PMT

Mark Scheme (Results)

October 2023

Pearson Edexcel International Advanced Level

in Pure Mathematics (WMA14) Paper 01



Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications are awarded by Pearson, the UK's largest awarding body.
We provide a wide range of qualifications including academic, vocational, occupational
and specific programmes for employers. For further information visit our qualifications
websites at www.edexcel.com or www.btec.co.uk. Alternatively, you can get in touch with
us using the details on our contact us page at www.edexcel.com/contactus.

Pearson: helping people progress, everywhere

Pearson aspires to be the world's leading learning company. Our aim is to help everyone
progressin

their lives through education. We believe in every kind of learning, for all kinds of
people, wherever they are in the world. We've been involved in education for over
150 years, and by working across 70 countries, in 100 languages, we have built an
international reputation for our commitment to high standards and raising
achievement through innovation in education. Find out more about how we can help

you and your students at: www.pearson.com/uk

October 2023

Question Paper Log Number 75710
Publications Code WMA14_01_rms_20240118
All the material in this publication is copyright
© Pearson Education Ltd 2023

PMT


http://www.edexcel.com/
http://www.btec.co.uk/
http://www.edexcel.com/contactus
http://www.pearson.com/uk

General Marking Guidance

All candidates must receive the same treatment. Examiners must mark the first
candidate in exactly the same way as they mark the last.

Mark schemes should be applied positively. Candidates must be rewarded for
what they have shown they can do rather than penalised for omissions.
Examiners should mark according to the mark scheme not according to their
perception of where the grade boundaries may lie.

There is no ceiling on achievement. All marks on the mark scheme should be
used appropriately.

All the marks on the mark scheme are designed to be awarded. Examiners
should always award full marks if deserved, i.e. if the answer matches the mark
scheme. Examiners should also be prepared to award zero marks if the
candidate’s response is not worthy of credit according to the mark scheme.
Where some judgement is required, mark schemes will provide the principles by
which marks will be awarded and exemplification may be limited.

When examiners are in doubt regarding the application of the mark scheme to a
candidate’s response, the team leader must be consulted.

Crossed out work should be marked UNLESS the candidate has replaced it with
an alternative response.
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EDEXCEL 1AL MATHEMATICS

General Instructions for Marking

. The total number of marks for the paper is 75.
. The Edexcel Mathematics mark schemes use the following types of marks:

M marks: Method marks are awarded for ‘knowing a method and
attempting to apply it’, unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M)
marks have been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

. Abbreviations

These are some of the traditional marking abbreviations that will appear in
the mark schemes and can be used if you are using the annotation facility
on ePEN.

e bod - benefit of doubt

o ft — follow through

e the symbol \/ will be used for correct ft
e cao - correct answer only

e SO - correct solution only. There must be no errors in this part of the
question to obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC: special case

e 0e - or equivalent (and appropriate)

e d... or dep - dependent

e indep - independent

e dp decimal places

o sf significant figures

e % The answer is printed on the paper or ag- answer given

[ or d... The second mark is dependent on gaining the first mark
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. All A marks are ‘correct answer only’ (cao.), unless shown, for example,
as Al ft to indicate that previous wrong working is to be followed through.
After a misread however, the subsequent A marks affected are treated as
A ft, but manifestly absurd answers should never be awarded A marks.

. For misreading which does not alter the character of a question or
materially simplify it, deduct two from any A or B marks gained, in that
part of the question affected. If you are using the annotation facility on
ePEN, indicate this action by ‘MR’ in the body of the script.

If a candidate makes more than one attempt at any question:
¢ If all but one attempt is crossed out, mark the attempt which is
NOT crossed out.
e If either all attempts are crossed out or none are crossed out, mark
all the attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx +¢) = (x + p)(x+q), where|pg| =|c

, leading to x = ...

(ax2 +bx +c¢) = (mx+ p)nx+q), where|pq| = |c| and |mn| = |a , leading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
2
Solving ¥ +bx+c=0. (xt3) tgtc, ¢#0  jeadingtox = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1. (x" - XH)

2. Integration
. n n+l
Power of at least one term increased by 1. (¥ =X )

Use of a formula
Where a method involves using a formula that has been learnt, the advice
given in recent examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if
there are small mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by
implication from correct working with values, but may be lost if there is any
mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact
answer is asked for, or working with surds is clearly required, marks will
normally be lost if the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes
will give details of what happens in particular cases. General policy is that if it
could be done “in your head”, detailed working would not be required. Most
candidates do show working, but there are occasional awkward cases and if
the mark scheme does not cover this, please contact your team leader for
advice.



N Scheme Marke
1(a) -2 ] 5x) 72 8
2-5x) =—|1->| oreg — =
( ) 4[ 2) ne S5x 2 Bl
-3)
1 sx) (2)x(-3) [ 5x)? (-2)x(=3)x(—4) [ s5x)
L ST MR ST T Al
(2—5x) 2
4)
Alt (a) by s
direct 8x(2=5x)
. s _3 1 —2x-3 -4 2 2x-3x—-4 -5 3 B1, M1A1
expansion =8x(2 ’_,_(_2)2 (—5x)+ 5 2 (-5x) +T2 (—SX)J
8 ot10x+ 2241250 Al
(2—5x) 2
b
(b) ‘x‘<% 0.e Bl
@
(5 marks)

(@

B1: For taking out a factor of 2‘zor% from (2— Sx)_2 to obtain e.g. %(li ...)_2 , 272 (1 ...)_2 .

MI1:

May be implied by a constant term of 2 or by e.g. 2(1 + ...)_2
The “8” is likely to be present but it is not required for this mark.

For the form of the binomial expansion (1+ atx)f2

Requires the correct structure for either term three or term four. Allow a slip on the sign.

So allow for either W(iax)2 or (_2)X(;?)X(_4) (
be the “a” in their "2"(1 + ax)_2 .

Condone missing brackets around the “ax” for this mark.

Al: Any unsimplified or simplified but correct form of the binomial expansion for (

J_rax)3 where a # 1, could be —5 but must

A
2

Ignore the factor preceding the bracket for this mark and ignore any extra terms if found.

Score for 1+(_2)x(_5_x]+%x(_s_x]2+(—z)x(;?)x(—4)x(

2 2

2 2
Brackets must be present unless they are implied by later work. Allow (57)6] for (—5—x] .

The simplified form is 1+ 5x+ ?xz + 1275x3 +... Allow as a list of terms.

_ox
2

Al: cao 2+10x + Ex2 +125x>... This must be simplified and allow as a list of terms.

2

3
] 0.€.
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Allow equivalents for g e.g. 37.5 and ignore any extra terms.

Do not isw and mark the final answer. E.g. Fully correct work leading to 2+10x + Ex2 +125x°...

followed by =4+20x+7 5x> +250x°... loses the final mark.

Alternative to (a) by direct expansion

B1: This is awarded for (2— 5x)72 =27+.... which may be implied by a final answer of 2 + ...
MI1: For the form of the expansion of (2 — 5)6)72

Requires the correct structure for either term three or term four. Allow a slip on the sign.

—2)x(-3 - - _
So allow for either %(2)4 (in)2 or (=2)x( 3?)X( 4) (2)75 (i5x)3
Condone missing brackets around the 5x.

Al: Any unsimplified or simplified but correct form of the binomial expansion for (2 — SX)_Z
Ignore the factor preceding the bracket for this mark and ignore any extra terms if found.

-2 -3 1 —2%x=3 -4 2 —2x-3x—-4
Score for 2 +(—2)2 (—Sx) + o ) (—Sx) ...T
Brackets must be present unless they are implied by later work.

%xz + 12?5); +... Allow as a list of terms.

2" (—Sx)3 0.€.

The simplified form is ++ >
75 » 3 . . . .
Al: cao 2+10x + - +125x... This must be simplified and allow as a list of terms.
. 75 :
Allow equivalents for 5 ce 37.5 and ignore any extra terms.

Do not isw and mark the final answer. E.g. Fully correct work leading to 2+10x + ?xz +125x°...

followed by =4+ 20x + 75x +250x°... loses the final mark.

Note: Correct or partially correct answers with no working in (a) should be sent to review.

(b)
2 2 2 2 2 2 2
BI: ‘x‘<§ oee.g. —§<x<§, x>—§ and x<§, [—g,gJ
2 2 2 |5x S5x S5x
Butnot—§<‘x‘<§,x<§, 7<1, —7 1, —1<7<1
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Sombor Scheme Mok
2(a) States or uses S = 6x> or (;—S=4 B1
t
ds
States or uses S = 6x> and d—=4 B1
t
Attempts to use d_S:d_S %:4—12x><%:>%=... M1
dt dx dr dr dr
dx 1
—=— 0¢
= dr 3x Al
4
(a) Alt States or uses S = 6x> or ((11_S=4 B1
t
ds
States or uses S = 6x> and d—=4 B1
t
d—S:4:>S=4t+c:>S:6x2:>6x2=4t+c:>12x%:4:>%:...
dr dr dr
or M1
S=6x=6x>=4t+c=12x= 4£ %z
dx dr
dx 1
—=—0¢
= dr 3x Al
(b) States or uses a = 3x? Bl
dx
Attempts to use d_V:d_V dx:>d—V=3x2xL=x M1
dr  dx dtf dr 3x
1
Y _ps Al
dt
3)
b) Alt 2 1
®) V=x3,S=6x2:>S=6V3:>d—S:4V3 B1
dv
Attempts to use (LV CcllV C:lS ! =4 M]
¢ S ¢ Ay
1
Y _ps Al
dt
(7 marks)




(a) Condone the use of different variables provided the intention is clear.
This will most likely be the use of A rather than S for surface area.

B1: States or uses S =6x> or Z—S =4 (ignore any units associated with either)
t
2 . . ds
Note that S = 6x” may be implied by o 12x
B1: States or uses S =6x" and c(ii—S = 4 (ignore any units associated with either)
t

Note that S = 6x° may be implied by %S =12x

MI1: Attempts to use a5 _ Ex dx or equivalent with their s and ds where % = ko and i—f isa

de  dx dr dx dr

constant, in an attempt to find ;ﬂ . May be implied by their working.
t

|
d ! . |
Al: T Ty from correct work and apply isw once a correct answer is seen.

Allow correct work leading to e.g. & = %

dx L . . .
The "— =" must appear at some point in their working for this mark.

(a) Alt.

B1: States or uses S =6x or (jl—S = 4 (ignore any units associated with either)
t
2 . . ds
Note that S = 6x” may be implied by o 12x
B1: States or uses S =6x> and (ji—S =4 (ignore any units associated with either)
t

Note that S = 6x° may be implied by % =12x

MI: Integrates ((li—S =4 to obtain S = 4¢ + c or § = 4¢ and replaces S in terms of x and differentiates wrt ¢ or

dx dr
wrt x to obtain ax— = or ax= [ —
& B 'de

!

dx ) .
Al: — =—oee.g. ==, — from correct work and apply isw once a correct answer is seen.
dr 3x & x 12x PPy
Note that % = 3L sometimes comes from incorrect work so check their method.
X

This can be scored from obtaining S = 4¢ + ¢ or S = 4¢ earlier.
dx o . . .
The "— =" must appear at some point in their working for this mark.

(b)

B1: States or uses % =3x” Allow this mark to score anywhere in the question.

MI1: Attempts to use a_ % x d or equivalent with their %/ and ? which may be implied.
t
1
Al: (L—V = J/3 which may be implied by e.g. (ii—V =x,x=V"= p= % .
t t

dv L . . .
The "E =" must appear at some point in their working for this mark.
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(b) Alt:

2

1 —
B1: States or uses %:4V 3(from S=6x",V =x=>85=6/3)

M1: Attempts to use a = a X 4 or equivalent with their a and 4 which may be implied.
t dS dr ds dt
1
Al: (;—V = 3 which may be implied by e.g. CL—V =x,x=V"= p= %
t t

dv o . . .
The ”d— =" must appear at some point in their working for this mark.

Note that a common incorrect response involves using S = x* rather than S = 6x2, giving:

@) s=x, 34 85 _ 5 & o2 eoring BIBOMIAO

B

dr dr dx dr dr dr x

1
(b) %:3)3 dv dVde — v =3x 2 Z = 6x =63 scoring BIMIAO

dt dx dr dr x



Qo o
3 j xe dx=%x2e2x—j xe  dx M1
l 2x
_ 1 2 2x_ 1 2x_ e_
=3 e 2xe J. 3 dx M1
1 1 o
7 2x 2x (¥ Al
=-xe —-xe +—
R R
4
4 22xdx_ 22x 1 2x > —8 2 1 Ml
.Lxe —Exe —EXC +— —e—e+Z—Z
0
8
:256 _l Al
4 4
&)

(1) Condone the omission of “dx” throughout
MI: Attempts to integrate by parts once to achieve Py — QI xe'dx, P,0>0

. 2x . x x
MI: Attempts to integrate xe to achieve Axe  + U I e dx, 1>0

2x

2x I ;2«1 2 € ) T . .
Al: I x’e dx= Exze —5 e + T which may be unsimplified and isw once a correct answer is seen.

2x

X 1 X 1 X e
Watch for szez dxziﬂez —[Exez - 2

](-FC) which scores all 3 marks. ISW after sight of this.

Watch for D & I method which may be seen. You will just see the answer here.

D I
2 2x
X + € _ lxzeh_lxezx_l_lezx
2y T lez" 5
2
2 1 7 2x 2x 2x
+ —e™ Score M2 for Ax'e +Bxe *Ce , A>0
2x
’ T lez" and then A1 for lxzezx —lxezx +e_(+c)
8 2 2 4

2x 2x 2x
M1: Attempts to substitute both limits into an expression of the form Ax’e” +Bxe +Ce , A>0,
8
subtracts either way round, and simplifies to the form ae + £, «,f #0 where a and f§ are numeric.

(Allow if the e terms are not combined)

25¢ 1 o , Ios ) 25(s 1
Al: === or exact simplified equivalent e.g. 7 25¢ -1}, 7| € ~35 |- Do not condone “+ ¢” here.

PMT
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) 1. u:2x—1:%=2 ore.g. du =2dx
OR
2 du
2. u—(2x—1) 35_4(2%1) ore.g. du=4(2x—1)dv Bl
OR
du
J.u=2x=>—=2 ore.g. du=2dx
dx
lLLu=2x-1= 4x > dx = wxldu
(2x—1) u 2
OR
2. u=(2x-1) = g | A2, 1, Ml Al
(2x-1) wo A
OR

Jou=2x=> 4x > dx = 2—u2xldu
(2x-1) (u-1)" 2

1 1 1 1 1 1 1 1
. —t— |du=Inu—— R 2. — —t—|du==Inu——
1 J.[u+u2}du Inu ” O 2J. u+ % du 2lnu T
u dM1 Al

OR3.I (ui‘l)z du=-u(u-1)"+ ﬁdu:—u(u—l)l+ln(u—1)

.. 1 1
1. Uses limits u =5 to u=20: (ln20—2—0]—(ln5—§j

OR
2 limi =25 =400: lln400—L — lln25—l 1
. Uses limits u = to u= : 5 20 5 3 M
OR
3 limi =6 =21: 11120—2 - 1n5—§
.Uses limits u =6 to u=21: 20 5
3
—2—0+1n4 Al
™
(12 marks)

Note that ‘u” = 2x — 1 is by far the most common approach.
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(ii)

B1: Uses an appropriate substitution and differentiates correctly. See scheme for 3 examples.

2 Jutl  de 1
Note that for case 2. u:(2x—1) =x= 5 :@:Zu is also correct and scores B1

M1: Valid attempt to change the integral to one in "u" to obtain an integrand of the correct form:
This requires e.g.

L) @l apr0 oR 2 k| L Ly apr0 OR 3k | —4—au
u u  u (u—1)

Condone the omission of du as long as the form of the integrand is correct.
3

Note that the u’s may appear “combined” e.g. as u? in the denominator of case 2.
Al: A correct integrand in any form in terms of u only.

Condone the omission of du as long as the integrand is correct.
dM1: Correct form of the integration for their substitution: This requires e.g.

1. kJ- WD s pinurgn’  OR 2. kJ- avutrb 1 g

- ” \/;du—>plnu+ﬁ

OR 3. kJ- - du— au(u—1)"+pn(u—1)

(u=1)
Depends on the previous method mark.
Al: Fully correct integration. Ignore any limits for this mark.

Note that there may be other acceptable attempts to integrate e.g. in case 1.:

J. utld“:J- (u+1)u du:—(u+1)1+-‘- L =—(u+1) L+ 1nu
u u u u

In such cases, award M1 for a fully correct method and Al if correct.

M1: Attempts to use the correct limits for their substitution.

Need to see evidence that both correct changed limits have been substituted and the resulting
expressions subtracted either way round.

There must have been some attempt to integrate however poor having used substitution.
The substitution must involve a transformation so e.g. U = X is not acceptable.

. N . 21
Alternatively, reverses the substitution and uses the x limits 3 and —.

Al: ln4+% ore.g. In4+0.15 and apply isw if necessary.



Special Case: Candidates who answer part (b) without anyv form of substitution can score

a special case of BOMO0AO (no substitution) then M1A1dM1A1

e.g. Partial fractions:

4 _ A4 B _ 2 2
(2x-1)° 2x-1 (2x-1)" 2x-1 (2x-1)

2 2 1
J.Zx—1+(2x—1)2 dx:ln(2x—1)—(2x_1)

21
1 |2 1 1 3
|:1n(2x—1)—mjl —11'120—2—0—11154‘3—%4'1114

3

Mark as BOMOADO then:

[ 4 B
M1 for 2x—1+(2x_1)2 dx=aln(2x—1)+ﬂ

2 2 1
Al for 2x_1+(2x_1)2dx—1n(2x—1)— 3

1
(Zx—l)

—~
=
|
—
~
—~
+
9}
~

dM1 Substitutes both correct limits and subtracts either way round. Depends on first M.

Al: ln4+2io ore.g. In4+0.15 and apply isw if necessary.

or Parts:

J.L dx = —2x(2x—1)" +In(2x—1)

(2x-1)’
21
; 32 6 3

= -2x(2x-1)" +In(2x=1) | == 55+ 1020+ 2~ In5=55+1n20
M1 for (24—xl)2dx=ax(2x—l)_l+ﬂln(2x—1)

x_
Al for (2“—x1)2 dx=-2x(2x=1)" +In(2x-1)(+¢)

x_

dM1 Substitutes both correct limits and subtracts either way round. Depends on first M.

Al: 1n4+% ore.g. In4+0.15 and apply isw if necessary.

PMT
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If you find any attempts using a combination of methods that include substitution e.g.

4 _ A4 B _ 2 2
(2x-1)" 2x-1 (2x-1)" 2x-1 (2x-1)

[_2 2 2 du

] 2x—1+(2x_1)2dxz[ln(zx—l)}fj.u—z? (u=2x-1)

® 2 2 21 1 20 1 1 3

) 2x_1+(2x_1)2 dx:[ln(zx—l)]32 +|:_Z:L =1n20—ln5—%+§:%+]n4
OR

| (2:—f1)2dx=[—2x(2x—1)1}+.'.2x2_1 dx

_ |:—2x(2x—1)_1:|+J-% %” (u=2x-1)

& 21 6 3
=[<2x(2x=1)" |7 +[nu]’ == 55+ 2+In20~In5=+1n20

if fully correct as above then score full marks otherwise send to review.



Question
Number Scheme Marks
4(a) . " 9
Assume that there exists a positive number & such that &+ 7 < 6 B1
9 2 2
k+;< 6=k +9<6k =k -6k+9<0
or
k+9<6 k+9—6<0 ( k )( k..]<0
or
2
ko< 62| kta | <362k +18+ L —36<0
k k s
2 2
:>(k—3)2<0 or = f—i <0or = k—g <0 Al
JE K
But numbers squared are > 0, hence k+%2 6 Al*
4)
(b) E.g. When k =-3, —3+%<:—6 )which isnot > 6 B1
1)
9 9 D
(b) Alt k<0:>z<0:>k+%<0 which is not > 6 B1
(5 marks)

(a)

B1: For setting up the correct contradiction. It must include a word/words such as “assume” or “let” and

L : . . 9
must be a strict inequality. As a minimum accept just “assume/let k + T <6”.

Condone e.g. Assume that for all positive numbers &, k +% <6

M1: Starting from k+%< 6 or k+%< 6 or k+%: 6, either

2 2 2
e multiplies by & and attempts to reach k ...<0 or £ ... <0 or k£ ...=0

e collects terms to one side to reach & +% +6 < /< /=0and attempts to factorise to
(Vi) (Vi..)< /< 1=0

2 2 2
e squares both sides and collects terms to reach k ...<0 or k ... <0 or k ...=0

2 2
2 3
Al: Reaches (k—3) .0 ore.g. (\/%——J .0 ore.g. {k—gj ...0 where ... is<or < or=

NG K

PMT
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AT*: For a fully correct proof.

Requires
correct calculations/algebra

a reason: “numbers squared are > 0 “this is impossible”, “numbers squared are not negative”
> 6, hence proven, QED, etc. but not just “contradiction”

2 6
b

k

[ ]
a minimal conclusion. E.g. hence & +
Alternatives for A1A1*:

1. Using discriminant:
Al: b* —4ac=6"-4x9=0 so one root and “positive’ quadratic

A1*: For a fully correct proof.

Requires

e correct calculations/algebra
2 . .
e areasone.g.so k —6k+92> 0or curve is on or above the x/k axis
> 6, hence proven, QED, etc. but not just “contradiction”

a minimal conclusion. E.g. hence & + B

2. Via sketch:
L

Al: Sketches y = kK —6k+9:
ATl*: For a fully correct proof. \
Vo
A4

2

Requires
correct calculations/algebra
e areason e.g. graph always on or above (or never below) the x-axis so K —6k+ 9> 0

[ ]
. ) 9 ) ..
a minimal conclusion. E.g. hence k +— > 6, hence proven, QED, etc. but not just “contradiction’

[ ]
3. Via differentiation:
d(kz 6k + 9J
2
Al P =2k-6=0=k=3=k —6k+9=0 sominimum at (3, 0)
AT*: For a fully correct proof.

Requires
correct calculations/algebra

2 . .

e areasone.g.so k —6k+9> 0 or curve is on or above the x/k axis

[ ]
. ) 9 C C
a minimal conclusion. E.g. hence k£ +— > 6, hence proven, QED, etc. but not just “contradiction

[ ]
If candidates use another variable for K, e.g. X or m then withhold the final mark
unless they revert to K in their conclusion.
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This is also acceptable (working backwards):

Assume k+%< 6 Bl

2
(k—3) >O:>k2—6k+920:>k—6+%20 M1

Condone > for >

2
From (k - 3) >0 expands and divides by k&

:k+%>6 Al

Condone > for >

This contradicts the assumption and so & +% =6 Al*

. ) ) 9
Note: Attempts that use the contradiction: “Assume there are negative numbers for which & + T >6"

generally score no marks but use review if necessary.

(b)
B1: Chooses a negative number, shows the result of substituting into & + 2 and gives a
k
minimal conclusion e.g. It is not necessary to evaluate e.g. -3+ % is sufficient.
e whichisnot >6
e is<6
(b)Alt:

B1: States that if £ <0 then & +% <0 and gives a minimal conclusion e.g.

e whichisnot >6
e is<6
There must be no incorrect work and no contradictory/incorrect statements.
Do not allow arguments that refer to k = 0 being not valid.



?\Ililelfltli)(e)? Scheme Marks
5(a) Y —x +4x’y =k
3 2dy
y. =3y I M1
2 2dy
4x"y > 8xy+4x" — M1
dx
ey =k =3 Y iggrar Yoo Al
y y Y ix Xy dx
2 2 dy
=| 3y +4x a:2x—8xy M1
dy 2x—8xy
Td 3240 Al
3y" +4x
)
b
®) %:—1 at P MIl
Uses %:il and y = x to set up and solve equation in x, y or ‘p’
MI1 Al
2p—-8p°
3—1:%:]7:2
3p”+4p
eg k="2"-"2"+4x"2" ddM1
k=36 Al
)
(10 marks)

(a) Allow equivalent notation for the % e.g

2dy

MI: Differentiates y’ — Py o

MI1: Uses the product rule to differentiate 4x’y and obtains Qxy

2dy
+ Rx .

Al: Correct differentiation including the “ = 0" which may be implied by subsequent work.

Note that some candidates have a spurious d
. dy A2 dy
can be ignored for the first 3 marks so condone v 3y &«
Allow versions such as 3y’dy —2xdx + 8xydx +4x°dy = 0
dy

3

M1: Dependent upon having achieved two different terms in &

dy

Look for (i)% =D which may be implied by

dy

s at the start (as their intention to differentiate) and this

dy
2x + +4 2
x+8xy+4x 0

one from each of the terms y3 and 4x° V.

their working.

For those candidates who had a spurious e at the start, they may incorporate this in their

rearrangement in which case they will have 3 terms in % and so score MO.

If they ignore it, then this mark is available for the condition as described above.

dy  2x-8xy

Ay dy  8xy-2x
dx 3y° +4x°

Al - =
dx —3y% —4x°

or exact equivalent e.g.
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(b)

M1: States or uses % = —1 which may be implied by their working e.g.
2x—8xy _ 8xy—2x 1 3y° +4x°
3y° +4x° ’ 3y° +4x° T 8xy-2x

Do not award for e.g. “Gradient =—1"

=1 etc.

MIl: Usesy=xorx=yory=x="“p” in their % sets ==x1 and attempts to solve to obtain a value for their
variable.
2x—8x 2y -8y 2p-8p°
eg 7 —l=x=., 2V 4y 22T oo
3x” +4x° 3y° +4y° 3p° +4p°

€C__ 9

Al:Forx,yor“p”=2atP
ddM1: Uses their non-zero value for x, y or “p” to obtain a value for k using the given equation of the
curve.
Depends on both previous method marks.
Al: k=36

Correct answer only with no working scores no marks.
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?\;ﬁ;ﬁg? Scheme Marks
6() (2.3.-7) BI
(0))
(b) 1 [ 4
Attempts | 2 |o| 1 =1><4+2><—1+2><8=(18) M1
2 8
2 2 2 2 2 9
Attempts a.b:‘aHb‘cosé’: 18=y1'+2 +2 x |4 +(—1) +8 cosd dM1
== Al
cos@ 3
(3)
b) Alt
®) 4 1 3
eg | -1|=]2||=%-3 M1
8 2 6
2 2
34346 =142 42 14 (<1 +8 242742 x 47+ (~1) +87cosO | am1
2
== Al
cos @ 3
(© Uses A= 6 to find length PO E.g.
PO=6i+12j+12k = PO =+/6 +12" +12° :(18) i
Or PO=6xy1'+2" +2° :(18)
2
1 ) 1 2 2
Area QPR = absinC ==5x18 x [l = =545 M1 Al
3)
(d) Attempts a correct method of finding at least one value for ¢ e.g.
2 2 2 2 2 2
(4;;) +u +(8y) —6 +12° +12
M1
"18"
=> U= = = (i)2
2 2
\/4 +(—1) +8
2 4
Attempts one correct position r=| 3 |[+2| -1 dM1
-7 8
Possible coordinates (10, 1,9) and (—6, 5,—23) Al
(&)

(10 marks)
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(a)

B1: Correct coordinates or position vector e.g. as shownorx=2,y=3,z=—7or2i+3j—7kor | 3

7
Condone (21, 3j, —7k)
(b)
1 4
MI1: Attempts | 2 [®| =1 | condoning slips. Note that any non-zero multiples of these vectors can be used.
2 8

If the method is not explicit then this mark may be implied by 2 correct components.

dM1: Full attempt at ab = ‘aHb‘cos 0 where a and b are the direction vectors or multiples of them.

Depends on the first method mark.

Note that cosf = 4-2+16 would imply both method marks.

U2 42" 4 41748

2
Al: 0==
cos 3

(b) Alternative using the cosine rule:

4 1
MI: Attempts | a| =1 |- ]| 2
8 2

dM1: Full attempt at the cosine rule using the appropriate lengths.
Depends on the first method mark.

2
Al: ==
cos@ 3

(©)
M1: Uses A= 6 to find the length of PQ. E.g. uses Pythagoras to calculate |6i+12; +12k‘ or 6‘i+ 2j+ 2k‘

If the method is not explicit then the attempt at P—Q may be implied by 2 correct components.

M1: Full attempt at %ab sinC wherea=5b= ‘TQ

and C is their 8 which may be attempted in decimals.

Their 6 or sin § must follow an attempt to use their cos 6.

162./5
3

Al: 54./5 or exact equivalent e.g.



(d)

M1: Attempts a correct method of finding at least one value for y.

Pythagoras must be used correctly and both sides of their equation must be consistent e.g.

(4u)2 —,u2 +(8,u)2 = 182 and (4y)2 +u2 +(8y)2 =18 both score M0

Must be correct work here so must be using the length of PO not OQ.

2 4
dM1: Attempts one correct position ¥=| 3|£2| -1 | Depends on the first method mark.
-7 8

Al: Gives both possible coordinates (10, 1, 9) and (—6, 5, —23)

Allow as coordinates or vectors oras x = ...,y =...,z=...
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Sombor Scheme Mok
7(a) ) ) k(9t+5)
Substitutes x =3 and =0 into x= M1
4t +3
:>3=%:>k=1.8 * Al*
()
(b) 4050 B1
Q)
(©) 3 _4 B
x(9—2x)_x 9-2x Ml
Either A—l or B—2 Al
3 3
3t 2
9x—2x"  3x 3(9-2x) Al
3
(d) 3
39:x(9—2x):> 2 = dr
dr x(9—2x)
Or
M1 Alft
dx 1 1
3—:x(9—2x):> ——dx= | =df
dr x(9—2x) 3
1 1 1 1 1
:>§lnx—§ln(9—2x)=t(+c) or §lnx—§ln(9—2x)=§t(+c)
Substitutes 1 =0,x=3=¢=0 M1
1 1 X 3
glnx—gln(9—2x)—t:[9_2xj—e ddM1
9-2x -3t 9 -3t 9
=e =>—-2=e¢ =x= — ¥ Al*
X X 2+e
6))
(e) 4500 B1
1)
(12 marks)

(a)

M1: Substitutes x = 3 and ¢ = 0 into the given equation

AT1*: Shows that k£ =1.8 (oe e.g. %) with no errors and with at least one correct line of the form ak =b

k(9x0+5)
eg 3=——=
4x0+3
Alternative by verification:

k(0+5) 5k
0+3

M1: Substitutes £ = 1.8 and ¢ = 0 into the given equation
AT1*: Shows that x = 3 with at least one correct intermediate line and a concluding statement that this is 3000

=>k=18, 3=—~=k=138, 3=?:k=1.8 all score M1A1
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Special cases:

k(9x0+5)
x=———+-=k=1.8 scores M1AO
4x0+3

2. Substitutes x = 3000 and 7 = 0 into the given equation to obtain k£ = 1800 (hence & = 1.8) scores M1A0Q

(b)

B1: 4050 cao. Allow 4.05 thousand.

()

MI1: Sets _3 = é+ B or equivalent e.g. 3= A(9—2x)+ Bx
x(9—2x) x 9-2x

A1: One correct value for ‘4’ or ‘B’ or one correct fraction.

12 . SR
—————~=_—t+—-—_——=oecezg —t—
x(9—2x) 3x 3(9-2x) X (9 2x)" 3x  27-6x

This mark is for the correct partial fractions not for the values of the constants.

Al: Correct fractions e.g.

Award once the correct fractions are seen and allow if seen in (d) if not seen here.

(d)

MI1: Attempts to separate the variables and integrate to obtain a kf term and one of ¢ In fx or yInd (9 — Zx).

Condone missing brackets e.g. In9—2x

) : A B
The In terms must come from a partial fraction of the form — or 9— 2y’
X -2x

Alft: %lnx—%ln(9—2x):t(+c) but ft on their 4 and B so award for Alnx—gln(9—2x):t(+c) oe

There is no requirement for + ¢
Brackets must be present unless they are implied by later work.

. . 1 1
Note that there are various correct alternatives here e.g. 3 In3x— 3 In (27 - 6x) = t(+ c)

M1: Sets =0 and x = 3 in an attempt to find “c” having made some attempt to integrate at least one of their
partial fractions to obtain a In term.
If this step is not attempted only the first two marks are available in this part.
They can “state” e.g. ¢ =0 or e.g. K =1 provided it follows correct work and there was a “+ ¢”.
ddM1: Dependent upon both previous Method marks.
It is for using correct work to remove the In’s having found a constant of integration.
ATl*: Correct work to reach the given answer showing all necessary steps.
The scheme shows one such way with acceptable minimal working.
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Note that some candidates may rearrange first before finding the constant of integration e.g

3%:49—%):{@@:!&

:>%1nx—%1n(9—2x)=t+c

X

1 X X 3
3 9_2x—t+c:>1n9_2x—3t+d:9_2x—l<e

t=0andx=3 =K =1

:e3t :>9eBt —2xe3t =xX=>x 2e3t +1 :9e3t
9-2x

3t

9¢ 9

N = 3
(2e +1} 2+e

In these cases, the first 2 marks are as already defined and then award M1 at the point # = 0 and x = 3 are used in
an attempt to find “c” and then ddM1 for using correct work to remove the In’s and A1* for correct work to
reach the given answer showing all necessary steps.

As in the main scheme, if there is no “+ c” then only the first 2 marks are available in (d).

=>x= *

Note that in (d) it is possible to start again e.g.

3%=x(9—2x):> S
dr x(9—2x) 3
1 A B 1 2
- = =
x(9—2x) x 9-2x 9x 9(9—2x)

etc.
(e)
B1: 4500 cao or 4.5 thousand




Number Scheme e
8(a) kY4 Bl
1)
(b) dy _ —2sin¢
dx 6-—6co0s2t MIAl
B —2sint _ —2sint ——lcosect .
6-6(1—-2sin’¢) 12sin*s 6 MEAL
“)
(©) I
=|—=-3,.2
P [2 3, J Bl
ﬁ RY/4
Eg yv-—- =76 0—[7—3J =>y=
or Ml
2(3x
ﬁ——?(T—?ﬁJ‘FC‘jC—...
SN
ity e Al
3)
(D) Attempts y2%=4cos2t(6—6coszz) M1 Al
:(2c052t+2)(6—60052t):6(2—200522tj:6(2—(1+cos4t)j dM1
3 - 3
= dar= _ Al
Volume jﬂy dtdt j67z(1 cos4t)dt
0 0
(ii) . z
{@n—%} =37 M1, Al
0
(6)
(14 marks)

(2)

B1: For 3z. Condone (37?, 0) and allow x = 37 . Remember to check the diagram as the 37 may appear there.

Do not allow decimals here.

(b)

dy dx

M1: Attempts to differentiate x(¢) and y(¢) and calculates % by using —+—

dt dt’

Condone poor differentiation but one of the terms must be of the correct form so it requires
x> a+[fcos2t or y— Asint

Al ¥

—-2sint
" dx 6-—6c0s2t

—2sint
(cos2 t —sin? t)

or equivalent e.g Y_
. . dx - 6 _ 6
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M1: Uses appropriate trigonometry to reach b _ o cosect .

Condone sign errors only with any identities that are used.
Al: b _

1
: =—— t
I = cosec

—2sint . ..
—= ——~ as long as the intention is clear.
dx  6-6(cos®—sin)

. d
You can condone poor notation along the way e.g. 4

. .2 2
An alternative for the final M1A1: ﬂ =Acosect=> A= —2sin” / —2sin"z_ 1
6—6cos2t
(©)

6—6c0s21 12sin%¢ 6

Bl: AtP, x= 3—7[ -3, y= ﬁ or exact equivalents

May be implied by being seen embedded in their tangent equation.
M1: Full method of finding the y coordinate of N
Requires:

L . . d
e substitution of # = = into their Y

a cosec ¢ to find gradient of tangent

3
e use of their 5"

3, \/Z ] (which may be inexact) in the formation of the equation of the tangent or the

substitution of these values into y = mx + ¢ with the coordinates correctly placed.
o the setting of x = 0 as well as finding the y value or rearranging to find “c”

V4 1
Al: M + £ or exact simplified equivalent. E.g. —=+—F=.
4 2 22 2
Does not need to be identified as a value for y so just look for the correct exact expression (may be ¢ = ...)

(d) (1) Note that the first 3 marks only involve the consideration of y2 d i.e. not an integral.

Condone poor notation e.g. cost’ for cos’¢ as long as it is recovered and the intention is clear.
2
MI1: Attempts y

P with their % condoning slips
Al y &

2
- 4cos’ 1(6 —6cos 2t) oe. Allow e.g. (2 Ccos t) (6 —6cos 2t) with both sets of brackets present unless
they are implied by subsequent work.

dM1: A full method to form an expression in terms of cos4t.

Condone sign errors only with any identities that are used. Depends on the first method mark.
There are many ways of achieving the result so you will need to check their work carefully.

E.g.: 4cos’ t(6—6cos 2t) =4cos’ t(lZsin2 t] = 12sin’ 2 = 6—6cos 4t

or

4cos’ t(6 —6c¢co0s Zt) =4cos’ t(12sin2 tj =48 cos2 t—48 cos4 t

2
2 L2 2 L2 4 2
cos4dt =cos 2t —sin 2t=(2c0s t—lj —4sin tcos’t=8cos t—8cos t+1

2 4
= 48cos t—48cos t:6(1—cos4t)
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T

2
Al: Volume = I 67[(1 —cos 4t)dt . All correct with correct limits and including the “d#”.
0

(d)(ii)

in 4t
M1: For J' ﬂ(l —COoS 4t) dt > {ﬁ(r - SHZ ]‘ . Allow with their £, a made up f or the letter .

2
Al: 37 following full marks in (d)(i) and correct integration and correct limits.



PMT

Pearson Education Limited. Registered company number 872828
with its registered office at 80 Strand, London, WC2R ORL, United Kingdom





