PMT

AQA Maths Pure Core 3
Mark Scheme Pack
2006-2015

PhysicsAndMathsTutor.com


Physics & Maths Tutor
Typewritten Text
AQA Maths Pure Core 3


Physics & Maths Tutor
Typewritten Text
 Mark Scheme Pack

Physics & Maths Tutor
Typewritten Text

Physics & Maths Tutor
Typewritten Text
2006-2015


marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text

marathesavita
Typewritten Text


Version 1.0: 0306

AQA/

ASSESSMENT and
QUALIFICATIONS
ALLIANCE

General Certificate of Education

Mathematics 6360

MPC3 Pure Core 3

Mark Scheme
2006 examination - January series

Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ reactions to a particular paper. Assumptions about
future mark schemes on the basis of one year’s document should be avoided; whilst the guiding
principles of assessment remain constant, details will change, depending on the content of a
particular examination paper.

Copyright © 2006 AQA and its licensors. All rights reserved.
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MPC3 — AQA GCE Mark Scheme, 2006 January series

Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method
m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation
Jor ftor F  follow through from previous
incorrect result MC mis-copy

CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of
use of this method for any marks to be awarded. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no
marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full
marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.

PMT



AQA GCE Mark Scheme, 2006 January series — MPC3

PMT

MPC3
Q Solution Marks | Total Comments
1
@) d_y =3sec’ 3x M1 for sec 3x SC/3sec’ x Bl
Al 2
Alternative
Use of product/Quotient rule ~ (M1) Good attempt
3cos® 3x + 3sin *3x
cos? 3x (AD) Correct
) (2r+1)3-2(3x+1) 6x+3-6x-2
@ =X YT _0X+5-0x— Ml use of quotient rule
dx (2x+1)’ (2x+1)’
Al
_ 1
- (2x+ 1)2 Al 3 AG (no errors)
Alternative
2(3x+1)(2x+1)" +3(2x+1)" Alternative:
. (MIAD yzé—l(2x+l)_l MIAl
- (A1) | 2 2
(2x+1) ay:(2x+l)_2 Al
1
= AG
(2x + 1)
Total 5
3
1
2 j dx
1 1+ )C3
X y
1 0.707(1)
L5 0.478(1) Bl 3 correct | SC B1 for all correct
2 0333(3) expressions but
25 0'2 45(3) Bl all correct | wrongly evaluated
3 0.189(0)
R EORSIOR - N
=XV use of Simpson’s rule
3 4(y(1.5)+ y(2.5))+2(¥(2)) P
=0.743 Al 4
Total 4




MPC3 — AQA GCE Mark Scheme, 2006 January series

MPC3 (cont
Q Solution Marks | Total Comments
1 v_dy_ 3
3@)d | f _a_4x +2 B1 1
3
X +2x
4
:lln(x4 +2x) (+¢) Ml For kln(x +2x)
2 Al 2 By substitution klnu M1
correct Al
(b)) | u=2x+1
du=2dx Bl
jxx/2x+1 dx =
j(u_l)ﬁd—u M1 Must be in terms of u only incl. du
2 2
1 31
:Zj (uz —uzjdu Al 3 AG
(ii) J.:dxz 19du B1 Or changing u's to x's at end
5 3
IJ-M% u%—l u? u? M1
n S T4l s 3 Al
4 I
N

(2,5 2,3 2 2
=—[1—=(9)2 —=(9)? |-| =——=

sl -300 (53]

1 - Sight of any of
=Z[79'2+0'26] > these 3 lines
=19.86

J
=199 Al 4 AG
Total 10

PMT



AQA GCE Mark Scheme, 2006 January series — MPC3

PMT

MPC3 (cont
Q Solution Marks | Total Comments
4(a) | 2cosec’x =5(1-cotx)
2+2cot’ x=5-5cotx Ml use of cosec’x =1+ cot” x
2cot’ x+5cotx—3=0 Al 2 AG
(b) | (2cotx—1)(cotx+3)=0 Ml or 2+5t—3t>=0 Orin tanx
2-01+31)=0
cotx =l,—3
2
tanx=2,-3 Al 2 | AG
(¢ | x=11,-2.0 Bl Any 2 correct | In degrees: BO
AWRT B1
x=-03, 2.8 Bl 3 Any 3 correct Bl
4 correct B2
Total 7
5() | a=-8 Bl
e* ~9=0 Mi
er —
2x=In9
x=1In3 Al 3 AG Condone verification
2
(b) (ezx —9) =e* —18e%" +81 Bl 1 AG
(© | V=nfy(dv) Bl
=(m)[e* —18¢™ +81 dr Ml
4y In3 Ml 137 or 2™ term correct
=(n) S g +81x} Al All correct
4 0
[( 81 ml Attempt at limits with In3
= (m)| | =~ 9" 4 8113 [~[ L9
4 4
=n[81In3-52] Al 6
(d) k
Ml Modulus graph
il N ——-.___‘H\
\\ ‘,-"{ AlF 2 All correct
- |
' b, In3
-a
Total 12




MPC3 — AQA GCE Mark Scheme, 2006 January series

MPC3 (cont)

Q Solution Marks | Total Comments
6(a) | £(0.5)=-0.875 M1
f (1) =2
Change of sign .". root Al 2
(b) | ¥’ +4x-3=0
dx=3-x Bl 1
3= x
4 AG
©@) | x,=0.5 M1
x,=0.71875 0.72 AWRT Al
x;, =0.66 Al 3
(i) 7
ﬁ.\_‘ -
_},/ M1 For cobweb, x, to curve
Al For x,
4 -HH""\._\H Al 3 All correct
/ e
/o
'y X
Total 9
Or for —land 1
7(a) (1, gj OE in decimals Bl
s
-1, -=
( 5 j Bl 2
(b)
M1 Translation in + ve x direction
Ml Correct shape
= = o -
(} I 2
Al 3 Correct Graph
Through (1,0) touching y — axis
Total 5

PMT



AQA GCE Mark Scheme, 2006 January series — MPC3

PMT

MPC3 (cont
Q Solution Marks | Total Comments
8(a) | (Rangeof f) =0 Bl 1
. 1 OE
b)( = B1 1 . ..
(b)) fg(x) (x+2)2 Maybe in part (ii)
(i) 1 4
(x+2)
Or
Ml 4(x+2)°=1
(x+2)2 == (x+2)
=(+)—
x+2=(2) Ml (2x+5)(2x+3)=0
5 3
Ty ALAL| 4
27 2
(¢)(i) | Not one to one El 1 OE
=
(i) - y+2 M1 XSy
y+2=— M1 Attempt to isolate
1 1-2x
=—-2
el (122) wl
Total 10




MPC3 — AQA GCE Mark Scheme, 2006 January series

MPC3 (cont
Q Solution Marks | Total Comments
9@ | y=x"Inx
dy _ 21 , 3
dr * Y 2x " Inx Ml Use of product or quotient
Al Al each term
1-21 . N
= x3nx Al 4 Convincing argument x 2 x; =x
AG
(b) J' lnx dx u=Inx dv=x2 M1 Attempt at integration by parts
1 -1
du=— v=—x
¥ Al
S 2 dx
j— - nx+ .[x Al
1
©G) | aca, Lo
dx
1-2Inx=0
Inx=— M1 Attempt atInx =k
1
x=¢? Al 2
1 : IPNE
(ii) R:[——(lnxﬂ)} Mi R=| Their(b) |
X 1
1
=—§(ln5+1)+(ln1+1) Al OF
] 4—In5
N g( ~In5) Al 3 convincing argument; AG
Total 13
TOTAL 75
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General Certificate of Education

Mathematics 6360
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Mark Scheme
2006 examination - June series

Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ reactions to a particular paper. Assumptions about
future mark schemes on the basis of one year’s document should be avoided; whilst the guiding
principles of assessment remain constant, details will change, depending on the content of a
particular examination paper.

Copyright ©2006 AQA and its licensors. All rights reserved.
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MPC3 — AQA GCE Mark Scheme, 2006 June series

Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method
m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation
Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of
use of this method for any marks to be awarded. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no
marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full
marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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AQA GCE Mark Scheme, 2006 June series — MPC3

PMT

MPC3
Q Solution Marks | Total Comments
1@) | f(2)=-1
f(2 1) 40161 M1 both attempted
change of sign .. 2 < @ < 2.1 Al 2
M| ¥-x-7=0
¥=x+7
x=3/x+7 Bl 1 AG
©| =2 Ml
x,=2.0801... Al AWRT 2.08
x;=2.0862... AWRT 2.09
x,=2.09 Al 3
Total 6
2a) | y=(3x-1)"
d_y =10 (3x—1)9><3 M1 Al 2 M1 for a(3x71)9 where a = constant
dx
=30 (3x-1)
(b) jx(2x + 1)8 dx
u=2x+1
du=2dx B1 OE
u—1\ g du
,[ z_[ b u 3 M1 all in terms of u. Condone omission of du
o g
—Zju —u" du
1 u o u'" N u’
"0 9 Bl P07 %%
(2x+1)"° (2x+1)°
= — (+¢) Al 4 OE; CAO
40 36 SC: correct answer, no working/parts
in x (B1)
Total 6




MPC3 — AQA GCE Mark Scheme, 2006 June series

MPC3 (cont
Q Solution Marks | Total Comments
3(a) | secx =5
cosx=0.2 M1
x=1.37, 491 AWRT AlA1 3
(b) | tan® x=3sec x + 9
sec’x—1=3secx+9 Ml for using sec’x =1+ tan® x OE
sec? x—3secx—10=0 Al 2 AG
(©) (secxf 5)(sec X+ 2) =0 Ml or use of formula (attempt)
secx=5,-2 Al
cosx=0.2,-0.5
x=1.37, 491 BIF any 2 correct or ft their 2 answers in (a)
2.09, 4.19 Al 4 all 4 correct, no extras
Total 9
4(a)(i) | , 74
4k po= 21— .-"l Bl 1 y =\|Xx
@ N - / i
=l h / i Ml 2 branches mod graph x>0 for y=0
\ Al 2 for 2, 4
0z
b)) | x=2x-4,x=4 Bl
—x=2x—-4 M1
4
r= 3 Al 3 OE one value only
Alternative:
X' = (2x - 4)2 M1
4
x=4,— AlAl
3
o | 4 4 . .
()| —<x<4 Ml 5,4 (ft)ldentlﬁed as extremes
Al 2 CAO
Total 8
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AQA GCE Mark Scheme, 2006 June series — MPC3

PMT

MPC3 (cont)
Q Solution Marks | Total Comments
5a) | y=e™—10e"+12x
M | Yoo _10e7 +12 Bl 2¢*
dx B1 2 remaining terms correct, no extras
i d2.y 2x X
() | —— =4 -10e BIF 1| ftLslip
(b)) | 2¢* -10e* +12=0
e 5e 1 6=0 B1 1 AG (be convinced)
() | z2-5z+6=0 Ml use of z=¢* oe
z=2,3
z=2, e* =2 Ml finding e* = their2,3
x=In2
z=3,¢e" =3
x=In3 Al 3 all correct AG
SC: verification
In2 (B1)
In3 (B1)
(iii) | x=In2:
y= e _10eM +121n2 M1 either substitution of their x = In2
or2> —10x2+121n2 (e =2) or theirx =In3 (e* =3)
=4-20+121In2
=-16+12 In2 Al
x=In3:
y=e?"-10e" +12In3
= 9-30+12In3
= —21+12In3 Al 3
(iv) | x=In2:
dz)’ 1 I
e =4e™™ —10e"™ M1 use of; in either of their e* =2,3 into
2
their K);
=16-20=-4
. maximum Al CSO
x=1In3:
2
?bc_)z/ —4e? _10e™
=36-30=6
. minimum Al 3 CSO
Total 13




MPC3 — AQA GCE Mark Scheme, 2006 June series

MPC3 (cont
Q Solution Marks | Total Comments
6(a) .‘.Jlnx=1(1n1.5+ln2.5+ln3.5+ln4.5) M1 use of 1.5, 2.5,... ; 3 or 4 correct x values
Al AWFW 4t04.2
=4.08 Al 3 CAO
(b)) | y=xInx
dy 1 Ml use of product rule (only differentiating, 2
Fm :xx; +Inx terms with + sign)
=Inx+1 Al 2
(i) J.(lnx+1)dx:xlnx M1 OE; attempt at parts with 1 =Inx
Ilnxdxlenx—x(+c) Al 2
see 5
(iif) Ilnx dx = [xlnx—x]?
1
= (5 In5-— 5) — (1 Inl— 1) M1 correct substitution of limits into their (ii)
provided Inx is involved
5In5-4 Al 2 ISW
Total 9
@) | ,_ Sinx
cosx
dz cosxcosx —sinx(—sinx) Ml , +cos” x £sin’ x
—= 5 Al use of quotient rule | ————
dx cos” x cos” x
1
cos® x
=sec’ x Al 3 AG (be convinced)
(b) II |
|II | Mil correct shape including asymptotic
|'I behaviour and symmetrical about x =0
\
\ and y>0
|1 Al o) use of 1
{ B i (%)
(| -1)
V=(k)|sec’xdx
@ | V=] i
], A
=4.89 Al 3 CAO
Total 8

PMT



AQA GCE Mark Scheme, 2006 June series — MPC3

PMT

MPC3 (cont
Q Solution Marks | Total Comments
8(a) f(x)=263x -1
Range: f(x) >—1(or y>—lorf>-1) M1 for —1 only
Al 2 exactly correct
(b) | y=2e"-1
x=2e" -1 M1 Xy
2e=x+1
3y x+1 Ml attempt to isolate
el =—
2
1 x+1
y =§1n ) Al 3 all correct with no error AG (be
convinced)
M1 for differentiation of In; ————
© f'il(x):l (i}(l OE their (x £1)
3\ \x+1) 2 Al for L
2
Al all correct
x=0
frfl _ 1
®=3 Al 4 | CSO
Alternative
£ (x) =2l (x+1) - S1n2 MIAL
3 3
£ (x) =
3(x+1) Al
1
r—1
£7(0)=3 Al Cso
Total 9




MPC3 — AQA GCE Mark Scheme, 2006 June series

MPC3 (cont)

Q Solution Marks | Total Comments
1 T
9@) | x== == (or1.57,sin'1 Bl 1 ignore 90°
; =5 | ) :
(b)(i) | y=sin"'2x
siny =2x and
1.
SSmy=x Bl 1 AG (be convinced)
o ode
(ii) | —=—cos
o 2 0 Bl 1
2
©| Y- M1Al M for —~
dx cosy cos y
siny = 2x and sin’+cos’ =1 MI use of to get cos y or cos’ y
cos y =+/1—4x?
dy 2
de |_ 42 Al 4 AG; condone omission of proof of sign
Total 7
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year's document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.

Further copies of this Mark Scheme are available to download from the AQA Website: www.aqga.org.uk

Copyright © 2007 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

centres to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX Dr Michael Cresswell Director General
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MPC3 - AQA GCE Mark Scheme 2007 January series

Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jor ftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use of this
method for any marks to be awarded. However, there are situations in some units where part marks would be
appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to these and
details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the correct
answer can be obtained by using an incorrect method, we must award full marks. However, the obvious penalty to
candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly, the correct
answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark

scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.

Jan 07
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MPC3 - AQA GCE Mark Scheme 2007 January series

MPC3
Q Solution Marks | Total Comments
1| x=15,25,35,45 Ml Method
Al x values
»,=0.7115 0.712
v,=0.5218 0.522 AWRT
vy, =0.4439 0.444 W Al 3 correct y’s
v,=0.3993 0.399
A=1x (yl tVt s +y4)
= 2.08 Al 4
Total 4
2 | Stretch (I)
Ml For I+ (Il or III
SF % (I or I+ (ILor It
Parallel to x — axis (III) Al All correct
Translate El Allow translation
(0) B1 4 Correct vector or description
1
Total 4
3(a) f(x)§3 MI1Al 2 Ml forf<3,x <3
Condone y, f, range
| 2
y =
x+1
Ml Attempt to obtain x as a function of y or
x+1=— .
y y as a function of x
2 | Ml x<>y atany stage
X=—-
y
4 2 2—x Al 3 Any correct form
Ve () ==-1=
X X
(i) ( g (x)) #—1 Bl 1
i Ml
OO | o2
3—x"+1
_ 2 2 Al 2
4-x* (2—x)(2+x)
(i) | (xeR), x#+2, x#-2 Bl 1 Condone omit ‘x is real” Allow x* # 4
Total 9

PMT



MPC3 - AQA GCE Mark Scheme 2007 January series

MPC3 (cont)

Q Solution Marks | Total Comments
4(a) J.xsinxdx u=x
ﬂzsin X Ml For differentiating one term and
dx integrating other
du
—=1 v=-cosx
dx
J' = — X COSX— J' —¢os x(dx) ml For correctly substituting their terms into
parts formula
Al
=—xcosx+sinx (+c) Al 4 CSO
() | u=x>+5
du =2xdx
1
|1 MI jkuz (du) condone omission of du
— | —4,2
[=] 5w (du) but MO if dx
Al 1
k=— OE
2
1
% Ft jkuzdu
1 INNA
2% (¥+5) (o) Al 4 | cso
SC % (x*+5) with no working B3
©| y=x°-9
x =y+9
V—nJ.x *dy Bl Must have © and x°, condone omission
of dy, but BO if dx
=n[(y+9)dy
2 2 272
+9
= (n){y? +9y} or (n){(y 5 ) } Ml j "their x*"dy integrated T not
! ! Limits 2 and 1 substituted in [ necessary
correct order including — sign
=(n)[20—9%] ml
—10lx Al 4 CSO
Total 12

PMT
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MPC3 (cont)

Q Solution Marks | Total Comments
S(a)(@) 2(cosec2x — 1) + 5 cosecx=10 Ml
2cosec’x —2+5cosecx—10=0
2 cosec’x +5 cosec x—12 =0 Al 2 AG
(i) | (2cosecx—3)(cosecx+4)=0 M1 Attempt to solve
Al Condone answers with no method shown

. 2 1
sinx= 3 or—z Al 3 AG
(b) (0 - 0,1) =0.73,2.41, —0.25,—2.89 B1 2 correct values, may be implied later
AWRT (41.8,138.2,-165.5,-14.5)
6 =0.83,2.51, —0.15, —2.79 AWRT B1 2 correct answers
Bl 3 + 2 correct answers and no extra within
range
Total 8

6(2)(1) y=(4x2 +3x+ 2)10

d 9
Ey =10 (4x*+3x+2) (8x+3) MI For f(x)( )" where f(x)# k and is linear
Al 2
(i) | y=x"tanx Ml Product rule
Al 2
d—yzxzsec2x+ 2xtan x
(b)) | x=2y°+Iny
B1 1
dy y
(i) | At (2,1)
Ml
dr_ 6+1=7
dy
dy 1 A1V May be implied
dx 7
1 Al 3 OE
(r-1)=2x-2)
Total 8




MPC3 - AQA GCE Mark Scheme 2007 January series

MPC3 (cont)

Q Solution Marks | Total Comments
7(a) § Bl 1
(b) |
Ml Shape inverted V in all four quadrants
Al Symmetrical about y axis
Al 3 Coordinates
©
Ml Attempt to solve
Al
Al 3 And no others
(d) M1 Either correct
Al 2 Other solution and no extras
SC 4<x< % B1
Total 9
8(a) | 4(-1,m) Bl
T
B(Oagj Bl 2
(b) | cos™ x—3x-1=0
£(0.1)=0.17 allow 0.2, 0.1 Ml Or comparing ‘sides’
f(0.2)=— 0.23 allow —0.2
Change of sign.". root Al 2
© | x=0.1 Ml
x,=0.1569=0.157 Al
x, =0.1378 =0.138
x,= 0.144 Al 3
Total 7
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MPC3 (cont)

Q Solution Marks | Total Comments
9@ | [(4-™)x
Bl 4
—gx— Lo (+¢) xl
2 Bl 2 4 er
2
(ii) ) In2
[ ]
0 2 o
—l 42— 1 e2in2 | _ (0)- 1_( CO) M1 Substitute both In 2 and 0 correctly into
2 an integrated expression
Ao 24 1 Convincing
2
=41n2 — 3 Al 2 AG
2
(b)@) | x=0
y=4-1=3 Bl 1
(i) | At B, y=0
4_e¥=0 Ml Or reverse argument
2x __
e =
x=1In2 Al 2 AG
(c) d_y_ 2 2x
dr Bl
x=In2, Gradient =—2¢*"* Ml x=In2 into ke*
=-8
. 1 1
Gradient normal = 3 = pyers Al OE
e
Equation yzéx—%an Al 4 OE
(d) | When x=0
1 Ml Attempt to integrate their line and
y= —gln 2 substitute x =0, In2
Area A = %(ln 2)2 condone — ve sign Al %(theiry) xIn2
=0.03
3 1 2
Total area =41n2—5+g(1n2) =1.30 Al 3 CSO
AWRT
Total 14
Total 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year's document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.

Further copies of this Mark Scheme are available to download from the AQA Website: www.aqga.org.uk

Copyright © 2007 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

centres to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX Dr Michael Cresswell Director General
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jor ftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use of this
method for any marks to be awarded. However, there are situations in some units where part marks would be
appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to these and
details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the correct
answer can be obtained by using an incorrect method, we must award full marks. However, the obvious penalty to
candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly, the correct
answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark

scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.

June 07
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MPC3
Q Solution Marks | Total Comments
1(a) | y=Inx penalise + ¢ once on 1(a) or 2(a)
y_1 BI i
dx x
() | y=(x+1)Inx
dy 1 Ml product rule
——(x+1)><;+lnx Al 5
(© | y=(x+1)Inx
Y _1 +1+Inx
X
. . . dy
o dy Ml substitute x = 1 into their —
x=1: =—=1+1=2 dx
dx
Grad normal _ 1 Ml use of mym, =—1
2 Al CSO
1
y= 75( x—1) Al 4 OE
Total 7
2(a) | 4(x- 1)3 or in expanded form Bl allow —4(1— x)3
4
- 3 2
®) | V=4 @] (x-1)'dx Ml (m) [ y* dx
2
(1) 4 Ml k(x—1)* (m) or in expanded form
=
= \4\7t|: X% } ml correct substitution of limits into
2 k (x - 1)4
=n(81-1)=80x Al 4 | CAO
(c) | Translate El
1
0 Bl OE
Stretch (I)  SF 2 (II) Ml for I and (I or IIT)
// y axis (III) Al 4 for I and II and III
Total 9
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MPC3 (cont)

Q Solution Marks | Total Comments
3(a) | cosec x =2
. 1 Ml 30° scores M1 implied
=sinx= 5
x =30, 150 Al 2 and no extras in range
(b)) | 1 Bl 1
(i) | !
| i M1 all positive, 2 U shapes
E ' Al 2 minima consistent > 0, not intersecting
: : with each other or y-axis
1 : |
nd ; :
{l 18100 ]
(¢) | x=30,150,210, 330 BIF 3 correct values from their (a),
which must be 6,180—6
Bl 2 all correct and no extras in range
Total 7
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MPC3 (cont)
Q Solution Marks | Total Comments
4(a) y
Yo ! 3 Bl x values PI
X, 1.25 3.948(2)
X, 15 5.196(2) Bl (4 +) y values correct
X, 1.75 6.838(5)
X, 2 9
A =%x%(3 +4x3.9482+2x%5.1962
+4x6.8385+9) MI Simpson’s rule
=5.46 Al 4 CAO
(b)) | f(x)=3"-x-3
£(0.5)=-1.77 _
change of sign .". root MI1A1 2
£(1.5)=0.696
(i) | 3*=x+3
In3* =In (x n 3) M1 correct use of logs
xIn3=In(x+3)
1
x= @ Al 2 correct with no mistakes; AG
n
(iii) | x, =0.5
(x,=1.14) Ml
x3=129=13 Al 2 CAO
(>iv) / =5
Fa
& — In |_l__ .
d__,—fu‘}! - ) Ml staircase
#T | /f' Al 2 X,, x; correct and labelled on x-axis
 J— JI_ __'l..__ — —
Total 12
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MPC3 (cont)
Q Solution Marks | Total Comments
3@) | f(x)20 allow y >0 Ml >0 or £>0 or 20
Al 2
. 1
(b)() -2 Bl 1
X
(i) | ——2=1 Ml squaring their (b)(i) in an equation
X
1 =3 OE Al
X
1
x= 3 Al 3 CSO
© | y=vx-2
Yy =x-2 M1 attempt to isolate; condone 1 slip
X =y-2 Ml reverse X<y
y=x"+2 Al 3
Total 9
6(a) | [xe*dx
u=x dv=e" M1 integrate one term, differentiate one term
du=1 v= lesx Al
5
1 1
j.——xeSX—J‘—esrdx Al
5 5
1 5x 1 5x
=—xe™ ——e™ (+¢) Al 4
5 5
b 1
O |, _
1 1
du=—x 2 dx Ml
2
1
Iz j x 2du Al 2 correct with no errors; AG
I+u
9 T2 t limits used i t i
(ii) J‘ di = J‘ du ml correct limits used in correct expression,
1 1+ ignoring k
=[2ln(1+u)] M1 for kln(1+u)
=2In4-2In2 Al 3 ISW OE
(=1n4)
Total 9
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MPC3 (cont)

Q Solution Marks | Total Comments
7@y | v=(x"-3)e"
dy (2 x x Mi product rule
a—(x —3)e +2xe Al )
2
. dy = ( X2 — 3)ex +2xe +2xe* +2e” Ml product rule from their (4
(ii) 2 dx
Al 2
dy
b)i) | —=0
(b)(®) &
2
:ex(x +2x—3)=0 Ml e* f(x)=0 from%=0
e’ (x+3)(x-1)=0 ml attempt at factorising or use of formula
Sx=-3,1 Al first correct solution
Al 4 second correct solution, and no others
SC No working shown:
x=-3 B2, x=1 B2
(i) | x=-3y"=—-4e"max (-0.2) M1 Condone slip
x=1 y"=4e" min (10.9) Al 2
Total 10
8(a) | tanx (+¢) B1 1
cosx
)| f (x) =—
sin x
.2 2
, —sin” x —cos” x 4 oin? x4 onc’
f (x) = MI1 quotient rule — S X > cos X
sin” x Al sin? x
-1 .2 2
== Al use of sin“ x + cos” x =1
sin” x
— _cosecx Al 4 AG CSO
Special cases
t
1
— 2 J—
f'(x): Ix—cosec 1)2c cotx x 0 M1
=—cosec’ x Al (max 2/4)
Or
f(x) = !
tan x
2
f'(x): tanx x 0 21><sec X M1 Al
tan” x
- sec? x
tan? x
= ._21 = —cosec? Al (max 3/4)
sin” x

PMT
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MPC3 (cont)
Q Solution Marks | Total Comments
(¢) | LHS = tan” x + cot” x + 2 tan x cot x M1 expanding
=tan’ x+1+cot’ x +1 M1 correct use of trig identities
=sec? x + cosecx Al 3 CSO
=RHS
2 2 2 Sy
(d) j.(tanx +cotx) dx= Jsec x +cosec” xdx Ml use of identity
1 M1 + tanx * cotx OE
=[tanx — cot x]
05 Al
=0.9153--1.2842
=22 Al 4 AWRT
Total 12
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year's document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.

Further copies of this Mark Scheme are available to download from the AQA Website: www.aqa.org.uk

Copyright © 2008 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

centres to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX Dr Michael Cresswell Director General
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Key to mark scheme and abbreviations used in marking

M
m or dM
A
B
E

Jorftor F

CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—X EE
NMS
Pl

SCA

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy

mark isindependent of M or m marks and is for method and accuracy

mark isfor explanation

follow through from previous

incorrect result

correct answer only

correct solution only
anything which falls within
anything which roundsto
any correct form

answer given

specia case

or equivalent

2 or 1 (or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied

substantially correct approach

No Method Shown

Where the question specifically requires a particular method to be used, we must usualy see evidence of use of this
method for any marks to be awarded. However, there are situations in some units where part marks would be appropriate,
particularly when similar techniques are involved. Your Principal Examiner will aert you to these and details will be

provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the correct answer can
be obtained by using an incorrect method, we must award full marks. However, the obvious penalty to candidates
showing no working is that incorrect answers, however close, earn no marks.

MC
MR

ISW
FIW
BOD
WR
FB
NOS

dp

mis-copy

mis-read

required accuracy
further work

ignore subsegquent work
from incorrect work
given benefit of doubt
work replaced by candidate
formulae book

not on scheme

graph

candidate

significant figure(s)
decimal place(s)

Where a question asks the candidate to state or write down aresult, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably alow the solution of the question directly, the correct
answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark

scheme, when it gains no marks.

Otherwise we requir e evidence of a correct method for any marksto be awarded.
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MPC3
Q Solution Marks | Total Comments
1@)() | y=(2¢¢ -5x+1)"
. 19
Y _20(2x —5x+1)° (4x—-5) OF M1 chainrule 20( )" f (x)
dx Al 2 with no further incorrect working
(i) | Y= XxcosX
Y enx+cosx M1 product rule +xsin x + cosx
ax B Al 2 CSO
X3
b =
)| y=2—
2 _ 3 . tvu'tuv'
dy (x-2)3x" —x’x1 M1 quotient rule ————
dx (x—2)° (x—2)
Al condone missing brackets
3 -6x° - x°
(x=2)°
22X (x—3)
(X— 2)2 Al 3 CSO
Total 7
2(a) | cotx=2=tanx=0.5 M1
x=0.46, 3.61 Al 2 AWRT; no others within range
(b) cosec?x = ?’CLZXH"
2(1+ cot? X) =3cot x+ 4 M1 Correct use of cosec® x =1+ cot® x
(2cot? x—3cot x+2—-4=0)
2cot? X—3cotx—2=0 Al 2 AG,; correct with no dlipsfrom line
with no fractions
(¢) | (2cotx+1)(cotx—2)(=0) M1 Attempt to solve
cotX= —1, 2 Al
2
tanx=-2, 0.5
x=0.46, 3.61, 2.03,5.18 Bl 2 correct Allow 3.6(0)
Bl 4 4 correct (with no extrasin range) AWRT
SC Degrees
26.57, 206.57
B1 for 2 correct
116.57, 296.57
Total 8
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MPC3 (cont)
Q Solution Marks | Total Comments
1
3(8) | x+(@1+3%%=0
f (-0.32)= 0.1
M1 AWRT:; alow + ve, —ve
f (-0.33)=-0.01
Change of sign.. —0.33< x<-0.32 Al 2
1
(b) x=—(1+ 3x)*
x* =1+ 3x M1 Attempt to isolate x*
x' =1
= Al 2 AG
3
© | x=-03
(x,=—0331) AWRT M1
(x,=-0329) AWRT Al
X, = —0.329 Al 3
Total 7
4(a) | al (real) values Bl 1 No x in answer, unlessf (x)
3
O)0) fg(x){—1 ] B | 1 |isw
X—3
) 1Y
I — | =64
i (155)
1
_— =4 M1 =
X—3
1
X—3== M1 Invert
4
1
x=3, Al 3
. 1
c)(i =
©0) | y=——
1
X= yT M1 Swap x andy
x(y-3)=1
Xy —3x=1 M1 attempt to isolate
:1+3X:g*1(x) or =+3 Al 3
X X
(i) | (real values) (g™ (x))=3 B1

Total
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MPC3 (cont)
Q Solution Marks| Total Comments
5(@)(i) | y=2x*-8x+3
(Q =j 4x -8 B1 1
dx
ii dx
(i) j 2x —-8x+3
=£[In‘2x2—8x+3ue M1A1 leorkln(2x2-8x+3);allowklnu
4 4
1 Correct substitution into
=—[In27-In3 .
4[n n3| m1l kin (2x* —8x+3)or 3, 27intokInu
:lln9
4
:1|n3 Al 4
2
(b) J‘x«/(3x—1) dx
u=3x—-1 du=3dx Bl OE
1 3 1
J‘ =(§jj[u2 +u2}(du) M1 I 2 termsin u with rational indices
S 8 AlF Must be 2 terms with correct indices
_(1 £+£(+c) u-1
\9)| 5 3 (onlyft for x :Tj
2 2
2 52 3
=—(3x-D)2+—@Bx-1? +c Al 4 CSO OE
45 27
Total 9
6(2)
_l,
M1 Correct shape
L= Al 2 |Vertex
e ;
2
(b) X y
0.15 6.692 M1 Correct x values
0.25 4.042 Bl > 3 correct y values
0.35 2.916
0.45 2.299
f =01x>y (> y=15.949) B1 correct h used correctly
=1.59 Al 4
Total 6
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MPC3 (cont)
Q Solution Marks | Total Comments
7(a) | Stretch (1)
1
SoaJefactorE (1) M1 I+ (Il orll)
paralel to x-axis (111) Al All correct
(Or scale factor 4 parallél to y-axis)
Trandation M1
0 OE
_5 Al 4
Alternatives
0
trandae | s |, stretch sf 4 | y-axis Mark trandation first. Mark stretch as
4 above, but relative to their trandation.
0
translale[ SJ’ stretch sf %H X-axis
M1 Modulus graph symmetrical about y-axis
¥
5 Al 5 i V5
0) \/ i |eft of > and right of
\’{ Al 3 (O, 5), cusps drawn and no straight lines
(- /j_ ) (/i_ ) A between cusps
2 b
(©)() | 4x* —-5=4
4x* =9
3
X=t— OE Bl
2
4% —5=—4 M1 16x* —40x* +9=0
4x% =1
X= il Al 3
2
(i X< —g, X zg B1F 2 correct statements
1 1
> <X, X< > B1F 2 4 correct statements
SC c(ii)
1 mark penalty for strict inequalities
Total 12

PMT



MPC3 - AQA GCE Mark Scheme 2008 January series

MPC3 (cont)
Q Solution Marks | Total Comments
8(a) e*=3
-2x=In3 M1
X :—% In3 Al 2 OEISW
(b) [xe? ax
u=x a_ e
dx
du 1 ., . . . .
p™ = =— > € M1 differentiating and integrating
X
I S R ml correct subs of their valuesinto parts
I =TS +I§e (ax) formula
Al
=—= xe* —%e‘zx +C Al 4 No further incorrect working
(©)() y=€2 +6x
dy —2X _2x
—=-267+6=0 M1 ke +6=0
dx
dy —2X
= =0=>-2(e™ -3)=0
dx
1
x=-=In3 Al OE
2
1
y=3+ 6(—Eln3] M1 Correct substitute of their valid x
=3-3In3 Al 4 OE ISW
N d? s
(i) o 4e” {: 12 M1 Other methods need justification
0 _d?
g Allow error in 3 Z or x-value, but not
X
both
S, minimum Al 2
1 @ 2
(iii) (V)=n[y?dx=(x) [ (™ 6x) (dx) M1 Either
0 (0)
(@]
=(m) I (e +12xe™ +36X°) dx B1 Correct expansion
(0
1 4 o o , (1) Al 3 correct terms; ‘—6','—3' correct or
:(n){—ze —6xe -3 +12x } 12 x their (b)
(0 Al All correct
—al[-Le* _ge? +12j—(—1— j
4 4
=n 151 —9%e? — le‘4
4 4
=441 Bl 5 AWRT
Total 17
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year's document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.

Further copies of this Mark Scheme are available to download from the AQA Website: www.aqa.org.uk

Copyright © 2008 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

centres to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX Dr Michael Cresswell Director General
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark isindependent of M or m marks and is for method and accuracy
E mark isfor explanation

Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which roundsto ISW ignore subseguent work
ACF any correct form FIwW from incorrect work
AG answer given BOD given benefit of doubt
SC specia case WR work replaced by candidate
OE or equivalent FB formulae book
A21 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown C candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded. However, there are situations in
some units where part marks would be appropriate, particularly when similar techniques are
involved. Your Principal Examiner will alert you to these and details will be provided on the
mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely
that the correct answer can be obtained by using an incorrect method, we must award full
marks. However, the obvious penalty to candidates showing no working is that incorrect
answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown
for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unlessit is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise werequire evidence of a correct method for any marksto be awarded.
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MPC3
Q Solution Marks| Total Comments
dy _ s s
1(a) &—5(3x+1) X3 M1 K(3x+1)
— 15(3x+1)* Al 2 with no further errors (w.n.f.e)
(b) 7 __3 M1 K
dx 3x+1 3x+1
Al 2 w.n.f.e
dy
C ]
(©) ™
5 sl M1 product rule uv' +u'v (from (a) and (b))
(3x+1)" % Lt In(3x+1)x15(3x+1) Al aither term correct
Al 3 CSO with no further errors
=(3x+1)"[3+15In(3x+1) |
=3(3x+1)* [1+5In(3x+1) ]
Total 7
2(a) | x= cos‘l% M1 PI
=1.23,5.05 (0.39x, 1.61r) Al1A1l 3 AWRT (-1 for each error in range)
SC 70.53, 289.47 Bl
(b) | sec? x—1=2secx+2 M1 use of sec’ x=1+tan’ x
sec® Xx—2secx—3=0 Al 2 AG; CSO
(c) | sec® x—2secx—3=0
(secx—3)(secx+1)=0 M1 attempt to solve
cosx:% or -1 o.e Al
x=1.23, 5.05, B1f (2 answersin range from (a)) AWRT
3.14 (n) B1 4 all correct and no extrasin range
SC 70.53, 289.47, 180 B1
Total 9

(Extra +c penalised once throughout paper)
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MPC3 (cont)
Q Solution Marks| Total Comments
dy - M1 product rule kxsin2x+ cos2x
3a) dx X2Sin2X+CoS2X Al 2 no further incorrect working
(b)(i) | —2arsin2c +cos2ac =0 M1 replacing x = o and writing equation

equal to zero (at any line)

2SN 20c=cos2¢¢| .
either

2cctan20c=1
2otan20c—1=0 Al 2 AG; CSO
iy | [04)=02 awrt o.e M1 0.9 bstantiated MO
(i) f(0.5)=-06 €. (0.9's unsubstantiated scores M0)
Changeof sign .. 0.4<a<0.5 Al 2
(iii) | 2xtan2x=1
tan 2x:i
X peither
2x=tan™ (—J
2X
1 1
Xx==tan™ [—) B1 1 AG; CSO
2 2X
(iv) | x =04
X, = 0.4480... M1 X, =257
X3 = 0.4200...
=042 Al 2
(c) | y= xcos2x
u=x tu=1 differentiate one term .
sin2x M1 _ must be ksin2x
dv=cos2x v= integrate one term
ml correct substitution of their valuesinto

parts formulausing u = x

XSin2x sin2x
R g
in 2 2 (0.5)
=[xsm X, cos x} AL
2 4 o
_ sin1+ cosl) (cosO ml correctly substituting values from
4 4 4 previous 2 method marks
=0.0954 Al 5 AWRT
Total 14
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MPC3 (cont)
Q Solution Marks| Total Comments
4a) | f(x)=0 B1 1 |alowf>0y2>0 >0
1
b)(i =
0)) | y=5—
_L M1 d
2y-3 swap xand y
X(2y-3)=1
2xy—3x=1
2xy =1+ 3x M1 attempt to isolate
_ 13X =g~ (x) o.e Al 3 |wnfe
2X
(i) | (g7(x))# BL | 1
2
1
C =9 Bl
© (ZX—:J
square root and invert (condone missing
*)
ox_3=+1 M1 alternative: attempt to solve a
-3 quadratic that comes from
4x2—12+9:é 0.e.
x:§,il o.e Al 3
33
Total 8
Alternative

4(b)(i)

> b2l 5 [dvide ntol - y
1.3 ——
27*5****y

1+3

y

M1
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MPC3 (cont)
Q Solution Marks| Total Comments
5(@)(i)
Bl shape
Bl 2 coordinates
(a,0) x
(i) V4
(a,0) x
Bl shape
(0,-25) Bl 2 coordinates
(b)(i) | Trandation M1 OR
| stretch M1 |+
(I or I11)
_ Il SF4
0 Al [l 7 y-axis Al
(I + 1 +111)
Stretch | M1 I+(1or ) Trandation M1
SF 4 I
7 y-axis I -1 Al
Al I+ 11+ 111 {_2} B1
_ 0
Tranglation [ 2} Bl both
All correct and no mistakes on order etc Al 6 All correct Al
Alternative:
y:4In(x+1)—2:4[|n(x+l)—ﬂ (B1)
Trandation (M1)
-1
1 (A1)
2
Stretch I (M1) L+(11or )
SF 4 I
7 y-axis |l (A1) L+ 11+ 11
All correct and no mistakes on order etc (A1) (6)
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MPC3 (cont)
Q Solution Marks | Total Comments
5(b)(ii) | y=4In(x+1)—2
x=0 y=-2 B1
y=0
4In(x+1)=2
In(x+1):% M1 isolate In(x+1)=  or (x+1*
(o6t 1 oe | AL | 4 |CSO isw
Total 14
1
6@) | y=(e*+1)?
1 1
ﬂ:l(es’%l) 2 % 3e* M1 1(e3"+1) 2
dx 2 2
Al e¥
Al 3 (alow 1>< 3) w.nf.e
2 2
x=In2:
1
dy = E(eIHS +1)’E % gné correct substitution into their &
dx 2 M1 dx
(must use In8 or In2°®)
31
= EX_XS
= Al 5
(b) X y
025 | 1.765(5)
0.75 3.238(5) B1 correct x values
125 | 6.597(1)
1.75 13.84(1) Bl 3or4correct y values 4 s.f. or better
[=05x3y P. M1
=127 Al 4 sc 12.7 with no working %
(© | v=n]y’dx
Z(R)I(esx+l) (dx) M1
1 e
= (n)[§e3x+x} Al ke® + x
(0)
= (n)[[%eﬁ - 2] —(% e+ Oﬂ m1 correct substitution into f ([ )
1 5
anigee +§:| Al 4 CSO
= E(e‘5 +5)
3
Total 13
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MPC3 (cont
Q Solution Marks | Total Comments
7(a) =smts?
cosé
dy cosfcosd—sind(-sing) M1 tcos’f+sin’6
do cos? @ Al cos? @
1
= o.e. 1+tan® @
cos” @ ( )
=sec’ Al 3 |AG;CSO
(b) | x=sin@ OR LHS=
sing
2 i a2 o
X" =48n"g V1-sin?g
_sinég ) 2 _
c0s2 0 =1— x> = cosd M1 useof cos” @+ x" =1
cosé
— X .
= Y —tand AG Al 2 AG; CSO
© | [—— ox
(1)
Xx=siné
dx=cos6@ d@ £
X =008 M X _ 4 cose
de
I_.[ cosé (d6)
B 3 ml alintermsof 6
(1-sin%6)?
cosé
=[——(do) AL
, 3
(cos®6)?2
= j sec?0 (d6) Al
=tané
X
" (+c) Al 5 | CSOincluding dé's
—X
Total 10
TOTAL 75
Alternative
tané
7@a) | y=—r"
@ y="]
dy 1se®9-0 M1
do 2 Al
=sec’ @ Al
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark isindependent of M or m marks and is for method and accuracy
E mark isfor explanation

Jorftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FwW further work
AWRT anything which roundsto ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC specia case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of
use of this method for any marks to be awarded. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Y our Principal Examiner
will alert you to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious pendty to candidates showing no working is that incorrect answers, however close, earn no
marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full
marks.

Where the permitted cal culator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unlessit is given to less than the degree of accuracy
accepted in the mark scheme, when it gains no marks.

Otherwise werequire evidence of a correct method for any marks to be awar ded.
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MPC3
Q Solution Marks| Total Comments
X y
1 05 Bl x values and no extravalues
3 0.366(0)
5 0.309(0 B1
7 0_2748 4+ correct y values or 1 etc
9 025 1+3
1><2>< (0.5+0.25) + M1 Correct application of Simpson’srule
3" ""| 4(0.3660+0.2743) + 2(0.3090) for their x values (x odd)
= 2.62 Al 4 CSO must be 3sf
Total 4
V=(n)J‘y2 dx
= (m) [ (x—2)" o M1
6 4
(x-2) o :
= (m) 5 Al limits not required
3
2° 1 e 6
= (m) =6 ml correct substitution into(m) k (x — 2)
. . 63
=10.57 Al alow equivalent fraction En etc

(AWRT 10.50r 10.5r mi, AQ)

Total

PMT
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MPC3 (cont)
Q Solution Marks| Total Comments
3(a) | f(x)=x+5x—4
f(0.5)=-1.375 M1 Condonef (0.5) rounding to — 1.4
f(1)=2
Changeof sign . 0.5<a <1 Al 2 Both statements needed
(b) | x*+5x—-4=0
5x=4-x Must be seen
x=i(4—x3) B1 1 |AG
5
(© | x=05
(x,=0.775) (=3%) M1 For X, or X, =(2 &)
X, = 0.707 Al 2
(d) VA
____-___—_--_‘——-
M1 From 0.5 vertical to curve
then horizontal to line
Al 2 CAO
0 0.5 X
Total 7
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MPC3 (cont)
Q Solution Marks| Total Comments
3
4(a) | secx=—
(@ :
2
COSX=—
3
X =48, 312 Bl 1 correct
(Condone answers rounding to) B1 2 2 correct and no extrasin interval
(b) | 2tan® x=10-5secx
2(sec” x—1) =10—5secx M1 Use of trig identity correctly
2sec’ x+5secx —12(=0) Al
(2secx —3)(secx+4)(=0) mi Attempt to solve or factorise
1 dlip using formula
secx:é, -4
either of these Al
COSX=—,—=
3 4
X =48, 312, 104, 256 Bl AWRT 3correct condone 105 or 255
Bl 6 All correct and no extrasin interval
Alternative:
2sin® x 5
=10—-—— M1
cos’ X COS X (M1)
2sin® x=10 cos’ X —5cos X
2—2 cos” x=10 cos® x—5c0s X (A1)
12 cos” x—5 cosx—2=0
then rest of scheme as above
Total
5 | f(X)<2 f<2 y<2 B2 <2f(x)<2x<2] o
y<2 f<2
(b) | f(x) isnot oneto one El 1 Allow many to one or numerical example
. 1)
o) | fg(x)=2-] — Bl 1
@) | fat=2-( 1, ]
) 1Y
I —-|— | =-14
i) 2-(2,)
4
16=(L
X—4
(x— 4)4 _1 M1 Correct handling of fourth root
16 Must have +
4=+ 1
X—a== 2 M1 Correct handling of reciprocal
x=4t 31 Al 3
2 2
Total 7
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MPC3 (cont)
Q Solution Marks| Total Comments
6(a) | y=€(x"—4x-2)
%zez"(Zx—4) M1 Product rule; allow 1 slip
+(X* —4x—2)2¢* Al
%:ezx(2x—4+2x2—8x—4) M1 Factorising e* (ax2+6x+0)
X
ezx(ZXZ—GX—S) Al or x> =3x—4=0
> 20
(x=4)(x+1)=0 mi Solving 3 term quadratic
Dependent on both M marks
x=4,-1 Al 6 And no extrasegx=0
b)(i 2
OXO T &Y _ o 54 (2x-4) 26> M1 dy.
dx Product rule from the|rd— inform
X
+( X —4x—2)4e> + 2> (2x—4) e (quadratic) € (4x* —8x—22)
Al
2
Or
d’y 2 2 2 M1
pval “(4x~6)+(2¢* —6x—8)2e> | 7
(i) o diy
x=4:y" =€ (10) > 0.~ MIN M1 Their 2 X'sin their vz
only of form e (quadratic)
x=-1:y"=€7(-10)< 0.. MAX Al 2 | CSO Both correct
Allow values either sideof y or y’
Total 10
7(a) | 3e*=4
=2 M1
3
x=In 4 Al 2
3
(D)) | 3e“+20e™ =19
3y+ 20 _ 19 or 3¢* +20 = 19¢"
y
3y*-19y+20=0 B1 1 AG
(i) | (3y—-4)(y-5)=0
4
=—,5 Bl
y 3
~x=In2 In5 M1 In (their + ve y's)
3 Al 3
Total 6
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MPC3 (cont)
Q Solution Marks | Total Comments
8(a) | P(-Ln) B1 Condone ( -1, 180°)
Q(10) B1 2
(b) | Trandlate El
1
{ 0} Bl or equivalent in words
Stretch SF2 7 y-axis M1 Stretch + one other correct
Al 4 all correct
© |
Bl Correct shape in 1st quadrant
Bl 2 2n and 2 marked correctly
| S F
N Y et
(d)() 5 =008 (x-1) M1
cos(lj =x-1
2
X= cos(%j +1 Al 2
M1 ksin (..
. —Esin Y (-
| 2 (2 dx
Al — correct
dy
dx 1.
At y=2, (— :j _ES' nl Al 3 Condone AWRT —0.42

Total

13
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MPC3 (cont)
Q Solution Marks | Total Comments
4x
9(a =
@y 4x-3
dy _(4x-3).4-4x(4) Must use quotient rule
A 2 M1 i
dx (4x-3) Condone one dlip
- Al 2 | k=—12
(4x-3)° T
(b)(i) | y=xIn(4x-3)
dy x.4 f(x)
—= +In(4x-3 T
" Ix_3 ( ) M1 3’ g(x) f(x)" may be constant
+In (4x-3
mi x_3 N (#=3)
Al 3
(i) | x=1y=0 B1
ﬂ:4 M1 Sub x=1 into their &
dx dx
y=4(x-1) any correct form Al 3 CSO Must have full marksin (b)(i)
(©(i) | u=4x-3
du=4dx M1
I ax dx:_"&% Al Or 4x dx:j(1+ 3 )dx
4x-3 u 4 4x—-3 4x—-3
:(l )J‘(1+§j (du) mil :J.( 1+§)du etc
4 u u
1
== (u+3lnu
+ (u+3inu)
= % [ (4x—3)+3In(4x-3)](+c) Al 4 | CSO Condone missing du
(i1 Iln(4x—3)dx
u=In(4x-3) %zl M1 In correct direction
X
du__4 _
dx 4x-3
I :xln(4x—3)—jidx Al
4x-3
1 m1 xIn(4x—3) —their (c)(i)
:xln(4x—3)—Z[(4x—3)+3ln(4x—3)1 Al 4
(+0)
Total 16
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ reactions to a particular paper. Assumptions about
future mark schemes on the basis of one year’s document should be avoided; whilst the guiding
principles of assessment remain constant, details will change, depending on the content of a
particular examination paper.

Further copies of this Mark Scheme are available to download from the AQA Website: www.aga.org.uk
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark isindependent of M or m marks and is for method and accuracy
E mark isfor explanation

Jorftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which roundsto ISW ignore subsequent work
ACF any correct form FwW from incorrect work
AG answer given BOD given benefit of doubt
SC specia case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use
of this method for any marks to be awarded. However, there are situations in some units where part marks
would be appropriate, particularly when similar techniques are involved. Your Principal Examiner will aert
you to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.
Where a question asks the candidate to state or write down aresult, no method need be shown for full marks.
Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy
accepted in the mark scheme, when it gains no marks.

Otherwise we requir e evidence of a correct method for any marksto be awarded.
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MPC3
Q Solution Marks | Total Comments
L)) | g (x) - Lo5x _1 OE
2x+1 2
F(0)=2; f Ej:—l M1 x=0 LHS=1 x=— LHS=0
2 2 2 2
. T . . 1 T
Change of sign 0<a<§ Al 2 Either side of E,.‘.O<a<§
(i) | cosx _ 1
2x+1 2
2cosx=2x+1 1 Either line
Or, COSX=X+—
2cosx —1=2x 2
1 1
X=COSX—— Bl 1 AG; or cosx—E =X
All correct with no errors
(i) | x =
X, = 0.5 M1 Attempt at iteration
(allow x, =-0.5, x, =0.38,0.4)
X, = 0.378 Al 2 CAO
(O)() | gy (2x+1)(-sinx)—cosx x 2 Attempt at quotient rule:
ax (2x+1) M1 +(2x+1)sinx+ 2cosx
(2x+1)*
Al Either term correct
Al 3 All correct ISW
(i) | x=0
dy . . dy
- ==-2 m1l Correctly subst. Xx=0 into their —
dx dx
.. Gradient of normal =% Al 2 CsO

Total

10
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MPC3 (cont)
Q Solution Marks | Total Comments
2@ | f(x)>0 M1 For >0, f(x)>0
Al 2 Correct; dllow y> 0, f>0
(b)) | y=+/2x+5
X=+/2y+5 M1 Xy
X =2y+5 M1 Attempt to isolate, squaring first
f71 _ X2 _5
(x)= 5 Al 3 | condone (y=)
(i) | x=0 B1F 1 ft their (a), but must be x
2(0)(i) | h(x)=fg(x)
= 2( 1 +5 Bl 1
4x+1
(i 2[ = j+5=3
4x+1
1
2 +5=9 . :
( o J M1 one correct step from (c)(i), squaring
1 _ 5
4x+1 . either Al
4x+1=§ or 16x+4=2
X=— 1 or equiv
=g o« Al 3 |CSsO
Total 10
3(a) tanl(—}j =-0.32 M1 Sight of + 0.320r18.43
3
Al acorrect answer AWRT
x=2.82,5.96 Al 3 —1 for any extrain range, ignore extra
answers not in range.
[SC 161.57,341.57 AWRT M1A1l
(max 2/3)]
(b) | 3(tan®x+1)=5tanx+5
3tan® x—5tanx—2=0 B1 1 AG
3(c) | (3tanx+1)(tanx—2)=0 M1 Attempt at factorisation/formula
tanx=2, —% Al
x=111, 4.25, 2.82,5.96 AWRT B1 3correct [SC x=1.11,4.25 + their
two answers from ()]
B1 4 4 correct, no extrasin range
[SC 161.57,341.57,63.43, 243.43
AWRT B1 (max 3/4)]
Total 8
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MPC3 (cont)
Q Solution Marks | Total Comments
4(a) Yy
50 M1 Modulus graph, 3 section, condone shape
inside + outside ++/50
Al Cusps + curvature outside +4/50
:X . .
(_50) (J50) Al 3 | Vaueof y and shapeinside (J_r\/%)
(b) | [50-x"|=14
50-x*=14 x*=36 _
) ) M1 Either
50-x"=-14 x" =64
X=%+6,%£8 Al 2 correct, from correct working
Al 3 All 4 correct, from correct working
(c)| -6<x<6 Bl
X>8, Xx<-8 B1 2
(d) | Reflectinx-axis M1Al Reflectiny =a
0
or
Trandate {50} EL,BL| 4 Tranglate
50-2a
e
Tranglate
or | —50
Reflect in x—axis
0
Tranglate
or | 2a-30
Reflectiny=a
Reflect iny = 25 scores 4/4
Total 12
5(@) | 2Inx=5
5
Inx= > X=e? Bl 1
2
) | 2inx+= =11
Inx
2(Inx)2—1llnx+15:0 M1 Forming quadratlc_equatlonln Inx,
condone poor notation
(2Inx-5)(Inx-3) =0 ml Attempt at factorisation/formula
Inx = 2,3 condone 2Inx =5 Al
5
5 [SC for substituting x= €2 or equivalent
X = ez’ e3 Al,Al 5
into equation and verifying B1 (%)]
Total 6
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MPC3 (cont)
Q Solution Marks | Total Comments
6@ | v =r[ xdy B1 Pl
V:%)J' (100 - y?) dy kj(lOO—yz)dy may be recovered
M1
Allow j (their x)zdy, expanded
37(19)
:%{wa—VE} Al
(9)
_ @{_2000} mL For F(10) — F(0)
4 3
_ S00m Al 5 |OE CSsO
3 — —_
SC: if rotated about x-axis
3
Y, =7{100x—4%} M1
0
=100 AL max 25
® | x
0.5 9.95(0) B1 Correct X
15 9.539 or better
25 8.66(0) M1 4 + correct y to 2sf
35 7.141
Al All y correct
4.5 4.359
A=1x) y=396 Al 4 | (39.6 scores %)
6c)(i) | dy _1 2\ . 1
&—5(100—4X ) 2(-8x) M1 Chainrule ( ) 2xf(x);alow f(x) =k
f(x):%(—Sx): _ax
dy i
Xx=3=—=-12(100-36) 2 Al
dx
= —2 or equivalent Al 3 CcsSO
i 3
(i y—-8=-=(x-3) M1 y—S:(theirdyj(x—S)
2 dx
. dy
ory= theird— X+ cand subst. (3,8) to
X
find c
(2y—16 = —3x+9)
2y +3x=25 Al 5 AG; al _correct with no dips, full marks
in part (i)
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MPC3
Q Solution Marks | Total Comments
25 .
6(d) | x=0 y:7 or equivalent Bl
y=0 x= % Bl OE
1 25 25
Area of A= 3X5 %3 M1 for;(their y)x(their x) or % absinC
Area=Area A — (b) ml Pl A> (b
Required area = 125 AWRT Al 5 Condone 12.4 AWRT
(d) | Alternative
25
_t1 (B1)
Area A= J; 5(25—3x)(dx) (B1)
213
%{ZSX_%} For integration and f (22)—f (0
_ o (M1) or integration an (?)— ©)
1[e25_625
21 3 6
_625
12
Total 19
7(a) | [(t=1) Int dt
u=Int %:t—l M1 Differentiate + integrate, correct direction
2
%:} :t——t Al All correct
da t 2
t? t? 1
=l ——t|Int—| | ==t |x=(dt
t? t .
= E_t Int—j E_l (dt) Al Condone missing brackets
t2 t2
:[E—tJ Int—z+t(+c) Al 4 | CAO
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MPC3 (cont)
Q Solution Marks | Total Comments
7(a) | Alternative
[(t=1)Int (M1) u=Int v =(t-1)
t—1)°
(A1) VO S )
t 2
t—1)° t—1)°
_[ :—( ) Int —J'—( ) }dt
2 t t
t-1)° 2_
—( ) Int—1 jt 2t+1 dt
2 2 t
t-1)*
(=) Int -+ jt—2+1'dt (A1)
2 2 t
t-1)° 2
u Int 1 t——2t+|nt (AD
2 2|2
2 2
:t—lnt—tlnt+%)n4—l +t —%
2 4
t? 1
= ——t|Int==1t*+t +cC
(-t m-3 @
(b) | t=2x+1
dt = 2 dx (RHS) M1 jt=2 (LHS)
X
2x=t -1, ml OE
1= 2(t-1)int®
2 Al 3 |AG
(© [x](l) :[t]f M1 Limit becoming 3
2 2 8
[= LI [PV
2 4 X
9 9 1 . .
= KE—?:) |n3—Z+3} —[0—Z+1} mil Correctly sub. 1,3 into their (a)
3
= > In3 Al 3 CSO
or
3 (2x+1)2_ _(2x+1)2 '
J'_H > (2x+1)}|n(2x+l) 2 +(2x+1)}0 M1) Condone 1 ip
9 9
=( 5—3]|n3—2+3j—(0——+1j (m1) Correctly sub. 0,1
3
= In3 (A1) | (3 |cCso
Total 10
TOTAL 75
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this meeting, examiners encounter unusual answers which have not been discussed at the
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Key to mark scheme and abbreviations used in marking

M
m or dM
A
B
E

Jorftor F

CAO
CSO
AWFW
AWRT
ACF
AG
SC

OE
A2,1
—X EE
NMS
Pl

SCA

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy

mark isindependent of M or m marks and is for method and accuracy

mark is for explanation

follow through from previous

incorrect result

correct answer only

correct solution only
anything which falls within
anything which rounds to
any correct form

answer given

specia case

or equivalent

2 or 1 (or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied

substantially correct approach

No Method Shown

Where the question specifically requires a particular method to be used, we must usualy see evidence of use of this
method for any marks to be awarded. However, there are situations in some units where part marks would be appropriate,
particularly when similar techniques are involved. Your Principal Examiner will aert you to these and details will be

provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the correct answer can
be obtained by using an incorrect method, we must award full marks. However, the obvious penalty to candidates
showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down aresult, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably alow the solution of the question directly, the correct
answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark

scheme, when it gains no marks.

MC
MR

ISW
FIw
BOD
WR
FB
NOS

dp

mis-copy

mis-read

required accuracy
further work

ignore subsequent work
from incorrect work
given benefit of doubt
work replaced by candidate
formulae book

not on scheme

graph

candidate

significant figure(s)
decimal place(s)

Otherwise we requir e evidence of a correct method for any marksto be awarded.
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MPC3
Q Solution Marks | Total Comments
1a) | y=e"(2x+2) -4e*(X+2x-2) M1 y = Ae™ (ax+b) £ Be™ (x* + 2x-2)
where A and B are non-zero constants
Al All correct

=¥ (2x+2-4x" ~8x+8) or -4x°e™ -6xe™ +10e™

=2e (5—3x— 2x2) Al 3 AG,; all correct with no errors,
2" line (OE) must be seen
Condone incorrect order on final line

or

y=x> e ¥ 4 2xg™ ™ —2e7¥

y = —4x°e ¥ + 2xe ¥ + 2x. —4e ¥ (M1) Ax’e ™ + Bxe ™ + Cxe * + De™ + Ee ¥

+2e7 4 ge (Al) All correct

= —4x%e ™ —6xe™ ™ + 10e™

=2e™ (5—3x— 2x2) (A1) AG,; dl correct with no errors,
3" line (OE) must be seen

(b) —(2x+ 5) (x—l) (=0) M1 OE Attempt at factorisation
(F2x£5)(xx*D
or formulawith at most one error
-5

X= - 1 Al Both correct and no errors
SC x =1 only scoresM1A0

x=1 y=e" mi For y=ae” attempted

ALF Either correct, follow through only from
incorrect sign for x
5 3 .
X==2, —em[—zj Al 5 CSO 2 solutions only

Note: withhold final mark for extra
solutions

Note: approximate values only for y can
score m1 only

Total
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MPC3 (cont)
Q Solution Marks | Total Comments
2(a)(i) 4 A

B1 correct shape passing through origin
and stopping at A and B

v

A(l ;‘j B1
B|-1, -2 B1 3
2 SC A(1, 90) and B(—1,—90) scores B1

(i) | lineintersecting their curve (positive

gradient, positive y intercept) M1
Correct statement Al 2 one solution only, stated or indicated on
sketch - must be in the first quadrant
(ie curveintersects line once)
Must have scored B1 for graphin (a)(i)
(b) | LHS (0.5)=05 RHS(0.5)=11 M1
LHS(1) =16 RHS(1) =1.3
At 0.5 LHS< RHS, Atl LHS> RHS
Al 2 CSO
~05<a<1
or
f st be defined
f(x):sin’l(x)—:llx—l () must be defin
f(0.5)=-0.
f(1)=03 AWRT M1) Allow f (0.5)< 0f(1)>0
Changeof sign = 0.5<a<1 (A2)

or

f(x)= sin(% x+1j—x

f (X) must be defined

f(0.5)= 0.4 }Attempt )

f(1)=-01

Changeof sign = 0.5<a <1 (A1)

or

f(x)=4sin"x-x—-4 f (X) must be defined
f(0.5) = —2.4} attempt )

f(1) = 13

Changeof sign = 0.5<a<1 (A1)
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MPC3 (cont)
Q Solution Marks | Total Comments
2(c)(i) | x,=0.902 M1 Sight of AWRT 0.902 or AWRT 0.941
x,=0.941 Al 2 These values only
(ii) A
, | M1 Staircase, (vertical line) from x; to curve,
i - horizontal to line, vertical to curve
0 x1 %% Al > X, ,X; appProx correct position on x-axis
Total 11
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MPC3 (cont)
Q Solution Marks | Total Comments
3@ | sinx= 1,
3
or sight of + 0.34, +£0.11x or + 19.47
(or better) M1
x=0.34, 2.8(0) AWRT Al 2 Penalise if incorrect answersin range;
ignore answers outside range
(b) | cosec®x—1=11-cosecx M1 Correct use of cot? x=cosec’x —1
cosec’ x+ cosec x—12(=0) Al
Attempt at Factors
(cosec x+4)(cosec x—3)(=0) ml Gives cosec x or — 12 when expanded
Formula one error condoned
cosecx=—4, 3
11 Al Either Line
snx=——, =
4 3
: 1
sinx=—=
4
_ 3 correct or their two answers from (a)
= x=3.39, 6.03 AWRT B1F and 3.39, 6.03
0.34, 2.8(0) AWRT Bl 6 4 correct and no extrasin range
ignore answers outside range
SC 19.47, 160.53, 194.48, 34552 B1
Alternative
C-OSZZ X _11_ .1
sin® x sinx
cos? Xx=11sn%x — sinx (M1) Correct use of trig ratios and multiplying
by sin® x
1-sin® x =11sin® X — sinx
0=12sin*x —sinx -1 (A1)
0=(4sinx+1)(3sinx-1) (m1) Attempt at factors as above
snx=—11 (A1)
4 3
(B1F) As above
(B1)
Total 8
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MPC3 (cont)
Q Solution Marks | Total Comments
4(a) Ya
Modulus graph V shapein 1% quad going
M1 into 2" quad, touching x-axis. Must cross
8 y-axis
Condone not ruled
4 > Al 2 4 and 8 labelled
X
(b) | x=2 B1 One correct answer
X=6 B1 2 Second correct answer and no extras
Condone answers shown on the graph, if
clearly indicated
(c) | x>6 Bl One correct answer
X< 2 B1 2 Second correct answer and no extras and
no further incorrect statement eg
6<x<2o0r 2<x>6
SC x>6, x<2scoresB1
Total 6
5(a) X | y
15 198100 B1 x values correct Pl
4.5 3.22883
75 411496 M1 2; acyt \\//ZII ﬂ: correct to 2sf or better or
105 4.74710
Al 1.981,3.228/9, 4.114/5, 4.747 fory
(or better)
[ =3x3y
=422 Al 4 (Note: 42.2 with evidence of mid-ordinate

rule with four strips scores 4/4)

(b)) | y=In(>*+5)

e =x"+5 OE
x*=¢e¥ -5 Bl 1 AG Must see middle line, and no errors
.. Condone omission of brackets around
Y _5) (d
(i) (n)j(e ) (dy) M1 f (y) throughout
_ y (10)
(m) & -5y] Al
=(w)] (¢” ~50)~(¢°~25) m1 F(10)-F(5)
CSO
\Y :n[el - - 25} Al 4 | including correct notation — must see dy
ISW if evaluated
2 2
X X X
c =)In|| ~| +5|+3 M1 ~ seen, condone In —+ ..........
© | (y=) K 4j } 4 2
B1 ..+3
Al 3 CSO mark final answer (no ISW)

Total 12
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MPC3 (cont)
Q Solution Marks | Total Comments
6(@) | f(x)>-3 M1 ‘>-3",'x>=3"or ‘f(x)>-3
Al 2 Allow y > -3
(b)(i) | y=€"-3
y+3=e>
In(y+3)=2x M1 swap x and y
M1 attempt to isolate: In(y+ A)=Bx or
reverse
<f_1 (x)):lln(x+3) Al 3 OE with no_further incorrect working
2 Condone y=.....
Alternative
X—>X2—>e—-3
+2Ine+3 X
(M1) (M1)
In(x+3
y=nxrd (A1)
2
for putting their p(x)=1 from
(i) | x+3=1 M1 ) ] )
kin(p(x))in their part (b)(i)
X=—2 Al 2 CSO
SC: B2 x=-2with noworking, if full
marks gained in part (b)(i)
1
©(@) | @f () =) - =
3( _3)+4 ther  OE B1 | | substitutingfintog
) 1 ISW
3™ -5
. 1
(”) 3eZX_5
1=3e**_5 OE M1 Correct removal of their fraction
e2>< —

, a
2x=In2 ml Correct use of logs leading to kx=InB
x=1In2 OE Al 3 CSO  No ISW except for numerical

2 evaluation
Total 11
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MPC3 (cont)
Q Solution Marks | Total Comments
7(a) [dy =j cosdx.4cosdx—sindx.—4sindx | + Acos’ 4x + Bsin® 4x
dx cos” 4x cos’ 4x
2 o}
4008 :2(; jj " or better Al Both terms correct
= 4(1+tan® 4x) CSO | A1 3 | All correct
or
dy ) cos4x.4cos4x—sin4x.—4sin4x + Acos’ 4x + Bsin® 4x
(dx _j cos? 4x (M1) cos? 4x
_ 4cos4xcosdx  4sin4xsin4x
 COSAXCOS4AX  COSAXCOS4AX (Al
or better
= 4(1+ tan? 4x) CSO | (A1) All correct
(b) de)z/:4><2tan4xx ...... M1 A tan 4x x f(4x)
4sec? 4x ml f(4x) = Bsec® 4x
=32tan4xsec’ 4x AlF ft 8xtheir pfrom part (a)
=32tan 4x(1+ tan? 4x) mi Previous two method marks must have
been earned
=32y(1+y?) Al 5 |cso
Alternative Solutions
y' = 4+4tan’4x = 4+4 szz ax
CoS” 4X
y'=4x (M1) Acos’ 4x £ Bsin® 4x
[cos2 4x2sin 4x4c0s4x + sin? 4x2cos4x4sin 4x] cos® 4x where A and B are
cos" 4x constants or trig functions.
(m1) Where A is msindx and B is ncos4x
_ 4 x8sin4x cos4x[cos2 4x+sin? 4x] (ALF) ft 8x their pfrom part (a)
cos’ 4x
= 32tan 4xsec? 4x (m1) k tan 4x sec? 4x
=32y (1+Y?) (A1) cSO
or
Y _ 4sec’® 4x
dx
d? M1 A secdx x f(4x
dXZ’: 4x 2 sec4x. Asec4xtan 4x ((ml)) (a0 - Bseé4x)tan n
= 32 sec’ 4x tan 4x (A1F) ft 8xtheir pfrom part (a)
= 32 (1+tan” 4x) tan 4x (m1) Previous two method marks must have
been earned
=32y (1+y?) (A1) CSO

10
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MPC3 (cont)
Q Solution Marks | Total Comments
7(b) or ﬂ:4(1+ tan® 4x)
dx
dy 2
u=tan4x —=4+4u
dx
d2
oeus (M1)
du 2 2
d—=4+4tan 4x=4+4u (m1)
X
2
IY g4+ au2) (A1)
X2
=32u(1+u?) (m1)
=32y(1+y?) (A1)
Total 8
8(a) | [xsin(2x-1)dx
u=x Y_gn(2x-1) M1 Jsinf (x), 4(x) attempted
dx dx
%:1 v=— ;COS(ZX—l) Al All correct — condone omission of brackets
(=) —gcos( 2x-1) ml correct substitution of their termsinto parts
1
—I—Ecos(ZX—l) (dx)
X 1
:—Ecos( 2x—1)+chos(2x—1) (dx) Al All correct — condone omission of brackets
X 1. CSO condone missing + ¢ and dx
==5008(2x=1)+7 sin(2x-1)+¢ Al 5 | Condone missing brackets around 2x — 1 if
recovered in fina line 1ISW
(b) | u=2x-1
‘du=2dx’ M1 OE
u+1)? ml All intermsof u
j x:j( ) au Al All correct
2x- o2 PI from later working
(1)Iu +2u+1
1
(8jju+2+ du Al
2 2
(1j u—+2u+|nu Bl or (1) (u+2) +Inu
8)| 2 8 2
2x+1)*
1 (2 2(2x-1)+In(2x- 1)] Al 6 =;[( X;r ) +In(2x—1)}+c
CSO condonemissing+conly  ISW
Total 11
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
guestions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ reactions to a particular paper. Assumptions about
future mark schemes on the basis of one year’s document should be avoided; whilst the guiding
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Key to mark scheme and abbreviations used in marking

M
m or dM
A
B
E

JorftorF

CAO
CSO
AWFW
AWRT
ACF
AG
SC

OE
A2,1
—X EE
NMS
Pl

SCA

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy

mark isindependent of M or m marks and is for method and accuracy

mark isfor explanation

follow through from previous

incorrect result

correct answer only

correct solution only
anything which falls within
anything which rounds to
any correct form

answer given

specia case

or equivalent

2 or 1 (or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied

substantially correct approach

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use of this
method for any marks to be awarded. However, there are situations in some units where part marks would be appropriate,
particularly when similar techniques are involved. Your Principal Examiner will aert you to these and details will be

provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the correct answer can
be obtained by using an incorrect method, we must award full marks. However, the obvious penalty to candidates
showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down aresult, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly, the correct
answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark

scheme, when it gains no marks.

MC
MR

ISW
Fw
BOD
WR
FB
NOS

dp

mis-copy

mis-read

required accuracy
further work

ignore subsequent work
from incorrect work
given benefit of doubt
work replaced by candidate
formulae book

not on scheme

graph

candidate

significant figure(s)
decimal place(s)

Otherwise we requir e evidence of a correct method for any marksto be awarded.
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MPC3
Q Solution Marks | Total Comments
1(a) | f(x)=3—10+x’ (or reverse)
f(1)=-6 M1 Attempt to evaluate f(1) and f(2)
f(2)=7
o All working must be correct plus
Change of sign .. 1<a< 2 Al 2 tatement
OR
LHS (1)=3 RHS (1)=9
(M1) Must be these values
LHS (2)=9 RHS(2)=2
At 1LHS<RHS, At2LHS>RHS
~l<a<? (A1)
(b)(i) | 3*=10-%°
X =10-3" Thisline must be seen
x=310-3 Bl 1 |AG
(i) | (x=1)
X, =1.913 M1 Sight of AWRT 1.9 or AWRT 1.2
X, =1.221 Al 2 Both values correct
Total 5

PMT
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MPC3
Q Solution Marks | Total Comments
Condone 1 marked at A, A=1etc
2(3)(i) (y=) ! Bl 1 but not i ,sec0
cosO
(ii) y UUUK M1 Modulus graph y>0
E E E i Al 3+ 2x; sections roughly as shown,
°! oo e e condone sections touching,
variable minimum heights
Al 3 Correct graph with correct behaviour at
4 asymptotes but need not show broken
lines; and roughly same minima
(b) | cosx= ; or cos‘l% seen M1 or sight of +60° or + % +1.05 (AWRT)
P o Condone extra values outside
x=60", 300 Al 2 0° < x < 360°, but no extrasin interval
(©) | sec(2x-10°)=2, sec(2x—10°)=-2
cos (2x—10°):; or cos (2x—10°):—; M1 Either of these, PI by further working
2x—10° =60°, 300° Both correct values from one equation
or 2 correct values and no wrong values
or 2x—10° =120°, 240° Al from both equations,
(ignore values outside 0° < x < 360°) but must have “ 2x—10° ="
Pl by 2x=70",130°, 250°, 310°
x=35° 65°,125°, 155° B1 3 correct (and not more than 1 extravalue
in 0°< x<180°)
Bl 4 All 4 correct (and no extrasin interval)
Total 10
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MPC3 (cont)
Q Solution Marks | Total Comments
3@ (i) | y=In(5x-2)
M1 k
5x—-2
dy 5 5 1
2= No ISW, =——(M1AQ0
(dx j Bx-2 Al 2 = 5x-2 x—2( )
(i) | y=sin2x
M1 k cos2x
(dy:) 2c0s2x Al 2
dx
(b)(i) M1
f(x)>In0.5 or f(x)>-In2 Al 2
(i) | (of (x)=) sin[2In(5x-2)] Condone
_ ) sin2In(5x—-2) or sin2(In(5x-2))
or (gf (x)=) sinIn(5x-2) B1 1 _ _
but not sin2(In5x—2) or sin2In5x -2
(iii) | of (x)=0
sin[ 2In(5x-2) | =0
2In(5x-2)=0 M1 Correct first step from their (b)(ii)
5x—2=1 ml Their f (x)=1fromkIn(f (x))=0
3 Withhold if clear error seen other than
X=— Al 3 o
5 omission of brackets
(iv) | x=sin2y
sintx=2y (orsiny=2x) M1 Correct equation involving sin™
1.
H(X)=) =sin'x Al 2
(9700=) 5
Total 12
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MPC3 (cont)
Q Solution Marks | Total Comments
4(a)
X y
4 :
0.5 3" 0.4 B1 x values correct Pl
0.75 A8_ 0.5275 Bl At least 5y values that would be correct
a to 2sf or better, or exact values. May be
1 1 ~05 seen within working.
2
1.25 8 _ 0.4233
189
1
15 —=0.3429
35
1.75 12 =0.2752
07
2 2_03
9
4 2 48, 80 , 112 1,12 Clear attempt to use ‘their’ y values
S+S +H4 | ot aontoas | +2| 5+5E
[(9 9] (91 189 407) (2 35]} M1 within Simpson’srule
1
=-x0.25
J =505 |
=0.605 Al 4 Answer must be 0.605 with no extra sf
(Note 0.605 with no evidence of
Simpson’s rule scores 0/4)
X2
(b) -[ 01+x°
_ 1In(1+ <) M1 kin(1+x*) condone missing brackets
3 Al Correct. A1 may be recovered for
missing bracketsif implied later
1 1
:gln @a+2 (—3In1j ml F(1) (—-F0))
:;InZ Al 4 In 1 must not be left in final answer
Alternative
u=l+x® du=3x%dx
J':J' du (M1) W orrect and integral of form kj%
3u dx u
1
==|Inu Al
~linu] (A1)

1 1 Correct substitution of correct u limits or
B 3In2 ( 3In1j (m1) conversion back tox and F(1) (- F(0))
::—13In2 (A1) In 1 must not be left in final answer

Total 8
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MPC3 (cont)
Q Solution Marks | Total Comments
5(a) | 10cosec’x=16-11cot x
10(1+ cot® X) =16 —11cot X
) B AG Must see evidence of correct identity
10cot” x+11cotx—6=0 Bl 1 and No ETors.
- - 2
’ - - se of formula: condone one error
b Attempt at factors, giving £10cot“ x+ 6 M1 Use of f | d
when expanded.
(5cotx—2)(2cotx+3) (=0) Al Correct factors
(cnx-2,-2)
5 2
5 o 1% A1 must be earned
tanx=—,—— AlA1l 4 Condone AWRT -0.67
23 ISW if x values attempted
Alternative 1
10cot® x+11cotx—6=0
1095 X 130X _g_
sin® x sinx
10c0s” x+11cosxsinx—6sin® x=0
(5cosx—2sinx)(2cosx+3sinx) (=0) | (M) Attempt at factors, gives
+10cos’ X+ 6sin” x when explained
(A1) As above
(5cosx=28inx  2cosx=-3sinXx)
1% A1 must be earned
2
S =tanx ——=tanXx (&11)) Condone AWRT -0.67
2 3 ISW if x values attempted
Alternative 2
10+11tanx—6tan® x=0
(5-2tanx)(2+3tanx) (=0) (M1) Attempt at factors gives+10+ 6tan” x
(A1)
1% A1 must be earned
tanx= > , _2 (('2?) Condone AWRT -0.67
2 3 ISW if x values attempted
Total 5
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MPC3 (cont
Q Solution Marks | Total Comments
6(a) | y="%
X
(when)y=0 x=1 or (L 0) B1 1 Both coordinates must be stated, not 1
simply shown on diagram
xxl—lnx . +2+|nx
(b) | (dy _ X M1 Quotient/product rule —*—
dx X X
:1—XI2nx or x?-=x?Inx Al OE must simplify X
X
At B, 1—XI2nx =0 ml Putting their ;ﬂ: 0 or numerator =0
X
X=e Al CSO condone x=¢€"
y:ior e’ Al 5 CSO must simplify Ine
(©) | Gradient at x=¢€°
_1-1In¢€’ M1 Substituting x =€’ into their ;ﬂ (condone
== X
(&) 1 dlip) but must have scored M1 in (b)
=;—6 or —2e° Al Pl
Gradient of normal = ;eﬁ Al 3 CSO simplified to this
Total 9
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MPC3 (cont
Q Solution Marks | Total Comments
7(a)(i) j xcosdx dx u=x d_ cos4x M1 j cos4X, i(x) attempted
dx dx
%:1 v:S|n4x Al All correct
dx 4
_.Sn4x sn4x Correct substitution of their termsinto
j =X —_[ dx ml
4 4 parts formula
= XSZA'X + colsglx (+c) Al 4 | OE with fractions unsimplified
(if) Ix2§n4xdx u=x° ?:sin4x q
X M1 [ sinax, —(x*) attempted
du Cos4x dx
—=2X V=-—
dx 4
— 2 f—
I _ —X"C0os4x _ 2XC0S4x dx Al
4 4
_v2
= —X cosdx + EJ. XCos4x dx
4 2
—x*cos4x 1
=
4 2
Xsin4x N Cos4x mi Clear attempt to replace integral using
4 16 their answer from part (a)(i)
— 2 i
_ TX00sax  xsindx | cosdx (+c) Al 4 | OE with fractions unsimplified
4 8 32
(0.2) 5 .
(b) Vz(n)j(o) (64)x*sin4x (dx) M1
—x?c0s4x Xxsin4dx cos4x Must see evidence of their (a)(ii) result or
=(nx64) — =+t starting again obtaining 3 terms of the
form +Ax? cos4x + Bxsin4x + C cos4x
=n[2.09529- 2] ml AND F(0.2) — F(0) attempted
=0.299 AWRT Al 3 Accept AWRT 0.0953 1t
Total 11

10
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MPC3 (cont
Q Solution Marks | Total Comments
8(@) | y=€"— -1
Stretch (1)
scalefactor%(ll) M1 I+ (Il orlll)
in x-direction  (I11) Al [+ 11+ 11
Trandation El Allow “trandlate”
0
{_ J Bl 4 OE “1 unit down” etc
_ _ Both coordinates must be stated, not
(b) | x=0 y=6 or (0.6) Bl 1 simply 6 marked on diagram
©@) | e”-1=4e*+2
e4x _eZX =4+ 2e2x . ' . ,
or (ez><)2 _ e = A4 26 M1 Multiplying both sides by €
(€%)* -3 -4=0 Al 2 AG With no errors seen
(i) | (e —4)(e” +1) M1 (e +4)(e” £1)
x=1In2 or%ln4 Al
Reject €*=-1 OE Al 3 eg € >0, e -1, impossible etc
@ | [(4e”+2) dx ()
—2X In2 —2x 2x
z{ e +2x} M1 | or Il attempted and e or e°* integrated
-2 0 correctly
4e—2In2 4
=( > +2|n2J—(_—2+0J ml F[‘their In2" from (c)(ii)] — F[O]
:—£+2In2++2:§+2In2
2 2
J.(ezx—l) dx (1)
eZX In2
:{7— x} Al Both | and I correctly integrated
0
2In2
=€ 2 —[E—oj
2 2
:2—In2—£:§—ln2
2 2
_(3 (3_ Attempt to find difference of
A‘(z”'nzj (2 |n2j B1/ ‘their | — their 11
=3In2 or In8 or §In4 OE Al 5 CSO must be exact

11
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MPC3 (cont
Q Solution Marks | Total Comments
8(d) | Alternative
A= I (46 +2) dx—J' (e -1) dx (B1) Condone functions reversed
= I (mz)(4e’2X —e”+3) dx
(0)
_ox X In2 .
|4 e o (M1) e’ or e > correctly integrated
-2 2 . (A1)
[ _opomz 1 _ain2 [ 5 1 Correct substitution of their In2 from
‘( 22,8 +3'”2j ( 2 2) (m1) (©)(ii) into their integrated expression
=3In2 or In8 or gln4 OE (AD CSO must be exact
Total 15
TOTAL 75

12
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Key to mark scheme abbreviations

M mark is for method

m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark isindependent of M or m marks and is for method and accuracy
E mark isfor explanation

Jor ftor F follow through from previous incorrect result

CAO correct answer only

CsO correct solution only

AWFW anything which falls within

AWRT anything which roundsto

ACF any correct form

AG answer given

SC specia case

OE or equivalent

A2,1 2 or 1 (or 0) accuracy marks

—X EE deduct x marks for each error

NMS no method shown

Pl possibly implied

SCA substantially correct approach

c candidate

sf significant figure(s)

dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence
of use of thismethod for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However,
the obvious penalty to candidates showing no working is that incorrect answers, however close, earn
no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full
marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unlessit is given to less than the degree
of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise werequire evidence of a correct method for any marksto be awar ded.
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MPC3
Q Solution Marks | Total | Comments
ady a8 . . :
1(a) dX—k(x 1) M1 Wherek is an integer or function of x
=6 3% (x3-1)° (sw) | A1 2
But note
dy 3 5 2
—==k(x*=1) +px MO
5 KO =1) +p
Or
(u=r-1) (=)
ﬂ:Gus and %:3X2 M1
du dx
3 5 2
=6 (X" —1) x 3x Al
Note
Y = 6x3¢(x° ~1) +¢ scores M1AO
dx
(penalise + cin differential once only in
paper)
N dy 1 Product rule attempted and
(0)(1) ax J_rxx;irlnx M1 differential of In x
=1+ InXx (1sw) Al 2
. _ _ Must havereplaced Ineby 1
()| (x=¢ y=e P Bl Condoney = 2.72 (AWRT)
Y _1tine (=2) M1 Correct substitution into their %
But must have scored M1 in (b)(i)
y—e=2(x-e)or y=2x-e OE/ISW | A1l 3 Must have replaced Ine by 1
Total 7

PMT
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MPC3 (cont)
Q Solution Marks | Total | Comments
2(a) | f(x)=(x*—4)In(x+2)-15 Or reverse
f(35)=-0.9 f(35)=0.9
M1 M1
f(3.6)=04 f(36)=-04
Attempt at evaluating both f (3.5) and But must see
f(3.6) f (x)=15—(x* —4)In(x+2)
before A1 may be earned
Condone
f(35)<0
Only if f(x)defined M1
f(36)>0
Or
x=35 y=14.1(<15
Y (<19) M1
x=3.6 y=15.4(>15)
Changeof sign, .. 3.5<a< 3.6 OE Al 2 Either sideof 15, .. 3.5< o< 3.6 OEA1
(b) | (X* —4)In(x+2)=15
X2 —4= L
~In(x+2) M1 Either of these lines correct
15 Condone poor use of brackets
X=4y—— for M1 only
In(x+2)
wet |44 1O AG | a1 5, | Must have both middle lines and no
In(x+2) errors seen
© | (%=35)
x, =3.578 CAO | B1
X, = 3.568 CAO B1 2
Sight of AWRT 3.58 or 3.57 scores B1 BO
Or + 3.578 or £ 3.568 scores B1 BO
x, =3.578, x, =3.568 scores B1BO
Total 6
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MPC3 (cont)

Q

Solution

Marks

Total

Comments

3(a)()

(if)

3(b)

dx
— = ksec?(3y+1
Y (3y+1)

=3sec’(3y+1)

=

CSO

M1

Al

M1

Al

M1

Al

Wherekis an integer

Condone omission of %
dy

But

%:ksecz(3y+1) scores M1AO
X

Alternative methods
1

=—(tan" x-1
y=5( )
dx )
— =Kk(1+x?) M1
dy
=3(1+tan® (3y+1)) Al
Or
‘e sin(3y+1)
~ cos(3y+1)
dx *keos®(3y+1)£ksin*(3y+1)
dy cos’ (3y+1)
I

cos’ (3y +1)

M1

Al

Substitution of y=— % into their

oy
dy dx
@)

Condone 0.333 or better

BUT must have scored M1 in

Or
&1 )

dx 3sec’(3y+1)

= > As above

J

Approx correct shape with no turning
points, through (0,0) and only 1 curve

Asymptotic at both * g and both values

shown
Condone + 90 (degrees)
Condone y=tanx aso drawn but clearly

identified, otherwise MO

PMT
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MPC3 (cont)
Q Solution Marks | Total | Comments
4(a) | 3<f(x)<3 M1 -3<x<3 -3<f(x)<3
-3<f<3 -3<y<3
-3<f<3 —-3<f<3
Al 2 Allow —3<y<3, -3<f<3
. 1
(b)(i) | y=3cosx
Y cos1 X
3 2
2y (1 or cos™ X = |
cos ( > x) M1 3
X= 2005‘1% > Either order
y:2cos‘l§ M1 Swap x and y
J
f™(x)=2cos™ = Al 3
| X 1 If incorrectin (b)(i) BUT answer
(i 3 COSE M1 inform pcos™ (gx) (condonep, q=1)
Then qx:cos(i) M1 or x=f(1) M1
X = 3c08~ ISW | A1l 2 P
X= 3c:os1 Al
2
(©)(@i) | of (x)=|3cos=x B1 1
(ii) 3 Modulus graph in 1% quadrant, starting
from a +ve y-intercept, at least 2
M1 continuous parts, first descending, then
second increasing
. > IGNORE CURVE OUTSIDE RANGE
T 2n Al Correct curvature, curves reaching x-axis,
condone multiple curves (no turning
points at axis)
Al 3 Approximately symmetrical graph with
3, m, 2n indicated (must have scored
previous 2 marks)
Condone y= 3cos% X also drawn but
clearly identified, otherwise MO
(d) | STRETCH + direction M1 Either in x-direction or y-direction
s.f. 3, pardld to y-axis Al :
s.f. 2, pardld to x-axis Al 3 Either order
Total 14
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MPC3 (cont)
Q Solution Marks | Total | Comments
1
5(a)(i dx
=

=kIn(3+ 2x) M1 Where k is arational number

:%In(3+2x)+c Al 2
Or
if substitution u=3+2x, du= 2dx
_[: 1du g M1

u 2
1
:Eln(3+2x)+c Al
. X fsinz(dx):kcos5 i(x):l
(b) | u=x dv:smz M1 2 2" dx

where k is a constant

du=1 v=—2cos> Al All correct

2
_ X X Correct substitution of their termsinto
I __2)(0035 B .[ _ZCOSE () ml parts formula (watch signs carefully)
=—2xcos§+4sin§+c Al 4 |cao
Total 6
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MPC3 (cont)
Q Solution Marks | Total | Comments
6(a) B1 Using 4 correct x-values, Pl
X y
0.05 cosv/1.15 =0.4780 I 3 4
_ M1 At least 3 correct y-values,
0.15 cosyl45  =0.3585 (condone unsimplified correct
0.25 cosv/1.75 =0.2454 expressions),
0.35 cosV205 =0.1386 Or correct values rounded to 2 sf. or
truncated to 2 s.f.
0.1xZy ml Used and must be working in radians
=0.122 CAO | A1 4 Must be 3 sf.
(b) Lo M1 du=3dx OE
dx
. : 1
uxl = -
_[z.[( e )\/axkdu mi All interms of u, with k=3 or 3
Condone omission of du
AT 3i.d
=5 fu +u?(du) m1 pjuziuz(du)
(must have scored first 2 marks)
5 3
1lu? u?
5 = 73 Al OE
2 2
; . Must have earned all previous method
(N2, 2. 2 2 marks and then correct substitution, into
== ||| =x42 —=x42 |- | === m1l O
9|15 3 5 3 their integral, of 1, 4 foru or 0, 1 for x
and subtracting
116 . .
=— ISW Al 6 Or equivalent fraction
135
Total 10
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MPC3 (cont)
Q Solution Marks | Total | Comments
7(a) | cosx=-02 M1 Or tanx=(+)/24
x=177, 451 AWRT | A1l One correct value
Al 3 Second correct value and no extra values
ininterval 0to 6.28...
Ignore answers outside interval
SC
x=1.8, 4.5 withor without working
M1A1AO0
SC (using degrees)
101.54, 281.54 M1A1AO0
101.5, 2815 M1AO0AO
SC
No working shown
2 correct answers 3/3
1 correct answer 2/3
(b) | LHS
cosec x(1 — cosec x) — cosec X (1+ cosec x) Correctly combining fragtlo_ns but
= M1 condone poor use, or omission, of
(1+ cosec x) (1—cosec x) brackets
2 2
_ (COSCX7 COSee X = - X CoeC X Al Allow recovery from incorrect brackets
1—cosec™x
—2cosec? x __ —2(1+cot’x) ml Correct use of relevant trig identity
S otx T oo’ x eg cosec” x = 1 + cot? x
2sec” x="50
All correct with no errors seen
2y
e X=25 AG | Al 4 INCLUDING correct brackets on 1% line
Or
COSECX _ COSLX .o
1+cosecx 1-cosec x
cosec X (1- cosec x) — cosec x(1+ cosec x) Correctly eliminating fractions but
(M1) condone poor use, or omission, of
= 50(1+ cosec x) (1— cosec X) brackets
COSEC X — COSEC” X — COSEC X — COSEC’ X _
_ 50(1_ coseczx) (A2) Allow recovery from incorrect brackets
48cosec® x =50
., 24 , 1 Correct use of relevant trig identity
sin x=£:>cosx:£ (m1) eg SN x = 1 —cos X
e x= 25 AG | (A1) All correct with no errors seen

INCLUDING correct brackets on 1% line

10
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MPC3 (cont)

Q

Solution

Marks

Total

Comments

7(c)

scx=15

x=177, 451, 1.37, 491

(AWRT)

M1

Al
Al

Or cosx= =+ 0.2

Or tanx=++/24
3 correct

4 correct and no other answersin interval
Ignore answers outside interval

SC
18 45 14, 49

With or without working M1Al

SC
their 2 answers from (a)
+1.37,491  (AWRT) 2/3

SC For this part, if in degrees
max mark is M1 AO

SC

No working shown

4 correct answers 3/3
3 correct answers 2/3
0, 1, 2 correct answers 0/3

Total

10

11
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MPC3 (cont)
Q Solution Marks | Total | Comments
8@) | -4
—2x=1In4 M1
x:—iln4 ISW Al 2 OE, e Ini,—InZ,ln—4
2 2 -2
(b)) | (y=)3 B1 1 | Condone (0,3) butnot(3,0)
(i) | y=0
4e—2x _e—4x — O
4e*-1=0 M1 ae€*+b=0
e = 1 or e”=4 Al
4
x:InE ISW Al 3 OE, eg —Eln4,—ln2, EInE
2 2 2 4
and no extra solutions
Or
4e—2x ze—4x
In4—2x=-4x (M1)
2x=-In4 (AD OE
x:—%ln4 (AD OE
(i) | (y=)-8e> +4e™™ Bl
4e—4x :8e—2><
26 -1=0o0or €*-2=0 . dy :
Equating — = 0 and getting
2% 1 _2x dx
or e*==or =2 M1 dy
2 ae>+b=0 from —= =pe > +qge™
or In4—4x=In8-2x dx
x=1ind ISW | Al 3 |OEeg l(In4—|n8)
2 2 2
and no extra solutions

12
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MPC3 (cont)
Q Solution Marks | Total | Comments
8(b)(iv) Must be completely correct including dx
In2 ) seen on thisline or next line
V=n[(4e®-e") dx B1
0 Limits, brackets and « Pl from later
working
=(n) [ 166 +&™ —8e™™ (dx) B1 Correct expansion, PI from later working
1 4e_6X (In2) 16
:(n){—4e‘4X ——e ¥+ } B1 —e™ OE
8 3 (0) -
Bl —Ee‘g" OE
8
B1 _—g e ®* OE may be two separate terms
Correct substitution of x=In2 and Ointo
:(n)K_4e4“"2 - leﬂ‘*m + fe—6ln2j their integrated expression
8 3 M1 (must be of form ae™ +be ** + ce** )
| —4€® — Eeo 4 4 e and subtracting.
8 3 Pl
= 5241 T Al 7 OE exact fraction eg 2518% T
2048 98304
Total 16
TOTAL 75

13
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correct way. As preparation for standardisation each examiner analyses a number of candidates’
scripts: alternative answers not already covered by the mark scheme are discussed and legislated for.
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Key to mark scheme abbreviations

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use

of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Marks | Total Comments
1 1
1(a) 5 or (E OJ Bl 1 condone 0.167 AWRT
dy) 1 k 1
b — == M1 — where k=1, 60r =
(b) (dxj X X ! 6
Al 2 k=1
(©)
X y
1 IN6=1.7918
2 In12 = 2.4849 M1 5+ y-values correct, either exact or correct
3 In18 = 2.8904 to 3SF (rounded or truncated) or better
4 In24=3.1781
5 In30 = 3.4012 Al all 7 y-values correct (and only these 7
6 IN36 = 3.5835 values), either exact or correct to 3SF
; n 42: 3'7377 (rounded or truncated) or better
A= %xl[(1.7918+ 3.7377)
+4(2.4849+3.1781+ 3.5835)
+2(2.8904 + 3_4012)] M1 correct use of Simpson’srule on their 7
y-values, condone missing square brackets
=18.4 Al 4 CAO thisvalue only
Total 7
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MPC3 (cont)
Q Solution Marks | Total | Comments
2(a)(i) | y=xe™
M 1 2X 2X
dy Al kxe™ +1e”™ wherek and | are 1sor 2s
—= = |2xe” + & k=2
dx Al 3 |1 Independent of each other
ISW -
(=e™(2x+1))
- . . dy
(i) x:l:%:?;ez M1 correct substitution ofx—llntothew&
X but must have earned M1 in part (i)
tangent: y—e’ :3e2(x—1) OE Al 2 CSO (no 1SW), must have scored first 4
marks
common correct answer: y = 3e2x— 2e2
2sin3x
b) | y= =
1+ cos3x
* p(1+ cos3x) cos3x + qsin3x(sin3x)
( dy _J (1+ cos3x)6c0s3x — 2sin 3x(—3sin 3x) (1+ cos3x)>
dx (1+ cos3x) M1 where p and q are rational numbers
condone poor use/omission of brackets
PI by further working
this line must be seen in thisform (iein
_ 6cos3x+ 6cos’ 3X + 6sin? 3x AL terms of cos? 3x and sin?3x), but allow
(1+ cos3x)? sin® 3x replaced by 1-cos”3x
condone denominator correctly expanded
correct use of ksin?3x+kcos’3x=k or
ml ksin?3x =k(1-cos’3x)
_ 6cos3x+6
(1+ cos3x)?
-6 Al 4 |cso
1+ cos3x
Total 9
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MPC3 (cont)
Q Solution Marks | Total | Comments
note: if degrees used then no marksin (a)
and (c)
3(@a@) | f(x)=cos™(2x-1)—¢€" or reverse

f(0.4)=03 M1 sight of 0.3 (AWRT) AND 0.1

f(05)=-0.1 (AWRT)

changeof sign . 04<a <05 Al 2 CSO, note f (x) must be defined, condone
04<a<05
alternative method

(M1) e®4=15, cos? (2x04-1) =18
€”® = 1.65, cos™ (2x0.5—1) = 1.57
at0.4e<cost(2x-1)
at 0.5¢e >cos™ (2x—1)
(A2) . 04<a<05
(b) | cos™(2x-1) =€"
2x—1= cos(€")
1 11 AG o
X== (cos(ex)+1):—+—cos(ex) Bl 1 must see middle line, and no errors seen,
2 2 2 but condone cos €
(| x=04
x, = 0.539 B1 CAO
X, = 0.428 Bl 2 CAO

Total

PMT
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MPC3 (cont)
Q Solution Marks | Total Comments
_ 40252 +14. Pl by sight of 194.5 etc
4(a)(i) | (sin"+0.25=)+145 M1 condone +14.4
6=1945, 3455 (AWRT) Al 2 no extrasin interval, ignore answers
outside interval
(i) | 2cot?(2x+30) = 2— 7cosec(2x + 30) condone replacing 2x + 30 by Y
2(cosec?(2x+30)—1) =2—7cosec(2x+30) | M1 correct use of cosec’Y =1+ cot’Y
2cosec’ (2x+30) + 7cosec(2x+30)-4(=0) | A1l must be in this form
(2cosec(2x+30) £1)(cosec(2x+30)£4)(=0) | m1 attempt at factorisation
cosec(2x+30):%or—4 Al must be thislineusing f (2x + 30)
2x+30=194.5, 345.5
x=822,157.8 (AWRT) Bl one correct answer, allow 82.3, ignore
extra solutions
CAO both answers correct and no extras
Bl 6 gl i o
ininterval, ignore answers outside interval
(b) | stretch (1)
scale factor % (n
paralel to x-axis (I11) M1 | and either I1 or 1l
Al [+ 10+ 1
trandate E1l
-15 B1 4 | condone‘15to left’ or ‘~15inx
0 (direction)’
alternative method
trandate (ED)
-30 B1
o (B1)
stretch (M1) as above
scale factor %
paralel to x-axis (A1) as above
Total 12




MPC3 (cont)
Q Solution Marks | Total Comments
5@) | [f(x)]not 1-1 El 1 |oE
1
b =
b))y 2x+1
1
C2y+1 M1 swap x and y .
either order
2y+1:1 M1 acorrect next line
X
1 1(1 j 1(1 j
X)=|=l=-1| OE Al 3 =z —-
[g (%) ]2 X Ly ]2 X
© | g0 = -05 B1 1 | sightof #-0.5 OF
d ( ! jz— ! Bl sihtof( ! jzor !
@ 2x+1 2x+1 9 2x+1 (2x+1)2
(2x+1) = (2x+1)°
or 2x+1=4x"+4x+1 M1 one correct step, must be one of these four
or -1 lines
2x+1
or2x+1=1
x=0 Al 3 CSO
Total 8
6(a) | 3Inx=4
(3]
Inx=—
4
X = g Bl 1 |1SwW. Condone ¥e*
(b) 3Inx+£:19
Inx
3(Inx)*+20=19Inx M1 correctly multiplying by In x.
3(Inx)? —19Inx+ 20(=0) Al
_ use of formula, or completing the square
+ +5)(=
(BInx+4)(Inx+5)(=0) mil must be correct
Inx:iS Al
3
4
x=g3, e Al 5 condone ¥e*
Total 6
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MPC3 (cont)
Q Solution Marks | Total Comments
7(a)(i)
3 modulus graph, approximate V shape,
M1 touching negative x-axis and crossing y-
. axis
-1 AL , | —13 marked, graph symmetrical, straight
lines
(ii) M1 modulus graph in 3 sections, touching
x-axis and crossing positive y-axis
AL correct curvature
their x> 1, their x< -1 .
1 independent
| R Al 3 correct curve—-1< x<1
-1 1 and x =1, y = 1 marked
(b)(i) | |3x+3|= ‘ G —1‘
(3x+3 =x"-1)
(0=) x* —3x—4 —A M1 either A or B seen, all terms on one side
Xx=4,-1 AlAl
(3x+3=1-x*)
X*+3x+2(=0) —B
x=-1, -2 AlAl
5 x=-2,-1,4
SC NMS or partial method
1 correct value 1/5
2 correct values 2/5 independent of
3 correct values 5/5 method mark
more than 3 distinct values max 2/5
(“) A
X>4 X<—2 x> their largest, x < their smallest;
> < M1,A1l 2 CAO
Total 12
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MPC3 (cont)
Q Solution Marks | Total Comments
1
8 -[ cos® x(1+ 2tan x)*
u=1+2tanx
du 5 .
(% :jZSecz « OF M1 condone (& —J asec’ xwhereaisa
constant

I = I du ml J'L (du) , where k is a constant

2u? u2 ’

Al correct, or %j u(du)

_lu? ALF correct integral of their expression but
21 must have scored M1 m1
__1

2u
= - m(w) Al 5 | CSO,nolsw

Total

PMT



MPC3 (cont)
Q Solution Marks | Total Comments
9 (a) lenxdx
Inx —=X
(dx) 1 X
I 2 M1 correct direction and sight of — S
X
vV=—
(x) X 2
sz—lnx j—xl(dx) Al
2 X
2 2
=X7Inx—x—(+c) Al 3
(b) | y=(nx)
(dyj 2Inxx = M1 EInx where kzl,lorz
dx X X 2
Al 2 k=2
(c) y=\/§lnx
_ e al correct, incl brackets, x, limits and dx
(v =)m [, x(Inx)"dx Bl (but dx may be seen BEFORE this line)
2 dv . . . du k
u=(Inx) —=X correct direction with — =—Inx where
(dx) (dx) x
) M1
u 1 X 1 . X
—=2Inx= v=— k==,1or 2and sight of =
(dx) X 2 2 2
X2 2 x> 2 correct substitution of their termsinto the
[ == (%)’ = [ =% = Inx (dv) mil
2 2 T x parts formula
2
X?(Inx jxlnx(dx) Al integral needs to be simplified to .[xlnx
x2 1
Z (Inx)" ==x*(2Inx-1) OE
=% (Inx)* = 25¢ (2Inx=1)
1 e
—(n){ (Inx)* ——x2(2lnx—1)}
4 1
2 1, 1 correct substitution of 1 and einto their
=(n) (— —Z J—£0+Zj ml expressions of the form
px2(Inx)2 + gx2 Inx+ rx2 where p, g and
r are non-zero rational numbers, and an
intention to subtract
Do not condone F(1) — F(e)
2
_Tre e 1
_Z[e ~1] OE Al 6 7{4 4} etc
Total 11
TOTAL 75
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—X EE
NMS
PI

SCA

c

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct X marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use

of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MPC3
Q Solution Marks | Total Comments
1(a) X y Bi all 7 x values correct (and no extra)
0 1 (PI by 7 correct y values)
3 2
1 4 B1 5 or more correct y values, exact
14 8 1
) 1 . .
) 16 (4 4 j or evaluated (in table or in
25 32 formula)
3 64
A :lxl[ 65+ 4x42 +2%20 ] M1 cgrrect substitution of their 7 y-values into
32 Simpson’s rule
=% or 45.5 or 273 Al 4 CAO
(b)(@i) | f(x)=4"+2x-8 or g(x)=8-2x—4"
f(1.2)=-03 or g(1.2)=03 Mi luating £(1.2) and f(13
f( 1.3):0'7 or g( 1'3):_0'7 attempt at evaluating f(1.2) and f(1.3)
AWRT £0.3 and £0.7 o alternative method
condone f(1.2)<0,f(1.3)>0iffis 42253 8-2x12=56
defined . " ' ' }
47 =6.1,8-2x13=54 Mi
change of sign
Ll2<a<13 Al 2 at 1.2 LHS <RHS
(f(x) must be defined and all working at 1.3 LHS > RHS
correct)
L12<a<13 Al
(i) | (x,=)1.243 Bl
(X, =)1.232 Bl 2 | these values only
Total 8
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MPC3 (cont
Q Solution Marks | Total Comments
f(l1)=21
2 fgl)@: 1} M1 sight of 1 and 21
1 <f(x)< 21 Al 2 allow f(x) replaced by f, y
. _ 63
O)D) | ¥ =77
__63 Mi reverse X, Y
4y -1 Either order
X(4y —1)= 63 or better M1 one correct step
- 1( 63
f'(X):Z(7+1) OE | Al 3 | condoney =
| 1 63
i)y| = —+1 |=1
@ 551
63 +1=4, orbetter MI one correct step from their (b)(i) = 1,
X or X =1f(1)
(x=) 21 Al 2 note: 21 scores 2/2
63
i fg(X)=
©0) | (fe0=) 5 BI | 1
(i) 63 _,
4%* -1
4x> —1= 63 or better M1 one correct step from their (c)(i) = 1
x* =16 OE Al eg(2x+8)(2x—8)=0,orx=+4
x=-4 ONLY Al 3
Total 11

PMT



MPC3 (cont
Q Solution Marks | Total Comments
d
3(a) (_y= j 125% — 6 Bl 1 | donotISW
dx
(b) j 2 1y
> 4x* —6x+1
_[l ln( 4X3—6X+1)T) M1 kln( 4X3—6X+1),kisac0nstant
6 ©) k=L
Al 6
=L in(4x3 —6x3+1) -
6 correct substitution in F(3) — F(2).
ml
1 In ( A% —6x2+1 ) condone poor use or lack of brackets.
6
—Lnor— Lo AIF KIn91—kin21 _
6 6 only follow through on their k
=lln2 or (zllngj Al 5
6 21 6 3
or if using the substitution
U=4x—6x+1
du
=k | — M1
J=x]3
1
= —Inu Al
¢ In
then, either change limits to 21 and 91 m1
then A1F Alas scheme or changing back
to ‘X’, then m1 A1F A1l as scheme
Total 6
4@a) | sec’O—1=... Bl correct use of sec’ @ =1+tan’@
sec? 0 +3secO—10 (=0) M1 quadratic expression in sec 6 with all
terms on one side
(secd+5)(secd—2)=0 ml attempt at factors of their quadratic,
(secO+ 5)(secd£2)
or correct use of quadratic formula
secd=-5, 2 Al
(cos@ =—l, lj
52
60" 300°.101.5". 258.5° (AWRT) B1 3 correct, ignore answers outside interval
’ T ) B1 6 all correct, no extras in interval
(b) | 4x—10"=60",101-5",258-5",300° M1 4x —10 = any of their (60),
Ax=70",111-5°,268-5",310° ALF all their answers from (a), BUT must have
scored B1
x=17-5,27-9,67.1,77-5 (AWRT) Al 3 CAQO, ignore answers outside interval
Total 9
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MPC3 (cont
Q Solution Marks | Total Comments
5(a) | stretch I
SF 4 I MI1AIl I+ (IT or 1IT)
in y-direction  III
either order
translate El
e
[Oj Bl 4 accept ‘e in positive X-direction’
(b) A
| Ml mod graph, in 2 connected sections, both
i in the first quadrant, touching x-axis
i Al curve touches X-axis at 1 + e (or 3.7 or
i better), and labelled (ignore scale)
e 1+e > Al 3 correct curvature, including at their 1+ e,
approx. asymptote at X =¢
©)i) | |4In( x—e)|=4
4In( x—e)=4 4In( x—e )=—4 must see 2 equations, condone omission
Ml
or better of brackets
x=)2e do not ISW Al accept values of AWRT 5.42, 5.43, 5.44
_ 1
(X =)e +e'or (x=)e +— donot ISW Al 3 accept values of AWRT 3.08, 3.09
e
if MO then x = 2e with or without working
scores SC1
(i) | x=2e Bl accept values of AWRT 5.42, 5.43, 5.44
e<Xseto B2 3 | accept values of AWRT 2.72, 3.08, 3.09
if B2 not earned, then SC1for any of
1 1 1
e<X<e+—,e<X<e+—, e<X<e+—
e e e
Total 13
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MPC3 (cont)
Q Solution Marks | Total Comments
6(a i - + si +
(@ [ dx _ j( sin@ x0 ) —1xcos® quotient rule = 51n¢9><.k2_ 1xcos®
do sin” 6 sin’ @
M1 where k=0 or 1
must see the ‘0’ either in the quotient or in
Al du
eg — =0 etc
dée
cosé cosd .
= - — or = —-—— or equivalent
sin” 6 sinfsind
— _ cosecd cot & Al 3 CSO, AG must see one of the previous
expressions
(b) | X=cosect
ﬁ = —cosec @ cot® B1 OE, eg dx =—cosecd cotddl
Replacing
/(cosecz 0 1) by m’ or better B1 at any stage of solution
= —cosecfcot§ do M all in terms of @, and including their
cosec’d ( cosec’6 —1 ) attempt at dx, but condone omission of d#
Al fully correct and must include d&
(at some stage in solution)
—cosec;@ coté ( 40 )
cosec @ cotf
-1
= dé OE —sin@(dé
,[ cosecé’( ) Al eg [—sin ( )
=cosd Al
x=2, 8=0.524 AWRT
B1 correct change of limits
x=+2, 6=0.785 AWRT
2
or (i)cosﬁz(i){ (l—izﬂ OE
X
V2
0.8660 — 0.7071 ml c's F(0.52) _ F(O.79)
substitution into & cos € only
o[ L
2 V2
=0.159 Al 9
Total 12
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MPC3 (cont)
Q Solution Marks | Total Comments
dy | | M1 p, q constants
—= e UxX+qe * 1
_1 1
[:e 4 (——x2+2x)=0}
4
iy
e ¥ 20 El or e * = 0impossible OFE
(may be seen later)
1y
[ e * J( ax’ +bx )=0 ml or e s x( ax+b )=0
x=0,8 Al
x=0,y=0 Al
_8
x=8,y=06de” B1 7 condone y =8¢ * etc
ignore further numerical evaluation
B 1y
(b)() _[xze 4+ dx u=x d_,
dx
du 1, M1 where K is a constant
—=2x v=ke *
dx
k=-4 Al
1y 1y
—4x’e 4 — j—4e 4" x2x(dx), or better AlF correct substitution of their terms
Ly
u=mx ﬂ =ne !
dx
du - dx both differentiation and integration must
—=m v=-4ne * ml
dx be correct
_ 1y _ 1y 1y
[=-axe +8( —axe Vo [4e dxj
1, 1, 1, 1)
=l:—4X26 4 _32xe * —128e * } Al
(0)
ml correct substitution and attempt at
1 de 1, 1, 1,
=—e'[ 64+256 | [ 128 ] Ogl 1\/1;1 subtraction in ax’e * +bxe * +ce *
only) (may be in 3 stages)
—128 - 320 Al 5 | or128-320¢7"
e ignore further numerical evaluation
(4) 1,
(i) | v=m | 9%%¢ * (dx) M1 condone omission of brackets, limits
(0)
_ 320 . .
=9m| 128 —=—== AlF 2 91 x (their exact b(i))
e
Total 16
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation events which all examiners participate in and is the
scheme which was used by them in this examination. The standardisation process ensures
that the mark scheme covers the students’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner analyses a number of students’ scripts: alternative answers not already covered by
the mark scheme are discussed and legislated for. If, after the standardisation process,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of students’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year’'s document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.
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Key to mark scheme abbreviations

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use

of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MPC3 - AQA GCE Mark Scheme 2012 June series

Solution Marks | Total Comments
x |y
0.5 3.9163 Bl All 4 correct x values (and no extras used)
0.7 1.8748
0.9 0.9520 M1 3+ y decimal values rounded or truncated
1.1 0.3773 to 2 dp or better (in table or in formula)
(P1 by correct answer)
Correct substitution of their 4 y values (of
I= 02x )y m1l which 3 are correct), either listed or
totalled
(=02x712..)
=1.424 Al 4 CAO

Total

PMT



MPC3 - AQA GCE Mark Scheme 2012 June series

Q Solution Marks | Total Comments
2@a) | f(x)=4Inx-x Or reverse
f(0.5)=-35 i
(05) must have both valuescorrect | M1 Allow T(0'5) <0and f(1.5)> Oonly if
f(1.5)=04 f(x) defined
Change of sign .. 0.5< a¢< 1-5 Al 2 f(x) must be defined and all working
correct, including both statement and
interval (either may be written in words
or symbols)
OR comparing 2 sides:
4In0.5=-28 +05=0.7
(M1)
4In1.5=16 15 =12
At 0.5, LHS < RHS; at 1.5, LHS > RHS
~05<a<l5 (Al
(b) | Inx = TX or x*=e”* Must be seen
Jx
X=e4 Bl 1 AG; no errors seen
(c) | x,=1.193 B1
X; =1.314 Bl 2 If BOBO scored but either value seen
correct to 2 or 4 dp, score SC1
(d) A
M1 Vertical line from x, to curve (condone
/ r omission from x-axis to y = x) and then
L horizontal to y = x
i : - Al 2 2" vertical and horizontal lines, and
X1 X2 Xs i X, , X; (not the values) must be labelled
on x-axis
Total 7
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MPC3 - AQA GCE Mark Scheme 2012 June series

Q Solution Marks | Total Comments
3(a) (d_y :) x3xl+3x2 In x M1 px3><1+qx2 In x
dx X X
where p and q are integers
Al 2 p=1q=3
d Substituting e f 'th'dybt t
b)) (d_i :j e2413e% Ine (=4e2) M1 ubstituting e for x in EII’&, ut mus
have scored M1 in (a)
y=¢e’lne (:e3) B1
OE but must have evaluated In e (twice)
y-e = 4e* (x—e) Al 3 for this mark (must be in exact form, but
condone numerical evaluation after
correct equation)
(i) | —e®*=4e’(x-e) or 4e’x=3e’ OE M1 Correctly substituting y = 0 into a correct
tangent equation in (b)(i)
x=e Al ) |50 . .
4 ignore subsequent decimal evaluation
Total 7
6x
4a) | [xe " dx
dv 6x e 1
Uu=X —= M1 All 4 terms in this form, k==,10r 6
(dx) 6
du 1
——=1 v=ke™ Al k=-
(dx) 6
1o J' 1o (dx) ALF Correct substitution of their terms into
6 6 parts formula
1 . e
= gxe6X - —e¥(+c) OE Al 4 No ISW for incorrect simplification
1
(b) | (V=) =fxe"dx B1 Must include =, limits and dx
0
1, 1, 1 Correct substitution of 0 and 1 into their
= () [—e o8 )—(— —j M1 answer in (a), must be of the form
6 36 36 . .
axe™ —be™, wherea>0,b >0
and F(1) - F(0) seen
1
= —e6 + — .
T [36 36} Al 3 CAO; ISW
Total 7
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Q Solution Marks | Total Comments
5a) | F(x)>0 M1 f(x)>0, f>0,x>0,y>0, range>0
Al 2 Condone y>0
) 10
(b)(i) | fa(x)=,[2 ~ -5 Bl 1 No ISW
[: 29_5] o
X
(i) Q—S =5
X

20 _52 .5 M1 Correctly_squar_ing the_ir fg(x) and

X correctly isolating their x term

X= % Al 2 No ISW

©@) | y=v2x-5
Swap x and
M1 wap x y . either order
M1 Correctly squaring
X’ +5
f1(x)= Al 3
(F00=) =
(i) x*=9 M1 Candidate must have scored full marks in

or if +/9 or 3 seen (c)(i) (ie no follow through)

x=3

and x =-3 rejected Al 2 Must see both

Total 10
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Solution Marks | Total Comments
u=x*"+2
du =4x3 B1 or du=4x®dx
dx
X7
—2 —— dx
J.(x“ +2)°
% Either expression all in terms of u
= J‘k(“_;z) du or jk(“_zz) du ; M1 including replacing dx, but condone
u u u—-2)* omission of du
-1 -2
:(ljji_%du - kJ'au +bu?du, wherek, a, b are
4)7u u constants
(I husl Al Must have seen du on an earlier line
4 u where every term is a term in u
—(1\[4 27 L) | In(x* +2)+ 2|
[ =(3)[me+d] (%) (¢ +2)
0
1 2
=2 (In3+§)—(ln 2+1) mi Dependent on previous Al
Correct change of limits, correct
substitution and F(3) — F(2)
or
correct replacement of u, correct
substitution and F(1) — F(0)
1 3 1
=—In|=|-= i
2 (2) o Al 6 OE in exact form
Total 6
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Q Solution Marks | Total Comments
7(a) 4 M1 Modulus graph, 4 sections touching x-axis
at —2,1,3
V\ Al Correct x >3, x<-2
) 1 3 " . .

Al 3 Correct —2 < x <3 with maximum at 2
lower than maximum at —1and correct
cuspsatx=-2,x=landx=3
The maximums need to be at x = —1 and 2
(approx)

(b)
M1 Symmetrical about y-axis, from original
curve forO<x<landx>3
3 7 3 > ) .
1 s Al 2 Correct graph including cusp at x =0
(©) | Translate E1
-1
[ } 1
0
Stretch (1) either order
sf % (1 M1 I and (either Il or I11)
I1y-axis (1) Al 4 [+ 11+ I
(d)| x=-2 B1
y=5 B1 2 Each value may be stated or shown as
coordinates
Total 11
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Q Solution Marks | Total Comments

(1-cosd)+(1+cosd)

LHS — - - -
8(a) (L+ c0s6)(L-cos0) M1 Combining fractions
- Al C tly simplified
1— cos? 0 orrectly simplifie
2 .
=— ml Use of sin® @ +cos* 0 =1
sin“ @

2cosec’d =32

cosec’d =16 Al 4 AG; no errors seen
OR
1—c0s6+1+cosd =32(1+cosd)(1-cosd)

(M1)
2=32(1-cos’ 0) (A1)
2=32sin’ 4 (ml)
cosec’d =16 (Al)
(b) | cosecy = (+)~/16 or better (PI by further M1 of siny (i)\/I or better

working) 16

(=)

0.253, (2.889,) (3.394,) (6.031,) (-0.253) B1 Sight of any of these correct to 3dp or better

(=) _ _

0.25, 2.89, 3.39  (or better) Al Must see these 3 answers, with or without

either/both of —0.25 or 6.03
Ignore answers outside interval —0.25 to
6.03 but extras in this interval scores A0

x=0.43, 1.74, 2(.00), 0.17 B1 3 correct (must be 2 dp)
B1 5 All 4 correct (must be 2 dp) and no extras in
interval (ignore answers outside interval)

Total 9
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Q Solution Marks | Total Comments
d COSY X COSY — SNy x —siny Condone incorrect signs, poor notation
X - X —
9(a) [_ ZJ 2 M1 omission of X or usin dy
dy cos? y dy 9 i
cos?y +sin?y RHS correct with terms squared,
T oty y Al including correct notation
Must see this line
1 =1+tan’®
= oty or (=1+tan’y) Must see one of these
ax _ sec’y Al 3 AG; all correct including correct use of
dy CsO dx
— throughout
dy
2\ _ 2 H
(b) S%2y=1+0—1f M1 Correct use of sec®y=1+tan“y and in
terms of x
=1+x*-2x+1 OE
. Y 2. _mn _1)2
94D AL 2 AG; must see “sec"y=", (x-1)
expanded and no errors seen
dx 2 dy 1
— =X"-2X+2 or —=
(©) dy dx sec’y Must be seen
dy 1
- = Bl 1 AG and no errors seen

dx x> =2x+2

PMT
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Q Solution Marks | Total Comments
9 cont
A | y=tan™(x-1)-Inx
d 1 1
[d—i =) 222 x M1 Must be correct
2
dx

+x* +bx+c (=0) ml Expression in this form (generous), where
bandc#0

x*—=3x+2=0 Al Must see correct equation = 0

x=12 Al 4 Both answers must be seen
The two A marks are independent

" __ 2 _ -2 _ -2
(i) M1 y' = p(x 2x+2) (2x-2) £ gx

where p and g are constants

y'=—(x* - 2x+ 2)_2 (2x=2) +x7 Al 2 | p=-1, q=1including correct brackets

i) | x=1, y"=1 M1 I(\i/:;Jst have scored full marks in (d)(i) and
At x=1,y">0 .. min Must see y" >0 or in words
When x =1,y =0 hence on x-axis Al 2 Both statements fully correct
Total 14
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation events which all examiners participate in and is the
scheme which was used by them in this examination. The standardisation process ensures
that the mark scheme covers the students’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner analyses a number of students’ scripts: alternative answers not already covered by
the mark scheme are discussed and legislated for. If, after the standardisation process,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of students’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year’'s document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.

Further copies of this Mark Scheme are available from: aga.org.uk
Copyright © 2013 AQA and its licensors. All rights reserved.

Copyright

AQA retains the copyright on all its publications. However, registered schools/colleges for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to
schools/colleges to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered
charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX.
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Key to mark scheme abbreviations

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use

of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MPC3
Q Solution Marks | Total | Comments
1(a) | f(2)=-3 f(x)=x°-6x+1 must have both values
f(3)=10 M1 correct
allow f(2)<0 and f(3)>0
only if f(x) is defined and no errors seen
change of sigh = 2<a <3 Al 2 must have both statement and interval
which may be written in words/symbols
(b) | x*=6x-1
1
2 —_ —_=
or X =6+ X 0 must see one of these lines and no errors
or x>*-6= 1
X
) 1
X
1 B1 at least 4sf needed
©) | *= 6_?5 =2.366(432) P1 by correct x,
X; = 2.362 B1 2 SC1 if BOBO scored and x, = 2.3617
Total 5

PMT



MPC3 - AQA GCE Mark Scheme 2013 January series

Q Solution Marks | Total | Comments
2(a) | y(0)=0
1
1)===0.3
y(1)=73
y(2)= % =03 B1 all 5 x-values PI by 5 correct y-values
3 .
3)=—=0.27
v() 11
4 at least 4 y-values exact or rounded or
y(4)= 18 0.2 B1 truncated to at least 4sf
. , .1
' S ' correct use of Simpson’s rule using ~and
=x1(0+0.2+4[03+027]+2[03]) M1 _ _ 3
4 and 2 correctly with candidate’s
5 y-values
=1.104 Al 4 CAO (must be exactly this value)
(b) j' X dx=—[|n(x2+2)] M1 forkln(x2+2)
0 X + Al all correct; limits not needed
=1(In18— In2) AlF For k (In18 — In2)
2
—llng ALF combining candidate’s logarithms
2 correctly (must be seen)
=In3 Al 5 CAO (must be exactly this)
NMS scores 0/5
Total 9
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Q Solution Marks | Total | Comments
dy Y, 1 Bl B1 for one term correct
3(a) (& _j3e 3 B1 2 B1 all correct
(b)) du _\%cosx(1+cosx)Esinx(sinx) M1 clear attempt at quotient/product rule
dx (1+ cos x)2 condone poor use of brackets
cos x(1+cos x)—sin x(—sin x)
2 Al any correct form seen
(1+cosx)
_ COSX+c0s” X +5in® X
(1+cos x)2
_ cosx+1
(1+cosx)’
AG be convinced
1 Al 3 correct use of brackets and correct
" 1+cosX €S0 notation used throughout
(eg A0 if cos x’ etc seen)
d 1+cosx 1 )
(i) (_y =j - X OE M1 correct use of chain rule
dx sinx  1+cosx
1
sin x
=C0Secx Al 2 AG, must see = ﬁ and no errors seen;
condone incorrect use of brackets only if
penalised in part (b)(i)
Total 7
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Q Solution Marks | Total | Comments
4(a) * M1 reflection in the x-axis for the negative
f(x) and remainder as given on sketch
0 Al 2 correct curvatures, correct cusp atx =4
condone straight lines for x <0 and x > 4
4 marked on x-axis
(b) | Either
1. Stretch M1 1 and either 2 or 3
2. || x-axis
3. by factor 0.5 Al 1,2and 3
(followed by) translation El
05 B1 4
0
or
translation (E1)
L B1
; (81)
(followed by) 1. Stretch (M1) 1 and either 2 or 3
2. || x-axis
3. by factor 0.5 (A1) 1,2and 3
Total 6
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Q Solution Marks | Total | Comments
4 4 4
5(a M1 f(x)>——=,f>——,range>—-—
(@) (x)>-3 g range=—-
4
f(x)>—— Al 2
3
: 4
(b)(i) | x=- 3 B1F 1 correct or FT from (a)
(i) | X*=3y+4
x=(£)3y + 4 M1 either order — M1 for correctly
. changing the subject or reversing
(f (x) Z)(_) 3x+4 M1 operations; M1 for replacing y with x
(f -+ (X) =) —3x+4 Al 3 (dependent on both M1 marks) correct sign
(c)(i) | 3x-1=1 M1 Or 3x—1=¢° or 3x—-1=+1
% OE Al 2 CAO, NMS % OE scores 2/2
(i) | g has NO inverse must indicate no inverse
because two values of x map to one value . . .
N - with valid reason; do not accept
(of y) or it is many-one or it is not one- Bl 1 .
o \ contradictory reasons
one or ‘it is two-one
x> -4
(i) | In|3x —J.‘ M1
3
In‘xz _5‘ Al 2 NMS scores O/_2, condone k = -5 after
correct expression seen
(iv) | In[x*-5/=0
x*-5[=1
x*-5=1 (or—1or e® or —e° seen) M1 x* —k =1 etc, for candidate’s positive
integer, k
x* =6, 4 or candidate’s k +1 or k —1
x=+/6, 2 ALF
exact values PI by correct answers
x=—/6,-2 ALF
(x<0=) x= ~/6,-2 Al 4 CAO, rejecting the positive
Total 15
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Q Solution Marks | Total | Comments
6 sec” X _sec’x
@ (secx+1)(secx—1) sec’x—1
, , M1 for correct use of sec’ x =1+ tan®x at
sec” X =1+tan" x used M1 least once or (cosec’ x =1+ cot’ x)
_sec’x  1l+tan®x _ 1
tan®x tan? x cos? xtan? x
= s'n12 or cot’ x +1 Al Shown, with no errors
in“ x
B ) AG (No errors, omissions or poor
= COSeC X Al 3 notations seen)
(b) | cosec® x =cosecx +3
cosec’® X —cosecx—3=0 Bl must have = 0
correct solution of the quadratic,
or by completing the square
+
Cosecx=1_\/1—3 or(2.3..and-13..) M1 cosecx:i\/g+l
2 4 2
P1 by values for sin x
. 2 1 .
SInX = B1F B1F for cosecx =—— seen or implied
1+/13 sinx P
=0.434 and - 0.768 (or —0.767) Al Pl
Bl B1 for any three values correct AWRT
X = 26°,154°, —50°,-130° B1 6 B1 for all four values correct AWRT and
no extras in the interval —180° < x <180°
(c) | 26-60°=x M1 where x is a written value from
candidate’s (b) in degrees
PI by their answer
6 =43°,5° Al 2 CSO
Ignore solutions outside interval
0°< @8 <90°
Total 11
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Q Solution Marks | Total | Comments
7(a) | Y =4xcos2x
dy _ 4c0s 2x — 4x(2)sin 2x M1 anything reducible to Acos 2x + Bxsin 2x
dx where A and B are non-zero integers
Al OE, all correct
radient of the tangent
g g substituting ™ into candidate’s derived
2n T . 21 ml 4
Acos— + Bx—sin— .
4 function
=-2n Al must have —2m using correct g_y
X
an equation of the tangent is
T .
y= —Zn(x _Zj Al 5 OE, dependent on previous Al
i
(b) I4x cos 2xdx
0
dv .
u=Ax — =C0S 2X M1 all 4 terms in this form seen or used
dx
du . _ 1 _ _
d—:A v = Bsin2x Al A=4and BZE orA=1landB =2, etc
X
_ _[g] (;] correct substitution of candidate’s terms
“lax=sin2x | - 4><lsin 2x(dx) ml into integration by parts formula
doy (o) 2 condone missing limits
) (n ( ) candidate's second integration completed
[, 4 i correctly
- 4X§S'n 2 o ~[-cos2x] ALF FT on one error including coefficient
B h condone missing limits
:g—l Al 5 OE, exact value
Total 10
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Q Solution Marks | Total | Comments
8(a) Iel’zxdx =ke'™* or e(ke™) M1 where k is a rational number
In2 In2 . .
I o2y - Laranf"? ool _ 1 oo Al correct integration
! 2 0 2 . condone missing limits
1 1 .
= —Eel’z'”z - —Eel’z(o) Al correct (no decimals)
_ L 1e +1e eliminating In
2\ 4 2 J
:ge Al 4 AG, be convinced
(b) | u=tanx
j_u =sec’ X M1 PI below, condone du =sec® xdx
X
. . 1
Replacing dx b du) in integral Al or du
pracing yseczx( ) d 1+u2( )
sec’ x=1+u’ B1 PI below
x=0 = u=0 this could be gained by changing u to
B1 tan x after the integration and using x=0
T
=7 = u=1 and x=%
3
j sec’ x+/tan x dx
0
~ , 2 — (du) all in terms of u including replacing dx
a J-(1+ ! )\/U(du) or I(“U ) */El+uz M1 all correct, condone omission of du
5 1
:j u? +u2J (du) Al must be in this form
21 938
=7u2 +§u2 Al accept correct unsimplified form
_0 Al 8 |cAO
21
Total 12
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation events which all examiners participate in and is the
scheme which was used by them in this examination. The standardisation process ensures
that the mark scheme covers the students’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner analyses a number of students’ scripts: alternative answers not already covered by
the mark scheme are discussed and legislated for. If, after the standardisation process,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of students’ reactions to a particular paper.
Assumptions about future mark schemes on the basis of one year’'s document should be
avoided; whilst the guiding principles of assessment remain constant, details will change,
depending on the content of a particular examination paper.

Further copies of this Mark Scheme are available from: aga.org.uk
Copyright © 2013 AQA and its licensors. All rights reserved.

Copyright

AQA retains the copyright on all its publications. However, registered schools/colleges for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to
schools/colleges to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered
charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX.
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Key to mark scheme abbreviations

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use

of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Marks | Total Comments
1(a) | (2x-3=x)
X=3 B1
2X—3=-X M1 or —(2x—-3)=x or —2x+3=X
x=1 Al 3
b . - .
(b) (|2x—3| 2|x|) No ISW in part(b), mark their final line
as their answer.
x<1 Bl Or 1>x
X>3 B1 2 Or 3<x
Or “x<1or x>3" for B1 B1
Total 5
2(a) | (y=x"tan2x)
4x%tan 2x + Ax“sec’kx OE where Ais a
ay _ 4x° tan 2x + x* 2sec’ 2x M1
dx non-zero constant.
Al Al fork =2
may have (sec2x)’
1
o oy
cos” 2x
Al 3 Al all correct
ISW if attempt to simplify is incorrect.
(b)
[d_y ZJ +2x(x=1) £1(x*) M1 Use of the quotient rule
dx (x—1)° AL 2x(x —1) —1(x?)
(x-1)°
[_ X2 - ZXJ
(x-1)° Simplification not required
(d_y_jé or0.75 OE d
dx /4 ' Al 3 | Obtained from correctd—y
X
Total 6
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Q Solution Marks | Total Comments
3(a) | f(3) =-0.2(18) } f(x)=e™*—2++/x
Both values correct
f(4) =0.01(83) M1
Change of sign = 3<a <4 Al 5 Must have both statement and interval
in words or symbols.
b
® (Xn+l =(2_e_xn)2 X1=3'5)
(x, =3.8801...)
X, =3.880 B1 Do not accept 3.88
(x, =3.9178...)
X; = 3.918 B1 2 | Do not accept 3.917
©) va st o
M1 taircase to curve from x, including at
least two stairs between curve and line
y=X.
(ZER AL ) x, and x, marked on the x-axis .
\ / | l Do not accept marking on the
% x'3 > Curve or on the line.
Total 6

PMT



MPC3- AQA GCE Mark Scheme 2013 June series

Solution Marks | Total Comments

(8secx - 2sec” x = tan” x - 2)

Using tan®x =sec’ x—1
—2sec’x=sec’x—-1-2 . .
Bsecx —2sec” x =sec M1 and NOT replacing sec® x with 1+ tan® x.
3sec’x —8secx —3(=0) Al

(3secx+1)(secx—3) (= 0) m1 Correct factors or correct use of quadratic

equation formula
g1 \/(—8)2 ~43)(-3) or completing the square for ‘their
Or seex= 2(3) equation. sec x L L
' 6 \36
secx= 3, —% (or —0.33) Al Both correct.
secx = Bl PI
COS X
1 secx——1 is impossible

(cosx=§ or 0.33) 3 P
One correct. Must have earned Al for

x=1.23,5.05 Al correct quadratic, but independent of the
second Al.

Al 7 Both correct and no extras in 0 < x < 2.
CAO
Total 7
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Q Solution Marks | Total Comments
5(a) 2 6 10 14 18
% 0'4(3) 1'2(5) Z(E) 2'8(3) 3'6(3) B1 All 5 x-values correct, Pl by 5 correct y-
yi| 5.20231 5.35985 5.91608 6.99657 8.58231 values.
B1 At least 4 correct y-values rounded or

truncated to at least 4 s.f. or in surd form
/27 +(0.4) /27 + (1.2)° etc. or

\/27.064, /28.728, etc.
or sight of 32.057...

4 5

j\/27 +x3 ~ 0.82 Y; M1 Correct use of mid-ordinate rule using
0 ! 0.8 with candidate’s 5 y-values.
(=0.8x32.057..) Dependent on first B1

_ 256 Al 4 CAO (must be exactly this) and no error
seen

(b)
Could be gained without
answering part (a)

B1 Diagram showing curve through the
midpoint of the top of rectangle. May
have one or more rectangles.

“Smaller” OE El 2 Dependent on B1

Total 6
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Q Solution Marks | Total Comments
6(a)
Ya
T
B1 Correct sketch of cos™x.
-1 > X
(-1 ) and (1,0) BL | 2 |Statd
(b)
y
A
T
B1 Correct sketch of m—cos™x
Must touch negative x-axis.
-1 > x
(-1,0) and (1, =) B1 o | Stated
Total 4

PMT
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Q Solution Marks | Total Comments
7(a)
y A
M1 Reflection in the x-axis.
0 X Intersection with the x-axis and y-axis
4 Al 2 marked 2 and —4.
- Accept (2, 0) and (0, -4)
instead of marking on the axes.
(b)
y A
M1 Reflection of 0< x <6 part in the
y-axis giving two connected
sections
> Al Correct curve beyond =+ 6, correct
/ 5 0 X curvature and correct cusp at x=0
(generous)
Al 3 +6 and 4 marked correctly
Accept (6, 0), (0, 4) and (-6,0)
instead of marking on the axes.
(c) | Reflection M1
in the y-axis Al
(followed by)
1) stretch M1 1 and either 2 or 3
2) parallel to the x-axis
3) by factor 2 Al 4 1,2and 3
OR
Vice versa
Total 9

PMT
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Q Solution Marks | Total Comments
8(a)(i) | f(x)=In(2x-3)
2x—3=¢g’ M1 Either order:
oy _3_ e M1 M1 for antilog
y=o= M1 for replacing f(x) or y with x
i 1
(F00=) E(e +3) OE Al 3 | Correct expression in x
N 3
W1 00>2 B1 1 | Do not condone
3 3 3
f(x)>=, >= ) x>=
) 2 y 2 2
range>g i >§
(iii) R
y M1 Correct shape crossing y-axis and above
X-axis
’//2 Al 2 2 marked on the y-axis
O > X
- _ 2In(2x-3) _
(b)(i) | (9f()=) e 4 M1 Correct composition
_ aln(@2x-3)?
=e" -4 ml PI by correct expression
=(2x-3)° -4 Al 3
(i) | (fa) =) In(2(e* -4)-3) M1 OE correct composition
In(2e* -11) =In5
2x
27 -11=5 OE Al Correct antilog of correct equation
e” =8
2x=1In8
1 OE exact solution, e.g.
x==In8
2 Al 3 3 3
In/8 or Elnz or In22
Total 12

PMT
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Solution Marks | Total Comments
V= nj x*dy
16x> —(y —8)* =32
1
X =—(y-8)°+2 B1 OE
V-9
(16) . - .
1 M1 Accept ‘their' x° in terms of y Condone
V= —(y-8)%+2|(d T
() (([)(16@ ) j( 2 missing limits and 7 wherever bracketed
1 1 3 4o Al . .
V =(n)| —x=(y-8)"+2y OE, for correct integration of correct
16 3 © integrand
V =(n)[ix1(16—8)3 +2(16) oo
16 3 Al OE, correct use of correct limits in correct
1 1 . expression, PI by correct answer.
—=x2(-9)
16 3
\Y =%n Al 5 OE exact value,
eg n53% or 1533 or 220,
Total 5

PMT
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Q Solution Marks | Total Comments
ol u=Inx av =1 dlinx
- dx M1 & J. dx attempted
dx
du 1 VX Al All correct
dx x
(J' In x dx :) xIn x —fx X 1(dx) m1 Correct substitution of their terms into
X
parts
=xInx-x +C Al 4 All correct (constant needed)
(ii)
dv d(In x)2
u=(Inx)? —=1 M1 (Inx)
dx o & J' dx attempted
d_“:(gm X)l V=X Al All correct
dx X
(I(In x)2dx :) x(In x)? — I xx2In x (dx)| ml OE correct substitution of their terms into
X parts
=x(Inx)* -2(xInx-x)+C OE | A1 4 | All correct (constant needed) including
correct use of brackets. Do not penalise
missing constant if already penalised in
part (i)
ISW
G du 1 1 -
—=—— or —=x? =
X 2% 5 B1 u=+Xx
(dx =2u du)
@) @ . . .
J' 1 dx = J‘ 21 2u (du) M1 All in terms of u |n<_:lud|ng attempt at
ay X+ Jx pu+u replacing dx (not simply writing du),
condone missing limits and du
Al Integrand correct unsimplified
@
1
=2 j —— (du) Al
pu+l
k
_ @ .
=2In(u+1)f; ALF FT their | — ()
=21In(2+1) - 2In(1+1) ALlF correct use of correct limits
or 2In(v4+1) - 2In(v1+1) on kin(u+1) or k|n(&+1)
3 9
=2In§ or Inz or 2In3-21n2 Al 7 OE ISW
Total 15
TOTAL 75
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Key to mark scheme abbreviations

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and
accuracy

E mark is for explanation

Jorftor F follow through from previous incorrect result

CAO correct answer only

CsO correct solution only

AWFW anything which falls within

AWRT anything which rounds to

ACF any correct form

AG answer given

SC special case

OE or equivalent

A2,1 2 or 1 (or 0) accuracy marks

—X EE deduct x marks for each error

NMS no method shown

PI possibly implied

SCA substantially correct approach

C candidate

sf significant figure(s)

dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that
the correct answer can be obtained by using an incorrect method, we must award full marks.
However, the obvious penalty to candidates showing no working is that incorrect answers, however
close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for
full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unless it is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.

30f11
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Q Solution Mark | Total Comment
1| y0)=0
y[gj — 0.6266(57068) Bl All 5 x-values*, Pl by 5 correct
4 y-values
7 1 =21.253(314137)
N2 )= B1 All 5 y-values exact** or
correct to at least 4SF (rounded
y[%[j ~1.085(401882) or truncated)
y(7)=0
1z
3% Z{O +0+4[0.6267 +1.0854]+ 2[1.2533] } | \14 Correct use of Simpson’s rule
using 1 X ﬁ(or 0.26..)and 4
3 4
and 2 correctly with their 5 y-
values from any x-values
=2.449 Al CAO (must be exactly this
value)
4
Total 4

* Accept decimals 0.78(5398...), 1.5(7079...), 2.3(5619...), 3.1(4159...)

1
*x yﬁ -|Z 2s,inz,etc.
4 4 4

The minimum evidence for M1 is the 3 correct non-zero values of y in any form and sight of 2.4490(97...),
but condone omission of the two zeros.

If a candidate’s calculator setting is in degrees, they may earn the first B1 for 0, % etc, and then BO, but M1

is available .
NMS: An answer of 2.449 without anything else gains 0/4.

4 of 11
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Q Solution Mark | Total Comment
2(a - — B
@) (d_y:j —2x 1 or 2(2e-x) M1 M1 for k ork(2e—x)1,keD
dx (26-x)  (2e-x) (2e-x)
Al 2 | OE, all correct
(b) (d_y zj —2x 1 (: _E) M1 Substituting e for x in their Y opy
dx (2e—e) e d
Gradient of the normal _
_ 2e-e (_ Ej ml Must have also earned M1 in part (a)
-2 2
y=2In(2e-¢) (=2) B1
e e € S
y—2=§(x—e) or YZEX_?JFZ Al OE, but must have simplified the
gradient and replaced In(2e—e) with 1
4
©@) |[f(x)=] 2In(2e-x)-x or
[9(x)=] x—2In(2e—x)
f(1)=1.98 or g(1)=-1.98
M1 Must have both values correct
rounded or truncated to 1 sf.
f(3)=-122 or g(3)=1.22 Allow (1) > 0 and f(3) < 0 only if f(x)
is defined.
OR evaluating both sides of
2In(2e—x)=x :
2In(2e-1)=2.98 =1
n(2e-1) X } (M)
2In(2e-3)=1.78 x=3
298>1 and 1.78<3 = 1l<a<3(Al)
Change of sign = 1< a<3 Al All working must be correct together
with correct statement
2
(i) | x,=2.980 ( 297976...) B1 Not 2.98
Xy =1.798 (17977..) Bl If BO, BO scored but both values given
correct to 3 sf or more than 3 dp, then
2 |SCL.
(iii) Ya y=x
M1 Vertical line from x4 to curvg( condone
omission from x - axis to y = x) and then
horizontal line fromthe curveto y = x *
; NY =2 In(Ze - x) Second vertical and horizontal lines *
: :\ Al and x, , x{ or the values)must be
! ! labelled on x - axis **
@) Xy X3 X, X >
2
Total 12
c(iii) * On diagram, the solid lines may be dotted and the dotted lines need not be shown.

** Condone correct values (unrounded or 3 dp) marked on the x-axis instead of x, and x,.

50f 11
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Q Solution Mark | Total Comment
. 3 3
3@0) | X(x*+1)2 or kxu? M1 Attempted use of the chain rule
5 3
EXZX(XZ +1)2 Al OE, all correct
2
(ii) 2e% Bl Differentiating e** correctly
dy 2% [ 2 2 . .
[d_x _j 2™ (x* +1)7 +e (their part (a)(i)) M1 OE
5 3
(d_y =] 26" (x2 +1)? +e2*§><2x(x2 +1)?
dx 2
Whenx=0) D=2
(Whenx=0) i Al Substituting x = 0 and CSO
3
(b) 4(x*+1)-2x(4x-3 +4(x* +1)£2x(4x -3
( ) (2 ) M1 M1 for ( ) z( )
(x2 +1) (x2 +1)
Al All correct
—4X% +6X+4 (: 0) or 2x>—-3x-2 (: 0) ml Forming a quadratic equation with all
terms on one side ax” +bx + ¢ (=0)
b#0,c#0
(2x+1)x-2) (=0) Al OE correct factors or using the
+
formula as far as x = 3 _;/2_5 or
completing the square as far as
N
4 16
X=e, X=-35 Al CAO, simplified answers
5
Total 10

6 of 11
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Q Solution Mark | Total Comment
4(a) A Reflection in the x-axis for the positive
-3 2 M1 f(x) and the remainder as given in the
0 > sketch.
Al Correct —=3 < x < 2 with minimum at
X < 0 lower than minimum at x > 0 and
correct cusps at x=-3, 0, 2.
Correct branches for x> 2 and x < -3,
Al 3 |including the curvature of both
branches and 2 and -3 marked *
M1 Symmetrical about the y-axis using
only the original curve for x>0
‘1 J EN
Al -1 and 1 labelled on the x-axis and
correct cusp at x=0
2
©m* Stretch (I) M1 () and either (11) or (I11)
1
st. > () Al (1) and (I1) and (I11)
Il x-axis (1)
(followed by)
Translation El Not “shift’, “move’, etc.
-1
0 B1 Or in words
4 |Not (-1, 0)
(if) (1,-3) B1B1 B1 for each coordinate
Or x=1,y=-3 2
Total 11
(a) * The two Al marks are independent. Condone straight lines for the branches for x>2 and x<-3

but not curves which are concave upward.

*(c)(i) Alternative:
Translation El

o

Stretch
s.f. i
2

Bl

(followed by)

)

(m M1 : (1) and either (I1) or (I11)

/I x—axis D)

AL: (1), (I1) and (111)

7 of 11
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Q Solution Mark | Total Comment
5(a) M1 f(x)>-4 ,or
******2 _ 4 ,
f(x)=-4 Al ,
(b) |y=(x-3°-4
x—3=(%)y+4 M1
x=3+./y+4 Al condone X =3+./y+4
y=3+x+4 Bl interchanging x and y at any stage
(f (x) :) 3+/x+4 Al 4 |negative clearly rejected.
must have + earlier.
©@) |(gf(x)=) [x*-6x+5-6] or |x-6x-1 | Bl
1
.. o .
(i) | ‘their x* —6x+5-6'=6 M1 and attempt to solve 3 term quadratic
1. H 2 v __
their x° —6x+5-6"=—-6 M1 and attempt to solve 3 term quadratic
X=7
X =—1 Al all four solutions seen and correct
x=1
Xx=5 x=7 El values 1 and -1 clearly rejected
4
Total 11
(@) f(x)>-4 , f>-4, >-4, x>-4 , range>—4, y>—4score M1 only
y > — 4, etc scores MO (two errors)
(b)  Alternative
y=x*-6x+5

x*—6x+(5-y)=0

6+,/36-4(5-
X= ( y) correctly solving M1

2
+
o 6_1/126+4y Al
B1 for swapping x and y and A1 for §+V16+4x 126+4X having rejected minus sign

8of11
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Q Solution Mark | Total Comment
6(a) fxzsin 2x dx
du du
u=x? — =2X kel - =
Ix M1 i kx,k =1or2 and v=pcos2x
ﬂ=sin2x v=—Lcosax p=11+2£05
dx 2 Al All correct
x®sin2x dx = . . .
(-[ ) Correct substitution of their terms into
—%x20052x+jx0052x(dx) ALF parts formula
du
U=X X =1 Correct follow through unsimplified
ml from their first integral above
dv 1.
— =C0S2X vV ==sin2x
dx 2
(IxzsinZX dx = )
1 1 1 Al Correct
—=x%€082X +=xsin 2x77-[sin 2x(dx)
2 2 2
1, 1 . 11 . .
= _EX c032x+5xsm 2x+EXECOSZX+C Al OE, must have constant of integration
6
(b) 2
V= ?sin2x d . . .
(V=) ”!X nexax Bl Fully correct including dx and limits
1zY 1z). 1 1 r
= (n) {_Z(ZJ cos;r+5(5)sm7r +4cos;z—4} M1 Attempt at F(E)— F(0)
FT their expression from part (a)
7t 1
= ﬂ(?—g Al OE in exact form with cosz and
sin  evaluated
3
Total 9

9of 11
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Q Solution Mark | Total Comment
7
U 3¢ or du = -3x? dx du
dx Condone P 3x® or du = 3x°dx
X
and substituting for dx and x in terms of u M1 for M1
~(3-v)

IT du Al OE correct unsimplified integral in
terms of u only
with du seen on this line or later

11 _
= || Zz——|(du) Al P1 by the next line
3 u
{u In ur) AlF
e . b
3 ®) FT on their J'(a+—j du
u
2 3 o

= E—InZ— §—In3 ml Correct use of correct limits inu
for expression of form au +blnu
or in terms of x

1 31
—In2+|n3—§ or |n§—§ Al OE exact value
6
Total 6

10 of 11
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Q Solution Mark | Total Comment
8(a)
1-sinx  cosx (1—sinx)2+coszx o )
+ — = - M1 Combining fractions correctly
cosx 1l-sinx  cosx(1-sinx)
_1-2sinx+sin’ X +cos’ X
cosx(1-sinx)
_1-2sinx+1
~ cosx(1-sinx) ml Using sin? x +cos? x =1
_ 2-2sinx 2(1-sinx) _ _
—cosx(l—sin X) —cosx(l—sin X) Al Must have factorised denominator
2
COS X
Al AG, both expressions seen
=2secX 4
(b) |tan?x-2=2secx
sec’ X —1—2=2secx Using tan® x =sec? x —1, OE
sec? x —2secx —3(=0) B1 Or 3c0s? x+2cosx—1(=0)
(secx—3)(secx+1) (=0) M1 Correctly factorising their expression or
substituting into formula
secx=3 or -1 Al 1
Or cosx =§ or -1
secx=3 = x=71°, 289° Bl B1
no extras inside the interval
secx=-1 = x=180° Bl
0<x<360° ,-1EE
6
) 20-30°=70.5°, 180°, 289.5° M1 For RHS accept any x-value from part
(b) PI
0 =50°, 105°, 160° Al Allow 51°, 105°, 160°
2
Total 12
TOTAL 75
(b) x=70°and 290° scores BO BO
AWRT x =71° and 289° both not given to the nearest degree earns SC1.
(c) Condone correct answers not given to the nearest degree if already penalised in part (b),

AWRT € =50°0r 51°, 105° ,160°

110f 11
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Key to mark scheme abbreviations

M
m or dM
A
B

E
JorftorF
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—X EE
NMS
Pl
SCA

c

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method

mark is dependent on M or m

marks and is for accuracy

mark is independent of M or m marks and is for method and

accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within
anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied

substantially correct approach
candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that
the correct answer can be obtained by using an incorrect method, we must award full marks.
However, the obvious penalty to candidates showing no working is that incorrect answers, however
close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for

full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unless it is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.

30f13
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Q1 Solution Mark | Total Comment
la
X
5 1xInd = 138629 B1 All 4 correct X values (and no extras
used) PI by 4 correct y values
3 e IxIn7 = 0.71586
4 e 2 xIn10 = 031162 M1 At least 3 correct Y in exact form or
5 e 3x1In13 = 0.12770 decimal values, rounded or truncated

to 3dp or better (in table or formula)
(PI by correct answer)

f = (1%) z y m1l Correct substitution into formula, with
h=1 of 4, and only 4, correct y values
(as above) either listed (with + signs)
or totalled.
= 2.541 Al 4 CAO, must be this exactly and no error
seen
o L =)—e’*In(3x-2)+e"* 3 Ae* ™ In(3x—2)+e** B
3x-2 M1 3x-2
Al A=-1
Al B=3
(When x=2)
dy .3 3 1
—=)——In4 or —+In— Al
x4 4 4 4 |ISW

Total 8

(@) NMS: An answer of 2.541 without anything else earns 0/4
The ‘1 x” may not be seen but implied

(b) NMS: An answer of —0.636 without anything else earns 0/4

4 0of 13
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Q2 Solution Mark | Total Comment
a y
M1 Correct shape, inverted V, roughly
symmetrical, with vertex in the 2™
quadrant
Al In all 4 quadrants
(1.5, 0) and (-2.5, 0) B1 Shown on sketch or coordinates stated
0,3) Bl 4 Shown on sketch or coordinates stated
(diagram takes precedence)
b (x =)l B1 OE
X=4+(12x+1) M1
(x=)-5 Al 3
c -5<x<l1 B2 2 Orfor x>-5AND x <1
d Reflection in y = Kk M1 . 0
x-axis (or line y = 0) Al Translation 0 (M1)
(followed by)O D=4 (A1)
Translation { } M1 (followed by) (PI)
P Reflection iny =k (M1)
p=4 Al 4 k=4 (A1)
(0[5
Total 13

(a) For M1 must be attempt at straight lines. Condone correct values on axes for B1, B1

(b) NMS: x =-5 scores SC1
If squaring: X*> —8X+16 = 4x> +4x+1therefore 3x* +12x—15=0 scores M1, then Al, B1 as above

(c) x>-5,x<1 scores SC1 x>-50rx<1 scores SC1
SC1 for -5<x<1 or

—-5<x<1 or

-5<x<1

(d) There are other correct possible transformations, but for full marks the order of the two transformations

must produce the correct answer.

50f 13
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Q3 Solution Mark | Total Comment
ai f(X)=6Inx—8x+x>+3 (or reverse)
f(5)=-23
f(6)=1.75 M1 Both values correct to 1sf (rounded or
Change of sign(or different signs) truncated)
>5<a<é6 Al 2 Must have both statement and interval
in words or symbols AND f(x) defined
OR comparing 2 sides:
6ln5=9.7 8x5-52-3=12
6ln6 =11 8x6—62—3=9 (Ml)
at 5, LHS <RHS;
at 6 LHS > RHS
=>5<a<6 (A1)
i x=4+13-6Inx
X—4=413-6Inx
(X— 4)2 —13-61InX M1 Correctly eliminate square root
W —8%+16 =13 —61n x AL Must see squared term correctly
) expanded
6lnx+x"—8X+3=0 Al 3 AG, CSO
iii x, = 5.828 B1
x3 = 5.557 B1 2
bi dy 6 6Xx’
—=—+2X-8 -
X x B1 Condone =
dy _ 2 _ .. )
(& =0) 6+2x"-8x=0 M1 Equate to zero (PI) and eliminate their
fraction correctly.
X=1, x=3 Al
(x=1), y=-4 Al
(x=3), y=6In3-12 or In729-12 Al . Oe for other exact correct values
If MO then SC1 for ( 1, -4 ) and/or
(3, 6In3-12)
ii Xx=5, y=-8 M1 their X + 4 and 2 xtheir Yy on either of
B B 3 their ‘pairs’
X=7, y=12In3-24 Al 2 All correct :  oe exact
Total 14

(a)(i1) Condone all terms in any order on one side but must have =0

(a)(it) No credit for any answers not to this accuracy
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Q4 Solution Mark | Total Comment
a M1 flx) <5, **<35
f(x)<5 Al 2
bi Xx=5—¢ M1 Swap x and y at any stage.
e’ =5-x
3y =In(5-x) M1 Correctly converting to In.
0 1
(CINEY) =)§1n(5 —X) Al 3 |ACF
i x=) 4 B1 1
c 1
[ee(X¥) =] ———— M1
2 -3
(2x—3)
B 1
-~ 2-6X+9 Al r e
X3 2-3(2x-3)
_2x-3 Al 3
11-6X
Total 9

(b)(i) Must be convinced that final answer is not In

X or In(5-x)/3
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Q5 Solution Mark | Total Comment
a dy _cos’X+sin’ X +cos” X +sin’ X
) M1 ;
dx cos” X cos” X
_ ! 1+ tan’
"~ cos? X or +lan-X Must see this line
=sec’ X Al 5 AG:; no errors seen and all notation
correct
b '[ xsec” xdx
dv )
u=xX ——=8sec” X
(dx)
du M1 All 4 terms in this form with 2 correct
d_ =1 V =tan X d dx
X \"
(@) and [— attempted
dx
V = tan X Bl
Xtan X — j tan X (dx) Al
= Xtan X—Insec X +C Al OE (e.g. xtanx + In cosx);
must have constant of integration
4
C 1
(V =)nI25 xsec” Xdx Bl Must include 7, limits and dx
0
= (25m)[(1tan1—Insecl)—0] M1 Must have (k) I xsec” X then correct
substitution of 0 and 1 into
axtan X + bIn(sec or cos)x
Condone missing 0.
=74 Al 3 Condone AWRT 74
Total 9

(a) Use of product rule scores MO

2
(©) [(5\/; )sec X} must be correctly expanded for B1 to be available.

If the integration has been re-started, then M1 must be for substitution into axtan X+ blnsec X
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Q6 Solution Mark | Total Comment
a
y B1 Correct shape passing through origin
X
1 n B1 Must be stated
372
1 = B1 . Must be stated
372
" ax_ lcos y
iy 3 M1
% = or 3secy Al 5 l?loth ;
X X
cosy — and Ll seen and used correctly
dy dx
Total 5

(a) Coordinates must be stated NOT just indicated on axes, but BOTH correct end points clearly labelled on
axes scores SC1.
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Q7 Solution Mark | Total Comment
du
&:_2)( or du=-2xdx M1 Condone 3—u:2x or du=2xdx
X

6-u_du TP :
IT X— Al OE correct unsimplified integral in terms

u -2 of U only, with du seen on this line or later
- _%j(6u°'5 —u®)du m1 Terms in the form J.(a u™ +bu’)du

1 u®» 2u” : 0.5 15
== (6—-— ) ALF Ft must be in the form cu™> + du™
203 3 Oe (eg allow cJu )

_ 05 1 15

(=—6u~+-u")
3

.. 2 2
(Limits [x] =[u];)
2 1 2
J': [_6u0.5 +_ul.5:|
5 3 5
=(-6x2" + 1, 2'9) = (=6x5% + 1, 5'%) ml Correct substitution into expression of

3 3 the form eu®> + ful®
and F(2) — F(5), or
if using X, F(2) — F(1)
13 16
- ?\/E — ?\/E AlA1 oe any correct exact form
7
Total 7

For first A1 allow:

(6—u)% du
.[ 1 X—_2
Ju(6-u)?

For second m1 the substitution must be in the correct order
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Q8 Solution Mark | Total Comment

LHS =4(1+cot’* @) —cot* & M1 Use of a correct trig identity (or
identities if using sin/cos) to get an
expression/equation in a single trig
function

4(1+cot ) —cot’ 0 =k Al All correct, including = k

Or 4cosec’d—(cosec’ —1)=k

cot? @ = k-4 ml Correctly isolating trig function — must

3 be tan or cot or cos or sec, from their

CORRECT equation

tan’ @ = 3 m1 Correct inversion (at some stage) from

k—4 their equation
[sec 6 = 3 +1] Must see at least one line of working,
k-4 be convinced
2 k _1
sec” 0= P Al AG: no errors seen
5
sec’d=4 or tan” 0 =3 B1 PI by expression for eg sec X =2
or cot’@=L or cosec’O=2
3 3

secl =12 M1 or cosf = +£0.5
or tanf@=+/3 or sin® :ig

(0 =)

60, 120, 240, 300, 420 Al Sight of any four of these answers

X =22.5° 82.5° 112.5°,172.5° Bl 3 correct

Bl 5 | All correct and no extras in interval
(ignore answers outside interval)
Total 10

(a) The two m1 marks can be earned in either order.

There are many different approaches

(b) If working in radians then max mark is B1, M1
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()

Different approaches:

|
LHS = 4(1+ cot* @) —cot* 6

4(1+cot’ @) —cot’ 8=k

k—1=3+3cot*@
k—4=3cot*8

_3+3cot26?

k-1
k—4  3cot’é

sec2¢9:u
k—4

1

4 cos’ 6
sin”6@ sin’6
_4—cos’ 0
~ 1-cos’ O

LHS =

4-cos’6
1—cos* 6@

4sec’ 0-1
Tk
sec” @ —1

4sec’ @—1=ksec’ @—k

k—1=sec’ O(k —4)

seczé?:u
k—4

M1

Al

ml

ml

Al

M1

Al

ml

ml

Al

Use of a correct trig identity (or
identities if using sin/cos) to get an
expression/equation in a single trig
function

All correct, including =k

Both correct equations from their
equation in K.

Correct equation from their 2 previous
equations

AG: no errors seen

Use of a correct trig identity (or
identities if using sin/cos) to get an
expression/equation in a single trig
function

All correct, including = k

Correct ‘inversion’ (at some stage)
from their equation

Must see at least one line of working,
be convinced for final Al

Correct equation in the form
asec’@=b or acos’d=b
from their CORRECT equation

AG: no errors seen
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