﬁ OR sinx:(ir)l OR 2x=£(,5—nj (A1)
V3 2 2 303
=l T A1A1
6 6

Note:

Award M1A1A0A1A0 for candidates who omit the + (for tan or cos) and
give only x = ']

-
Award M1A1A0A0QAO for candidates who omit the * (for tan or cos) and
give only x =30°.
Award M1A1A1A1A0 for candidates who give both answers in degrees.

Award M1A1A1A1A0 for candidates who give both correct answers in
radians, but who include additional solutions outside the domain.

Award a maximum of M1AQA0A1A1 for correct answers with no working.

[5 marks]

continued...
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Question 9 continued

(b) (i) attempt to use the chain rule (may be evidenced by at least one cos xsin x

term)
f'(x)=—2cosxsinx—6sinxcosx(=—8sinxcosx = —4sin2x)
(i)  valid attempt to solve their f"(x)=0

At least 2 correct x-coordinates (may be seen in coordinates)

x=0, x= X=T

T
2 )

Note: Accept additional correct solutions outside the domain.

Award A0 if any additional incorrect solutions are given.

correct coordinates (may be seen in graph for part (c))

(0,1), (1), (g,—sj

Note: Award a maximum of MTATA1A1AQ if any additional solutions are given.

Note: If candidates do not find at least two correct x-coordinates, it is possible to
award the appropriate final marks for their correct coordinates, such as
M1A0AO0A1AO0.

Question 9 continued

(M1)

A1

(M1)

(A1)

A1A1A1

[7 marks]

continued...



(c)
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y
1 -
0
. X
i
-3
Note: In this question do not award follow through from incorrect values found in
earlier parts.
approximately correct smooth curve with minimum at [g,%}
Note: If candidates do not gain this mark then award no further marks.
. . mT Sm
endpoints at (0,1), (m,1), x-intercepts at e
correct concavity clearly shown at (0,1) and (1)
Note: The final two marks may be awarded independently of each other.

A1

A1

A1

[3 marks]

Total [15 marks]
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Instructions to Examiners

Abbreviations

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.
Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts,
for their correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

It is generally not possible to award MO followed by Al, as A mark(s) depend on the
preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and Al for
using the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
AOA1AL.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a
note.

The response to a “show that” question does not need to restate the AG line, unless a
Note makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even
if this working is incorrect and/or suggests a misunderstanding of the question. This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part. For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A1 in the
first part.
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Examples:

Correct Further Any FT issues? Action

answer working seen

seen

5.65685... No. Award A1 for the final mark
82 (incorrect Last part inl  (condone the incorrect further
decimal value) | question. working)

35 0.468111... Yes. Award AO for the final mark
- (incorrect Value is used in| (and full FT is available in
72 decimal value) | subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is
seen or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a
guestion is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in
part (d) or incorrect value from part (c)(i) used in part (c)(ii))). Usually, to award FT marks,
there must be working present and not just a final answer based on an incorrect answer
to a previous part. However, if all the marks awarded in a subsequent part are for the answer
or are implied, then FT marks should be awarded for their correct answer, even when
working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts,
where the markscheme for the subsequent part is (M1)A1l, it is possible to award full marks
for their correct answer, without working being seen. For longer questions where all but
the answer marks are implied this rule applies but may be overwritten by a Note in the
Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for
work which uses the error, but M marks may be awarded if appropriate.

¢ |If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates
may be using an incorrect value.
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If the candidate’s answer to the initial question clearly contradicts information given in the
guestion, it is not appropriate to award any FT marks in the subsequent parts. This
includes when candidates fail to complete a “show that” question correctly, and then in
subsequent parts use their incorrect answer rather than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read
(MR). A candidate should be penalized only once for a particular misread. Use the MR
stamp to indicate that this has been a misread and do not award the first mark, even if this
is an M mark, but award all others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.
If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored

in the subsequent part.

MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the
question specifies a method, other correct methods should be marked in line with the
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative
methods are not permitted unless covered by a note in the mark scheme.

Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.
Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for
example 1.9 and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written
in brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and
examiners are asked to apply appropriate discretion to judge if the candidate work is
equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer
to the required accuracy. If the level of accuracy is not stated in the question, the general
rule applies to final answers: unless otherwise stated in the question all numerical answers
must be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact
value, however candidates may also use the correct answer to 3 sf in subsequent parts.
The markscheme will often explicitly include the subsequent values that come “from the use
of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

f25
any values that lead to integers should be simplified; for example, 7 should be written as g

An exception to this is simplifying fractions, where lowest form is not required (although the

. . 10 o
numerator and the denominator must be integers); for example, 7 may be left in this form or

. 5 10 . o .
written as E However, E should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe* should be simplified to 4e°*, and 4e** xe* —e™* xe* should be
simplified to 3e>*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will
result in no grade awarded. If you see work that suggests a candidate has used any
calculator, please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless
an explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise. If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.
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(b)

(©)

-8-

Section A

evidence of using composite function
f(g(0)) OR f(-2)
(f-9)(0)=8

M22/5/MATHX/SPL/ENG/TZ2/XXIM

Al

[1 mark]

(M1)

Al

[2 marks]

A2

[2 marks]
Total [5 marks]
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(@ u =12 Al

[1 mark]

(b) 15-3n=-33 (A1)

n=16 Al

[2 marks]

(c) valid approach to find d (M1)
u,—u,=9-12 OR recognize gradientis -3 OR attempts to solve

-33=12+15d
d=-3 Al

[2 marks]
Total [5 marks]
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(b)
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(n=1)+n+(n+1)
=3n

which is always divisible by 3

(n—l)2 +n*+(n +1)2 (= n*=2n+1+n’+n’+2n+1)

attempts to expand either (n—l)2 or (n +1)2 (do not accept N -1 or n®+1)
=3n?+2

demonstrating recognition that 2 is not divisible by 3 or % seen after correct

expression divided by 3

3n? is divisible by 3 and so 3n*+2 is never divisible by 3

OR the first term is divisible by 3, the second is not

2 2
OR 3(n2+—j OrR 3M+2_ .. 2
3 3 3

hence the sum of the squares is never divisible by 3

(A1)

Al
AG

[2 marks]

Al
(M1)

Al

R1

AG
[4 marks]

Total [6 marks]
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—11-

Al

(i)

@)

Al

y=2

(ii)

[2 marks]

(b)

continued...
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Question 4 continued

rational function shape with two branches in opposite quadrants, with two
correctly positioned asymptotes and asymptotic behaviour shown Al

Note: The equations of the asymptotes are not required on the graph provided
there is a clear indication of asymptotic behaviour at X=-1 and y=2 (or
at their FT asymptotes from part (a)).

axes intercepts clearly shown at X =% and y=-1 AlAl

[3 marks]
1

c X>—= Al
(c) >

1
Note: Accept correct alternative correct notation, such as (E' 00) and }E, 00{

[1 mark]
Total [6 marks]
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determines % (or 45°) as the first quadrant (reference) angle (A1)
attempts to solve X,z (M1)
2 3 4
. X m 7w Tn
Note: Award M1 for attempting to solve —+— :—,—(, )
2 3 4 4
X I T x<O0andso ~is rejected (R1)
2 3 4
X T yis Tn
2 3 4 4
Al

X= 17?% (must be in radians)

[5 marks]
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(b)

—14 -

EITHER

recognises the required term (or coefficient) in the expansion

bx*='C,x’1* oR b='C, OorR 'C,

b= 27!:3! (z 2!(7712)J

correct working

Tx6x5x4x3x2x1 OR 7x6 OR E
2x1Ix5x4x3x2x1 2! 2
OR

lists terms from row 7 of Pascal’s triangle
1,7,21,...

THEN
b=21

a="7
correct equation

_ax®+35x* 7x° +35x*

21x° OR 21x°=

correct quadratic equation

7x*—42x+35=0 OR x*—6x+5=0 (or equivalent)

valid attempt to solve their quadratic

(x-1)(x_5)=0 OR x_SEV(-0)~4(1)(5)

2(1)

x=1x=5

Note: Award final AO for obtaining x=0, x=1,x=5.

M22/5/MATHX/SPL/ENG/TZ2/XXIM

(M1)

Al

(M1)
Al

AG
[2 marks]

(A1)
Al

Al

(M1)

Al

[5 marks]
Total [7 marks]
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Section B

(@ x=3

. -b
Note: Must be an equation in the form “x = ”. Do not accept 3 or %2 =3.
a

() @) h=3, k=4 (accept a(x—3)"+4)
(i)  attempt to substitute coordinates of Q
12=a(5-3)" +4, 4a+4=12

a=2

(c) recognize need to find derivative of f
f'(x)=4(x-3) or f'(x)=4x-12
f'(5)=8 (may be seen as gradient in their equation)

y—12=8(x—5) or y=8x—28

Note: Award AO for L=8x-28.

Al

[1 mark]

AlAl

(M1)

Al

[4 marks]

(M1)
Al

(A1)

Al

[4 marks]

continued...
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Question 7 continued

(d)

(e)

METHOD 1
Recognizing that for { to be increasing, f(x)—d >0,0r g'>0

The vertex must be above the x-axis, 4—d >0, d —4<0
d<4

METHOD 2

attempting to find discriminant of g’
(—12)° - 4(2)(22-d)
recognizing discriminant must be negative

-32+8d<0 OR A<0O
d<4

recognizing that for g to be concave up, 9" >0
g">0 when f'>0, 4x-12>0, x-3>0

X>3

(M1)

(R1)
Al

[3 marks]

(M1)

(R1)

Al

[3 marks]

(M1)
(R1)
Al

[3 marks]
Total [15 marks]
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17—

L+1:x—3
X—4

x*—8x+15=0 OR (x—4)" =1

valid attempt to solve their quadratic

(x—3)(x-5)=0 OR x:8

x=5 (x=3, x=5) (may be seen in answer)

B(5, 2) (accept X=5,y=2)

M22/5/MATHX/SPL/ENG/TZ2/XXIM

(M1)

(A1)
(M1)

Al

Al

[5 marks]

continued...
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Question 8 continued

(b) recognizing two correct regions from X=3 to X=5 and from X=5 to x=Kk

(R1)

k 5 k 5 k
triangle+jf(x)dx OR jg(x)dx+jf(x)dx OR I(x—3)dx+_[(ﬁ+ljdx
5 3 5 3 5 B

. 2 2
area of triangle is 2 OR % OR (%—3(5))—(%—3(3)]

correct integration

J'(%dex =In(x-4)+x (+C)

X—

(A1)

(AL)(AL)

Note: Award Al for In(x—4) and Al for X.

Note: The first three A marks may be awarded independently of the R mark.

substitution of their limits (for X) into their integrated function (in terms of X)
In(k—-4)+k—(In1+5)

[In(x=4)+x]s=In(k-4)+k-5

adding their two areas (in terms of k) and equating to In p+8
2+In(k—4)+k-5=Inp+8

equating their non-log terms to 8 (equation must be in terms of k)

k-3=8

k=11

11-4=p

p=7

(M1)

Al

(M1)

(M1)

Al

Al

[10 marks]
Total [15 marks]
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uses Y P(X =x)=1 to form alinear equation in P and (| (M1)

correct equation in terms of P and ( from summing to 1 Al

p+0.3+g+0.1=1 OR p+qg=0.6 (orequivalent)
uses E(X)=2 to form a linear equation in P and (M1)

correct equation in terms of P and ( from E(X ) =2 Al

p+0.6+39g+04=2 OR p+3q=1 (orequivalent)

Note:

The marks for using » P(X =X)=1 and the marks for using E(X ) =2
may be awarded independently of each other.

(b)

evidence of correctly solving these equations simultaneously Al

for example, 20 =0.4=q=0.2 or p+3x(0.6—p)=1=p=0.4

so p=0.4 and q=0.2 AG
[5 marks]

valid approach (M1)

P(X >2):P(X :3)+P(X =4) OR P(X >2):1—P(X :1)—P(X :2)

=03 Al
[2 marks]

continued...



-20- M22/5/MATHX/SPL/ENG/TZ2/XXIM

Question 9 continued

(c) recognises at least one of the valid scores (6, 7, or 8) required to win the game (M1)

Note: Award MO if candidate also considers scores other than 6, 7, or 8 (such as
5).

let T represent the score on the last two rolls

a score of 6 is obtained by rolling (2,4),(4,2) or (3,3)

P(T =6)=2(0.3)(0.1)+(0.2)° (=0.1) Al
a score of 7 is obtained by rolling (3,4) or (4,3)

P(T =7)=2(0.2)(0.1) (=0.04) Al
a score of 8 is obtained by rolling (4,4)

P(T =8)=(0.1)" (=0.01) Al

\ Note: The above 3 A1 marks are independent of each other.

P(Nicky wins)=0.1+0.04+0.01

=0.15 Al

[5 marks]

(d 3+b=8 (M1)
bh=5 Al

[2 marks]

continued...
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Question 9 continued

() METHOD 1
EITHER

4
P(S=5)=1,

P(S:a+2):%

=a+2=5
OR
3
P(S=6)=—
(5=6)=1

2 1
P(S —a+3)—E and P(S _5+1)_E
=>a+3=6

OR

3
P(S=4)=E

P(S:a+1):% and P(S:1+3):%

=a+l=4

THEN
=a=3

Note: Award AOAO for a=23 obtained without working/reasoning/justification.

Al

Al

Al

Al

[2 marks]

continued...
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Question 9 continued

METHOD 2
EITHER
correctly lists a relevant part of the sample space Al

for example, {S =4} ={(31),(La),(L,a)} or {S=5}={(2,a),(2,a),(2,2),(2,a)}
or{S =6! ={(3,2),(3.a), (L5)!
a+3=06

OR
eliminates possibilities (exhaustion) for a <5

convincingly shows that a= 2,4 Al

a#4, for example, P(S =7):% from (2,5),(2,5) and so
(3a),(3a)=>a+3=7

THEN
—>a=3 Al
[2 marks]
Total [16 marks]
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Instructions to Examiners

Abbreviations

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.
Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts,
for their correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

It is generally not possible to award MO followed by Al, as A mark(s) depend on the
preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and Al for
using the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
AOA1AL.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a
note.

The response to a “show that” question does not need to restate the AG line, unless a
Note makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even
if this working is incorrect and/or suggests a misunderstanding of the question. This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part. For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A1 in the
first part.
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Examples:

Correct Further Any FT issues? Action

answer working seen

seen

5.65685... No. Award A1 for the final mark
82 (incorrect Last part inl  (condone the incorrect further
decimal value) | question. working)

35 0.468111... Yes. Award AO for the final mark
- (incorrect Value is used in| (and full FT is available in
72 decimal value) | subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is
seen or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a
guestion is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in
part (d) or incorrect value from part (c)(i) used in part (c)(ii))). Usually, to award FT marks,
there must be working present and not just a final answer based on an incorrect answer
to a previous part. However, if all the marks awarded in a subsequent part are for the answer
or are implied, then FT marks should be awarded for their correct answer, even when
working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts,
where the markscheme for the subsequent part is (M1)A1l, it is possible to award full marks
for their correct answer, without working being seen. For longer questions where all but
the answer marks are implied this rule applies but may be overwritten by a Note in the
Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for
work which uses the error, but M marks may be awarded if appropriate.

¢ |If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates
may be using an incorrect value.
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If the candidate’s answer to the initial question clearly contradicts information given in the
guestion, it is not appropriate to award any FT marks in the subsequent parts. This
includes when candidates fail to complete a “show that” question correctly, and then in
subsequent parts use their incorrect answer rather than the given value.

Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read
(MR). A candidate should be penalized only once for a particular misread. Use the MR
stamp to indicate that this has been a misread and do not award the first mark, even if this
is an M mark, but award all others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.
If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored

in the subsequent part.

MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the
question specifies a method, other correct methods should be marked in line with the
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative
methods are not permitted unless covered by a note in the mark scheme.

Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.
Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for
example 1.9 and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written
in brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and
examiners are asked to apply appropriate discretion to judge if the candidate work is
equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer
to the required accuracy. If the level of accuracy is not stated in the question, the general
rule applies to final answers: unless otherwise stated in the question all numerical answers
must be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact
value, however candidates may also use the correct answer to 3 sf in subsequent parts.
The markscheme will often explicitly include the subsequent values that come “from the use
of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

f25
any values that lead to integers should be simplified; for example, 7 should be written as g

An exception to this is simplifying fractions, where lowest form is not required (although the

. . 10 o
numerator and the denominator must be integers); for example, 7 may be left in this form or

. 5 10 . o .
written as E However, E should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe* should be simplified to 4e°*, and 4e** xe* —e™* xe* should be
simplified to 3e>*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will
result in no grade awarded. If you see work that suggests a candidate has used any
calculator, please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless
an explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise. If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.
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12-6 1
a) Mg = =—= Al
(@ Mg _14_4( 3j (A1)
finding m_ = —— using their mg. (M1)
BC
m =3
y—20=3(x+2), y=3x+26 Al
‘ Note: Do not accept L =3x+26. ‘
[3 marks]
(b) substituting (k,2) into their L (M1)
2-20=3(k+2) OR 2=3k+26
k=-8 Al
[2 marks]

Total [5 marks]
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J.—dx 3X— 1Ox2 (+c)

substituting limits into their integrated function and subtracting
1 1

3(9)-10(9)2 —(3(1)—10(1)2J OR 27-10x3-(3-10)

=4

Al

[1 mark]

AlAl

(M1)

Al
[4 marks]
Total [5 marks]
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IQR=10-6(=4) (AL)
attempt to find Q, +1.5x1QR (M1)
10+6
16 Al
[3 marks]
. . 1
(i) choosing c = Ea—9 (M1)
1 x42-9
2
=12 (years old) Al
(i)  attempt to solve system by substitution or elimination (M1)
34 (years old) Al
[4 marks]

Total [7 marks]
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@ (fog)(x)=1(2x) (A1)
f(2x):\/§sin 2X+C0S 2X Al
[2 marks]

(b) J/35in2x+c0os 2X = 2¢0s 2X
J/3sin2x = cos 2x

recognising to use tan or cot M1
tan2x = % OR cot2x :\@ (values may be seen in right triangle) (A1)
arctan ij— T (seen anywhere) (accept degrees) (A1)
J3 6
2X = 2,7—n
6 6
x=1 Im A1A1
12 12

Note: Do not award the final Al if any additional solutions are seen.
Award A1AO for correct answers in degrees.
Award AOAO for correct answers in degrees with additional values.

[5 marks]
Total [7 marks]
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5. evidence of using product rule (M1)
O'—y:(2x—1)x(|<ekX)+2xekx (=€ (2kx—k+2)) Al
dx
correct working for one of (seen anywhere) Al

W ot x=1= ket + 2"
X
OR
slope of tangent is 5"
their dy at x =1 equals the slope of y=5e*x (= 5e*) (seen anywhere) (M1)
X
ke + 2e* =5e*
Al

k=3

[5 marks]
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(a) translation (shift) by 3?71 to the right/positive horizontal direction

translation (shift) by q upwards/positive vertical direction

Al

Al

Note: accept translation by 3
T

2
q

Do not accept ‘move’ for translation/shift.

(b) METHOD 1
minimum of 4sin(x—3§j is =4 (may be seen in sketch)

—4+25+q2>7
g=>8.5 (accept q=8.5)

substituting x =0 and their q (=8.5) to find r
. (=3m
(r=) 43|n(TJ+2.5+8.5

4+25+8.5

smallest value of r is 15

[2 marks]

(M1)

Al

(M1)

(A1)
Al

continued...
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Question 6 continued

METHOD 2

substituting X =0 to find an expression (for r) in terms of q (M1)

(g(0)=r=) 4sinL_—:23n)+2.5+q

(r=) 6.5+q Al

minimum of 4sin(x—3§j is —4 (M1)

—4+25+q2>7

~4+25+(r-6.5)>7 (accept=) (A1)

smallest value of r is 15 Al

METHOD 3

4sin(x—3§j+2.5+q:4cosx+2.5+q Al

y-intercept of 4C0SX+2.5+(Q is a maximum (M1)

amplitude of g(x) is 4 (A1)

attempt to find least maximum (M1)

r=2x4+7

smallest value of r is 15 Al
[5 marks]

Total [7 marks]
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Section B

(@) EITHER

b
attempt to use X=—— (M1)
2a

_—12
2x3

OR

attempt to complete the square (M1)

3(x—2)*-12+p

OR
attempt to differentiate and equate to O (M1)
f"(x)=6x-12=0

THEN
[2 marks]

continued...
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Question 7 continued

(b) (i) discriminant=0 Al
(i) EITHER
attempt to substitute into b® —4ac (M1)
(-12)* —4x3xp=0 Al
OR
f'(2)=0 (M1)
-12+p=0 Al
THEN
p=12 Al
[4 marks]
(c) f"(x)=6x-12 Al
attempt to find f"(0) (M1)
=6x0-12
gradient = —-12 Al
[3 marks]

continued...
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Question 7 continued

(d)

/

AlAl
Note: Award Al for line with positive gradient, A1 for correct intercepts. \

[2 marks]
(e () a=2 Al
(i) x<2 Al

f"(x)<0 (for x<2) OR the f"is below the x-axis (for x<2)

— + 1y i ] "
OR < /" (sign diagram must be labelled ") R1

2

[3 marks]

Total [14 marks]
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—18 —
(@ () EITHER
attempt to use a ratio from consecutive terms M1
llnx
Plnx_3" "~ OR 1Inx=(|nx)r2 OR pinx=Inx| —
Inx  plnx 3p
1
Note: Candidates may use Inx'+Inx® +Inx2 +... and consider the powers of X
in geometric sequence.
1
MmMMlmrgzi.
1 p
OR
r=p and r? =1 M1
3
THEN
p2:1 OR r:iiL Al
3 3
1
—+ AG
T
2 1 2 1 . -
Note: Award MOAO for r :§ or p° =— with no other working seen.
iy —nX (=3+43) (A1)
-1
V3
3 V3
Inx=3-——+3-22 OR Inx=3-+3+/3-1 (=Inx=2 Al
N N ( )

X = e Al
[5 marks]

continued...
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Question 8 continued

() () METHOD 1

attempt to find a difference from consecutive terms or from u,
correct equation

plnx—lnx:%lnx—plnx OR %Inx:lnx+2(plnx—lnx)

1
Note: Candidates may use Inx'+Inx® +Inx3 +... and consider the powers of
X in arithmetic sequence.

Award M1A1 for p—lzé— p.

4 4
2pinx=—=Inx |=>2p=—
pinx =2 ( p 3)

0= 2
3
METHOD 2
. . u, +Uu,
attempt to use arithmetic mean u, = >

1
Inx+=1Inx
pinx=

4 4
2pInx=—=Inx 2p=—
pinx =+ (: p 3}

)2
3

M1

Al

Al

AG

M1

Al

Al

AG

continued...
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Question 8 continued

METHOD 3

attempt to find difference using u, M1

lInx=|nx+2d (:>d :—llnxj
3 3

uzzlnx+l(llnx—lnxj OR plnx—lnx:—llnx Al
2\3 3
plnx:zlnx Al
3
2
== AG
P 3
(i) d:—%lnx Al

continued...
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Question 8 continued

(i) METHOD 1
S, = E{Zln X+(n —1)><(—£In xﬂ
2 3

attempt to substitute into S, and equate to —3Inx (M1)
E{2Inx+(n—1)><[—lln xﬂ:—:%lnx

2 3
correct working with S (seen anywhere) (A1)

n(n-1

n 2Inx—ﬂlnx+llnx OR nInx—Mlnx OR

2 3 3 6

n (4—nj

—| InXx+| —— |Inx

2( 3

correct equation without In x Al

n(n-1
nfr_n =-3 OR n—M:—3 or equivalent
2\3 3 6
Note: Award as above if the series 1+ p +%+... is considered leading to
n7_n__3
2\3 3

attempt to form a quadratic =0 (M1)
n>-7n-18=0

attempt to solve their quadratic (M1)
(n-9)(n+2)=0

Al

n=9

continued...



-22 - M22/5/MATHX/SP1/ENG/TZ1/XXIM
Question 8 continued

METHOD 2

listing the first 7 terms of the sequence (A1)

2 1 1 2
InX+=Inx+=Inx+0-=Inx—=Inx=Inx+...
3 3 3 3

recognizing first 7 terms sumto 0 M1

" .4
8" term is —glnx (A1)

" )
ot term is —glnx (A1)
sum of 8" and 9" terms =-3Inx (A1)
n=9 Al
[10 marks]

Total [15 marks]
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(@ () EITHER
attempt to use binomial expansion (M1)
1+°%C, x1x (-a) + °C, x1x (-a)* +1x (-a)°
OR
(l1-a)l-a)dl-a)

=(1-a)(1-2a+a’) (M)

THEN

=1-3a+3a°-a’ Al
(i) a=cos2x (A1)

So, 1-3c0s2X +3c0s? 2x —c0s® 2x =

(1-cos2x)® Al
attempt to substitute any double angle rule for cos2x into (1—cos2x)® (M1)
=(2sin’ x)°® Al
=8sin® x AG

Note: Allow working RHS to LHS. \

[6 marks]

continued...
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Question 9 continued

(o) (i) recognizing to integrate j(4cosx><85in6 x)dx (M1)

EITHER

applies integration by inspection (M1)

32I(cosxx(sin x)6)dx

=gsin7 X (+¢) Al
7

{§sin7x} (:§sin7m—gsin70j Al
7 0 7 7

OR

u=sinx:>d—u:cosx (M1)

dx

I 32cosx (sin® x) dx = j32u6du

:%ﬂ (+¢) Al
7

{§sin7x} OR {guq (:gsiﬂm—%sinmj Al
7 y 7 0 7 7

THEN

:%SW m AG

continued...
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Question 9 continued

(ii)

EITHER
2 () dx| = Zsin'x " |=2sin’ 2_32in"m M1
m 7 7T 27
i E_2inm=127 or §(1—sin7m):£ (M1)
772 7 28 7 28
OR
Iff(x)dx:jo f (%) dx+jm5f(x)dx M1
32 3 ., 127
—=—sin"m+—
7 7 28 (M1)
THEN
. 1 1
sinfm=— | =— Al
128( 27] (A1)
. 1
sinm=— Al
> (A1)
m=2 Al
6
[9 marks]

Total [15 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A  Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts,
for their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

It is generally not possible to award MO followed by A7, as A mark(s) depend on the
preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for
using the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
AO0A1A1.

Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a
note.

The response to a “show that” question does not need to restate the AG line, unless a
Note makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even
if this working is incorrect and/or suggests a misunderstanding of the question. This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part. For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A1 in the
first part. Examples:
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i ?
Correct Further Any FT issues? .
answer - Action
working seen
seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in|  (condone the incorrect further
decimal value) | question. working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in| (and full FT is available in
72 decimal value) | subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is
seen or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a
question is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in
part (d) or incorrect value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks,
there must be working present and not just a final answer based on an incorrect answer
to a previous part. However, if all the marks awarded in a subsequent part are for the answer
or are implied, then FT marks should be awarded for their correct answer, even when
working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts,
where the markscheme for the subsequent part is (M1)A1, it is possible to award full marks
for their correct answer, without working being seen. For longer questions where all but
the answer marks are implied this rule applies but may be overwritten by a Note in the
Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for
work which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin@=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates
may be using an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This
includes when candidates fail to complete a “show that” question correctly, and then in
subsequent parts use their incorrect answer rather than the given value.
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Exceptions to these FT rules will be explicitly noted on the markscheme.

If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read
(MR). A candidate should be penalized only once for a particular misread. Use the MR
stamp to indicate that this has been a misread and do not award the first mark, even if this
is an M mark, but award all others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sin@=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.
If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored

in the subsequent part.

MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the
question specifies a method, other correct methods should be marked in line with the
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative
methods are not permitted unless covered by a note in the mark scheme.

Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for
example 1.9 and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written
in brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and
examiners are asked to apply appropriate discretion to judge if the candidate work is
equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer
to the required accuracy. If the level of accuracy is not stated in the question, the general
rule applies to final answers: unless otherwise stated in the question all numerical answers
must be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact
value, however candidates may also use the correct answer to 3 sf in subsequent parts.
The markscheme will often explicitly include the subsequent values that come “from the use
of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, TS should be written as % .

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, " may be left in this form or

, 5 10 . e ,
written as 5 However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e>* xe™* should be simplified to 4e’*, and 4e™ xe&’* —e* xe* should be
simplified to 3e’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x>+ x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will
result in no grade awarded. If you see work that suggests a candidate has used any
calculator, please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: [f a candidate has drawn a line through work on their examination
script, or in some other way crossed out their work, do not award any marks for that work
unless an explicit note from the candidate indicates that they would like the work to be
marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise. If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.



(a)

(i)

(ii)

-8-—

Section A

setting /(x)=0
x=1, x=-3 (accept (1,0),(-3,0))

METHOD 1
x=-1

substituting their x-coordinate into f
y=8

(-18)

METHOD 2
attempt to complete the square

—2((x+1)2 —4)

x=—-1, y=8

(-1.8)

N21/5/MATHX/SP1/ENG/TZO0/XX/M

(M1)
A1

A1
(M1)
A1

(mM1)

A1A1

[5 marks]

A1
A1

[2 marks]
Total [7 marks]
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recognition that y :J.cos(x—gj dx

. T
y=sin| x—=| (+c)
4
substitute both x and y values into their integrated expression including ¢

LT
2=sin—+c
2

(M1)

(A1)

(M1)

A1

[4 marks]



3.

(a)

(b)

—-10 -

i x=3
(i) y=-2

(i) (-2,0) (accept x=-2)

(i) [0’5) (accept y=§ and f(O)ZE)

N21/5/MATHX/SP1/ENG/TZO0/XX/M

A1
A1

[2 marks]

A1

A1

[2 marks]
continued...
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Question 3 continued.

(c)

154

10 1

—10 A

_15_

A1

Note: Award A1 for completely correct shape: two branches in correct
guadrants with asymptotic behaviour.

[1 mark]
Total [5 marks]



(a)

(b)
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valid approach to find P(R) (M1)
tree diagram (must include probabilty of picking box) with correct required probabilities
OR P(RNB)+P(RNB,) OR P(R|B)P(B)+P(R|B,)P(B,)

51 41
o4t A1
72 72 (A7)
9
P(R)=— A1
( ) 14
[3 marks]
events 4 and R are not independent, since 21 # i OR é # 2 OR é # l
14 14 7 14 9 2
OR an explanation e.g. different number of red balls in each box A2
‘ Note: Both conclusion and reasoning are required. Do not split the A2. ‘
[2 marks]

Total [5 marks]



(a)

(b)

(c)

(d)

—-13 -
/'(4)=6

f(#)=6x4-1=23

h(4)=1(g4)
h(4)=f(4 =3x4)=f(4)

h(4) =23

attempt to use chain rule to find A’
f’(g(x))xg'(x) OR (x2 —3x)' ><f’(x2 —3x)
H(4)=(2x4-3)f"(4*-3x4)

=30

y—23=30(x-4) OR y=30x-97

N21/5/MATHX/SP1/ENG/TZO0/XX/M

A1
[1 mark]

A1
[1 mark]

(mM1)

A1
[2 marks]

(M1)

A1

A1

[3 marks]
Total [7 marks]
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METHOD 1

attempt to write all LHS terms with a common denominator of x —1
6 _2x(x=1)-3(x-1)-6 oo (2x-3)(x-1) 6

2x—3—
x—1 x—1 x—1 x—1
:2x2—2x—3x+3—6 OR 2x2—5x+3_ 6
x—1 x—1 x—1
_2x2—5x—3
x—1
METHOD 2

attempt to use algebraic division on RHS

correctly obtains quotient of 2x—3 and remainder —6

= 2x—3—i as required.
x_

(M1)

A1

AG

(mM1)
A1

AG

[2 marks]
continued...
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Question 6 continued.

(b)

2sin’260—5sin20-3

N21/5/MATHX/SP1/ENG/TZO0/XX/M

consider the equation 0 (M1)
sin26 -1
= 2sin° 260 —5sin20-3=0
EITHER
attempt to factorise in the form (2sin26+a)(sin260+b) (M1)
Note: Accept any variable in place of sin26.
(2sin2¢9+1)(sin26’—3) =0
OR
attempt to substitute into quadratic formula (M1)
. 5tv4
sin26 = \/_9
4
THEN
sin2t9=—% or sin26 =3 (A1)
Note: Award A1 for sin26 = —% only.
one of %’“ OR % (accept 210 or 330) (A1)
0= E,ﬁ (must be in radians) A1
1212
Note: Award A0 if additional answers given. ‘
[5 marks]

Total [7 marks]



(a)
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Section B
: , , : : ' b
(i)  valid approach to find turning point (V' =0, —2—, average of roots)
a
2
4 —§+ 2

4-6t=0 OR -—— OR

2(-3) 2

(i)  attempt to integrate v

[vde=[(4+4:-32) de =41+ 20— (+c)

Note: Award A7 for4t+2¢*, A1 for —°.

attempt to substitute their ¢ into their solution for the integral

2 3
distance = 4(2) + 2(zj _ (Ej
3 3 3

§+§—£ (or equivalent)
3 9 27
88

=% (m)

(mM1)

A1

(mM1)
A1A1

(M1)

A1

AG

[7 marks]
continued. ..
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Question 7 continued.

(b)

‘.'
4
0 1 2 3 {
valid approach to solve 4+4¢—3¢* =0 (may be seen in part (a)) (M1)
—4+16+48
(2-1)(2+3) OR ——_——
correct x- intercept on the graph at t =2 A1

Note: The following two A marks may only be awarded if the shape is a
concave down parabola. These two marks are independent of each
other and the (M1).

correct domain from 0 to 3 starting at (0,4) A1

Note: The 3 must be clearly indicated.

vertex in approximately correct place for tz% and v>4 A1

[4 marks]

continued...
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Question 7 continued.

3
(c) recognising to integrate between 0 and 2, or 2 and 3 OR ﬂ4+4t—3t2 dr
0

(4+4t—3t2) dr

O Sy 1O

1
o0

(4+4t—3t2) dr

N Sy 0

=-5

valid approach to sum the two areas (seen anywhere)

2 3 2
J.v dt—J'v dr OR jv dr +
0 2

0

3
_[vdl

2

total distance travelled =13 (m)

(M1)

A1

A1
(mM1)

A1
[5 marks]
Total [16 marks]



(b)

(c)
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2 2
f(5j24 OR 4% =4 (M1)
3 3
a=4 OR a=(2*)’ OR &’ =64 OR Ya=2 A1
a=38 AG
[2 marks]
f7(x)=logyx A1
Note: Accept /' (x)=log, x.
. . -1 h Inx
Accept any equivalent expression for f~ e.g. f (x):ﬁ.
n
[1 mark]
correct substitution (A1)
1
log,32 OR 8" =322
correct working involving log/index law (A1)
5
1 5 1 2 oR loz. 8= 30r 12} v 3
510&532 OR Elog82 OR log82=§OR log, 22 OR log,5=50R > OR 2 =2
5
-1 \/3_2 _2 A1
r(V2)=¢
[3 marks]

continued...
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Question 8 continued.

(d)

(i)

METHOD 1
equating a pair of differences

Uy =ty =ty =1y (= 1y =10y
log, p—1log, 27 =log,125-1log, q
logy 125 -log, ¢ = log, g —log, p

logs(ﬁjzlogs 12_5 , log, 12_5 = log 4
27 q q p

£:12_5 and 12_5:

q
27 ¢q qg P

27, p, g and 125 are in geometric sequence

Note:

If candidate assumes the sequence is geometric, award no marks for

part (i). If rzg has been found, this will be awarded marks in part

(ii).

METHOD 2
expressing a pair of consecutive terms, in terms of d

p=8"x27 and ¢=8"x27 OR ¢=8"x27 and 125=8"x27
two correct pairs of consecutive terms, in terms of d

87 x27 87x27 8%x27

= (must include 3 ratios)
27 8/x27 8Ix27

all simplify to 8¢

27, p, g and 125 are in geometric sequence

(M1)

A1A1

A1

AG

(M1)

A1

A1

A1

AG
continued...
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Question 8 continued.

(ii)

METHOD 1 (geometric, finding r)

N21/5/MATHX/SP1/ENG/TZO0/XX/M

u, =uyr’ OR 125=27(r) (M1)

r :g (seen anywhere) A1

p=27r OR 123_3 (M1)

q 3

p=45q=75 A1A1

METHOD 2 (arithmetic)

u,=u,+3d OR log,125=log,27+3d (M1)

5
d =log, 3 (seen anywhere) A1
5 5

log, p =log, 27 +log, 3 OR log, g =log, 27 +2log, 3 (mM1)

p=45,q=75 A1A1

METHOD 3 (geometric using proportion)

recognizing proportion (M1)

pg=125x27 OR ¢°=125p OR p*=27q

two correct proportion equations A1

attempt to eliminate either p or ¢ (M1)

4 =125x 125%x27 OR p?=27x 125x27

q p

p=45,4q=75 A1A1

[9 marks]

Total [15 marks]



- 22 - N21/5/MATHX/SP1/ENG/TZO0/XX/M

Special note: In this question if candidates use the word 'gradient' in
their reasoning. e.g. gradient is positive, it must be clear whether this
is the gradient of f or the gradient of f"to earn the R mark.

(@) f increases when p<x<0 A1
f increases when f'(x)>0 OR f’ is above the x-axis R1
| Note: Do not award AORT. |
[2 marks]
(b) x=0 A1
[1 mark]
(c) (i) f isminimumwhen X=p A1
because f'(p)=0, f'(x)<0 when X< pand f'(x)>0 when x> p
(may be seen in a sign diagram clearly labelled as 1)
OR because f' changes from negative to positive at X =p
OR f'(p)=0 and slope of f* is positive at X = p R1
‘ Note: Do not award A0 R1
(i)  f has points of inflexion when X=¢, x=r and x=¢ A2
/' has turning points at X=¢, x=r and x=t¢
OR
f"(¢)=0, f"(r)=0 and f"()=0 and f" changes from increasing to
decreasing or vice versa at each of these x-values (may be seen in a sign
diagram clearly labelled as /" and ") R1
‘ Note: Award A0 if any incorrect answers are given. Do not award AOR1. ‘
[5 marks]

continued...
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Question 9 continued.

(d) recognizing area from p to ¢ (seen anywhere) M1
t
[l7 ()
p
recognizing to negate integral for area below x-axis (M1)

_(ff'(x)dx—j([f'(x)dx OR j‘f'(x)dx+_(tff'(x)dx

] 7'(x)dx = £ (1)~ £ (m) (for any integral) 1)
)=/ (p)=[/(t)=7(0)] OR f(0)=f(p)+/(0)-/() (A1)
0)-Ls()+f(p)]=20,2/(0)-4=20 (A1)
7(0)=12 A1
[6 marks]

Total [14 marks]
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Instructions to Examiners

Abbreviations

M
A
R
AG
FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

It is generally not possible to award M0 followed by A1, as A mark(s) depend on the
preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using
the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award AOA71A1.
Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if
this working is incorrect and/or suggests a misunderstanding of the question. This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these candidates
will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in
a subsequent part. For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second part.
In this situation, award FT marks as appropriate but do not award the final A7 in the first part.
Examples:

Correct Further Any FT issues?
answer seen | working seen

Action

5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)

35 0.468111... Yes. Award AO0 for the final mark
— (incorrect Value is wused inl (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen
or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question
is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or
incorrect value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be
working present and not just a final answer based on an incorrect answer to a previous part.
However, if all the marks awarded in a subsequent part are for the answer or are implied, then
FT marks should be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where
the markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their
correct answer, without working being seen. For longer questions where all but the answer
marks are implied this rule applies but may be overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

e If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

e If the error leads to an inappropriate value (e.g. probability greater than 1, sin@=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may
be using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent
parts use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

e If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read
(MR). A candidate should be penalized only once for a particular misread. Use the MR stamp
to indicate that this has been a misread and do not award the first mark, even if this is an M
mark, but award all others as appropriate.

e If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sin6d=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored in
the subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the
question specifies a method, other correct methods should be marked in line with the
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative
methods are not permitted unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD A1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for example
1.9 and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners
are asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer
to the required accuracy. If the level of accuracy is not stated in the question, the general rule
applies to final answers: unless otherwise stated in the question all numerical answers must
be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact
value, however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values’.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed,

and any values that lead to integers should be simplified; for example, /2745 should be written as
%. An exception to this is simplifying fractions, where lowest form is not required
(although the numerator and the denominator must be integers); for example, %may be left

in this form or written as é However, E should be written as 2, as it simplifies to an
5
integer.

Algebraic expressions should be simplified by completing any operations such as addition
and multiplication, e.g. 4e** x ¢** should be simplified to 4¢°*, and 4e** x¢** —e** x e should
be simplified to 3¢**. Unless specified in the question, expressions do not need to be
factorized, nor do factorized expressions need to be expanded, so x(x+1) and x>+ x are
both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will
result in no grade awarded. If you see work that suggests a candidate has used any
calculator, please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless an
explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise. If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.



@)

(b)

-8-—

Section A

minor arc AB has length r

recognition that perimeter of shaded sector is 3r
3r=12

r=4

EITHER
0=2n-AOB(=2n-1)

Area of non-shaded region = %(27: - 1)(42)
OR
area of circle - area of shaded sector

l6n—(1x1x4zj
2

THEN
area =16m—8 (: 8(2n—1))

M21/5/MATHX/SP1/ENG/TZ2/XXIM

(A1)
(A1)

Al
[3 marks]

(M1)

(A1)

(M1)

(A1)

Al

[3 marks]
Total [6 marks]
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attempt to subtract squares of integers (M1)
(n +1)2 —-n?

EITHER

correct order of subtraction and correct expansion of (n +1)2 , seen anywhere AlAl

=n*+2n+1-n’(=2n+1)
OR
correct order of subtraction and correct factorization of difference of squares AlAl1

=(n+1-n)(n+1+n)(=2n+1)

THEN
=n+n+1 =RHS Al

Note: Do not award final A1 unless all previous working is correct.

which is the sum of n and n+1 AG

Note: If expansion and order of subtraction are correct, award full marks for
candidates who find the sum of the integers as 2n+1 and then show that
the difference of the squares (subtracted in the correct order) is 2n+1 .

[4 marks]
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(@) METHOD 1
correct substitution of cos® X =1—sin®x Al

2(l—sin2 x)+55in X =4

2sin®x—5sinx+2=0 AG
METHOD 2
correct substitution using double-angle identities Al

(2cos2 x—1)+55in x=3

1-2sin®>x+5sinx=3
2sin’x—5sinx+2=0 AG

[1 mark]

continued...
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Question 3 continued

(b)

EITHER

attempting to factorise

(2sinx—1)(sinx—2)

OR
attempting to use the quadratic formula

) 5+ 52—4x2x2( 5i3j
SINX = =
4 4
THEN
. 1
SINX=—
2
T 51
X=—,—
6 6

M21/5/MATHX/SP1/ENG/TZ2/XXIM

M1
Al

M1

Al

(A1)

AlAl

[5 marks]
Total [6 marks]
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EITHER

attempt to use the binomial expansion of (X + k)7 (M1)

"CoxKO+ TC XK+ TC XK .. (0r "CkTX® + CROX + C K +...)

identifying the correct term ‘C,x°k? (or 'C,k*x”) (A1)
OR

attempt to use the general term 'C x"k™™" (or 'C k'x™™") (M1)
r=2 (or r=>5) (AD)
THEN

'C, =21 (or 'C, =21) (seen anywhere) (A1)
21x°k? =63x° (21k* =63, k*=3) Al
k=13 Al

Note: If working shown, award M1IA1A1A1AO for k =+/3.

[5 marks]



@)

(b)
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|n(x2—16)=o
e’ =x*-16(=1)
x?=17 OR Xx=+17

a=417

)

attempt to differentiate (must include 2x and/or —; %
X —

, 2X
F(x)= X2 —16

. : o 1
setting their derivative = 3

2x 1
x*-16 3

x*-16=6x OR x’—-6x-16=0 (or equivalent)

valid attempt to solve their quadratic
X=8

(M1)

(A1)
Al

[3 marks]

(M1)

Al

M1

Al
(M1)
Al

Note: Award AO if the candidate’s final answer includes additional solutions

(such as x=-2, 8).

[6 marks]
Total [9 marks]
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METHOD 1

attempt to use the cosine rule to find the value of X (M1)
100:x2+4x2—2(x)(2x)(gj Al
2x* =100

X* =50 OR x=+/50 (=52 Al
attempt to find sinC (seen anywhere) (M1)

2
sin?C +(§j =1 OR x?+3%=4” orright triangle with side 3 and hypotenuse 4

sinC = N (A1)
4
Note: The marks for finding sinC may be awarded independently of the first
three marks for finding X.
correct substitution into the area formula using their value of x (or x*) and their
value of sinC (M1)
A:lxsﬁxloﬁxﬂ or A= 5ox2\/%xﬂ
2 4 2 4
A 25£/7 Al

continued...
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Question 6 continued

METHOD 2
attempt to find the height, h, of the triangle in terms of x (M1)
2 2
h2+(§xj =x* OR h2+(§xj =10° OR h:ﬂx Al
4 4 4
equating their expressions for either h* or h (M1)
2 2
X[ 3x =10*- 2y OR 100- 252 =My (or equivalent) Al
4 4 16 4
x2 =50 OR x:@(zsﬁ) Al
correct substitution into the area formula using their value of x (or x°) (M1)
A-Le2v0 Y7 5 or A:%(ZxS\/E)(gS\/?J
A 25f Al

Total [7 marks]
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Section B
(a) evidence of median position (M1)
40 students
median =14 (hours) Al
[2 marks]
(b) recognizing there are 8 students in the top 10% (M1)
72 students spent less than k hours (A1)
k =18 (hours) Al
[3 marks]
(¢) 15 hoursis 60 students OR p=60-4 (M1)
p =56 Al
21 hours is 76 students OR q=80—-76 OR q=80-4-56-16 (A1)
q=4 Al
[4 marks]
(d) 20 of the 80 students OR% spend more than 15 hours doing homework (A1)
%ZﬁOR %xszo OR 4x 20 (A1)
80 (students) Al
[3 marks]

(e) () onlyyear 12 students surveyed OR amount of homework might be different for

different year levels R1
(i)  stratified sampling OR survey students in all years R1
[2 marks]

Total [14 marks]
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(@ 6+6cosx=0 (or setting their f'(x)=0) (M1)

cosx=-1 (or sinx=0)
X=m, X=31 Al1Al
[3 marks]

3n

(b) attempt to integrate I (6-+6cos x)dx (M1)
=[6x+6sin x]i" A1A1
substitute their limits into their integrated expression and subtract (M1)

=(18n+6sin3n)—(6n+6sin)

=(6(3n)+0)—(6n+0) (:18n—6n) Al
area=12n AG
[5 marks]

continued...
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Question 8 continued

(c) attempt to substitute into formula for surface area (including base) (M1)
n(2%)+n(2)(1)=12n (A1)
Adn+27nl =121
27l =8n
=4 Al

[3 marks]

(d) valid attempt to find the height of the cone (M1)
e.g. 22+h? =(their 1)’
h=+12 (: 23 ) (A1)
attemptto use V = %nrzh with their values substituted M1

[57)(2)]

4nx/§ _8nx/§_8n
3 [_ 3 _EJ

volume = Al

[4 marks]
Total [15 marks]
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(a) setting s(t)=0 (M1)
8t—t* =0
t(8-t)=0
p=8 (accept t=8, (8,0)) Al

Note: Award AO if the candidate’s final answer includes additional solutions
(suchas p=0,8).

[2 marks]

(b) (i) recognition that when particle changes directionv =0 OR local maximum on
graph of s OR vertex of parabola (M1)

g=4 (acceptt=4) Al

(i)  substituting their value of g intos(t) OR integrating v(t)from t=0 to t=4 (M1)

displacement =16 (m) Al

[4 marks]

(c) s(10)=-20 OR distance:‘s(t)‘ OR integrating v(t)from t=0 to t=10 (M1)

distance=20 (m) Al

[2 marks]
10

(d) 16 forward + 36 backward OR 16+16+20 OR Hv(t)‘dt (M1)
0

d=52 (m) Al

[2 marks]

continued...
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Question 9 continued

(€)

METHOD 1

graphical method with triangles on v(t)graph

49+(Mj

2

49+ x> =52, x=+/3

k=7+\/§

METHOD 2

recognition that distancezﬂv(t)‘dt

O Ly

(14—2t)dt+_k[(2t—14)dt

[14t —tzjz +[t? —14t]:
14(7)-7? +((k2 ~14k) (7" —14(7))) =52

k=7+J§

M21/5/MATHX/SP1/ENG/TZ2/XXIM

M1

(A1)

(A1)

Al

[4 marks]

M1

(A1)
(A1)

Al

[4 marks]
Total [14 marks]
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Instructions to Examiners

Abbreviations

M
A
R
AG
FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

It is generally not possible to award M0 followed by A1, as A mark(s) depend on the
preceding M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using
the correct values.

Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award AOA71A1.
Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.
The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if
this working is incorrect and/or suggests a misunderstanding of the question. This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these candidates
will lose marks elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in
a subsequent part. For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second part.
In this situation, award FT marks as appropriate but do not award the final A7 in the first part.
Examples:

Correct Further Any FT issues?
answer seen | working seen

Action

5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)

35 0.468111... Yes. Award AO0 for the final mark
— (incorrect Value is wused inl (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen
or implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question
is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or
incorrect value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be
working present and not just a final answer based on an incorrect answer to a previous part.
However, if all the marks awarded in a subsequent part are for the answer or are implied, then
FT marks should be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where
the markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their
correct answer, without working being seen. For longer questions where all but the answer
marks are implied this rule applies but may be overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

e If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

e If the error leads to an inappropriate value (e.g. probability greater than 1, sin@=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may
be using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent
parts use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

e If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read
(MR). A candidate should be penalized only once for a particular misread. Use the MR stamp
to indicate that this has been a misread and do not award the first mark, even if this is an M
mark, but award all others as appropriate.

e If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sin6d=1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored in
the subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the
question specifies a method, other correct methods should be marked in line with the
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative
methods are not permitted unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD A1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for example
1.9 and 1,9 or 1000 and 1,000 and 1.000.

e Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners
are asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer
to the required accuracy. If the level of accuracy is not stated in the question, the general rule
applies to final answers: unless otherwise stated in the question all numerical answers must
be given exactly or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact
value, however candidates may also use the correct answer to 3 sf in subsequent parts. The
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf
values’.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed,

and any values that lead to integers should be simplified; for example, /2745 should be written as
%. An exception to this is simplifying fractions, where lowest form is not required
(although the numerator and the denominator must be integers); for example, %may be left

in this form or written as é However, E should be written as 2, as it simplifies to an
5
integer.

Algebraic expressions should be simplified by completing any operations such as addition
and multiplication, e.g. 4e** x ¢** should be simplified to 4¢°*, and 4e** x¢** —e** x e should
be simplified to 3¢**. Unless specified in the question, expressions do not need to be
factorized, nor do factorized expressions need to be expanded, so x(x+1) and x>+ x are
both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will
result in no grade awarded. If you see work that suggests a candidate has used any
calculator, please follow the procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless an
explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise. If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.
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@@ @ f(2)=6 Al
(i) (fof)(2)=-2 Al
[2 marks]
(b)
_V
8
6
. /4
i+17_}
2 =

|
i

|
2
=
)

X
e
—2

M1A1A1

Note: Award M1 for an attempt to apply any vertical stretch or vertical translation,
A1 for a correct horizontal line segment between -4 and 0
(located roughly at y =3),
A1l for a correct concave down parabola including max point at (2,4) and for
correct end points at (0,3) and (6,0) (within circles). Points do not need to be

labelled.
[3 marks]
Total [5 marks]
(@) 3x10* OR 30000 (km) (accept 3+10*) Al
[1 mark]
4 3 4 3
b) —m(3x10*) OR —m(30000 Al
(6 57(3x10°) OR x(30000) (D
:%nxmx]oﬂ (:n(36x1012)) OR =§7t><27000000000000 (A1)
=n(3.6x10°) (km®) OR a=3.6,k =13 Al
[3 marks]

Total [4 marks]
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METHOD 1 (finding u, first, from Ss)

4(u,+8)=8 (A1)
u,=—6 Al
u,+7d =8 OR 4(2u, +7d) =8 (may be seen with their value of u,) (A1)
attempt to substitute their u; (M1)
d=2 Al

METHOD 2 (solving simultaneously)

u+7d=8 (A1)
4(u,+8)=8 OR 4(2u,+7d)=8 OR u, =-3d (A1)
attempt to solve linear or simultaneous equations (M1)
u =-6,d=2 AlA1l
[5 marks]

(a) attempt to use definition of outlier

1.5x20+Q;, (M1)
1.5x20+U >75 (=U >45, accept U >45) OR 1.5x20+Q, =75 Al
minimum value of U =45 Al
[3 marks]
(b) attempt to use interquartile range (M1)
U —-L =20 (may be seen in part (a)) OR L>25 (accept L >25)
minimum value of L =25 Al
[2 marks]

Total [5 marks]
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(b)

(©)
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f'(x)=-2(x-h) Al
[1 mark]
g'(x)=€"? OR g'(3)=¢€** (may be seen anywhere) Al
Note: The derivative of g must be explicitly seen, either in terms of X or 3.
recognizing f'(3)=g’(3) (M1)
—2(3-h)=¢€*? (=e)
—6+2h=e OR 3—h:—§ Al
\ Note: The final Al is dependent on one of the previous marks being awarded.
he&th AG
2
[3 marks]
f(3)=9(3) (M1)
~(3=h)" +2k=e*? +k
correct equation in K
EITHER
2
—(3—%) +2k=e>?+k Al
=G
k=e+ =e+| — Al
2 2
OR
2
k= e+(3—ﬂJ Al
2
2
k=e+9—3e—18+w Al
THEN
e2
k=e+— AG
4
[3 marks]

Total [7 marks]
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(b)
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common expression other than 2sin x cos x — 2sin® X.

Note: Do not award the final A1 for proofs which work from both sides to find a

METHOD 1 (LHS to RHS)

attempt to use double angle formula for Sin2Xx or C0S2X
LHS=2sin xcos X+ c0s2x—1 OR

sin2x+1—2sin’x—1 OR

2sin xcosX+1-2sin? x—1

= 2sin Xcos X — 2sin® X

Sin 2X+c0s 2x —1 = 2sin x(cos X —sin X) =RHS

METHOD 2 (RHS to LHS)

RHS = 2sin xcos x —2sin? x
attempt to use double angle formula forsin 2X or cos2X
=sin2x+1-2sin’ x—1
=8IN2X+C0S2X—1=LHS

attempt to factorise
(cosx—sinx)(2sinx+1)=0

. . sin x . 1
recognition of COSX=SINX = ——=tanX=1 OR sinX=——
COoS X 2

one correct reference angle seen anywhere, accept degrees

T T T Tn
— OR — (accept ——,—
4 6( P 6 6)

M1

Al
AG

M1

Al
AG

M1
Al

(M1)

(A1)

\ Note: This (M1)(A1) is independent of the previous M1A1.

Tn lin
6 H

5m

X = ,—
4

N

T
6

A2

Note: Award Al for any two correct (radian) answers.

Award A1AOQ for four correct answers given in degrees.

Award A1AO if additional values given with the four correct (radian) answers.

[2 marks]

[6 marks]

Total [8 marks]



-12 - M21/5/MATHX/SPL/ENG/TZ1/XXIM

(@) METHOD 1 (discriminant)

mx? —2mx = mx—9 (M1)
mx? —3mx+9=0

recognizing A =0 (seen anywhere) M1
A= (—3m)2 —4(m)(9)  (do not accept only in quadratic formula for x) Al
valid approach to solve quadratic for m (M1)

++/36% —
2x9
both solutions m=0,4 Al
m =0 with a valid reason R1
the two graphs would not intersect OR 0= -9
m=4 AG
METHOD 2 (equating slopes)
mx*> —2mx =mx—9 (seen anywhere) (M1)
f'(x)=2mx—2m Al
equating slopes, f’(x)=m (seen anywhere) M1
2mx—2m=m
2
substituting their X value (M1)
2

3 m—2mx§= mx§—9

2 2 2
gm—Em :Em—9 Al
4 4 4
m_ 4

4

continued...
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Question 7(a) continued

(b)

(©)

(d)

METHOD 3 (using _—b)
2a

M21/5/MATHX/SPL/ENG/TZ1/XXIM

mx? —2mx = mx—9 (M1)
mx> —3mx+9=0
attempt to find X -coord of vertex using ;—b (M1)
a
—~(=3m)
P Al
2m
2
substituting their X value (M1)
3Y 3
— | m=3mx—+9=0
2 2
gm—gm+9 =0 Al
4 2
-9m =-36
[6 marks]
4x(x—2) (A1)
p=0and q=2 OR p=2 and q=0 Al
[2 marks]
attempt to use valid approach (M1)
0+2 —(-8) ) 2
—_—, , (1), 8x—8=0 OR 4(x°-2x+1-1)|=4(x-1) -4
2 2x4 ( ) ( )( ( ) )
h=1 k=-4 AlAl
[3 marks]
EITHER
recognition X=h to 2 (may be seen on sketch) (M1)
OR
recognition that f (x) <0 and f'(x) >0 (M1)
THEN
l<x<2 AlA1l
\ Note: Award A1l for two correct values, Al for correct inequality signs. \
[3 marks]

Total [14 marks]
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(a) attempt to use quotient or product rule (M1)
1
x* (J—(In x)(4x3)
1
dy __ \x . OR (Inx)(—4x‘5)+(x“‘) - Al
dx (x“) X
correct working Al
3
X*(1-4Inx _
:¥ OR cancelling x* OR 4I5nx+i5
X X X
:1—45Inx AG
X
® =0 (M1)
dx
1—i5ln X _ 0
1
Inx== Al
2 (A1)
1
x=e4 Al
substitution of their X to find y (M1)
1
Ine*
:T
1 ( 1 1J
=—|=-¢ Al
4e\ 4

[3 marks]

[5 marks]

continued...
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Question 8 continued

(©)

(d)

(e)

M21/5/MATHX/SPL/ENG/TZ1/XXIM

1
) 1
J 71 20Ine*-9
5-9 4
= ots (:_FJ Al
which is negative R1
hence P is a local maximum AG
\ Note: The R1 is dependent on the previous Al being awarded. \
[3 marks]
Inx>0 (A1)
x>1 Al
[2 marks]
A
v
P
X
1 >
AlAlAl
Note:Award A1l for one X-intercept only, located at 1
A1 for local maximum, P, in approximately correct position
A1 for curve approaching X-axis as X — o (including change in concavity).
[3 marks]

Total [16 marks]



@)

(b)

(©)

(d)
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recognising probabilities sum to 1 (M1)
p+p+ p+% p=1
2
== Al
g 7
[2 marks]
valid attempt to find E(X) (M1)
1xp+2xp+3xp+4x%p(:8p)
16
E(X)=— Al
(X) -
[2 marks]
@i 0<r<1 Al
(i) attempt to find a value of q (M1)
0<1-3g<1 OR r:0:>q:% OR r=1=q9=0
1
0<g<s= Al
a 3
[3 marks]
E(Y)=1xq+2xq+3xq+4xr(=2+2r OR 4-6q) (A1)
one correct boundary value Al
lxl+2x1+3xl+4x0(: 2) OR
3 3 3
1><0+2><0+3><0+4><1(:4) OR
2+2(0)(=2) OR
2+2aX:4)OR
4-6(0)(=4) OR 4—6@(:2)
2<E(Y)<4 Al
[3 marks]

continued...



Question 9 continued

(€)

METHOD 1

evidence of choosing at least four correct outcomes from

1&2, 1&3, 1&4, 2&3, 2&4, 3&4

- 17 —
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(M1)

6 6
7q+7r OR 3pg+3pr OR pg+ pq+ p(1-3q)+ pg+ p(1-3q)+p(1-3q) (A1)

solving for either g or r
6

7

g(q +1-30q) :% OR _(1—_r+ rj

3
OR BpKLTrJJerr =%

EITHER two correct values
5 3

g=— and r=—
24 8

OR one correct value

1= or 3
24 8

substituting their value for q or r
4-6 > OR 2+2 §

24 8
THEN

B0 =2

M1

1 1
= OR 3pg+3p(1-3q)==
5 pg+3p(1-3q) 5

Al1Al

Al

Al

Al

[6 marks]

continued...
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Question 9 continued

METHOD 2 (solving for E(Y))

evidence of choosing at least four correct outcomes from
1&2,1&3, 1&4, 2&3, 2&4, 3&4 (M1)

6 6
Zd+=1 OR 3pq+3pr OR pq-+pg+ p(1-39)+ pa+p(1-3a)+p(1-3q) (A1)

rearranging to make g the subject M1
_4-E(Y)
=%
3pq+3p(l—3q):% M1
6 [4=E()) 6, 5(4=E()))_1 Al
7 6 7 6 2
2(E0()—1) 1
7 2
11
E(Y)==— Al
(¥) )
[6 marks]

Total [16 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eqg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO0 followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA71A1.

Where the markscheme specifies M2, A2, etc., do not split the marks, unless there is a note.

Once a correct answer to a question or part-question is seen, ignore further correct working.
However, if further working indicates a lack of mathematical understanding do not award the final
A1. An exception to this may be in numerical answers, where a correct exact value is followed by
an incorrect decimal. However, if the incorrect decimal is carried through to a subsequent part,
and correct working shown, award FT marks as appropriate but do not award the final A7 in that
part.

Examples
Correct answer seen | Further working seen Action
1. 82 5.65685... Award the final A1
(incorrect decimal value) (ignore the further working)
2.
%sin 4x sin x Do not award the final A1
3. loga—logh log (a—b) Do not award the final A1
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Implied marks

Implied marks appear in brackets e.g. (M1), and can only be awarded if correct work is seen or if
implied in subsequent working.

o Normally the correct work is seen or implied in the next line.

e Marks without brackets can only be awarded for work that is seen.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) or subpart(s). Usually, to award FT marks, there must be
working present and not just a final answer based on an incorrect answer to a previous part.
However, if the only marks awarded in a subpart are for the answer (i.e. there is no working
expected), then FT marks should be awarded if appropriate.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks.

e |If the error leads to an inappropriate value (e.g. probability greater than 1, use of 7>1 for the
sum of an infinite GP, sin@=1.5, non integer value where integer required), do not award the
mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

o Exceptions to this rule will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part, but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the question says hence. It is often possible to use a
different approach in subsequent parts that does not depend on the answer to previous parts.

Mis-read

If a candidate incorrectly copies information from the question, this is a mis-read (MR). Apply a MR
penalty of 1 mark to that question

¢ If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e The MR penalty can only be applied when work is seen. For calculator questions with no
working and incorrect answers, examiners should not infer that values were read incorrectly.
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Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme

¢ Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.

¢ Alternative solutions for part-questions are indicated by EITHER . . . OR.

Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, simplified answers, (which candidates often do not write in examinations),
will generally appear in brackets. Marks should be awarded for either the form preceding the
bracket or the form in brackets (if it is seen).

Accuracy of Answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. There are two types of accuracy errors, and the final answer mark should not be
awarded if these errors occur.

¢ Rounding errors: only applies to final answers not to intermediate steps.

¢ Level of accuracy: when this is not specified in the question the general rule applies to final
answers: unless otherwise stated in the question all numerical answers must be given exactly or
correct to three significant figures.

Calculators

No calculator is allowed. The use of any calculator on paper 1 is malpractice, and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice. Examples: finding an angle, given a trig ratio of 0.4235.
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Section A
1. (a) valid approach using Pythagorean identity

2
sin%&H(%] =1 (or equivalent)

sin A=——
6

(b) X 8x 6x 11( ivalent)
- —— (or equivalen
2 6 o

area=4«/ﬁ

2. attempt to substitute into P(4UB)=P(A4)+P(B)-P(ANB)

| Note: Accept use of Venn diagram or other valid method. |
0.6=0.5+04-P(ANB)

P(AF\B) =0.3 (seen anywhere)

. . P(ANB)
attempt to substitute into P (4| B) - W
03
04

3

P(A|B) :0'75(21}

(mM1)

(A1)

A1
[3 marks]

(A1)

A1
[2 marks]

Total [5 marks]

(mM1)

(A1)
A1

(mM1)

A1

Total [5 marks]
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(a) attempting to expand the LHS (M1)
LHS = (4n> —4n+1)+(4n" +4n+1) A1
=8n’ +2(=RHS) AG

(b) METHOD 1

recognition that 2n—1 and 2n+1 represent two consecutive odd

[2 marks]

integers (for ne7Z) R1
8n” +2=2(4n" +1) A1
valid reason eg  divisible by 2 (2 is a factor) R1
so the sum of the squares of any two consecutive odd integers is even AG
[3 marks]
METHOD 2
recognition, eg  that , and n+2 represent two consecutive odd integers
(for neZ) R1
n2+(n+2)2=2(n2+2n+2) A1l
valid reason eg divisible by 2 (2 is a factor) R1
so the sum of the squares of any two consecutive odd integers is even AG
[3 marks]
Total [5 marks]
attempt to integrate (M1)
u=2x2+1:>d—u=4x
dx
8x 2
———dx=|—=du (A1)
I V22 +1 J Ju
EITHER
= 4u (+C) A1
OR
=42x* +1(+C) A1
THEN
correct substitution into their integrated function (must have C ) (M1)
5=4+C=C=1
f(x)=4 2x* +1+1 A1

Total [5 marks]



(@)

(b)

(a)

(b)

attempt to form composition
o x+3 x+3
correct substitution g 2 =8 +5

4
(gOf)(x)=2x+ll

attempt to substitute 4 (seen anywhere)
correct equation a =2x4+11
a=19

attempting to use the change of base rule

log,(cos2x+2) = log,(cos2x +2)

log, 9
= %log3(cos 2x+2)

=log, Vcos2x+2

log,(2sinx) =log, vcos2x +2
2sinx =+/cos2x+2

4sin’ x = cos 2x + 2 (or equivalent)
use of cos2x=1-2sin’ x
6sin’x=3

sinx =()

t51-

T
X=—
4
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M1

A1
AG
(mM1)

(A1)
A1

[2 marks]

[3 marks]

Total [5 marks]

M1
A1

A1

AG

M1
A1
(m1)

A1

A1

Note: Award A0 if solutions other than x =% are included.

[3 marks]

[5 marks]

Total [8 marks]



(a)

(b)

(c)

(d)

(e)

(f)

(a)

(b)

-8-—

Section B

evidence of median position
80th employee
40 minutes

valid attempt to find interval (25-55)
18 (employees), 142 (employees)
124

recognising that there are 16 employees in the top 10%
144 employees travelled more than k£ minutes
k=56

b=170

(i)  recognizing a is first quartile value
40 employees
a=33

(i) 47-33
IQR =14

attempt to find 1.5 x their IQR
33-21
12

f(x)=x"+2x-15

correct reasoning that /'(x) = 0 (seen anywhere)
x*+2x-15=0

valid approach to solve quadratic

(x —3)(x +5), quadratic formula

correct values for x

3,-5

correct values for a and b

a=-5and b=3

SPEC/5/MATAA/SP1/ENG/TZO/XXIM

(mM1)

A1
[2 marks]

(M1)

A1

A1
[3 marks]

(M1)

(A1)

A1
[3 marks]

A1
[1 mark]

(M1)

A1

(M1)

A1
[4 marks]

(mM1)

(A1)
[2 marks]

[Total 15 marks]

(M1)A1
[2 marks]

(M1)

M1

A1
[3 marks]

continued. ..
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Question 8 continued

() ()

Yy
N
20+
10+
} ; > X
-10 45 0 10
10+
-1
—201 A1
(i)  first derivative changes from positive to negative at X=da A1
so local maximum at X=da AG
[2 marks]
(d) ()  f"(x)=2x+2 A1
substituting their b into their second derivative (M1)
F"(3)=2x%x3+2
S'(b)=238 (A1)
(i)  f"(b) is positive so graph is concave up R1
so local minimum at x =5 AG
[4 marks]
(e) normalto f at X=a is x =—-5 (seen anywhere) (A1)
attempt to find y-coordinate at their value of b (M1)
f(3)=-10 (A1)
tangent at x =) has equation y = —10 (seen anywhere) A1
intersection at (—5, —10)
p=-5and g =-10 A1
[5 marks]

[Total 16 marks]



(@)

(b)

(c)

—10 -

attempt to use quotient rule
correct substitution into quotient rule

Skx L —kIn5x
7= (5326)2

(or equivalent)

J"(x)=0
2In5x-3 _

kx? 9

1n5x=3
2

3
5x =¢?
3

so the point of inflexion occurs at X = geE

SPEC/5/MATAA/SP1/ENG/TZO/XXIM

(M1)

A1

A1

AG
[3 marks]

M1

(A1)
A1
[3 marks]

m1

A1

A1

AG
[3 marks]

continued...



-1 -

Question 9 continued

(d)

attempt to integrate

u=1n5x:>d—u=l
X

dxzéj.udu

In5x
e

EITHER

kx

setting their expression for area equal to 3
5
= =3
8k
5

k==
24

SPEC/5/MATAA/SP1/ENG/TZO/XXIM

(mM1)

(A7)

A1

A1

A1

A1

A1
m1

A1
[7 marks]

Total [16 marks]
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