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Version 1.0: 0106

AQA/

ASSESSMENT and
QUALIFICATIONS
ALLIANCE

General Certificate of Education

Mathematics 6360

MPC4 Pure Core 4

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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MPC4 — 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 — MPC4

Q Solution Marks | Total Comments
1(a)@) | f(1)=0 Bl 1
(i) | f(-2)=-24+8+14+2=0 B1 1
(iii) (x=D(x+2) (x=1)(x+2) Recognising (x — 1), (x +2)as factors
30 +2x7 —Tx+2  (x—=1)(x+2)(ax+b)| Bl PI
ax® =3x° -2b=2 Bl 3 4
a=3 b=-1 Bl b
Or By division M1 attempt started
M1 complete division
Al Correct answers
(b) | Use % Bl
1y (1Y 1 - Moy L
32| 42/ 2| —=7x=4d=2 Ml Remainder Th™ with _3—J_r3
3 3 s
Fton— 1 answer — 4
Or by division M1 M1 Al as above
Total 8
dy -2 dx
| = = MIA1
d_y:d_y.iz% ml Use chain rule
de dr o dr 2 ALF 4 Follow on use of chain rule (if f ())
dr
Or eliminate /:M1 y=f(x) attempt to
differentiate M1A1chain rule
ATF reintroduce ¢
o | 122 = 1 BIF follow on gradient (possibly used later)
= ==
8
x==5 y=2 Bl
1 .
y—2:§(x+5) M1 Their (x,y),m
x=8y+21=0 AlF 4 Fton(x,y)and m
(© 2
x=3=-4 y- =7 Ml PI
(x—3)(y—1)=—4t><——(—8) M1 Attempt to eliminate ¢
Al 3 AG convincingly obtained
Total 11
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MPC4 — AQA GCE Mark Scheme, 2006 January series

MPC4 (cont)

Q Solution Marks | Total Comments
3@ | R=\13  Or3.6 Bl 1
(b) Sme =tan0{=g a =337 MI1A1 2 Allow M1 for tan a=;2 orﬁ_LE
coso 3
AG convincingly obtained
(¢) | maximum value = J13 B1F
cos(0+33.7)=1 (6=-33.7) Ml
0=326.3 Al 3 AWRT 326
Total 6
4(a) | A=80 Bl 1
(b) | 5000=80xk™ Ml {SCI Verification. Need 62.51 or better
5000 MI1A1 3
k= 5,6/ ~1.07664 Or using logs: M1 In (SOOOJ =56Ink
80 80
62.5
Atk %)
Or 3/3 for k=1.076636
Or 1.076637 seen
©@) | ¥ =80xk"*=200707 MIAl 2 200648 using full register k
(i) | 1010000 = In k* MI
;- In10000 _ /o 5004 MIAL 3 M1 ¢1Ink =1n 10000
In Al CAO
Or trial and improvement M 1expression
M1 125, 124, A1 2024
Total 9
i 1 -1)(-
S@)d) | (1-x) =1+(-1)(-x)+ (=D(=2) (—x)? M1 First two terms + kx”
= l+x+x° Al 2
. L1 2
(i) (3 _H x) - E -3 Bl Or directly substitute into formula;
) 7V M1 power of 3
=¥ 1+Zx+ (—xj Ml M1 other coefficients (allow one error)
303 Al CAO
1 2 4 , .. .
= 3 + §x + 2—x Al 3 AG convincingly obtained
( 2)( 3)( x)2 Ml First two terms + kx>
M) | (1-x)" =1+(=2)(-x)+
2 Al 2
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AQA GCE Mark Scheme, 2006 January series — MPC4

MPC4 (Cont)
Q Solution Marks | Total Comments
5(c) | 2x* 3=
A(l—x)2 +B(3-2x)(1-x)+C(3-2x) Ml Or by equating coefficients
_ _ 3 3 1 M1 same
x=1 -1=Cx1 X_E E‘AXZ Ml Al collect terms
M1 equate coefficients
A1l 2 correct
A1l 3 correct
C=-1 A=6 Al Follow on 4 and C
x=0 (-3=6+3B-3)
or other value = equation in 4, B, C ml
=-2 Al 5
@ 6 2 1
3-2x l-x (1_)6)2
6 2 4, )
= I+ x+ox —2(1+x+x ) M1A1F Follow on 4 B C and expansions
8 37
—(1+2x+3x%) =-l-—x—"—x’
( ) 9 Al 3 CAO
Total 15
6(a) | cos2x=2cos’ x—1 B1B1 2
1 5
(b) | cos”x= E(COS 2x+1) Ml Attempt to express cos”x in terms of
cos2x
3 L
lJ.cos2x+1dx:[lsin2x+£}2 Al
29 4 2, Al
m
T4 MI1AIF Use limits. Ft on integer a.
Total 7
6 2 4 Penalise use of co-ordinates at first
T@0) | 45=|5/-11l=]4 M1 occurrence only
3 3 0 Al )
@) 14 ! Needs comment “same direction”
4 |=4| 1 |= parallel El 1 Or “same gradient”
0 0 (Or by scalar product)
(i) | [ 2 6 1
=3|=| 1|+4|1
M1
-1 -1 0
is satisfied by A=-4 Al 2 A=— 4satisfies 2 equations

PMT



MPC4 — AQA GCE Mark Scheme, 2006 January series

MPC4 (cont)
Q Solution Marks | Total Comments
(b)(i) | . has equation Or
4 4 2 4 2 MIA1 2 2 2
r={1|[+A||1|-|-3]||=|1|+A4|4 r=|-3|+t|4|Ml calculate and use
1 1 -1 1 2 -1 2
direction vector A1l all correct
(i)
2lel 0lza—a=0 MI1A1 Cl-ear attempt to use directions of AC and
A [, in scalar product
= 90° (or perpendicular) AlF 3 Accept a correct ft value of cos@
Total 10
8(2) dx
=T ttempt to separate and integrate
f—dx_6 x = [-2d¢ MI Attemp P d integ
x—6=2t+c AlAl ¢ on either side
t=0 x=70 = c¢=16 mlAIF Follow on ¢ from sensible attempt at
integrals (\[ not ln)
t=8-+/x-6 Al 6 | CAO (or AEF)
(b)(i) | The liquid level stops falling/flowing/ Bl 1
at minimum depth
x=22 t=8-+/22-6 M1 Use x = 22 in their equation provided
thereisa c
Or start again using limits
M1 264 —2/16 =+ 21, A1 1 =4
t=4 Al 2 CAO
Total 9
Total 75
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Version 1.0: 0606

AQA/

ASSESSMENT and
QUALIFICATIONS
ALLIANCE

General Certificate of Education

Mathematics 6360

MPC4 Pure Core 4

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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MPC4- 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
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.
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AQA GCE Mark Scheme, 2006 June series — MPC4

MPC4
Q Solution Marks | Total Comments
L@@ | p2)=0 Bl 1
G| 1 Bl
2
——|=6x 1L —19><l+9 ——|+10 1
p = 3 4 M1 Use =+ 2
= Al 3 Arithmetic to show = 0 and conclusion.
Long division : 0/3
(iii) BI x—2
p(x)=(2x+1(x=2)(3x-5) B1 2 Complete expression
(b)
_ 3x(x-2
3x(x—-2) M1 orM
2x+1D)(x-2)(3x-5) their (a)(iii)
X Al 2 | or—2X  NoISWonAl
2x+1)(3x-5) 6x" —7x-5
Total 8
2(a) S (=3)(-4)(-x)*
(=07 = I+ () +————— Ml 14 3x+ x> term
=1+3x+6x> Al 2
5)° 5 5 Y s (5. "
(b) [1__)6) :1+3(_xj+6[_x] M1 x —=x, incl. (—xj seen or implied
2 2 2 2 2
(or start again )
1B, 5 Al 2 | CAO OE
............ 2 2
ooooooooooo 5 2 + +
Zx<l |x|<= MIAL | 2 |Sightof 2 or 22
2 5 2 5
(c)
5 -3
=8(1+%x+§x2)=8+60x+300x2 Ml k x their (I—Exj
-3
@ AlF 2 ft only on 8 (1 —%xj
Alternatively, start again:
8x expression orkx(l—3(i%x)j (M1)
CAO (Al)
Total 8
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MPC4- AQA GCE Mark Scheme, 2006 June series

MPC4 (cont)
Q Solution Marks | Total Comments
3(@) | 9x —6x+5
6x+2
=30@x-D(x-1)+A(x-1)+BBx-1) B1 Or 3+ ——M—
(3x - 1) (x — 1)
1
x=1 ¥=3 MI Substitute x=1 or x:%
B=4 A=-6 AlAl 4 Or equivalent method (equating
coefficients, simultaneous equations)
b 6 4 : .
(b) _[: I 3— +——dx Ml Attempt to use partial fractions
3x-1 x-1
=3x... B1
—21n(3x—1)+41n(x—1)(+c) M1 pln(Bx—1)+¢gIn(x—1)
Condone missing brackets
AlF 4 Follow through on 4 and B, brackets
needed.
Total 8
4(a)(i) | sin2x =2sinxcosx Bl 1
(ii) | cos2x=2cos’ x—1 Bl 1
® | ' sin x M1 Use of their cos2xorsin2x
sin2x —tan x = 2sin xcos x — sin x
cosx M1 Use of tanx = and the other
) (2 1 j cos x
=sinx| 2cosx— ; ;
oS X double angle identity
. (2cos’x-1 o ,
=sinx T cost = tan xcos 2x Al 3 AG convincingly obtained
© | tanxcos2x=0 x=180 Bl Ignore x=0, x=360° & any others
outside range
1 . 1
cos2x=0 or coszxzz (or smzxzzj M1
x=45 Al
x=135,225,315 Al 4 CAO max 3/4 for answers in radians
Total 9
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AQA GCE Mark Scheme, 2006 June series — MPC4

MPC4 (cont)
Q Solution Marks | Total Comments

(y=-2)(y+1)=0 M1 Attempt to solve quadratic equation with

x=1
. dy dy B1B1 +6x; -5 >0
(b)(® 2ya—xa—y+6x=0 Bl Chain rule
MI1A1l Product rule (M1 two terms)
d

6x—y+Q2y— x)ay =0 Al 6 Factorise and obtain answer given

Alternative

dy 2 B1 550

—(y—-x) =(y—x)(0—6x (BI)

L) =(-x)(0-63) @) 5

5 342 dy { (M) Recognisable attempt at quotient rule
B ( - ) P (A1) Completely correct OE
%[(vax)z +(5—3X2 )] =(y—x)(-6x) (A1) Factorise out %
+ (5 - 3x’ )

Given answer (A1) Correct answer from correct working

Be convinced
(i) | (1,2) & = _4 M1 Substitute x= 1 and one y value from (a)
dx 3
dy 7 .

1,-1 o = 3 AlF 2 Both; follow on candidates y s

OE _—7; 3SF
-3
(iii) | y—6x=0 Bl

(6x)” —xx6x+3x% ~5=0 M1

36x> —6x> +3x> ~5=0

33x —5=0 Al 3 AG convincingly obtained

Total 14




MPC4- AQA GCE Mark Scheme, 2006 June series

MPC4 (cont)
Q Solution Marks | Total Comments
6@@)(@) - 3 6 B1 1 (Penalise coordinates once only)
oc=2 2|=| 4
-1 -2
(ii) 3 2 1
AB=| 2|-|4|=| =2 M1 OA—OB or OB - 04 or 2/3 correct cpts.
-1 1 -2 Al 2 AO for line 4B
(b)(®) , , , ,
AC* =(6-2) +(4—-4) +(-1-2)" =25 Ml Components of AC |
AC=5 Al 2 AG
(i) . I 4 M1 Clear attempt to use ABand AC
ABeAC=|-2e| 0|=4+6=10 AIlF ft AB from a(ii) and/or AC from b(i)
=2 -3
3x5x%xcosfd =10 M1 Useof|a||b|cos€=a.b
with one correct | | and a.b evaluated
0=48.189~48° Al 4 CAO (AWRT)
Alternative: use of cos rule
Find 3" side + use cos rule (M2)
(A1F) ft on previously found vectors
(A1) CAO (AWRT)
(© a-3
BP = B2 B1
y—-—1
N Their BP
0leBP=0 Ml e
-3
4a-3y-15=0 Al 3 AG convincingly obtained
Total 12

PMT



AQA GCE Mark Scheme, 2006 June series — MPC4

PMT

MPC4 (cont)
Q Solution Marks | Total Comments
7 dy Ml Attempt to separate
J 7 - I 6x dx Either dx or dy in right place
—l:3x2(+c) AlAl Loae
Y Y
x=2 y=1  C=-13 Ml Use (2,1) to find a constant.
Al CAO
1
R EEYS Al CAO OE
Total
8(a)(i) | (5000—x) seen in a product Bl Could be implied, eg 5000a — xa
dx
D 1200 = k x1000x (5000 ~1000) M1 ;ﬂ =200,x =1000 in their diff. equation
t
Condone ¢s and ¢ = 0 for M1
k =0.00005 Al 2 CAO OE
b)(i
(b)(i) e 4% 2500 _5.5 (hours) M1 x—2500(or 4 In 4)
5000 —2500 Al 2 CAO
ii
® o Bl
75 _ 4x M1 OE
5000 — x
5000x e’ = x(4 +e’” ) ml Soluble for x
x =4988.96..=> 4989 rabbits infected Al 4 Or 4988 or 4990; integer value only
Total 10
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 © 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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MPC4 - 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
Pl 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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MPC4 - AQA GCE Mark Scheme 2007 January series

MPC4
Q Solution Marks | Total Comments
.| dx dy
1)) | —=2, —=-8t
@) it it B1,BL| 2 |CAO
(i) dy dydt -8t 4t M1 Chain rule in correct form
dx dtdx 2 AlF 2 ft on sign coefficient errors (not power of
t)
_ _1 B1F, dy .
(b) | m,=—4, m, =2 B1F fton ™ if f(t)
X=3 =-3
y-—=3_1_y+3_1 M1 Use candidate’s (x, y) and m,
x-3 4 x-3 4 Al 4 Any correct form; ISW; CAO
-1
© | t=2==2
> M1
yo1-af X2 M1Al | 3 | Substitute fort
2 Simplification not required but CAO
Or equivalent methods / forms:
1-y
=2x—x*, t’= ,
y 4
(x —1]2 11—y
2 4
Total 11
3 2
2(a) f(gj = Z(EJ —Y(EJ +13 M1 Substitute J_rE in f(x)
2 2 2 2
=4 Al 2
(b) g(gj =0=>d+4=0=d=-4 M1Al 2 AG (convincingly obtained)
SC Written explanation with g(gj =0
not seen/clear E2,1,0
()| a=-2, b=-3 B1, Bl 2 Inspection expected
By division: M1 — complete method
Al CAO
Multiply out and compare coefficients:
M1 — evidence of use
Al —both a and b correct
Total 6




MPC4 - AQA GCE Mark Scheme 2007 January series

MPC4 (cont
Q Solution Marks | Total Comments
3(a) | cos2x=1-2sin’ x B1 1
(b)(i) | 3sin x —cos2x = 3sin x— (1 2sin® ) M1 Candidate’s cos2x or sinx
=3sin x—1+ 2sin’x Al 2 AG
(i) | 2sin? x+3sinx-2=0 M1 Soluble quadratic form
(Zsin X —1)(sin X + 2) =0 M1 Attempt to solve (allow one error in
formula, allow sign errors)
sinx=> x=30 x=150 M1 sin"tand two solutions (0°< x < 360°)
2 Al 4 | A0 if radians
Allow misread for
2sin? x+3sinx-1=0 (M1) Soluble quadratic form
3417
sinx= 7 (M1) Use of formula (allow one error)
x=16.3°, 163.7° (A1) Max 3/4
1 X sin2x )
() J. 5(1 —C0S2X) = 5" (+c) M1A1 2 | M1 -solve integral, must have 2 terms
for sin 2 x from (a)
9
4(@)() | 3x-5 3. 4 By division:
X=3 X=3 B1, B1 2 B1 for 3, Blfor%orB=4
X -
By partial fractions: M1 multiply by x — 3
and using 2 values of x, Al both correct
. 4 4 .
(i) 3+—3 dx =3x+4In(x—3)(+c) M1ALlF| 2 Mlj 3+—3 dx and attempt at integrals
X— X —
ft on A and B; condone omission of
brackets around x — 3
Alternative: By substitution u=x-3
_ 4 .
_[ =5 dx:_[ Su+ du (M1) Integral in terms of u
x-3 u
=3(x-3)+4In(x-3) (A1) Correct, in X
(b)(i) | 6x—-5=P(2x-5)+Q(2x+5) M1 Clear evidence of use of cover-up rule M2
_5 -_3
X= > X > ml
10=10Q -20=-10P
Q=1 P=2 Al 3
(i) 2 1
.[ 2x+5+ 2%x—5 dx M1 Attempt at In integral
(aln(2x+5)+bin(2x-5))
1 M1
In (ZX * 5) * 2 In (ZX B 5) (+¢) AlF 3 ft on P and Q; must have brackets

Total

10

PMT



MPC4 - AQA GCE Mark Scheme 2007 January series

MPC4 (cont)

PMT

288 288

Q Solution Marks | Total Comments
1
3 1
5(a) 14l l(_Z)l 2 M1 1+ =x+kx?
(1+x) L+3x+3(-5)5X 3
Al
. 1 1 1
(b)(i) §/§(1+%x)3 B1 8% (1+kx)3
1(3,)_1(3,Y
=2 1+§(§x)—§(§ x) M1 Replacing x with kx in answer to (a)
—o ly_ 1y Al For numerical expression which would
47 32 evaluate to answer given
Alternative:
12 5
B1 - all powers of 8 correct: 88 3 8 3
M1 — powers of 3x (condone 3x*)
2+ iz X— i% ox?
8¢ 8
Al - see some arithmetic processing
must see 9s in last term
M :l. 3 +1:2+l l_i (l)z i :1 i i
(i) | x 3" 8 4><3 32>< 3 M1 Using x 3 in given answer
3/—:576+24—1:599 Al

Any correct numerical expression = 288

Total
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MPC4 (cont)

PMT

Q

Solution

Marks

Total Comments

6(a)(i)

(i)

3] |5 -2

BA=|-2|-|4|=|-6

41 10 4

BC =

B~ (27 (o) + @)= V58

-2 6

BAeBC =|—6|e| 2|=-12-12-16

4| |4

cos ABC = A0

0

5

7

M1A1l

Bl

B1F

M1

Al

Al

Attempt +BA (OA — OB or OB — OA)

-6 6
Allow CB;or | -2 |=BC or CB=| 2
4 -4

May not see explicitly

Calculate modulus of BA or BC : for
finding modulus of one of vectors they
have used

Attempt at BA« BC with numerical
answer; or AB+CB

for —40, or correct if done with multiples
of vectors

AG (convincingly obtained)

Cosine rule: M1 attempt to find 3 sides
Al lengths of sides
M1 cosine rule
AlF correct
Al rearrange to get

cosABC = _—5
7

(ft on length of sides)
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MPC4 (cont)
Q Solution Marks | Total Comments
6 (cont) 8 1 11 M1Al 2 A =3verified in three equations
(b)(i) 3l+al 3|=| 6 (/123) 11=8+ 4
2 21 | =4 M1 for <6=-3+341
-4=2-21
Al for A= 3 shown for all three equations
1 11 8
Al 3|=| 6|-|-3|..4=3 M1A1
2| |4 2
SC: A =3 written and nothing else: SC1
(i |[ 2 1
6(=2 3
—4 -2
.. same direction or same gradient or El 1
parallel
(c) | OD=0C +BA Bl PI; OD = correct vector expression which
may involve AD
11 (-2 |9
=| 6|+|-6|=/0| Dis(9,0,0) |M1AL 3 M1 for substituting into vector expression
—4 4| |0 for OD
NMS 3/3
Total 13
7(a) fan(x+ x) = tan X + tan x (: 2tan x J M1 A =B = x used
1-tanxtanx | 1-tan’x Al 2
_ 2
0) | 2 _2tanx- 2tan x(1—tan x) M1 Substitute from (a)
2tan x
2-2tanx—(1-tanx)(1+ tan x) M1 Simplification 2 - 2 tan x — (1- tan” x)
(1-tanx)(2 - (1+tan x)) M1 2-2tanx -1+ tan® X
(1-tan x)2 Al 4 AG (convincingly obtained)
=(tanx —1)2 =(1-tan x)2
Any equivalent method
Total 6
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MPC4 (cont)
Q Solution Marks | Total Comments
; dy .
8(2)(1) ,[ v _[ sintdt M1 Attempt to separate and integrate
Iny=-cost+C Al Al Al for Iny; Al for —cost;
condone missing C
y = Ae St Al 4 | Apresent; or y=e ©t°
(i) | y=50,t=n: 50=Ae " = Ae M1 Substitute y = 50, t =m to find constant
Al Can have 50 =e™*° if substituted in above
ec =20
e
y =50e e ! Al 3 AG (convincingly obtained)
Alternative: Alternative:
. . Substitute y =50, t= & into
Must have a constant in answer to (a)(i) Iny=—-cost+c MI
y=Ae" " or y=e "¢ or Iny=—cost+c Iny=-cost+In50-1 Al
50=Ae ™" 50=e""° In50=-cosn+c | (M1) In5—):)= —-1-cost (AG) Al
50 = Ae 50=¢"° Iny=-cost+In50-1| (Al)
y =50e"" y =g % In (%) =-1-cost| (Al)
(b)(i) | t=6: y=50e"e 0 =7.0417...~ 7cm M1Al 2 Degrees 6.8 SC1
7or7.0for Al
. . dy
(i) | t=n = (sint=0 =) EZO B1 Condone x for t
2
d 2/ = ycost + %Sint M1 For attempt at product rule including 3—3{
t
2
term; must have d—Z:
dt
Al
t=mn
ﬂ=yc05n+d—ysin7c . . .
dt? dt Al 4 Accept = -y, with explanation that y is

=-50 = max

never negative
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PMT

MPC4 (cont
Q Solution Marks | Total Comments
8(b)(ii) | Alternative:
(cont) y= 50e—(1+cost) _ 5_Oe—cost
e
d—y:S—Oe‘c"s‘xsint:O at t=n (B1)
da e
d’y 50 o 50 st s (M1) Attempt at product rule
F:?e XCOSt+?e xSsin“t (Al) Correct
Substitute t= 1 — — 50 = max (AL)
Total 13
TOTAL 75

10



PMT

AQA/

ASSESSMENT and

Version 1.0: 0607

QUALIFICATIONS

ALLIANCE

General Certificate of Education

Mathematics 6360

MPC4 Pure Core 4

Mark Scheme

2007 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.

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

PMT



MPC4 - AQA GCE Mark Scheme 2007 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

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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MPC4
Q Solution Marks | Total Comments
2
1
1(a) 2(—lj +[—lj—3=—3 MI1Al 2 use of £—
2 2 2
SCNMS -3 172
Alt No ISW, so subsequent answer “3” AO
algebraic division:
X
2x+1)2x +x-3 (M1) complete division with integer remainder
2x% +x
-3 (A1) ) remainder = — 3 stated, or —3 highlighted
Alt
x(2x+1)-3 M1) attempt to rearrange numerator with
T+ (2x+1) as a factor
(Al) (2) | remainder = —3 stated, or —3 highlighted
(b) (2x+3)(x-1) Bl numerator o ]
—_— . not necessarily in fraction
(x+1)(x-1) Bl denominator
2x+3 +
= BI 3| CAO in this form. Not 21321
x+1 x+1 ,x/l
(b) | Alternative
2x*=2+x-1
x’ -1
x—1
=2+ M1
x’ -1 (M1)
x—1
=2+
(x—1)(x+1) B1)
Sy Al 3
— @an | e
Total 5
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MPC4 (cont)
Q Solution Marks | Total Comments
2(2)(@) | (1+x)" =1+ (=1)x+ px’+gx’ M1 p#0,q#0
=l-x+x"-x Al 2 SC 1/2 for =1-x+ px*
ii - 2 3
@ (143x)" =1=3x+(3x) —(3x) M1 x replaced by 3x in candidate’s
(a)(i);condone missing brackets
3
=1-3x+9x* = 27x° Al 2 |CAO SCx’-term: 1-3x+ x* 172
Alt (starting again) 9
(14+3x) " =1—-(3x)+
2 3 .« .
(-1)(-2)(3x) N (—D(-2)(-3)(3x) (M) condone mlssing brackets
X 31 accept 2 for 2!, 3.2 for 3!
=1-3x+9x* -27x’ (A1) (2) | CAO
I+4x 4 B correct partial fractions form, and
® | T oA LT M1 T .
(I+x)(1+3x) 1+x 1+3x multiplication by denominator
1+4x = A(1+3x) + B(1+x)
x=-1, x= 1L ml Use (any) two values of x to find 4 and B
3 1
AZE, B:_E Al 3 A and B both correct
Alt:
1+4x _4 + B (M) correct partial fractions form, and
(I+x)(14+3x)  1+x  14+3x multiplication by denominator
1+4x = A(1+3x) + B(1+x)
A+B=1,34+B=4 (ml) Set up and solve
A :% , B= —% (Al) (3) | 4 and B both correct
1+4x _ 3 1 .
©G) | (14x)(143x)  2(1+x)  2(1+3%) M
_3 23\ 1 2 3 multiply candidate’s expansions by 4 and
==(1-x+x"—x" ) —=(1-3x4+9x" 27
2 ( A ) 2 ( e * ) ml B, and expand and simplify
=1-3x" +12x° Al 3 | CAO
SC A4 and B interchanged, treat as
Alt: miscopy. (1—4x+13x" —40x’)
1+4x -1 -1
= ————=(1+4x)(1+x) (1+3x
(1+x)(1+3x) ( () )
= (1+4x)(1— x+xi—x )(1—3x+9x2 —27x3) (M1) write as product, using expansions
condone missing brackets on (1 + 4x) only
=1—4x+13x> —40x> + 4x —16x> +52%° (ml) attempt to multiply the three expansions
up to terms in x
=1-3x" +12x° (A1) 3) CAO
(i) | |x|<1land [3x|<1 M1 OE and nothing else incorrect
x| <§ (0.33) Al 2 | OE Condone <
Total 12
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MPC4 (cont
Q Solution Marks | Total Comments
3(@) | R=5 B1
tanazi (OE) a=36.9° (ISW 216.9) | M1Al 3 SCl1 tana=g,0(=53.1°
R, P1in(b)
(b) | cos(x—a) = % Ml
xX—o=664° Al
x=103.3° AIlF
x =330.4° AlF 4 accept 330.5°,—1 each extra
ft on acute o
(¢) | minimum value =-5 BIF fton R
cos(x—36.9)=—-1 Ml SC cos(x+36.9) treat as miscopy
x=216.9° Al 3 216.9 or better accept graphics calculator
solution to this accuracy
SC Find max:
max =5 at (x+36.9)stated 1/3
Max 8/10 for work in radians
Total 10

PMT
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MPC4 (cont)
Q Solution Marks | Total Comments
4(a)(i) | 1=0:x=3 B1 1
oo -14
@ =14: x=15-12¢" Ml orl15-12e™
=10.6 Al 2 CAO
(b)(1) 5= _17c 1 Ml substitute x =10 ; rearrange to form
_t
p=qe
(> L (0B ! take | tl
T = m a n 1T
2 1 e Ins correctly
12 .
t=14In 5 Al 3 must come from correct working
(ii) | £=12.256...=12 days BIF 1 ftona, b if a> b; accept t = 12 NMS
Accept 12 from incorrect working in b(i)
Accept 13 if 12.2 or 12.3 seen
©0 | av 1 L
P —ax —12¢ M1 differentiate; allow sign error
dy .
condone ™ used consistently
1 1 _t -4
=——(x-15) ml Or —|12¢"14 | and 12¢ “ =15—x seen
14 14
1 .
= a(lS—x) Al 3 AG - be convinced CSO
15—x . .
Alt: t=-14In 1 (M1) attempt to solve given equation for ¢
_14(_1j
e _ 12 1 diff i ith ! ; OE
. 15— (m1) ifferentiate wrt x, wit 5—x seen;
12 12
d_ 1 _de_ 15y Al 3) | AG —be convinced
o 15—x dr 14 (A1) 3) — be convince
Alt: (backwards)
| dr _ ﬂ=i141n(15—x)=t+c (M1)
1I5-x “14
Use (0,3):-14In(15—x)+14In12 =¢ (m1)
t
Solve for x: x=15—12¢ 14 (AD) (3) | All steps shown
" 7
@) rate of growth = 0.5 (cm per day) B1 1 Accept I
Total 11

PMT
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MPC4 (cont)
Q Solution Marks | Total Comments
5a) | x=1,5a"-a-4=0 M1 condone y for a
(5a+4)(a-1)=0, a=1 Al 2 AG — be convinced, both factors seen
4
or az—g or l=>a=1
A0 for 2 positive roots
(substitute (1,1)=5=>5 no marks)
()| dy ‘dy . .
E +4 BIBI (Ignore & = if not used, otherwise
loses final A1)
C10x? +10x%y dy M1 attempt prO((liuct rule, see two terms added
dx Ml chain rule, ay attached to one term only
Al condone 5 X 2 for 10
x=1y=1 d_y+4:10+10d_y M1 two terms, or more, in 4
dx dx dx
dy 6 2
T = Al 7 CSO
o573
Alt (for last two marks)
dy 10xy°—4 dy
= Ml — i i
dr  1-10x%y M1) find ™ in terms of x, y and substitute
x =1, y=1 must be from expression with
. dy
two terms or more in ——
dx
10-4 6
Ll)= =——
(L)=""10= (A1)
-1 2
0) i}f =-_ (OE) BIF 1 ft on gradient
ISW after any correct form
Total 10

PMT
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MPC4 (cont
Q Solution Marks | Total Comments
6(a)() ﬂ=—sin(9 d—y=200529 B1 Bl 2
de de
ii . d
) dy 2co0s260 dy 2cos % . their >
=T ) —=—.—n=—2 M1 use chain rule and
dx sinf  dx sin g their &*
de
substitute 6 = %
Al 2
() |y =25inGcosd=21-cos? 6 cosd Bl use sin26 =2sinfcosd
Bl use sin’ @=1-cos’ @
y=2J1-x% x M1 sin @, cos@ in terms of x
¥ =4x* (1-x7) Al 4 | all correct CSO
Alt
y* =sin® 20 =(2sin O cos )’ (B1) use of double angle formula
=(4)sin’ Ocos’@ = (4)(1—cos2 9) cos’ @ (B1) use of s* +¢* =1 to eliminate sin
= (4)(1—x2 )x2 (M1) Substitute cos@for x
= 4(1—x2 )x2 (A1) (4) | CSO
Total 8

PMT
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MPC4 (cont)
Q Solution Marks | Total Comments
7(@) | 3 1
—3le| 21=3-6+3=0 Ml attempt at sp, 3 terms, added
-1] | -3
=0 = perpendicular Al 2 = 0 = perpendicular seen
(or cos6’=0:9=90°)
3
B 3
Allow 3 but not | -6 |=0
o 3
(b) | 8+34=—4+u Ml set up any two equations
6-31=2u
-9-A=11-3u
A==2,u=6 ml Al solve for A and u
verify third equation ml substitute A, in third equation
intersect at (2,12,-7) Al 5 CAO
Alt (for last two marks)
substitute A into /; and u into /, (ml)
2
intersect at (2,12,-7), condone | 12 (Al) (2,12,-7) found from both lines
7 Note: working for (b) done in (a): award
marks in (b)
6 —4
7(c) AP=| 12 M1 AP =+ their OP—| 0
-18 11
AP? =504 A1F fton P
AB*=24P° Ml Calculate 4B’
AB = 1247 Al 4 | OE accept 31.7 or better
Total 11

10
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MPC4 (cont)
Q Solution Marks | Total Comments
1 1
8(a) J. \/7 dy= j_2dx M1 attempt to separate and integrate
1+2y x
1

J. dy =k\/1+2y ml

1+2y

! Al OE Al for \/1+2y depends on both Ms
J1+2y =——(+¢) 1
X Al Al for —— depends on first M1 only
X
x=lLy=4=c=4 ml +c must be seen on previous line
AIF 6 ft on k and J_rlonly
X
1Y need k./1+2y =‘x expression with + ¢’
b) | 1+2y=4—— ml .
X and attempt to square both sides

B 1 8 terms on RHS in any order

Zy =15+ ¥ Al 2 AG — be convinced CSO
Total 8
TOTAL 75

11
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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
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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 isfor explanation

Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSsO 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 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
Pl possibly implied S 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 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 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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MPC4
Q Solution Marks | Total Comments
A B
= — E—+ — A = B=
1(a) | 3=k(3+x+3-X) M1 OF = t3.~ OA=36B=3
1 3 1 1 1
k== or ut x=0, ==k| =+=|=>k==
2 Al 2 P 9 [3 3} 2
£ 3 1 1 M1 aln(3+ x)
dx=-=1In(3-x)+=In(3+x
(b) J1‘9—x2 2 (3-%) 2 (3+x) A1F fton k
1 1 (5 10
==((In5=In1)—(In4-In2))==In| = AlF 3 accept In| —
5((ns=1n1) - (1na-in2)) =2 in[ ) e n[ X0
- P .1,.(5
ft only for sign error in integral: 2In(g)
Total 5
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Q Solution Marks | Total Comments
o(a)i 1) _ 5 (1) 1y 1 1 : .
@) | f 5 =2X 5 +3x 5 -18 > +8 M1 use of t5 substituted in f (x)
1 3 arithmetic seen and conclusion —
:Z+Z—9+8:O:>factor Al 2| minimum seen: 2><%+3><%—18><%+8:0
1 X)=4X— X"+ ZX— orp=2,9g=
(i) | f(x)=(2x=1)(x" +2x-8) BIBL | 2 2. q=-8
4x(x+ 4) numerator correct; attempt to factorise
(iii) M1 denominator (algebraic fraction not
(2x—1)(x+4)(x—-2) required)
B 4x
—(Zx—l)(x—z) Al 2 CAO
2 _ _ any equivalent method
(b) | 2x"=A(x+5)(x-3)+B+Cx M1 using PFs (see alternative method)
A=2 Bl
JA+C=0 —15A+B=0 M1 equate coefficients or use 2 values of x to
B B findBand C
C=-4 B=30 Al 4 both B and C correct
ALTERNATIVE METHOD 1
2
X* +2x-15)2x? .
) (M1) complete division
2X°+4x-30
-4x+30
A=2 (B1)
B=30 (A1)
c=-4 (A
ALTERNATIVE METHOD 2
2 x° D E
— = = A+ —+—
(x+5)(x-3) X+5 x-3
2x% = A(x+5)(x=3)+ D (x-3)+ E(x+5)
x=3 18=8E E:%
(M1) find D and E
x=-5 50=-8D D=—%
x=0,0=—15 A+(—§)(—3)+(9)(5)
4 4
A=2 (B1)
b ,E_ -2 ., 9
x+5 x-3  4(x+5) 4(x-3)
—25(x-3)+9(x+5)
© 4(x+5)(x=3)
120-16 x , ,
= 4(XT)(X—3) (M1) recombine to required form
__30-4x
(x+5)(x-3) (A1) CAO
Total 10

PMT



MPC4 - AQA GCE Mark Scheme 2008 January series

MPC4 (cont)

PMT

Q Solution Marks | Total Comments
1
3@) | (1+x)2 :1+%x+ koc? M1
=1+ 1 x— 1y Al 2
2 8
3 .
X replaced by > X —condone missing
) 1+§ L _1+l Ex B EX 2 1 brackets, but got |2ncorrectly placed
2 ol 2 8l 2 brackets eg (E) X
aternatively, start again and find correct
expression
=1+§x—%x2 Al 2 correct evaluation
213x [2+3x 3 2 manipulation to kx(answer to (b)) and
(c) \/ = \/ =k|1+>x M1 )
8 4% 2 2 evaluated = a+bx+cx
1,3, 9 i i
_2+8x 64X Al 2 a, b, cfractions or decimals only
Or use (a+x)" formula (condone one
error for M1)
Total 6
4(a)(i) | A=20 B1 1
(ii) 2000 Kk® M1
A
log100
) AG; or k=10 ® =10""% or %100 or
k =(100)* =1.079775 Al 2 In100
( ) 3\0/1_0 oref = e0.076 or e0.077 or
1.0797751(6) seen
(| | |) P — 20>< k2008—1885 M 1
= 251780 =~ 252000 Al 2 CAO nearest 1000
(b) | 15x1.082709"' = 20x1.079775' M1 equate prices
15 (1079775 t asasingleindex, or correct log
Rt et M1 : )
20 \1.082709 expression at this stage
_ log0.75 1 onfor t
10g0.997290 m expression for
t=106.017 = 1991 Al 4 SC Answer only/Tria and error
106 seen (2 out of 4)
1991 (4 out of 4)
Total 9
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Q Solution Marks | Total Comments
- 1 1, 1 1 1
5(a)(i) t:E x:2><§+(1)2 XE_(]_)Z M1
2 2
x=5 y=-3 Al 2
dy s dX 3 2 and df1 attempted in both
(i) | —=2+2t" —=2-2t7 M1A1 dt\ t?
d dt -
derivatives
2
2+ M1 use chain rule; expressions can bein
(ol dy_ % __9 terms of t or evaluated
2 dx 2_£ 7 Al CAOQO or any equivaent fraction (not
}/ decimals)
8
y+3=——(x-5) B1F 5 fton x,y and gradient
if y=mx+ cused, c must be found
correctly and the equation must be re-
written
> either correct expression
(b) | x=y=37 x+y=4t M1 or both of x—y = 4t andx+Y=t%
2 x+yY
=( yj M1 dliminate t
(x=y) \ 4
2 or (x—y)(x+ y)zzgx(4t)2:32
3R2=(x-y)(x+Yy) Al 3 t2
k = 32 done, no marks
Total 10
dy dy T .
6 3x&+3y—4y&=0 M1 attempt implicit differentiation
Al product
Al chain
Bl constant
ﬂ=_§ Al 5 CSO
dx 2
ALTERNATIVE METHOD
x=2y+ 4 M) solve for x = expression iny and
3° 3y differentiate with respect to y
dx_2_ 4
&y "3 3y (A1A1)
_, dx_2 4 .
y=1 @—5—5 (M1) substitutey = 1
dx_ 3
dy 2 (AL) CSO
Total 5
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MPC4 (cont)
Q Solution Marks | Total Comments
7(a)(i) | R=10 B1 R=10
tana:%, a=53.1 B1F 2 For ¢; ft incorrect R
(ii) | sin(2x+53.1)=0.7 M1
2x+53.1=44.4 AlF one correct answer ; ft o and R
135.6 or 135.7,404.4,495.6 or 495.7 Al 3 other correct answers —ignore extras
x = 41.2 or 41.3,175.6 or 175.7, Al 4 EJAUBS‘()' U!tti ﬁgs e ©
with decimal place discrepancies
221.2 or 221.3, 355.6 or 355.7 Answers only: 0/4
b)) SiN2x = 28N XCOSX Bl identities for sin2x and cos2x in any
€0S2 X=C0s* X—sin® x B1 correct form
Sn2x  29NXcosx
1-cos2x 1— (1_ 26in? x) - M1 use of candidate’s double angle formulae
2sinxcosx cosx 1 Al 4 AG, CSO
2sin®x  sinx  tanx
(i) 1
——=tanx tanx=%1 M1A1 (see* below)
tan x
135, 225, 315 Al 4 if answers given without working, B1 max
e 1
if

—=—=tanx seen and followed by
tan x

correct answers without working 4 out of 4

Total

14

* Comments for 7(b)(ii)

If henceignored, so working in sines and cosines, must simplify asfar as:

cos’ x=sin®>x  or coszx=% or sin2x=% for M1
cos2x=0 or COSX=ii or SihX=ii for Al
72 72
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MPC4 (cont)
Q Solution Marks | Total Comments
8 fydy= .[30033de M1 attezmpt to_separate and_lntegrate _
py” =qsin3x seen—= implies separation
%yz =sin3x (+C) A1A1l integrals — accept %x3sin3x
(%2) %x4:sin37”+c M1 use (%,Z)IOfindconstant
C=3
y* =2sin3x+6 Al 5 CSO (in any correct form)
Total 5
4 2 2
9a)(i) | AB=| 1|-|5|=|-4 MIA1| 2 | M1for +(OA-OB)
-2 |1] |-3
2 2
(i) | (r=)|5|+4 -4 BIF | 1 |fton AB;OE
1 -3
1 1| |2
: found and verified or statement ¢ =-3
—3|+u| 0|=|-3 H H
(0)(1) H M1 satisfies al components
-1 -2 5
1+u=-2 u=-3
1-24=5 u=-3 Al 2 u=-3 aoneBl
ALTERNATIVE METHOD
1| -3
4 O|=l 0|, whichissatisfied by 4#=-3
-2 6
(ii) PQ=00Q-OP with OQ in parametric
2 2 —2| | 4+24 M1 formintermsof A (can beinferred later)
PQ=||5|+A|-4||-|-3|=| 8-441 6+21
1 -3 5| |-4-31 Al or | 4-44
—7-31
4+ 24 1 1
8—41 |e| O M1 PQ ¢/ 0O|with PQ intermsof A
—4-31| | -2 -2
(can be inferred later)
(4+24)+(-2)(-4-31)=0 ml linear expressionin A equated to 0
A=-15 AlF ft on sign/arithmetic error in R) or
equation
Qis (-11155) Al 6 |CAO
Total 11
TOTAL 75




PMT

AQY/

ASSESSMENT and

Version: 1.0 0608

QUALIFICATIONS
ALLIANCE

General Certificate of Education

Mathematics 6360

MPC4 Pure Core 4

Mark Scheme

2008 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.
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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

JorftorF 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 subsegquent work
ACF any correct form FHwW 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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MPC4
Q Solution Marks| Total Comments
3
1(a) f(—l)=27><(—l) —9x(—l)+2 M1 Useof +1
3 3 3 3
or
complete division with integer
remainder M1
=-1+3+2=4 Al 2 remainder = 4 indicated A1
(b)() | f(-2)=-8+6+2=0 B1 1 |AG
b)(i) | f(x)=(3x+ 2)(ax2 +bx+c) B1 (3x+2) or (x+§) isafactor Pl
a guadratic factor; find coefficients; 2
a=9c=1 M1 correct
2 term 3b+2a=0 equate coefficients and solve for b
or
xterm 3c+2b=-9
b=-6 Al correct quadratic factor or a, b, and ¢
or (could be shown as) 9x* —6x+1 correct
or use division or factor theorem to
seek another factor (see alternative
methods at end of scheme)
f(x) =(3x+2)(3x-1)(3x-1) Al 4 | SC(seedlternative methods at end of
scheme)
2 o B factorise denominator correctly or
(b)(iii) | 9%° +3x—2=(3x-1)(3x+2) M1 complete division
3
20X “9X42_gzy g Al 2 | simplified result indicated
9x° +3x-2
Total 9

PMT
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MPC4 (cont)
Q Solution Marks| Total Comments
5 x_, ¥__ 1 M1 differentiate. 4; at™ seen
(@) dt dt 22 Al both derivatives correct
dy 1 .1 :
X ot 4 M1 use chain rule
d
candidates = /9%
dt * dt
ol d_1 Al 4 | cso
2 dx 2
(b) | gradient of normal =2 B1F Fif gradient = +1
_ y M1 calculate and use (X, y) on normal
(x,¥)=(5.0) x—5_2 A1F 3 | Fon gradient of normal ACF
(© _ _1 _x-3 _1_
X—-3=4t or +1=— ort=—=or ==2(y+1
y 2t Bl 4 t (v+1)
(x=3)(y+1)=2 M1 eliminate t; allow one error
Al 3 accept y= 1 -1 ACF
2(x-3)
4
SC alow marksfor part (c) if donein
part (a)
Total 10
3(a) | sin(x+2x)=sinxcos2x+cosxsin2x | M1
=sinx(1-2sin® x)+ cosx(2sin xcosx) double angles; ACF ISW
B1B1 condone missing x
=sinx(1-2sin® x)+2sinx(1-sin*x) | A1 al in'sinx, correct expression
=3sinx-2sin® x—2sin® x
=3sinx—4sin® x Al 5 CSO AG
HI]
(b) §n® x=asinx+bsin3x M1 attempt to solve for sin® x where a0
and b=0
;3 _ b either integral correct
jsm XdX =—acosx 3(:os3x AlF Fona b
_[sin3x dx=l(—3cosx+lc033x (+C Al 3 CAO .
4 3 alternative method by parts (see end of
mark scheme)
Total 8
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MPC4 (cont)
Q Solution Marks| Total Comments
i 1
Aa)[) |(1-x)" =1+ L(—x lxl(_é) “y)? | M1 1+ =X+ ke
(1-%)" =L (-0)+2x5(-2)(-x 2
=1—%X—3—32X2 Al 2 | equivalent fractions or decimals
(@)(ii) | (81-16x)* =81 (1—£x)" B1
.y 1_1XEX_§(EX)2 M1 x replaced by 18 x
4" 81" 32\81 81
or start binomial again
condone one error (missing bracket; x
or x*; sign error)
=3( )
4 8
57X 79 Al 3 CSO AG
use of (a+bx)" ignoring hence (see
end of mark scheme)
2
(b) 3_ixi_i(i) M1 use X=i
27 16 729\16 16
=2.9906979 Al 2 seven decimal places only
Total 7

PMT
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MPC4 (cont)
Q Solution Marks| Total Comments
. _3
5(a)(i) | cosar=y B1 1 |ACF
(a)(ii) | cos(a—pB)=cosacosf+sinasing M1
=§cosﬂ+gsinﬁ Al 2 ACF
. 12
snpg===
(@)(iii) B 13 B1
63 63
cos(ax—p)=— — NMSBI1B1
La=F) 65 Bl 2 65
2tanx
b)(i) | tan2x=——— M1
(b)() Tt x
2tanx =1-tan’ x
tan® x+2tanx—1=0 Al 2 CSO AG
— must solve quadratic equation by
(b)(ii) tanx:M M1 formula or by completing the square
2 condone one dlip
=—1+2 Al +4/2 required
2x:45°:>x:22% is acute
:>tan22% =J2-1 El 3 explain selection of positive root
Total 10
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MPC4 (cont)
Q Solution Marks| Total Comments
2 _A.B
6(a) (-1 x-1 x+1
2=A(x+1)+B(x-1) M1
x=1 x=—1 mi use two values of x or equate
B B coefficients and solve
A+B=0andA-B=2
A=1 B=-1 Al 3 both A and B
(b) Ixzz—l dx= pIn(x—1)+qin(x+1) M1 In integrals
_ 1 FonAand B
=In(x-1)=In(x+1) A 2 condone missing brackets
dy 2 i
B separate and attempt to integrate on one
@ |15 I3(x2—1) M1 side
_1 Al left hand side
Iny==(In(x=1)-In(x+1)) (+C
Y 3( (x=1)=In(x+1)) (+C) AlF F from part (b) on right hand side
(3.1) Inl=%(In2-In4)+C m1 use (3, 1) to attempt to find a constant
3Iny=In(x-1)-In(x+1)—(In2-In4)
3Iny:(|n(§—j)+ln2}
2(x-1
Iny® =In (x-9)
X+1
. 2(x-1)
y’ = Al 5 CSOAG
X+1
Total 10
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MPC4 (cont)
Q Solution Marks| Total Comments
use i(O—B—aA) in sum of squares of
2 _ _ 2 _ 2 _ 2
7(@) | AB*=(5-3)" +(3--2)" +(0-1) M1 components
allow one dlip in difference
AB=+/30 Al 2 | accept 5.5 or better
(b) 2 1 M1 + ABe direction | evaluated
5le| 0|=2+3=5 condone one component error
-3 Al 50r-5
cosf=—_2 B1F F on either of candidates' vectors
30+/10 M1 use |al|bjcosd =aeb; values needed
=73 Al 5 CAO
(condone 73.2, 73.22 or 73.22...)
(©) M1 for OC—OA or OA—OC with OC in
5+4 3 2+ 1
=l allol- 5 termsof A
condone one component error
-31 1| |-1-34
Al
(2+4)" +5% +(-1-32)" =30 m1
104% +1014=0
(A=00r)A=-1 Al
(A=0=(5,3,0) isB)
4
A=-1=Cis (4,3,3) Al 5 condone | 3
3
Total 12
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MPC4 (cont)
Q Solution Marks| Total Comments
8(a)(i) p% =q M1 where p and q are functions
% =—kx Al 2 in any correct combination
(a)(ii) | —500=—-k 20000 or 500 =k 20000 M1 condone sign error or missing 0
k can be on either side of the equation
k= % (=0.025) Al 2 CSO both (a)(i) and (a)(ii)
(b)(i) | A=1300 Bl 1
(b)(ii) | 100> Ae %! M1 condone = for >; condone 99 for 100
100 take logs correctly
In{==|>—-0.05t
n( A ) g mi condone 0.5
t>51.3 Al or by trial and improvement (see end of
mark scheme)
population first exceeds 1900 in 2059 AlF 4 Fif M1 ml earned and t>0 following A
Total 9
TOTAL 75

10
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MPC4 (cont)
Alter native methods per mitted in the mark scheme
Q Solution Marks| Total Comments
1(b)(ii) | ALTERNATIVE METHOD 1
(3x+2) isafactor B1 Pl
use factor theorem M1 use'factor theorem or algebraic division
to find another factor
f(%)=0:>(3x—1) is afactor
f(x)=(3x+2)(3x-1)(ax+b) Al
f(x)=(3x+2)(3x-1)(3x-1) Al 4
ALTERNATIVE METHOD 2
(3x+2) isafactor Bl Pl by division
divide 27 x> —9x+2 by (3x+2) M1 complete division to ax* +bx+c
9x* —6x+1 Al
f(x)=(3x+2)(3x-1)(3x-1) Al 4
1(b)(ii) | SPECIAL CASE
(3x+2)(3x—1)(ax+b) 2
2(a) y=é—1 and differentiate M1 differentiate expression in y and x
ﬂ= -2 Al correct
dx (x—3)2
Xx=5
-2 fi h
dx (5_3)2 ml ind and therefore use x (and y)
&1 Al 4
dx 2

11
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MPC4 (cont)
Q Solution Marks| Total Comments
3(b) | ALTERNATIVEMETHOD 1
[sin® xdx = [sin® xsinxdx M1 identify parts and attempt to integrate
—sin? xcosx—j—Zcosxsinxcosxdx
=—sin? xcosx—%cos3 x (+C) A2 3
ALTERNATIVE METHOD 2
_[si n® xdx = jsi n? xd(—cosx) M1 condone sign error
= [~(1-cos’ x)d(cosx)
:—cosx+%cos?’ x (+C) A2 3
ALTERNATIVE METHOD 3
_[sin xsin® xdx
_[sin x(1-cos® x)dx M1 this form and attempt to integrate
:—cosx+%cos3 x (+C) A2 3
4(2)(ii) using (a+bx)" from FB
1 1 3 7
(81-16x)+ = 81+ + 181 ¢ (—16x)+1(—§)181 4 (-16x)°
4 4\ 4)2
M1 condone one error
Al
B SV I Al 3 | CSO completely correct
27" 729 peey
8(b)(ii) | t=51—1015 M1 t=51ort = 52 considered
t=52—96.6
=51<t <52
population first exceeds 1900 in 2059 A3 4 CAO

12
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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 © 2009 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

JorftorF

CAO
CSO
AWFRW
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 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 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
RA

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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MPC4
Q Solution Marks | Total Comments
1(a)
()| f(-1)=0 B1 1
(i) f(_%):4( _%)_7( _%)_3 M1 Useof +3
=—1+2-3=0= factor Al 2 | Needtosee simplification ( at least
1\ _ 1y —qy ;
(—3) =-1),‘=0" and conclusion
(iii) | Third factor is ( 2x-3) B1 Pl
(x+1)( 2x+1)( 2x-3) M1 3 linear factors
(x+1)( 2x+1) 2 linear factors
simplifiesto 2x—3 Al Simplified result stated.
Alternative; see end.
Use remainder theorem.
Alternative
Completedivisionto 2x+b (M1)
Complete divisionto 2x—3 (A1)
Simplifiesto 2x—3 (A1) 3 Simplified result stated
©) | g(-4)=-1+Z+d=2 M1
d=-1 Al
Alternative
Complete division leading to rem = 2 (M1) Remainder =d+ p=2
d=-1 (AD) 2
Total 8
2(@) | R=10 Bl Accept R=3.16 or better.
tanar =3 M1 OE (Canbeimplied by 71.57° seen)
=125 Al 3 A0 if extraanswers within given range
SC1 tana=3 «a=0.32
(b)(i) | minvalue= —10 (or>+-10) B1F 1 |ftonR
(i) | sin( x—a )=-1 M1 or sint3&
X=5.96 A1F 2 ft on their o (to 2 dp) +3¢
Total 6
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MPC4 (cont
Q Solution Marks | Total Comments
3(a)
(i) 2x+7:2Jr 3 Bl
X+2 X+2 Bl 2
(i) J‘2X+7 3In( x+2)+2x+C B1F Either term correct
B1F 2 Both correct; constant required; condone
missing bracket
_ ftonA, B
(b)() | 28+4x? =
P(5-x)*+Q(1+3x)( 5-x) M1
R(1+3x)
Xx=5 x=-1 m1l Two vaues of x used to find R and P.
R=8 P=1 Al SCR=8,P=1NMScanscoreB1,B1
Xx=0=28=25P+5Q+R ml Third value of x used to find Q
Q=-1 Al
Alternative
28+4x2 =
2
P(5-x)"+Q(1-3x)(5-x) (M1)
+R(1+3x)
=( 25P+5Q+R )+ _
(~10P+14Q+3R )x+( P—30Q )2 (m1) Collect terms and form equations
P-3Q=4
14Q+3R-10P=0 (A1) Correct equations
25P+5Q+R=28
P=1 Q=-1 R=8 (m2) Solvefor PQand R
(AD) 5
(i) 1 1 8 : .
-[1+3x_5—x+( 5x)’ dx M1 Use partial fractions
1 8 ml aln( 1+3x )+bin( 5-x)
==In( 1+3 In( 5— —+(C
3n( 30 )+in( X)+5—x+( ) AlF OE; both Inintegrals correct; needs ()
AlF 4 Other term correct
ftontheir P, Q, R
SC: If no P,Q, Rfound in (b)(i), can gain
method marks by inserting other values or
retaining the letters (max 2/4)
Total 13
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MPC4 (cont
Q Solution Marks | Total Comments
4(8 (1-x )" =L+3( —x )+ px’ M1
2
=1-3%—5X Al 2
| Ja=x=2(1-2 B1 or (4)(1-%)
2
=(2)(1—%(§)—%(§) ) M1 x replaced by % ; condone missing ()
1
Or start again with ( 1-% )2
=2-3-u Al CAO or decimal equivalent
Alternative
(4—x)F =45 +1x47(—x) (M1) Useof (‘a+x )" from formula book
(-1 . ) Condone missing brackets and 1 error
+ 5 42(-x)"| (A1
=2-4-% (AD) | 3
0) | x=1 3=2-1-Z M1 x=1used in their expansion
=1.734 ( 3dp) Al 2 CSO
Total 7
5(a) | Sin2x=2sin Xcosx Bl 1 OE, eg sin X cOS X + SiN X COS X etc
cosx=0  x=90, 270 Bl Both required
(b) | 10sinx+3=0 M1
x=1975 3425 AlAl 4 CAO
if extravaluesin given range, max 1/2
(©) | cos2x=cos’® x—sin’x B1 cos2xin any correct form
29N Xcosx+1—2sin?x=1+snx M1 sin 2x expanded and cos2x in terms of
sinx used
Al
2sinx( cosx—sinx )=sinx
2( cosx—sinx ) =1 Al 4 | CSO; need to see sin x taken out as factor
or cancelled
Total 9
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MPC4 (cont
Q Solution Marks | Total Comments
6 > dy M1 Product rule used. Allow 1 error
@) X &+2xy Al
+3y? % Bl Chain rule
X
=2 Bl RHS and equation with no spurious
& unless recovered.
(2,1), 4 403V M1 Substitute ( 2,1)
dx dx
dy _ 2
Z=-= Al
i - 6 CSO
(b) d_g M1 Derivative = 0 used
dx
xy=1 Al OE
2,1 1
XTX=+—=2Xx+1
X X ml Use xy=kto eliminate y on LHS
1
2 x+1 Al 4 | Answer given; CSO
Total 10
7(("’3 J' dji = |-kt dt B1 Separate; condone missing integral signs
eZ
1
262 =k (4C) BIB1 | 3
2
(if) L
—2e* :—kE—Ze M1 Use ( 6,0 )to find constant
1
Inl e2" |= In( kﬁ+e‘3 j M1 Take logarithms correctly; condone one
4 side negative. Must have a constant.
2
—lx=ln[ kL 4 e j
4
x=—2ln( K2 | oo ] Al 3 | Answer given; CSO
(b) 2
()| =10 x=-2in[ 2008 2 || s
=3.8 = 3800 Al 2 CAO
(i) | w—0 0.002><t2+e-3:1 M1
t=30.8 Al 2 CAO
Treat 0.04 or 0.0004 as misread (—1)
Total 10
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MPC4 (cont
Q Solution Marks | Total Comments
8@ [ 3 2 1 M1 +( OA-0B )
()| AB= - 1]|=] © . .
5 1 1 Al 2 A0 if answer as coordinates
(i) | OBe AB=3x1+1x0+( -2 )x(-1)=5 | M1 Evaluate to single value
- . Al
cosg = OBe AB M1 Useformulafor cos@ with any 2 vectors
‘ OB ‘x‘ AB ‘ and at least one of the corresponding
modulii ‘correct’
|OB|=+14 |AB|=v2
5 5
cosé = = . . .
J7x2d2 27 Al CSG; A5Gsoneed t(;seelntermedlatestep
or
M ixavz " s
Alternative
cos rule attempted with cos B (M1)
cos rule correct with cos B (A1)
derive correct given form (A2) 4
b .
(b) 6 1 M1 OC+ AAB. Allow one dip
r=( 2|+4] O X
—4 -1 AlF 2 |fton Kﬁ;needsror{ y]
z
©| __ __ 6+ 4 1
ODe AB= 2 e O M1
—4-1 -1
6+A+4+4=0 ml
A=-5 AlF ft on equation of line
Dis (121) Al CAO
Alternative
a 1 Let D be (a,b,c)
b |efl 0|=a-c=0 (M1) Scalar product evaluated and equated to O
c -1
a=6+1, b=2 c=-4-1 (m1) Use equation of line
(A1)
a+c=2
a=1 b=2 c=1 (A1) 4
Total 12
TOTAL 75
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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
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and expanded on the basis of candidates’ reactions to a particular paper. Assumptions about
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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.

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
formul ae 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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MPC4
Q Solution Marks | Total Comments
1(a) (l)_ 1 .g1 3.1 1 -
f 3 —3><27+8><9 3><3 5 M1 Use finevaluating f (x)
=5 Al 2 No ISW
Evidence of Remainder Theorem
(b) X +3%
3x—1>3x3+8x2—3x—5 M1 Division with x?and an xterm
3¢ —x2 seen; X*+ px

Ox* —3x

Ox? —3x
a=1l b=3 or X2+3X+3L1 Al Explicit or in expression

X_
= Condone + —
c=-5 Bl 3x-1
Alternative
2
(Bx-)(X+px) 5 (M1) Split fraction and attempt factors
3x-1 3x-1
2,3 5 (AD) a=1 b=3
X" 43X a1 (B1) c=-5
Alternative
f (x)=3ax’+(3b—a) X’ —bx+c (M1) Multiply by (3x-1)and attempt to collect
a=1 b=3 (A1) terms
c=-5 (BL)
Alternative Multiply by (3x—1)and attempt tofind a
f(x):(ax2+bx)(3x—1)+c M1) Py .y P ’
b, c: substitute 3 values of xand form 3
x=0=c=-5 (B1) simultaneous equations, and attempt to
x=1=2a+2b+c=3 solve; or substitute 3 values of x into
x=2=20a+10b+c=45 g|Ven equa[ion
a=1 b=3 (A1) 3
Total 5
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MPC4 (cont
Q Solution Marks | Total Comments
2@ | dx 1 dy 1
== 21—
at t* dt 2t? B1B1
1--L 2 dy
dy "z [_2A7-1 M1 Their & ; condone 1 dlip
dx -1 -2 dt
Al CSO; ISW
Alternative
y=24X (B1)
X 2
dy 1 1 (B1)
ax x° 2
Subst 1
stitute x—; (M1)
dy , 1
o its (A1) 4 |CSO
(b) dy 1 f(t)
t=1 = __= . _1 i "y
i 2 M1 Substitute t=1 in o) =k
m=—1=m =2 B1F Fon m, #0; if int—numerical later
(xy)=(13) B1 Pl 3=m(x1)+c
(y=3)=2(x-1)or y=2x+c,c=—3 Al 4 | 1SW, CSO (a) and (b) all correct
(© 1 11
1 2 M1 Attempt to use t=- to eliminatet
t t, or equivalent
1 x
=;+E Al
a4 mX TN allow k=2 stated
k=2, no working or from (1,3): 0/3
Alternative or
(EJZ—ZGJ(Hij —}(Hij Substitute and multiply out
" " X Xy " > (M1) itute and multiply ou
_ 1% (A1) Eliminate t
2
= x*=2xy+2=0 (A1) 3 Conclusion, k=2

11
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MPC4 (cont
Q Solution Marks | Total Comments
3() (1- x)'l=1+(—1)(—x)+%(—1.—2)(—x)2 M1 1+ x+ ko
=14 X+ X Al 2 Fully simplified
(0)() | 3x—1=A(2-3x)+B(1-x) M1
2 ml Use 2 values of x or equate coefficients
x=1 X=3 and solve ~3A-B=3 2A+B=-1
condone coefficient errors
A=-2 B=3 Al 3 Both values
NMS 3/3if both correct, 1/3 if one correct
ii
) 1 _ -2 3
(1-x)(2-3x) 1-x 2-3x
%:—2—2x—2x2 B1F Fon (1-x) " and A
-1
1 :1(1_§XJ B1
2-3x 2 2
— 2 = i ¥ l § +
=(p) 1+ ko (I00)’ M1 p.k = candidate's 5,5, k#:+1
3 9, Use (@) or start binomial again; condone
=( P)(HE X+ZX ] Al missing brackets, and one sign error
3x-1 -1 -1
(1-x)(2-3x) =-2(1-x)"+3(2-3%) M1 Valid combination of both expansions
1.1 .11 Al CSO
2 4 8
Alternative
4_1(1_3,)"
(2-3x) —5(1—§X) (B1) k= candidete's 3 k=1
(1-kx) " =2+ kx+(kx)® (M1) Use (@) or start binomial again;
3 9 condone missing brackets and one
=1+ X sz (A1) error
% = (3x-1)(1- x)‘l (2—3x)_1 (M1) (3x—1)x both expansions
3x-1 =—1+1x+1—1x2 (m1) Multiply out; collect terms to form
(I-x)(2-3x) 2 4 8 (A1) 6 a+bx+cx?
_ B CSsO
Alternative for (2-3x) Using (a+bx)"
g ~1)(-2)(2)° (-3x)*
2 +(-1)(2)° (—3X)+( ) )(2) (%) (M1) Condone missing brackets, and 1 error
=%+%X+§X2 (A1) First two terms

(A1)

x?term
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MPC4 (cont
Q Solution Marks | Total Comments
(o) | 2<3x<2 M1 PI, or any equivalent form
2 2
— T3 <X<3 Al 2 Condone <; acceptnzéor x2—%
CSO; allow |£x|< % , or
2 2
x<— and x>——
3 3
Total 13
4(a)(i) | A=12499 Bl 1 Stated in (i) or (ii)
(i1 7000 7000
k* =— M1 p=—+—=0.560044803
their A 12499
k=3/0.56(00448...) = 0.9840251(26) Correct expression for k or 7" dp seen.
: ...)=0. 1
1 k=10%"" or k=10700%-
or (0.56(00448...))36 1
Al 2 k= e@'“ P oor k=@ 0oi0s.
or k=3 7000 AG
12499
k= 0.984025
b 5000
O e : M1 2000 _ , 400032...; condone 4999
their A 12499
tlog(k)=log(%®) (t=56.89) ml Correct use of logs
n=57 Al ninteger; n=57 CAO
Alternative; tria and improvement on
5000=12499x0.984025'
2 valuesof t>40 (M1)
1vaueof t 50<t<60 (m1)
n=57 (A1) 3
Special case, answer only
n=57 3/3
n=56 0/3
n=569 2/3
Total 6
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MPC4 (cont
Q Solution Marks | Total Comments
S dy _ dy
8x+ Zy&_3y+3x&
8x and 4—0 Bl
dy
2y —=—
Yax Bl
3y+3x & M1 Two terms with one &
dx Al dx
at (1,3) (gradient) ﬂ:} Al CSO
dx 3
Total
6(@)(i) | cos2x=2cos’ x—1 Bl Seen in question, in consistent variable
3(20052 x—1) +7cosX+5 M1 Substitute candidate’ s cos2x in terms of
COS X
6c0s” X+ 7cosx+2(=0) Al 3
(ii) (2cosx+1)(3cosx+2) M1 Attempt factors; formula
(‘a and ‘c’ correct; allow one dip)
cosx=—% cosx=—% Al 2 Accept —0.5,-0.67
(3 ==(=5)
X=C0S" | —=|; cOS™ | —=
2 3
©)(1) | r=/58 B1 Accept 7.6 or better
a=sn| — M1 OE o =sin™ (§j
their R 7
=23.2° Al 3 AWRT 23.2° (23.1985...)
(i) | ¢+0=sin™* idate
thar R M1 Candidate's R, o
0=8.5° AlF Fon o, AWRT, condone 8.6
6=125.1° Al 3 Two solutions only, but ignore out of
_ range
©a0) | , 2 .
h :1+(2\/§) M1 Pythagoras with h or sec x
h=3= cosﬁzé Al 2 AG
(i) sin2#=2sin B cos M1
gnzﬂ:ﬂ\/i Al 2 CSO; accept p:g (not 0.444...)
9
Total 15
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MPC4 (cont
Q Solution Marks | Total Comments
7(a) (A82 :)(4_3)2+(0__2)2+(1_5)2 M1 Condone one sign error in one bracket
AB=+/21 Al 2 | Accept 4.58 or better
(b) | 4=6+21 = A=-1 M1 A=-1
0=-1+(-1)x(-1)
1=5+(-1)x4 Al 2 A=-1 confirmed in other two equations
6 | 2 4
Accept for M1A1 | -1|—|-1|=| 0
_ 5/ | 4 1
Special case M1 condone 1 dlip
6 2 4 2 -2
-1|+4|-1|=|0|, A|-1|=|1
5 4 1 4 —4
A=-1 (B2)
(©)
3 -1 6 2
=2 |+u|l 3|=|-1|+1-1 M1 Equate vector equations
5 8 5 4 Pl by two equationsin A or u
B-p=B+24 | . e or p mi Form (any) two simultaneous equations
—2+3u=-1-1 and solvefor A or u
A=-2 or u=1 Al 2
C hascoordinates (2,1, —3) Al CAO condone | 1
-3
BC?=(2-4)" +(0-1)" +(1--3)° M1 Use C to find BC or AC or to find two
BC=1/21 angles
AB=BC (=+/21) Al 6 | AB=BCor ZA=/C (=20.2°) stated
Total 10
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MPC4 (cont
Q Solution Marks | Total Comments
8(a) j X dx=_[1500052t dt B1 Correct separation; condone missing [
signs; must see dx, dt
1y _754n2t (+C) BiB1 Correct integrals
2
Accept %x 150
(20,%) Lx2o’ :755in(2><%)+c M1 C present. Use (20,%) to find C
C=125 A1F Fon x* =ksin2t
x* =150sin 2t + 250 Al 6 Correct integrals and evaluation of C
b)(i
QL t=13 x*=150sin26+ 250 (:364.38) M1 Evaluate x*=f (13); x> =ksin2t+c
x=19.1 (cm) with numerical k and t
Al 2 AWRT
(ii)
129
x=11 sSn2t=—— =-0.86
150 ( ) M1
or 2t=-1.035..,4.176...
t=2.1(seconds) Al 2 | AWRT
Total 10
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.
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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 Fw 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 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 require evidence of a correct method for any marks to be awar ded.
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Q Solution Marks | Total Comments
1(@)(@) | f(-1)=-15+19-4=0 B1 1
(i) f(g) M1 evaluate or complete division leading to
5 anumerical remainder
(15><i+19><i— 4j 0 — factor Al 2 | Or decimal equivalent (0.96 + 3.04—4)
125 25 or zero remainder = factor
(b) | (x+1)isafactor B1 Stated or implied.
Third factor is (3x+ 2) M1 Any appropriate method to find
Al third factor
15x* —6X _ 3x(5x-2) M1 (5x—2)(3x* £ 5x+ 2) +attempt
f(x) (x+1)(5x-2)(3x+2) to factorise
Factorise numerator correctly
and attempt to simplify
B 3X
Total 8
2(a) | R=410 B1 Accept R=3.160r better
tanar=3 M1 OE
a=1.249 ignoreextraout of range Al 3 AWRT 1.25 SC ¢=0.322 Bl
radians only
(B)A) | minimum value = —/10 B1F 1 FonR
(ii) | cos(x—a)=-1 M1
x=4.391 AlF 2 AWRT 4.39
51.56" or .. .57° or better
(©) 2
COS(X—r) =——
( ) \/E M1
Xx—-ao=10886 5397 Two values, accept 2dp and condone 5.4
ignore extra out of range Al condone use of degrees
x=0.36296.. 2.13512.. AlF FonX—«, either vadue. AWRT
x=0.363 2.135 Al 4 CSO 3dp or better
Total 10
(c) | Alternative
10sin®x—12sinx+3=0 M1 Or equivalent quadratic using cos X
(ie sin®x+cos’x =1 used)
sinx =two numerical answers AlF Or equivaent using cos X
-1 <ans<1
X = One correct answer AlF
x=0.363 2135 Al CSO 3dpor better
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MPC4 (cont
Q Solution Marks | Total Comments
3(@)(i) L
(1+x) =1i:—13X+kX2 M1 li:—13x+kx2
_1.1,.2.02 Al 2
=1 3x+9x
i 1
o (1+§x) 3_1—l><§x+2(§x)2 M1 Xreplaced by %X
4 3 4 9\4 or start binomial again;
condone missing brackets
1,.1. Al 2
=l-=X+=
4x+8x
(b) 1
SRR
4+ 3x 4 M1 K=1
1
=4(1—ix+lx2) AlF Fon(@)(ii) k =4, accept I64 or 643
=4-X+=X or L
X+ 2 X Al 3 CSO fully smplified
a=4 b=-1 c=1 Be convinced
2
Total 7
4(8) | 10x* +8=2(x+1)(5x-1)+ M1 Aand B terms correct
A(5x-1)+ B(x+1) Al
x=—1 x=1 mil Usetwo values of x to find A and B, or
5 set up and solve
A=-3 B=7 Al 4 8+5A+B=0
-2-A+B=8
SC1 NWS A & B correct 4/,
SC2 NWS A or Bcorrect %r
(b) 10x* + 8 3 7
J(x+1)(5x—1) dx:j2— x+1+5x—1 X M1 Use the partial fractions
=2x+C B1
M1 aln(x+1)+blin(5x-1)
condone missing brackets
_ 7 _
Sin(x+1)+gIn(5x-1) AIF | 4 |FonAandB
Total 8
S| X’ +xy=¢"
dy ,dy Bl 2X
2+ Y X% i M1 Use product rule
Al
B1 RHS
dy
(-10) =1 Al 5 |cso
Total 5
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MPC4 (cont
Q Solution Marks | Total Comments
6(a)(i) | sin20 =2sindcosé Bl
c0s26 =cos’ @ —sin’ 6 B1 2 OE condone use of x etc, but variable
must be consistent
(i siné’—ﬂzsinZH—Zxﬂxg—%
5 55 25 Bl AG
Useof 106.26° .... BO
or
2xsin(cos‘l§j>< 3
5) 5
9 16 7
C0S20 == =" B1 2 |-028
(b)()) | dx _ dy _ M1 Attempt both derivatives. ie pcos26
@_600829 gy B8N0 Al Both correct. qsin26
dy 4sin26
—=—— ISW
dx  3cos26 Al 3 |CO OE
(i) p(72 28
25" o5 B1F (2.88,- 1.12)
Gradient = =—2x- 24 1 Their 93n26 peos26
7 pcos26 qsin26
must be working with rational numbers
28 32 72 Any correct form.

Fractionsin simplest form
Equation required

Total

10
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MPC4 (cont
Q Solution Marks | Total Comments
7 X
jydy:jcos 3 dx B1 Separate; condone missing
integral signs.
. (X (X
—y2—39”(—j+(0) B1 S'n(§)
2 3
B1 Accept 1
3
[%1} Z-3snt+cC M1 Use [g,ljtofindc
must beinformpyzzqsin(gj+c
C=-1 AlF
2 _ganl X)_2
y =osni35 - Al 6 |CSO
Total 6
8@ | 0=2+A=>A=-2 M1
Check -1+-2x-3=-1+6=5
-5-2x2=-5x-4=-9 Al 2 OE
(b) 9] [0 9 L
5cl20-l 52| -3 M1 + (OC -0B)
Al 2
3 -9 12
(©)(i) | OD =0OA+ AD =0OA+2BC M1
2 18 20
OD=|-1|+|-6|=|-7
-5 24 19
Dis (20,-7,19) Al 2 | AG
(i) | PD=0OD-0P=
20 2+p| [18-p -
—7|-| -1-3p|=| -6+3p M1 Find PD intermsof p
19] [-5+2p] [24-2p Al condone PD = OP —OD here
n
PD: —-3|=0
Bl
2_
(18— p)x1+(-6+3p)x—3+(24—-2p)x2=0 ml
p=6 Al 5 | CcSO OE working with DP
Total 11
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MPC4 (cont
Q Solution Marks | Total | Comments
9@(@) [ t=0 h=A(1-1)=0 B1 1
(if) R M1
57=A|l1-e ¢
A 57 - 60 Al 2 Or 59.9... seen.
B (1-€?) B A = correct expression = 60 2sf
o)) | . 48 . -k
h=48 &—1—e 4 M1
1
In(e 4t]:|n[éj mi
e In5=t=4In5
_Z =—lNo=1=4In Al 3
()| dh 1 .
G Z_ZX—GOXG M1 Differentiate, condone sign errors
1 1
60e_4t=60—h:%=£(60—h) ml Eliminate e *
t 4
Al 3 CSO, AG
dn = 15_D
dt 4
(i) | h=8 B1 1
Total 10
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
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

Copyright © 2010 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
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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.

PMT
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MPC4
Q Solution Marks | Total Comments
1(a) | f(3)=8xE+6xE-14xi-1 M1 Usex = Linevauation
=-4 Al 2 NMS 2/2; no ISW
, Use factor theorem to find d
1)= b +d=0 .
(b)(0) | 9(3) = number(s) M1 See some processing
d=3 Al 2 NMS 2/2
(i) | 9(x)=(4x-1)(2x* +bx-3) B1F a=2 c=-3; Fond (c=—d)
X 6=4b-2 o x -14=-b-12 | M1 Any appropriate method; Pl
b=2 Al 3 NMS 2/2
Total 7
Alternatives:
(@ 2x* +2x-3
4x—1>8x3 +6X% —14x—1 (M1) Complete division with integer remainder
8x* - 2x*
8x° —14x
8x% —2x
-12x-1
-12x+3
-4 (A2) (2 Remainder = 4 stated
(b)(i) | Divisionasfor (8) =d-3 lastline (M1) Candidate’s -3
d=3 (AD) (2
2(a) % =-3 % = 6t” B1 Both derivatives correct; Pl
2
Y = _8 M1 Correct use of chain rule
dx 3
=-2t° Al 3 CSO
(b) | t=1 m,=-2 mNzl M1 Subgtitute t=1 mN:—i
2 me
AlF Fongradient; m z+1
Attempt at equation of normal using M1 Cond
(% y)=(-23) ondone one error
Normal has equation y—3=%(x+ 2) Al 4 CSO; ACF
1-x _.y-1 . :
(© t:T or t=3 5 M1 Correct expression for t interms of x or y
1-x\’
y=1+2 = Al 2 ACF
Total 9

PMT
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PMT

MPCA4 (cont
Q Solution Marks | Total Comments
3@)() | 7x—3=A(3x-2)+B(x+1) M1
x=—1 x=2 mi Substitute two values of x and solve for A
and B
7=3A+B
A=2 B=1 Al 3 Or solve_3: CoA+B } condone one error
) I 7x-3 _
1 v (3x—2)
pIn(x+1)+qln(3x—2) M1 Condone missing brackets
=2In(x+1)+1In(3x-2) (+c) AlF 2 F on A and B; constant not required
2 2 _ _
(b) 6x2+x+2=6x 3>2<+3+4x 1 M1
2xX°—x+1 2X°—x+1
_3. 4x-1 B1 P=3
2 —x+1 Al 3 | Q=4andR=-1
Total 8
Alternatives:
(@)(i) | By cover uprule
x=-1 A=_'—3
-5
2 53 x=-landx=2
x=§ B= B (M1) 3
3 and attempt to find A and B
A=2 B=1 (ALAL) 3 SC NMS A and B both correct 3/3
One of A or B correct 1/3
(b) 3 (M2) Complete division, with ax + b remainder
2x% — x+1i6x2 + X+2
2 (B1) P = 3 stated
6x°—3x+3
4x-1 (A2) (3) | Q=4and R=-1 stated or written as
expression
or
6x° +x+2=P(2xX - x+1)+Qx+R
— 2Py +(Q-P)x+P+R (M1) Multiply across and eguate coefficients or
use numerical values of x
P=3 (B1) P = 3 stated
Q-P=1
P+R=2
Q=4 and R=-1 (A1) 3) Q=4 and R= -1 stated or written as

expression
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MPCA4 (cont
Q Solution Marks | Total Comments
. 3
4@)(30) | (1+x)2 =1+ 3x+ k< M1
=1+3x+2x? Al 2
.. 3 3 9 )2
(i) | (16+9x)2 =162 (1+ —xj B1
16
=k(1+§x%x+§(%x)2) M1 x replaced by 1_96X or start binomial again
Condone missing brackets
=64+54x+ 28 x° Al 3 | Accept 7.59375x
(b) | x=-3 M1 Use x=-2
3
13% ~ 46+ 27 Al 2 46 seenwitha = 27 b =32, or( k><27)
32 kx32
Total 7
Alternative:
@D | (164 9x): =
3 1 311 2 ) Use (a+bx)" from FB. Allow one error.
2 _ 2 NN 2
16%+ 2X16 X+ 2>< 2>< 2X16 x(9%) (M1) Condone missing brackets.
=64+54x+28 % (A2) (3 | Accept 7.59375x°
5(@)(i) | cos2x=1-2sin*x B1 ACF intermsof sin (P later)
3<1_ 26in? x)+25inx+1:0 M1 Substitute candidate’s cos2x in terms of
sinx (at least 2 terms)
—6sin’ x+2sinx+4=0
3sn*x-snx-2=0 Al 3 |AG
y : oy Ay Factorise correctly or use formula
(i) | (3sinx+2)(sinx-1)=0 M1 correctly
snx=-% snx=1 Al 2 | Both; condone —0.67or —0.66 or better
(b)(i)) | R=+13 B1 Accept 3.6 or better
tanor :% =337 M1A1l 3 OE; accept o = 33.69(0)
. -1 _1 . , —1
(i) | 2x—a=cos (Ej M1 Candidate’'s R. Or cos(2x— ) R
2X—0=106.1°, 253.9°
X=69.9", 143.8° Al One correct answer
Al 3 Boath correct, no extrasin range
Total 11

PMT
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MPCA4 (cont
Q Solution Marks | Total Comments
6(@) | X*+cost=7T=x-1=7 M1 Or x=%/7-cosn
X=2 Al 2 CSO
d s 2 s dy ., dy
b) | —(X’y)=3x"y+x — M1 2 terms added, one with —
(b) dx( y) Y dx dx
Al
d . dy
—(cosny)=—mnsin — Bl
dx( my) = —sin(xy) dx
dy dy Substitute candidate’ s x from (a) and
At(21) 3x4+8—=-nsinn—==0 M1 y =1 with 0 on RHS and both derivatives
dx dx attempted and no extra derivatives
&__3 Al 5 CSO; OE
dx 2
Total 7

PMT
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PMT

MPCA4 (cont
Q Solution Marks | Total Comments
T
7(a) | OB=|-1 B1 P
BIE (o8-
M| _11_|_2|= M1 Use +|OB-0OA
AB=|-1 3|=| 2 Al 3
2] [ 2|0
(b)() | 4+24=-1+pu 4+ 22 1+ u
B 3 |=| 3-2u
-3 =3-2u M1 242 A—yu
2+ A4 =4-yu or set up 3 equations
—-6=-2u u=3 ml Solvefor A and u
A=4-3-2 JA1=-1 Al Both correct
4+24=4-2=2
14 pu=-1+3=2 Al 4 In_dgpende‘f\_t check \{}/ith conclusion:
minimum “intersect
(i) | Pis(2-31) B1 1
©) | OC=0A+AC or OC=0B+BC
=OA+PB =0B+PA
4 1-2
OC=|-3|+|-1--3 M1 OA+ PB in components
2 2-1
Cis(3-13) Al
OC=0B+BC
or .
=0B+ AP
1 2-4
OC=|-1|+|-3--3 M1 OB + AP in components
2 1-2
Cis(-1-11) Al 4
Total 12
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MPCA4 (cont
Q Solution Marks | Total Comments
Alternative:
7(c) | AP=BC
| AP|=|BC|=
J@=2)? +(3--3%+(1-2)°
=5 (M1)
— 2 —
BC =k | 0 | BC [=Vky5
1
so k==%1 (A1*) For k=1and k=-1
- 2
OC=0B+k| 0
1
1 2 1 2
= -1+ O|or| -1|-| O (M1) Either
2 1 2 1
3 -1
= -1jor| -1 (AD 4) Both
3 1

*If k=21 or k=-1 (ieonly onek), one
correct point gets 2/4

PMT
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MPCA4 (cont
Q Solution Marks | Total Comments
1
dx 1 ion-or Ot _ 2
8(a) - _ J‘_g dt B1 Correct separation; or dx 5(x+1)
X+ Condone missing integral signs
2X+1= -1t  (+C) B1B1 Correct integrals, condone —“X1+1
2
x=80 t=0 C=281 M1 Use (0, 80) to find a constant C
=18 AlF Fonintegralsif inform vx+1=qt+c
2
x:(g—%tj -1 Al 6 OE; CSO; x = correct expressionint
(b) | t=60 x=f(60) M1 Evaluate f (60), iex= ... (C not required)
=8 Al 2 CSO
dA dA_ product involving A; k required
(@) | 4 =KAO-A) M1 ot '
Condonetermsint
Al 2
.. 9 . .
(i) | 45= 1o 4600 M1 Condone one dlip in denominator
e—0.0Qt :% Al
-0.09t=In(%) ml TakeIn correctly
,_In(3)
-0.09
_ CAQ:; condone more than 3sf if correct
=154 (hours) Al |4 | 15.40327068 Allow 15h 24m
Total 14
TOTAL 75

10
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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
candidates’ 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 candidates’
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 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 from: aga.org.uk
Copyright © 2011 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
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any material that is acknowledged to a third party even for internal use within the centre.
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charity (registered charity number 1073334).
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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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MPC4
Q Solution Marks | Total Comments
1(a) Rz@ B1 Accept 5.4 or 5.38, 5.39, 5.385....
. 5
Rino=5or Reosn=2 or tana=§ M1
o =68.2° Al 3 Condone « = 68.20°
(b)(i) (maximum value =) /29 B1ft 1 ftonR
@in | .
sin(x+a)=1 M1 Or X+ =90, X+a=—
2
X=21.8° only
Al 2 No ISW
Total 6

PMT
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MPCA4 (cont)
Q Solution Marks | Total Comments
2OU 1 (-1)=9(-4) +18(-1) ~(-3)-2 | m1 f(-3) attempted
=9(—%)+18(%)-(-%)-2 NOT long division
=—1+2+1-2=0
= (3x+1) isafactor A1l 2 | Shown = 0 plus statement
(i) | (F()=) (3x+1)(3%" +kx—2) M1 3and -2
k=5 Al
(fF(X) =) BX+D(BX—-D(x+2) Al 3
(i) | 9%+ 212 + 6x = x(9x2 +21x+6) M1 X anc_al attempt to factorise quadratic
equation.
=3X(3X+1)(X+2) Al Correct factors
Ox*+2Ix* +6x  3x
f(x) T 3x-1 Al 3 |0 nolsw
3 2 Condone missing brackets, but must have
®) | 9(3)" + p(2)' ~3-2=-4 w1 oo 9
p=-9 Al 2
10
2(a)(ii) | Alternative
Using long division
3x* +5x—2 (M1) 3x* +ax+b
3x+1)9x® +18x* — X — 2
9x® +3x
15%° — x
15%° +5x
“6x—2 (AD 3X2 +5x—2
—-6x-2
(f (x)=) (3x+1)(3x-1)(x+2) (AD | (3

PMT
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MPC4 (cont)
Q Solution Marks | Total Comments
2(a)(iii) | Alternative
f(x)+a(x) : ,
T , Where g isaquadratic (M1)
expression
_ (3x+1)(x+2)
i (A1)

(3x+1)(3x—1)(x+2)

(A1)

(©)

PMT
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MPCA4 (cont)
Q Solution Marks | Total Comments
3@ | 3+9x= A(3+5x)+B(1+x) M1 Pl by correct A and B
x=-1 x=-3 ml Substitute two values of x and solve for A
and B.
A=3 B=-6 Al 3
Alternative
Equating coefficients
3+9x=A(3+5x)+B(1+Xx) (M1)
3=3A+B (m1)
9=5A+B Set up simultaneous equations and solve.
Condone 1 error.
A=S B=-0 Ay | @®
Alternative
Cover uprule
x=-1 Azg_: (M1)
3 3:g x=-1land x=-3
X=—= B= ; and attempt to find A and B.
5 1-32
A=3 B=-6
e SC NMS
) (3) | Aand B both correct; 3/3
(1+ x) 1 x4 kol One of A and B correct 1/3
(b) =1-x+X%° 1
3+5x) ' =31(1+5x)"
(3050 =3"(1+3 " .
(1+5x) "=1-5x+(5x) o
=1-3x+ 2 - _
M1 Condone missing brackets; allow one sign
3+9x error
(1+ x)(3+5x) Al
=3(1-x+ xz)—6x3‘1(1—:—53x+§x2j
Use PFs and simplify to a+bx+cx®
M1 or expand product of (3+9x) and
binomial expansions and simplify to
a+bx+cx
.1 23,
=1+=x EX Al ;
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MPCA4 (cont)
Q Solution Marks | Total Comments
() 5_3X <1 oe or 5_§< >_10e M1 Condone < instead of <
3 3 3
<= or —=<x<= Al CAO
5 5 5 2
12

PMT
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MPCA4 (cont)

Q Solution Marks | Total Comments
4(a)(i) | dx d M1 Both derivatives attempted and one
@00) P 3 Y o 1o correct P
Al Both correct
. 4 dy 4
t=0 radient = — cso Condone —+=—
g 3 Al 3 dx 3

(i) y:g(x—3) oe

B1ft 1 ft on non-zero gradient
X2 X X 2
O) | 2 -X groe =y ore =ZXorer =X
9 3 3
2
ortzln(zj or2t=|n(x—j M1
3 9
x> 9
=%
Al 2 | Equation required
6




Mark Scheme — General Certificate of Education (A-level) Mathematics — Pure Core 4 — January 2011

MPCA4 (cont)
Q Solution Marks | Total Comments
5(a) 1
m=10x2 8 M1
~ 3 (gm) Al 2 Condone 2.97 or better
NOT 2.9 asfinal answer
41
b)|2°e== M1
16
9 4md=2 Al 2 |c0
8
t
© 0.0Im, =m,x2 8 M1 my can be numerical
In(0.01) = _t In(2) M1 Take logs correctly from their equation
8 leading to alinear equationint.
t=53.15
n=>54 Al 3 Cso
7

10
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Q Solution Marks | Total Comments
6(a)(i) (o 2x 2tan x
1—tan? x Bl Condone numerator as tan x + tan x
2tan x+tan x(1-tan” x) =0 M1 Multiplying throughout by their
denominator
tanx=0
0r(2+1—tan2x):O:tan2X=3 Al 3 AG Must show tan x = 0 and tan’x = 3
Alternative
Sin2x  2sin XCcosx
tan2x = =— —
COS2X C€OS” X—Sin“ X
2sinxcosx . sinx _0
cos’ X—sin’ X COoSX (B1)
2sinxcos’ x+sinx(cos’ x—sin® x) =0
sinx(2cos’ Xx+¢0s” Xx—sin’ x) =0
(M1)
=sdnx=0] and 3cos’x=sin?x
=tanx=0] and tan® x =3 (A | (3
ii — _
(i) | x=60 AND x=120 B1 1 | Condone extra answers outside interval
eg 0 and 180
b)(i i _
(b)() | 2sinxcosx = cosxf (x) M1 Where f(x) = cos’ — sini
or 2cos’x—1 or 1-—2sin’x
2sinxcosx = cosx(1-2sin” x) Al
(cosx#0) 2sinx=1-2sin’x
- 2 - _
29n°x+2sinx-1=0 Al 3 |AG

11
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(i)

_ -2+ ,/4-4x2x(-1) M1 Correct use of quadratic formulaor

SINX= 2% 2 compl eting the square or correct factors
—2* . o
snx= 2+2V3 Al V12 must be simplified and must
have =

sinx= _1_2\/5 has no solution

. J3-1 El Reject one solution and state correct
sinx= 3 | solution.

2
10

12
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MPC4
Q Solution Marks | Total Comments
7| ¢ dx (t Correct separation; _
(a)(i) J.ﬁ = IS n (E) dt Bl condone missing integral signs.
t
2x = —2cos(£2j (+ k) M1 pVx = qco{aj
Condone missing + k
t 2
X= [— COS[E) + C) Al 3 Must have previous line correct
()] (1,0) 2=-2+kor 1=(-1+C)’ M1 Use (1,0) to find a constant
k=4orC=2 Alft ftonC=p-q from (a)(i)
2
x:[Z—cos(%D AL | 3 | csoappliesto (a)i)
(b)(i) | Greatest height when cos(bt) = -1 M1
Greatest height = 9 (m) ALt | 2| ftis(theira+ 1)°
(i) t
cos > =2-5 M1 cosbt =a—+/5
t= 2008’1(2— \/E) =3.6 (seconds 1dp) | A1 2 condone 3.6 or better (3.618.....)
10

13
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M PC4 (cont)
Q Solution Marks | Total Comments
8(a)(i) -
6 3 3 M1 i(OB—OA) implied by 2 correct
AB=[0|-|-2|=| 2 components
3 4 -1 Al 2
(i) 3 5 M1 Scalar product with correct vectors; allow
one component error.
2|e|-1|=6-2-3=1 A1t fton AB
-1 3
P .
cosé = m1 Correct form for cosé with one correct
\/E\/ﬂ modulus
1
cosé = u 0 =859° Al 4 cso  85.9 or better
(b)(i) 3 121 |7
OD=|-2|+2|-1|=|-4 M1 Implied by 2 correct components
4 3 10
7 3 X
linel, r=|-4|+u| 2 A1ft 2 r=or|y| required fton AB
10 -1 7
(ii) 1+3p
BC=0C-OB=|—-4+2p M1 p=pac
7-p Find BCintermsof p
4
AD=|-2| [BC|=+56 Bt Pl Blisfor [BC|=56
6
(1+3pf +(-4+2p) +(7- p)* =56 mi1
14p* —24p+66=56
7p*-12p+5=0 mi fton BC
_ 1\ = Simplification to quadratic equation with
(7p 5)( P 1) 0 al terms on one side
=2 d p=1
p—; and p= Al Exact fraction required
Cisat 9£,_2i93 Al 6 cso  Accept as column vector
7 7 7
14

14
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Mark Scheme — General Certificate of Education (A-level) Mathematics — Pure Core 4 — January 2011

MPCA4 (cont)
Q Solution Marks | Total Comments
8(b)(ii) | Alternative: Using equal angles u=pacC
M1 —
. 1+3p (M1) Find BCintermsof p
BC=0C-0OB=|-4+2p
7-p
4]
AD=|-2| [BC|=56 (B1ft)
6_
—3] [ 1+3p
- —2 || -4+2p (mi) L
BAeBC |1 7-p 1 Condone AB used.
(cos6) = V1456 J1ads6 00 14 Allow |BC]in termsof p, in which
case previous Bl isimplied
—3-9p+8-4p+7-p=2 (ml) Reduce to linear or quadratic equation
inp.
5
=— Al
P=- (A1)
(A1) (6)

Cisat (9%,—2i9gj

77

15
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Mark Scheme — General Certificate of Education (A-level) Mathematics — Pure Core 4 — January 2011

MPCA4 (cont)
Q Solution Marks | Total Comments
8(b)(ii) | Alternative: using symmetry (i)
"
|AD| = [BC|= /56 (B1fY) AD=|-2
6_
‘55‘ = ‘Ké‘ —‘KB‘ cose—‘gé‘ cosé | (M1) Substitute values and evaluate
‘ABHAD cose—‘BC‘ cosé
—— 10 S
‘DC Tz (A1ft) Fon AB and cos®
— — 10
— — ml
‘DC—p‘AB:\/ﬁ—px/ﬁ (mi) Set up equationin p
5
== Al
P=3 (A1) 5 c
Cisat (91,—25,93j Ay | (s
7 7 7
Alter native using symmetry (ii)
70|56 (B1f)
A E F B
— == 1 2
AE‘ B ‘AD‘ C0s6 = \/%Xﬂ 14 (%%t)) Substitute values and evaluate
for ‘E‘COSH. Fon cosé
= o 2
AE|=q|AB|= —— = /14 mi
‘ ‘ ‘ V14 (md) Set up equation to find p
and ‘E‘=‘ﬁ3‘:> p=1-2q
.
T P73 (A1)
Cisa (91,—2ﬂ,92j
7 7 7 (A1)
(6)
TOTAL 75

16
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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
candidates’ 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 candidates’
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 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 from: aga.org.uk
Copyright © 2011 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.
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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) (f (_2):)0 Bl 1 ISW (0seenisBl)
3 3y (3
(b) | g (_j - 4(_j _13(_j+ 6 M1 Clear attempt at f (2) with 3
2 2 terms
Factor theorem required,;
NOT long division
27 3 M hi ival
4><§—13><5+6 or 135-195+6 ust seethis, or equivalent
=0=(2x-3) isafactor Al 2 Shown = 0 and statement.
(c) | Any appropriate method to find third factor M1 Full long division
Compare coefficients
Factor Theorem f (1)
(x+2)(2x-3)(2x-1) Al Or (2% +x-6)(2x-1)
NMS M1A1l
SC1 (2x+1)or (1—2x) or
(x—%) or (£—x)for third factor
2x* + x—6=(x+2)(2x-3) M1 Factorise numer ator correctly
or cancel 2x*+X-6
2 +x-6_ 1
f(x) 2x—1 Al 4 No ISW

PMT



Q Solution Marks | Total Comments
2(a)(i) (A=)80 Bl 1 Ignore units
(i) | 2000= Axk® M1 A or their value from (a)(i)
1
k =2%/25 or 25%
or k=10°%"%% or g*® Correct expression for k,
= k=1.137411 AG Al 2 or 1.13741146....seen,
and correct answer to 6 d.p.
(®) In (100_000j =tink M1 Take logs correctly.
their A Condone miscopied k
In1250=tInk or t = 10g1250
t =55.38 Al Condone 55.3 or 55.4 Pl
= 2016 Al 3
6
2(b) | Alternative
By trial and improvement
1250 = k M1 Attempt to calculate
k> and k™.
t=56 or 55<t<56 Al
= 2016 Al 3
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Q Solution Marks | Total Comments
3 ! .
@(@) | (1-x) =1-1x M1 Condone * +-1x for M1
1 ly_1y? Al 2 Must simplify coefficients
379 including signs
i 1 27 - :
(if) (125-27x)3 =125’ (1_55)() B1 May have 5 instead of 125°
27 V3 1 27 1(27 Y M1 Attempt to replacex by +-2 x
(1_E j = 1‘5 125 _5( 105 X] condone missing brackets,
or start binomial again.
5.9, 8 . Al 3 Condone 5+ 2 x+ ok 2
25 3125 25 3125
) | x=2 used in answer to (a)(ii) .
9 M1 Condone x==
or x = 0.222 or better
9 2 81 (2
19 ~5-2x ___(_j
25 9 3125\9
=4.91872 Al 2 This answer only and must
follow from correct expansion
7
3(8) | Alternative using (a-+bx)"
(i) ) ) M1 Allow one error; condone
(125-27x)s =125 + :1% ><125 3x(=27x) missing brackets
_5
+E(—3Jlx125 3 (—27x)2
3L 3)2
- 9 81 ,
B A2 3
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Q Solution Marks | Total Comments
4
@) (%:j—Gsinze : [ﬂzj—zgne M1 (& =)psin26 orrsin@cosé
de de .
(%=)asine
Al Both correct.
dy
dy _ -2sing M1 Usechainrule <%
dx -6sin26 o
condone one slip
= 2sing = 1 Al 4 k =6 must come from correct
6x2sin@cosd 6coso working seen  AG
. 1
(ii) V4 1 B1ft ftonk ( j
9 = — = — 1
3 m; 3 kx31 |
k need not be numerical
m, =-3 B1ft fton m;
(xy)=(=3.2) B1
Normal y—1=—3 i3 B1 4 CAO; any correct form, ISW.
2 2y+6x+7=0
(b) | Sin®x=3%(1-cos2x) M1 p+qcos2x: Allow different
Al letters for x or mixture eg 6 even
for Aland the following A1ft
I p dx=px chost: 0sin2x Alft Both integrals correct;
z ftonpandq
4
I sin®x dx= F—lsin ZX}
: 2 4
"2
= (E_lj_(_ﬁ_(_ln ml Correct use of limits;
8 4/ L8 L4 F(%)-F(-%) or 2F(%)
F(X)= px+rsin2x and sing,
sin(—gj must be evaluated
correctly for ml
n 1
2 2 Al 5 |CSO OE ISW

13
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4 (b)

Alter native

Isinzx dx=-sin xcosx—j—cosxcosx dx

= —sinxcosx+J'1—sin2x dx

2jsin2x dx =—Sin XCoSX+ X

sinzxdx:G(z)—G(—zj
4 4

sin® x dx:z—l
4 2

2

N

ENE]

—nN

INE

M1

ml

Al

ml

Al

Use parts; condone sign slips

Usecos® x=1-sin® x

Correct use of limits
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Solution

Marks

Total

Comments

5(a)

(b)(i)

(i1)

4 5 -1

Line through A and B

5 -1 4 -1
r=| 1{+A|-2|or r=|-1{+A4|-2
-2 5 3 5

5-1=-8+5u
1-24=5
—2+51=-6-2u

A=-2 u=3

—2+5x-2=-12 -6-2x3=-12
Both equal —12 so intersect

Pis (7,5-12)

~36+154+36+135+30u =0

M=-3

Cis (-23,5,0)

Bl

M1

Al

M1

Al

El

Bl

Bl

M1

ml

Al

Al

+ (OA-0B)
Co-ordinate form only isBO

Condone one component
incorrect

OA+Ad or OB+ Ad where
d=AB or BAdlin
components and identified.
X

y | required

z

OE r or

Condone missing brackets on
OA or OB

Clear attempt to set up and solve
at least two simultaneous
equationsin x and a different
parameter. Allow in column
vector form.

Oneof Aor ucorrect  OE

Verify intersect, 4 and u correct
or verify (7,5,-12)ison both
lines, statement required

7

CAO condoneP=| 5 OE
-12

and missing brackets

BC=0C-OB or
CB=0B-0C

Clear attempt at
+BPor £ ABor £ AP in
components sp with BC =0

Linear equation in x using their
BC and solved for .

Condone one arithmetical or
signdlip

CSO Condone column vector.

12
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Q Solution Marks | Total Comments
6
@ |(C =)E or 26" or Z(EJ or 2(e) B1 1 | Oneof these answersonly.
e € Not 0.736 but alow ISW.
b) | d oo B1
dx( Y) dx
M1 Product; 2 terms added, one
E(eZX y2) — 2e2xy2 + e2x ZyQ dy
dx dx with == ;
dx
Al Alfor eachterm
Al
di(x2 +C)=2x Bl
X
dy M1 Solvde their equation correctly
—Z = y
for —
dx o
X — e2Xy2 Condone factor of 2 in both
X-ey Al 7 .
ey +1 numerator and denominator.
ISW
. 1.
C Substitute x=1andy == into
© Evauate Y at (Llj M1 e
dx e dy )
numerator of d—; allow one dlip
X
Al 2

numerator =1—e’e > = 0= stationary point

Conclusion required; must score
full marksin part (b)
Allow 1-1=00r2-2=0

10
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Q Solution Marks | Total Comments
Q7 | dA
(a) dt Bl
=k B1 2
(b)(i) | A=-kt(+ C) M1 Integrate
C = 47 x 602 Al C correct from A==xkt+C
A7 %307 = —9K + 47 x 602 ml User =30 t=9 and attempt to
findk, asfarask= ...
k =12007
A=-1200rt +144007
=12007 (12-1) Al 4 | AG CSO
| t=12 (days) B1 1
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Q Solution Marks | Total Comments
(Q? 1= A(1-x)*+B(1-X)(3-2x)+C(3-2X) M1 Attempt to clear fractions
a
x=1 :g x=0
ml Use any two (or three) values of
, X to set up two (or three)
c=1 1= A(—%j 1= A+3B+3C equations
A=4 B=-2 C=1 Al Two values correct
Al 4 All values correct
1 4 2 1 . . .
(b) I— y = > dX B1ft Separate using partial fractions;
2y 3-2x  1-x (1-x) correct notation; condone
missing integral signs
but dy and dx must be in correct
place.
ft on their A, B, C and on each
integral.
I_l dy=./y= B1 OE J.Ldy:ZK\/y isB1
2y Jy
B1ft
~2In(3-2x) Condone missing brackets on
+2In(1-x) B1ft one Inintegral.
L1 (+C) Bift Condone omission of +C
1-x
x=0 y=0 =0=-2In3+0+1+C M1 Use (0,0)to find C. Must get to
C=....

C=2In3-1 Al Correct C found from correct
equation. C must be exact, in
any form but not decimal.

3-3x 1 mi Correct use of rules of logsto
y =2l 3_2x + 1—x -1 progress towards requested form
of answer . C must be of the
formr Ins+t
2 3-3x). X
2=2In +—
y (3_ 2xj 1—x Al 9 |OE .
CSO condone BO for separation
13
TOTAL 75
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Q8 | Alternative
@ | 1=A@1-x)’+B(1-x)(3-2x)+C(3-2x) | M1

1=A+3B+3C mi Set up three simultaneous
0=-2A-5B-2C equations
0=A+2B

Al Two values correct

A=4 B=-2 C=1 Al 4 All values correct
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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: aqa.org.uk
Copyright © 2012 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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MPC4: January 2012 - Mark scheme

Q Solution Marks | Total Comments
1@ | 2x+3=A(2x+1)+B(2x-1) M1
1 1 .
X=— X=-— Use two values of x to find A
2 2 mil and B
A=2 B=-1
Al 3 Both
(b) 3X
4x* ~1)12° - 7x -6 M1 Complete division
12x° —3x leading to values for C and D
—4x-6 C=3 D=-2 stated or written
gi32 Al in expression.
T Al 3 SC B1
C =3, D not found or wrong;
D =-2, Cnot found or wrong.
X—-2| —— 2 L dx
(© I ox—1 2x+1 M1 Use parts (a) and (b) to obtain
2 integrable form
37 Alft ftonC
- 2(|n(2x—1) - 1|n(2x+1)j A1ft Both correct; ft on A, B and D
2 Condone missing brackets
3 1 1
5(4—1)—2{('”3—5'”5}('”1—5'”%} mi Correct substitution of limits
%—3In3+ln5:g+ln(2—57J ng qzi
Al 5 2 27
Total 11

() Condone poor agebrafor M1 if continues correctly.

(b) Complete division for M1; obtain avalue for C (Cx) and aremainder ax+b

(c) Form J'CXJ{ P + Q jdx using candidate’'s P, Q , C for M1. Condone missing dx.
2x-1 2x+1

2

ij dx=CXE for A1ft ISW extraterms

Candidate’'sC; must have avalue.

_[4X+6 J‘ dx isan integrable form, aSI dx_iln(
4x* - 1 4x% — a2 2a \x+a

but they must try to mtegrate to show they know this, or use partial fractions again with

S -3 3 form1
4x° -1 2x-1 2x+1

jisin the formula book,

2
Substitute limitsinto CX? +mIn(2x-1) + nIn(2x+1) , or equivalent, for m1,;

substitution must be completely correct.

Condone g —In (Z—JJ for Al

PMT



Q Solution Marks | Total Comments
1(a) | Alternative; equating coefficients
2x+3=A(2x+1) + B(2x-1) M1
xterm  2=2A+2B Set up simultaneous equations
constant 3=A-B m1l and solve.
A=2 B=-1 Al 3 Both
Alternative; cover up rule
. A 2x3+3 4
X=3 T 2xiil ) M1 x=4% andx=-1 used to find A
. g 2x(-1)+3 ( 2) and B
T2 BT _1)_ =)
2><( 2) 1 2 SC NMS
A=2 B=-1 A and B both correct 3/3
AlAl 3 One of A or B correct 1/3
1(b) | Alternative
12x° -7x-6 12X’ —3x—4x-6
-1 -1 M1
2(2x+3
4x° -1
C=3 .
Al C=3 D=-2 stated or written
D=-2 Al 3 in expression
SC Bl
C=3, D not found or wrong;
D =-2, Cnot found or wrong.
Alternative
12x* — 7x—6=4Cx> —Cx+ 2Dx+3D
c_a M1 Complete method for C and D
D=_2 Al C=3D=-2daedor
Al 3 | writtenin expression.
SC Bl
C =3, D not found or wrong;
D =-2, Cnot found or wrong.
Alternative
x=0 x=1
1 M1 Use two values of x to set up
6=-3D 3= C+=D simultaneous equations
C=3
D=-2 Al C=3 D=-2 stated or written
Al 3 in expression.

SC Bl
C =3, D not found or wrong;
D =-2, Cnot found or wrong.
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Q Solution Marks | Total Comments
2(a)(i 4
(@)1) tana=§ B1 1 Fraction required
Allow 1.333 .... (recurring)
(i) |1 2 V3 seen (from Pythagoras) M1
or Use B =1+ cot?
4=1+cot? B cosec = }CO P
tanﬁz—i SCBli or—3
N Al 5 V3 3
4_1
) | o+ py=—3 3
1_4[_1j M1 Use tan(a + 8) formula
3\ 3
Remove fractions within fractions Correct manipulation to form
ml a+by3 :
——— abcdintegers
c+d/3 eg
_4/3-3
“2f514 m=4 n=i_%
33+ Al 3 or any multiple
Total 6
(b) | Alternative  tan(a + )
s —ﬁ +§><1 Usef laefor s d
sin(a+pB) 5 5 |75%5 1 seformulaefor sin(a + ) an
= = cos(a + f3)
cos(a+pB) 3 ( 3 4.1
5 2 5 2
Remove fractions within fractions ml Correct manipulation to form
a+by3 abcdintegers
_ 4343 (:4&—3 j c+d+/3
-3J3-4 3/3+4 Al m=-4 n=-3
or any multiple
N . 1 3
a)(ii) Special case Bl for —= or —
(a)(ii) Sp 5

(b) M1 for substituting candidates values for tana and tan 8 into correct formula.

Specia case answer is

12+343

9- 443

a

Completely correct or completely correct ft on tana , tan g .

or x2 whereaisinteger orv3for M1Im1A0
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Q Solution Marks | Total Comments
3 :
@) (1+ 6X) =1+2x6Xx+ kx? M1
_ 2
=1+4x-4x Al 2 | Simplified coefficients required
2 2 2
(b) | (8+6x)2=8"(1+5x)3 B1 OE
2
1+8x)3 =1+ 4(%) - 4(2)? "
(1+8%) ()-4(3) M1 xreplaced by % in answer to (a)
Condone missing brackets, allow
2
(8+6x): =4+2x-1x? oneefror. o _
Al 3 Simplified coefficients required.
(©) | (100=10" 8+6x=10 x=1)
2
4+ ZX%—%X(%j
167 M1 Use x=1inbinomial expansion
=% from part (b)
Al 2 3100 167
36
Total 7
3 Alternative
(b) 2 2 2 OE
(8+6x)3 =83 (1+5x)3
2
(1+8x)s =1+2(8x) +2(2-1)3(&x)° Condone missing brackets,
2 allow one error.
(8+6X)2 =4+2x—-1x?
Alternative
2 1 4
8% +2x8 3 x6x+2(2-1)1x8 3 x(6x)" Use binomial formula; condone
4 12 one error and missing brackets.
+2X-4X
(a)(b)

2
Condone 13 for 1 for M1
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Q Solution Marks | Total Comments
4 1
@ | p=500e" M1 Must uset= 60
— 904 000 Al 5 Nearest thousand required
904000 only
b)(i
®)0) | _ 500000 1
500
B e OE Takelogs correctly leading to
t=8lnv1000 M1 expression for t.
t =27.6 (minutes)
Al 3 Accept 27.631
(ii) o 57
500e® —500000e 8 =45000
M1 Set up equation; condone one
. ) error; allowin t.
8 1 1 . .
& ( eSTJ 1000= 90e?" Condone inequality.
500
i
LY b Multiply by £ and rearrange
e | —90e® —1000=0 Al PIYBY =50 9
. . to AG, be convinced.
=T =T
e =100 e® =-10 regected
( Sected) M1 Solve quadratic equation
(retaining positive root).
t=36.8 (minutes)
Al 4 CAO
Total 9
4 Alternative
b)(i 1 1 1
®X | & 10006 = et 50;(;):0 M1
t = 4In1000 M1 Takelogs correctly leading to
t =27.6 (minutes) Al 3 expression for t.
Alternative
! L L L
— 8 3 — 8
€% =1000e :In(e J In1000+|n(e J M1 Take logs correctly.
t = 4In1000 M1
t =27.6 (minutes)
Al 3

1
(b)(ii) M1 for solve quadratic equation Let x= e  solve quadratic equation x* — 90x-1000=0 by

inspection, x =100 seen;

factors (x-100)(x+10) with 100 and 10 seen;

complete square x=45++/3025

90 ++/90° + 4000

2

formula x=

Final answer ; must have t =36.8 for Al

(b)(i) 27.6 asfina answer NMS 3/3

al correct

27.6 following wrong working AO (FIW) but could still score M mark(s)
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Q Solution Marks | Total Comments
5(8.) ) ) 3 2 3
Xy’ +3y = (8t —t)(?j +3(?j M1 Substitute and expand
:72_%+?9=72 Al | 2 |k=72
o)) | Hoger-1 Fo-3 B1B1
dt a ot
3 Use chain rule(ﬂz ;3 Zj
- ;)2 dx 16t° —t
t= dy_ G M1 and calculate gradient
SR TN 1
4 usmgtzz1
=-16 Al
ol 81 y:§ M1 Calculate x and y using t :%
4 16 4 1
x:l y=12 Al Both correct
4
tangent y=-16x+16 A1l 7 ACE CSO
y—12=—16(x—%j ISW
.. 3
i =-16x —+16=-8 ) )
(i) y “2 M1 Substitute x = glnto
3 candidate’ stangent; calculatey
y=-8 used to verify 72
Total 11
5(a) Alternative
2
ng(EJ _3 M1 Eliminatet
y y
Xy2+3y:72 Al 2 k=72
(b)() | Alternative
2xy%+ y? M1A1 Product rule attempted; two
X
dy terms added, one with %
+3—==0 Bl dx
dx
t:l Xzﬁ_l _3 M1 Calculatexandyusingt:1
4 16 4 1 4
x=% y=12 Al Both correct.
(ﬂz -y ] d_ 46 m1 Calculate gradient from
dx 2xy+3) dx candidate’ s expression.
tangent y =—-16x+16 Al 7 | ACF CSO

y—12=—16(x—%j ISW

PMT



Q Solution Marks Total
. Alternative
5(b)(i) _72-3y Correct expression for xfrom
Y M1 candidate’ simplicit equation.
Quotient rule attempted; y*and
dx  ¥?(-3)-(72-3y)x2y AL two terms subtracted.
dy y* Al Numerator; first term;
( dx 3y- 144} second term
y Y
1 3
dx 1 dy 1
-—— JY_-_16 — =
dy 16 dx ml Uset 4to caculate y
-1 .8 1.1 B1 |
4 16 4 4 Evaluate and invert.
y=-16x+16 Al
1
: ==t late x
Alternative for % Uset 4 o calculate
y
72 3 ACF CSO
y y
dx 144 3
o Ttz
dy y oy Al
dx 3y-144 Al Correct expression for X from
d_y Y candidate’simplicit equation and

attempt derivatives

PMT



PMT

Q Solution Marks | Total Comments
6(a) 3 3)-
16?) +11(§J_15 E.Vé|l.JaIef(4), not long
M1 division.
27 33 . .
R —15=0= factor Al 2 | Processing and conclusion.
(b) 2
27cosf(2cos” 0 - 1) + B1 Use acf of cos20 formula
19sin6(2sinfcosf ) -15=0 B1 ,
Use acf of sin20 formula
54c0s’ 0 — 27¢osf +38(1- cos’ 0 ) coso M1 _ _
5-0 All in cosines.

3 —
16cos’ 0 +11cosf -15=0 Simplification and

x=00s0 = 16x +11x-15=0 Al substitute x = cos6 to obtain AG
4
CSO.
3 _ _ 2
(© | 16X +11x-15=(4x~3)(4x" +3x+5) M1A1 Fectorise f (x)

2 _ _ Y .
b*-dac=3"-4x4x5  (=-T1) m1l Find discriminant of quadratic

factor; or seenin formula
b? —4ac< 0, no solution (to 4%% +3x+5= O)
Conclusion; CSO

. 3
only) solutionis cos@ =—
= o) 4 Al 4| Condone x=% is (only) solution

Total 10

(a) For A1; minimum processing seen; 16x§+11x%—15=0 ; 15-15=0 and no other workingis AO

minimum conclusion =0 hence factor

(b) For M1 mark; cos26 (eventually) inform acos’6 +b; 19sinfsin26 inform ccosfsin®d and use
sin®@ =1-cos’ 0 to obtain ccoso(1-cos’0)

(©) M1 (4x-3)(4x* +kx+5) Alfully correct

ml candidate's valuesof a, b, ¢ used in expression for b’ —4ac
2 2
or complete square to obtain (x+£) =b_2_E
2a 4a° a

2
Al b*-4ac correct or (x+:—83j =%—% (z —%) and stated to be negative so no solution

or solutions are not real (imaginary)
Accept imaginary solutions from calculator if stated to be imaginary.

Condone +-71is negative, or similar, so no solution.

Conclusion x:g1 is solution, or cosezgis solution




PMT

Q Solution Marks | Total Comments
7 dy .
] Vo [ xsin3x dx B1 Correct separation and notation;
dy 1 condone missing integral signs
[Z=-= B1
y y
jxsinSx dx:x(—%cosBxJ Use parts u=x §=sin3x
M1 @-1 v=kcos3x
—.[—} cos3x dx with correct substitution into
3 Al
formula
1 1.
=—§x0033x+ §S|n3x Al CAO
—1=—1x0053x+isin3x+c
y 3 9
1 =z T 1. (~n
—1=—§Xg°03(5j+59”(5j+c M1 Use x=% y=1 tofindC
10
C ) Al CAO
1 1 .
——=—§(3xc053x—sm3x+10)
y
ml And invert to —y=—i
o (cennr)
y:
3xcos3x—sin3x+10 Al 9 CSO, condone first B1 not
given
Total 9

Second M1 finding C; substitute x:% y=1linto f(y)= pxcos3x+qsin3x+C and evaluate using radians.

Must calculate avalue of C.

m1 for reaching form ihzé(Px0053x+Qsin3x+ R) where P and Q are £3 or J_r% or +1
y

<

and invertingto += = 9 _
k (Pxcos3x+Qsin3x+R)




Q Solution Marks | Total Comments
( ;3(_) 2] [ 4] [-2 M1 + (OB -OA)implied by two
a)() | ap_ _
AB=| 0|-1-2|=| 2 correct components
- L 3] [H4 Al 2 |Allowas (-2, 2 -4)
1
(ii) 5|e AB=-2+10+8=16 M1
) Alft fton AB
cosO 16 M1 C t f laf 0 with
=== orrect formulafor cosd wi
V24430 consistent vectors and correct
HE 2 2 2
0 - 53 Al 4 moduli, in form y/a® +b” +c
CSO Accept 53.4°, 53.40°
—2] 4+ p 2 SC B1 90° following sp =0
(b) | ABeBC=| 2|e||-2+5p|-| O M1
4 3-2p| |-1 Set up scalar product.
) - u=p a C.Any letter for p.
+ . - -
BE-| o 5p Clear attempt to find BC in
=|Tetop terms of p.
4-2p] Bl BC or CB correct
-4-2p-4+10p-16+8p=0 ml
16024 3 Expand scalar product and solve
p= P=3 Al for p; (=0 possibly implied)
41 2 5
2 2 .
OD -~ OA+BC | —2|+| 2 _| (_:orre_ctd vecth ex.pressmn to
sl | 1 ; ml find OD written in components
. 157 .
Disat (_,_,AJ Al 6 CAOQ; condone column vector
2 2
Total 12
Alternative for last 2 marks
4 3 1 2
OD=0C +BA=|-2 s 5|+|-2 ml
3 -2 4
. 15 7
Disat (E’E’Afj Al

Part (b) NB p =2 can come from wrong working where candidate uses OC in place of BC.
Thisis MO and scores no further marks, (unless they happen to find and go on to use it correctly).
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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 © 2012 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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MPC4 - AQA GCE Mark Scheme 2012 June series

MPC4
Q Solution Marks | Total Comments
1(@)(i) | 5x—6=A(x—3)+Bx M1 Multiply by denominator and use two
values of x.
x=0 x=3
A=2 B=3 Al 2
Alternative: equate coefficients
—-6=-3A 5=A+B (M1) Set up and solve simultaneous equations
A=2 B=3 (A1) for values of A and B.
@2, 3 4 |
o3 7 2Inx B1ft their A In x
+3In(x-3) (+C) B1ft 2 | their B In (x — 3) and no other terms;
condoneBInx-3
(b)(i) 2x* —x+3 M1 Division as far as 2x? + px+(q
2x+1)4x* +5x—2 with p=0,q=0,PI
453 + 2x°
-2x% +5x
2x% - X
6x—2
6x+3
-5
p=-1 Al Plby 2x*—x+( seen
q=3 Al Pl by 2x* —x+3 seen
r=-5 Al 4 and must state p=-1, q = 3,
r = -5 explicitly or write out full correct
RHS expression
Alternative 1:
4% +5x-2=
45° +(2+2p)x* +(p+20)X+q+1
2+2p=0 (M1) Clear attempt to equate coefficients, Pl by
p+2q=>5 p=-1
gq+r=-2
p=-1 (A1)
Alternative 2:
4x° +5x -2 =(2x+1)(2x2 + px+q)+ r
1 1) 1 (M1) X = L used to find a value for r
X=—= 4><(——) +5(——)+2=r 2
2 2 2
p=-1, q=3 (A1A1L)
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MPC4 - AQA GCE Mark Scheme 2012 June series

MPC4
Q Solution Marks | Total Comments
O [ (4 +5x-2 | o
2x+1 px+4 2xX+1 M1
%xg—%x2+3x+kln(2x+1) (+C) Alft ftonpand q
Exg’—lszFBX—EIn(2x+1) (+C) Al 3 |CSO
3 2 2
Total 11
2(@) | R=410 Bl Accept 3.2 or better. Can be earned in (b)
tana =3 M1 OE; MO if tana =—-3seen
a=71.6 or better Al 3 | @=71156505..
(b) sin(xia)z_ﬁ M1 or their R and/or their «; Pl
x(=-39.2+71.6) =32(.333) Al 32 or better
Condone 32.4
or
X—71.6=219.2 ml must see 219 and 72 or better
Pl by 291 or better as answer
Condone extra solutions
Xx= 291 Al 4 Condone 290.8 or better CSO

Withhold final Al if more than two
answers given within interval

Total

PMT



MPC4 - AQA GCE Mark Scheme 2012 June series

MPC4
Q Solution Marks | Total Comments
3(a 1
@ (1+4x)2 =1+ 4xLx+kx? M1
=1+2x-2x? Al 2
1 1
: I X\ 2 1 X 2
®)0) | (4-x)2=4 2(17] B1 OE E(l—zj
1
-3
i
1 O 101 3 2 Condone missing brackets and use of
4 = -2 |+2 2|2 | -2 M1 X\ . X
2 4) 2\ 2 2 4 += | instead of | ——
4 4
3 2
=1+>X+—X
8 128
1
(4—X)_E :1+ix+ixz Al 3 CSO ,
2 16" 256 0.5+ 0.0625x +0.0117(1875)x
Alternative using formula from FB
IR 3
(4-x)z=42+(-3)x42(-x) (M1) Condone one error and missing brackets
5
()33
Ll e (A2) CSO
2 16 256 Must be fully correct
(b)(ii) | 4<x<4 Condone |x| <4
or Xx<4 and x>-—4 Bl 1 Must be and; not or not , (comma)
()
1+4x 1 L
P =(1+4x)2(4-x) 2
=(1+2x=2¢ ) (3 + Ex+X) M1 product of their expansions
162 0.5+1.0625x — 0.8632(8...)X’
Total 8
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MPC4 - AQA GCE Mark Scheme 2012 June series

MPC4
Q Solution Marks | Total Comments
4(a)(i) | 1000x1.03° ~ (£)1160 B1 1 | Condone missing £ sign;1160 only.
3 n
(i) 2000 <1000 1+m B1 Condone ‘=" or ‘<’ used throughout
In2 <ninl.03 M1 Take logs, any base, of their initial
' expression correctly
(n>23.449...) (N=)24 Al 3 |Condone 23
(b) 1000x[ 14 2 " 1500 (14 15 " B1 Condone use of T for n
“*100) 1" 100 Condone ‘=’ or ‘<’ used throughout
In1000 +NnIn1.03>In1500 + nIn1.015 M1 Take logs, any base, of their initial
In(1.5) expression correctly
n>_—— )
In( 1.03 ) Al Correct expression forn or T
1.015
(n>2763.) (T=)28 Al 4 | Condone 27

Total
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MPC4 - AQA GCE Mark Scheme 2012 June series

MPC4
Q Solution Marks | Total Comments
5
@0) | dy ¥ 6cos20 M1 condone coefficient errors
dx & —2sing Al
6(1-2sin’9) m1l Use cos20 =1-2sin?6
- -2sing
=6sin 6§ —3cosecd Al 4 a=6 b=-3
)i | =% d_y:6><1—3><2:—3 B1ft 0 =" substituted into their dy and
6  dx 2 6 dx
evaluated
dy .
gradient normal :% B1ft 2 |ft e provided non-zero
b .
(b) y =6singcosd
= (i)6«/1— cos? @ xcosd M1 Correct expansion of sin26 and use
. X =2c0sé to eliminate &
X X
- (i)G\/l_(Ej X(Ej Al Correct elimination of &
y2=—x2(4 xz) Al 3 p:% OE and (4—x2) shown
Alternative using verification
y? =9sin? 20 = 36sin* #cos? @ (M1) must be squared
X* (4-x*)=4cos’ Ox 4sin’ 0 (A1)
9 2 9., 2
== Al or y*=—x(4-x
p=", OE (A1) Yy =7 (4-x°)

Total
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MPC4 - AQA GCE Mark Scheme 2012 June series

MPC4
Q Solution Marks | Total Comments
9x* —6xy + 4y? =3
18x =0 B1 =0 PI
d
6y —6x-Y B1 or M:6y+6xd—y seen separately
dx dx dx
dy dy
+8y—= Bl — (- = —
Y dx( 6x+8y) =6y —18x
Use d_y =0 M1
dx
=y=3x or x=% Al CSO
2 2
y=3x=>9x* —6xx3x+4(3x)" =3 Substitute y = ax into equation
mi and solve for a value of x or y. Condone

missing brackets.

27w =3 x—+LX  OE ALft Both values of x or y required.

3 ft on their y = 3x
1 1 . s

(3 ij (-grlJ Al 8 CSO Correct corresponding simplified
values of x and y.
Withhold if additional answers given

Total 8
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MPC4
Q Solution Marks | Total Comments
7(a) 24 =8+2u Use the first two equations to set up and
2 =3+5u M1 attempt to solve simultaneous equations
A=3, u=-1 for A or . Must not assume q = 4.
g—-A=5+4u
q=5+3-4=4 Al Use 3" equation to show q=4 AG.
P isat (6,-2,1) B1 3 Condone as a column vector
b 21 |2
(b) :
0|e|5|=4—4=0= perpendicular B1 1 or 2x2+-1x4=0 seen and conclusion
1! |4 (condone 6=90)
OO pisat 2, -2, 3) 2
AP? = (6-2) +(-2——2)* +(1-3)’ M1 Candidate’s [AP|
=20 Al 2 CAO
NMS AP=+20  MI1AO
(i) 8 2 6 2+2u
(@ =) 3|+ul5]-|-2 =|5+5u M1 Clear attempt to find BP or PB in terms
5 4] | 1 4+4p of u
(p52 :)(2 +2u) +(5+5u) +(4+4u) m1 Find distance BP in terms of u
454° +90u +45=20 ml Attempt to set up three-term quadratic in
H 2
(5)(9qu +18,u+5) _0 4 and equate to their AP
Solve quadratic equation to obtain two
(3u+1)(3u+5)=0 ml values of
Al Both values correct.
u=—=and y=——
. 22 4 11 14 16 5
Bisat (?'5'?) and (?’_E’_EJ Al 6 Both sets of coordinates required.

Condone column vectors.
SC one value of x correct and

corresponding coordinates of B correct
scores Al AQ.
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MPCA4
Q Solution Marks | Total Comments
Alternative 1
8] [2] 2 6+2u o
(ﬁ :) 3|+ ul5|-| -2 =|5+5u (M1) Clear attempt to find AB or BA in terms
5| 4| | 3 2+ 4y of u
(AB? =)(6+2u) +(5+5u) +(2+4u) | (M1) Find distance AB in terms of u
454" + 904 +65= 40 (m1l) Attempt to set up three-term quadratic in
(5)(94* +181+5)=0 u and equate to their 2x their AP
As before
Alternative 2
2
PE=k|5 (M1)
4
k2(22+52 +42):20 (m1) m1 for LHS
(ml) m1 for equating to ‘their 20’
T May score M1ImOm1
) (A1)
2
OB = OP +()(their value of k)| 5 (m1)
4
Bisat E,E,E and E,—E,—Ej (A1)
3 33 3 3 3
Total 12
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Q Solution Marks | Total Comments
8(a) dh B1
dt
derivative =#x(2—h) M1 Useof 2—h or h-2;
*is a constant or expression in h and/ort.
dh
E:k(Z—h) Al 3 | All correct; must be (2—h)
(b)(i) Jxm dx:jidt B1 Correct separation and notation;
15 condone missing integral signs.
_it Bl
15
Substitute u=2x-1
Jxﬂlzx —1dx= Il(u +1)\/U ldu M1 Suitable substitution and attempt to write
2 2 integral in terms of u including dx replaced
by %du or 2 du.
N P 2 1
Z(ZJ u2 +u? du Al 2 need not be seen
1 Eug +gug (+C) Integration correct including 1
45" 3 Al 4
x=1,t=0
1 t=0 1(2 2 C -0 Use x=1, t=0 to find a value for
u== 2573 - M1 constant C from equation in x and t.
z_% Al C =-0.2666...
C =-0.267 or better
1 5 3 3
t=5(3(2x—1)2 +5(2x—1)2j—4 Al 8 ISW t=(2x-1)2(3x+1)-4
Alternative (Parts)
As before (B1B1)
1
u=x, §=(2x-1) (M1) Attempt to use parts
3
du=1 v=k(2x-1):
1 3 1 3
ij/Zx—l dx = x§(2x—1)2 —jg(Zx—l)z dx | (A1) Condone missing dx
1 ER | 5
= x§(2x—1)z —E(Zx—l)z (+C) (A1)
1 1 (M1) Use x=1,t=0 to fier a_value for
x=1,1=0 §—E+C=O constant C from equation in x and t
c-_2 (AL) C =-0.2666...
15 C =-0.267 or better
3 5 3
t=5x(2x-1)2 —(2x-1)2 -4 (A1) ISW t=(2x-1)2(3x+1)-4
(ii) x=2 t=324 (minutes) B1 1 | 324o0rbetter (32.373...)
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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MPC4
Q Solution Marks | Total Comments
1(a) f(-1)=2(-4) +(-1) -8(-%)-7 M1 Evaluate f(—4), not long
=-3 Al 2 division.
(b) .
® g(—%}zo = —3+d =0 Or f(—§)+ d=0
d=3= g(x)=2x+2x"—8x-7+3 ﬁgsteps seen with conclusion
g(x)=2x*+2x"-8x -4 Bl 1 Allow verification with
—++++4-4=0seen, and
conclusion ; therefore factor
(1) | g(x)=2x"+x* —8x—4=(2x+1)(x* - 4) a=-4
=(2X+1)(X+2)(X—2) B1 1
() | 2x° ~3x? —2x = x(2x+1)(x - 2) M1 Clear attempt to factorise
(2x+1)(x+2)(x-2) x+2 denominator; 3 factors needed.
x(2x+1)(x—2) - X ml At least one correct factor
cancelled
9(x) .2 Al 3 | CSO part (a)(iii)
2x% —3x% — 2x X NMS is 0/3
Total 7
(b)(iii) | Alternative
g(x) . 4x"-6x—4 quadratic
2C—3C-2x 22X -3¢ —2x M1 2 —3x - 2x
. 2(2x* —3x-2)
=1+
2x% —3x% - 2x Al
2
—1+Z
X Al 3

PMT



Q Solution Marks | Total Comments
2| 7x=1=A(1+3x)+B(3-x) M1
(@) 1 Use two values of x to find A
x=3 X=—= ml and B.
3 Or solve
A+3B=-1 3A-B=7
Or cover up rule
A=2 B=-1 Al 3
(b) .
i =(1+3x
0 1+3x ( )
2
=1+(-1)3x+3(-1)(-2)(3x) M1 Condone missing brackets
=1-3x+9x° Al
1 1, xY*
3-X 3 3
-1
(1_1j :1+(_1)(_§J+ kx? M1 Condone missing brackets
3 3
2
=l+—+— Al
x-1
3+8x—3x’
2
VN LI —1><(1—3x+9x2) .
3 3 9 M1 Attempt to use PFs to combine
expansions,
1 29 a1 or expand
=3t X 2 (7x-1)(3- x)fl (1+3x)7l
Al 7 and simplify to a +bx + cx?
(ii) | 0.4 is outside the range of validity, because
04>1. Bl 1

OE Accept 0.4 >%

Total

11
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Q Solution Marks | Total Comments
3
(a)() R=4+/13 B1 Accept 3.6 or better
OE
tan o :% M1
o =33.7° Al 3
(ii)
minimum value = —13 B1ft Accept —3.60r better; ft R
when x—a =cos™(-1) M1 NMS 0/2
X =213.7° Al 3 Calculus used 0/2
(b)() cosx
LHS = sin x —2sinxcosx M1 Express cot x —sin 2xin terms
B COSX(l—Zsinzx) of sinx and cosx; ACF
sin x ml Factor out <* and 1—2sin” X
= COt X cos 2X Al 3 | All correct
(i) cotx—sin2x=0
cotxcos2x =0
cotx=0 or cos2x=0 M1 Both equations correct
2x=90° (270°) ml Condone missing 270°
x=90° , 45° ,135° Al 3 All correct
Total 12
3 Alternatives
(b)
(i) RHS = cot x cos 2x
COS X . M1 Express cot' XC0S2X in terms of
=m(1—23m X) cosx and sinx, cos2x ACF
_COSX _pai s cosx m1 cos2x =1-2sin*x and
~sinx multiply out and simplify.
= Cot X —sin 2X Al 3 All correct.
cot x(l— cos 2x) —sin2x=0 Rearrange to expression=0
and factor out cot x;
C_OSX(].—(].—ZSinz x))—Zsinxcosx=O M1 !Express cot>.<,0032x andsin 2x
sin x in terms of sinx and cosXx ,
ACF
—COSX(Zsinzx)—Zsin XC0oS X =0 m1l c0s 2x =1-2sin” x used
sin x
25in X COS X — 25in X Cos X = 0 Al 3 Simplified, with all correct
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(b)(ii)

Alternative

. COS X i
cotx—sin2x=——-2sinxcosx =0
sin X

cosx(_i—Zsinx):O
sin x

cosx=0 or 1-2sin’x=0

] 1

sinx=(+)—

7

x=90° , 45° , 135°

M1

ml

Al

Both equations

PMT



Q Solution Marks | Total Comments
4 dy . .
) _oy2Y _ M1 Correct differentiation
@)() 2X—-2y i 0
Wy_X
dx vy
dy p (p,q)substituted into correct
at (pa) —=— Al 2 derivative or x = = q stated
dx g p y=qstate
AG
(i) tangent at (p,q) y—q=£(x—p) B1 ACF
q
tangentat(p,—q) y—(-q) :_Fp(x— p) B1 ACF
add 2y =0 M1 Solve tangent equations for vy .
conclusion y = 0= intersect on Ox Al 4 Conclusion required
(b) 4 4 M1 Attempt t dy and
2 _ 42 2 _ 42 pt to square X and y an
X“=t +4+t_2 y =t _4+t_2 subtract.
X2 —y? =8 Al 2 All correct AG Allow 8=8
Total 8
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4(a)(i) | Alternative
1
y=vx*-8 d—y=3x2x(x2—8)'i=5 M1
dx 2 y
_p
q Al
(@)(i) | Alternative
dy_,,. 2 &x_, 2 M1 Attempt parametric derivatives
dt t? dt t? and use chain rule.
2 2
dy l+t—2 ) t+— x
e
dy p (p,q)substituted into correct
at (p,q) ®q Al derivative.
(i) | tangentat (p,q)  y-g _p(x-p) Bl ACF
q
tangent at (p,—q) y—(_q):M Bl ACF
q
-’ q’
Wheny =0 =x—pand —=x-p | M1 Substitute y = 0into both
candidate’s tangents and solve
, for x.
X=p —% is on both lines, so intersect on Al Conclusion
X axis
X+y=2t Xx-y :%
4 -
(b) (x—y)(x+ y)=2t><? M1 Attempt to eliminate t
2 2 Al

X°—y =8

PMT



Q Solution Marks | Total Comments
5(a) ) 1 ) 3
IX(X +3)2 dx = p(x +3)2 M1 By inspection or substitution
1 3
:g(x2+3)2 (+C) Al 2
(0) j e? dy = '[ X/ X% +3 dx B1 Correct separation and notation
1 Condone missing integral signs
—e¥ B1
2
3 .
_ l(xz +3)§ LC M1 Equate to result from (a) with
3 constant.
1 1>< 4g +C ml i
>3 Use (1,0)to find constant.
Co_ 13 Al CAO
6
313 :
2y =1In (—(x2 +3)? ——j m1 Solve for y , taking logs
3 correctly.
2 3
y=—ln[§(xz+3)2——j Al 7 |cso
Total 9
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Q Solution Marks | Total Comments
6
(@)() 8 3 5 1 Must see OC —OA in correct
AC=0C—-OA=|-4|-] 1|=|-5|=5|-1 components.
—6| |6 0
(i) R B1 BC or CB correct
BC=|-2
| —6
T 3 M1 Correct form of formula using
N consistent vectors; condone use
5| ~1)s —2|=5v2+49 cos ACB of Qor awrong angle and a
11-6 missing multiple of 5
5(3+2)= 5.2/49 cos ACB Al Correct scalar product and
moduli.
5 5/2 52
cos ACB = = =
J2x7 2x7 14 Al 4 AG Must see, or rearrangement
5 25
cos ACB = or
(b) 3 5 P2x7 352
vector equation r=| 1|+A1|-5 M1 a+Ad
—6 0
Al 2 OE
c)(i
(©)() 3 . c 1
1|+ -5|=|-2|+u| 1 M1 Equate vector equations for AC
3+54=5+u
1-54=-2+u M1 Set up equations and solve for
1 4 ; must find a value for u
H=5 Al
(”) L 2 - —2_
AB=| -3 Ch=| 3 M1 Clear attempt to find the vectors
6 _6 of the sides.
> 3| Al All vect t
AD|_2 BE—| 2 vectors correc
-6 —6 ) _
- Find the lengths of the sides,
ml or state they all =+/49 if all
correct.
All sides are of same length, 7; _ )
hence rhombus. Al 4 Each side =7 and conclusion.
Or adjacdnt sides =7 and
opposite sides are parallel.
Total 15
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()(ii)

Alternative
AC-BD=5-5

=0= AC and BD are perpendicular

u= 1 = A= % = intersection is at midpoint

2
of AC and BD

Diagonals bisect each other at right angles;
hence rhombus, with all sides equal to 7

M1

Al

M1

Al

Calculate scalar product of
AC and BD

=0 from correct AC and BD
and conclusion

Find value of A and attempt to
use in argument about point of
intersection

Fully correct conclusion. Must
show diagonals bisect

PMT



Q Solution Marks | Total Comments
7
(@@ | t=0 N=50 Bl 1
(ii) t=24 N =345 B1 1 Must be 345 (not 345.2534..)
iii t _t
(i) 1+9e 8 =ZLO:> Oe 8 :% M1 Correct algebra seen
t
Lo
t 8 — _—
e® =36 mi Or e°= 36
t=8In36 Al 3 or t=16In6
(b)
dN (gt Clear attempt at chain rule or
(i) E=—500(1+9e 8} [—ge 8} Xll quotient rule.
1(500 500" -t 1(500
= o =_ = Usee 8 ==| —-11|to
500[ 8( N 1D( Nj mi 9( N ]
_t
:N_2 1 @4} eliminate e 8.
500( 8\ N
aN - l(SOO ~N) Al 4 Correct algebra to AG
dt 4000
(i)
i(SOON N 2) _500—2N M1 Differentiate and attempt to find
dN N at max value
500—2N =0= N =250 Al d? d
T Condone 3 for N
T
et =9
T =8In9=17(.577) Al 4 T =17 or better
CsO
Accept 17,18, 17.5, 17.6
Total 13
TOTAL 75
(b)(ii) | Alternative, by inspection
Max of N (500— N )occurs at N =250 B2
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(b)(¥)

Alternatives

Alternative 1 implicit differentiation
~ _500-N
9N

dt( 1 -1} 500
— | —=e — _
dN| 8 ON?

t
use e_S:E(@—lj
9U N

dt 4000 9N

to get — =X
dN 9N 500-N
d_N=l( OO_N)
dt 4000

Alternative 2 explicit differentiation

t=—8|n[500_Nj
ON

-1 1
a | B V) v o
dN [SOO—N]

9N

8( 9N ]
=—19+
9N 500- N

:i( 4500 J
ON (500 N

dN N
dt 4000

—=_(500-N)

—8(In(500—N)—In(9N))

8( ax)

500-N

-8

(500 N Nj

_g[ N+500-N
N (500—N)

4000 _ dN 4000

TN(500-N)  dt  N(500-N)

Alternative 3 solve differential equation

M1

Al

ml

Al

M1
Al

ml

Al

M1
Al

m1l

Al

t

Correct expressions for e 8and
attempt to use implicit
differentiation
Fully correct

t
Attempt to eliminate e 8
using correct expression

Correct expression for t and
attempt at differentiation with
use of chain rule and product for
In derivative.

Clear fractions within fractions

All correct

Correct expression for tand In
derivatives, condone sign errors

Common denominator to
combine fractions

All correct
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I dN :I dt
N (500 —N ) 4000
J~ 1 (i_i_ 1 de _ dt
500\ N 500-N 4000
500

InN—In(SOO—N):mt-FC

(t=0 N =50) czm@

9N 1 ON L
In =t =e8
500-N /) 8 ~ 500-N

1, 1,
N (9+e8 j =500e8

1
~t
8

N = 500e 500

O
9+e8 1+9e?

M1

Al

ml

Al

Separate variables, and attempt
to form partial fractions and
integrate to In terms =kt+C

Use (50,0) to find C and obtain
1

e% =f(N)

Manipulate correctly to original
given equation.
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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
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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
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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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MPC4- AQA GCE Mark Scheme 2013 June series

Q Solution Marks | Total Comments
1(@)(i) | 5-8x=A(1-3x)+B(2+x M1
( ) ) ( ) ml Two values of xused to find values
X=-2 X=3 for Aand B
A=3 B=1 Al 3
0
N 3
(i) JZ dx
-1
aln(2+x)+blIn(1-3x)wh
= 3In(2+x)—%|n(1—3x) M1 (2+)+bin( ) where a
and b are constants
=(3In2-1In1)-(3In1-1In4) ml (0) - f (1) used
=3In2+3In4 Alft ft Aand B
11 2
=3 n2 Alft 4 ﬁ(A+—len2
3
®1 | (c=)2 B1 1
i 9-18x—6x° 5—8x
I—Z dx=‘|-Cdx+j'—2 M1 Seen or implied.
2—-5x—3x 2—-5x—3x 5_8x
Allow +C +[————
2—-5x—-3x
0 _ _ 2
[220 =2+ Lin2 Alft | 2 | Accept 2+3In2+1In4
°, 2—-5Xx—3x 3 s
ft 2+ candidate’s answer to part
(a)(ii) if exact.
(a)(i) | Alternative
5-8x=A(1-3x)+B(2+X) (M1)
5=A+2B (m1) Set up simultaneous equations and
—_8=-3A+B solve.
A=3 B=1 (A1) @)
Total 10
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MPC4- AQA GCE Mark Scheme 2013 June series

Q Solution Marks | Total Comments
202)() h2 =22 4 /B2 =9 h=3—sing _2 B1 Pythagoras used or all of _
3 2, \/g, 3seen correctly on triangle
J5 AG
osa=g B1 2| £ or 2 or 2 seen
(ii) | sin2a=2sinacosa M1 Correct formula seen or implied
:(zxgxg }zg\/g Al 2 Must see % here or in part (a)(i)
Accept %\E
(b) 2 1
cosﬁ_—s or Smﬁ_f B1 Either correct. Accept \/g , L
cos(a — f3) =cosarcos B +sinasin j M1 Correct formula seen or implied.
:ﬁxiJrgxi Al All correct
3 J5 3 5
2 . .
=E(5+\/§) Al 4 k =5 with previous A mark
awarded
(@)(i) | Alternative
cosec’a =1+ cot’ & =1+§=2
4 4
3 . 2 .
coseca = 2 sina = 3 (B1) Must be positive
sec’a =1+tanzoc=1+£=g
5 5
seca 3 cosa 5 Must b iit
=—= =— ust be posiitve
\/g 3 (B1) p

Total
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MPC4- AQA GCE Mark Scheme 2013 June series

Q Solution Marks | Total Comments
L
3(a) (1+6x) 3 =1+(—%)6x+kx? M1
=1-2X+8x? Al 2
1 L 1
(b)(i) | (27+6x)3 =27 3(1+£x) 3 Bl
) Condone missing brackets and one
(1+5x) 3 =1+ (=3xZx)+(-3x—-4)3(£x) M1 error
(27+6x)5=2- 2548 A | 3
3 81 2187
. ?»E=L:>27+6x=28:>x=l
(i) 7 328 6
2
3/i 1z . 8 L (=0.3293..) M1 Substitute x =% into expansion
28 3 81 6 2187 \6 .
from (b)(i)
(i/g ~2x0.3293197..= 0.6586394...]
=0.658639 (6dp) Al 2 CSO
Alternatives
b)(i 1 1 L
B0 (27+6x)3=27 3(1+5x) 3 (B1)
) Replace xwith £ x,not-% X, in
= 2
(L+5x) 2 =1-2xEx+8x(3) X* (M1) expansion from (a); condone
1 missing brackets and one error
(27+6x) 3 =1 —Zx+5-x° (A1) 3)
(b)(i) % . : Use result from formula book;
(27+6x) 3 =27 * +(-3)27 " x6x (M1) Condone missing brackets and one
z error
+(=3)x(=%)327 " x(6%)
1
(27+6x) 3 =1 —Zx+55-%° (A2) (3) | Al not available
Total 7
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MPC4- AQA GCE Mark Scheme 2013 June series

Other alternatives are possible

Q Solution Marks | Total Comments
4(a) dx 2t dy 2t St
=2 —|-16e = _ |ge B1 Both derivatives correct
dt dt
dy _ candidate’s § M1 chain rule used correctly
dx candidate's%
d_y:Lth (: _le“tj Al 3 Simplification not required
dx -lee™ 4 4e* and —16e* must be seen.
(b) ISW.
(i) t=In2 gradientat P=-4 B1ft 1 BO if ISW result is used.
i . X=-2 Bl
() coordinates of P
(iii) .
gradient of normal =% B1ft ftgradient at P
. y-12 1 .
equation of normal Y = 7 M1 Set up equation of normal
X__
at y=0 x=-50 Al 3 (-50,0) CSO
(©) 2
xy+4y—4x=(8e —4)(2e +4)
4 4(2e2t + 4) _4(8e—2t _4) M1 Write xy + 4y —4xin terms of t.
=16+32e* —8e* -16 . o .
st ¢ Multiply out and simplify using
+8e” +16-32e* +16 ml e 22 _1 p|
(xy +4y—4x)=32 Al 3 Correct working to k =32
k=32 NMS; SC1
(c) | Alternative
— . -2t : 2t -
g2 _X+4 o _Y-4 (M) Write e in terms of x or €% in
2 terms of y . Condone sign errors
e—2162t :(X+4j( y_4j
8 2
_xy+4y-4x-16 (m1) Multiply out and use e?'e* =1
16
Xy +4y-4x=32 (A1) | (3) | Allcorrectwith k =32

Total

12
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MPC4- AQA GCE Mark Scheme 2013 June series

Q Solution Marks | Total Comments
5@) | f(-2)=4(-2)’-11(-2)-3
(73)=4(=3) 11(=3) M1 X =—3 substituted
27 33
=—-4x—+—-3=0= factor ; i
8 2 Al 2 Processing, =0 and conclusion
(b) 2% —3x—1 M1A1 2 M1 for any two of a,b,c correct
(c)(i) 2€0526sIn6 +9sin 6+ 3 cos 26 expanded ; ACF and
=2(1-2sin”0)sin 6+ 9sin 6+ 3 M1 substituted
—2sin0—4sin®6+9sind +3 ml All in terms of sin& or x and
simplified to a cubic expression.
SN0 = x= 4%% —11x -3 =0 Al 3 Reverse signs and express in X
B B correctly AG
3+17 Use formula correctly to solve
11 2 — —1= = Ml
(@) | 2X°=3x-1=0=x 4 ax? + bx + ¢ = 0 from part (b)
x=3_;/ﬁ or-0.28... Al
6 =196° and 344° Al Both required and no others in
range; condone greater accuracy
) Ignore solutions out of range.
= 3+A\,/177 no solutions for sin@
3 Must have three correct roots and
X = -5 no solutions for sind El 4 reject both other roots from cubic

equation.

Total

11
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MPC4- AQA GCE Mark Scheme 2013 June series

4 2

Q Solution Marks | Total Comments
6(a)
A=-1 B1 A =-1seen or implied
A=-1verified in all three components Bl 2 Shown
b _ .
) 2 B1 AB or BA correct
+| -3
2
o 3 -2 M1 a+ud
r=0A+uAB=|-2|+u|-3 .
4 2 Alft 3 OE; fton AB or BA
(c)
CD=0D-0C
3-2u —4 7-2u .
—|—2-3u|-| 5 _|_7-34 B1 +CD in terms of u
4+2u -1 5+2u OF
CD.AB=0 or CD.AD=0
3-2u| |4 -2 Candidate’s CD sp with
=||-2-3u|-| 5||.|-3]| =0 M1 candidate’s AB or AD
4+2u| | -1 2 =0 PI by a solution for x
14+ 4u+21+9u+10+4u=0
17417 =0 Expand sp to an equation in zand
_ 1 m1Al
_ H solve for u
Disat (512) Al 5 | Accept as a column vector
(d) | OF =0A+ AE =0A+3AD M1 Accept AE =3AD
3 2
OE=|-2|+3| 3 Eisat (9,7,-2) Al Accept as a column vector
4 -2
Or
OE =OA + AE =0OA + 3DA M1 Accept AE =3DA
3 -2
OE =|-2|+3| -3 E isat (-3,-11,10) Al 4 Accept as a column vector.
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MPC4- AQA GCE Mark Scheme 2013 June series

Q Solution Marks | Total Comments
Alternative using Pythagoras
6(c) | CD=0D - x0C
3-2u -4 7T-2u
=|=2=3u|~| S =|—1—-3u (B1) +CD in terms of
4+2u -1 5+2u
—7 —2u
AC? = AD? + CD? AC=| 7| AD=|-3u
(77 +7°+5° )=’ (22 +3° +2°) (M1) -5 2u
. ((7 ~ Zﬂ)z “(T+ 3,u)2 +(5+ Zy)z) tCé(r)rrnrgztszt?agoras expression in
123 =174 +123+ 34 +17 1° (m1) Multiply out and solve to find a
0=34,7 + 34y value for u
u=-1(u=0ispointA) (A1) u=-1
Disat (512) (A) |
6(d) | Alternative
[OE| - 2/AD| = OF - OB + 24D (MD)
51T o
OE=|1|+2| 3| Eisat(9,7,-2) (A1)
_2_ __2_
|DE| = 4|DA| = OE = OD + 4DA (M1)
1 o
OE=|1|+4|-3 E isat (-3,-11,10) (A1) 4)
_2_ L 2_
Total 14
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MPC4- AQA GCE Mark Scheme 2013 June series

Solution Marks | Total Comments
! @ B1 1 @ seen
dt dt
a=13 or a=-13 B1 1
21
k=2 or k=2Z
Total 3
8 ) Clear attempt to use parts
(@) Jteos Nk u=t %=cos(%t)
M1 .
@-1 v=ksin(t)
=t><—sm(£tj—£.[sin(£t) (dt) Al Must be in terms of =
s 4 s
= ptsin (%tj +q cos(%tj ml Correct form, any non-zero values for p, q
—tx—sm(ﬁ}iﬁcos(—tj Al 4 Any correct unsimplified form.
T 4 T T Constant not required
(b)
J'32x dx = jtcos(%tj dt Bl Correct separation and notation.
16X2 = B1 £ if 32 not brought over; allow 32x£-
T 16
tx—sin| U j+—7cos| 7t |+ C M1 Equate to result from part ()
with constant and use (0,4) to find a
16 value for the constant
C=256-— Al Accept C = 254 or better(254.37886...)
T
t=45 _ _
16X? = —40.514...~1.146...+ 254.378... Substitute t =45 into
=212.718... kx? = ptsin(%t}rqcos(%t}rc
2 _
x*=13.294... D=0 , q=0
x=3.646..=3.65m m1A1 6 and calculate x.
or (height =) 365 cm CSO
Total 10
TOTAL 75
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Key to mark scheme abbreviations

M
m or dM
A
B

E
JorftorF
CAO
CSsO
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.
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Q Solution Mark | Total Comment
1
(@) (d_xj —t (d_yj __ i B1 ACF - Both correct.
dt dt t?
S dy
dy ¢ M1 Attempt at their %
dx t dt
d 1
Att=2 Y- = Al 3 |cso
dx 2
4 _ Attempt to isolate t and attempt to
t=——andx=f
(b) y+1 and x=10) M1 substitute
2
N B Al 2 | ACF
2\ y+1
Total 5
Alternatives
2 2 2 2
(b) x—1:% (y+1)2 = (%) M1 Solve for%and (%j and multiply
(x—1)(y+1)2=8 Al 2 | ACF
(b) [tP=2x-2 & y=f(x) M1 Attempt to find t? in terms of X and
attempt to substitute.
4 2 16
= -1 o (y+1)' = ACF
y N Al 2 2% —

4 of 11
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Q Solution Mark | Total Comment
4x° —2x* +16x-3= Attempt to multiply by 2x* —x+ 2
2(a) ) M1 or long division with 2x seen
AX(ZX _X+2)+ B(4x-1) or substitute two values of X
A=2 Al A stated or written in expression
B=3 Al 3 B stated or written in expression
(b) 3(4x-1
I2x + (2 ) dx =
2X°—X+2
x° + B1ft ACF ft on their A
3In(2x2—x+2) (+C) B1ft ft on their B
Substitute (—1,2) into an expression of
2 2
2=(-1) +3|”(2(_1) _(_1)+2)+C M1 form y =ax® +bIn(2x* -x+2)+C
and attempt to find the constant
y:x2+3ln(2x2—x+2)+l—3ln5 Al CAO
Total

(a) If M1 is not awarded then award SC1 for either A = 2 (or 2x) or B = 3.

NMS A= 2 and B =3 scores SC3; as the values of A and B can be found by inspection.
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Q Solution Mark | Total Comment
L 1
3(a) (1-4x)s =1+Z(_4X) +kx? M1 k is any non-zero numerical expression
:1_X_§X2 Al 2 Simplified to this form , but allow -1.5
-3 -3
(b) (2+3x)_3 =23 1+§x B1 OE e.g. l(1+§xj
2 8 2
-3 2 .. .
(1+§xj =1—3><§x N -3x—4 Ex] M1 Condone missing brackets and one sign
2 2 2 error
(2+3x)_3:1—ix+£x2 Al 3 or1 1—gx+£x2
8 16 16 8 2 2
Alternative
(2+3x)”° =
, . ] 2 | (M1) Condone missing brackets and one sign
27 +(-3)27"(3x)+2(-3)(-4)2>(3x) error.
—l—ix+zx2 (A2) (3) | Al not available
8 16 16
(©) 1—X—§X2 l—i E 2) M1 Product of their expansions
2 8 16 16
— E_E ﬁ 2 Al 2
8 16 16
Total 7
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Q Solution Mark | Total Comment
4 (a) A=5000 Bl 1
(b)) | 25000=5000p" = p =5 B1 1 | First equation seen and correct. AG
(if) Inp'=tlnp B1 PI
75000 - Correctly taking logs of both sides.
In( A j_lnp M1 OE eg In75000 =In A+In p'
_ In15
OE eg.t = 1175 O 16.79...
In15
20015 68 Al t=—7 efc.
In5 In 5%
2018 Bl 4
(©)(i) 5000p" ™ = 2500q" B1 Correct opening expression
Use laws of logs correctly to obtain a
_ _ linear equation in T.
N2+ (T 10) Inp=Tlng M1 Powers must involve T and T+10.
1 _10Inp-in2 ml Make T the subject of their expression
Inp-Ing correctly.
2
In| =
00 =5 =10Inp=In5=T = 2 AL A p® =5=10In p = In5used to get
| ( p] AG
n L
q
(ii) 2023 Bl 1
Total 11
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Q Solution Mark | Total Comment
5 (a)(i) R=5 B1
4 Rsina=4 or Rcosa =3
tana =— ] )
3 M1 using their R
sina=4 cosa=3 is MO
a=53.1° Al 3 | 53.1°%0only
. . o Candidate’s R and ¢ but must
(i) 5sin(20+53.1)°=5 M1 use 26 - Pl
[(26+53.1)°=90° and 450°]
6=18.4° Al Accept 6 =18.5°
6 =198.4° Alft 3 180° + 'their'18.4°
2tan @
(b)(i) ———xtanf=2 M1 Use of correct form of tan 26
1-tan° @
2tan® 0 = 2(1-tan’ 0)
4tan® @ =2
2tan? 0 =1 Al 2 Correct derivation of AG.
(if) 0 =35.3° B1
0 =144.7° Bl 2
(©)() 8x L —axti1-0= 2x—lisafactor B1 1 | Accept 1-2+1=0but need
8 2 the conclusion
(i) | 4(2cos’ 0—-1)cosO+1=8x>—4x+1 B1 1 | cos20=2cos?0-1
used correctly in deriving AG
(i) 8x3—4x+1:(2x—1)(4x2 +2x—1) B1 Award for quadratic factor
_ —2+y20 —2425 M1 Correct solution of their
=" 8 quadratic — ACF.
(cos72°>0)=>cos72° = % Al 3 | cso
Total 15

(a)(ii) Either #=18.4° or #=198.4°earns Al and any extras in the interval together with the two correct values earns

Al AOft
Award SC1 for both answers to greater degree of accuracy 18.43494 ... and 198.43494561...

(b)(ii) Either 8 =35.3° or 8 =144.7° earns B1 and any extras in the interval together with the two correct values

earns B1 BO
Award SC1 for both answers to greater degree of accuracy 35.26413... and 144.735561...
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PMT

Q Solution Mark | Total Comment
62) 5 11
a —_— —_— —_— —
(OP) =| -8 (OQ) =| 14 Bl PI by correct OP and OQ below
2 8
11 5 6
(PQ)=|-14|-|-8| or |6 M1 PQ = + their (OQ - OP |
8 2 6
1 6 1
PQ=6|-1 AL 3 | O —6 |stated to be parallel to| —1
1 6 1
(b)(i) A=1 or u=-2 B1
b=-5+30rb=-8+6, (their A or x)
or . M1 Attempt to find the value of b or ¢
c=3+lorc=6-2, (their A oru)
b=-2 and c=4 Al 3 b=-2 shownandc=4
S5+2t 3
(i) RS=|-8-3t |- -2 M1 Clear attempt to find +RS
2+t 4
1 6
RSe|-1|=0 orRSe[-6| =0
242t+6+3t-2+t=0 m1 * rhee
1 6
=0 PI; correct direction vector
t=-1 Al
S isat (3, -5, 1) Al 4 | Accept as a column vector.
Total 10
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Q Solution Mark | Total Comment
. d
7(a)(i) —ZSinZy% B1
+3y ¥ + e dy M1 py ¥ +ge> dy
dx dx
Al Product rule correct
=0 B1 Pl
d—y(e?”‘—ZsinZ ) +3ye3* =0 .
do y)Toyer = m1 Attempt to factorise.
3x
ay _ S_Le_ Al 6 |OE
dx e*-2sin2y
dy i
. At A —=- Must have scored all 6 marks in
(i) dx B1 1 .
(@)()
T 1 - .
=T (x— Finding the equation of normal
(b) (y 4j 73 (x=In2) M1 with gradient ————
g their(a)(ii)’
Atg y-Z_In2 Al 2
4
Total 9
Alternative using y = mx+c¢C
1 1 Use y=mx+cand find C
(b) 1:—In2+c [y:—x+c) M1 using their gradient.
4 V4
At B y:Z—In—2 Must see yzz—ln—zora
4 r Al 2 4 r

statement that C is the required
y -coordinate
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Q Solution Mark | Total Comment
8(a) | 16x=A(1+x)" +B(1-3x)(1+x)+C(1-3x) B1 OE
x=-1 -16=4C )
1 16 % M1 Usengorxz-ltoflnda
X== —=A - value for A or C.
3 3 3
A=3 B=1 C=-4 Al Any two correct
Al 4 All three correct
1 16x
(b) ——dy=|—~——dx B1
e I(1—3x)(1+ X)?
d 3 1 4
or J.T{ = J‘ + - 5 dx or correct ft separation on non-
e 1-3x 1+x (1+ x) 7er0 AB C
_e—2y
B1 OE
2
A
=—In (1_3)() B1ft OE fton_—3|n (1—3X)
+In(1+x) B1ft OE fton BIn(1+x)
+i B1ft OEft on £(1+ x)f1
1+Xx -1
1
5" (=In1+In1)+ 4+ constant Use (0,0)and attempt to find a
M1
value for the constant.
1, 4 9
——e 7V ==In(1-3x)+In(1+x)+——= Al 7 ACF
2 ( ) ( ) 1+x 2
Total 11
TOTAL 75

(b) For M1 candidates must have a term of the form ke*?¥ on one side and at least one In term on the other,

substitute (0,0)and find a value for the constant.
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used by them in this examination. The standardisation process ensures that the mark scheme covers
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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.
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Q1 Solution Mark | Total Comment
(a) 19x—-2= A(l+ 6x) +B (5_ x) M1 Correct equation and attempt to find a
value for A or B.
A=3 Al
B=-1 Al NMS or cover up rule; A or B correct SC2
3 A and B correct SC3.
b
(b) - 3 1 16 dx
—X AEX Condone missing brackets
=pIn(5-x)+qin(1+6x) M1 OE Either term in a correct form
=-3In(5—x) Alft ft on their A
—1In(1+6x) Alft ft on their B
4 Substitute limits correctly in their integral;
[=[-3In1-4In25]-[-3In5—+In1] m1 F(4)-F(0)
0
—_1 =
=—+In25+3In5 Al ACF. In1=0 PI
8 CSO
= § In5 Condone equivalent fractions or recurring
Al 6 decimal
Total 9
Q2 Solution Mark | Total Comment
@ R =+/29 B1 Allow 5.4 or better
V29cosa =2,4/29sina=5ortana =35 M1 Their 29 _ _
Note cosa =2 or sina =5 is M0
a=119 Al 3 Must be exactly this
(b)) | Rcos(x+a)=R or cos(x+a)=1
( ) ( ) Candidate’s R and «
or X+a=2r or Xx+a=00r x=—« M1
(X :) 5.09 Al ) Must be exactly this
(i) 1 )
cos(x—i-a):—E M1 Candidate’s R and « ; PI
Rounded or truncated to at least 2 dp;
(x+a =) 1.75757... and 4.52560.. Al Ignore ‘extra’ solutions
Condone x=0.568;
x=0.567 and x=3.34 Al 3 X = 3.34 must be correct
NMS is 0/3
AQ if extra values in interval 0 < X < 27
Total 8
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Q3 Solution Mark | Total Comment
(@ f(-1)=-1-3+1+d =-2 M1 Attempt to evaluate f (—3) and equated
to -2
d=1 Al 2 NMS is 0/2
O)1) | (2x+1) is a factor B1 OE (x+%)
_ ) Attempt to find quadratic factor or a
9(x) = (2x +1) (4X +bx+ 3) M1 second linear factor using Factor Theorem
g(x):(2x+1)(4x2_8x+3) OE if (X+%)i5 used
g(x) :(2)( +1)(2x_1)(2x_3) OE; must be a product
NMS : SC3 if product is correct
Al 3 SC1 if one or two factors are correct
i |ax-1 1
g(x) - 2x-3 Bl
d 1 k
& 2%—_3 = (2X _3)2 M1 Attempt to differentiate simplified h
2
= _m Al Correct derivative
(Derivative is) negative, or <0 E1 Explanation and conclusion required
hence decreasing 4 Derivative must be correct
Total 9
(b)(ii) | Special case
h (X) = 2xl—3 Bl
2x—3 is an increasing function, s0 5= _ _
is a decreasing function E1l 2 | Awardonly if h(x)=5is correct
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Q4 Solution Mark | Total Comment
+§X X+ M1 any non-zero numerical expression
1+ x —2x2 Al 2 Simplified to this
(®) () R ., 2
(8+3x) s =8 3(1+§x) 3 B1 ACF for 8 =7

Expand correctly using their £ x

2
= 1+[_gj [ﬁ Xj +1(_Ej(_§) (ﬁ Xj M1 Condone poor use of or missing brackets
3)\8 2\ 3 3)\ 8

1 1 5 1 1 5

———X+—X Accept ==| 1-=x+—X*

4 16 256 AL |3 e 4( 2" 64 j

(i) 1 1 . . . .
X=— M1 X =5 used in their expansion from (b)(i)
0.2313 (4dp) Al 2 | Note 3in 4" decimal place
Total 7
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Q5 Solution Mark | Total Comment
(a) dx : d
—=|-2sin2t Y cost B1 Both correct
dt dt
dy ) cost M1 Correct use of chain rule with their
dx ) —2sin 2t derivatives of form asin 2t, bcost
Att=2 gradient m; _ 1 Al 3
6 2
(b) | Gradient of normal m, =2 B1ft ft gradient of tangent; my =t
5 For my, allow their m; with a change of
[y—cos(—ﬁD =my (x—sin(ED M1 sign or the reciprocal at
6 6 (sin£,cos22) or (4,%)
y:ZX—% Al 3 Must be in this y =mx+c form
Alternative for M1
A 2 Use y = mx + c to find ¢ with their
sin| — |=2cos| — [+¢C ) .
6 6 gradient m, at (Sin£,cos2%) or (4,%)
(c) cos2q =1-2sin’q B1 Seen or used in this form
Use parametric equations and candidate’s
. . 1 . .
sing =2(1-2sin q)—E M1 cos2q in the form +1+ksin®q
. 9 . _ Collect like terms; must be a quadratic
8sin“q+2sing-3=0 OE Al equation
_ 1 _ 3 Must come from a correct quadratic
(sm g= —j sing=—— Al equation with the previous 3 marks
2 4 awarded
1
(x=) )
Al 5 Previous 4 marks must have been awarded
Total 11
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Mark scheme Alternative

Q5 Solution Mark | Total Comment
(@) x=1— 2y2 1= _4yd_y or % =4y B1 Find a correct Cartesian equation and
dx dy differentiate implicitly correctly
dy 1
—=—— Use y =sinZ ory =2 in their < PI
dx  4sinz M1 y 6 Ory =3 Intheir 3
V4 . 1
Att Y gradient m; = -5 Al 3 CSO
(b) Gradient of normal = 2 B1ft ft gradient of tangent, my =
) For m, allow their m_ with a change of
(y —CO0S (—”D =my (X —sin (ED M1 sign or the reciprocal at
6 6 (sinZ,cos2) or (£,%)
1
y =2X _E Al 3 CSsO
Alternative for M1
A 27 Use y = mx+ c to find ¢ with candidate’s
sin| — |=2cos| — [+¢C . o . -
6 6 gradient m, at (SinZ,cos2%) or (4,%)
— 2 2
(©) Xx=1-2y B1 Plby x=1-2(2x—-1)
_oy2 _ y+3 Use their Cartesian equation and normal
1=2y"= 2 M1 to eliminate X
4y’ +y-3=0=
- . Collect like terms; must be a quadratic
8sin“q+2sinq—-3=0 Al equation
. 1 ] 3 Must come from a correct quadratic
sinq = 5 sing = 7 Al equation with the previous 3 marks
awarded
1
(x=) -= Al _
8 5 Previous 4 marks must have been awarded
Total 11

Page 8 of 12

PMT



MARK SCHEME - A-LEVEL MATHEMATICS — MPC4 - JUNE 2015

Q6 Solution Mark | Total Comment
(a) 2 -2
(AB=) |-4 o1 or (BA=) | 4
-6 6
3
ABe| 1 |=(2x3)+(-4x1)+(6x-2) R
) M1 Correctly ft on “their” AB
J56+/14 cos BAC =14 mil Correct use of formula with consistent
vectors; ACF
angle BAC =60° Al 4 or 7/3 ; NMS 60° scores 0/4
(b) 3 3 5
(BC=)| 2|+4| 1|-|-2 B1 +BC ACF
10 -2 4
ABeBC = M1 Correct scalar product with their AB ,
2(34-2)-4(A+4)-6(-21+6)=0 their BC , equate to 0 and solve for A
141-56=0 = A=4 Al
; Accept as a column vector
Clsat (15’6'2) Al 4 NMS (15,6,2) scores 0/4
(c) E, isat (11,0,0) B1 Accept as a column vector
15 2 17
OD=0C+AB=| 6|+|—4|=| 2 B1
2 —6 -4
17 3 ) _ .
OE, =| 21+ 14| 1 M1 Chorreg%ector expression with their A and
4 5 their
E, isat (23,4,-8) Al 4 | Accept as a column vector
Total 12
(b) Alternative by Pythagoras
3 3 5
(E =) 2|44 1]-|-2 B1 +BCACF
10 -2 4
(32)" +( ,1)2 +(_2,1)2 AC? = AB? + BC? Correct Pythagoras
) ) , | Ml expression, attempt to expand and solve
=56+(—2+31) +(4+ 1) +(6-24) for A
112-284=0 A1=4 Al
Cisat (15,6,2) Al 4 | Accept as a column vector
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(b) | Alternative by cos60 =1
1 |4 J56
E: <~ 2 2 2 Bl
ACl (32 +(2) +(-22)
% = 14522 M1 Square and simplify
A*=16=>1=4 (orl:—4) Al
Cisat (15, 6, 2) Al Accept as a column vector
(c) Alternatives
Alt (i)
5 [12]
OE, = OB +1AC =| -2 +% 4
4 8]
E, isat (11,0,0) B1
I > 6 M1 Correct vector expression with their BE:
OE,=0B+3BEi1=|-2|+3| 2
4 _4 Bl All correct
E, isat (23,4,-8) Al
Alt (i)
5 12
OD=0OB+AC=|-2|+| 4
4| |1-8
D isat (17,2,-4) B1
17 12 ) o thei
O—E; _ O—5+£K6 _| 5 +1 4 ML Cirrect vect-orE(Bressmn with their
2 2 OD and their AC
—4 -8
E, isat (23,4,-8) Al
5 12
OF, —OB+1AC =| -2 % 4
4 -8
E, isat (11,0,0) B1
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Q7 Solution Mark | Total Comment
(a) 3 3
k= (%) + 2732 x%— In2 Clear use of (lj 1 and e "2 1L
B1 1 , 2 8 8
=1+l—ln2=1—ln2 Accept ——1In2
8 8 4 8
b
®) 3y’ &y B1
dx
pye ™ +ge ™ M1
dx
Al
—6ye > +2e* dy
dx
-1=0 B1 Both required
—1 and no other terms
3dy 11 1dy 3 Substitute
Z&_6X§X§+2 8dx (=0) m1 x=In2ore* =% andy=4% into their
expression
d—y=E r 1.375 Al 6
dx
Total 7
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Q8 Solution Mark | Total Comment
@) J‘ ! dx = J‘ 1 dt B1 Correct separation and notation seen on a
V4 +5x 5(1+t)2 single line somewhere in their solution
1 G A Ex 1
a(4+5x)z or b(1+t) M1 OE av4+5x or b(l+t}
2 1 2
§(4+5X)2 Al OE g\/4+5x
1 _ 1
@1+t (+C -
5 (+€) Al 5(1+1)
x=0,t=0 = C=1 m1l Use (0,0)to find a constant
2 1 1 4
—(4+5x)2 =1——(1+t) Al OE
5 5
-1 2 2
X:E 1_(1+t) _ﬂ Al ACF €g X:i(4+5t] _ﬂ
b)(i d
(0)(0) d_: B1 Seen; allow R for r
riz M1 r_12 seen ; allow R for r
ﬁ:% Any constant K including < but not
dt r Al 3 T
including variable t
Must use R or r consistently
ii .
i ﬁ :4_5:£ or 45= ¢ Use £:4.5 with r =1to find a value
dt 12 7 x1? M1 dt
for the constant
05= 4.5 =3
S=7= r=3 (metres) Al 2
Total 12
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