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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 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 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:
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.

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 [f 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 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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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”.

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.

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, ,/? 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’* 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.
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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'(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(2’ 32 64

y =¥—16(2)(=?—32 = —?]

__ % (accept —_—64)
1773 Y 3

2225-7106M

A1
(M1)

A1
(M1)

A1

Total [5 marks]



(a)

(b)

(c)

attempt to find binomial coefficients or multiply out brackets

2225-7106M

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

3
both widths and heights are geometric sequences with common ratio — M1

45
areas form a geometric sequence with first term 20 and common ratio — A1

n

n—1 n—1
OR area of picture frame F is 4[%) XS[%J

n—1
areaof F, is 20(%) AG

ul(r" —1)

r—1

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

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

e )
Wl "

[5 marks]

continued...
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Question 5 continued.

(b) recognition that median is between 5" and 6" picture frame

(2o

2

median area =

()(+3)

2
_ﬁ(zj“
2\4
_65
7 2

0 1
6. direction vectorsare gj+k| =|a || and i+2j+3k| =|2
1 3

recognition that the scalar product of the direction vectors is (

0)(1
all2|(=2a+3)=0
113

3
a=->
2

at point of intersection 4 =1+ 4, —%Azz,u and -1+ A =-b+3u

2225-7106M

(m1)

(A1)

A1

[3 marks]
Total [8 marks]

(A1)

(m1)

A1

(A1)

attempt to solve 3 equations in £, A and b , derived from the point of intersection, to

find £, A and b
u=3, 1=-4
b=14

(m1)

A1
Total [6 marks]
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@ (3=)¢" OR a=In3 A1
[1 mark]
b) () Z%eim OR (Re(z))=e™ cos(In3) (A1)
(Re(z))z%cos(ln?)) A1

. 1 —iln3 . - 1 In3
iy —=3e" (:3(cos(—ln3)+1sm(—ln3))) OR (Re(—):je cos(—In3) (A1)

Re[lj ~ 3c0s(~In3)

z
=3cos(In3) OR 3cos(ln§j A1

[4 marks]
Total [5 marks]
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(@) 1l+log,n=1log,2+log,n

2225-7106M

=log,(2n) A1
2nzn+1 OR log,(2n)>log,(n+1) R1
(for neZ") (since log, x is an increasing function)
+log, n>1log,(n+1) (for neZ") AG
\ Note: Do not award AOR1. \
[2 marks]
(b) formn=1
log,1=0 and 1>0 OR LHS =1, RHS = log,1=0 OR log, 2 >log, 1 R1
(sotrue for n=1)
assume true for n =k, ie k >log, k M1
Note: Award MO for statements such as “let n =k ”, “assume n = kis true”. The

assumption of truth must be clear. “Assume Pk true” is accepted.

The following two marks after this M7 are independent of this mark and can be

awarded.
hence
1+ k >1+log, k (using assumption) M1
>log, (k+1) (using result from part a)) A1
hence if true for n =k then true for n =k +1 R1
and as true for n =1, therefore true forall neZ".

Note: Only award the final R1 if the first three marks have been awarded. \
[5 marks]

Total [7 marks]



16—

dy dv
y=vx, —=X—+V
dx

dx

dv x—vx[ l—v)
X—+v= =——
dx x+wvx\ l+v

% l-v
X—+v=—
dx l+v

dv 1-v 1—-2v—v?
X—= —V| =
dx 1+v 1+v

attempt to separate variables and form two integrals

1-2v—v? X
1
j—dlenx+c
X
use of substitution or inspection to integrate1 12+v —or equivalent
—ZV—=V
du
u=1-2v—v"=-—=-2-2v=-2(1+v)
dv
J. l+v =—lln‘l—2v—v2‘ OR —lln|v2+2v—1‘=ln|x|+c
1-2v—v? 2 2
1 y Loy
——ln1—2———2—ln|x|=c OR ——ln—2+2——1—ln|x|=c
2 X 2 |x X
EITHER

attempt to substitute x =2 and either y =0 or v=0to find a constant ¢

c=-In2
1 y
——Inf1-2Z -2 _in|x|=-In2 OR L2 +2 L _1|~In|x|=-1n2
2 X X 20 |x° X
OR
2
li—2X y -4 OR xzy—2+21—1‘=A
X x X X

attempt to substitute x =2 either y =0 or v =0to find a constant 4

THEN

2
1-22 -2
X X

2
X

2
—4 OR (1—2l—y—J=4

checking boundary values confirms x* —2xy—y*> =4

2225-7106M

(A1)

(m1)

A1

(m1)

A1

(m1)

A1

A1

(M1)

A1

AG

continued...
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Question 9 continued.

Note: Condone absence of absolute value signs even if removed incorrectly until the
final AT mark where they must be seen or have been removed to form a correct
equation.

Total [8 marks]
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(a)
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Section B

METHOD 1

a=>5 (A1)
attempt to use roots and symmetry to find 4 (M1)

-1 - —“D=(-

h= w 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=5 h=-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) -2 +3(: (x+2)° _1) OR 5[(x+2)2 -2 +3}(: 5(x+2)" -5) (A1)
OR
uses their expansion to attempt to differentiate and sets equal to zero (M1)
EZ=2x+4::()OR g)i=10x+20=0

dx dx

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

a
p="or n="2
2 10

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

f(x0)=5(x—(-2))" =5(=5(x+2)* -5) A1
(a=5 h=-2,k=-5)

[4 marks]

continued...



-19 - 2225-7106M

Question 10 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 10 continued.

d @) (feog)(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<I1

e <x<e

2225-7106M

A1

(m1)

A1

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

(e) (gof)(x)=In(f(x))
recognition that the domain requires f(x)>0
(x+1)(x+3) >0

x<=3,x>-1

[3 marks]

(m1)

A1A1

Note: award A1 for critical values and A1 for correct inequalities.

accept (x e)(—oo,—3) U (-1,0) or equivalent.

[3 marks]
Total [18 marks]
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1 1
11. (a) normalsof I1, and I1, are | 2 | and | —1 (A1)
1 -2
attempt to use the scalar product for the angle between two vectors M1
1 1 1 1
20 =1 |=| 2|l|| =1 [cos®
1)\-2 1)\ -2
—3=66cosd (so —3=6cos0) A1A1
Note: Award A1 for correct scalar product and A1 for correct magnitudes of normals
and cosé.
1
cosfd =—— A1
2
. ) 1
0=120" OR cos(180"—0)=— A1
2
acute angle is 60° AG
[6 marks]
(b)  attempt to find vector product of their normal vectors M1
1 1 —4+1
2 |x| =1|=| 1+2
1 -2 -1-2
-3 -1
= 3 ||=31 (A1)
-3 -1
equation of I1, is -3x+3y—-3z=d OR —x+y—z=d orequivalent
attempt to substitute x =35, y =-5, z =15 into their equation (M1)
equation of I, is —3x+3y-3z=-45 (so —x+y—z=-15) A1
[4 marks]

continued...
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Question 11 continued.

(c) (i) attemptto use the identity for sin(30° +45°) (M1)

sin(30° + 45°) = sin(30° )cos(45° ) + cos(30° )sin(45°)

GIEE

2 +4/6
_N2+Ve AG
4
Note: A1 for each term. Award A1 A0 for correct answers where the denominator has
not been rationalized such as = L+£
22 242
(i) let x= QR
attempt to use the sine rule with the angles 75°,45° (M1)
5 X
sin75"  sin45°
x = 20 A 20 or equivalent A1
\/5(\/54-\/6) 2(1+\/§)
attempt to rationalise a denominator of the form (\/Z+\/E) by multiplying
numerator and denominator by i(ﬁ - \/E) or equivalent (M1)
20(v2-6) 20(1-+53)
(V2 +46) (V2 —8)|  2(1+3)(1-5)
x=5(\3-1) (em) (p=5, ¢=3) A1
[7 marks]

Total [17 marks]
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12. (a) attempt to use integration by parts on £, (x)=cos"" xcos x M1
TR\
u=cos" x, —=C0SX
dx

du

— =—(n—1)cos" > xsinx, v=sinx
dx b

J.fn (x)dx = cos" " xsinx + J-(n —1)cos"* xsin® xdx A1A1

Note: A7 for each term with correct signs

=cos"" xsinx+(n—l)-|.cos"_2 x(l—cos2 x)dx A1
=cos" xsinx+(n— I)I cos"* xdx —(n— l)j cos” xdx AG
[4 marks]

(b)  attempt to rearrange the equation given in part (a) to collect terms in jfn(x)dx

or J.cos" xdx m1

Ifn(x)dx+(n—l)_[fn(x)dx = cos””! xsinx+(n—1)jfn_2(x)dx OR
J.cos” xdx+(n— I)I cos” xdx = cos" " xsinx+(n— I)I cos" * xdx

nj f.(x)dx =cos"" xsinx+(n— I)I f.,(x)dx OR

njcos” xdx = cos"™ xsinx + (n— I)I cos"? xdx A1

_[fn(x)dx =lcos""1 xsinx+n—_1j‘fniz(x)dx AG
n n

[2 marks]

continued...
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Question 12 continued.

(c)

(d)

attempt to use equation from part (a) to reduce the power of COSX
J.cos4 xdx = lcos3 xsinxwLiJ.cos2 xdx
4 4

EITHER

attempt to use equation from part (a) again to reduce the power of COSX
1 . 3(1 . 1

jcos“ xdx =—cos’ xsinx +— —cosxs1nx+—j1dx
4 4\ 2 2

OR

attempt to use double angle formula to rewrite cos’ x in terms of cos2x

Icos“ xdlecos3xsinx+§.[ ogs2r dx
4 4 2

THEN

1 . 3 4 3
=—cos’ xs1nx+§cosxs1nx+§x+c

2
attempt to use the formula for volume of revolution using ©= and (cos2 x)

2
volume :'[n(cos2 x) dx

2 b
volume = | m(cos’ x) dx OR 2[ (cos>x) dx
0

e L]

SR

2225-7106M

(m1)

(M1)

(A1)

(M1)

(A1)

A1

[4 marks]

(m1)

(A1)

Note: Condone omission dx for the A17.

d

I smnm. n 3 T. 7w 3(m I 5 m). ) 3
—Cc0s” —sin—+—cos—sin—+—| — | |—=m| —cos’ | —— |sin| —— |+ —cos
4 2 2 8 2 2 8\2 4 2 2) 8

attempt to substitute correct limits into their (c) and subtract

8

Note: FT marks may be awarded for a final answer of > based on non-zero values

of p,gand r.

[4 marks]

continued...
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Question 12 continued.

(e)

(i)

METHOD 1

attempt to raise Maclaurin expansion for COS X to the power of 1l (M1)

f,(x)=(cosx)" = [1—%2#..)

2

nx
=]-—".. A2
2
METHOD 2
attempt to differentiate f, (x) twice (M1)
£, '(x)=—ncos"" xsinx, f,"(x)=-ncos" x+n(n—1)cos"” xsin’ x A1

£,0)=1, ,(0)=0, f,"(0)=-n

2
fi)=1-24 .. A1
2
(i)  METHOD 1
attempt to use Maclaurin expansion for f, (x) (M1)
nx’ N

. o ® N\ .

llm% = hmz—z(z hm(—£+ powers ofxD

x—0 X x—0 X x—0 2

__n A1

2
METHOD 2
A . cos”(x)—1
attempt to use I'Hopital’s rule twice on ————— (M1)
X
n n—1 : n-2 s 2 n

i S°8 (f) 1 iy eos”_xsinx . n(n—1)cos" ~ xsin” x—ncos” x

x—0 X x—0 2x x—0 2

__n A1

2
Note: Do not award FT marks for an expression that does not involve 7.

[5 marks]

Total [19 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 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
(@) —2 (accept (O,—Z)) 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)
both correct values —% and 2 (seen anywhere) A1
3

—-Z<y<2 A1

> y
[3 marks]

Total [5 marks]
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(a) attempt to set equal to a parameter or to add detail to cartesian form (M1)
_ _ (=2 _
¥ _vR2 v daely=34-2:-2 OR Sy T(2) =220
2 3 2 3 1
1 2 X 1 2
r=|-2|+A/3| OR | y|=|-2|+4] 3| (orequivalent) A1
0 1 z 0 1
X

Note: Award A0if r = OR | y | = is omitted.

z

[2 marks]
(b) attempt to equate at least one component (M1)
1+24=t OR -2+34=4 OR A=-8+2t
A=2 OR =5 (A1)
intersection point = (5,4,2) A1
Note: Condone coordinates given in vector form. ‘
[3 marks]

Total [56 marks]



(a)

(b)

(c)

correct substitution in sine rule

sind _ sin20 (or equivalent)
5 6J2

attempt to use double angle rule for sin26

sinf 2sinfcosd

5 62
) ) 1 2cos@ .
6\/§s1n0:10s1n000s0 OR -—= OR equivalent
5 6V2
W2
cosé’:T

valid attempt to find sin &

2225-7111M

(A1)

(m1)

A1

AG

[3 marks]

(M1)

2
. 3J2
sin’® QJ{T\/_] =1 ORrright triangle with adjacent side and hypotenuse labelled

siné’zg

A1

[2 marks]

(A1)

A1

[2 marks]
Total [7 marks]



4,

(a)

(b)

-10 -

attempt to use a Venn diagram OR law of addition

P(AUB)=P(4NB')+P(B)

5 7
—=—+P(B
8 24 B)

-3

METHOD 1: finding P(4)

attempt to find P(4)

P(ANB')=P(4)xP(B') OR P(AUB)=P(A)+P(B)-P(A4)xP(B)
1
3

2 7 5 2
P(A)x==— OR ~=2P(4)+
() 3 24 8 3 )
7
P(4)=—
(4) v
EITHER
P(4"|B)= P(A' N B) = P(4)xP(B) =P(A4") (seen anywhere) OR 1—1
P(B) P(B) 16
OR
91 3
P(A'| B) :P(Ar\B) _48|_16
P(B) 16/ 1
48 3
THEN
9
P(4'| B)=—
(4| B) T

2225-7111M

(M1)

(A1)

A1

[3 marks]

M1

(A1)

(A1)

(A1)

A1

continued. ..
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Question 4 continued.

METHOD 2: attempt to find P(4 N B)

attempt to use P(A N B)=P(A)xP(B)
7 1

X=| X+— |X=
24) 3

X=—

48

P(A'| B)=P(B)~P(ANB)+1-P(4UB) OR =2 412

2 9
P(A'|B) :4—; (:Ej

2225-7111M

m1

A1

(A1)

A1

[4 marks]
Total [7 marks]



(b)

—-12 —

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

valid attempt to solve quadratic (in)equality

(k-6)(k+10) OR k=_— 4 —4(=e0)

2

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

recognising constant or product of roots is positive
15-k>0= k<15
k<-10, 6<k<I15

2225-7111M

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

\/x2+x2lnx+4—x2

[=vxX’Inx+4 AG

[1 mark]
. df
(b) recognising ™ =0 (seen anywhere) (M1)
EITHER
attempt to use chain rule with / (M1)
| ‘% d/
—(x lnx+4) x—(x lnx+4)
2 dx
I
attempt to use product rule with a(x lnx+4) (M1)
1 2 _i 2 l
—(x lnx+4) 2x| x"x—+Inxx2x A1
2 X
OR
recognising to minimise x”Inx+4 (M1)
attempt to use product rule (M1)
x2x1+lnx><2x A1
X
THEN
x+2xIlnx=0 (or equivalent) A1
1
=>hx=——
2
_1 1
x=e¢? |=— A1
&)

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

[6 marks]
Total [7 marks]
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METHOD 1 (product of quadratic factors)
attempt to write as product of two quadratic factors

x4+px3—2x2+qx—3:(x2+2x+1)(ax2+bx+c)
=(x*+2x+1)(x” +bx—3) OR (x* +2x+1)(x* -3)
attempt to compare their coefficients

p=b+2 OR g=b—-6 OR -2=2b+1-3

b=0

p=2,q9=-6

METHOD 2 (double root)

let f(x)=x"+px’ =2x" +qx-3

recognition that /'(—1)=0

ptg=-4

recognition that f”(x)=0 at x =—1 since it has a double root
f'(x)=4x +3px’ —dx+q

3p+q=0

p=2,9=-6

METHOD 3 (division by (x+1) twice)

attempt to use division with (x+1) to find remainder

p+q=—4

attempt to use division once again with (x+1) to find remainder
q+3p=0

p=2,q9=-6

METHOD 4 (division by x* +2x+1)

attempt to use division to find remainder
(¢g+3p)x+2p—4(=0) (orequivalent)
equating the coefficients of their remainder to 0

g+3p=0and 2p-4=0 OR g—p+2=2(1-2p) and -3=1-2p (or equivalent)

p:21 q:—6

2225-7111M

(m1)

A1

(m1)

(A1)
A1

(M1)
A1
(m1)

A1
A1

(mM1)
A1
(mM1)
A1
A1

(m1)
(A1)
(M1)
A1
A1

continued...
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Question 7 continued.

METHOD 5 (sum and product of roots)

let the four roots be —1,—1,« and

attempt to set sum of four roots equal to —p OR product of four roots equal to -3 (M1)

Note: Award M1 for expansion of (x—l)2 (x—a)(x—B) leading to a quartic
+(2-a-p)x +(af-2a-2p+1)x* +(2af —a—pf)x+ap (=0)

(-1)+(-1)+a+p=-p (= a+p=—p+2) and (-1)(-1)af =-3 (= af =-3) A1
sum of product of pairs and sum of product of roots taken three at a time
af-a-a-f-pf+1=-2(=af-2a-24=-3) and

—aff-af+p+a=-q (= 2af+f+a=—q) A1

‘ Note: Award A1 for any two correct equations.

attempt to solve their four equations to obtain the value of p and ¢ (M1)

aff=-3and aff-2a-2p=-3 = a+=0

p=2,9=-6 AT
[5 marks]



(a)

(=1, m)

16—

(N

2225-7111M

For a curve with correct shape within the domain, correct labelled y -intercept and end points. A2

Note: Award A1 for any two of the following provided a curve is seen:

correct shape within the domain

correctly labelled y - intercept

correctly labelled end points.

[2 marks]

continued...
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Question 8 continued.

(b)

METHOD 1

recognizing to use compound angle rule for cos(A+B) (M1)
cos(arccos x)cos (arccos x\/g) —sin (arccos x)sin (arccos x\/g)

valid attempt to find sin(arccosx) or sin(arccosx\/g) in terms of x (M1)

use of the identity sin@ =+/1—cos’ @ OR use of a right-angled triangle

(sin Aand sin B are both positive)

xx 3 =1=x2 x1-3x2 (zcos%) A1

3
cos%r =0 (seen anywhere) (A1)
attempt to write an equation in x without the square roots (M1)
3xt =1-4x"+3x"
x:il
2

1
(as seen in part (a) graph, when x = E : arccos(x) + arccos(xx/g) <@ = no solution)

continued...
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Question 8 continued.

METHOD 2

recognizing to use compound angle rule for sin(A+ B) (M1)
sin (arccos x) cos (arccos 3 ) +cos (arccos x)sin (arccos 3 )
valid attempt to find sin (arccosx) or sin(arccosx\/g) in terms of x (M1)

use of the identity sin@ =+/1—cos’ @ OR use of a right-angled triangle

(sin Aand sin B are both positive)

V1= x2 xxf3 + xxA/1=3x> (:sin%j A1

sin%t =—1 (seen anywhere) (A1)
attempt to write an equation in x without the square roots (M1)

4x4—4x2+4;:4x2—12x4(:>I6x4—8x2+1::O:>(4x2—1y::0)

x:il
2

(as seen in part (a) graph, when x =—, arccos(x) + arccos(xx/g) <@ = no solution)

M. A1
2

[6 marks]
Total [8 marks]
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9. METHOD 1

assume that <4 (for 0<x<1) M1

x(I-x)

Note: Award MO for statements such as “let <4,

x(1-x)
Award MO for incorrect use of weak inequality signs such as “assume that

! <4
x(1-x)

since 0<x<1 (= x>0 and 1-x >0, therefore) x(1-x) >0 (seen anywhere) R1

Note: Subsequent marks after this M71R1 are independent of these two marks and
can only be awarded provided a correct or weak inequality (< or <) is
used at the assumption step.

attempt to form a quadratic inequality in x (using their assumption) (M1)
I<4x(l—x) OR 1Z#¥U=0)
x(1-x)
4x*> —4x+1<0 (or equivalent) A1
EITHER
(2x—1)> <0 (or equivalent) A1
a contradiction, since (2x—1)*>0 (for 0<x<1) R1
OR
1
a graph of y =4x’ —4x+1 with the vertex touching the x-axis at x = 5 A1
a contradiction, since 4x* —4x+1>0 (for 0<x<1) R1
THEN
hence >4 forxeR,0<x<l. AG
x(1-x)

Note: Award a maximum of MOR1(M1)A1A1RO for incorrect use of weak
inequality signs.

continued...
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Question 9 continued.

METHOD 2
assume that <4 (for 0<x<1) m1
x(1-x)
Note: Award MO for statements such as “let <4
x(1—x)

Award MO for incorrect use of weak inequality signs such as “assume that

! <4
x(1—-x)

Subsequent marks after this M1 are independent and can only be awarded
provided a correct or weak inequality (< or <) is used at the assumption

step.
! z£+ B =1=A4(1-x)+Bx
x(1-x) x 1-x
attempt to equate both coefficients OR substitute two values eg 0 and 1 (M1)
A=1and B=1 A1

‘ Note: Award A1 for both correct values.

Let f(x):l+%

x l-x
equating their f’(x) =0 and solve for x OR a concave upward graph for 0 < x <1 (M1)

, 1 1 2 2 1
f(x)=——2+ s=0=>x" —2x+1=x"=>x=—

¥ (1-x)

- . 1
minimum value is f[zj =4 A1
a contradiction, since 4 <4 R1
hence >4 forxeR,0<x<l. AG

x(1—-x)

Note: Award a maximum of MO(M1)A1(M1)A1R0 for incorrect use of weak
inequality signs.

continued...
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Question 9 continued.

METHOD 3
assume that <4 (for 0<x<1)
x(I-x)
Note: Award MO for statements such as “let <4
x(1-x)
Award MO for incorrect use of weak inequality signs such as “assume that
1 ”
x(1-x)

Subsequent marks after this M1 are independent and can only be awarded
provided a correct or weak inequality (< or <) is used at the assumption
step.

Let f(x)=

x(1—x)

attempt to use product rule to find /" (x)

L 1 | 1 _ 2x -1
S'(x)= (1= x) x(l—x)z[ xz(l—x)zj

equating their f'(x)=0 and solve for x

1
X=—

2
. . 1
minimum value is f(Ej =4

a contradiction, since 4 <4

hence >4 forxeR,0<x<l.

x(I-x)

Note: Award a maximum of MO(M1)A1(M1)A1R0 for incorrect use of weak
inequality signs.

2225-7111M

M1

(m1)

A1

(m1)

A1

R1

AG

[6 marks]
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Section B

(@) 4°=8 OR f7'(x)=log,x OR f'(8)=log,8

attempt to use indices with same base OR change of base of logs

3

2 3 _ log, 8
2% =2, 4"=42 OR f7'(8)=log,4> OR fl(S)Z&

log, 4

(b) (i) interchanging x and y (seen anywhere)
x=1+log,y OR y—1=log,x
x—I=log,y OR 2" =x

g~ (x)=2"" (or equivalent)

(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

two correct transformations in the correct order

METHOD 2
1
horizontal stretch/dilation with scale factor E (accept horizontal compression

by a factor of 2)

vertical stretch/dilation with scale factor 2

Note: A7s can be awarded independently here as order is not important. ‘

(A1)
(M1)

A1

[3 marks]
(M1)

A1

A1
A1

A1

A1

[4 marks]

continued...
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Question 10 continued.

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

f(1+10g2 _x) (: 41+log2x)

4X4log2x OR 4X2210g2x OR 4log22x OR 2(2+210g2x) OR 4(log44+2log4x) (A1)
_axiet oR 2T R 4] A1
[3 marks]
. 2x—1)(2x+1)+1
@ () 2e-14 L (e D@xrD+ (A1)
2x+1 2x+1
2
_ 4x —-1+1 A1
2x+1
2
TR S, . AG
2x+1  2x+1
‘ Note: Accept working from RHS to LHS.
(i)  METHOD 1
3 1
enclosed area is J. 2x—1+ dx
1 2x+1
attempt to integrate (at least one correct term or ln(2x+1) seen) (M1)
:xz—x+%ln|2x+1|(+c) A1A1
Note: Award A1 for x’ —x and A1 for %ln|2x+1|.
1
Accept Eln(2x+1).
substitute correct limits into their integrated expression and subtract (M1)
1 1
=19-3+—In7 |-|1-1+=In3
2 2
A:6+llnZ A1
2 3

continued. ..
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Question 10 continued.

METHOD 2

attempt to use integration by substitution (M1)

let u=2x+1 OR u=2x-1 :%:2

:lj u—2+l du ORlJ'(u_l)zdu ORlJ‘ U+ ! du A1
2 u 2 u 2 u+2

correct integration

:luz—u+lln|u|(+c) OR luz+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 §+lln7 s 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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1
(a) attempt to use the binomial expansion with n = 5

:1+(%J(5x)+...

correct substitution into at least three terms

=1+(%)(5x)+%(5x)2 + (;](_;](_;j(&cf b

3!
5,25, 125

—l+ox-22

5 . " (+...)

Note: Award A1 for 1+§x—§x2 and A1 for E)ﬁ

(b) at least 3 correct terms in expansion of (1+qx)71

=1+(—1)(qx)+#(qx)2 +...(= 1-gx+q°x° +)

attempt to find product

(1+p)c)(1—qx+q2x2 +...):1—qx+q2x2 o4 px—pgx’ +...

=1+ px—gx+q°x" — pgx’ +...<=l+(p—q)x+(q2 —pq)x2 +)

‘ Note: Award A0 if the final answer is not in ascending order.

2225-7111M

(m1)

(A1)

A1A1

[4 marks]

A1

(m1)

A1

[3 marks]

continued...
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Question 11 continued.

(c) equating their coefficients of either x or x°

one correct equation

5 ) 25
—g== OR d¢*=pg=-==
pP-q=3 ¢ -pg=="g

valid attempt to solve for g or p

5 25 , 5) 25 15 5
—Zg=—"2O0R ¢*—q|lg+>|=—=2 OR ——g==
9= q q(q 2} q9=3

15 1
Note: Award full marks for i q :% provided a full solution for p = ?5 is seen

first. Using p :$ from part (d)’s stem is not sufficient.

(d) (i) attempt to find x
1+5x=1.2

X = %(: 0.04) (or equivalent)

substituting their value of x with p and ¢
15( 1
+7 [
4\ 25
1+é S
4\ 25

s (.23
105 21
219 2191

Note: Award (M1)A1(M1)A1 for an answer of 200 or

using the expansion

from part (b) or (a).

2225-7111M

(m1)

A1

(mM1)

A1

AG

[4 marks]

(m1)

A1

(m1)

A1

continued...
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Question 11 continued.

(ii)

s[5
N2 _ 2 125
2 \4
! A1

recognising 2—0 > L R1

25

o 5 . o
therefore, approximation for 7 is not as accurate as the approximation

for \/ﬁ AG

[6 marks]
Total [17 marks]



12. (a)
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z2 =2 cos _2_7: +1sin —2—n OR z* =2| cos 4—“ +1sin 4—“
3 3 3 3

‘ Note: Award A1 for correct modulus or argument seen.

2225-7111M

A2

zt = 2(008(—2?“4- 2kn)+isin(—2?n+2knjj OR z* = 2[cos(4?n+ 2knj+isin(43—n+2knjj

attempt to use De Moivre’s theorem

z= \/E(cos(—§+knj+isin(—§+kn)j OR z= \/E[cos(z?n+knj+isin(2?n+kn)j

5 .. (5 .
Note: accept z = ﬁ(cos(?ﬂ)ﬂsm(?ﬁ)j in place of the 15t term above.

accept rcisé form throughout.

(b)

V2 6 V2 6.

i z=———1 and z, =——+—1
0 za=7-7 I

Note: may be seen in part (a).

Award A1AO0 for z, and z, interchanged.

1 3.
Accept factorised form, e.g. z, = ﬁ[z—%l] :

Note: Award A71A0 for z; and z, interchanged.

ﬁj_

1 .
Accept factorised form, e.g. z; = 2 [5+71

Award ATFTA1TFT for z, =their(z,) with Re(z,)>0 and z, = their(z,)’.

M1

A1

[4 marks]

A1A1

A1A1

[4 marks]

continued...
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Question 12 continued.

(c) (i) Argand diagram with all four points plotted in approximately correct positions
forming a rectangle. A2

Im(z)

c [ﬂ,ﬁ]

22

Re(z)

Note: Award A7 for any two points plotted correctly on an argand diagram.
Award A1AO0 if the four points form a square.

Condone absence of labels, coordinates if they are approximately in correct
positions and same distance from the origin. Dotted lines not required.

(i) METHOD 1
attempt to find the length OR the width of rectangle (M1)

B \G

2x— OR 2x—
2 2

length =\/g and width :\/5
area of rectangle = \/ﬁ (: 2\/5) A1

continued...
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Question 12 continued.

(d)

(e)

METHOD 2

attempt to find the area of triangle

lxﬁxﬁxsinz—n OR l><\/E><\/§><sinE
2 3 2 3
4x£%xﬁxﬁx?}

area of rectangle = 23

recognition that z = l
w

4 2 2 4
(l) +2(ij +4=0 OR w=0

4
w w w

Aw* 12w +1=0

(i)

p=4q9=2,r=1
(i) EITHER
attempt to take conjugate
V2 s,
—+—1
1 2 2 OR 2
X
o) (V2 e, T (V2= Vei) (V2 ei)
2 2 2 2
OR
attempt to use De Moivre’s theorem
L(cos£+isin£j
203 3
THEN
s

= —+ —1 (or equivalent)

2225-7111M

(mM1)

A1
[4 marks]

(m1)

(A1)

A1
[3 marks]

M1

M1

A1

continued...
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Question 12 continued

(i)  recognition of dilation/stretch by a scale factor of % for both dimensions (M1)

m[@]

area of rectangle = e

A1
2

Note: Award follow through from their area found in part (c)(ii). ‘

[4 marks]
Total [19 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 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, 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.

¢ 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

/25
values that lead to integers should be simplified; for example, T 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** xe’* should be simplified to 4¢™, 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

(@) 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+1log,3 OR log,,2+log,,2+log,2+log,3
3p+gq A1
[3 marks]

log,, 8 3log,, 2
(b) (10g3 8 _) g10% | _ 2108y (A1)
log,, 3 log,, 3
3
_2pP A1
q
[2 marks]
Total [6 marks]
@ f(-3)=-1 A1
[1 mark]
(b) —-3<x<5 A1
Note: Award A7 for answers using interval notation [-3, 5].

[1 mark]
© (f'@x-7)=-3=)2x-7=f(-3) OR [7'(-1)=-3 (M1)
2x-T7=-1 (A1)
x=3 A1
[3 marks]

Total [56 marks]
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recognizing to use cos20 =2cos” 6 —1 (mM1)
2(2c0s” @—1)—5cos0+2 (=0) A1
4cos*>@—5cos@ (=0)
choosing an appropriate method to solve their quadratic equation (M1)
cos@(4cosf—5) OR Si\/(_5)2_4X4XO (A1)
2x4
cosf =0
0= 3_“ A1
2
Note: Do not award final A1 if any extra solutions given. ‘
[5 marks]
(@) equating y=mx-3 and y=x"-x-1 M1
x'—x—1-(mx-3)=0 OR x*—mx—x+2=0 A1
X =(m+D)x+2=0 AG
[2 marks]
(b) METHOD 1 (discriminant)
correct substitution into discriminant (do not award if seen only in quadratic formula) (A1)
(~(m+1))’ —4(1)(2) OR (m+1)* —4(1)(2) A1
discriminant equals 0 (seen anywhere) A1
(m+1)>=8 OR m*+2m—-7=0
(m=) —1-23/2, —1+22 A1A1
METHOD 2 (derivative)
Y =2x-1 A1
substituting m =2x—-1 or x= m+l into AG from part (a) (A1)
2
¥ —(2x-1+D)x+2=0 OR x*-2x*+2=0 OR (mTHj —(m+l)mT+1+2=0
x=#+J2 OR —m*-2m+7=0 OR m’+2m—-7=0 A1
(m=) 242-1, —2J2-1 A1A1
[5 marks]

Total [7 marks]



(a)

(b)

(c)
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recognizing constant change from Y to X and/or comparing the two distributions

h-7=22-19 OR b=7+(22-19) oR 227 _22=19 (M1)
a a

b=10 A1
[2 marks]

(P(7T-a<X <7+a)=) 0.68 A1

[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)-)1-22 OR 05+0.34 OR 0.68+0.16

0.84 A1
[3 marks]

Total [6 marks]



(a)
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—n,r

/7

right branch with minimum in approximately correct position AND showing
asymptotic behaviourto y =5x+5

asymptotic behaviour on both branches at x = —%

left branch reflected in x-axis with minimum in approximately correct position

oblique asymptote ( y =—5x—5) drawn in approximately correct position
(equation is not required) AND left branch with correct asymptotic behaviour

A1

A1

M1

A1
[4 marks]
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(b)

Y

8 A

4

X

=8
axes intercepts in approximately correct positions A1
local extrema in approximately correct positions A1

asymptotic behavior to y =0 on both sides OR asymptote at y =0 indicated on

sketch (by line or label etc. equation not required) A1
[3 marks]

Total [7 marks]



2
X

—-12 —

r* —y* (seen anywhere)

b
substituting their expression for x” into I we’dy

,
|
=r

:n[

a

r

(r4 —y4)dy OR 2nj(r4 —y4)dy

0

57" 57
ry—2-| OR2n|rty-L
y 5| Y 5

0

5

Note: Award A1 for r4y—y? seen.

(b)

attempt to find modulus OR argument of

r=A12 (:2\/5) or 02—%

z, = x/ﬁc{ig = 2x/§e7i5
1

“ 2x/§e_ig

recognizing three equivalent arguments

5

5T

6 JIn IFELS
22_2\/56 _ el6[: i J

[ S5m
z, 1(—?+2nkj _Sm, _17m, Tm,

22 e OR Z_2= o 6 6
eg e % ,e ,€
Z Z

attempt to find a root using de Moivre’s theorem

1(757n+ﬁJ i((lzk-S)n] i((12k+7)n)
el 18 3 —el I8 —e 18

Lm st 7w
e 18 ,€ 18,618

2225-7116M

(A7)

(M1)

(A1)

A1

(A1)

A1

Total [6 marks]
(M1)

A1

A1

[3 marks]

(A1)

(M1)

(m1)

(A1)

A1

[5 marks]
Total [8 marks]
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9. METHOD 1

Jim 220X 0 indeterminate form, attempt to apply I'Hépital’s rule R1

0] —cosx

Note: Subsequent marks are independent of this R mark.

:limsmx-f—xcosx [ZHm(ch?osxD A1
x>0 sin x x>0 sin x

EITHER

Applying I'Hépital’'s rule again (since limw :9) (M1)

x>0 sin x 0

Note: Award (MO) if their limit is not the indeterminate form %

. COSX+cCOoSx—xsinx
lim A1
x>0 CcoSs X
OR
) cos X
=lim| 1+ A1

x>0 sin x
X

sin x

recognizing fundamental trig limit ling =1 R1
X—> x
THEN
substituting x=0 (M1)
(anJzz A1
x>0]1—cosx

continued...
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Question 9 continued

METHOD 2

multiplying numerator and denominator by 1+cosx M1

) xsinx l+cosx
Iim x
x>0\ 1—cosx 1+cosx

. [ xsinx(1+cosx)
lim 5
x>0 I-cos” x
. [ x(1+cosx)
lim| ——= A1
=0 sin x
T l+.cosx (A1)
x=0| (sinx
%)
recognizing fundamental trig limit lim S X =1 OR ]Jmi =1 (R1)
x—0 X > SInx
substituting x=0 (M1)
(hmﬂj s A1
x>0 ]—cosx

continued...



Question 9 continued

METHOD 3

expressing either xsinx or 1—cosx as a Maclaurin series with at least two terms

(5]

substituting x=0

(hmmj _>

x>0 ]—cosx

METHOD 4

Expressing in terms of half angles

. 2xsin¥cos*
im=——2"2

x—0 2 Sin2 %

X
XCOos 3

=lim—
x>0 §In %

. 7C0S%

=2lim2—2

x>0 §In %

=1

Using lim
x>0 tan x
=2

2225-7116M

(M1)

A1

(m1)

A1

(M1)

A1

M1

A1A1

(m1)

m1

A1
[6 marks]



10.

(a)

(i)

(ii)
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Section B
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) A1
8-3k=Tk
4
k=) = A1
(k=) s
METHOD 2 (system of equations)
TWO correct equations involving £ and d A1
k—-5+d=3-2k OR 3-2k+d=5k+3 OR k—-5+2d=5k+3
OR %(2@%6)+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=) — A1
(k=) s
METHOD 3 (in terms of k)
%(k—5+5k+3)=k—5+3—2k+5k+3(mwmuwmeM) A1
combining like terms (M1)
9k -3=4k+1 OR 5k =4 (orequivalent)
4
k=) — A1
(k=) s
METHOD 4 (arithmetic mean)
attempt to find mean of u, and u, (M1)
(k—5)+6k+3)=3_2k A1
2
3k—1=3-2k
4
k=) = A1
(k=) .
substituting their value of k into expression for u, (A1)
4
(u3 :) 5 Xg'i‘ 3
=7 A1
[5 marks]

continued...
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Question 10 continued

(b) (i)

(ii)

() )

substituting k£ =12 into u,, u, or u,
(u, =) 7 AND (u, =) —21 AND (u, =) 63

u,, u, and u, are in geometric sequence

since |r|21 (accept|r|>1 or r<-1)

hence not convergent

attempts to find ratios, in terms of &, of consecutive terms and equating

(3-2k) _ (5k+3)
(k=5)  (3-2k)

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

912k +4k* =5k*> =22k —15

Note: Award A1 for correct expansion of all brackets leading to given result.

(ii)

(iif)

k> —10k—-24=0

2225-7116M

(m1)
(A1)

R1

AG

R1

AG
[4 marks]

(M1)

A1

AG

recognizing need to factorize, complete the square or substitute into quadratic

formula

(k+2)(k-12)(=0) OR (k—5)—49 (=0) OR k:%

k=-2 (accept k=—2and k=12)
substituting their value of £ (other than k£ =12)to find u,, u, or u,

(1, =) —7 AND (1, =) 7 AND (u, =) —7

(Szm =)0

(m1)

A1
(mM1)
A1

A1
[7 marks]

Total [16 marks]



(b)

—-18 -

2 4
BC={4|ORBA=| 2
2 -2
3,0,2)
EITHER

recognizing to find midpoint of [AC] or [BD]

(—1+1 —2-4 4-0] OR (—3+3’—6+O’2+Zj
2 2 2 2 2 2

OR

Let E (a, b, ¢)

b b

a—1 —1-a a-—1

-2

AE=EC=|b+4|=| —2-b|OR XE:%XC —|b+4a :% 2

c 4—c¢ c

THEN
(Oa _3: 2)

4

2225-7116M

(A1)

A1
[2 marks]

(m1)

(M1)

A1
[2 marks]

continued...
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Question 11 continued

—4 2
©) () B=|-2 | AND AD=| 4 A1
2 2

-4 2 -12
2 (x| 4|=| 12
2 2 -12
m=12 A1
(i) J(=12)* +12% +(=12)> OR 12\/(=1)? + 1> + (1)’ (A1)
=123 A1
[4 marks]
(d) substituting cross product and a point into the equation of a plane (M1)
—X+y—-z=-5 A1
[2 marks]

continued...
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Question 11 continued
(e) letanormalto 11, be », and anormal to I1, be n,
-1 5
Eg.m=| 1 |and n,=| 1
-1 =7
recognizing angle between 7, and n, is required (M1)
|n2| =75 A1
—1x5+1x1+(=1)x(=7) [ 3 j
cosd = = A1
Bx75 3x75
Note: The negative of this may be found but to obtain the final A7 there
needs to be a recognition that this obtains the obtuse angle for the minus to
be dropped.
1
cosf =— AG
5
[3 marks]
(f)  attempt to substitute normal to 11, and their E into vector equation of line (M1)
0 -1
(r=)|-3[+4] 1 A1
2 -1
substitutes for 4 into 11, (M1)
5 +(-3+4)-72-2) =1
A=6 A1
(-6,3,-4) A1
[5 marks]

Total [18 marks]



12.

(a)

(b)

- 21 -

2225-7116M

substituting into modulus formula with either correct real part or correct imaginary

part
Ja=27 +(r=1 (=3)

x> —4x+4+3y*-2y+1=9

X’ +y"—4x—-2y—-4=0

METHOD 1

zZ+p
Z_

recognizing the need to express in the form a+1b

Z+pxz*—l OR Z+px(x—yi)—l OR (X+p)+iyx(x—1)—iy
z—1 z'-1 z—1 (x=yi)—1 (x-D+1y (x-1)-1y

expanding their 22 V- sl

z—-1 z'-1

2 —z4pr—p gp XAV —X-)itpr-pyi-p

zz'—z—z +1 X4y —x—yi—x+yi+l
or FTPE=D+y +(x=Dy—(x+p)y)i
()c—1)2+y2

X +y’+(p-Dx—p—(p+Dyi
x4y —2x+1

:arg[ZerJ: arctan ~p+Dy
z—1 X +y* +(p-Dx—p

z+p

(or equivalent) (seen anywhere)

zZ+p

z—1

equating their arg[ J to % OR their expression for inxand yto 1

z—1
OR equating real and imaginary parts

aman{ : :(p+1)y LEOR ~(p+ly
¥+y +(p-Dx-p) 4  X+y +(p-Dx—p

—(p+Dy=x’+y’+(p—Dx—p

x2+y2+(p—l)x+(p+l)y—p=0

(mM1)

(A1)

A1

AG

[3 marks]

(m1)

A1

(M1)

A1

(A1)

(mM1)

A1
AG

continued...
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Question 12 continued

METHOD 2

arg (H—fJ =arg(z+ p)—arg(z—1)

=arg(x+ p+ yi)—arg(x—1+ yi)

= arctan J —arctan (LJ
X+p x—1

attempt to use compound angle formula for tan

(M1)

A1

A1

(M1)

)

tan [arctan (yjj —tan (arctan (yl
X+ X —
tan (arctan( Y j — arctan[ Y j} = p

xX+p x—1

y vy
x+p x-1
Y Y

x+p x-1

equating their expression for tan [arctan[ Y J —arctan (Llj] to tan%

X+p xX—
y _y
- x=1Dy—(x+
x+p x-—1 ~an ™ (:( )Y (1 P)g’zlj
e Y oy Al (p =Dty
x+p x-—1

(x+p)x—D+y’=—y—py
x*—x+px—p+y’=—y—py

x2+y2+(p—l)x+(p+l)y—p=0

1+ tan (arctan (yD X tan [arctan (y
xX+p x—1

)

A1

(m1)

A1

AG

[7 marks]
continued...
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Question 12 continued

+4
(arg(zz_ljzgzj x’+y* +3x+5y-4=0 (seen anywhere)

solving simultaneously their equations in x and y
7x+7y=0 (= x=—-y)(or equivalent)
substituting to obtain an equation in either x or y
¥ =x-2=00R 3> +y-2=0

solving for either x or y

x=-land x=2 OR y=-2and y=1

(z, =) —1+i AND (z, =) 2-2i (or equivalent)

Note: Accept x=-1, y=1AND x=2, y=—-2.

(d)

let z,, z,, z, and z, beroots of z* +ax’ +bz* +cz+d =0
EITHER

a=—(z,+z,+2,+z,)

OR

expanding (z—zl)(z—zz)(z—z3)(z—z4) to obtain term in z°

—(Z1 +ZZ)23 —(Z3 ‘|'Z4)Z3

THEN

recognizing that 2, and z, are conjugates of z, and =, (seen anywhere)

roots are —1+1, —1—-1, 221, 2+2i
a=—((-1+i)+(-1-1)+(2-2i)+(2+2i))
=-2

2225-7116M

A1

(m1)

A1
(M1)
(m1)

A1
A1

[7 marks]

(A1)

(A1)

(M1)
A1

A1
[4 marks]

Total [21 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 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 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:
i ?
Correct Further Any FT issues? _
answer . Action
working seen
seen
5 65685... No. . Award A1 for the final
82 (incorrect Last part inl  mark
decimal value) question. (condone the incorrect
further working)
Yes. Award A0 for the final
35 8:35:;(:,[ Value is used in mark
72 . subsequent parts.| (and full FT is available in
decimal value)
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,
sinf =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,
sinf@=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.

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, ¥
marks and intermediate A marks can be scored, when presented using
calculator notation, provided the evidence clearly reflects the demand of the
mark.

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

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.
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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 sfin
subsequent parts. The markscheme will often explicitly include the subsequent
values that come “from the use of 3 sf values”.

Simpilification 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,

f2 5
TS should be written as o An exception to this is simplifying fractions, where

lowest form is not required (although the numerator and the denominator must be

10 5 10
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 4¢’*, and

4e** x e —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
1
—r’6=48 OR lr2(1.5)=48 (A1)
2 2
attempt to solve their equation to find » or (M1)

Note: To award the M1, candidate’s equation must include »* and 9 =1.5, and

they must attempt to isolate »* or r.

(b)

r’ =64

r=8 (cm) A1
[3 marks]

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]



(@)

(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)

, , , , o~ P(A4NB)
attempt to substitute their values into P(4'| B') = ————
P(B')
0.15
P(A4A'|B')=—
( | ) 0.55

t5(2)
550 11

8824 -9700M

(M1)

(A1)

A1

[3 marks]

(A1)

(m1)

A1

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

attempt to expand (3n+2)2 —(311—2)2 m1

2
Note: Award MO for invalid attempts such as (3n +2) =90’ +4

:9n2+12n+4—(9n2—12n+4) or equivalent A1
=24n OR 12n+12n A1
24 24
=12(21) OR =2 OR Tn:12n OR 12n+12n=12(n+n) (or equivalent) R1
so is a multiple of 12 AG
Note: Do not award the R7 unless both A marks have been awarded.
METHOD 2
use of a> —b* =(a+b)(a—b)where a=3n+2,b=3n-2 m1
=(3n+2+3n-2)(3n+2-3n+2)
=6nx4 A1
=24n A1
24 24
=12(2n) OR 1—2”=2n OR Tn=12n OR 12n+12n=12(n+n) (or equivalent)
R1
so is a multiple of 12 AG

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

continued...
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Question 3 continued.

METHOD 3

base case n=1: (3(1)+2)2 —(3(1)—2)2 =25-1=24
so true for n =1

assume true for n =k i.e. (3k+2)2 —(3k—2)2 is a multiple of 12
consider n=k+1:

(3(k+1)+2) ~(3(k+1)-2)

((3k+2)+3) ~((3k—-2)+3)’

(3k+2) +6(3k+2)+9~((3~2)" +6(3k~2)+9)
(3k+2) —(3k—2) +24

using the assumption (3k + 2)2 —(3k—2)2 =12M

12M +24

12(M +2)

which is a multiple of 12, hence true for n =k +1

since true for n =1, and true for n =k implies true for n =k +1

therefore, true for all ne Z*

8824 -9700M

A1

M1

A1

R1

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

[4 marks]
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4.  attempt to substitute into cosine rule

42 62_52
(c0s20 =)= OR 5" =47+ 67~ 2x4x 60520

2x4x6

(c0520-) i—;(— 9j

16

attempt to use cos260=2cos’ -1

cos’ 0= (: éj
96

cosQ:(i) % (: EZL]

32 Y32
_>
42
5\2

Ty (p=2e=d)

8824 -9700M

(mM1)

(A1)

(m1)

A1

(A1)

A1

Note: The final answer must be positive.

[ 6 marks]
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n n
attempt to use u, =u, +(n—1)d or S, :E[Zul +(n-1)d] or S, =E[u1 +u,|to

set up at least one equation in u, and & (M1)
25
16 =u,+9d and 100:7[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 & (or with their 4 and u,) (M1)
= k=14 A1
[6 marks]
(a) attempt to find critical values (M1)
3
r=dx=6 (A1)
2
i<x<6 A1
2

‘ Note: Allow equivalent, and/or interval notation.

[3 marks]
3
b) k=— A1
(b) >
since we require 2x° —15x+18>0 (and f must be one to one) R1
OR
Does not obey horizontal line test for x Z% R1
[2 marks]

Total [5 marks]
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7. (a) attempt to find f(()):\/z,f(%j:l or f(gj=\/§ or sketch of graph ~ (M1)

1< f(x)<V2 A1A1
‘ Note: Award A71A0 for strong inequality seen. Allow equivalent, and/or interval notation.
[3 marks]
. % 2 n
(b) consider njsec (x—zj dx M1
0

Note: For the M1, condone incorrect or missing limits and omission of .

- 3
=T7| tan| x—— A1
L ( 4j:|o

T T
—n_tanz—tan(—zﬂ (A1)
=n(1=(-1))
=2n A1
[4 marks]

Total [7 marks]
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8. (a) OP=a+i(b—a) A1
=(1-A)a+A1b AG
[1 mark]

(b) METHOD 1

recognition that JPKB =0 (may be seen anywhere) (M1)
[(1-2)a+2b].[b-a](=0) A1
attempt to multiply out scalar product M1
(1-2)ab+Abb—(1-A)aa—Aba(=0) (A1)
attempt to substitute for a.b and |a| and |b| (M1)
1 A

ZU—&%A&—U—i}jﬂzo) (A1)
1-A+161-4+44-1=0

184-3=0

a=1 A1

6

continued...

Question 8 continued.
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METHOD 2

cos AOB :ﬂ !

allp] 8
attempt to use cosine rule to find AB
|4B[ =17 +2? —2(1)(2)&)
_W2

2

AB

attempt to apply Pythagoras’ Theorem twice:

2
0P|’ +(¥l] =1 and

loP[ +£¥(1—1)]2 =4

attempt to solve simultaneously:

%(1—/1)2—%/12=3

A==
6

8824 -9700M

A1

m1

A1

M1

A1

M1

A1

[7 marks]
Total [8 marks]
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METHOD 1

tan 4 —tan B

attempt to use identity tan (4 — B) PP
+tan A4 tan

) tanf-1
tan| —— |=
( 4] I+tand

attempt to write their RHS in terms of sinfand cos6

sinf
cosf sind—cos @
1+sin0 cosf+sind
cos
. . . cosf—sinf
multiply through by the conjugate of the denominator —
cos@—sinf

_ —sin? @ —cos® @+ 2sin O cos O

cos’ @ —sin” @
—(sin2 0 +cos” 6 —2sin 6 cos 9)
cos” @ —sin’ @
3 —(L—$n20)
cos’ @ —sin’ @
sin260—1
B cos26

8824 -9700M

m1

A1

m1

m1

A1

A1

AG

continued...
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Question 9 continued.

METHOD 2
i
attempt to write tan G—Zj in terms of sin and cos: M1
sin Q—Zj
05| 2)
cos H—E
4
attempt to use both sin and cos addition formulae: M1

) T . W
sin @ cos — —cos @sin —
4 4

T . . T
cos@cos—+sin@sin —
4 4

_ sm@—@s@ A1
cos@+siné
, , , cos@—sinf
multiply through by the conjugate of the denominator — M1
cos—sinf
_—sin20—0052¢9+2sin6’0059 A1
cos’ @ —sin’ @
—(sin2 6 + cos” @ —2sin @ cos 49)
B cos’ @ —sin’ @
_ —(1—sin29) A1
cos’ @ —sin’ @
_sin 20-1 AG
cos20

continued...
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Question 9 continued.

METHOD 3

tan 4 —tan B

attempt to use given identity tan(A —B) = T B
+tan A tan

o tand —1
tan| —— |=
4) l1+tand
1-tan@

multiply through by the conjugate of the denominator —tand
—tan

(tanf—1) (1—tand)

(1+tan@) (1-tan®)

2tanf—tan’ 01 2tand—sec’
1—tan’ @ l1—tan’ @

attempt to write their RHS in terms of sinfand cos6
sin @ 1
s A LY A
cos@ cos” O
4 sin” @

cos’ @
_ 2sinfcosf -1
cos” @—sin’ @
sin26 -1
B cos 26

8824 -9700M

m1

A1

M1

A1

M1

A1

AG

[6 marks]

continued...
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Question 9 continued.

(b) recognitionthatx=26’:>9=§ m1
X T
tan| ——— :\/5
5-3)
X_m_T[4n A1
2 4 33
x=%" A1

Note: Award AQ if extra solutions outside the domain are seen. ‘

[3 marks]
Total [9 marks]
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SECTION B

10. (a) outer curved surface area is 27:(4r)h AND inner curved surface area is 2zrh

(A1)
area of each base (top and bottom) is 7r(4r)2 —r? (A1)
S=2|:7Z'(4I")2—72'1”2]-0-272'(4}")}1-!-272'}"}1 A1
=30mr” +10mrh AG

[3 marks]

(b) 30mr* +10mrh = 2400

attempt to solve their equation for 4 or rh in terms of » (mustisolate 4 or rh)

(M1)
240307 24-3r7 —30r?
h= 4P~ " 1OR rh =M(= 24-3r%) (or equivalent)
107 r

A1
uses volume = large cylinder — small cylinder (M1)

V=n(4r) h—m’h (=16zr’h—zr’h=157r"h) A1
attempt to substitute in for /4 or rh (M1)

2 2
V =15 QP! OR V =15xr M (:157zr(24—3r2)) OR
r 10

384xr—487xr’ —24xr + 3711 A1

=360mr — 451’ AG
[6 marks]
(c) d—V=36OTC—1357tr2 A1A1

dr

[2 marks]

continued...
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Question 10 continued.

(d) METHOD 1 (working with r)

recognition that (for a maximum) ((ll—V =0 M1

r

3607 135721 =0

2 _360(_8
1350 3
360 8
r= T =\ A1
135 3
2
p=2 OR r:2\/; A1

2
METHOD 2 (working with p\/;)

recognition that (for a maximum) c(li_V =0 M1
r
2
2
36071—1357{]7\/;} =0
360-90p> =0
p2 — 4 A1
2
p=20Rr= 2\E A1
[3 marks]

continued. ..
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Question 10 continued.

(e) attempt to substitute their value of # into ¥ =360mr — 451’ m1

3
V =360nx2\/§—45nx 2\/z
3 3
=360nx2\ﬁ—45nx8xzx\ﬁ
3 3 V3
= 720n\/§—240n\/§ (A1)
3 3
=480n\/§ A1

[3 marks]
Total [17 marks]
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(b)

—24-

EITHER

attempt to use I'Hépital’s

2x_ 2x
1im£e 1} — lim 2°

o e 41

OR

attempt to divide each term by ¢**

(e =1} . (1-e™
lim| — =lim —=
ool e 41 ) ool 1+e

THEN
=1

(i) attempt to use quotient rule or product rule

dy (ezx +1)2e2" —(ez‘” —1)2e2x

dx (e +1)

8824 -9700M

(mM1)

A1

(m1)

A1

AG
[2 marks]

m1

A1A1

If denominator is incorrect award A71A0.

Note: Award A1 for first term in numerator, A7 for second term in numerator.

4>
(ez‘” + l)2

(i)  attempt to substitute for y and express as a single fraction

1-y° zl_w
(ez"+l)2

(e +1) (&> -1)

= or equivalent

(ezx +1)2

e +2e +1—(e4x —2e +1)

(ez“‘ +1)2

4e*
(ezx + 1)2

OR

2e™ x2
(ezx +l)2

AG

m1

(A7)

A1

AG

[6 marks]

continued...
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Question 11 continued.

(c)

(i) attempt to use implicit differentiation

d’y dy
Rl A I BV
e

=-2y(1-)?)

=2y’ -2y

, &y Y
(ii) [dx3 —](6)/ 2)dx

=(6y"=2)(1-»")(=8y" —6y* -2)

attempt to evaluate at least three of y,)’,)",y" at x=0
y(0)=0, »y'(0)=1, »"(0)=0, y"(0)=-2

attempt to use Maclaurin series y ~ y(0)+'(0)x+

(_2) 3

yz0+1x+0x2+Tx m -

x3+
yrRX——+...
3

8824 -9700M

m1

A1

A1

AG

A1

A1

[5 marks]

(m1)

A1

+2 (O)x3+...

3!
M1

A1

[4 marks]
Total [17 marks]
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(a)
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16/ =16 and arg(16i)=g (A1)

attempt to use De Moivre’s Theorem (M1)

SR o

equivalent (M1)

Z,= 2(COS (%)Hsin (%D (or any other root) A1
z, =2| cos on +1sin on and z, =2| cos 13n +1sin 137 A1
8 8 8 8

Note: Award a maximum of (A1)(M1)A1(M1)A1A0 for more than four roots or any

roots outside the range.

Note: Allow use of r-cis form throughout.

[6 marks]

attempt to evaluate a ratio with their roots eg 2 (M1)
Z

(o[ )r19n(§)
2| cos| — |+isin| —
% 8 8 or equivalent

BREHERE)
({8)(5)

=1 A1
[3 marks]

continued...
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Question 12 continued.
(c)
Im
B
\\ - A
A Re
s
point A in approximately correct place in first quadrant A1
points A, B, C and D approximately the same distance from the origin A1
T
approximate angular separation of 2 A1
Note: Dotted lines not required. ‘
[3 marks]

continued...
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Question 12 continued.

(d)

(e)

EITHER

=(16i)

OR

ool 3]

2,2,2,2, =—161

(2.2,2,2,) =(-16i)
2z, 2z, =16i
THEN

(' =)-16i

(a=0, b=-16)

[ T nj 371
argw,| =—+—|=—

8 4) 8
AB=+22+22 =8 =22
= AA' =42

= OA'=|w|=+2

Sw = 2cis%E

considers when arg(w,” ) e Z" (multiple of 2)
=p=16
=qg=38

8824 -9700M

(A1)
(A1)

(A1)

(A1)

(A1)

(A1)

A1

[3 marks]

A1

A1

(mM1)
A1

A1

[5 marks]
Total [20 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 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.

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).

¢ 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.

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.

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).
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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.

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.

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
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f25 5
values that lead to integers should be simplified; for example, T should be written as 5 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, 7 may be left in this form or written as 5

10
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 4> 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
(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+1
prq 23(3p+2q:10) OR pPreq 8 8:3(:>2p+q:11) A1
16 9+p+q
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 MTAOAOMOA1 for p =4, =3 with no working.

[5 marks]

(b) mean final score =30 A1

[1 mark]
Total [6 marks]
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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=s (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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4. (a) recognising cosx =2sinxcosXx (M1)
(cosx * 0) so Sinx :E OR one correct value (accept degrees) (A1)

T Swt
X - coordinates g and ? A1

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

[3 marks]
(b) METHOD 1
attempt to integrate i(cosx—sin2x) (mM1)
sn sn
Lf’ (cosx—sin2x)dx OR I,f (cosx—2sinxcosx)dx
2 2
Sn
- Sn
. 1 6 . I s
:{smx+5c052x} OR :[smx—sm xlf A1
2 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
= sin[s—nj+lcos(5—nj - sin(£j+lcos(n) OR
6 2 3 2) 2
: (SEJ : 2(5nj : (nj : {nj
sin| — [—=sin"| — | [—| sin| — [=sin" | —
6 6 2 2
(Lot OR = 1.1 -(1-1)
2 4 2 2 4
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 4 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
(a) 9
(a:IO,b:9)
[1 mark]
(b) METHOD 1
S +8,+8,+...+8,
_10—1+102—1+ +10"—1 (A1)
9 9 e 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
L 10(10" -1}
10+10°+10° +...+10"=——~ and -1-1-1...=-n A1
10—-1
10(10° 1) . 10(10" 1) ), |
Tl0-1 —n 10-1
= — OR A1
9 81
Note: Award A1 for any correct intermediate expression.
10(10" ~1)-9n
= AG

81

continued...
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Question 5 continued

METHOD 2
attempt to create sum using sigma notation with S,, M1
10" -1 1(% L& D

—_— =— 100=> 1

n 10(10" —1
21()1'_ ( ) A1
P 9
Yl=n A1
i=1

1[10(10" -1} 1 10(10"=1)~9n
=—|— — Nn|OR — A1
9 9 9 9

10(10" -1)-9
_10(0"=1)-om AG

81

continued. ..
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Question 5 continued

METHOD 3

10(10"—1)—9n

let P(n) be the proposition that S, +S, +S, +..+ S, = a1

considering P(1):

10' -1 “1 and RHS~ 10(10' =1)-9(1)
81

LHS=§, = =1 andso P(l) is true R1

10(10k —1)—9k

assume P(k) istrueie. S,+S,+S,+..+S, = o1

M1

Note: Do not award M1 for statements such as “let n=k" or “n = k is true”. Subsequent marks after
this M1 are independent of this mark and can be awarded.

considering P(k +1):

k_1)— +
10(10° —1) 9k+10k1_1

S +8,+8+..+8,, =

81 9

104! —10—9k+9(10k“)—9

— A1
&1

10(10°" =1)=9(k +1)
- 81
P(k +1) is true whenever P(k) is true and P(1) is true, so P(7) is true R1
(for all integers n>1)

‘ Note: To obtain the final R1, the first RT and A1 must have been awarded.
[4 marks]

Total [56 marks]
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6. METHOD 1

attempt to find an integral involving = and the square of f(x) m1

Note: Condone incorrect or absent limits for this M1.

nJ.TxSin(xz)dx A1

EITHER

attempt to use integration by substitution M1

%Esin(u)du

Note: Award M1 for u=x’= du _ 2x

T
4

- [—gCOS(u)} A1

0

OR

attempt to integrate by inspection (M1)
n n

5!02 2xsin(x2)dx OR B 2 sin(xz)d(xz)

Nr

:[_%cos(xz)lz A1

Note: Condone incorrect or absent limits for M1.

The correct limits may be seen or implied by later work for the A7.

T T T .
_(—ECOS(ZD—[—ECOS(O)j (or equivalent) (A1)
OR ™2 = OR g(—iﬂj OR %[—%H} A1

— AG

continued...
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Question 6 continued
METHOD 2
attempt to find an integral involving n and the square of f(x) M1
Note: Condone incorrect or absent limits for this M1.
Jn 2
2
m| 2 (f(x)) dx
i (42
nJ‘O xsm(x )dx A1
attempt to use integration by substitution M1
du
2 3 2
u=cos{x’)=>—=-2xsin(x
()=, (x*)
Note: Award M1 for u = cos(xz)
== _EJ._]I du
2° %
- -1
= {—Eu} (or equivalent) A1A1
1
2
Note: Condone incorrect or absent limits for M1.
A1 for —gu and A1 for both correct limits.
2
n e ™2 (1) onf V2 A1
2 22 2 4 20 2 2 2
n(2—\/§)
_ AG

4

Total [6 marks]
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Base case n=1:LHS = 'C, =1 and RHS = C, =1, so true for n=1 R1

Note: Award RO if the value of 'C, and *C, are not evaluated.

Subsequent marks can still be awarded.

k
assume true for n=k ie Y 'C,=""C, for some ke Z’ M1

r=1

Note: The assumption of truth must be clear.
Award MO for statements such as “let n=k" or “n =k is true”.

Subsequent marks can still be awarded.

consider n=k +1

k+1

LHS =>'C,
r=l1

k
=>.'¢+M¢ (M1)

r=1

k+1)! k+1)!
:k+lC2+k+1C1 OR ( ) +( ) A1
2(k—1)! k!
EITHER
attempt to cancel factorials and use a common denominator M1
(kD) k+2(k+1)( (k+2)(k+1)
2 2

OR
attempt to use a common denominator M1
3 k(k+1)!+ 2(k+1)! B (k+2)(k+1)!
O 2k! 2kt | 2k!
THEN

k+2)! k+2)!
_(k+2) (L (k+2) p

21k! 21(k+2-2)!

— k+2C2
since true for n =1, and true for n = k implies true for n =k +1,
therefore true for all ne Z* R1

Note: Only award the final R1 if 4 of the previous 6 marks have been awarded.

Total [7 marks]
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correct terms are seen.

Note: Throughout this question, condone presence of any additional terms once the first two

6 6
sin(xz):xz——+...(:x2——+ J A1A1
31
| Note: Award A1 for each term.
(i)  METHOD 1
attempt to square their series for sin(xz) (M1)
2 6 :
. PR -
(sin(+*)) _(x ‘ +j
6 2
Note: Award MO for (xz) —[x—j +
3!
8 8
:x4—zi+... :x4—x—+ A1A1
3! 3
Note: Award A1 for each term.
METHOD 2
. l—cos(2x2)
attempt to use the identity sin (x ):f (M1)
2 4
2x* 2x*
sinz(xz)zl 1- 1—( ) +( )
2 2! 4!
8 8
:x4—8i+... :x4—x—+ A1A1
4! 3
Note: Award A1 for each term. |
[5 marks]

continued...
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Question 8 continued

(b)

METHOD 1

recognition that 4xsin (x2 )cos(xz) = =

;
:4x3—8i+...

METHOD 2

recognition that 4xsin (x2 )cos(xz) =2x sin(2x2)

=2x 2x2—ﬂ+...

METHOD 3

4xsin(x2)cos(x2)

Question 8 continued

METHOD 4

recognition that 2xcos (x2 ) =

dx
4xsin(x2)cos(x2)
6 5
=2[x2 —x—+...J[2x—6i+ j
3! 2!
7
=4x —8i+
3

d((sin(xz))z)

2224-7101M

(M1)

A1

(M1)

A1

(A1)

A1

continued. ..

(m1)

A1

[2 marks]
Total [7 marks]
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(a)

Y
4_
x
-0 0 6
-4/
reflection of all negative sections in x-axis (M1)
A1

approximately correct graph with sharp points (cusps) at x-intercepts

Note: Award A1 only if the heights of the maximum in the middle are lower than the heights of the
maximum at the ends.

[2 marks]
continued...
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Question 9 continued

(b)

Y
4_
x
-6 0 6

—4]

A1A1

Note: Award A1 for right hand side unchanged and A1 for rotation 180° about the origin. ‘
[2 marks]

(c) () -1.6 A1

(i) 3.2 A1

[2 marks]

Total [6 marks]
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Section B
(@)
}?

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

2224-7101M

A1

A1

A1A1

A1

Note: These marks may be awarded independently.

[5 marks]

continued...
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Question 10 continued

(b) y=4 (orequivalent) A1
[1 mark]
5 1 5 TP
24= OR | —=|+2x= OR —2—— =2 OR —4=—p4+ L A1
(©) 2 ( 2j 2 2 d=mrry
9
[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

(b =—4,c= —2j
4

‘ Note: Award A1 for each correct value. They may be embedded or stated explicitly.

OR
(2x+1)(2x=9) = 4(,3 _4x_%j

b:—4,cz—% A1A1

Note: Award A1 for each correct value. They must be stated explicitly.

continued...
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Question 10 continued

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 1 +¢=0 OR 2 +-4 2 +c=0
2 2 2 2
po? A1
4
METHOD 3
attempt to form two valid equations in b and ¢ (M1)
2 2
L +b A +c¢=0, 2 +b J +c=0
2 2 2 2
be—dce— A1A1
4
METHOD 4

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

2
(-l—zJ tk=0= k=2
2 4

25
oV -
9
=x—4x-=
X —dx=o A1A1

(b =—4,c= —2j
4

‘ Note: Award A1 for each correct value. They may be embedded or stated explicitly. ‘

[3 marks]

continued...
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Question 10 continued

(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
-z A1
=y
[2 marks]

4x+2( 1)( 9) ax+2_ 9
(f) =|x+— | x-=| OR =X _4X_Z

x-2 U2 2 x-2
attempt to form a cubic equation (M1)
EITHER

4x+2=(x—2)[x+%j(x—%j OR 4x+2:(x2—4x—%j(x—2) OR
(x—2)(x+%](x—%]—4x—2 OR (x—2)(x2—4x—%j—4x—2

5
x3+..-+5(=0) OR 4x’+..+10(=0) (A1)(A1)
3 5 3
Note: Award (A1) for each of the terms x~ and E or 4x” and 10. Ignore extra terms.
5

(-1)' x> (-1) 10
product of roots = 1 2| OR —
-_= A1

2

continued...
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Question 10 continued

OR
4(x+—}z(x—2)(x+%j(x—%)
1
¥=— (A1)
ord=x"+..+9=>x>+..+5=0
product of roots of quadratic is 5 (A1)
1

product is therefore _E x5

= A1

[4 marks]
Total [16 marks]



27—

2224-7101M

11. (a) attempt to substitute —1 into P(x) OR use of synthetic division OR long division M1
3(-1)’ +5(~1)" +(~1)-1=0 OR 3 5 1 -1
-1 -3 -2 1
3 2 -1 0
3x7+2x-1
OR x+1>3x3+5x2+x—1 A1
3x° +3x7
2x° +x
2x +2x
—x-1
—-x-1
0
[2 marks]
(b) attempt to divide P(x) by (x+1) e.g. using long division or synthetic division (M1)
P(x):(x+1)(3x2+2x—1) (A1)
= (x+1)(x+1)(3x=1)(=(x+1)"(3x-1)) A1
[3 marks]
(c) ! __A P 7 =1=A(2x+1)+B(x+1)
(x+1)(2x+1) x+1 2x+1
1
attempt to equate both coefficients OR substitute two values eg —1 and —5 (M1)
1
2A+B=0and A+B=10OR 1=-4 and 1:58
A=-1and B=2 A1A1
| Note: Award A1 for each value.
_ 1 N 2
(x+1)(2x+1) x+1 2x+1
[3 marks]

continued...
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Question 11 continued

1

(d)

2224-7101M

(x+1)(x+1)(2x+1)
_ - ! + 2 (A1)
(x+1)0 x+1 2x+1
_ 1! ~+ 2 S 2+2(——1 + 2 j A1
(x+1) (2x+D)(x+1)[ (x+1) x+1 2x+1
4 2 1
- _ — . AG
2x+1 x+1 (x+l)
Note: Award A1A0 for follow through from incorrect values in part (c). |
[2 marks]
, . 4 2 1
(e) attempt to integrate at least one term in - — 5 (M1)
2x+1 x+1 (x+1)
4 2 1
(oo gy |
2x+1 x+1 (x+l)
=21n|2x+1|—21n|x+1|+L(+c) A1A1A1
x+1
Note: Award A1 for each correct term.
Award a maximum of M1A1A0A1 if modulus signs are omitted.
Condone the absence of +c.
[4 marks]
(fy () METHOD 1
attempt to cancel factors and substitute x =—1 (M1)
+1)’ (3x -1 - ~1)-
lim £(x) = lim (x )2( x-1) :lim(3x 1):3( D-1
x—-1 x——1 (X+1) (2X+1) x——1 2x+1 2(_1)+1
=4 A1

continued...
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Question 11 continued

(ii)

METHOD 2

attempt to expand denominator, differentiate numerator and denominator

twice and substitute x =-1 (M1)

3 2 _ 2 _

lim £(x) = lim 3x3 Jr5x2 +x-1 _ im 9x2 +10x+1 :hm(18x+10J:18( H+10
x=>-1 o>\ 2% +5x" +4x+1) 1 6x" +10x+4 ) —>-1\12x+10/) 12(-1)+10
=4 A1
METHOD 1

attempt to consider coefficients of x’or divide all terms by x’

. . (3% 4. . ( 3+ terms which tend to 0
lim f(x) =lim| —; or lim :
x50 x| 2x7 4., x>»\ 2 4+ terms which tend to 0
3
_3 A1
2
METHOD 2
attempt to cancel factors and consider coefficients of x or divide all terms by x
2 3 !
+1) (3x-1 — y 4
lim £ (x) = lim (x )2( x-1) =1im(3x lj or lim| —
X—>00 X—>0 ()C+1) (2x+1) ool 2x+1 X—0 2+l
X
3
_3 A1
2
METHOD 3

attempt to expand denominator, differentiate numerator and denominator
three times

: (30 +5x7+x-1 ) . (9x’+10x+1) .. (18x+10) .. (18
lim f(x) =lim| —; > =lim| ————— |=lim =lim| —
X3 oo\ 2x° +5x"+4x+1) o 6x"+10x+4 ) e 12x+10) =12

3 A1
2

Note: If the M7 has not been awarded in part (i) it can be awarded in part (ii). |

[3 marks]
Total [17 marks]
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(a) attempt to expand the brackets or attempt to find modulus and argument of ¢ (M1)
3
(a+bi) =a* +3a%bi+3a(bi) +(bi) OR (\/a2 +b2) cis(?) arctan(én
a
2 b
(i) real partis a’ —3ab’> OR (a2 +l)2)2 cos(3 arctan (—D A1
a
2 b
(i)  imaginary partis 3a’h—b° OR (a2 +l)2)2 sin(3 arctan (—D A1
a
Note: Award (M1)A1AQ for (o’ —3ab’)+(3a’b—b")i OR
2 b 2 b
(az +132)2 cos 3arctan(—) +<a2+b2)2 isin 3arctan(—j
a a
€l b
For (ii) condone (3a2b—b3)i OR (a2 +bz)2 isin(3arctan(—n
a
[3 marks]
(b) attempt to substitute a =1 and b = J3 into their real or imaginary part found in (a)
OR to expand the brackets OR to use polar form M1
(1-9)+(3V3-3V3)i OR (24/3i-2)(1+3i) =243 -2-6-243i OR
- N\3
i _ 3
[2e3 j =8e"™ OR (2cis(60°)) =8cis(180°) A1
=-8 AG
[2 marks]
) v=—2,w=1-+/3i A1A1
Note: Award A1A0 for v =1—\/§i, w=-2 orifthe labels v and w are not clearly specified or

missing. Candidates may be awarded full FT marks for subsequent parts.

[2 marks]

continued...
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Question 12 continued

(d)

METHOD 1
triangle UVW has height 7 =3 and base b= 23

attempt to find area of triangle with their height and base

area = %x 243%3
= 3\/§ (square units)
METHOD 2

2
triangle UVW has sides of length ( 3’ +(\/§) =]\/§

attempt to find area of equilateral triangle with their side length
2 2
area = l(\/ﬁ) sin* OR lx/§(3) OR (\/ﬁ) xﬁ
2 3 2 4

=33 (square units)

METHOD 3

2
triangle UVO has sides of length ( 1+ (\/g) :]2

attempt to find area of three isosceles triangles with their side length and angle

area = 3(1(2)2 sinz—nj
2 3

=33 (square units)

2224-7101M

(A1)
(m1)

A1

(A1)

(m1)

A1

(A1)

2n
3 (M1)

A1
[3 marks]

continued...
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Question 12 continued
(e) attemptto express u,v or w in the form re’® and multiply by e* (M1)
o 7ii
u'=2e’e* :]Ze12 A1
-5 om -3
V' =2e"e* =2e* =]2e 4 A1
w“—26364:J2e‘2 A1
Note: These A7 marks should be awarded independently and in any order. |
[4 marks]
() EITHER
atternpttoﬁndoneof(u')S,(v')sor(w')3 (M1)
; LAY T, T A LAY i,
(u") =[2€2j =8¢* =8¢ * OR (v') :[Ze“j =8 + OR
. 3 .
(w')sz(ze j WA (A1)
OR
attempt to find product of their three roots u',v' and w' (M1)
u'xv'xw' =(c+di)
2e!2 x2e¢ * x2e 2 =8¢ * OR 2e'> x2e* x2e¢ 2 =8¢ * (or equivalent) (A1)
OR
. 3 3
attempt to find [ze“lJ for any z such that z’> = -8 OR to rotate —8 by Tn (M1)
LA 3 3li 3li T
[ze“j =z%¢* =|-8¢* OR 8¢ * OR 8cis(—45") (A1)

continued...
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Question 12 continued

THEN

=42 - 442 A1

Note: Accept c=i,d 2—1.
V2

[3 marks]

() METHOD 1

attempt to write the arguments of u,v,w,u’,v' and w' over a common

denominator OR to write the arguments in degrees (M1)
ﬂ,ﬂ,_—n,“—nj—n,lz—n OR -135°,-60°,-15°,60°,105°,180"

12 12 12 12 12 12

THEN

3
arguments of u,v,w,u’,v' and w' differ by % and —; OR 45" and 75°

so arguments of polygon vertices differ by % or15° (A1)
n=24 A1
METHOD 2

Let z =rcis@ = z" =r"cis(nf) =r"cis(nd), where 6 is the argument of

u,v,w,u',v' and w'.

3t ®# wm w Tnm

recognition to find nd where n=6,12,18,... and 0 =——,——,——,—,—. (M1)
4 3712 312
when n=6=(nf =)—9—n,—2n,—£,2n,7—n,6n
2 2 2
when n =12=(nf =)—9n,—4n,—x,4n, 77,1271 (which is not a multiple of 2m) (A1)
n=24 A1
[3 marks]

Total [20 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.

¢ 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.

¢ 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”.
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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, efc.
o 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

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
1.  tan"'1=45" or equivalent (A1)
attempt to equate 2x—5° to their reference angle (M1)
Note: Do not accept 2x—5°=1.
2x-5 =45,(2257)
x=25,115 A1A1

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

[4 marks]
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recognising a quadratic in 3* (M1)
3x(3') +5x3"-2=0

valid attempt to solve a quadratic equation (factorising, use of formula, completing

square, or otherwise) (M1)
—5++/25+24
(3><3" —1)(3" +2) -0 OR 3" = — (or equivalent) (A1)
1
3x=§ (or 3*=-2) (A1)
x:—l 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.

[5 marks]



-9- 2224 -7106M

. 9 343 9 33
3. a i —,— accept x=—and y=—— A1
(@ () (22J(px2 yz)
(i) METHOD1
h .
using m= w with their midpoint OR gradient perpendicular to AC
changein x
OR m=tan30° (M1)
E] (A1)
3
3
y=—2x OR y—ﬂzﬁ x—g (must be written as an equation) A1
3 2 3 2
METHOD 2
attempt to find the vector equation of the line using a direction and a point
on the line (M1)
-
2
33
direction vector is \ 2 or equivalent/parallel vectors (A1)
2 2 2 2
r= 0 +1 2 OR r=41 2 OR *lo) 2 +1 2 ( or equivalent) A1
0 343 33 v) |33 33
2 2 2 2

X
Note: Vector equation must be in the form » = or [ J=.

y
33
2

. . 9
Allow equivalent parametric forms such as x = Et’ y=——t.

[4 marks]

continued...
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Question 3 continued.

(b)

substituting x = 6 into their equation

soatB y:2x/§

area of triangle OAB :%x6x2\/§ = 6\/5

area of quadrilateral OABC :12\/5

2224 -7106M

(M1)

(A1)

A1

[3 marks]

Total [7 marks]



(a)
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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 4 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
l—k—ﬁJrk—=§
2 29
2 2
18— 18k—0k+0k> =10 OR £ _3k.,4_ o or 2 _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 -7106M

A1

[1 mark]

A1

(mM1)

A1

(m1)

continued...
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Question 5 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 -7106M

(M1)

A1

(M1)

(m1)

A1

(M1)

A1

continued...
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Question 5 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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6. (a) 2.5(%) A1
[1 mark]

(b)  P(weight of cooking apples >140) = 0.5(50%) (seen anywhere) (A1)
recognition of conditional probability in context (M1)

P(eating apple and weight of eating apple >140)

P (eating applejweight > 140) = P(weight of apple > 140)

OR

P(eating apple n weight of eating apple >140)
P(eating apple N weight of eating apple >140) + P(cooking apple m weight of cooking apple >140)

OR

P (eating apple ) P(weight of eating apple> 140)

P (eating apple ) P (weight of eating apple>140)+ P (cooking apple ) P(weight of cooking apple > 140)

(A1)

B 0.8x0.025 _ 80x2.5
0.8x0.025+0.2x0.5  80x2.5+20x50

_200 (_1 A1
1200\ 6

Note: Accept any equivalent exact answer written as a fraction.

[4 marks]

Total [5 marks]



(a)

(b)

(c)

- 17 -

a+pf+y=

p—3i is also a root (seen anywhere)

recognition of 5 roots and attempt to sum these roots
. .7
p+3i+p-3i+ 5

.7 11
+3i+p-3i+—=—
P P D

p=1

(i)  attempt to find product of 5 roots and equate to =10
. N
(1+31)(1—31)Eaﬂ =10

afp =2

(i) a=1and g=2

2224 -7106M

A1

[1 mark]

A1

(m1)

A1

AG

[3 marks]

(m1)

A1

A1

[3 marks]

Total [7 marks]
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Note: To award full marks limit notation 1im must be seen at least once in their

x—0

working. If no limit notation is seen but otherwise all correct, do not award

the final A1.
. 4sec’xtanx + 2 sin xcos x
lim 3
x>0 4x° —2x

Note: Award A1 for numerator and A7 for denominator.

T 16sec’ xtan’x + 4sec®x — 2sin’x + 2cos’x
=lim
x>0 12x* =2

Note: Award M1 for second use of 'Hépital’s rule providing their expression is

in indeterminate form as x — 0 and providing there is no third attempt at
using I'Hopital’s Rule.

2224 -7106M

A1A1

M1A1A1

A1

[6 marks]



(a)

(b)
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"C, A1

[1 mark]

EITHER

finding the number of ways to assign the students with the two students apart

number of ways to assign two students 2Cl (seen anywhere) (A1)
number of ways to assign others "72C2 to have one group of 3 (seen anywhere) (A1)

2 -2
number of ways = “C, x"C,

attempt to set up an equation involving either half of their answer to part (a) and
their number of ways or their answer to part (a) is twice their number of ways M1

%"q _ 20 x "¢, OR "C, =2xC x"C,

valid attempt to eliminate all factorials from their equation (M1)

W =2x2 XW or equivalent with no factorials
X

n(n—1)=12(n-3)

continued. ..



- 20 - 2224 -7106M

Question 9 continued.
OR
finding the number of ways to assign the students with the two students together

number of ways to assign two students and one other to the first group HCI
(seen anywhere) (A1)

number of ways to assign three other students the first group ”72C3 (seen
anywhere) (A1)

number of ways = ""C, +"C,

attempt to set up an equation involving either half of their answer to part (a) and
their number of ways or their answer to part (a) is twice their number of ways M1

1
_nc3 — n—ZCl + 11—2(:13 OR nC:3 =2(11—2C1 + n—2c3)

2
valid attempt to eliminate all factorials from their equation (M1)
n(n—1)(n—2) X (n-2)+2x (n—2)(n-3)(n—4)

3x2 3x2

n(n—1)=12+2(n-3)(n—4)

THEN

n’=13n+36=0 A1
(n=9)(n-4)=0

n=9 A1

Note: Do not award the final A7 if additional values of #n are given.

[6 marks]

Total [7 marks]
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SECTION B
10. (a) attempt to find a difference
d=p—-a,2d=q—-a,d=q—p OR p=a+d,q=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)

/TN
Q |«
~
|39
|
Q |~
@)
)
Q|
Il
tﬂlN

2224 -7106M

(m1)

A1

AG

[2 marks]

(m1)

A1

AG
[2 marks]

continued...
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Question 10 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-l=a and s’ =a A1
5 a+l1
(s°>0,s0)a>0 = 2p—-1>0 OR p:Tand a>0 R1
1

Note: Do not award AOR1.

[2 marks]

continued...
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Question 10 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 10 continued.

(i) METHOD 1
attempt to substitute first term and their common difference into §,, (M1)
10 10 :
7(2(9+1n9)+9(—4—1n3)) OR ?(2(9+2ln3)+9(—4—ln3)) (or equivalent ) A1
=5(-18-5In3) (or equivalent in terms of In3) A1
10
DU, =-90-25In3 AG
i=l1
METHOD 2

u, :9+ln9+9(—4—ln3)(: —27+ln9—9ln3)

attempt to substitute first term and their u,, into S|, (M1)

%(2(9+In9)+9(—4—ln3)) OR %(9+1n9—27+1n9—91n3)OR

10 10

?(2(9+21n3)+9(—4—1n3)) OR ?(9+ln9—27—7ln3) (or equivalent) A1
= 5(—18—51n3) (or equivalent in terms of In3) A1
10

D u; =-90-25In3 AG

i=1
[6 marks]

Total [16 marks]
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(a)

(b)

— 25—

2x2+6x%—2x1:5

2(k*—6)+6(2k+3)+12(=0)

equating their scalar product of the direction normals to zero
2(k*—6)+6(2k+3)+12=0

k*~6+6k+9+6=0 OR (k+3) =0

k=-3

attempt to substitute &, » and coordinates of A into 11,

q:3x2—3x%—6x1

2224 -7106M

A1

[1 mark]

(A1)

(M1)

A1

(M1)

A1

[5 marks]

continued...
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Question 11 continued.

(c) attempt to equate a pair of ratios or equate vector product to zero vector (M1)
2 3 5
6 |=u|9|=>pu==0R2-30RS_20R6p+18=0 OR ~6-2p=0
3 -2 p -2 p
-2 p
p=-3 A1
[2 marks]

(d) (i) attempt to find the vector equation of the line through A perpendicular

to I, (M1)
x ? 2
r= == |+4]| 6
(r=)| v |=| 3 i
z 1 -
attempt to substitute their vector equation into 11, (M1)

3(2+2/1)+9G+61j_3(1_u) (:_%]

6+6/1+%+54/1—3+6l:—% (or equivalent) (A1)
664 = el 6 —2+3 (or equivalent)
2 2
P A1
2

1-32] a1
2

continued...
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Question 11 continued.

2
(i) distance AB or |1]| 6 (M1)
-2
2
\/(2—1)%{%%) +(1-2)° OR V149+1 A1
=J11 AG

[7 marks]

(e) Valid method to find a point Con I1,using AC=BA or BC=2BA or A asthe

midpoint of BC. (M1)
2 1 1 2
A=—,0C=|1|+| 3 |,0C=|-3|+| 6 ,o—A:l(@+&)
2 2
1 -1 2 =2
. : 7
point on I1; is (3,5,0j A1
: (2T A :
attempt to substitute their (3,5,0j into I1,:x+3y-z=d (or equivalent) (M1)

lx3+3xz—1x0(=£j
2 2

I1, :x+3y—z:277 (2x+6y—2z:27)(orequivalent) A1

[4 marks]

Total [19 marks]



- 28 - 2224 -7106M

3 3
12. (a) n=I1:LHS= f(l) (x) = —%x—a(l—ax)z [:%(l—ax)z) A1
3
1(1—
RHS = a(1)!(1-ax) 2 therefore true for n=1 R1
2'(0)!
assume (that the result is) true for n=k m1

Note: Do not award M1 for statements such as “let n=k” or “assume that n=k
is true”. The assumption of truth must be clear.

. ( ) ( )7(2k+U
a (2k-1)(1—ax) 2
f(k) (x) = 22k—1 (k_1)|

attempt to differentiate the right-hand side with respect to x: M1

k+1 d 3]
7 )= ()

(2k+1)

—(2k+1)x-a a*(2k-1)!(1-ax) > ,

= X B (or equivalent) A1
2 2 (k—l)!

-1

attempt to multiply top and bottom by 2k M1

2k+3

k+1 ~ G
:(2k+l)xa (2k-1)!(1-ax) > 2k
2 2% (k—-1)! 2k

2k+3

a2k +1)(1-ax) 2
= 22k+1 (k)! A1

hence if the result is true for n =k thenitis true for n=k+1 and as it is true for n =1 it
istrue forall neZ"* R1

Note: To obtain the final R17, at least five of the previous marks must have been
awarded.

[8 marks]

continued...
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Question 12 continued.

2

(b) f(x)=f(0)+xf’(0)+%f”(0)+...
o (3)(1-ax) 2
2°(1)!

£(0)=1, f'(O):%, f"(0)=6;’2

5
f"(x): OR %az(l—ax)2 OR

f(x):1+%ax+§a2x2 + ...

2224 -7106M

A1

A1

AG

[2 marks]

continued...



-30- 2224 -7106M

Question 12 continued.

(c) attempttouse a=2 or a=4 in the expansion m1

1 2
(1—2x)_5:1+2—x+3X4x :1+x+§x2+...
2 8 2

(1—4x)’%=1+4—"+3’<16"2
2

=1+2x+6x+... A1
( )

Note: Award A1 for at least one correct.

attempt to multiply their two expansions together M1

(l+x+%x2 +...j(1+2x+6x2 +...):1+2x+6x2 +x+42x° +%x2 ¥...

2 2 2
:1+3x+%x2+... OR 2+4x+12x +22x+4x +3x" +... A1
1 1 2
(1-2x) 72 (1-4x) 2 ~ w AG
[4 marks]
1

(d) |x|<Z A1
[1 mark]

continued...
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Question 12 continued.

(e)

[2+6x+19x2}_ 2+o.6+0.19[_ 279

= or equivalent
2 2 200) (oreq )

1 1

attempt to substitute x :% into (1-2x) 2 (1—4x) 2

((1 — 2x)_% (1- 4x)_% :j% (or equivalent)

10279 (or equivalent in terms of /3 )
43 200

Q

2224 -7106M

A1

(m1)

A1

A1

A1

[5 marks]

Total [20 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 AOA71A1T.

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.
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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.

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.

¢ 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.

¢ Inthe 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”.
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Section A
(a) attempt to form (go f)(x) (M1)
((gc>f)(x))=(x—3)2+k2 (=x2—6x+9+k2) 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=43 A1
[3 marks]
Total [56 marks]
(a) (P(AUB) :)0.65+O.75—0.6 OR 0.05+0.6+0.15 (A1)
=0.8 A1
[2 marks]
(b) recognition that 4'NB'=(4UB) OR A'NB =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]



(a)

METHOD 1
attempt to form at least one equation, using either S, or §;
65=25p-5¢ (13=5p—q) and 40=16p—-4q (10=4p—q)

valid attempt to solve simultaneous linear equations in p and g 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 A1AO0.

METHOD 2

attempt to form at least one equation, using either S, or S
65::%(2uf+4d) (26=2u,+4d) and 40=2(2u,+3d) (20=2u,+3d)

valid attempt to solve simultaneous linear equations in u, and d by substituting
or eliminating one of the variables.

u=1,d=6
Sn=§(2+aﬁ—m):&f—zn

p=3andg=2

Note:

If candidate does not explicitly state their values of p and ¢, do not award

the final mark.

(b)

us; =S5 — S, OR substituting their values of u, and d into u; =u, +4d

5
OR substituting their value of , into 65 = E(ul +11; )

(us=)65-40 OR (u;=)1+4x6 OR 65=§(L+%)

=25

8823 -7111M

(m1)

(A1)

(mM1)
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)

(\/52 P =)@ (A1)

OR

attempt to use the Pythagorean identity cos® & +sin’ a =1 (M1)

1 2

sin’ BAC =1 _(Ej (A1)

THEN

sinBAC = g (may be seen in area formula) A1

1 . SR
attempt to use ‘Area:Eab sinC' (must include their calculated value of sin BAC) (M1)
:lx10><\/gx\/ﬁ (A1)
2 5

=12 (cm?) A1

[6 marks]

continued...
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Question 4 continued

METHOD 2
attempt to find perpendicular height of triangle BAC (M1)
EITHER

height = /6 xsin BAC

attempt to use the Pythagorean identity cos” & +sin’ =1 (M1)
1 2
height = /6 x [1— (Ej (A1)
5 5
OR
adjacent = g (A1)
attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)
. 6 12 .
height = /6—2—5(: ?j (may be seen in area formula) (A1)
THEN
1 ¢

attempt to use ‘Area= EbaseXhelght' (must include their calculated value for height) (M1)
= l>< 10><E

5
=12 (cm?) A1

[6 marks]
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attempt to apply binomial expansion

(1+kx)" =14 "Chx+"C,k’x* +... OR "Ck=12 OR "C, =28

nk=12

n*-n-56=0 OR n(n-1)=56

valid attempt to solve

(n—8)(n+7)=0 OR 8(8-1)=56 OR finding correct value in Pascal’s triangle

Note: If candidate finds » =8 with no working shown, award M1A0AOM1A1AO.
If candidate finds » =8 and &k = %with no working shown, award

M1A0AOM1A1A1.

8823 -7111M

(M1)

(A1)

(A1)

(M1)

A1

A1

[6 marks]
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base case n=1: 52 -2°=25-8=17 so true for n=1

assume true for n=k ie 5* —2°* =17s for se€Z OR 5* —2%*is divisible by 17

8823 -7111M

A1
m1

Note: The assumption of truth must be clear. Do not award the M1 for statements
such

as “let n=k” or “n=kis true”. Subsequent marks can still be awarded.

EITHER
consider n=k+1 :
52(k+1) _ 23(k+1)

52 )52k (23 )23k

(

(25)52k ( )23k
(17)

(

17)5% +(8)5* —(8)2° OR (25)5* —(25)2% +(17)2*

17)5° +8(5% —2%)  OR 25(5% —2°)+(17)2*
=(17)5" +8(17s) OR 25(17s)+(17)2*

=17(5% +8s) OR 17(25s+2* ) which is divisible by 17

OR

(5% —2%)x 5 =572 _25x2% =175x25

=522 _ @23 _17x 23 —175x25

— §2k+2 _93k+3 17423k —179%x 25

_ 52(k+1) _23(k+1) —17x 23k =17s%x25

_ 52(k+1) _23(k+1) —17sx25+17x23%*

hence for n=k+1: 5 -2 =17(255+2* ) is divisible by 17

THEN
since true for n =1, and true for n =k implies true for n =k +1,

therefore true for all ne Z*

m1

A1

A1

A1

M1

A1

A1

A1

R1

Note: Only award R1 if 4 of the previous 6 marks have been awarded

Note: 5% and 2**may be replaced by 25 and 8* throughout.

[7 marks]
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METHOD 1

attempt to substitute solution into given equation

(5+qi)2 +i(5+qi)=—p+25i

25—¢° +10gi—q+5i+ p—25i=0 OR 25-¢° +10gi—q +5i=— p +25i
25-¢*+ p—q+(10g-20)i=0

attempt to equate real or imaginary parts:

10g—20=0 OR 25—¢* +p—g=0

q=2, p=-19

METHOD 2

2 +iz+p-25i=0

sum of roots=—i, product of roots = p —25i

one root is (5+¢i)so other root is (—5—gi—i)

product(S +qi)(—5—qi—i) =-25-5qi—5i-5qi+q° +q=p-25i
equating real and imaginary parts for product of roots

Im: =25=-10g-5 Re: p=-25+¢"+¢

g=2, p=-19

8823 -7111M

(m1)

A1

(m1)

A1A1

M1

A1

(M1)

A1A1
[5 marks]



(a)

14—

METHOD 1

attempt to integrate by parts

u= (lnx)2 , dv=xdx

J.x(lnx)2 dx =

2 2
@—jxlnxdx

attempt to integrate xInx by parts, with # =Inx
2
[xinx dv=|= h”—jﬁ dx
2 2

felnsf ac -2 02) _[xzinx_ [z dx}

2 2

P(lnx) Xlhx x
e

METHOD 2 ( knowing jlnx dx = xlnx—x)

attempt to integrate by parts

u=xInx , dv=Inxdx

lenx(lnx) dx =x1nx(x1nx—x)—j(lnx+1 )(xlnx—x)dx

= xlnx(xlnx—x)—jx(lnxfdx+ij

2
2I:xlnx(xlnx—x)+x7+c

= =
2 2

¥ (Inx)” ¥Inx x_z( )

8823 -7111M

(m1)
(m1)

A1
(m1)

A1

A1

[6 marks]

(mM1)
(M1)
A1

A1

M1

A1

[6 marks]

continued...
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Question 8 continued

(b)

METHOD 3 ( knowing j xInx dx)

*(In 2
lenx dx = M_x_

2 4
attempt to integrate by parts
u=Inx , dv=xInxdx

[(xInx)inx de = 1nx[@_’i}jl(xz(m) _x_zjdx

4

zlnx[@-’;]—j[@—ﬂm

(xz(lnx) xZ] XInx x* x*
=lnx| ———— |- ——+—+

2 4] 4 8 8

attempt to substitute limits into their integrated expression

2 2 2 ul
[x (Inx) x IHXH_} :(8(1n4)2—81n4+4)—(1J
4 | 4

2 2

attempt to replace any In4 term with 2In2
:8(2ln2)2—8(2ln2)+4—%

=32(ln2)2—16ln2+%

8823 -7111M

(m1)
(M1)

A1

A1

A1

A1

[6 marks]

(m1)

(M1)

A1

AG

[3 marks]
Total [9 marks]



(a)

hence f(x) iseven
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M1

A1

AG
[2 marks]

continued...
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Question 9 continued

(b) METHOD 1

, . 0
Noting that £1£r01(f(x)) =0 (M1)
attempt to differentiate numerator and denominator: M1
lim(f(x)):lim 2k sin kx cos kx :lim(ksmﬂcxj A1
x>0 x—0 2x x—0 2x
(evaluates to %) and attempts to differentiate a second time: M1
2k*(cos® kx —sin® kx 2
= ]jm( ( ) = lim(MJ = k2 A1
x>0 2 x>0 2
(k*=16=)k=4 A1

Note: Award relevant marks, even if 11rr3 is not explicitly seen.

METHOD 2

attempt to express sin(kx) as a Maclaurin series M1

sin(kx) = kx(+)

sin? () = K2 (+.. A1
< 2 2.2
lim[sm gkx)j:hm[k X (;)} M1
x—0 X x—0 X
= lim(k2 +termsin x) R1
x—0

\ Note: This R1 is awarded independently of any other marks.

=k’ A1
(k2=16:>)k=4 A1

Note: Award relevant marks, even if ‘lim’ is not explicitly seen.

x—0

continued...
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Question 9 continued

METHOD 3
splitting function into (smkxj(smkx)and using limit of product = product of
X X
limits (M1)
) kx . .
lim(SIH—E)J:hm(snlkaxlim(Slnkxj A1
x—0 X x—0 X x—0 X
EITHER
using L’ Hopitals rule (M1)
lim[smkszlim(kws}a}zk (A1)
x—0 X x—0 1
OR
using Maclaurin expansion for sin kx (M1)
sin (kx) = kx(+...)
1im[sml‘"xj=1im(b”“']=1im(k+terms in x) =k (A1)
x—0 X x—0 X x—0
THEN
. 2 kx
hence hno{sm—(z)] =kxk=k* A1
X—> x
k*=16=k=4(k>0) A1

Note: Award relevant marks, even if ‘lirr(}’ is not explicitly seen.

[6 marks]
Total [8 marks]



(b)

(i)

(ii)

(iif)

—19-—

Section B

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

ln(2x—9)=ln% OR In—~

=Ind OR In(2x-9)d =Inx’
x_

2
X

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

2
X _2x-9 OR
d X —

x2=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 ,butdeR’

d>9 (or ]9,20[)

8823 -7111M

A1
[1 mark]

M1

(M1)

(m1)

A1

AG

(A1)
(m1)

A1

AG

(M1)

A1

[9 marks]

continued...
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Question 10 continued

() x*=20x+90 (=0)

attempting to solve their 3 term quadratic equation

(x-10)*~10=0) or ((x:) 201J(—20)2_4x1x90J

2

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

distance =2+/10

(a=2,b=10)

8823 -7111M

A1

(m1)

(A1)
(m1)

A1

Note: Accept lm OR \/%

[5 marks]
Total [15 marks]



11.
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(a) attempt to use chain rule to find f”(x)

f'(x)=(-2sin2x)e** (= 0)
=sin2x=0
2x=0,m, 27, ...

T
x=0,—,m,...
2

Coordinates are (O,e),(g,lj,(n,e)
e

Note: Special case: For two correct coordinate pairs award (M1)A1(M1)A0A1.

For extra coordinate pairs award (M1)A1(M1)A1A0.

(b) attempt to differentiate f'(x) using product rule
f"(x)=(-2sin2x)(-2sin2x)e"*** —(4cos 2x) e
at x=0, f"(x)=—4e<0 so maximum AND

at x=m, ["(x)=—-4e<0 so maximum

at x:g, f"(x):i>0 SO minimum
e

Note: The values for the second derivative must be correct in order to award the R
marks.

8823 -7111M

(mM1)
A1

(m1)

A1

A1

[5 marks]
(M1)

A1

R1

R1

[4 marks]

continued...
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22 _
Question 11 continued
(c)
y
e -
1
e
T T x
m T
C A1A1A1
Note: Award A1 for general shape, A1 for correct maxima(0,¢),(m,¢)and minimum
point (g,—j and A1 for showing a higher rate of change of gradient at
e
maxima and a lower rate of change of gradient at the minimum point.
[3 marks]
continued...
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Question 11 continued

@ G cos2x:1—%+(2:!)+

4
cos2x =1-2x" +2%

(i) METHOD 1
2 3 4

X X
e =l+x+—+—+—+
2 6 24

attempt to substitute series for cos2x—1 into series for e*

8823 -7111M

(m1)

A1

(m1)

Note: Award (MO) for substituting the Maclaurin series for cos2xinto the Maclaurin
series for e*.

2x* ’
| 2%+
cos2x—1 2 2x
e =1+| 2x"+ + +
3 2
2 4
(:1_2XZ+%+2X4+WJ
4
oo
3
METHOD 2
cos2x—1 72x2+£ 257 E
e =e 3 =g e 3

2x*

attempt to find the Maclaurin series for e? ORe?

2x*

efz)‘2 =1-2x2+2x" +... el =1+§x4+...

2,
e el = (l —2x* +2x* +...)(1 +£x4 +j
3

4
TP S
3

A1

A1

(M1)

A1

A1

continued...
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Question 11 continued

4 4
(iii) (f(x) z)e{l—zﬁ +8%+..1 (=e—2ex2 + 8? +J A1
[6 marks]
1 1
10 cos2x 10 2
e e dx = ej 1-2x M1
@ | (124" m1)
1/10
2 3
= e{x—i} A1
3 0
1 2
=e(___j A1
10 3000
298¢
3000
_ 149¢ AG
1500
Note: If candidate follows through an incorrect expansion from part (d), award a
maximum of MTA1FTAO
[3 marks]

Total [21 marks]
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(a) attempt to expand using binomial theorem: (M1)

Note: Award (M1) for seeing at least one term with a product of a binomial
coefficient, power of isind and a power of cosé .

.. 5 . . . .
(cos@+isin@) =cos’ 6+ °C,icos’ @sin@+ C,i’ cos’ Osin® 6
+°C,i* cos *0sin’ @+ °C,i* cosOsin* @ +i’sin’ @ A1

= (0055 6 —10cos’ Osin’ @ + 5cosHsin’ 9)+i(5cos4 @sin @ —10cos *fsin’ @ + sin’ 6?) A1A1

Note: Award A7 for correct real part and A7 for correct imaginary part. \

[4 marks]

(b) (cos6’+isin6’)5 =cos 56 +isin 560 (A1)

equate imaginary parts: (M1)

sin56 = Scos* @sin@ —10cos” Gsin’ @ +sin” @ A1

substitute cos® @ =1-sin’ 6@ (M1)

sin50 = 5(1—sin’ ) sing—10sin’ 0(1—sin’ @) +sin® 0 A1

sin560 = 5(1—2sin2 6 +sin* 9)sin9—10sin3 6’(1—5in2 6’)+sin5 o A1

=16sin’ @ —20sin’ 8 + 5sin & AG
Note: Some of this working may be seen in part (a). Allow for awarding marks in

part (b).
[6 marks]

continued...
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Question 12 continued

(c) (i) factorising 16sin’ @—20sin’ 8 + 5sin @ m1

(sin56 =)sin¢9(16sin4 6 —20sin” 0 + 5)
EITHER

sinS[%] =0 and sinS(%j =0 R1

Note: The R1 is independent of the M1.

OR

solving sin50 =0

0=% where keZ

R1
Note: The R1 is independent of the M1.
THEN
therefore either sin@=0 OR 16sin*@#—20sin’0+5=0
. T . 3n . . :
smg #0 and s1n? # 0 (or only solution to sin@=0 is §=0) R1
therefore %,?ﬂ are solutions of 16sin* @ —20sin*@+5=0 AG

Note: The final R71 is dependent on both previous marks.

continued...
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Question 12 continued

(ii)

METHOD 1

attempt to use quadratic formula:

. 20++/80
sin“"f=————
32

5+4/5

8

5+./5

8

. . 3¢n \/5+\/§\/5—\/§
:SlngSln?:

sind =

8 8

5
4

METHOD 2

. . . 2n . 3n . 4n
roots of quartic are sin—,sin—, sin—,sin—
5 5 5 5

5
attempt to set product of roots equal to J_r—6

.. 2n . 3n . 4n 5
sin —sin—sin—sin— = —
5 5 5

5 16

- . . 4 .2 .3
recognition that s1n§ = sm—nand sm—7t = sm—n

. 2T . ,3m 5
sin” —sin” — = —
5 5 16

Vs

.M. 3m
sin—sin— =
5 5 4

8823 -7106M

(mM1)

A1

M1

A1

AG

A1

M1

A1

A1

AG

continued...



- 28— 8823 -7106M
Question 12 continued

METHOD 3
Consider 16sin* @ —20sin> 0+ 5=0 as a quadratic in sin’ @ M1
(6= %,% are roots), so sinzg and sin’ 3?71 are roots of the quadratic. A1
Consider product of roots: M1
:>sin2£sin23—n=i A1

5 5 16
sinﬁsin3—7T = ﬁ AG
5 5 4

[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 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 AOA71A1T.

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.
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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.

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.

¢ 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.

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

¢ Inthe 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”.
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Section A
(a) attempt to form (go f)(x) (M1)
((gc>f)(x))=(x—3)2+k2 (=x2—6x+9+k2) 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=43 A1
[3 marks]
Total [56 marks]
(a) (P(AUB) :)0.65+O.75—0.6 OR 0.05+0.6+0.15 (A1)
=0.8 A1
[2 marks]
(b) recognition that 4'NB'=(4UB) OR A'NB =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]



(a)

METHOD 1
attempt to form at least one equation, using either S, or §;
65=25p-5¢ (13=5p—q) and 40=16p—-4q (10=4p—q)

valid attempt to solve simultaneous linear equations in p and g 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 A1AO0.

METHOD 2

attempt to form at least one equation, using either S, or S
65::%(2uf+4d) (26=2u,+4d) and 40=2(2u,+3d) (20=2u,+3d)

valid attempt to solve simultaneous linear equations in u, and d by substituting
or eliminating one of the variables.

u=1,d=6
Sn=§(2+aﬁ—m):&f—zn

p=3andg=2

Note:

If candidate does not explicitly state their values of p and ¢, do not award

the final mark.

(b)

us; =S5 — S, OR substituting their values of u, and d into u; =u, +4d

5
OR substituting their value of , into 65 = E(ul +11; )

(us=)65-40 OR (u;=)1+4x6 OR 65=§(L+%)

=25

8823 -7106M

(m1)

(A1)

(mM1)
A1A1

(mM1)
(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)

(\/52 P =)@ (A1)

OR

attempt to use the Pythagorean identity cos® & +sin’ a =1 (M1)

1 2

sin’ BAC =1 _(Ej (A1)

THEN

sinBAC = g (may be seen in area formula) A1

1 . SR
attempt to use ‘Area:Eab sinC' (must include their calculated value of sin BAC) (M1)
:lx10><\/gx\/ﬁ (A1)
2 5

=12 (cm?) A1

[6 marks]

continued...
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Question 4 continued

METHOD 2
attempt to find perpendicular height of triangle BAC (M1)
EITHER

height = /6 xsin BAC

attempt to use the Pythagorean identity cos” & +sin’ =1 (M1)
1 2
height = /6 x [1— (Ej (A1)
5 5
OR
adjacent = g (A1)
attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)
. 6 12 .
height = /6—2—5(: ?j (may be seen in area formula) (A1)
THEN
1 ¢

attempt to use ‘Area= EbaseXhelght' (must include their calculated value for height) (M1)
= l>< 10><E

5
=12 (cm?) A1

[6 marks]
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attempt to apply binomial expansion

(1+kx)" =14 "Chx+"C,k’x* +... OR "Ck=12 OR "C, =28

nk=12

n*-n-56=0 OR n(n-1)=56

valid attempt to solve

(n—8)(n+7)=0 OR 8(8-1)=56 OR finding correct value in Pascal’s triangle

Note: If candidate finds » =8 with no working shown, award M1A0AOM1A1AO.
If candidate finds » =8 and &k = %with no working shown, award

M1A0AOM1A1A1.

8823 -7106M

(M1)

(A1)

(A1)

(M1)

A1

A1

[6 marks]
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base case n=1: 52 -2°=25-8=17 so true for n=1

assume true for n=k ie 5* —2°* =17s for se€Z OR 5* —2%*is divisible by 17

8823 -7106M

A1
m1

Note: The assumption of truth must be clear. Do not award the M1 for statements
such

as “let n=k” or “n=kis true”. Subsequent marks can still be awarded.

EITHER
consider n=k+1 :
52(k+1) _ 23(k+1)

52 )52k (23 )23k

(

(25)52k ( )23k
(17)

(

17)5% +(8)5* —(8)2° OR (25)5* —(25)2% +(17)2*

17)5° +8(5% —2%)  OR 25(5% —2°)+(17)2*
=(17)5" +8(17s) OR 25(17s)+(17)2*

=17(5% +8s) OR 17(25s+2* ) which is divisible by 17

OR

(5% —2%)x 5 =572 _25x2% =175x25

=522 _ @23 _17x 23 —175x25

— §2k+2 _93k+3 17423k —179%x 25

_ 52(k+1) _23(k+1) —17x 23k =17s%x25

_ 52(k+1) _23(k+1) —17sx25+17x23%*

hence for n=k+1: 5 -2 =17(255+2* ) is divisible by 17

THEN
since true for n =1, and true for n =k implies true for n =k +1,

therefore true for all ne Z*

m1

A1

A1

A1

M1

A1

A1

A1

R1

Note: Only award R1 if 4 of the previous 6 marks have been awarded

Note: 5% and 2**may be replaced by 25 and 8* throughout.

[7 marks]
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METHOD 1

attempt to substitute solution into given equation

(5+qi)2 +i(5+qi)=—p+25i

25—¢° +10gi—q+5i+ p—25i=0 OR 25-¢° +10gi—q +5i=— p +25i
25-¢*+ p—q+(10g-20)i=0

attempt to equate real or imaginary parts:

10g—20=0 OR 25—¢* +p—g=0

q=2, p=-19

METHOD 2

2 +iz+p-25i=0

sum of roots=—i, product of roots = p —25i

one root is (5+¢i)so other root is (—5—gi—i)

product(S +qi)(—5—qi—i) =-25-5qi—5i-5qi+q° +q=p-25i
equating real and imaginary parts for product of roots

Im: =25=-10g-5 Re: p=-25+¢"+¢

g=2, p=-19

8823 -7106M

(m1)

A1

(m1)

A1A1

M1

A1

(M1)

A1A1
[5 marks]
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METHOD 1

attempt to integrate by parts

u= (lnx)2 , dv=xdx

x° (lnx)2

J.x(lnx)2 dx = —jxlnxdx

attempt to integrate xInx by parts, with # =Inx
2
[xinx dv=|= h”—jﬁ dx
2 2

felnsf ac -2 02) _[xzinx_ [z dx}

2 2

P(lnx) Xlhx x
e

METHOD 2 ( knowing jlnx dx = xlnx—x)

attempt to integrate by parts

u=xInx , dv=Inxdx

lenx(lnx) dx =x1nx(x1nx—x)—j(lnx+1 )(xlnx—x)dx

= xlnx(xlnx—x)—jx(lnxfdx+ij

2
2I:xlnx(xlnx—x)+x7+c

= =
2 2

¥ (Inx)” ¥Inx x_z( )

8823 -7106M

(m1)
(m1)

A1

(m1)

A1

A1

[6 marks]

(mM1)
(M1)
A1

A1

M1

A1

[6 marks]

continued...
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Question 8 continued

(b)

METHOD 3 ( knowing j xInx dx)

*(In 2
lenx dx = M_x_

2 4
attempt to integrate by parts
u=Inx , dv=xInxdx

[(xInx)inx de = 1nx[@_’i}jl(xz(m) _x_zjdx

4

zlnx[@-’;]—j[@—ﬂm

(xz(lnx) xZ] XInx x* x*
=lnx| ———— |- ——+—+

2 4] 4 8 8

attempt to substitute limits into their integrated expression

2 2 2 ul
[x (Inx) x IHXH_} :(8(1n4)2—81n4+4)—(1J
4 | 4

2 2

attempt to replace any In4 term with 2In2
:8(2ln2)2—8(2ln2)+4—%

=32(ln2)2—16ln2+%

8823 -7106M

(m1)
(M1)

A1

A1

A1

A1

[6 marks]

(m1)

(M1)

A1

AG

[3 marks]
Total [9 marks]



(a)

hence f(x) iseven

-16 - 8823 -7106M

M1

A1

AG
[2 marks]

continued...
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Question 9 continued

(b) METHOD 1

, . 0
Noting that £1£r01(f(x)) =0 (M1)
attempt to differentiate numerator and denominator: M1
lim(f(x)):lim 2k sin kx cos kx :lim(ksmﬂcxj A1
x>0 x—0 2x x—0 2x
(evaluates to %) and attempts to differentiate a second time: M1
2k*(cos® kx —sin® kx 2
= ]jm( ( ) = lim(MJ = k2 A1
x>0 2 x>0 2
(k*=16=)k=4 A1

Note: Award relevant marks, even if 11rr3 is not explicitly seen.

METHOD 2

attempt to express sin(kx) as a Maclaurin series M1

sin(kx) = kx(+)

sin? () = K2 (+.. A1
< 2 2.2
lim[sm gkx)j:hm[k X (;)} M1
x—0 X x—0 X
= lim(k2 +termsin x) R1
x—0

\ Note: This R1 is awarded independently of any other marks.

=k’ A1
(k2=16:>)k=4 A1

Note: Award relevant marks, even if ‘lim’ is not explicitly seen.

x—0

continued...
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Question 9 continued

METHOD 3
splitting function into (smkxj(smkx)and using limit of product = product of
X X
limits (M1)
) kx . .
lim(SIH—E)J:hm(snlkaxlim(Slnkxj A1
x—0 X x—0 X x—0 X
EITHER
using L’ Hopitals rule (M1)
lim[smkszlim(kws}a}zk (A1)
x—0 X x—0 1
OR
using Maclaurin expansion for sin kx (M1)
sin (kx) = kx(+...)
1im[sml‘"xj=1im(b”“']=1im(k+terms in x) =k (A1)
x—0 X x—0 X x—0
THEN
. 2 kx
hence hno{sm—(z)] =kxk=k* A1
X—> x
k*=16=k=4(k>0) A1

Note: Award relevant marks, even if ‘lirr(}’ is not explicitly seen.

[6 marks]
Total [8 marks]



(b)

(i)

(ii)

(iif)

—19-—

Section B

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

ln(2x—9)=ln% OR In—~

=Ind OR In(2x-9)d =Inx’
x_

2
X

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

2
X _2x-9 OR
d X —

x2=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 ,butdeR’

d>9 (or ]9,20[)

8823 -7106M

A1
[1 mark]

M1

(M1)

(m1)

A1

AG

(A1)
(m1)

A1

AG

(M1)

A1

[9 marks]

continued...
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Question 10 continued

() x*=20x+90 (=0)

attempting to solve their 3 term quadratic equation

(x-10)*~10=0) or ((x:) 201J(—20)2_4x1x90J

2

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

distance =2+/10

(a=2,b=10)

8823 -7106M

A1

(m1)

(A1)
(m1)

A1

Note: Accept lm OR \/%

[5 marks]
Total [15 marks]



11.

—-21 -

(a) attempt to use chain rule to find f”(x)

f'(x)=(-2sin2x)e** (= 0)
=sin2x=0
2x=0,m, 27, ...

T
x=0,—,m,...
2

Coordinates are (O,e),(g,lj,(n,e)
e

Note: Special case: For two correct coordinate pairs award (M1)A1(M1)A0A1.

For extra coordinate pairs award (M1)A1(M1)A1A0.

(b) attempt to differentiate f'(x) using product rule
f"(x)=(-2sin2x)(-2sin2x)e"*** —(4cos 2x) e
at x=0, f"(x)=—4e<0 so maximum AND

at x=m, ["(x)=—-4e<0 so maximum

at x:g, f"(x):i>0 SO minimum
e

Note: The values for the second derivative must be correct in order to award the R
marks.

8823 -7106M

(mM1)
A1

(m1)

A1

A1

[5 marks]
(M1)

A1

R1

R1

[4 marks]

continued...
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22 _
Question 11 continued
(c)
y
e -
1
e
T T x
m T
C A1A1A1
Note: Award A1 for general shape, A1 for correct maxima(0,¢),(m,¢)and minimum
point (g,—j and A1 for showing a higher rate of change of gradient at
e
maxima and a lower rate of change of gradient at the minimum point.
[3 marks]
continued...
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Question 11 continued

@ G cos2x:1—%+(2:!)+

4
cos2x =1-2x" +2%

(i) METHOD 1
2 3 4

X X
e =l+x+—+—+—+
2 6 24

attempt to substitute series for cos2x—1 into series for e*

8823 -7106M

(m1)

A1

(m1)

Note: Award (MO) for substituting the Maclaurin series for cos2xinto the Maclaurin
series for e*.

2x* ’
| 2%+
cos2x—1 2 2x
e =1+| 2x"+ + +
3 2
2 4
(:1_2XZ+%+2X4+WJ
4
oo
3
METHOD 2
cos2x—1 72x2+£ 257 E
e =e 3 =g e 3

2x*

attempt to find the Maclaurin series for e? ORe?

2x*

efz)‘2 =1-2x2+2x" +... el =1+§x4+...

2,
e el = (l —2x* +2x* +...)(1 +£x4 +j
3

4
TP S
3

A1

A1

(M1)

A1

A1

continued...
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Question 11 continued

4 4
(iii) (f(x) z)e{l—zﬁ +8%+..1 (=e—2ex2 + 86; +J A1
[6 marks]
1 1
10 cos2x 10 2
e e dx = ej 1-2x M1
@ | (124" m1)
1/10
2 3
= e{x—i} A1
3 0
1 2
=e(___j A1
10 3000
298¢
3000
_ 149¢ AG
1500
Note: If candidate follows through an incorrect expansion from part (d), award a
maximum of MTA1FTAO
[3 marks]

Total [21 marks]
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(a) attempt to expand using binomial theorem: (M1)

Note: Award (M1) for seeing at least one term with a product of a binomial
coefficient, power of isind and a power of cosé .

.. 5 . . . .
(cos@+isin@) =cos’ 6+ °C,icos’ @sin@+ C,i’ cos’ Osin® 6
+°C,i* cos *0sin’ @+ °C,i* cosOsin* @ +i’sin’ @ A1

= (0055 6 —10cos’ Osin’ @ + 5cosHsin’ 9)+i(5cos4 @sin @ —10cos *fsin’ @ + sin’ 6?) A1A1

Note: Award A7 for correct real part and A7 for correct imaginary part. \

[4 marks]

(b) (cos6’+isin6’)5 =cos 56 +isin 560 (A1)

equate imaginary parts: (M1)

sin56 = Scos* @sin@ —10cos” Gsin’ @ +sin” @ A1

substitute cos® @ =1-sin’ 6@ (M1)

sin50 = 5(1—sin’ ) sing—10sin’ 0(1—sin’ @) +sin® 0 A1

sin560 = 5(1—2sin2 6 +sin* 9)sin9—10sin3 6’(1—5in2 6’)+sin5 o A1

=16sin’ @ —20sin’ 8 + 5sin & AG
Note: Some of this working may be seen in part (a). Allow for awarding marks in

part (b).
[6 marks]

continued...
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Question 12 continued

(c) (i) factorising 16sin’ @—20sin’ 8 + 5sin @ m1

(sin56 =)sin¢9(16sin4 6 —20sin” 0 + 5)
EITHER

sinS[%] =0 and sinS(%j =0 R1

Note: The R1 is independent of the M1.

OR

solving sin50 =0

0=% where keZ

R1
Note: The R1 is independent of the M1.
THEN
therefore either sin@=0 OR 16sin*@#—20sin’0+5=0
. T . 3n . . :
smg #0 and s1n? # 0 (or only solution to sin@=0 is §=0) R1
therefore %,?ﬂ are solutions of 16sin* @ —20sin*@+5=0 AG

Note: The final R71 is dependent on both previous marks.

continued...
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Question 12 continued

(ii)

METHOD 1
attempt to use quadratic formula:
5, 20++/80
sin"f =————
32
_5+45
8
. 5445
sinf =
8
. T . 3m; \/5+\/§\/5—\/§
= sin—sin— =
5 5 8 8
_ [0
64

5
4

METHOD 2

. . . 2n . 3n . 4n
roots of quartic are sin—,sin—, sin—,sin—
5 5 5 5

5
attempt to set product of roots equal to J_r—6

.. 2n . 3n . 4n 5
sin —sin—sin—sin— = —
5 5 5 5 16

- . . 4 .2 .3
recognition that s1n§ = sm—nand sm—7t = sm—n

. 2T . ,3m 5
sin” —sin” — = —
5 5 16

Vs

.M. 3m
sin—sin— =
5 5 4

8823 -7106M

(mM1)

A1

M1

A1

AG

A1

M1

A1

A1

AG

continued...
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Question 12 continued

METHOD 3
Consider 16sin* @ —20sin> 0+ 5=0 as a quadratic in sin’ @ M1
(6= %,% are roots), so sinzg and sin’ 3?71 are roots of the quadratic. A1
Consider product of roots: M1
:>sin2£sin23—n=i A1

5 16
sinﬁsin3—7T = ﬁ AG
5 5 4

[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 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.

¢ 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.

¢ 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”.
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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, 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

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)

attempts to find perimeter
arc+2xradius OR 10+4+4

=18 (cm)

10

1 2
(c) area =5(?j(4 ) (=1.25x16)

=20 (cm?)

i

Section A

M23/5/MATHX/HP1/ENG/TZ2/XXIM

(M1)

A1
[2 marks]

(A1)
A1

[2 marks]

(A1)

A1

[2 marks]
Total [6 marks]
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i x=2 A1
iy y=1 A1
[2 marks]
(i) (o,%} A1
i (3.0) A1
[2 marks]

continued...
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Question 2 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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3.  substitutesinto P(4wB)=P(A4)+P(B)—-P(4AN B) toform

0.55=0.4+P(B)-P(4NB) (orequivalent) (A1)
P(ANnB P(ANnB
substitutes into P(A | B) = gto form 0.25 = Q (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)-0.15
0.55=0.4+P(B)-025P(B) OR (P)T:O'ZS OR P(B)-0.15=0.25P(B)

(or equivalent)

P(B):l—5 (:1:0.2] A1
750 5

Total [56 marks]
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X
x+2

4, A:j; dx
0

EITHER

attempts to integrate by inspection or substitution using u =x*+2 or u =x’ (M1)

Note: If candidate simply states u = 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).

2 ¢

42 c
[llnu} OR {lln(u+2)} OR [lln(xz +2)} A1
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 /’cln(x2 + 2) :

c

Bln(xﬁz)} A1

0

\ Note: Limits may be seen in the substitution step.

THEN

correctly substitutes their limits into their integrated expression (M1)
l(1n(c2+2)—1nz) (=1n3) OR l1n(c2+2)—11nz(=1ns)
2 2 2

continued...
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Question 4 continued

correctly applies at least one log law to their expression (M1)

2 2
lln(c ;zj(zln3) OR ln\/cz+2—ln\/§(=ln3) OR ln(c ;2J21n9

2
cc+2 42
OR In(c’+2)-In2=In9 OR In (=In3) OR In (=In3)
V2
‘ Note: Condone the absence of In3 up to this stage. ‘
2 2
c+2:9 OR c+2:3 A1
¢’ =16

Note: Award AO for ¢ =+4 as a final answer. ‘

Total [6 marks]
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attempts to form (go f)(x) (M1)
[fO)] +/(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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(a) E(X)=2a (by symmetry) A1

[1 mark]

(b) METHOD 1

uses Var(X)=E(X?)-[E(X)] (M1)
T 2
Var(X)= a de—(2a)
x3 ¥ 2
|| e "
_ 133“2 ~(2a) (A1)
_a A1
3

Note: Award as above if E(X2) and [E(X)]2 are calculated separately

2 2
leading to Var(X) :%. Award (M1)AOAOAO for Var(X )= 13; J

continued...



-15- M23/5/MATHX/HP1/ENG/TZ2/XXIM

Question 6 continued

METHOD 2
uses Var(X)=E(X -E(X)) (M1)
3a _ 2
Var(X)= I()c2—2¢z)dx
a
3 3a
_ (x—Za) A1
6a
:—a3 _(_a3) or equivalent
quivalen (A1)
6a
_a A1
3
[4 marks]

Total [56 marks]
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n r 1
let P(n) be the proposition that =1- for all integers, n>1

S(r+1)! (n+1)!

considering P(1):

LHS:% and RHS:% and so P(1) is true R1
assume P(k) is true ie i T - ! M1
S (r+1) (k+1)!
Note: Do not award M1 for statements such as “let n=k" or “n=Fk is true”.
Subsequent marks after this M7 are independent of this mark and can be
awarded.
considering P(k+1):
ooy k r k+1
_ + M1
;(r+1)! ;(r+l)! ((k+1)+1)! M7
1 k+1
=1- A1
(k1) (k+2)
=1_(k+2)—(k+1) a1
(k+2)!
1 1
=1- =1- A1
(k+2)![ ((k+1)+1)J
P(k+1) is true whenever P(k) is true and P(1) is true, so P(n) is true
(for all integers, n>1) R1

Note: To obtain the final R1, any four of the previous marks must have been
awarded.

[7 marks]
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sink

(@) cosk= A1
cosk
cos’ k =sink AG
[1 mark]
(b) f'(k)=-sink and g'(k)=sec’k A1
Note: Award A1 for f'(x)=—sinx and g'(x)=sec’x.
EITHER
£(k)g (k) == w1
cos k
coszkzsinsz’(k)g'(k) :_sink =-1 R1
sink
OR
g(k)=—x m1
cos  k
2 . K 1 1
cos’k=sink= g'(k)=——=— R1
sink f'(k)
Note: Accept showing that f*(k) = —,; .
g (k)
Note: Allow’backwards methods’ such as starting with f"(k)=—-——— leading to
cos’ k =sink
THEN
= the two tangents intersect at right angles at P AG
Note: To obtain the final R1, all of the previous marks must have been awarded. \
[3 marks]

continued...
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Question 8 continued

(c) 1-—sin’k =sink (from part (a)) A1
sin’k +sink—1=0
attempts to solve for sink (M1)

1417 =4(1)(-1
ik (D(=1)
2
(for 0<k<g,sink>0):>sink:_1;\/§ A1
(a=—1,b=5,c=2)
\ Note: Award A0 if more than one solution is given \
[3 marks]

Total [7 marks]
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(@) OM=a-+ke A1
MC:(I—k)c—a A1

[2 marks]

(b) attempts to expand their dot product OM-MC = (a+ke)((1-k)c—a) m1

=(1- 2k)(a-c)—|a|2 +k(1 —k)|c|2 (or equivalent)
uses |c| = 2|a| and aec = 2|a|2 cosd M1

= 2(1—2lc)|a|2 COS¢9—|a|2 +4k(1—k)|a|2

=2(1-2k)|a| cos @ — (1-2k)’|a[ A1

laf* (1-2k)(2c0s 0 —(1-2k)) =0 AG

[3 marks]

(c) attempts to solve |a|2(1—2k)(2cosé’—(l—2k)):O for k (M1)

k:l or k:l—cosﬁ (|a|2 >O)
2 2

Note: Award (M1) for their * k£ =’ or their ‘cos@ =". For example, cosd = 1_22k or

equivalent.

as 0<k <1, OSl—COSGSl

1 <cosf< 1 A1
2 2
T 2n o
—<O<=, 0#— A1A1
3 3 2
(0= r corresponds to only one possible position for M when k =—)
[4 marks]

Total [9 marks]
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Section B
10. (@) °=9-x"OR y=+J9—x’ 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 Y o 13— A1
[3 marks]
(c) METHOD1
., d4
attempts to use the product rule to find o (M1)
attempts to use the chain rule to find %x@—xz (M1)
1 N :
(%=j VO’ +(3+x)(—j(9—x2) P2 | =Afox - X A1
dx 2 9—x’
(dA j 9-x"  x*+3x 9—x"— x2+3x) A1
dx \/9—x2 \/9—x2 NCESS

d4 9-3x-2x°

a7 ex AG
dx V9 —x?

continued...



—-21 -

Question 10 continued
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METHOD 2
d4_d4 &y
de dy dx
attempts to find a4 where 4= y(x+3) and Y where y* =9 —x’ (M1)
dy dx
%=y%+x+3 and d_y:_ﬁ (or equivalent) A1
dy "~ dy dx
substitutes their a and their Y into %:%xd—y (M1)
dy dx d« dy dx
%:(y(—lj+x+3J(—£j (or equivalent)
dx X y
= ¥ _x —3% (or equivalent) A1
\/9—x2
d4 9-3x-2x°
a4a _ AG
dx V9 - x*
[4 marks]

continued...
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Question 10 continued

d4 9—3x—2x"
d —=0|—F—=0 M1
(d) m [ - j (M1)
attempts to solve 9—3x—2x> =0 (or equivalent) (M1)
~(2x=3)(x+3)(=0) OR x= 3% */(_32)2__2;‘ (=20) (or equivalent) (A1)
_— A1

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.

:_@[:_ﬁ,:_ Z,:_Jﬁ} A1

[6 marks]
Total [14 marks]
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METHOD 1
b= (" +(B) (=43)
=2

reference anglezg OR argu =mn—tan™' (\/g) OR argu =n+tan_‘(—\/§)

Note: Award the above M1A1 for a labelled diagram that convincingly shows that
T
argu =—.
8 3
27'[ 2m

=— andso u :ZeIT
3

METHOD 2

reference angle=§ OR argu =m—tan”' (\/g) OR argu =m+tan' (—\/5)

Note:

Award the above M1A1 for a labelled diagram that convincingly shows that

argu——n
3

r(cosz?nﬂsinz?n] = —1+\/§i

COS— - Sin—— 73
3 2 3,

2n
2T
=2 andso u=2e¢?

A1
AG

m1

A1

AG

[3 marks]

m1

A1

AG

A1

AG
[3 marks]

continued...
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Question 11 continued

) () u”eR:z%n:kn (kez) (M1)(A1)

Note: Award M1 for noting that Sin_2l3m =0 from u" =2" (cos 2’3"‘ +isin 2’3”[)

Award (A1) for a multiple of 3 considered.

n=3 A1

(i)  substitutes their value (must be a multiple of 3) for » into u" (M1)
w =2’cos2m

=8 A1

[5 marks]

continued...
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Question 11 continued

() (i) —1—\/§i is a root (by the conjugate root theorem) A1

2n

Note: Accept 2 3.

let z =c¢ be the real root

EITHER

uses sum of roots (equated to +5) (M1)
((—1+\/§i)+(—1—\/§i)+0) =-5 (A1)
Dtc=-5 (A1)
OR

uses product of roots (equated to +12) (M1)
(—1+x/§i)(—l—\/§i>c - 12 (A1)
4¢=-12 (A1)
OR

(z—<—1+\/§i))(z—(—1—\/§i))222+2Z+4 (A1)
compares coefficients eg (M1)

(z—c)(22+2Z+4)=z3+522+102+12

4c=12 (A1)

THEN

c=-3 (and so z=-3 is aroot) A1

continued...
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Question 11 continued

(i) METHOD 1

compares z’ +5z° +10z+12=0 and 1+5w+10w* +12w’ =0

w z
1+ 1
S S B B ESVE} A1A1
3 —1%43i 4
METHOD 2
attempts to factorize into a product of a linear factor and a quadratic factor (M1)
1+ 5w+10w" +12w° = (3w+1) (4w’ +2w+1) A1
14+ 1
wed, A o ALl A1A1
3 -1+43i 4
[9 marks]
(d) (a+bi) =2(a—bi) A1
attempts to expand and equate real and imaginary parts: M1

a’ —b* +2abi=2a-2bi
a’*—b*=2a and 2ab=-2b

attempts to find the value of a or b M1

2b(a+1)=0

b=0=a’=2a=>a=2 (real root) A1

a=-1=1-p=-2=b=+3 (complex roots —li\/gi) A1
[5 marks]

Total [22 marks]
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(a)

(b)
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let ¢ = \/;
t* =x=>2t dt =dx (or equivalent)
SO Jcos\/; dx = ZItcost dt

attempts integration by parts

u=2t,dv=cost dt, du =2 dt, v=sint
ZItcost dt:2tsint—2jsint dt

=2¢sint+2cost+C

substitution of t=\/; = Icos\/; dx= 2\/;sin\/;+2cos\/;+C

n+l 4 4

@y [=(2n+1)2n2J

m1
A1
A1

(m1)

(A1)
A1
AG

[6 marks]

A1

[1 mark]

continued...
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Question 12 continued

(c) areaof R is

Xt
I COS\/; dx‘

xl

\ Note: Modulus may be seen at a later stage.

(2n+l)2n2

= [2\/;sin X +2005\/;}

4
(2n-1)’x?
4

Note: Condone +C at this stage.

attempts to substitute their limits into their integrated expression

(M1)

A1

(m1)

( or equivalent)

ey Byt

2 2
ooty U, gy Bl
n 4nm
=2((-1) BN
=4nn

Note: Award a maximum of (M1)ATM1A1A1A0AO for only attempting to

calculate I cos\/; dx, and not applying the modulus.

A1

A1

[7 marks]

continued...
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Question 12 continued

(d) EITHER
attempts to find (d =)R,,, — R, M1

(d =)4(n+1)7t—4mt

Note: Award MO for consideration of special cases for example R, and R, .

Accept d =km.

which is a constant (common difference is 4m) R1
OR

an arithmetic sequence is of the form u, =dn+c (u, =dn+u,—d) M1
attempts to compare u, =dn+c (u, =dn+u,—d) and R, =4nn m1
d =4n and C:O(ul—d:O) A1

Note: Accept d =kn.

THEN
so the areas of the regions form an arithmetic sequence AG

[3 marks]
Total [17 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 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 AQA1A1T.

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.
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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.

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.

¢ 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.

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

¢ Inthe 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)
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Section A
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-=7

interchanging x and y OR making x the subject x =

THEN

. 4x+7 . 7
=——— (or equivalent #*—
/0= f(oreq ) [ x#5

(mM1)

A1
[2 marks]

A1
A1

[2 marks]

(M1)

(A1)

(A1)

(mM1)

A1

[3 marks]
Total [7 marks]



-8- M23/5/MATHX/HP1/ENG/TZ1/XXIM

(@) (i) summing frequencies of riders or finding complement (M1)
34

robability = — A1
P Y 40

(i)  attempt to find expected value (M1)

E+ 2X£ + 3><i + 4><i
40 40 40 40

60

4—0(= 1.5) A1

[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

valid attempt to solve quadratic (M1)
-1£1-4(2)(-1
(2sinx—1)(sinx+1) OR 2)=D
2(2)
recognition to solve for sin x (M1)
. 1 ,
sinx =—ORsinx = -1
2

any correct solution from sinx =-1 A1
any correct solution from sin x :% A1

Note: The previous two marks may be awarded for degree or radian
values, irrespective of domain.

Y A1

T T
X=——"y—,—/
26 6

Note: If no working shown, award no marks for a final value(s).

Award A0 for —g,%,% if additional values also given.

Total [6 marks]



-10 -

recognition of quadratic in e*

() ~3¢" +Ink(=0) OR 4> ~34+Ink(=0)
recognizing discriminant = 0 (seen anywhere)
(-3) - 4(1)(Ink) OR 9—4Ink

lnké% (A1)

e”* (seen anywhere)

O<k<e™

M23/5/MATHX/HP1/ENG/TZ1/XXIM

(M1)

(M1)

(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)
2
4m==" OR 1 =singm
q
m=— A1
2q
[2 marks]
(b) horizontal scale factor is % (seen anywhere) (A1)

Note: This (A1) may be earned by seeing a period of 6m , half period of 3m or the
correct x-coordinate of the maximum/minimum point.

y
4
3
2
1
0 X
1 m 2m 3m 4m Sm bm
-2
-3
-4
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]
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2
/ 3
6. A= %xz sing OR 4= %xz sin60° OR triangle height /=[x’ —(gj [z %x} (A1)

:lxz(ﬁj OR A:lx[ﬁxj (:ﬁle A1
2 2 2 2

4

Note: Award A1 for sin— = ﬁ This may be seen at a later stage.

attempt to use chain rule or implicit differentiation (M1)

d_V3 o dv odd 1w dr A1)

=30(cm’s™") A1

e |

Note: Award a maximum of (A71)A1(M1)(A0)A1 for a correct answer with
incorrect derivative notation seen throughout.

[5 marks]
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METHOD 1
3i (is a root)

(other complex root is) —3i

Note: Award A1A1 for P(3i)=0 and P(-3i)=0 seen in their working.
Award A1 for each correct root seen in sum or product of their roots.

EITHER
attempt to find P(3i)=0 or P(-3i)=0

4m —3mi+22(3i) ~ (3i) =0
m

dm —3mi—§(—9)+27i =0
m

attempt to equate the real or imaginary parts

27-3m=0 OR 9x>2 = 4m

m

OR

attempt to equate sum of three roots to ﬁ
m

Note: Accept sum of three roots set to —ﬁ.

m

Award MO for stating sum of roots is iﬁ.

m
3i—3i+r=§(: r=ﬁj
m m

substitute their rinto product of roots

36 36
3i)(=3i)| == |=4m OR (2> +9) =-
(3i)( 1)(’”) m OR (4 )(m Zj
9xﬁ:4m OR 4—m:ﬁ

m 9 m

A1
A1

(M1)

(M1)

(m1)

(M1)

continued...
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Question 7 continued

OR

attempt to equate product of three roots to 4m (M1)

Note: Accept product of three roots set to —4m.
Award MO for stating product of roots is +4m .

(31)(=3i)xr = 4m(:> r= %’”j
substitute their » into sum of roots (M1)

3i-3i4 2 239 oR (z2+9)(4—”"—z]
9 9

m

dm 36

9 m

THEN

m=9 (A1)
third root is 4 A1

[6 marks]
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Question 7 continued

METHOD 2
3i (is a root) A1
(other complex root is) —3i A1

recognition that the other factor is (z +3i) and attempt to write P(z) as product of three
linear factors or as product of a quadratic and a linear factor (M1)

P(z)=(z-3i)(z+3i)(r-z) OR (z-3i)(z+3i)=2"+9 :>P(z):(z2 +9)(4Tm—zj

Note: Accept any attempt at long division of P(z) by z*> +9.

Award MO for stating other factor is (z +3i) or obtaining z* +9
with no further working.

attempt to compare their coefficients (M1)
—9=-m OR dm _ 36

9 m
m=9 (A1)
third root is 4 A1

Note: Award a maximum of AOAO(M1)(M1)(A1)A1 for a final answer
P(z)=(z—3i)(z+3i)(4-z) seen or stating all three correct

factors with no evidence of roots throughout their working.

[6 marks]
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(a) attempt to reflect / in the x OR y axis (M1)

A1A1A1
Note: For a curve with an approximately correct shaped right-hand
branch, award:
A1 for correct asymptotic behaviour at y =2 (either side)
A1 for correctly reflected RHS of the graph in the y-axis with
smooth maximum at (0, 3).
A1 for labelled x-intercept at (—a,0) and labelled asymptote
at y =2 with sharp points (cusps) at the x-intercepts.
[4 marks]
(b) k=0 A1
4<k<9 A2
Note: If final answer incorrect, award A1 for critical values 4 and 9 seen
anywhere.
Exception to FT:
Award a maximum of AOA2FT if their graph from (a) is not
symmetric about the y-axis.
[3 marks]

Total [7 marks]
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METHOD 1 (subtracting volumes)

h’ h
radius of cylinder, R is 4|’ 7 OR R’ =7 vy (seen anywhere)

correct limits 0 and % OR —g and % (seen anywhere)

EITHER
volume of part sphere = nj.(rz —y? )dy

correct integration

3
oy
73

attempt to substitute their limits into their integrated expression

*hooB

2 24
recognition that the volume of the ring is nj(r2 -y )dy —nR*h where R #r

2

nj‘(r2 —yz)dy—n£r2 —%}4 (or equivalent)

correct equation

2 3 3 3 3
2n rh_ I —nr2h+ﬂzn OR h——h—zl (or equivalent)
4 4 12

2

h
recognition that the volume of the ring is nj[(rz —yz)—(r2 —TD dy (or equivalent)

correct integration

h2 3
4 3

attempt to substitute their limits into their integrated expression

oo

8 24

correct equation

P
2n| ———|=mn OR 2| ——-—|=1 (orequivalent)
8 24

(A1)

(A1)

A1

(m1)

(m1)

(A1)

(m1)

A1

(m1)

(A1)

A1
[7 marks]

continued...
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Question 9 continued

METHOD 2 (volume of cylindrical hole)

n "’
radius of cylinder, R is 4|’ - OR R* =7 - (seen anywhere) (A1)
. .. h
correct limits 5 and r» (seen anywhere) (A1)

volume of part sphere = nj(rz —yz)dy

correct integration A1
3
2. )
’/' _——
Y73
attempt to substitute their limits into their integrated expression (M1)
2 e i
3 2 24
recognition that the volume of the cylindrical hole is n_[(rz —yz)dy+ nR*h where R # r (M1)
nj(rz -y’ )dy +m|r’ —h—2 (: inr3 - nj (or equivalent)
4 3
correct equation (A1)
3 2 3 3 3 3
om| 2R e ™2 s n OR L (or equivalent)
3 2 24 4 3 12 4
h=x/6 A1
[7 marks]

continued...



-19 - M23/5/MATHX/HP1/ENG/TZ1/XXIM

Question 9 continued

METHOD 3 (shells)

n "’
radius of cylinder, R is 4|’ - OR R* =7 - (seen anywhere) (A1)
attempt to use shells method (M1)
2n_[x\/r2 —x” dx
h2
correct limits rand , |7’ _T (seen anywhere) (A1)
correct integration A1
1 2 2 2
=)
attempt to substitute their limits into their integrated expression (M1)
3
2\\2
L 0—|r*—| 7’ _'
3 4
correct equation (A1)
3
_ 2 2 3
2% 2z O—er—{rz—%n =n OR 2[2—nxh—j=n
h=x/6 A1

[7 marks]
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Section B
(i)  recognition that n =5 (M1)
S, =45 A1
(i) METHOD 1
recognition that S, +u, =S, (M1)
u, =15 A1
METHOD 2
recognMonthat60:rg(Sl+u6) (M1)
60 = 3(5 +u6)
u, =15 A1
METHOD 3
substituting their u, and d values into u, +(n—1)d (M1)
u, =15 A1
[4 marks]
recognition that «, = S, (may be seen in (a)) OR substituting their «, into s, (M1)
OR equations for S; and S, in terms of ¥, and d
6
1+4 OR 60=—(u+15)
u =5 A1
[2 marks]

continued...
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Question 10 continued

(c)

(d)

EITHER

valid attempt to find d (may be seen in (a) or (b))
d=2

OR

valid attempt to find S, -S|
n’ +4n—(n’ —2n+1+4n-4)
OR

equating n’ +4n = 2(5 +u,)

2n+8=>5+u, (or equivalent)
THEN

u,=5+2(n-1) OR u, =2n+3

recognition that v, P = v, OR (v, )2 =V, XV,
> =3 OR v, =(+)5V3

V:i\/g

M23/5/MATHX/HP1/ENG/TZ1/XXIM

(mM1)

(A1)

(mM1)

(A1)

(mM1)

(A1)

A1

[3 marks]
(M1)
(A1)

A1

Note:

If no working shown, award M1A1A0 for \/5 .

(e)

recognition that r is negative

[3 marks]

(m1)

A1

[2 marks]
Total [14 marks]
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(a)

(b)

L=AC+CB

o

i=sin0{: CB=
CB

cosax

Smao

3
so L= Zseca + 6coseca

(i)

(ii)

- 22 —

dL 3
—— =—seca tan o — 6¢coseca cot

da

3.

(24

6cosa

- 2
da cos'«a

dL
da

tan’ o =8
tang =2

o =arctan 2

sin’ a

3
Z 3
=cosa :>AC:—:>AC:Zseca

=CB= 6coseca]

6

M23/5/MATHX/HP1/ENG/TZ1/XXIM

attempt to write % in terms of sina,cosa or tana (may be seen in (i)

étan305—6
4

3
~tana
da cosa

. B 2
sinx tan o cosatan” o

—:O:>3sin3a—6cos3a:0 OR %tan3a—6:O (or equivalent)

A1

A1

AG

[2 marks]

A1

(M1)

(A1)

A1
A1
AG
[5 marks]

continued...
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Question 11 continued

(c) (i)

attempt to use product rule (at least once)
d’L
do’

3
=—secatanatana +Zsecocsec2 a

+6coseca cot & cot o + 6cosecacosec’a (or equivalent)

Note: Award A1 for %secatanatana +§secozsec2 o and A1 for

+6coseca cot o cot o + 6cosecacosec’a . Allow unsimplified correct
answer.

(ii)

dzL 2 3 3 2 3
d 7 = Sseca tan” o +ZSCC a +6coseca cot” a + b6cosec o
a

attempt to find a ratio other than tana using an appropriate trigonometric
identity OR a right triangle with at least two side lengths seen

Note: Award MO for ¢ = arctan 2 substituted into their

further progress.

2

> with no

da

one correct ratio

seca = \/g OR coseca = OR sina =

Vs
2

OR cota :% OR cosa =

Gl

14
NG

Note: M71A1 may be seen in part (d).

4

i(\/g)(zz)Jri(\/g)} +6£§J(%)2 +6[§] (or equivalent)

1245 1545 35 1545
-+ + +

4 4 4 4

Note: Award A7 for only two or three correct terms.
Award a maximum of (M1)(A1)A1 on FT from c(i).

d*L 45 5
=—4/5
da’* 4

(m1)

A1A1

(m1)

(A1)

A2

AG

[7 marks]

continued...
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Question 11 continued

d’L
(d) (@ i >0 OR concave up (or equivalent) R1
a

(and (;i =0, when a =arctan2, hence L is a minimum)
a

) 3 5
(i) (L _)Z(\E )+6[7J (A1)
MEN At
4
[3 marks]
(e) (11.25=) # > # (or equivalent comparative reasoning) R1
the pole cannot be carried (horizontally from the passageway into the room) A1

Note: Do not award ROA1.

[2 marks]
Total [19 marks]
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(a)

(b)
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2t+1x0+0x(3+1) (=2¢) (seen anywhere)

one correct magnitude V12 +12 + 02 ,\/(2t)2 +(3+1)
correct substitution of their magnitudes and scalar product
2t
2t =2 xJ(2)) + 3 +1)* xcos~ OR cos~ =
3 3 J2xA52+6t+9
2t
2 (St2 +61 + 9)

|
4t=\/2(4t2 +9461+£) OR —= (or equivalent)

4 =10t +12¢t +18

correct quadratic equation
166> =106* +12¢t +18, 61" =12t —18=0 , £ —2t-3=0

valid attempt to solve their quadratic set =0

1244/(~12)° —4x 6x (~18)

(t+1)(t-3) OR -

OR (t-1) -4

t=3

Note: Award A0 if additional answer(s) given.

(A1)

(A1)
m1

A1

AG
[4 marks]

A1

(m1)

(A1)

A1

[4 marks]

continued...
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Question 12 continued

(c) METHOD 1

recognizing shortest distance from A is perpendicular to L, (M1)
A
OR sinE: al
P 3 |pA
PA =V6>+6’ (= J72, 6\/5) (seen anywhere) (A1)
3 X
N2 A1
RN (A1)
=50 [6.26)
shortest distance is 2216 (:\/5—4 s 3\/6) A1
[4 marks]

continued...
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Question 12 continued

METHOD 2
v X PTA
recognition that the distance required is |v| (M1)
| 1 6
=—|11x|0 (A1)
2 0) \6
6
=% 6 (A1)
-6
shortest distance is /54 (: 3\/8) A1
[4 marks]

continued...



Question 12 continued

METHOD 3

recognition that the base of the triangle is

1
Ll.()
26/ L6
T(3I)OR
PA|=

—28—

v-PA

i

=V6>+6 ( J72, 6\/7) (seen anywhere)

M23/5/MATHX/HP1/ENG/TZ1/XXIM

Note: The value of

—

PA

of their shortest distance, d = ‘

_al?
PA

=+/6>+6> may be seen as part of the working

0 =7

3

32 )2

shortest distance is \/5>4 (: 3\/8)

(M1)

(A1)

(A1)

A1

[4 marks]

continued...
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Question 12 continued

METHOD 4
Let B be a general pointon L, (l,8+/1, —3) such that AB is perpendicular to L,

attempt to find vectorA—jS OR Aj3 (the shortest distance from Ato L,) (M1)
1 0 1 6 1
AB=0OB-OA=0P+A|1|-OA|=| 8 |[+A|1|-|8 |=AP+A|1 || (A€R)
0 -3 0 3 0
-6 1
B=| 0 |+4]1 OR‘AB‘z\/(/1—6)2+(8+/1—8)2+(—3—3)2 A1
-6 0

AB|=(2-6)" + 22 +(-6) (=\24"-122+72)
EITHER

d (] 2 f
—||AB| |=0=>44-12=0=>1=3 A1
di
OR

AB|= 2(/1—3)2+54 to obtain =3 A1
OR

—-6+4) (1

A |1]|=0=2-6+A+4A=0=>41=3 A1

-6 0
THEN
shortest distance is ﬁ (: 3\/6) A1

[4 marks]

continued...
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Question 12 continued

(d) attempt to find the vector product of two direction vectors (M1)
1 6
1(x|0
0 6
1
n=| —1| (or any scalar multiple of this) (accept n=<1,—1,—1> or equivalent) A1

Note: Award A0 for a final answer given in coordinate form.

[2 marks]
continued...
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Question 12 continued

(e) substituting their x into volume formula and equating (M1)
2
%n(:sJE) h=90\3n
h=5M3 (seen anywhere) A1
recognition that the position vector of vertex is given by OA+ un OR OTA+ hxn (M1)
6 1
8|+ul-1| OR (6+u,8—,u,3—y)
3 -1
EITHER
recognition that ,u|n|:h (where u is a parameter) (M1)
e 5J3 OR \/,u2 +(—,u)2 +(—,u)2 =53 OR 3u* =75 (:> Bu= 5\/5)
u=15 (accept u=5) (A1)
OR
attempt to find cone’s height vector hxn (M1)
1
n _ L -1 (A1)
V3
-1
. 1
53 x—| -1
3
-1
THEN
6 1 6 5
=|8 (x5 -1||=|8|%x|-5
3 -1 3 -5
vertex = (11,3,-2) and (1,13,8) (accept position vectors) A1A1
Note: Award a maximum of (MO)AO(M1)(M1)(A1)A1A1FT for
Q,H,—i and E’ﬂ,Z obtained using x = PTA from
4 4 4 4 4 4
part (c)
[7 marks]

Total [21 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 (M7)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.

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 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.

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.

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.

¢ 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.
o 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

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
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

_ 2+l

g'(x)=e

[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)
[ 12 2 2
# or V27 +1> +2°
=3 A1
[4 marks]

attempt to find the distance between their centre and V

(the perpendicular height of the cone) (M1)

VO’ +4*+2° OR \/ (their slant height)2 - (their radius)2
=20(=245) (A1)

Volume = %n?ﬁzm

=3n\/%(= 6n\/§) A1

[3 marks]

Total [7 marks]
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(a)

Note: Award a maximum of M1A0AO 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 (az —1)2 (do not accept a* +1 or a* —1)

at =24’ +1 4a* +a* -2a* +1
or 1

LHS=d’+

B at+2a* +1
4

_ (a22+1j2 (=RHS)

Note: Do not award the final A1 if further working contradicts the AG.

METHOD 2 (working with RHS)
. 2 2
attempting to expand (a +1)

4 2
RHS = a +2a +1

_4a2+a4—2a2+1

— 2 az_l 2 =
ap +( : j (=LHS)

Note: Do not award the final A1 if further working contradicts the AG.

(mM1)

A1

A1

AG

(m1)

A1

A1

AG

[3 marks]

continued...
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Question 3 continued

(b) recognise base and height as a and [az — J (may be seen in diagram) (M1)
correct substitution into triangle area formula A1
Area = E(Ej (or equivalent) [ a(az _1) = @ a]
20 2 4 4
[2 marks]

Total [6 marks]
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recognizing need to integrate

5% 4 OR u=x'+1 oR ¥ o2y
x +1 dx

[dau OR 3]-2°
u

x*+1

:3ln(x2+1)(+c) or 3Inu(+c)

N22/5/MATHX/HP1/ENG/TZO0/XX/M

(mM1)

(A1)

A1

correct substitution of x=1and f(x)=5o0or x=1andu =2 into equation

using their integrated expression (must involve c)

5=3In2+c¢

S(x)=3In(x*+1)+5-3In2 [=31n(x2 +1)+5—ln8=3ln(

+1

(mM1)

j+5] (or equivalent) A1

Note: Accept the use of the modulus sign in working and the final answer.

[5 marks]
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(@) product of roots =80 (A1)
3—1 is aroot (A1)
attempt to set up an equation involving the product of their four roots and +80 (M1)
(3+1)(3-i)a’ =80=10a" =80
a=2 A1

[4 marks]

(b) METHOD 1
sum of roots =—p (A1)
-p=3+1+3-1+2+4 (M1)

Note: Accept p=3+i+3—-i1+2+4 for (M1)
p=-12 A1
METHOD 2
(z=(3+i))(z—(3-1))(z-2)(z—4) (M1)
((z=3)-i)((z=-3)+i)(z-2)(z-4) (A1)
(22 =62+10)(2" —6z+8)=z"-1227+....
p=—12 A1

[3 marks]

Total [7 marks]
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(@) P(4nB)=0.24 A1
[1 mark]

(b) P(4UB)=1.1-P(4NB) (A1)
(0<)P(4uUB)<1 (M1)

Note: This may be conveyed in a clearly labelled diagram or written explanation

where P(4AUB)=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(4B)=P(4)

so the maximum value of P(4NB) is 0.3 A1

Note: Do not award ROA1.

[2 marks]

Total [6 marks]
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attempt at implicit differentiation, including use of the product rule (M1)

EITHER

(2x+2yd—yjy2+(x2+y2)2yd—y:8x A1A1A1
dx dx

dy) » 2 2 dy
Note: Award A1 for each of | 2x +2y—= X+ 2y— and 8x.
( ydxjy ( 4 ) ydx

OR

xzy2 +y4 =4x°

dy dy
2xp° +2x% L +4y° L =8x A1A1A1
Y ydx Y dx

d d
Note: Award A7 for each of 2x)” +2x2yay, 4y3ay and 8x.

THEN
. . W . dy
at a local maximum or minimum point, a =0 (M1)
2xy° =8x
x=0ory’=4(=y=12) A1

Note: Award A0 for x=0ory=2

since x>0 and —2 < y <2 there are no solutions R1

hence there are no local maximum or minimum points AG

[7 marks]
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a=2 A2
2
Note: For sinusoidal graph through the origin seen with incorrect a, or use of
horizontal line test with incorrect a, award A1TA0
(b) a=m A1
(c)
Y
N
\ X
sketch showing sinusoidal shape decreasing as it crosses the y-axis
(below or above the origin) (A1)
a=k—-m A1

[5 marks]
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d 2 _2x
(@) =2

dx Xy

let y=vx

:%=v+x% (A1)
2.2 .2

:svﬂ%:—v "vxfx (M1)

:M%:‘_Z (A1)

v

2

:>Jvdv=—f—dx M1
x

V2
:>;=—21n|x|(+c) A1

Note: Condone the absence of the modulus sign up to this point.

2
:>y—2=—2ln|x|+c A1

2x
attempt to substitute x =1,y =2 into their integrated expression to find ¢ M1

=2="2In|l|+c=c=2
2
= 2= 2In|x|+2
2x

= y” =2x*(22In[x|+2)(= 4% (1-1n|x])) A1

[8 marks]

continued...
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Question 9 continued

(b)

d
attempt to set ay =0 in the differential equation

y=\/§x andy:—x/zxor m=12

N22/5/MATHX/HP1/ENG/TZO0/XX/M

(mM1)

A1

[2 marks]

Total [10 marks]
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Section B
(@) cos’x—3sin’x=0
valid attempt to reduce equation to one involving one trigonometric function (M1)
sinx 1 .o . 2 2
—=— OR 1l-sin"x-3sin"x=0 OR cos x—3(1—cos x)=0
cos"x 3

OR cos2x—1+cos2x=0

correct equation (A1)

1 ’ 1 1
tan2x=§ OR c0s2x=% OR sin’x=— OR cos2x=5

tanxzi% OR cosx=i§ OR sinx:(i)% OR 2x=§(,5?”j (A1)

5w

T x=2t A1A1
6 6

X =

Note: Award M1A1A0A1AO0 for candidates who omit the = (for tan or cos) and

give only x = 3
6

Award M1A1A0A0QAO0 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 10 continued

(b) ()

(ii)

attempt to use the chain rule (may be evidenced by at least one cos xsinx term) (M1)

f'(x)=—2cosxsinx—6sinxcos.x(=—8sinxcosx = —4sin 2x)

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 M1A1A1A1AO0 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
M1A0A0A1AO0.

A1

(M1)

(A1)

A1A1A1

[7 marks]

continued...
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Question 10 continued

(c)

NI
8o | 3
|

attempt to reflect the negative part of the graph of /' in the x-axis

endpoints have coordinates (0,1), (,1)

smooth maximum at (g,3j

5
sharp points ( cusps ) at x-intercepts % Zn

M1

A1

A1

A1

[4 marks]

continued...



-21- N22/5/MATHX/HP1/ENG/TZO0/XX/M

Question 10 continued

(d)

considers points of intersection of y = ‘f(x)‘ and y =1 on graph or algebraically (M1)

—(coszx —3sin2x) =1 or —(1 —4sin2x) =1 or —(4coszx —3) =1 or —(2cos 2x —1) =1

tan’ x =1or sinzxzéor coszx=% or cos2x =0 (A1)
T 3m
x:—,— A1
24 (A1)
For ‘f(x)‘>1
L L A1
4 4
[4 marks]

Total [20 marks]
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(a)

(b)

(ii)

(i)
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=125

5P3:5><4><3

=60

METHOD 1

X 43x+2=(x+1)(x+2)

correct use of factor theorem for at least one of their factors
P(-1)=0 or P(-2)=0

attempt to find two equations in a,b and ¢

(—1)3 +a(—1)2 +b(-1)+c=0(=-1+a-b+c=0)

(=2) +a(-2) +b(-2)+c=0

—8+4a-2b+c=0 and -1+a-b+c=0

attempt to combine their two equations in —8+4a—2b+ ¢ =0 to eliminate ¢

b=3a-7

(A1)

A1

(A1)
A1

[4 marks]

(A1)

(mM1)

(M1)

A1
(mM1)

A1

Note: Award at most ATMIM1AOM1AO for b=-3a—7 from P(1)=P(2)=0

continued...
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Question 11 continued

METHOD 2

P(x)=x3+ax2+bx+c:(x2+3x+2)(x+d) (M1)
=x’+(3+d)x*+(2+3d)x+2d (A1)
attempt to compare coefficients of x* and x (M1)
a=3+d and b=2+3d A1
attempt to eliminate d (M1)
=b=3a-7 A1
METHOD 3

attempt to divide x’ +ax® +bx+c by x> +3x+2 m1

3 2 i B
X +2ax +bx+c=(x+a_3)+( 3a+b+27)x+(c 2a+6) A1A1A1
X" +3x+2 X +3x+2

Note: Award A1 for x+a—-3, A1 for (-3a+b+7)x and A1 for c—2a+6

recognition that, if (x2 +3x+ 2) is a factor of P(x), then —3a+b+7=0 (M1)
leading to b=3a-7 A1

continued...
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Question 11 continued

METHOD 4

X 43x+2=(x+1)(x+2) (A1)
attempt to use Vieta’s formulae for a cubic with roots -1, -2 and “p” (M1)
(-D+(2)+p=-a(=p=3-a) A1
(D(2)+(=Dp+(2)p=>b A1
Attempt to eliminate “p” (M1)

2—-(B-a)-23B3-a)=b

b=3a-7 A1

Note: Award at most ATM1A0AOM1AO0 for b =—-3a—7 from roots 1, 2 and “p”

(ii)

(iif)

METHOD 1

a=1,2,5 lead to invalid values for b R1
a=3,b=2= c=0 so not possible R1
S0 a=4,b=15,c=2 is the only solution AG
METHOD 2

c=2a-6 R1
correctly argues a =4 is the only possibility R1
so a=4,b=15,c=2 is the only solution AG

x3+4x2+5x+2=(x2+3x+2)(x+1)

=(x+2)(x+1)(x+l) A1

continued...
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Question 11 continued

(iv)

y
2
N X
2 -1 0
positive cubic shape with y-intercept at (0,2) A1
x-intercept at (—2,0) and local maximum point anywhere between x =-2 and x=-1 A1
local minimum point at (—1,0) A1

Note: Accept answers from an approach based on calculus.

[12 marks]

Total [16 marks]
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12. (a) (i) z,=1+1 (A1)
arg(z, )= arctan(l):§:45° A1
Note: Accept any of these three forms, including an answer marked on an
Argand diagram.
(i) arg(z,)=arctan 2;
n +n+l

A1
[3 marks]
(b) (i) attemptto use the compound angle formula for tan M1
t t +1t t b
tan(arctan(a)+arctan(b)) = an(arc an(a)) an(arc an( ))
1—tan(arctan(a))tan(arctan(b))
_ a+b A1
1—ab
= arctan (a)+arctan(b) = arctan(la * ZJ
—a

AG
(i) METHOD 1

arg(wl) = arg(zozl) = arg(zo)+arg(zl)

M1
1
= arctan (1) +arctan (gj

(A1)
1+1
= arctan 3 A1
1
1——
3
= arctan(2) AG

continued...
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Question 12 continued

METHOD 2

w =z,z, =(1+1)(3+1) (M1)
=2+4i A1
arg(w, )= arctan(gj or labelled Argand diagram A1
=arctan(2) AG

[5 marks]

continued...
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Question 12 continued

(c) letn=0

LHS = arg(w, ) =arg(z,) = afctan(l)(= %)

RHS = arctan(l)(:%j so LHS = RHS

Note: Award RO for not starting at » =0, for example by referring to the result in

(b) (ii) for n=1. Award subsequent marks.

assume true for n =k, (so arg(w, ) =arctan(k +1))

Note: Do not award M1 for statements such as “let n=%k" or “n =k is true”.

Subsequent marks can still be awarded.

arg(w,,)

=arg(w,z,., )(= arg(w, ) +arg(z,,, ))

=arctan (k +1)+arctan : :
(k+1) +(k+1)+1

1
(k+1)+£(k+1)2+(k+1)+1J

1
1_(ICJFI)[(/’HI)Z+(/’c+l)+1j

= arctan

= arctan

—arCtan[(k+l)(k2 +3k+3)+1]
(K +3k+3)—(k+1)

R1

M1

(mM1)

A1

M1

(A1)

continued...
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Question 12 continued

3 2
_ arctan k +24k +6k+4 A1
k*+2k+2
(k+ 2)(1\‘72 +2k+2)
= arctan > A1
k“+2k+2

=arctan(k+2)(= arctan((k+1)+l)) A1

since true for n =0, and true for n =k +1 if true for n = k , the statement is

true for all n € N by mathematical induction R1

Note: To obtain the final R1, four of the previous marks must have been
awarded.

[10 marks]

Total [18 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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Section A

(@ 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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(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

42 _ 5 2

3 3

OR 3(n2+§j OR

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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—-10-

Al

(i)

@)

Al

y=2

(ii)

[2 marks]

(b)

y=2

__2._______________________.______-___
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rational function shape with two branches in opposite quadrants, with two correctly

positioned asymptotes and asymptotic behaviour shown Al

: 1
axes intercepts clearly shownat x=—= and y=-1 Al1Al
[3 marks]

continued...



-12 - M22/5/MATHX/HPL/ENG/TZ2/XXIM

Question 3 continued

1
() X>— Al
(c) >

. . 1 1
Note: Accept correct alternative correct notation, such as E’oo and E’oo .

[1 mark]
(d) EITHER
2|x|—1
attempts to sketch y = L (M1)
|x|+1
OR
attempts to solve 2|x|-1=0 (M1)
/ 1 1 . -
Note: Award the (M1) if x | and x= -5 are identified.
THEN
X< —1 or X> l Al
2 2
Note: Accept the use of a comma. Condone the use of ‘and’. Accept correct
alternative notation.
[2 marks]

Total [8 marks]
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determines % (or 45°) as the first quadrant (reference) angle (A1)
attempts to solve X + r_r (M1)
2 3 4
Note: Award M1 for attempting to solve Xy I E7—“()
2 3 4 14
5+E -% o x<0andso X is rejected (R1)
2 3 4 4
X, T _op E(_Tn Al
2 3 4 4
Al

X= % (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, OR 'C,

o 21;! [: 2!(7712)!]

correct working

Tx6x5x4x3x2x1 OR 7x6 OR E
2x1x5x4x3x2x1 21 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 2Ix°=

correct quadratic equation

7x*—42x+35=0 OR x*—6x+5=0 (or equivalent)

valid attempt to solve their quadratic

(1) (x5)=0 or xEEUCO 4O

x=1 x=5

Note: Award final AO for obtaining x=0, x=1, x=5.

M22/5/MATHX/HPL/ENG/TZ2/XXIM

(M1)

Al

(M1)
Al

AG

[2 marks]

(A1)
Al

Al

(M1)

Al

[5 marks]
Total [7 marks]
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(a) attempts to replace X with —X

f (—x)=—x /1—(—x)2
= —Xy/1- (—x)2 (=—f(x)

M1

Al

Note: Award M1A1 for an attempt to calculate both f (—x)and —f (—x)
independently, showing that they are equal.
Note: Award M1AO for a graphical approach including evidence that either the

graph is invariant after rotation by 180° about the origin or the graph is
invariant after a reflection in the y-axis and then in the X-axis (or vice

versa).

so f is an odd function

(b) attempts both product rule and chain rule differentiation to find f’(x)

1 2

f'(x):XX%x(—Zx)x(l—xz)_;+(1—x2)2><1[:ﬁ— X j

1-x°

sets their f'(x)=0
1

=>X=t—

J2

attempts to find at least one of f (ii)

N

Il
o

Note: Award M1 for an attempt to evaluate f(x)at least at one of their f’(x)
roots.

a:—1 and b=
2

Note: Award Al for —

NP e

1
Sys<—.
y 2

AG

[2 marks]

M1

Al

M1

Al

(M1)

Al

[6 marks]
Total [8 marks]
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METHOD 1
U =secxX = du =secxtan x dx

attempts to express the integral in terms of U

2
L u"*du

T A

n n

\ Note: Condone the absence of or incorrect limits up to this point.

Ay
n

S 2"-1
n

Note: Award M1 for correct substitution of their limits for u into their
antiderivative for u ( or given limits for x into their antiderivative for x).

METHOD 2

Isecn xtan x dx = jsec”‘l xsec xtan x dx

applies integration by inspection

= %[sec” x]og

\ Note: Award A2 if the limits are not stated.

= i(sec“ T e Oj
n 3

\ Note: Award M1 for correct substitution into their antiderivative.

21
n

(A1)
M1

Al

Al

M1

Al

(A1)

(M1)

A2

M1

Al

[6 marks]
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let m be the median
EITHER

attempts to find the area of the required triangle

base is (m—a)

and height is

2
(b_axc_aﬁm‘a)

area :%(m—a)x

2 (lay|o(m=a)
(b—a)(c—a)( )[ (b—a)(c—a)}

OR
attempts to integrate the correct function

i 2
o-aea

Note: Award Al for correct integration and A1l for correct limits.

THEN

sets up (their) I(b 2 (x—a) dx or area =%

b-a)c-a)

Note: Award MOAOAOM1AOADO if candidates conclude that m>c¢ and set up

, _ 1
their area or sum of integrals = 5

(m—a)2 1
(b-a)(c-a) 2
e ad (b—a)(c-a)

2

as m>a, rejects m=a-— wz(c—a)

som=a+,|2=3)C=3)

M1
(Al)

Al

M1

AlAl

M1

(A1)

Al

[6 marks]
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METHOD 1 (rearranging the equation)

assume there exists some « €7 such that 2a® +6a +1=0

Note: Award M1 for equivalent statements such as ‘assume that « is an integer
root of 2a° +6a+1=0". Condone the use of x throughout the proof.

_ , 1
Award M1 for an assumption involving & + 3« +E =0.

Note: Award MO for statements such as “let’s consider the equation has integer

roots...” “let & € Z be aroot of 2a* +6a+1=0..."

Note: Subsequent marks after this M1 are independent of this M1 and can be

awarded.

attempts to rearrange their equation into a suitable form

EITHER
20° +6a=-1
aecl =2a’+6a is even

2a® +6a = —1 which is not even and so « cannot be an integer

Note: Accept ‘ 2a® + 6a = —1 which gives a contradiction’.

OR
1= 2(—a3 —Ba)

an:>(—0f—3a)eZ

=1 is even which is not true and so « cannot be an integer

Note: Accept ‘=1 is even which gives a contradiction’.

continued...

M1

M1

Al
R1
R1

Al

R1

R1
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Question 9 continued

OR

1

Z=—0*-3ax Al

2

an:>(—0f—3a)eZ R1
s . . 1 .

—a” —3a is not an integer :E and so a cannot be an integer R1

1
Note: Accept ‘—a® — 3« is not an integer (: Ej which gives a contradiction’.

OR
o= _+ Al
2(a’ +3)
1
ael=>-——F——=¢€l R1
2(a”+3)
—2; is not an integer and so « cannot be an integer R1
2(a*+3)
Note: Accept —% is not an integer which gives a contradiction’.
Z(a +3)
THEN
so the equation 2x°+6x+1=0 has no integer roots AG

[5 marks]

continued...
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Question 9 continued

METHOD 2

assume there exists some « € Z such that 2a®+6a +1=0

Note: Award M1 for statements such as ‘assume that « is an integer root of
20’ +6a+1=0". Condone the use of x throughout the proof. Award M1

o . 1
for an assumption involving o® + 3« +§ =0 and award subsequent marks

based on this.

Note: Award MO for statements such as “let’s consider the equation has integer
roots...”, “let a € Z be aroot of 2a° +6a+1=0...”

Note: Subsequent marks after this M1 are independent of this M1 and can be
awarded.

let f(x)=2x*+6x+1 (and f(a)=0)

f'(x)=6x*+6>0 forall Xxe R = f is a (strictly) increasing function

f(0)=1and f(-1)=-7

thus f (X) =0 has only one real root between —1 and 0, which gives a contradiction
(or therefore, contradicting the assumption that f («)=0 for some a €Z),

so the equation 2x°>+6x+1=0 has no integer roots

M1

M1A1

R1

R1

AG

[5 marks]
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Section B
uses Y P(X =Xx)=1 to form a linear equation in P and { (M1)
correct equation in terms of P and ( from summing to 1 Al

p+03+g+0.1=1 OR p+qg=0.6 (orequivalent)
uses E(X)=2 to form a linear equation in P and q (M1)

correct equation in terms of P and ( from E(X)=2 Al

p+0.6+39g+04=2 OR p+3g=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...
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Question 10 continued

(©)
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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)

b=5 Al

[2 marks]

continued...
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Question 10 continued

(€)

METHOD 1
EITHER

4
P(S :S)ZR

4
P(S=a+2)=—
(S=a+2) T
=>a+2=5

OR

3
P(S =6)=E

2 1
P(S = =— and P(S=5+1)=—
(S=a+3) b and P(S =5+1) b
=a+3=6

OR

3
F>(s:4)=E

P(S :a+1):% and P(S :1+3):%

=a+l=4

THEN
=a=3

M22/5/MATHX/HPL/ENG/TZ2/XXIM

Al

Al

Al

Al

Note: Award AOAO for a=23 obtained without working/reasoning/justification.

[2 marks]

continued...
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Question 10 continued

METHOD 2
EITHER
correctly lists a relevant part of the sample space Al

for example, {S =4} ={(31),(L.a),(La)} or {S=5}={(2.a),(2,a),(2,a),(2,a)}

or{S=6}={(3,a),(3,a).(15)}
a+3=6

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 (3,a),(3,a)=>a+3=7

THEN
—a=3 Al
[2 marks]
Total [16 marks]
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@)

y=0 x=-1 =3
1
(0’__j
3
_ 1
Y- intercept 0,—§ Al
. 1 :
Note:Acceptanlndmanonof——§ on the Y —axis.
vertical asymptotes X=-1 and X=3 Al
horizontal asymptote y=0 Al
uses a valid method to find the x- coordinate of the local maximum point (M1)
Note: For example, uses the axis of symmetry or attempts to solve f'(x)=0.
: . 1
local maximum point 1;—2 Al
Note: Award (M1)AO for a local maximum point at X =1 and coordinates not
given.
three correct branches with correct asymptotic behaviour and the key features in
approximately correct relative positions to each other Al
[6 marks]

continued...
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Question 11 continued

. 1
() @) X =m M1

Note: Award M1 for interchanging x and Y (this can be done at a later stage).

EITHER
attempts to complete the square M1
y2-2y-3=(y-1)' -4 Al
1
X= 5
(y-1) -4
1 1
(y-1)-4== ((y—1)2:4+—J Al
X X
y—1:i\/4+1 (: i\/4x+lj
X X
OR
attempts to solve Xy’ —2Xxy—3x-1=0 for Y M1
yo —(=2X) £4/(—2%)% + 4x(3x +1) AL
2X
Note: Award Al even if — (in +) is missing
22X+ V16X® +4x Al
2X

continued...
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Question 11 continued

THEN
VAX® + X
=1+ —— Al
X
VAP +X
y >3 and hence yzl—T is rejected R1

Note: Award R1 for concluding that the expression for Y must have the ‘+’ sign.

The R1 may be awarded earlier for using the condition X>3.

VAX?E +x

y=1+
X
o VX2 + X
g (x)=1+T AG
(i) domainof g is x>0 Al

[7 marks]

continued...
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Question 11 continued

(©)

attempts to find (hog)(a)

(heg)(a)=arctan [@J (hog)(a)=arctan {mn

a T 1 T
arctan (#J = 2 {arctan m] = Z]

attempts to solve for g(a)

EITHER
=a=0"(2)
attempts to find their g~ (2)

4(2)" +2
2

a=1+

Note:

Award all available marks to this stage if x is used instead of a.

OR
=2a°-4a-7=0

attempts to solve their quadratic equation

~(4)£y(4) +4(2)(7) (gim]
4

a=

4

Note:

Award all available marks to this stage if x is used instead of a.

THEN

a:1+g\/§ (as a>3)

(p=1q=3r=2)

Note:

Award A1 for a=1+%\/1_8 (pzl, g=1 r=18).

(M1)

(A1)

M1

Al

M1

Al

Al
M1

Al

Al

[7 marks]
Total [20 marks]
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12. (@ 2z, =re"”’

* ia —-ig
,Z, =Le"re

lez* = rlrzei(a_a)

Note: Accept working in modulus-argument form

(b) Re(zz,)=rr,cos(a—0) (=0)
a—0=arccos0 (r,r,>0)

a—@:% (as O<a—-6O<m)

so Z,0Z, is aright-angled triangle

() () EITHER

Al _Lgie) | _o's (since I =T,)
22 r2

OR

Note: Accept working in either modulus-argument form to obtain

2

&)

T, . T 1
Z,= ZZ(COS—+ ISln—) or in Cartesian form to obtain z, =z, (—+—
3 3 2

(A1)
Al

AG

[2 marks]

Al

Al

AG

[2 marks]

(M1)

(M1)

Al

continued...
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Question 12 continued

(i) substitutes z, = z,e"® into 2 +2,’ M1
2 2
27 +z2, =263 +2,° | =2,°| e 3 +1 Al
EITHER
i2r ir
e’ +l=e? Al
OR

2222(1+£i] Al

i iz
:zz[zze3J and z,e® =z Al

so '+, =11, AG

Note: For candidates who work on the LHS and RHS separately to show
j2n i2m
equality, award M1A1 for z°+2,° =2, 3 +2,° | =2,°| e ® +1||, Al for

21 T

i™ i— i=
2,2,=2,% and Al for € ® +1=e3. Accept working in either modulus-

argument form or in Cartesian form.

[6 marks]
continued...
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Question 12 continued

(d METHOD 1

Z+2,=-a and %2, =D (A1)
a’=z7"+7,+217, Al
a’=222,+12,2,(=3z7,) Al
substitutes b= Z,Z, into their expression M1
a’=2b+b OR a*=3b Al

Note: If Z, +Z, =—a is not clearly recognized, award maximum (A0O)A1A1M1AOQ.

so a®*-3b=0 AG
METHOD 2

Z+2,=-a and 4,Z,=b (A1)
(z,+12,) =22 +2,° + 222, Al
(z,+2,) =222, +2,2,(=32,2,) Al

substitutes D=2, and z,+Z, =-a into their expression M1
a’=2b+b OR a*=3b Al

Note: If Z, +Z, =—a is not clearly recognized, award maximum (A0O)A1A1M1AO0.

so a’—=3b=0 AG
[5 marks]

(e) a2-3x12=0

a=16 (= 2°+62+12=0) Al

fora=-6:

z =3+4/3i, z, =3-4/3i and a—@z—%ﬂ which does not satisfy 0<a—0<n R1

for a=6:

zl:—3—\@i,22:—3+\@i and a—H:g Al

so (for 0<a—60<m), only one equilateral triangle can be formed from point O and

the two roots of this equation AG
[3 marks]

Total [18 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.



-4 - M22/5/MATHX/HP1/ENG/TZ1/XX/IM

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.



10.

-7- M22/5/MATHX/HP1/ENG/TZ1/XX/IM

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
1
.[3\/_ > I[B—Sx 2jdx (AL)
.[4d3\/_ > X=3X— 10x2 (+c) A1A1
substituting limits into their integrated function and subtracting (M1)

3(9)—10(9)2—(3(1)—10(1)% OR 27-10x3—(3-10)

=4 Al
[5 marks]



2.

@)

(b)
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IQR=10-6(=4) (A1)
attempt to find Q, +1.5xIQR (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+C0S2X Al
[2 marks]

(b)  /3SiN2X+C0s2X = 2C0s 2X
J3sin2x = cos 2%

recognizing to use tan or cot M1
tan2x = % OR COt2x = \/§ (values may be seen in right triangle) (A1)
3
arctan ij - | X (seen anywhere) (accept degrees) (A1)
J3 6
2X = 2,7—n
6 6
x=2X In 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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evidence of using product rule

dy kx kx kx

—=(2x-1) x(ke™ |+2xe” (=e"(2kx—k+2
o = (2D (ke)+2xe (= )

correct working for one of (seen anywhere)

g—y at x=1= ke* + 2¢e*

X
OR

slope of tangent is 5e*

their g—y at X=1 equals the slope of y =5e*x (= 5ek) (seen anywhere)
X

ke® + 2e* =5e*

k=3

(M1)
Al

Al

(M1)

Al

[5 marks]
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(&) translation (shift) by 377[ to the right OR positive horizontal direction by 3%

translation (shift) by ( upwards OR positive vertical direction by (

Al

Al

Note: accept translation by

q

Do not accept ‘move’ for translation/shift.

(b) METHOD 1
minimum of 4Sin(x—3?nJ is =4 (may be seen in sketch)
—4+25+092>7
g=>8.5 (accept q=8.5)
substituting X=0 and their q(=8.5) to find r

(r=) 4sinL_73nJ+ 25+85

4+25+85

smallest value of r is 15

[2 marks]

(M1)

Al

(M1)

(A1)
Al

continued...
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Question 5 continued

METHOD 2

substituting X=0 to find an expression (for r) in terms of ( (M1)

(9(0)=r=) 4Sin(_—§nj+2.5+q

(r=) 6.5+q Al
. . 3n)
minimum of 4sin X—7 is —4 (M1)
—4+25+092>7
—4+25+(r—6.5)>7 (accept=) (A1)
smallest value of r is 15 Al
METHOD 3
. 3n
4sin x—? +2.5+9=4cosx+2.5+q Al
y-intercept of 4cosx+ 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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EITHER
attempt to obtain the general term of the expansion

T..="C,(8x)" (—%) ORT,,="C,(8x) (—Zij

OR

recognize power of x starts at 3n and goes down by 4 each time

THEN

recognizing the constant term when the power of x is zero (or equivalent)

r:%n or n:%r or 3n—4r=0 OR 3r—(n—-r) =0 (or equivalent)

r is a multiple of 3 (r = 3,6,9,...) or one correct value of n (seen anywhere)

n=4k keZ"

Note: Accept n is a (positive) multiple of 4 or n=4,8,12,...
Do not accept n=4,8,12

Note: Award full marks for a correct answer using trial and error approach
showing n=4,8,12,...and for recognizing that this pattern continues.

(M1)

(M1)

(M1)

Al

(A1)

Al

[5 marks]
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K
(a) attempt to integrate (M1)
V4 -3x*
=k iarcsin ﬁx Al
J3 2
Note: Award (M1)AO for arcsin[? X].
Condone absence of K up to this stage.
equating their integrand to 1 M1
1
k iarcsin ﬁx =1
3 27|,
33
k = 33 Al
o
[4 marks]

continued...
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Question 7 continued

(b) E(X)=3f.|‘;\/4_xgxz dx Al

\ Note: Condone absence of limits if seen at a later stage. \

EITHER
attempt to integrate by inspection (M1)

:ﬂx_l —6x(4—3x2); dx
s 6

Al

8w

1
0

Note: Condone the use of K up to this stage.

OR

for example, u=4-3x*= g_u =—6X
X

Note: Other substitutions may be used. For example, u = —3x>.

N

1
=——Iu 2du M1
21 °4

Note: Condone absence of limits up to this stage.

_ ﬁ[zﬁ}

o

1
Al
4

Note: Condone the use of K up to this stage.

THEN

=— Al

1
Note: Award AOM1A1AO for their K [—5\/4—3X2 J or K L—Z\/GJ for working with

incorrect or no limits.

[4 marks]
Total [8 marks]
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Assume that a and b are both odd.

Note: Award MO for statements such as “let a and b be both odd”.

Note: Subsequent marks after this M1 are independent of this mark and can be
awarded.

Then a=2m+1and b=2n+1

a’+b*=(2m+1)* +(2n+1)°

=4m® +4m+1+4n®* +4n+1

=4(m’+m+n®+n)+2

(4(m2 +m+n® + n) is always divisible by 4) but 2 is not divisible by 4. (or equivalent)
= a® +b? is not divisible by 4, a contradiction. (or equivalent)

hence a and b cannot both be odd.

Note: Award a maximum of MIAOAO(AO)R1R1 for considering identical or two
consecutive odd numbers for a and b .

M1

Al

Al
(A1)

R1

R1
AG

[6 marks]
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(@ 22, =(1+bi)((1-b*)—(2b)i)
=(1-b*-2i*0?*)+i(-2b+b—b?) M1
=(l+b2)+i(—b—b3) AlA1
Note: Award A1 for 1+b? and A1 for —bi—b®.
[3 marks]
—-b-b? T
b ar =arctan| —— |=— M1
(b) 9(22) ( 1+b? J 4 (M1)
EITHER
arctan(—b) :% (since 1+b*#0,forbeR) Al
OR
—b—b®=1+b? (or equivalent) Al
THEN
=-1 Al
[3 marks]

Total [6 marks]
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Section B

attempt to use a ratio from consecutive terms

10. (@) () EITHER
L
plnngnx
Inx  plnx

OR 1Inx=(|nx)r2 OR plnx=Inx 1
3 3p

M22/5/MATHX/HP1/ENG/TZ1/XXIM

M1

in geometric sequence.
1

Award M1 for £:i.
1 p

Note: Candidates may use Inx*+InxP +Inx3 +.

1
.. and consider the powers of x

THEN
1 1
p’== OR r=+-—"7
3 3
1
=4+
SN e

M1

Al

AG

Note: Award MOAO for r? :% or p°

% with no other working seen.

continued...
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Question 10 continued
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(i) EITHER
. 1 1
since, =— and — <1 R1
=5
OR
. 1
since, |p|=—= and -1< p<1 R1
p| NG
THEN
= the geometric series converges. AG
Note: Accept r instead of .
Award RO if both values of [ not considered.
(ii) '”—); (=3+3) (A1)
1——
V3
3 3
INx=3———++3-2 OR Inx=3-3+/3-1 (=Inx=2 Al
X =g’ Al
[6 marks]

continued...
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Question 10 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)

M1

Al

1

Note: Candidates may use Inx*+Inx" +Inx® +... and consider the powers of x
in arithmetic sequence.

Award M1A1 for p—lz%— p.

4 4
2pInx==Inx |=2p=—
plnx = ( p 3J

)2
3

METHOD 2

u, +u,

attempt to use arithmetic mean u, =

1
Inx+=Inx
pinx=

4 4
2pInx=—=Inx | =>2p=—
pinx = ( p 3j

)2
3

Al

AG

M1

Al

Al

AG

continued...



- 22— M22/5/MATHX/HP1/ENG/TZ1/XXIM

Question 10 continued

(ii)

METHOD 3

attempt to find difference using U,

1Inx:Inx+2d L:>d:—1me
3 3

11 1
u,=Inx+=| =Inx=Inx| OR pInx—-Inx=-=Inx
2\3 3
2
pInx==Inx

)2
3

d=-=Inx

M1

Al

Al

AG

Al

continued...
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Question 10 continued

(i) METHOD 1
s :E{ZIn x+(n—1)x(—lln XJJ
2 3

1
attempt to substitute into Sn and equate to |HLFJ (M1)
n 2Inx+(n—1)xL—llnxJ :InK%J
2 3 X
[ L =iy (=Inx*
| =5 [=-Inx (=Inx?) (A1)
=-3Inx (A1)
correct working with Sn (seen anywhere) (A1)
n n 1 n(n-1) n 4—n
—|2Inx=—=Inx+=InXx| OR ninx———Inx OR —| Inx+| —— |Inx
2{ 3 3 J W o, \ 2 3
correct equation without InX Al
n(7 n n(n-1)
—| === |=-3 OR n—-——=2=_3 (or equivalent
2(3 3J 6 (oreq )
Note: Award as above if the series 1+ p+l+... is considered leading to

n(7 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
n=9 Al

continued...
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Question 10 continued

METHOD 2

in[ £ ]=-Ix(=inx*

n gg.a—nx(_nx ) (A1)
=-3InXx (A1)
listing the first 7 terms of the sequence (A1)

Inx+§|nx+llnx+0—llnx—glnx—Inx+...

recognizing first 7 terms sumto 0 M1
.4

8" term is —glnx (A1)
h .5

oM term is —glnx (A1)

sum of 8" and 9" terms =-3InX (A1)

n=9 Al

[12 marks]

Total [18 marks]
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(&) METHOD 1
attempt to eliminate a variable M1

obtain a pair of equations in two variables

EITHER
-3X+2=-3 and Al
-3x+z2=44 Al
OR
—-5x+y=-7 and Al
-5X+y=40 Al
OR
3Xx—z=3 and Al
3X—z= _n Al
5

THEN

: 79
the two lines are parallel (=-3# 44 or —7 =40 or 3+ —g) R1

Note: There are other possible pairs of equations in two variables.

To obtain the final R1, at least the initial M1 must have been awarded.

hence the three planes do not intersect AG
[4 marks]

continued...



- 26 - M22/5/MATHX/HP1/ENG/TZ1/XXIM

Question 11 continued

METHOD 2
-1
vector product of the two normals =| =5 | (or equivalent)
-3
1 1
r=|-2+A4/5| (orequivalent)
0 3

Al

Al

Note: Award AO if “r =" is missing. Subsequent marks may still be awarded.

Attempt to substitute (1+4,—2+54,31) in |l
—9(1+A) +3(~2+51) - 2(34) =32
—15=32, a contradiction

hence the three planes do not intersect

M1

R1

AG
[4 marks]

continued...
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Question 11 continued

METHOD 3

attempt to eliminate a variable
-3y+5z2=6

-3y+5z=100

0 =94, a contradiction

M1
Al

Al
R1

Note: Accept other equivalent alternatives. Accept other valid methods.

To obtain the final R1, at least the initial M1 must have been awarded.

hence the three planes do not intersect

AG
[4 marks]

continued...
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Question 11 continued

(0 @) 1,:2+2+0=4and |],:1+4+0=5 Al

(i) METHOD 1

attempt to find the vector product of the two normals M1
2 1
-1|x| -2
1 3
-1
=| -5 Al
-3
1 1
r=|-2|+4|5 AlAl
0 3

Note: Award A1AQ if “r =" is missing.
Accept any multiple of the direction vector.

Working for (b)(ii) may be seen in part (a) Method 2. In this case penalize
lack of “r =" only once.

continued...
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Question 11 continued

METHOD 2

attempt to eliminate a variable from ||, and | I,
3Xx—z=3 OR 3y-5z=-6 OR 5Xx-y=7
Let x=t

substituting X =t in 3x—z =3 to obtain

z=-3+3t and y=5t—7 (for all three variables in parametric form)

0 1
r=(-7[+4/5
-3 3

M1

Al

AlAl

Note: Award A1AQ if “r =" is missing.
Accept any multiple of the direction vector. Accept other position vectors

which satisfy both the planes ||, and |1, .

[5 marks]

continued...
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Question 11 continued

(©)

METHOD 1

the line connecting L and ||, is given by L,

attempt to substitute position and direction vector to form L, (M1)
1 -9

s=|-2|+t| 3 Al
0 -2

substitute (1—-9t,—2+3t,—2t) in |, M1

~9(1—9t) +3(=2+3t) — 2(-2t) =32

94t=47:>t:% Al
) . . W 7 1
attempt to find distance between (1,—2,0) and their point _E’_E’_l (M1)
1 . -9 1 .
= =2 [+2] 3 |—| =2 ||l==(-9)* + 32+ (~2)?
; O +8 ()
0 -2 0
_u AL
2
[6 marks]

continued...
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Question 11 continued

METHOD 2
-9) (x
311y
unit normal vector equation of | [, is given b 2 ‘ (M1)
q 259 Y Biro+4
32
=— Al
N
let | |, be the plane parallel to | |, and passing through P,
then the normal vector equation of ||, is given by
-9) (X -9\ (1
3 1-lyl=| 3 ||-2|=-15 M1
z 0
unit normal vector equation of | |, is given by
-9
31y
2 z -15
= Al
J81+9+4 +f94
32 -15
distance between the planes is ——— (M1)
NN
_ 47 (_Joa Al
Joal 2
[6 marks]

Total [15 marks]
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METHOD 1
recognition of both known series
. X X . X X
e=1+—+—+..and sinx=X——+—+...
1 21 3! 5l

attempt to multiply the two series up to and including x° term

. [ X X JL X X J
e'sinXx=|1+—+—+... || X——+—+...
1 21 3! 5l

) 1
e'sinx=X+x>+=x>+...

METHOD 2

f(x)=e"sinx

f'(x) =e*cosx+e*sinx

f”(X) =e”cosx—e”sin x+e”sin x+e*cos x (= 2¢* cos x
f"(x) =2e*cosx—2e*sinx

f"(x)=2e*cosx and f"(x)=2e*(cosx—sinx)

substitute x=0 into f or its derivatives to obtain Maclaurin series

2 3
exsinx=0+5x1+x—x2+x—x2+...
1 2! |

] 1
e'sinx=X+xX*+=x>+...

(M1)

(M1)

(A1)

Al

[4 marks]

Al

Al

(M1)

Al

[4 marks]

continued...
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Question 12 continued

2 . 1
(b) € S|n(x2):x2+x4+§x6+... (A1)
substituting their expression and attempt to integrate M1

Ilexz sin(x*)dx = Il(xz +x* +Ex6de
0 0 3

\ Note: Condone absence of limits up to this stage.

3 5 7t
| X . x. x Al
3 5 21
_61 Al
105
[4 marks]

continued...
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Question 12 continued

(c) () attemptto use product rule at least once
g'(x) =e*cosx—e*sin x
g"(x) =€"cos X —e”sin x —e”sin x—e" cos x (= —2¢sin x
EITHER
2(9'(x)-g(x)) =2(e* cosx—e*sin x —e* cos x) = —2e*sin x
OR
9"(x) =2(e* cosx —e*sin x—e* cos x )
THEN
9"(x)=2(g'(0)-g(x)

M1

Al

Al

Al

Al

AG

Note: Accept working with each side separately to obtain —2e*sinx .

i 9"(0)=2(g"(x)-g'(x))
g“(x)=2(g"(x)-9"(x))

Al

AG

Note: Accept working with each side separately to obtain —4e*CcosX.

[5 marks]

continued...
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Question 12 continued

M22/5/MATHX/HP1/ENG/TZ1/XXIM

(d) attempt to substitute x =0 into a derivative (M1)
9(0)=19'(0)=1,9"(0)=0 Al
9"(0)=-2,9“(0)=-4 (A1)
attempt to substitute into Maclaurin formula (M1)
g(x):1+x—£x3—ix“+...L=1+x—1x3—lx4+...J Al

3! 41 3 6
\ Note: Do not award any marks for approaches that do not use the part (c) result. \
[5 marks]

() METHOD 1

o cosX 1 x (1+X_:13X3_613X4+'"J_1_X
lim 5 =lim 3 M1
x—0 X x—0 X
—tim[ -2 -2x4 J (AL)
x—0 3 6
1
-_= Al

Note: Condone the omission of +... in their working.

continued...
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Question 12 continued

METHOD 2
. e‘cosx—-1-x O : o
Ilng—S:E indeterminate form, attempt to apply I'HGpital's rule M1
X X
_lim & cosx—e smx—l(:“m g (x)—lj
x—0 3)(2 x—0 3)(2

0o . o .
= 6 using I'Hopital's rule again

:Iim_ze sin x ="mg (x)
x—0 6X x>0 BX

0o . o .
= 6 using I'Hopital's rule again

:“m—Ze sinx—2e cosx(:"mg (x)j AL
x—0 6 x>0 0§
__1 Al
3
[3 marks]

Total [21 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.
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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.

¢ 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, siné=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
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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, siné=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

f25 5
any values that lead to integers should be simplified; for example, T should be written as 5

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”.
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Section A
METHOD 1
i T
recognition that y = Jcos(x—zj dx (M1)
. T
y:sm(x—zj(w) (A1)
substitute both x and y values into their integrated expression including ¢ (M1)
2=sinZ+e
c=1
y:sin(x—£j+l A1
4
[4 marks]
METHOD 2
y x T
[dv= jcos(x——jdx (M1)(A1)
2 3n 4
T
y—2=sin -2 | —sinZ A1
4 2
y:sin(x—§j+l A1

[4 marks]



(a)

(b)

() x=3

-2

@i vy

(i) (-2,0) (accept x=-2)

4 4 4
(ii) (O,EJ(accept y=3 and f(O):g)

N21/5/MATHX/HP1/ENG/TZ0/XXIM

A1

A1
[2 marks]

A1

A1

[2 marks]

continued...
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Question 2 continued.

(c)

154

10 1

—10 A

_15_

A1

Note: Award A1 for completely correct shape: two branches in correct

quadrants with asymptotic behaviour.

[1 mark]

continue...



Question 2 continued.

(d)

METHOD 1

(8()=)y =5~

attempt to find x in terms of y

- 11 -

N21/5/MATHX/HP1/ENG/TZ0/XXIM

(M1)

OR exchange x and y and attempt to find y in terms of x

Jy—xy=ax+4
ax+xy=3y—-4
x(a+y):3y—4

3y—-4
y+a

A1

A1

Note: Condone use of y =

g(x)=g"'(x)

ax+4 3x-4

3—x x+a

=a=-3

A1

[4 marks]

continue...
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Question 2 continued.

METHOD 2

ax+4
()=73—

attempt to find an expression for g(g(x)) and equate to x (M1)

a(ax+4j+4
_ \3—-x

gg(x)= 3_(ax+4j - At

3—x

a(ax+4)+4(3—x)
(9-3x)—(ax+4)

=X

a(ax+4)+4(3-x)
5—(3+a)x

=X

a(ax+4)+4(3—x):x(S—(3+a)x) A1
equating coefficients of x> (or similar)
a=-3 A1

[4 marks]

Total [9 marks]
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attempt to use change the base
log, Jx = %+log3 (4x3)

attempt to use the power rule

log, Jx = log, 2+ log, (4x3)
attempt to use product or quotient rule for logs, Ina+Inb=Inab

log, Jx = log, (4x/§x3)

Note: The M marks are for attempting to use the relevant log rule and may be

applied in any order and at any time during the attempt seen.

\/; =42%°

x=32x°

5 1

(mM1)

(mM1)

(mM1)

(A1)

A1

[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,)

51T 41
ooyl A1
72 72 (A7)
9
P(R)=— A1
( ) 14
[3 marks]
events 4 and R are not independent, since 21 # i OR E # 2 OR é # l
14 2 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)

f'@=6

f(4)=6x4-1=23

h(4)=f(g4)

h(4)=f (4 =3x4) = f(4)
h(4)=23

attempt to use chain rule to find 4’

F(g(x))xg (x) OR (" =3x) x/(x*~3v)

H(4)=(2x4-3) /(4 -3x4)
=30
¥—-23=30(x-4) OR y=30x-97

N21/5/MATHX/HP1/ENG/TZ0/XXIM

A1
[1 mark]

A1
[1 mark]

(M1)

A1
[2 marks]

(mM1)

A1

A1

[3 marks]
Total [7 marks]
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METHOD 1

attempt to write all LHS terms over a common denominator of x—1

6 :2x(x—1)—3(x—1)—6OR (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—1

(mM1)

A1

AG

[2 marks]

(mM1)

A1

AG

[2 marks]

continue...
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Question 6 continued.

(b)

2sin’20—5sin20-3

N21/5/MATHX/HP1/ENG/TZ0/XXIM

consider the equation - 0 (M1)
sin26 —1
= 2sin’ 260 —5sin26-3=0
EITHER
attempt to factorise in the form (2sin26+a)(sin26+b) (M1)
Note: Accept any variable in place of sin26.
(2sin26+1)(sin20—-3)=0
OR
attempt to substitute into quadratic formula (M1)
+
sin26 = >+ \/E
4
THEN
sin26’:—%or sin26 =3 (A1)
Note: Award A1 for sin26 = —% only.
Tn Iln

one of 3 OR v (accept 210 or 330) (A1)

= E,E (must be in radians) A1

1212
Note: Award A0 if additional answers given.
[5 marks]

Total [7 marks]
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attempt to use discriminant 5” —4ac(>0) M1

(2p) ~4(3p)(1-p)(>0)

16p° —12p(>0) (A1)

p(4p - 3)(> O)

) " 3
attempt to find critical values (p =0,p= ZJ M1
recognition that discriminant >0 (M1)
3

p<0or p> 2 A1

Note: Condone ‘or’ replaced with ‘and’, a comma, or no separator
[5 marks]

p=4=12x"+8x-3=0

_h+lp? —
valid attempt to use x = bt ; dac (or equivalent) M1
a
= —-8++/208
24
L2t J13
6

a=-2 A1

[2 marks]

Total [7 marks]
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dyv 2y In2x
e At M1
dx x x’ 1)
attempt to find integrating factor (M1)
2
[ejxdxzezlnxlzxz (A1)
> dy

x —+2xy=In2x
or 9%

%(xzy) =In2x

x’y = J-ln 2x dx
attempt to use integration by parts (M1)
xzy:xanx—x(+c) A1

_ln2x_1 c

2

X X X
1
substituting x = E,y =4 into an integrated equation involving ¢ M1
4=0-2+4c
3

= Cc=

In2x 1 3
y:

——t A1
X x 2x

[7 marks]
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(a) attempt to expand binomial with negative fractional power (M1)
1 1 2.2
:(1+ax)2:1—@+3ax +... A1
N1+ ax 2 8
1 2
T—x=(1-x)p =1-2-Z 4 A1
2 8
1_ 2
L g (=a)  (3a7+1)
N1+ax 2 8
attempt to equate coefficients of x or x° (M1)
2
X 1_—a=4b; X’ 3 +1=b
2 8
attempt to solve simultaneously (M1)
3 6
[6 marks]
(b) |x| <1 A1
[1 mark]

Total [7 marks]
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Section B

(@) (i) valid approach to find turning point (v' =0, —23, average of roots)

a

4—61=0 OR ——2_

3
OR
2(-3) 2

t=§ (s)

(i)  attempt to integrate v

[vde=[(4+4=32) dt =4t+26 =1 (+c)

Note: Award A1 for4t +2t*, A1 for —¢°.

attempt to substitute their ¢ into their solution for the integral

2 3
distance = 4(zj + 2[zj _(E]
3 3 3

—§+§—i (or equivalent)
3 9 27
88

=—(m
7 (m)

(M1)

A1

(mM1)

A1A1

(mM1)

A1

AG

[7 marks]

continue...
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Question 10 continued.

(b)

10

—10-

valid approach to solve 4+4¢—3t* =0 (may be seen in part (a))

o —4E16+48

(2-1)(2+3r) O —

correct x- intercept on the graph at 1 =2

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)

Note: The 3 must be clearly indicated.

2
vertex in approximately correct place for ¢ = E and v>4

(M1)

A1

A1

A1

[4 marks]

continue...
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Question 10 continued.

3
(c) recognising to integrate between 0 and 2, or 2 and 3 OR H4+4t—3t2 dr
0

O C— 1

(4+4t—3t2)dt

I
0

(4+4t—3t2)dt

S

-5
valid approach to sum the two areas (seen anywhere)

3

Ivdl

2

2 3 2
jvdz—jvdz OR jvdz+
0 2 0

total distance travelled =13 (m)

(M1)

A1

A1

(M1)

A1

[5 marks]

Total [16 marks]
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(a)
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For n=1

LHS: %(xzex) =x’e" +2xe" (: e" (x2 + Zx))
RHS: (7 +2(1)x+1(1-1))e" (=e" (x* +2x))
so true for n=1

k
now assume true for n=k ;i.e. %(xzex) :[x2 +2lcx+k(k—1)]ex

Note: Do not award M1 for statements such as “let n=k". Subsequent

marks can still be awarded.

attempt to differentiate the RHS

dk+l d
N (xzex) = a([xz + 2kx + k(k - I)J e")

= (2x+2k)e" +(x" + 2k +k(k—1))e’
=[x2+2(k+l)x+k(k+l)]ex
so true for n =k implies true for n=k +1

therefore n=1trueand n=k true = n=k+1 true

therefore, true forall neZ°*

Note: Award R1 only if three of the previous four marks have been

awarded

A1

A1

M1

M1

A1

A1

R1

[7 marks]

continue...
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Question 11 continued.

(b)

METHOD 1

n

attempt to use (xze") = I:x2 +2nx + n(n — l):l e’

n

o,
Note: For x=0, a(xze )‘FO =n(n—1)may be seen.

£(0)=0, £'(0)=0, £"(0)=2, f"(0)=6, V(0)=12

2 3 4

use of f(x) =f(o)+xf'(o)+%f”(0)+;f"'(o)+if<4>(o)+...

:>f(x)zx2+x3+%x4

METHOD 2

‘x> x Maclaurin series of e*’

2
x2(1+x+x—+...j
2!

:>f(x)zx2+x3+%x4

(mM1)

(m1)

A1

[3 marks]

(mM1)

(A1)

A1

[3 marks]

continue...
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Question 11 continued.

(c) METHOD 1

x’e' —x’ ’
attempt to substitute x’e* ~ x* +x° + %x“ into ( - ) M1
X
1 3
(xZCx _xz)3 (xz +x° +2x4(+...)—x2j
x’ N x’ (A1)
EITHER
3
(x3 +;x4 +j
E S A1
x” (+higher order terms)
- 9
x
OR
3
x4 —xt(+...)
- A1
x
3
1+—x(+...)j
THEN
=1 (+ higher order terms)
(xze" —-x )3
[4 marks]

continue...



Question 11 continued.

METHOD 2

attempt to use L'Hoépital's rule

x—0

[

1

lime*
x—0

=1im(e - J

1

i

- 27 —
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m1

(A1)

M1

A1
[4 marks]

Total [14 marks]
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(a)
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Note:

Candidates who solve the equation correctly can be awarded the

above two marks. The working for part (i) may be seen in part (ii).

(ii)

(Z 3 1)3 | ei(g+2nk)
z—1= ei[%%)

5w
(k=)= w,=1+¢ ¢

On
(k=2)=a,=1+¢

A1

A1

AG

(M1)

(M1)

A1

A1

[6 marks]

continue...
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Question 12 continued.

(b)

EITHER

Sn 9t

attempt to express ¢ ¢, e

positive direction of the real axis

OR

attempt to express w;,w, and w; in Cartesian form

THEN
=
2 2-
IS)
@
E
1_
B A
WI
-1 0 I 2 3
w, Real
—1- c
2

6, el? in Cartesian form and translate 1 unit in the

Note: To award A marks, it is not necessary to see AB or C, the w, , or
the solid lines

(M1)

(M1)

A1A1A1

[4 marks]

continue...
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Question 12 continued.

(c) valid attempt to find @, — @, (or @, —@,) m1
0 — o, = 1+£+li —(l—i):£+§i OR cos=+isin=+isin—
2 2 2 2 6 6 2
valid attempt to find ng%i M1
3.9
= |—+—
4 4
AC=+3 A1
[3 marks]

continue...
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Question 12 continued.

(d) METHOD 1

3
. A
(2—1)3:1233(2 jzl m1
V4
3 .

(—Z_lj =¢? A1

z
a-l_g% A1

o

AG

continue. ..
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Question 12 continued.

METHOD 2

l—eig=l
a
1
o=—-:
l—e

m1

A1

A1

AG

continue...
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Question 12 continued.

METHOD 3
3
3 1
LHS=(z-1) = —-—1
l—elg

) 3

— 617
l—eig

1 1
= = M1A1
2V L5 33 (3305
I-e® Ny = —g7) aakmbe
2 2 2 2
Note: Award M1 for applying de Moivre’s theorem (may be seen in
modulus- argument form.)
3
3 1
RHS= iz" =1 .
l-e®
i
= A1
(z-1)’ =iz’ AG

continue...
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Question 12 continued.

METHOD 4

(z-1) =iz’

232" +3z-1=iz7’
(1-1)z° =32° +3z-1=0

3 2

Ay —— | =3 | 3] |

LT
1— 1—

l-e® l—eig l1-e®

T LT 2 LT 3
:(1-1)-3[1-66}3(1—66} —(1—&]
:(l—i)—3(1—ei6]+3(1—2ei6+ei3j—(1—3ei6 +3e? —eiZJ

=0

Note: If the candidate does not interpret their conclusion, award
(M1)(A1)A0 as appropriate.

(M1)

(A1)

A1

AG

[3 marks]

continue...
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Question 12 continued.

() METHOD 1

1 1
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— = M1
l—e® 1—(cosn+isinnj
6 6
2
— A1
2-3-i
attempt to use conjugate to rationalise M1
4-23+2i
= A1
(2-43) +1
4-23+2i
— A1
8—43
= l+ ! i
2 4-23
1
= Re(a) =3 A1
Note: Their final imaginary part does not have to be correct in order for the
final three A marks to be awarded
[6 marks]

continue...
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Question 12 continued.
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METHOD 2
1 1
_— M1
i T .. X
l1-e® 1—| cos—+isin—
: ( 6 6]
attempt to use conjugate to rationalise M1
T) .. T
| (l—cos6j+1sm6
= X A1
T) .. W ) .. T
(l—cosj—lsm (l—cosj+1sm
6 6 6 6
(l—coszjﬂsing
= Y f A1
(l—cosj +sin’ =
6 6
T) .. T
1—cos— |+1sin—
[1-oosg Jrising
1-2cos = +cos® = +sin’ =
6 6 6
(l—coanHsinn
_ 6 6 A1
2—2cosE
6
1 isin —
=—+4 T
2 2—-2cos—
1
:>Re(a)=5 A1
Note: Their final imaginary part does not have to be correct in order for the
final three A marks to be awarded
[6 marks]

continue. ..
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Question 12 continued.

METHOD 3

12

attempt to multiply through by — ©

LT
——

elZ

T .8 T
COoS| ——— |+1SIn| ———
_ ( 12) ( 12)
T T

N
COSs— —1sin—
12

2isin£
12

I 1 T 1 1. =
=———cCot— | =—+—1cot—
2 21 12 2 2 12
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M1

A1

M1

A1

A1

A1

[6 marks]

continue...
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Question 12 continued.

METHOD 4

attempt to multiply through by — M1
l—eg 6
1 e s
T = LT e LT A1
l—e® l-e ©—e®+1
attempting to re-write in r-cis form M1
T .. T
1—cos——isin—
_ 6 . 6 A1
2—-2cos—
6
attempt to re-write in Cartesian form M1
B[ 2=
_ 2 2 |__2 ;2
2-3 2-3 2-3
1
= Re(a) = 5 A1
Note: Their final imaginary part does not have to be correct in order for the
final A mark to be awarded
[6 marks]

Total [22 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.
e 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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Section A
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 Al1lAl
=n*+2n+1-n’(=2n+1)

OR
correct order of subtraction and correct factorization of difference of squares A1Al

=(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]



@)

attempt to use cos® X =1-sin® x

2sin’x—5sinx+2=0

EITHER
attempting to factorise

(2sinx—1)(sinx-2)

OR

attempting to use the quadratic formula

5i\/52—4x2><2(_5i3j
4

4

sinx =

THEN

. 1
sinx=—
2

W

T

T
X=—,—
6 6

M21/5/MATHX/HP1/ENG/TZ2/XXIM

M1

Al

M1
Al

M1

Al

(A1)

Al1Al

Total [7 marks]
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EITHER

attempt to use the binomial expansion of (x+ k)7 (M1)
1C,XTK® + TC kY + 7C,3K? 4., (0F TCokTx + TCKoXE + TC KX +...)

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) (A1)
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 M1A1A1A1AO0 for k = \@

[5 marks]
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(@ In(x*-16)=0 (M1)

e’ =x*-16(=1)

x2=17 OR Xx=+17 (A1)

a=+17 Al

[3 marks]
(b) attempt to differentiate (must include 2x and/or 2 16) (M1)
2X
f'(x)= Al
() x* —16
. : Ny 1
setting their derivative = 3 M1
2x 1

x*-16 3

x*-16=6x OR x*—6x—-16=0 (or equivalent) Al

valid attempt to solve their quadratic (M1)

X=8 Al

Note: Award AO if the candidate’s final answer includes additional solutions
(suchas x=-2, 8).
[6 marks]

Total [9 marks]
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METHOD 1

use of [axb|=[al|b|sin@ on the LHS (M1)
[axb|" =[af"|o["sin® ¢ Al
=[al* |b]* (1—cos’ 0) M1
= |a|2 |b|2 —|a|2 |b|2 cos’ @ OR =|a|2 |b|2 —(Jal[b] c059)2 Al
=[al" ol - (a-b) AG
METHOD 2

use of a-h=[al|b|cosé on the RHS (M1)
=[af*[b]" ~[af*[of*cos* & AL
=[a[*|b" (1-cos” 0) M1
=|al’[b[" sin* & OR =(|a|b]sin 6)’ Al
=[axbf’ AG

Note: If candidates attempt this question using cartesian vectors, e.g

C by
a=|a,|and b=|h, |,
a, b,

award full marks if fully developed solutions are seen.
Otherwise award no marks.

[4 marks]
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METHOD 1

attempt to use the cosine rule to find the value of X (M1)
100 = x° +4x2—2(x)(2x)GJ Al
2x* =100

X* =50 OR x=+/50 (=52] Al
attempt to find sinC (seen anywhere) (M1)

o4 (3Y
sin’C +(Z) =1 or x* +3% = 4% OR right triangle with side 3 and hypotenuse 4

sinC =4 (A1)

Note: The marks for finding sin C 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:%XSﬁxloﬁxg or A:%x 50x2@xg

Al 2BVT

Al
2

continued...
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METHOD 2
attempt to find the height, h, of the triangle in terms of x (M1)
2 2
n+[3x] =x2 OR 2 +[2x | =10% OR h=£x Al
4 4 4
equating their expressions for either h? or h (M1)
2 2
X2 —(§ xj =10° —(ﬁ xj OR lOO—éx2 zﬂx (or equivalent) Al
4 4 16 4
X* =50 OR x=+/50 (=52] Al
correct substitution into the area formula using their value of X (or x?) (M1)
A-Le2B0x L7 50 or A:%(zxsﬁ)[gsﬁj
257
A=T‘/_ AL

Total [7 marks]
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a+p+ra+p=k (A1)
k
(04 +ﬁ = E
af(a+p)=-3k (A1)
[_EJ(E) " (_k_g _ —SkJ M1
4 )\ 2 8
k3
attempting to solve _§+3k =0 (or equivalent) for k (M1)
k=26 (=+24)(k>0) Al

Note: Award AO for k = +2/6 (J_r\/24).

[5 marks]
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8. (a) METHOD1
setting at least two components of |, and |, equal

3+24=2+u (1)
2-2i=-u (2
-1+24=4+pu (3)

attempt to solve two of the equations eg. adding (1) and (2)

gives a contradiction (no solution), eg 5=2

so |, and I, do not intersect

Note: For an error within the equations award MOM1RO.
Note: The contradiction must be correct to award the R1.

METHOD 2

I, and |, are parallel, so |, and |, are either identical or distinct.

Attempt to subtract two position vectors from each line,

3 2 1

eg.| 2 |-|0=|2

-1) |4 -5
3 1
2 |#k| -1
-1 1

(b) METHOD 1

2 1
I, and |, are parallel (as | -2 | is a multiple of | -1 |)
2 1
let A be (3,2,-1) on I, and let B be (2,0,4) on I,
-1
Attempt to find vector KB =| -2
5

N
vxAB
Distance required is | |
Vv

Question 8 continued

M1

M1

R1

AG

R1

M1

Al

[3 marks]

[3 marks]

(M1)

M1

continued...
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. 1 -1
=—| -1|x|-2 (A1)
3 1 5
. 3
=—| 6 Al
\/5 3
minimum distance is \/1—8(: 3\/5) Al
[5 marks]
METHOD 2
2 1
I, and |, are parallel (as | -2 | is a multiple of | -1 |)
2 1

let A be afixed pointon I, eg (3,2,—1) and let B be a general pointon I, (2+ s, —z,4+ )

attempt to find vector AB (M1)
-1 1

AB=|-2 |+u|-1| (£eR) Al
5 1

AB|= [(~L+ 1)+ (-2 u) +(5+ )" (=Bu? +12+30) M1

EITHER

d (] )

—[AB J=0:>6y+12=0:>/,1:—2 Al

du

OR

AB|= 3(,u+2)2 +18 to obtain p=-2 Al

THEN

minimum distance is \/E(z 3\/5) Al

[5 marks]
continued...

Question 8 continued



-18 — M21/5/MATHX/HP1/ENG/TZ2/XXIM

METHOD 3

let A be (3,2,-1) on |, andlet B be (2+ s, —u, 4+ ) on |, (M1)
(orlet A be (2,0,4) on I, and let B be (3+24,2—24,-1+24) on |,)

-1 1 21 +1
AB=|-2|+u|-1| (ueR) (or AB=|-21+2]) Al
5 1 24-5
u—1 1 21+1 1
—u—2||-1|=0 (or | -2A+2|.|-1|=0) M1
H+5 1 21-5 1
U=-2or 2=1 Al
minimum distance is \/1_8(:3\/5) Al

[5 marks]
Total [8 marks]
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u=sinx=du=cosx dx (or equivalent) Al
u
- I ————du Al
u-—u-2
attempt to use partial fractions M1

u A B
+

L(u+1)(u—2) T U+l u_2:>UEA(U—2)+ B(u+1)J

Valid attempt to solve for A and B (M1)
Azl and Bzz Al
3 3
u 1 2

(U+D)(u-2)  3(u+1) 3(u-2)

IL3(u +1) * 3(u —2)J du=3 Inju +1|+§ In[u—2|(+C) (or equivatent) AL

‘ Note: Condone the absence of +C or lack of moduli here but not in the final answer.

=%In|sinx+]4+§ln|sinx—2|+C Al

\ Note: Condone further simplification of the correct answer. \

[7 marks]
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(b)

(©)
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Section B

6+6cosx=0 (or setting their f'(x)=0) (M1)
cosx=—1 (or sinx=0)
X=m, X=37 AlAl

[3 marks]

3n

attempt to integrate J. (6+6cos x )dx (M1)
=[6x+63h1xﬁ“ Al1A1
substitute their limits into their integrated expression and subtract (M1)
=(18n+6sin3n)—(6m+6sinm)
=(6(3n)+0)-(6m+0) (=18n—6m) Al
area=12n AG

[5 marks]
attempt to substitute into the formula for surface area (including base) (M1)
n(2%)+n(2)(1)=12n (A1)
dn+27nl =12n
2nl =8n
| =4 Al

[3 marks]

continued...
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Question 10 continued

(d) valid attempt to find the height of the cone (M1)
e.g. 2 +h? =(their 1)’
h=+12 (: 2.3 ) (A1)
attempttouse V = %ﬂrzh with their values substituted M1

[5()(12))

volume = 47“/5 = Sn\/g = 8 Al
3 3 3
[4 marks]
Total [15 marks]
av
11. (@ =L=—(1+v) (A1)
dt
Ildt — J'_L dv (or equivalent / use of integrating factor) M1
1+v
t=-In(1+v)(+C) Al
EITHER
attempt to find C with initial conditions t=0,v =V, M1
C=In(1+v,)

t=In(1+v,)—-In(1+v)

t:In[HV"J:et:HV" Al
1+v 1+v

e' (1+v)=1+y,

1+v=(1+v,)e™ Al
v(t)=(1+vy)e" -1 AG

continued...
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OR

t-C=-In(1+v)=e" =

(1+v)
Attempt to find C with initial conditions t =0,v =V, M1
—c 1
e = = C=In(1+v,)
(1+v,)

t—In@+v,) =—In(1+v)=>t=In(+v,) - In(1+V)

t=|n(1+V°J:>et:l+V° Al
1+v 1+v

e' (1+v)=1+y,

1+v=(1+v,)e™ Al
v(t)=(1+v,)e" -1 AG
OR

t-C=-In(l+v)=e™"* =1+v Al
ke -1=v

Attempt to find k with initial conditions t =0,v =V, M1
k=1+v,

e (1+vy)=1+v Al
v(t)=(1+v,)e" -1 AG

Note: condone use of modulus within the In function(s) \

[6 marks]

continued...
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(b) () recognition that when t=T,v=0 M1
(1+v,)eT -1=0=¢" Al
e’ =1+V, AG

Note: Award M1AO for substituting V, = e’ —1into v and showing that v=0.

() s(t)=[v(t) ( [(@+vo)e —1)dt) (M1)
=—(1+v,)e" -t(+D) Al
(t=0,s=0 so) D=1+v, Al
s(t)=—(1+v,)e" —t+1+y,
at Spa, € =14V, =T =In(1+,)

Substituting into S(t)(z —(1+V0)e_t —-t +1+VO) M1
1
S =—(l+v0)[mJ—ln(l+vo)+vo+1 Al
(Smax =Vo—IN(1+V,))
[7 marks]
() METHOD 1
V(T-k)=(1+v,)e e -1 (M1)
1
=(1+v, e -1 Al
( O)Ll-i-VOJ
=e“ -1 AG
[2 marks]

METHOD 2

V(T -K)=(1+v,)e ™™ -1

— eTe_(T_k) _1 Ml

— eT—T+k _1 Al

=e“ -1 AG

[2 marks]

continued...
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Question 11 continued

(d METHOD 1

V(T+k)=(1+v,)eTe™ -1 (A1)
=e -1 Al
[2 marks]
METHOD 2
V(T +K)=(L+v,)e ™™ -1 (A1)
=e'e -1
=e' 1
=e -1 Al
[2 marks]

() METHOD 1

V(T-K)+v(T +k)=e"+e™* -2 Al
attempt to express as a square M1
koo kY
=[e2—e 2] (=20) Al
so V(T —k)+v(T+k)>0 AG
[3 marks]
METHOD 2
V(T=k)+v(T +k)=e"+e* -2 Al
Attempt to solve %(ek +e%)=0 (=k=0) M1
minimum value of 2, (when k =0), hence e +e™* >2 R1
so V(T —k)+v(T +k)>0 AG
[3 marks]

Total [20 marks]
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(&) EITHER
horizontal stretch/scaling with scale factor %
Note: Do not allow ‘shrink’ or ‘compression’
fdbwedbyahmuommtmngmmn&hma%ummtoﬂmIdt A2
Note: Do not allow ‘move’
OR
horizontal translation/shift 1 unit to the left
followed by horizontal stretch/scaling with scale factor % A2
THEN
0
vertical translation/shift up by % (or translation through| ; |) Al
4
(may be seen anywhere)
[3 marks]
(b) let o =arctan p and g =arctanq M1
p=tana and q=tan g (A1)
_|_
tan(a+ B)= P Al
1-pq
+
o+ f=arctan [MJ Al
1-pg
_ pP+(q
so arctan p +arctan g =arctan| —— | where p,q>0 and pgq<1 AG
[4 marks]

continued...
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Question 12 continued

(©)

METHOD 1

% =arctanl (or equivalent)

arctan (LJ +arctanl=arctan x+1
Xx+1

X+X+1

X+1
X+1-X

X+1
=arctan(2x+1)

=arctan

METHOD 2

tan % =1 (or equivalent)

X
Consider arctan (2X +1) —arctan L—J =

A
x+1) 4

tan Larctan (2x+1)—arctan L%JJ

X+

2x+1- X

X+1
e x(2x+1)

=arctan

X+1

(2x+1)(x+1)—x]

=arctan
X+1+x(2x+1)

=arctanl

M21/5/MATHX/HP1/ENG/TZ2/XXIM

Al

Al

Al

AG

[3 marks]

Al

Al

Al

AG
[3 marks]

continued...
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METHOD 3

tan (arctan (2x+ 1)) =tan Larctan (

tan % =1 (or equivalent)

LHS = 2x+1
X

RHS = X+1
_x+1

- 27 —

X+

&

T
+_
4

J

M21/5/MATHX/HP1/ENG/TZ2/XXIM

Al

Al

Al

[3 marks]
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Question 12 continued

. 1 n
(d) let P(n) be the proposition that Zarctan —, |=arctan| — | for ne Z*
—ry 2r n+1

consider P(1):

\ 1 1
when n=1, ) arctan (?j =arctan (Ej =RHS and so P(1) is true R1

r=1

: R 1 k .
assume P(k) is true, ie. Zarctan(ﬁjzarctan(k—ﬂj (keZ ) M1

r=1

Note: Award MO for statements such as “let n=k”.

Note: Subsequent marks after this M1 are independent of this mark and can be
awarded.

consider P(k+1):

k+1 1 k 1 1
arctan| — | =" arctan| — |+arctan| ——— M1
2 (2r2j 2 (2r2j [2(k+1)2J e

—arctan(Lj+arctan y o Al
k+1 2(k+1)°
k 1
+ 2
k+1 2(k+1)
=arctan M1
1- 2
k+1){ 2(k +1)
k+1)(2k?+2k +1
=arctan ( )( - ) Al
2(k+l) —k

Note: Award A1l for correct numerator, with (k + 1) factored. Denominator does not
need to be simplified

_ arctan[(k +1)(2k2 +2k +1)J

3 2 Al
2k +6k° +5k + 2
Note: Award A1l for denominator correctly expanded. Numerator does not need to
be simplified. These two A marks may be awarded in any order
(k+1)(2k2+2k+1) Kk+1
=arctan 5 =arctan| —— Al
(k+2)(2k* + 2k +1) k+2

Note: The word ‘arctan’ must be present to be able to award the last three A marks

continued...
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Question 12 continued

P(k +1) is true whenever P (k) is true and P(1) is true, so
R1

P(n) is true for ne Z*

Note: Award the final R1 mark provided at least four of the previous marks have

been awarded.
Note: To award the final R1, the truth of P(k) must be mentioned. ‘P(k) implies

P(k +l)’ is insufficient to award the mark.

[9 marks]
Total [19 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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Section A

@ @ f(2)=6

(b)

|
i

|
S
=
)

X
i 4\(,
-2

Al

Al
[2 marks]

M1A1A1

A1l for a correct horizontal line segment between -4 and 0
(located roughly at y =3),

labelled.

Note: Award M1 for an attempt to apply any vertical stretch or vertical translation,

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

METHOD 1 (finding u, first, from Sp)

4(u,+8)=8

u =-6

U, +7d =8OR 4(2u,+7d) =8 (may be seen with their value of u,)

attempt to substitute their u,
d=2

METHOD 2 (solving simultaneously)
u,+7d=8
4(u,+8)=8 OR 4(2u,+7d)=8 OR U, =—3d

attempt to solve linear or simultaneous equations

u=-6,d=2

[3 marks]
Total [5 marks]

(A1)
Al
(A1)
(M1)
Al

(A1)
(A1)
(M1)
A1A1

[5 marks]



@)

(b)
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attempt to use definition of outlier

15x20+Q,
1.5x20+U >75 (=U =45, accept U >45) OR 1.5x20+Q, =75

minimum value of U =45

attempt to use interquartile range
U-L =20 (may be seen in part (a)) OR L>25 (accept L >25)
minimum value of L =25

(M1)
Al
Al

[3 marks]

(M1)

Al

[2 marks]
Total [5 marks]
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—10 -
@ f'(x)=-2(x-h) Al
[1 mark]
(b) 9g'(x)=e"? OR g'(3)=e>? (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>? (=e)
—6+2h=e OR 3—h:—§ Al
‘ Note: The final Al is dependent on one of the previous marks being awarded.
ho&t6 AG
2
[3 marks]
© f(3)=9(3) (M1)
~(3-h)’ +2k =€*2 +k
correct equation in K
EITHER
Al

e+6Y 3.2
— 3—7 +2k=e +k

N C .

OR

e+6Y
k=e+ B—T Al

2
e“ +12e+36 Al

k=e+9-3e-18+

THEN
2
AG

k= e+e—
4
[3 marks]

Total [7 marks]
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(b)
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common expression other than 2sin xcos x —2sin” x.

Note: Do not award the final Al for proofs which work from both sides to find a

METHOD 1 (LHS to RHS)

attempt to use double angle formula for SIN2X or COS2X
LHS=2sin XCcos X +c0s2x—1 OR

sin2x+1-2sin’x—1 OR

2sin xcos x+1—2sin* x—1

= 25in XCcos X — 2sin’ X

sin2x+cos2x —1=2sin x(cos X —sin X) =RHS

METHOD 2 (RHS to LHS)

RHS = 2sin x cos x — 2sin? x
attempt to use double angle formula forSin2X or COS2X
=sin2x+1—2sin’ x -1
=SIN2X+C0S2X—1=LHS

attempt to factorise
(cosx—sin x)(2sinx+1)=0

" . sin x . 1
recognition of COSX=SINX=> ——=tanX=1 OR sSiInXx=——
COS X 2

one correct reference angle seen anywhere, accept degrees

T T T In
— OR — (accept ——,—
5 OR § (ceept =)

M1

Al
AG

M1
Al

AG
[2 marks]

M1
Al
(M1)

(A1)

Note: This (M1)(A1) is independent of the previous M1A1.

A2

Note: Award Al for any two correct (radian) answers.
Award A1AOQ if additional values given with the four correct (radian)
answers. Award A1AO0 for four correct answers given in degrees.

[6 marks]
Total [8 marks]
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METHOD 1

attempt to use a right angled triangle M1

3
2
0 ]
J5

correct placement of all three values and ¢ seen in the triangle (A1)
cotd <0 (since cosecd >0 puts @ in the second quadrant) R1

)
cotd = —£ Al

2

5
Note: Award M1A1R0AO for coté :g seen as the final answer

The R1 should be awarded independently for a negative value only given as a final

answer.
[4 marks]
METHOD 2
Attempt to use 1+ cot® @ = cosec?6d M1
1+ cot? =2
4
cot? =2 (A1)
4
5
cotd = i£
2
cotd <0 (since cosecd >0 puts @ in the second quadrant) R1
5
coté = —£ Al
2

5
Note: Award M1A1R0AO for coté = g seen as the final answer

The R1 should be awarded independently for a negative value only given as a final
answer.
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METHOD 3

sin0:Z
3

attempt to use sin?@+cos* =1 M1

ﬂJrcoszezl
9

cos’ @ = g (A1)

5

cosf =+—
3

cos@ <0 (since cosecd >0 puts @in the second quadrant) R1

J5

cosf =——

5

cotfd =—— Al
2

5
Note:Award M1A1R0AO for coté :g seen as the final answer

The R1 should be awarded independently for a negative value only given as a final
answer.
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METHOD 1
other two roots are a—bi and b—ai Al
sum of roots = —4 and product of roots =400 Al

attempt to set sum of four roots equal to —4 or 4 OR

attempt to set product of four roots equal to 400 M1
a+bi+ta—-bi+b+ai+b—-ai=-4
2a+2b=-4(=a+b=-2) Al

(a+bi) (a—hi) (b+ai)(b—ai)=400

2

(a’+b) =400 Al
a’+b’=20

attempt to solve simultaneous equations (M1)
a=2ora=-4 A1Al

[8 marks]

METHOD 2

other two roots are a—Dbi and b—ai Al
(z—(a+bi))(z—(a-bi))(z—(b+ai))(z—(b-ai))(=0) Al
((z—a)* +b*)((z-b)* +a*)(=0)

(z°—2az+a’ +b”)(z* —2bz+b* +2°)(=0) Al
Attempt to equate coefficient of z°and constant with the given quartic equation M1

2

—2a-2b=4 and (a’+b*) =400 Al
attempt to solve simultaneous equations (M1)
a=2ora=-4 Al1A1

[8 marks]
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8.  attempt to differentiate numerator and denominator M1
. arctan 2x
lim| ——
x>0\ tan 3x
o)
2
_lim\1+4xT) A1A1

x>0 3sec? 3x

INote: A1 for numerator and A1 for denominator. Do not condone absence of limits|

attempt to substitute X=0 (M1)
2

=— Al
3

INote: Award a maximum of M1IA1AOM1A1 for absence of limits)|

[5 marks]
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(b)
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METHOD 1

B has one less pen to select

EITHER

A and B can be placed in 6x5 ways
C, D, E have 6 choices each

OR

A (or B), C, D, E have 6 choices each
B (or A) has only 5 choices

THEN

56 (= 6480)

METHOD 2

total number of ways =6

number of ways with Amber and Brownie together = 6"
attempt to subtract (may be seen in words)

6°>—6*

=5x6" (= 6480)

METHOD 1

total number of ways = 6!(=720)

number of ways with Amber and Brownie sharing a boundary
= 2><7><4!(= 336)

attempt to subtract (may be seen in words)
720-336 =384

METHOD 2
case 1: number of ways of placing A in corner pen

3x4x3x2x1
Four corners total no of ways is 4x(3x4x3x2x1)=12x4!(=288)

case 2: number of ways of placing A in the middle pen
2x4x3x2x1

two middle pens so 2x(2x4x3x2x1)=4x4](=96)

attempt to add (may be seen in words)
total no of ways =288+ 96

=16 41(=384)

(M1)

(A1)
(A1)

(A1)
(A1)

Al

(A1)
(A1)
(M1)

Al
[4 marks]

(A1)

(A1)
(M1)
Al

(A1)

(A1)
(M1)

Al

[4 marks]
Total [8 marks]
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Section B
(@) recognising probabilities sum to 1 (M1)
p+p+p+%p=1
2
== Al
P 7
[2 marks]
(b) valid attempt to find E(X) (M1)
1xp+2xp+3xp+4x%p(:8p)
E(X)z%? Al
[2 marks]
) (@ 0<r<l Al
(i) Attempt to find a value of q (M1)
0<1-3g<1 OR r=0:>q:% OR r=1=q=0
1
0<q<= Al
q 3
[3 marks]
(d) E(Y)=1xq+2xq+3xq+4xr(=2+2r OR 4-6q) (A1)
one correct boundary value Al
lx1+2x1+3x1+4><0(= 2) OR
3 3 3
1><0+2><0+3><0+4><1(:4) OR
2+2(0)(=2) OR
2+2(1)(=4) OR
1
4-6(0)(=4) OR 4—6(§J(:2)
2<E(Y)<4 Al
[3 marks]

continued...



-18 — M21/5/MATHX/HP1/ENG/TZ1/XXIM

Question 10 continued

(€)

METHOD 1

evidence of choosing at least four correct outcomes from
1&2,1&3, 1&4, 2&3, 2&4, 3&4 (M1)

6 6
7q+7r OR 3pg+3pr OR pq+ pg+ p(1-3q)+ pg+ p(1-3q)+ p(1-3q) (A1)
solving for either g or r M1

6 1 6(1-r 1
— 1-30) == OR —| —+4+r |=— OR 3 3p(1-3g)=
7(q+ q) > 7( 3 J 5 pg+3p(1-3q)

N |-

1-r 1
OR 3p| — [+3pr=—
o[ 5 Jraor=3

EITHER two correct values

q=% and rzg AlAl1

OR one correct value
5 3

g=— OR r=- Al
24 8
substituting their value for q or r Al
4-6 > OR 2+2 3
24 8
THEN
11
EY)=— Al
¥)=>

[6 marks]

continued...
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Question 10 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
7q+?r OR 3pg+3pr OR pq+ pg+p(1-3q)+pg+p(1-3q)+ p(1-3q) (A1)
rearranging to make q the subject M1
_4-E()
=%
3pq+3p(1—3q):% M1
EX(4_E(Y)J+§L1_3(4_E(Y)JJ:1 AL
7 6 7 6 2
2(E(Y)—1) _l
7 2
11
E(Y)=— Al
(Y) 1
[6 marks]

Total [16 marks]
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(ii)
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_12”:0:3—3 Al
the point (—1,0,3) lies on L,. AG
attempt to set equal to a parameter or rearrange cartesian form (M1)
X 3 7oi=x=24-1y=42=3-420R Xt _¥y=0_2-3
2 2 1 -1
2
correct direction vector | 1 | or equivalent seen in vector form (A1)
-1
-1 2
r=| 0 |+A| 1 |(orequivalent) Al
3 -1

INote: Award AQ if r = is omitted.|

(b) attempt to use the scalar product formula (M1)
2 a
1 1 |=(+)V6+a?+2cos45 (A1)(A)
-1){-1

Note: Award Al for LHS and Al for RHS

2a+2:(i)\/€‘§2+2\/§(:> 2a+2=(i)\@x/a2+2) A1A1

Note: Award A1l for LHS and A1 for RHS

43’ +8a+4=3a"+6

a’+8a-2=0 Al

attempt to solve their quadratic M1
—8+4+/ -8+

a= 3% 264+8: 8‘2\/ﬁ(:—4i3\/§) Al

[4 marks]

[8 marks]

continued...
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Question 11 continued

(c) METHOD 1

attempt to equate the parametric forms of |.1 and L2 (M1)
24-1=ta

A=1+t Al
3-1=2-t

attempt to solve equations by eliminating A or t (M1)

2+2t-1=ta=1=t(a-2) or 24-1=(A-1)a=a-1=1(a-2)

Solutions exist unless a—2=0
k=2 Al

Note: This Al is independent of the following marks.

1 or/lza—_1 Al
a—-2 a-—

a 1 1 L B
A has coordinates L A+ N7 J :L a ey A 5J Ao
a-2 a-2 a-2 a-2 a-2 a-2

Note: Award A1l for any two correct coordinates seen or final answer in vector
form.

METHOD 2
no unique point of intersection implies direction vectors of L1 and L2 parallel
k=2 Al

Note: This Al is independent of the following marks. ‘

attempt to equate the parametric forms of |.1 and L2 (M1)
24-1=ta

A=1+t Al
3-4=2-t

attempt to solve equations by eliminating 4 or t (M1)

2+2t-1=ta=1=t(a-2) or 24-1=(A-1)a=a-1=1(a-2)
1 a-1

or A=—— Al
a-—2 a-2

a 1 1 _ _
A has coordinates( A+ 2- 2] L:L a a-12a SJJ "

a-2 a-2 a— a-2'a-2 a-2

continued...
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Question 11 continued

Note: Award A1l for any two correct coordinates seen or final answer in vector

form.
[7 marks]
Total [19 marks]
12. (a) attemptto use the chain rule M1
1 1
F'(x)=5(L+x) 2 AL
1 _3
f"(x):—z(1+ X) 2 Al
1
- = AG
4@1+x)*
Note: Award M1AOAO for f’(x) = or equivalent seen
1+Xx
[3 marks]
(b) letn=2
1 1
1 1)1 =
f7(x)=| ~——== (——j = (1+X)? R1
41+ x)° 4) 0!
Note: Award RO for not starting at N=2. Award subsequent marks as
appropriate.
k-1
2k —3)! 1
assume true for N=k, (so f™®(x)= 1 u(ljt X)? k) M1
4 (k—2)!
Note: Do not award M1 for statements such as “let N=K” or “n=Kis true”.
Subsequent marks can still be awarded.
considern=K+1
d( f%(x)
LHS = f **Y(x) = u M1
dx
k-1
2k —3)! Lo .
(-1 u 1—k @+ x)? < (or equivalent) Al
4 (k=2)1{2
EITHER
k
2k —1)! LI .
RHS = f &P (x) = AN ) (1+x)2 “* (or equivalent) Al
4) (k=1!
k
2k —1)(2k —2)(2k —3)! 1
(L) (KD@R @Kz Al
4 (k-D(k—2)!

continued...
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Question 12 continued

Note:Award A1 for

(2k—1)!  (2k—1)(2k —2)(2k —3)! [: 2(2k -1)(2k —3)!J

k-1t (k-D(k—2)! (k—2)!
_ (_l [_Ejkl (2k —1)(2k —2)(2k —3)! @+ X)%—k—l L
4\ 4 (k=1)(k—2)!

[: (_lj(_ljkl (2k —1) (2k —3)' (1+ X);—k—lj
2)\ 4 (k—2)!

Note:Award A1l for leading coefficient of —%.

(B[] e N
2 4) (k-2

OR

Note: The following A marks can be awarded in any order.

_ (_1) (2 —3)!(1—2kj(1+ o

4) (k=21 2
() PR e AL
2)\ 4 (k—2)!

Note:Award A1 for isolating (2k —1) correctly.

{_1)(_1)‘ (2k —1)! (1+X)%—k—l Al

2 4) @k-2)(k-2)!

Note: Award A1 for multiplying top and bottom by (k —1) or 2(k —1).

:(_EJ(_EJH e L AL
)\ 74) K-Dk-2)

Note: Award Al for leading coefficient of —% .

- (_ljk (2Dt e AL
4) (k-1

continued...
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Question 12 continued

(©)

(T 2(k)=8) e
_( 4) ((k +)—2)'( 0T =RAS

THEN

since true for n=2, and true for n=k +1 if true for n =Kk, the statement is

true for all n€ Z,n>2 by mathematical induction

R1

Note:To obtain the final R1, at least four of the previous marks must have been

awarded.
[9 marks]
METHOD 1
h(x) =v1+xe™
using product rule to find h'(x) (M1)
1
h'(x) =1+ x me™ + e™ Al
( ) 241+ X
h"(x) = m(\/1+ xme™ + ! e"‘XJ+;merrIX —;emX Al
substituting X =0into h"(X) M1
h"(0) =m TN P P Al
2 2 4 4
2
h(x) = h(0)+xN'(0)+2-h"(0) +
equating x° coefficient to % M1
h"(0
MO T (L o)D)
20 4 2
Am* +4m-15=0 Al
(2m+5)(2m-3)=0
m= —§ orm= E Al
2 2
[8 marks]

continued...
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Question 12 continued

METHOD 2
EITHER
attempt to find f (0), f'(0), f"(0) (M1)
1
f(x)=(1+x)2 f(0)=1
F(x) =S (1+x) 2 f(0)=+
2 2
3
f”(x)=—%(1+ x) 2 f”(O):_%
f(x):1+1x—lx2+... Al
2 8
OR
attempt to apply binomial theorem for rational exponents (M1)
2)3)
1
f(x)=(1+x)2 =1+Zx+ 2 50 252y
f(x):1+1x—lx2+... Al
2 8
THEN
m2
g(x):1+mx+7x2+... (A1)
2
h(x):(1+1x—1x2+...j Temx+ D w2y (M1)
2 8 2
2
coefficient of x% is 1+ M_1 Al
2 2 8
attempt to set equal to % and solve M1
m,m.1_7
2 2 8 4
4m*+4m-15=0 Al
(2m+5)(2m-3)=0
m __> or m:§ Al
2 2

[8 marks]

continued...
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Question 12 continued
METHOD 3
g'(x)=me™ and g"(x)=m’e™ (A1)

2

h(x):h(0)+xh’(0)+%h”(0)+...

equating X* coefficient to % M1
wzz (:h”(O):Zj
2! 4 2
using product rule to find h’(x) and h"(x) (M1)
h(x)=f(x)g'(x)+ f'(x)g(x)
h"(x)=f(x)g"(x)+2f'(x)g'(x)+ f"(x)g(x) Al
substituting X =0into h"(x) M1
h"(0)=1(0)g"(0)+29'(0) £(0)+9(0) f"(0)
=1xm2+2mx£+1xL—1J L= m2+m—ij Al
2 4 4
4m*+4m-15=0 Al
(2m+5)(2m-3)=0
m=—2orm=> AL
2 2
[8 marks]

Total [20 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 AOA1A1T.

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. 53 5.65685... Award the final A1
(incorrect decimal value) (ignore the further working)
2. 1 . . !
Zsm 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.

¢ 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.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, use of » >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).

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

e 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.

¢ [f 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.

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, etfc.

¢ 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. attempt to substitute into P(4w B)=P(4)+P(B)-P(4NB) (M1)
| Note: Accept use of Venn diagram or other valid method. |
0.6=0.5+0.4—-P(ANB) (A1)
P(ANB)=0.3 (seen anywhere) A1
. . P(A mB)
attempt to substitute into P(4|B)=———— (M1)
P(B)
_03
0.4
P(A|B)=0.75(=%) A1
Total [56 marks]
2 (a) attempting to expand the LHS (M1)
LHS =(4n’ —4n+1)+(4n" +4n+1) A1
=8n” +2(=RHS) AG
[2 marks]
(b) METHOD 1
recognition that 2n—1 and 2n+1 represent two consecutive odd
integers (for all odd integers n) 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 n and n+2 represent two consecutive odd integers
(for neZ) R1
n2+(n+2)2:2(n2+2n+2) 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]

Total [5 marks]
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attempt to integrate (M1)

u:2x2+1:>%:4x

8x 2

———dx=|—du (A1)
J J2x +1 J Ju
EITHER
= 4Ju (+C) A1
OR
=442x* +1(+C) A1
THEN
correct substitution into their integrated function (must have C) (M1)
5=44+C=C=1
f(x)=4 2x* +1+1 A1

Total [5 marks]
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6

53 =2 4 0 1 2 3 4
~1
-2
no y values below 1 A1
horizontal asymptote at y =2 with curve approaching from below as x — oo A1
(£1,1) local minima A1
(0,5) local maximum A1
smooth curve and smooth stationary points A1
Total [5 marks]
(a) attempt to form composition M1
correct substitution g (XTHJ = S(X Z 3 j +5 A1
(gof)(x)=2x+11 AG
[2 marks]
(b) attempt to substitute 4 (seen anywhere) (M1)
correct equation a=2x4+11 (A1)
a=19 A1
[3 marks]

Total [5 marks]



(@)

(b)

-8-—

attempting to use the change of base rule

log,(cos2x+2) = log,(cos2x +2)
log, 9

- %log3 (cos2x+2)

= log, /cos 2x +2

log,(2sinx) =log, v/cos2x+2
2sin x =+/cos2x+2

4sin” x = cos2x+2 (or equivalent)
use of cos2x=1-2sin’ x
6sin” x =3

sinx = (i)L

NG

T
X=—
4

SPEC/5/MATAA/HP1/ENG/TZ0/XX/IM

M1
A1

A1

AG
[3 marks]

M1
A1
(m1)

A1

A1

Note: Award A0 if solutions other than x zg are included.

[5 marks]

Total [8 marks]
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attempting integration by parts, eg

u=E,du=£dx,dv=sin ™ dx,v=—9cos = (M1)
36 36 6 s 6
6 T
P(0<X <3)=— ——xcos[E] +—jcos(ﬂjdx (or equivalent) A1A1
36 o 6 /)], w3y 6
Note: Award A1 for a correct uv and A1 for a correct Iv du.
attempting to substitute limits M1
3
T —6—xcos(ﬂj -0 (A1)
36| w 6 /],
1| . (mx ’ .
so P(0<X <3)=—|sin o (or equivalent) A1
T 0
-1 A1
T
Total [7 marks]

recognition that the angle between the normal and the line is 60° (seen anywhere) R1

attempt to use the formula for the scalar product M1
2V (1
1 js -2
600 = 12\ P A1
cos =
ox/1+4+ p?
2
12l A1
2 35+p°
3J5+p’ = 4|p|
attempt to square both sides M1

9(5+p*)=16p> =7p* =45

p= 13\/§ (or equivalent) A1A1
Total [7 marks]
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(a) attempt to differentiate and set equal to zero M1
f(x)=2e" —6e" =2¢"(e" —3)=0 A1
minimum at x=In3
a=1In3 A1
[3 marks]

(b) | Note: Interchanging x and y can be done at any stage.

2
y=(e"-3) -4 (M1)
e -3=+y+4 A1
as x<In3, x=1n(3—\/y+4) R1
so f7(x)=In(3-x+4) A1
domainof f'is xeR,-4<x<5 A1
[5 marks]

Total [8 marks]



10.

(a)

(b)

(c)

attempt to use quotient rule

-1 -

Section B

correct substitution into quotient rule

Skx i —kIn5x
f'(x)= (55‘2)2

k—kln5x
1-In5x

(keR")

f"(X):O
21n]i)3c—3 _0
ln5x:E

2

3
S5x=¢?

1 2
so the point of inflexion occurs at x :gez

(or equivalent)

3
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(mM1)

A1

A1

AG

M1

(A1)
A1

m1

A1

A1

AG

[3 marks]

[3 marks]

[3 marks]

continued...
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Question 10 continued

(d) attempt to integrate

1
u=ln5x:>d—u=—
X

dx=%Iu du

In5x
I

EITHER

2
u

2

3
2

3
2 275
soljuduz v
k< 2k

1
OR
(In 5x)2

3

1 .

5 2"
o J- 1n5xdx:[(ln5x) }

5

kx 2k

<
5

"8k
setting their expression for area equal to 3
5
B
8k
5

k=—
24
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(mM1)

(A7)

A1

A1

A1

A1

A1
M1

A1
[7 marks]

Total [16 marks]



11.

(@)

(b)

- 13 -

attempt to find modulus
r=243(=12)

attempt to find argument in the correct quadrant

0 =7 + arcta (—g}

swi swi
34 i e (zzﬁee]

attempt to find a root using de Moivre’s theorem
1 Smi

126e18

SPEC/5/MATAA/HP1/ENG/TZ0/XX/IM

(mM1)
A1
(mM1)

A1

A1

[5 marks]

M1
A1

2
attempt to find further two roots by adding and subtracting Sl to

the argument
1 Tmi

1266 18
1 17mi

126 18

Note: Ignore labels for u, v and w at this stage.

m1
A1
A1

[5 marks]

continued...
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Question 11 continued

(c)

METHOD 1

attempting to find the total area of (congruent) triangles UOV,VOW
and UOW

1 1 Y. 2xn
Area=3| — || 12¢ || 126 |sin—
2 3

1 1
Note:Award A1 for (126J(126] and A1 for sinz?n.

(d)

3\/_ [123j (or equivalent)

METHOD 2

12 12 1 1
uv? :[126J +(126j —2(126j(126jc0s2§ (or equivalent)

1
UV = \/3(126] (or equivalent)

attempting to find the area of UVW using Area = %x UV xVW xsina

for example

1 1
Area =%£\/§x126 J[\/gxuﬁ Jsing
3\/_ (123] (or equivalent)

u+v+w=0
L Tn) .. ( Tn 5m 51 17n 17n
12| cos| ——— |+isin +C0S—+18in—+ coS—— +18in —
18 18 18 18 18 18

consideration of real parts
1
12| cos _In +coss—n+cosl7—n =0
18 18

0

18
cos _7_7: = c0s7— explicitly stated
18 18
T 17=
cos—+cos—+cos§ =0

M1

A1A1

A1

[4 marks]

A1

A1

M1

A1

[4 marks]

R1
A1

m1

A1

AG
[4 marks]

Total [18 marks]
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(@)

(b)
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attempting to use the chain rule to find the first derivative M1
f'(x)=(cosx)e™ A1
attempting to use the product rule to find the second derivative M1
j”(x):e“”(coszx—sh1x)(oreqmvmenﬂ A1
attempting to find f'(0), f'(0) and f"(0) M1
£(0)=1; f'(0)=(cos0)e™ =1; f"(0)=e"(cos’ 0—sin0) =1 A1
2
substitution into the Maclaurin formula f(x) = f(0)+xf'(0)+% £10)+... M1
2
so the Maclaurin series for f(x) up to and including the x* term is l+x+2 A1
METHOD 1
attempting to differentiate f”(x) m1
/" (x)=(cosx)e™ (0052 x —sin x) —(cosx)e™ (2sinx+1) (or equivalent) A2
substituting x =0 into their /" (x) m1
f"(0)=1(1-0)=1(0+1)=0
so the coefficient of x* in the Maclaurin series for f(x) is zero AG
METHOD 2
substituting sin x into the Maclaurin series for ¢ (M1)
Gnx . sin’x sin’ x
e =1+sinx+
3!
substituting Maclaurin series for sin x M1
X—"+... X—"—+...
; x’ 3! 3!
emx:1+{x———+“}+ + +... A1
3! 2! 3!
- 3. I 1
coefficient of x° is —+—=0 A1
3t 3!
so the coefficient of x* in the Maclaurin series for f(x) is zero AG

[8 marks]

[4 marks]

continued...
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Question 12 continued

(c)

(d)

substituting 3x into the Maclaurin series for e*

2 3
e3x=1+3x+@+(3i+...
2! 3!

substituting (e3" —1) into the Maclaurin series for arctan x

3x 3x
arctan(e“ —1) :(e3x _1)_ (e . 1) + (e - 1) B

2! 3!
selecting correct terms from above

_ [m (3x)°  (3x) J (3x)

5 ; [3x+ ' '
=£3x+(3x) (3x) +...]— > >

2! 3! 3

9x* 9x’
=3x+——-——
2 2

METHOD 1

substitution of their series
2

X
xX+—+...

lim >

x—0 Ox
3x+—+...

METHOD 2

use of 'Hobpital’s rule

. (cosx) esin* )
IH%T (or equivalent)
xX—> e

1+ (e -1)

1
3

m1

A1

m1

A1

m1

A1

[6 marks]

M1

A1

A1

m1
A1

A1
[3 marks]

Total [21 marks]
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