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MFP2 Further Pure 2

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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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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MFP2
Q Solution Marks | Total Comments
2 2
+1)" -
1(a) iz— ! 2:(r ) ’ M1
e (r+l1) r2(r+1)
o 2r+l
1”2 (r+1)2 Al 2 AG
3 1 1
w2 -1 1
1>x22 12 2?
> 1.1
22 %32 22 3?
7 1 1
32 5 42 _3_2_4_2 M1Al Al for at least 3 lines
2n+l 11
n?(n+1y’ 0 (n+1)
Clear cancellation M1
1_ 1
(n+l)2 AIlF 4
Total 6
2(a) | p=—4 Bl
(a+,8+7/)2=2052+2205ﬂ M1
16=20+2Yof Al
off=-2 AlF
q=-2 AIF 5
(b) | 3—1 isaroot B1
Third root is —2 BIF
afy=(3+1)(3-1)(-2) Ml
=-20 AIF Real affy
r=+20 AIF 5 | Realr
Alternative to (b)
Substitute 3 + i into equation Ml
(3+i)° =8 +6i Bl
(3+i)’ =18+ 26 Bl
r=20 A2,1,0 Provided r is real
Total 10
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MFP2 (cont)

Q Solution Marks | Total Comments
2
i (1+i1
3(a) ILf=( - MIAL | 2 | AG
1-i -
®) | 2] = | = +2 =1=[| MIAL | 2
4 4
© | r=1 B1 PI
1 1
0= Eﬂ > 571 B1B1 3 Deduct 1 mark if extra solutions
@ vi
|
1
5N ':" B2,1F 2 Positions of the 3 points relative to each
1 ' other, must be approximately correct

5
(e) | Arg(z +2,)= " Bl Clearly shown
1
1+-+/3
tan—mn = 2 .
12 1 M1 Allow if BO earned
2
=2+ \/5 Al 3 AG must earn BO for this
Total 12
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MFP2 (cont)

Q Solution Marks | Total Comments
4(a) | Assume result true for n=+%
k
S (r+1)277 =k2*
r=1
k+1
S (r+1)2" =k2" +(k+2)2F MIAL
r=1
=2 (k+k+2) ml
=2 (2k +2)
=251 (k+1) Al
n=1 2x2°=2=1x2' Bl
B = Fyy and R is true E1l 6 Provided previous 5 marks earned
2n | n )
r— r—
(b) D (r1)27 =3 (r+1)2 M1 Sensible attempt at the difference between
r=l r=l 2 series
=2n 2%" —p2" Al
=n(2" -1)2" Al 3 |AG
Total 9
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MFP2 (cont)

Q Solution Marks | Total Comments
3(a) :
-i.},-f‘",—_"‘\{ Bl Circle
. A B1 Correct centre
|
B1 3 Touching both axes
(b) | |z[max=0K Ml Accept \V4° +4° + 4as a method
=42 +4?% +4 AlF Follow through circle in incorrect position
=4(v2+1) AIF 3 | AG
(c) | Correct position of z , ie L M1
1
a= —(4 - 4cos—nj
6
= —(4 -2\3 ) AlF Follow through circle in incorrect position
b=4+4si L 6
=4+ 481 g = Al1F 3
Total 9
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MFP2 (cont)

Q Solution Marks | Total Comments
6(a)(i Z+l—cos(9+isin6’+
(a)(i) . Orz+ Lo oif 4oif
z
cos(—0) +isin(-0) | Ml
=2cosf Al 2 AG
iy | 22 4L = cos260+isin20
(i) | z +Z—2—cos +isin
+cos(—260)+isin(-26) | Ml
=2co0s26 Al o) OE
(iii) 22—Z+2—§+i2
z
=2c0s20 —2cosf+2 Ml
Use of cos26 =2cos’ 61 ml
=4cos? @ —2cosf Al 3 AG
1 .
()| z+—=0 z=+i MI1Al
z
Alternative:
L 22 —z+1=0 MIA1 1
z cos@=0 QZiEE M1
z=4i Al
1+iV/3 1 1
= cos@=— O=t—7n M1
z > AlF 5 ) 3
Accept solution to (b) if d therwi Lo
ccept solution to (b) if done otherwise z=ei3m =%(1ii\/§) Al Al
Alternative
1 1 Ml
Ifo=+—n 0=—n
2 3
1431 Al
z=1 z=
2
Or any correct z values of 8 M1
Any 2 correct answers Al
One correct answer only Bl
Total 12
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MFP2 (cont)

Q Solution Marks | Total Comments
1)) | 2 el —e?\[ef +e7
a)(i
2 2
Q20 _ 20
:T=smh 26 MI1Al 2 AG
2 2
6 -0 6, -6
2 2
e?f 2420 42 12467
= Al
4
=cosh26 Al 3 AG
(b)) | x= 3cosh? @sinh 8" MI1A1 Allow M1 for reasonable attempt at
differentiation, but MO for putting in
terms of e’ or sinh 3 0 unless real
progress made towards x L ¥ 2
y =3sinh? @cosh @ Al

Allow this M1 if not squared out, must be
clear sum in question is x* + y2

2+ y2 =9cosh* @sinh? 6

+9sinh* @ cosh? @ Ml

AG
a2 2 2 .12 Al 1
=9sinh” @cosh 9(cosh 0 + sinh 9) Accept J-O\/%sinhz 20cosh 26 do
but limits must appear somewhere
:%sinhz 26cosh 26 Al 6 | AG
1
(ii) Sz'[ %sinhZHx/cosh26d6 M1
0
u=cosh26 du=2sinh26d6 MI1Al
1 3
I:J‘iu2 duzgxgu2 AlF
4 4 3
1 5)!
S =1—(cosh26)> AlF
2 0
1 3
=5 (cosh2)> -1 Al 6 |AG
Total 17
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

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

Copyright ©2006 AQA and its licensors. All rights reserved.
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Key To Mark Scheme And Abbreviations Used In Marking

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

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

No Method Shown

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

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP2
Q Solution Marks | Total Comments
1@) | ;24,1 :A(r2 + r)+B M1 Any correct method
A=1,B=-1 Al
AIlF 3 ft B if incorrect A and vice versa
2 +r—1 1
Or 5 =1- Bl
re+r }"(l’ + 1)
=1—(l— ! j MI1Al
r r+l
(b)
r=1 1- ! +
1
F=0 11— \ 4 Ml Do not allow M1 if merely
1 1 .
Z— — Z is summed
| | r r+1
r=99 1- Egz * 100 AlF Al for suitable (3 at least) number of rows
Sum =98 + !
um= 100 ml Must have 98 or 99
= 08.01 Al1F 4 OE Allow correct answer with no working
4 marks
Total 7
2(a) x=1-12p=2 Bl
2
)'c2+y2=(1—t2) + 4 MI
2
= (1 +12 ) Al 3 AG; must be intermediate line
(b) 2 2\ o
S= 27IJ.(1 +t ) 1~ dt MIA1 Must be correct substitutions for M1
1
N
=27 3 + 3 ml Allow if one term integrated correctly
1
Y Fﬁ—l—l} AIF Any fi
35 3 5 fy-form
_ 256m AlF 5
15
Total 8
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MFP2 (cont)

Q Solution Marks | Total Comments
3@0) | , -k 3(ek B e—k)
€ e _ =1 Ml Allow if 2’s are missing or if coshx and
2 2 sinhx interchanged
ek taeF =2 Al
2k k _
e —e-2=0 Al 3 AG Condone x instead of £
@ | (e*+1)(eF-2) =0 Ml
ek | El Must state something to earn E1. Do not
‘i . . ‘
ko Al accept ignoring or crossing ou
k=In2 AlF 4
(b)(i) | coshx =3sinhx or interms of e” M1
_ 1 X _ 4.—X
tanhx—g or 2e” =4e Al
1
1+~
1
x=—In 3lor =2 AIlF
2 121
3
x=21n2 Al 4 | CAO
@ dy _ sinhx—3coshx or —e*—2e™* M1
dx
= 0 when tanhx=3 or e =—2 Al
Correct reason El 3 Must give a reason
(iii) | 42
d—f:yzo at(llnz, 0) BIF 1
dx 2
ie one point
Total 15
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MFP2 (cont)

Q Solution Marks | Total Comments
4 v
i e
§ . s
|.I | '
.I .'
\ /
o e
(a)(i) | Circle B1
Correct centre B1
Enclosing the origin B1 3
(ii) | Half line Bl
Correct starting point B1
Correct angle B1 3
(b) | Correct part of the line indicated BI1F 1
Total 7
S5(a@)(i) | a+p+y=4i Bl 1
(i) | afy =4-2i Bl 1
Mb)() | a+a=41, a=2i Bl 1 AG
(i) Py = 4 ;21 =-2i-1 Ml Some method must be shown, eg %—1
i i
Al 2 AG
(iii) | ¢ =af+py+ya Ml
=a(B+y)+pr Ml Or a” + Py , ie suitable grouping
=2i.21i -2i—-1=-2i-5 Al 3 AG
(¢) | Useof f+y =2i and By =-2i-1 M1 Elimination of say y to arrive at
22— 2iz—(1+2i)=0 Al 2 | 221 (1+2i)=0 MIAO unless
also some reference to y being a root
AG
(@ | f(-1)=1+2i-1-2i=0 M1 For any correct method
p=-1 y=1+2i AlAl 3 Al for each answer
Total 13
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MFP2 (cont)

Q Solution Marks | Total Comments
6@) | f(n+1)-8f(n)=15""-g"!
~8(15" —8"2) MIA1
=15"*1_8.15"
=15" (15-8) M1 For multiples of powers of 15 only
=7.15" Al 4 For valid method ie not using 120" etc
(b) | Assume f(n)is M(7)
Then f(n+1) 8f(n)=7><15" MIl Or considering f(n+1)—f(n)
f(n+1) =M(7)+M(7)
=M(7) Al
n=2: f(n)=15%-8"=224
= 7x32 Bl n=1B0
P(n) =P (n +1) and P(2)true El 4 Must score previous 3 marks to be
awarded E1
Total 8
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MFP2 (cont)

Q Solution Marks | Total Comments
7(a) 2kmi M1
z=e¢ ¢ | k=0,%1,+2,3 A2,1,0 3 OE

MI1AT1 only if:
(1) range for k is incorrect eg 0,1,2,3,4,5
(2) 1 is missing

b)) | 2 1 1 .
=w-—— = 2isiné MI1Al 2 AG
w w
@ w
w21  2isind Ml
_ 1 Al 2 | AG
2sin@
. . 1.
(iii) 2i _ 21w 1 Ml Or for —1 v
w2 -1 2siné sin@ ¢!
1 ..
= ——/(cosf—isind) Al
sin
=cotfd—1 Al 3 AG
iv 21 . .
) z=— Or z+2i=——+12i Ml ie any correct method
w”—1 w”—1
Z4+2i = zu? Al 2 AG
©0) | No coefficient of z° El 1
| i
(wz) =1 w?’=e?3 B1 Alternatively:
ki
cocot™ i k—t1,42,3 M1 z+2i=e’z Bl
A21,0| 4 9
= ki Ml
eT -1
roots A2,1,0

. | S
(NB roots are i\/g—l; i—3—1;—1)

Total 17

TOTAL 75




PhysicsAndMathsTutor.com

Version 1.0: 0107

AQA/

ASSESSMENT and
QUALIFICATIONS

ALLIANCE

General Certificate of Education

Mathematics 6360

MFP2 Further Pure 2

Mark Scheme

2007 examination - January series



PhysicsAndMathsTutor.com

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

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

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

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

COPYRIGHT

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

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

Set and published by the Assessment and Qualifications Alliance.

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

M mark is for method

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

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

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

Jor ftor F follow through from previous

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

No Method Shown

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

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

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

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

scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP2
Q Solution Marks | Total Comments
1(a) | Use of cosh? x =1+sinh? x Ml Must be correct for M1
4sinh? x —7sinhx+3=0 Al
(4sinhx—3)(sinhx—1)=0 NN Provided quadratic factorizes
sinhx=% orl ALV 4
(b) | Use of formula for sinh™! M1
x=1In2 or ln(1+x/§) N
A1V 3
Total 7
2(a)
-|; :'|I 1’
[ ] W
a1 s 2
.‘l"
{0 \
. -4-2)|
L
Wy
(i) | Circle
Correct centre Bl
Correct radius B1
Touching x-axis Bl 3
(ii) | Line
Point (3,2) indicated Bl
Line through (1%, 1) B1V
Perpendicular to (0,0) —(3,2) Bl 3
(b) | Correct shaded area 23 2 For shading inside the circle provided no
other area is shaded
BI1V Must be a circle and a straight line for
second B1
Total 8
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MFP2 (cont)

Q Solution Marks | Total Comments
3@ | i+ 2(1-)( k7 ) +32(1+i) =0 M1 Any form
Equate real and imaginary parts:
k> +2k*+32=0 Al
—2k?+32=0 Al
k=14 Al
k=+4 El 5 |AG
(b) | Sum of roots is —2(1—1) M1 Or affy =—(32+32i)
Must be correct for M1
Third root 2 —2i NNA 2
Total 7
a@G) | d( 1 Y (o ot
— =—1(cosht) “sinht —s(¢ —¢
i sy )= (coshr) MIAL Or (—2)
(et + e_t)
=—sechttanht Al 3 AG
(i) | Use of tanh?7=1-sech?r M1
Printed result Al 2
(b)(@) | x=1—sech’¢ (j/ =—sechttanht) B1
2
i+ y2 = (1 —sech? t) +sech?r—sech?s | M1AI Any form
=1-sech’¢=tanh?¢ Al 4 AG
() | s= J.(; tanh ¢ d¢ M1 Ignore limits for M1 and first A1l
t
= [1n cosht] 0 Al
=Incosht Al 3 AG
(iii) | e* =cosh? Ml
y=¢* Al 2 AG
©]| S= an;sechttanhtdt M1 Ignore limits for M1 and first A1l
=2n[—secht]g Al
=2mn(1-sechr) Al
=2n(1-¢7') Al 4 | AG
Total 18
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MFP2 (cont)

Q Solution Marks | Total Comments
5(a) | Assume true for n=%
(cos 6 +1isin 0)k+1
=(cosk&+isink0)(cos€+isin9) M1
Multiply out Al Any form
=cos(k+1)0+isin(k+1)6 Al
True for n=1 shown B1
P(k)= P(k+1) and P(1) true El 5 Allow El only if previous 4 marks earned
6
(b) (cosE + isinzj = cos6—7t + isin6—7t
6 6 6 6 M1
=—1 Al 2
(c) (c0s0+isin0)(1+cos€—isin9) M1
=cos@+cos> O —isinfcosd
+isin@ +isin@cosO +sin’ & Al (Accept —i’sin” 6)
Or ¢'? (1 + eﬂﬂ)
=1+cos@+1sind Al 3 AG
@] e =% used M1 In the context of part (c)
Part (c) raised to power 6 Ml
Use of result in part (b) Al
( T, nj6
l1+cos—+isin— | +
6 6
6
(l+cos£—isin£] =0 Al 4 AG
6 6
Total 14
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MFP2 (cont)

Q Solution Marks | Total Comments
-
6(a) 1 J—rTm MI1A1 2 M1 for any method which would lead to
> © the correct answers
Accept e’ or e”
Also accept answers written down
correctly
(b) | Any correct method M1
Shown for one root Al 2 AG
o) w w
©0 = M1 ie use of result in (b)
o+1 —
= L Al 2 AG
0]
>
(i) > =0 Al 1 AG
o +1
w k w* ‘ 1Y
(iii) ( j =(——j +(-o) | MIAL
w+1 a)z +1 0]
2mi
Useof w=¢e 3 m]
2kni  2kni
=(—1)k e 3 +e 3 Al
2kn
=(—1)"2cosT Al 5 | AG
Total 12
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MFP2 (cont)

Q Solution Marks | Total Comments
7(a) tan((r +1)x— rx)
3 tan(r + l)x —tanrx
_1+tan(r+1)xtanrx Mial
Multiplying up Al
Printed result Al 4 AG
(b) | x=2
50
T o tan 2—n tan L
tan—tan— = S0 —J—l
50 50 ¢ L i
an— tan—
50 50
3n 21
371 tan% tan% At least three lines to be shown
tan—tan%— T -1 Mial Accept if x’s used
tan— tan—
50
tan & t lg—n
tanw—ntan 20“- S0 S0 1
50 50 ¢ T i
an— tan—
50 50
Clear cancellation ml
20m i
tan E tan %
Sum = T T 1 9 Al
tan— tan—
0 50
21
tan ?
=—7p 20 Al 5 | AG
tan—
50
Total 9
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

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

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

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

COPYRIGHT

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

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

Set and published by the Assessment and Qualifications Alliance.

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

M mark is for method

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

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

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

Jorftor F  follow through from previous

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

No Method Shown

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

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP2
Q Solution Marks | Total Comments
1@) | f(r+1)=f(r)=r(r+1)> = (r-1)s Ml
=r(r2 +2r+1-r? +l’) Al any expanded form
=r(3r+1) Al 3 AG
() | r=50 f(51)-£(50) OE
=51 f(52)- f(51 PI D &
d (52)- £(51) MIA1 clearly shown. Accept Z—Z
r=99 £(100) — £(99) T 1
99
2. r(3r+1)=£(100)-f(50) ml clear cancellation
r=50
=867500 AlF 4 cao
Total 7
2a) | D of=6 Bl 1
(b)(i) | Sum of squares < 0.". not all real El
Coefficients real .. conjugate pair El 2
.o 2 . .
(ii) (Z a) = z a’ + 22 off MIl1Al A1 for numerical values inserted
2
(Da) =0 AlF
p=0 AlF 4 cao
(c)() | —1-3iisaroot Bl
Use of appropriate relationship
eg za:o M1 MO if 2052 used unless the root 2 is
checked
Third root 2 A1F 3 incorrect pv/°
(i) | g=—(-1-3i)(-1+3i)2 Ml allow even if sign error
=-20 AlF 2 ft incorrect 3™ root
Total 12
3 (cos67+isint9)15 =cos156 +isin1560 M1 or =0
cos1560=0
3ni
sinl56=-1 mlAl or -i=e?
150 = 3_75 or 270° A1F ml for both R&I parts written down
2
0=""or18° ALF 5 ft provided the value of 156 is a correct
10 value
SC
cos150+isinl56 =i M1)
sin1560 = -1 (B1) or for cos156=0
n
0=— Bl 3
10 (BD) 3)
Total 5
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MFP2 (cont)
Q Solution Marks | Total Comments
4(a) +tan” x BIBI1 2
1+x
(b) I ltanf1 xdx = [xtanfl x]l _ J'l xdx M1 either use ofp.art.(a) or integration by
0 0 Y0142 parts. Allow if sign error
xdx 1 5
=—In(1+x
.[1+x2 7 (1+x7) MIAIF ftonjl_xzdx
I=1tan_llf%1n2 Ml
T
=5 ~In V2 Al 5 |AG
Total 7
5(a) | Explanation E2,1,0 | 2 |Elfor i=e? or iz; =—y, +ix,
(b)(i) | Perpendicular bisector of AB B1
through O B1 2
(i) | half-line B1 If L, is taken to be the line 4B give B0
from B B1
parallel to OA4 B1 3
(© | (1+1)z MI1A1 2 ftif L, taken as line AB
Total 9
1 k+1 (k+1° =1 k41
6(a) | [1— | % = X MI
(k+1) 2k (k+1) 2k
_K 42k k1 N
(k+1)* 2k
k+2
2(k+1) Al 3 AG
(b) | Assume true for n = £, then
(1%)(1%} 1- ! > Ml
2 3 (k+1)
_ k+2
2(k+1) Al
1 3
True for n =2 shown 1-—=— Bl
2?4
P, = P, and P, true El 4 only if the other 3 marks earned
Total 7
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MFP2 (cont)

Q Solution Marks | Total Comments
@) | dy ol

a_ﬁ Bl accept 2x 2 etc

‘/ ay ,/1+— MIAIF ft sign error in Y

= Al 4 AG
V X
) .
(b)) | X =4sinh” 6, dx=8sinh&cosh&do MI1Al M1 for any attempt at %
4sinh’0+4 _ |
I= 8sinh @cosh8dO
J- 4smh2 Mi
2coshé@ _ .
.[ 2sinh 8s1nh600sh ¢do ml ie use of cosh?6 —sinh? 9 =1
= [8cosh *6d6 Al 5 |AG
(ii) | Use of 2cosh? =1+ cosh 26 Ml allow if sign error

I=J.4(1+cosh20)d6 Al oe

=46 + 2sinh 26 AlF oc
Use of sinh 280 =2sinh @cosh & ml

—4sinh ! L4 4x L /1+l AIF

2 2 4
=4sinh™! %+\E Al 6 |AG
Total 15
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MFP2 (cont)

Q Solution Marks | Total Comments
. 4+416-32
8(a)() | — Ml
=2%2i Al 2 AG
m - Ml M1 for either result or for one of
(ii) | 2+2i=2v2e4, 2-2i=22¢ 4 AlA]

r=22, 9:%

(r=2\/§ Al,Hzi% Alj

i Zknd —mi , Zkni
z=2e12 3 or J2e12 3 M1 M1 for either
+mi +37i +7mi

allow Al for any 3 correct ft errors in

s=Ee 2o ¢ 3o

I
A2,10F| 6 |

(b) | Multiplication of brackets M1
Use of ¢? +e 9= 2cos@ Al 2 AG
i _m
(c) Z_\/EGIZ Z—\/Ee 12
222*2\/§COS%Z+2 MIAILF PI
(z2 *2\/5005%24—2)
Product is (22 —2\/§cos%z+2) AlF 3 (orz2 +22+2)
(22 72\/5005%[2%—2)
Total 13
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

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

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

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

COPYRIGHT

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

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

Set and published by the Assessment and Qualifications Alliance.

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

M mark is for method

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

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

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

Jorftor F follow through from previous

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

No Method Shown

Where the question specifically requires a particular method to be used, we must 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 alow the solution of the question directly, the correct
answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark
scheme, when it gains no marks.

Otherwise we requir e evidence of a correct method for any marksto be awarded.
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MFP2
Q Solution Marks| Total Comments
1(a) | Any method for finding r or & M1
r=442, gzg AlIAl| 3
)| 22 =42e M1 needs some reference to a +2K i
i, 2kai M1 Alforr |. ‘r 0 part
z=+/2e® 5 ALF Al for @ incorrect r, @ part ()
AlF
1
il bl 17 Accept r in any form eg 3210
z=v2e®, J2e?, J2e®, A2,1,0 Correct but some answers outside range
Il — F 5 |dlowA1l
V2e®, 2e® ft incorrect r, 6 in part ()
Total 8
2(a) | Attempt to expand (2r +1)° - (2r —1)° M1
(2r +1)° or (2r —1)° expanded Al
24r% +2 Al 3 |AG
b)y| r=1 3F-1=24x1*+2
r=2 5 _3F=24%x2°+2 M1A1 3 rows seen
Do not allow M1 for (2n+1)° —1not
equal to anything
r=n (2n+1)° —(2n-1)°=24xn?+2
(2n+1)3—1:242r2+2n Al
=1
8n® +12n° +6n+1-1-2n= 24Zn: r? M1 M1 for multiplication of bracket or taking
=1 (2n+1) out as afactor
8n° +12n° +4n=24> r? Al CAO
=1
n 1 r
2.1 =gn(n+1)(2n+1) Al 6 |AG
r=1
Total 9
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MFP2 (cont
Q Solution Marks| Total Comments
3a)() | z=-i ‘—2@—2i‘:«/12+4=4 M1 ‘—Zﬁ—Zi‘
Al 2 |4
(i) | Centreof circleis 23 +i Bl Do not accept(2\/§, 1) unless attempt to
solve using trig
Substitute into line M1
arg (2\@+2i):% shown Al 3
(b) Y
. o+
2
\_//
Circle: centre correct Bl
through (0,-1) B1
Half line: through (0,-1) Bl
through centre of circle B1 4
(c) | Shading inside circle and below line B1F
Bounded by y=-1 Bl 2
Total 11
Aa)(i) | Y a=-i B1 1
(i) | D of=3 B1 1
(iii) | afy=1+i Bl 1
(b)(i) Za2=(20{)2—220!ﬂ used M1 Allow if sign error or 2 missing
=(~i)"-2x3 A1F
=—7 AlF 3 ft errorsin (a)
(ii) Za2ﬁ2=(zaﬁ)2—22aﬁﬁ7 M1 Allow if sign error in 2 missing
=(Zaﬂ)2 —20Py) « Al
=9-2(1+i)(-i) AlF fterrorsin (a)
=7+2i AlF 4 ft errorsin (a)
o | 2822 =(141) = 2i M1
(i) Ay =) AlF 2 ft signerror in B8y
(€ | Z+7Z+(7+2i)z-2i=0 B1F Correct numbers in correct places
B1F 2 Correct signs
Total 14
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MFP2 (cont
Q Solution Marks| Total Comments
5 | Assumeresult truefor n=k
k+1
Then Z(r2+1)r!
r=1
= ((k+2° +2) (k+ 1)k (k+1)! M1A1
Taking out(k +1)! as factor m1
= (k+1)!(k* + 2k +1+1+k) Al
Z(k+1)(k+2)! Al
k=1 shown (2 +1)1=2 ]
1x2!=2 Bl
R = R., and R true = 7 If all 6 marks earned
Total 7
6(a)(i) cos3¢9+isin3¢9:(cos¢9+isin0)3 M1
=cos’ @+ 3icos’ #sin@ + 3i% cosfsin? @
+i*sin® @ Al
Real parts: cos36 = cos’ 6 —3cosfsin® @ Al 3 |AG
(i) | Imaginary parts:
sin36 =3cos’#sind—sin*@ AlF 1
ii sin30
(i) 30 = M1 Used
cos34
2 Nein i3
= 30033 Hsn-ez Sn"6 AlF Error in sin36@
cos’ @ —3sin” @ cosl
_ 3tand—tan’6
1-3tan’6
3 —
3tan“6-1
(b)) ¢ 37t_1
N = B1 Used (possibly implied)
T . ¢ X -3x
tanT> 1sarooto 1= 31 M1 Must be hence
x3—3x*=3x+1=0 Al 3
(ii) | Other roots are tan%, tani—;[ B1B1 2
T 5n On
(© tanE+tanE+tanE:3 M1 Must be hence
T 5n
tan—+tan—=4
12 12 Al 2

Total

14
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MFP2 (cont
Q Solution Marks | Total Comments
7@ | dy 1
Ay Bl
dx tanh5
2 X
sech E" B1
1
2 B1
B 1
sinh X M1 OE ieexpressingin sinhX and cosh X
2 2coeh? X 2 2
cosh X 2
2
B 1
inh X X
2sinh 2cosh 5
1
" sinhx M1 ieuseof sinh2A=2sinh Acosh A
= cosech x Al 6 AG
Alternative
inhX _ X (BY)
Insinh 5 Incosh 5
coshX  sinhX
% 2 _% 2 (B1B1)
inh X X
sinh 5 cosh 5
cosh? X —sinh? X
2 2 (M1)
inh X X
2sinh 5 cosh 5
Use of sinh2A = 2sinh A cosh A (M1)
result (A1)
(0)(1) S=I:\/1+ cosech®x dx M1
:jfcothxdx Al 2 | AG
(ii) s=[|nsinhx]f M1 needs to be correct
=|nsinh2-Insinh1 Al
= |n%COShl AlF must be seen
sinhl
=In(2coshl) Al 4 AG
Total 12
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

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

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

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

COPYRIGHT

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

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

Set and published by the Assessment and Qualifications Alliance.

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

M 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 is for 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 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
A21 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use
of this method for any marks to be awarded. However, there are situations in some units where part marks
would be appropriate, particularly when similar techniques are involved. 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 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, 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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MFP2
Q Solution Marks | Total Comments
e—e e+e ) ) _
1@ | 5 > + > M1 MO if no 2sin denominator
=3¢ — 267 Al 2
(b) | 3e*—2e7"+5=0
3e? +5e*-2=0 M1 ftif 2smissingin (a)
(3e*-1)(e*+2)=0 A1F
e #-2 El any indication of rejection
o = 1 = In 1 ALF 4 provided quadratic factorises into real
3 T3 factors
Total 6
2(a) | 1=A(r+2)+Br M1
2A=1 A:é Al
1
A+ B=0, B:_E Al 3
b
(®) r=10 E(L—ij if (a) isincorrect but A:1 and B:—1
211011 1112 2 2
1/ 1 1 used, allow full marksfor (b)
r=11 =
2\11.12 1213
r =98 i1 1 M1A1 3 relevant rows seen
219899 99.100
= l(i_ 1 ] ml if splitinto i—i+;,follow
2110.11 99.100 2r r+l1 2(r+2)
mark scheme, in which case
1 1 1
- + - scores m1
210 211 2100 2.99
= i Al 4
19800
Total 7
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MFP2 (cont
Q Solution Marks | Total Comments
3(@)(i) | afy=-18+12i B1 1 | accept —(18-12i)
(i) | a+B+y=0 B1 1
(b)(i) | ¢=-2 B1F 1
. _ofy , M1 ft sign errorsin (a) or (b)(i) or slips such
(i) | Ar= pe =9-6 A1F 2 as miscopy
(iii) | A= af =a(B+ 1)+ Py M1
=—2x2+9-6i A1F ftincorrect By or «
=5-6i AlF 3
(© | B=k, y=2-ki B1
ki(2—ki)=9—6i M1
2k=-6 (k*=9) k=-3 m1 imaginary parts
Total 12
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MFP2 (cont
Q Solution Marks | Total Comments
4(@) | radius 2 centre —5+i B1B1| 2 | condone (-5, 1) for centre
do not accept (-5, i)
(b) | arg(z +2i)=arg (—4+4i) M1
3
= 77[ Al 2 clearly shown eg tan‘l(—%j
©) | |z +5-i|=[1+i]|=V2 B1 1
(i) | Gradient of line from
. T
(-5:1)to(4,2) is1 (Zj M1A1 M1 for a complete method
radius L line .. tangent El 3
(iii) /’*X g5
2 {
Sv / X
< Eqﬂ“““‘--q_,__ 2
o Y
- 5
Circle correct B1F ft incorrect centre or radius
Half line correct Bl 2 line must touch C generally above the
circle
(d) | z, incorrect place B1 BOif z, isdirectly below the centre of C
with tangent shown B1 2
Total 12
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MFP2 (cont
Q Solution Marks | Total Comments
5(a) | (e +e )2 expanded correctly B1 e” + 2’ + e isacceptable
Result Bl 2 AG
N dy
b)(i) | ——=sinhx B1
®)0) |
2
1+(%) =+/1+sinh®x
X
= cosh x M1 use of cosh? x—sinh?x=1
Ina
S=21tj0 cosh®x dx Al 3 AG (clearly derived)
(ii) | Useof coshzx:1(1+ cosh 2x) M1 a||0YV oneshp;nformulg e
2 MO if j cosh” x dx isgivenas sinh” x
1 Ina
S=n {x+—sinh2x} Al
2 0
. _|na+ 1( gna _g2na 1
L2 2
=n Ina+£(a2—a‘2)} A1F
4
- 1,
=n|lna+-——;(a —l)} Al 5 |AG
L 4a
Total 10
6| u=x-2
du
du=dx or d—:l B1 clearly seen
X
. 2. . 2
304+ Ax— ¥ = 36— 112 B1 if 32+4x—x° iswrittenas 36 —(x—2)",
give B2
du . 4 u . . .
I—2=9n = M1 allow if dx isused instead of du
J36-u 6
limits—3 and 3
or substitute back to give sin™ %2 Al
|= T, T_T Al 5
6 6 3
Total 5
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MFP2 (cont
Q Solution Marks | Total Comments
7(a) | Clear reason given El 1 Minimum O x E=E
(b)G) | (kK+1)((k+1)"+5)-k(k* +5) M1
=3k*+3k+6 Al
k*+k=k(k+1)=M(2) El Must be shown
f(k+1)—f (k)=M(6) El 4
(i) | Assumetruefor n=k
f(k+1)—f (k)=M(6) M1 Clear method
~f(k+1)=M(6)+f (k)
=M (6)+M (6) Al
=M (6)
Trueforn=1 Bl
P(n)— P(n+1) and P(1) true El 4 Provided all other marks earned in (b)(ii)
Total 9
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MFP2 (cont
Q Solution Marks | Total Comments
. 1 1 , 1
8 Z+—||z2——|=2"—-— Bl 1
(@) [ Z]( Zj >
2 2
(i) (Zz_izj (zﬁj
z z
=(Z4—2+i4j(22+2+—2j M1A1 Alternatlvesfori\lﬂlAll: .
z z (z4+4zz+6+—2+—4)(22—2+—2j or
z z z
2 2
R
A VA Z VA
1 1 L .
= ZG+_6+2(Z4+?j_(22 +—2j—4 Al 3 CAO (not necessarily in thisform)
0)G) | 2" +-L = cosng+isinng
z" M1A1l
+cos(—nd) +isin(—ng)
= 2coshé Al 3 AG
SC: if solution isincomplete and
(cos@+ising) ™" iswritten as
cosnd —isinng , award M1A0OA1
(i) | "—z"=2isinng B1 1
(©) | RHS = 20566 + 4cos46 — 20526 — 4 M1 ft incorrect valuesin ()(ii) provided they
AlF are cosines
LHS= —64cos’6 sin*6 M1
cos*@sin? @
1 1 1 1
=——00sS66 ——co0s46 + —c0s26 + —
32 1 2 16 | Al 4
) _sin69_sin49+sin29+£(+k) M1 ft incorrect coefficients but not letters A,
192 64 64 16 AlF 2 B,C,D
Total 14
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

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

Further copies of this Mark Scheme are available to download from the AQA Website: www.aga.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 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 roundsto ISW ignore subsequent work
ACF any correct form FwW from incorrect work
AG answer given BOD given benefit of doubt
SC specia case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must 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.

Otherwise we requir e evidence of a correct method for any marksto be awarded.
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MFP2
Q Solution Marks| Total Comments
1 i 1 2
LHS=1+ =(e*’ -2+¢&? Expansion of =(e’ —e™)" correctl
1(a) Al ) M1 p > y
Al Any form
1 .
=§(e29+e25’)=cosh29 Al 3 | AG
(b) | 3+6sinh?@=2sinhH+11 M1
3sinh’6 —sinh—-4=0 Al OE
(3sinh@—4)(sinh@+1)=0 M1 Attempt to factorise or formula
sinh@ = % or -1 AlF ft if factorises or real roots found
f=1In3 AlF
9=1In(~2 —1) A1F
Total
2(a) VA B1 Circle
Bl Correct centre
B1 Correct radius
B1F 4 Inside shading
X
(b) | Correct points B, and P, indicated B1F Possibly by tangents drawn
ft mirror image of circlein x-axis
sinoc:g M1
4
a=2 Al
6
. T 2n .
Range|s§< argzg? Al 4 Deduct 1 for angles in degrees
Total 8
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MFP2 (cont
Q Solution Marks| Total Comments
3(@) | f(r)-f(r-1)
1 2 2 l 2 2
=—r°(r+1) ——(r=1)r M1
T (r+ 1 - 5(r-1)
=%r2(r2+2r +1-r?+2r -1) Al Correct expansions of (r + 1)? and (r — 1)°
=r® Al 3 AG
0| =n: n3=1n2(n+1)2—1(n—1)2n2 I\Alli For either r =norr = 2n. Pl
r=2n:
3 1 2 2 l 2 2
(2n) :Z(Zn) (2n+1) —Z(Zn—l) (2n)"| Al
2n 1 2 1 2
D r¥==.4n*(2n+1)" —=(n-1)"n? M1
r=n 4 4
=%n2(5n+1)(n+1) Al | 5 |AG
Alternatively
2n n-1
dr¥and Y ristated MI1AIA1
r=1 r=1
(M1for either)
Difference M1
Answer Al
Total 8
4a) | Useof (Do) =S o?+25 op M1
1=-5+2> of Al
D ap=3 Al 3 |AG
(b) | A(-5-3)=~-23-3aBy M1 For use of identity
ofy=-5 Al 2
(© | 2-22+3z+5=0 M1
AlF 2 For correct signsand “= 0"
(d) | &®+/°+y*<0= nonreal roots B1
Coefficientsreal .. conjugate pair B1 2
(e) | f(-1)=0= z+1lisafactor M1A1
(z+1)(Z*-2z+5)=0 Al
z=-11+2i Al 4
Total 13
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MFP2 (cont
Q Solution Marks| Total Comments
5(a .
@ % = 2cosh xsinh x M1 Any correct method
= sinh2x Al 2 AG
x=1 du ..
(b) ' ZJ-X:OW M1A1 Ignore limits here
_ A x=1
- [tan u:|x=0 Al
» 1
= [tan *(cosh® X)]O Al Or A1 for change of limits
= tan™*(cosh®1) —tan™ (cosh® 0)
= tan™* (cosh?1) ——- Al 5 |AG
4
Total 7
6 | Assumeresult truefor n =k
Then 'il 2'xr SC If no series at al indicated on LHS,
= (r+1)(r+2) deduct 1 and give EO at end

okt 2 (k+1)

= + -1
k12 (k+2)(k+3) MIAL
k +
_2 (k+3+k+1) M1 Putting over common denominator (not
(k+2)(k+3) including the —1, unless separated | ater)
212(k+2
(k+2)(k+3)
k+2
2 Al
k+3
1 2°
k=1: LHS==, RHS=— -1
3 3 Bl
R = R, andR true El 7 | Must be completely correct

Total 7
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MFP2 (cont
Q Solution Marks | Total Comments
(@) | d 1 1 1 d
—|cosh™= |= - if Y -
dx( x) 1 1( sz M1A1 MO if i f(y) and no attempt to
N substitute back to x
-1
=— Al 3 AG
Xv1—x2
L)@@ | d ( 3 ) =2 Bl For numerator
X 21— X B1 For denominator (not (1-x2)*)
dy —X 1
dX  1-x2 x\/l— X2
1—2 h_y2 M1 For att(_ampt to put over acommon
= == denominator
xy1-x X Al 4 |AG
(i) 3 2
. 4 14 For use of 1+(ﬂj
S= I dx =] ; M1 ax
4 AlAl
=[In x]a‘ M1
2
3
=In—— In— In3 Al 5 AG
4 4
Total 12
8(a) | Correct multiplication of brackets M1
e’ +e'’ = 2c0s6 Al 2 Clearly shown
(b) | 2cosf =1 M1 SC If *hence’ not used and, say,
p 22— 7' +1=0 is solved by formula, lose
6=— Al T
3 _ » M1A1, but then continue M1m1 etc if 3
Z=e’ore® M1 is obtained
ni 2k i 2kmi
z= eE 4 oor ez 4 m1l
s 71[| 57‘L| 111[| A2 1
e 7 62 g1 g2 oF 6 Alif 3 roots correct
(C) .]" A
I
\ B2,1,0 B1for 4 rootsindicated correctly on a
T i x circle.
\ F
Indicationthat r =1 B1 3
Total 11
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

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

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

Copyright © 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 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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MEFP2
Q Solution Marks | Total Comments
4t 4mi
1@) | 4= 16en Ml Allow M1 if z*=2¢ "
Rooom m
=16| cos—+isin— OE couldbe 2ae? or
3 3 Al
T .. W
2a| cos—+1isin—
( 3 3)
=8+83i; a=38 AIF 3 | fterrorsin 2°
(b) | For other roots, r =2 Bl for realising roots are of form 2xe”
o= . 2kn M1 for strictly correct 0
12 4 1
24 MlAl i.e must be | their E+2kTr X—
3 4
7mi 5w —llmi on
Roots are 2¢'2,2e 2 ,2e 2 ft errorin —orr
b b 12
A2.1, 5 2Un
OF {aocept Ze(EJrT} k= —1,—2,1]
Total 8
1 BI, For either 4 or B
22) | A= 9’ B=- 2 BIF 2 For the other
(b) | Method of differences clearly shown M1
Sum _1 1- ! Al
2 2n+1
=" Al 3 | AG
2n+1
n
————<0.001 or > 0.499 i
(©) 2(2n+1) 1 Ml Condone use of equals sign
1< 0.004n + 0.002 or n > 0.998n + 0.499
0.998 or 0.004n >0.998 Al OE
004
n =250 AlF 3 ft if say 0.4999 used
If method of trial and improvement used,
award full marks for a completely correct
solution showing working
Total 8
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MFP2 (cont)
Q Solution Marks | Total Comments
3(a) | 2+3i Bl 1
b)) | af=13 Bl 1
(i) | off+By+ya =25 M1 MI1AO for -25 (no ft)
y(a+p)=12 AIF
y=3 AIlF 3 ft error in o8
Gii) | P~ 20’ =-7 11;/33 M1 for a correct method for either p or ¢
q=-ofy=-39 AIF 3 ft from previous errors
p and g must be real
for sign errors in p and ¢ allow M1 but A0
Alternative for (b)(ii) and (iii):
(i) | Attempt at (z—2+3i)(z—2-3i) (M)
72 —4z+13 (A1)
cubic is (z* —4z+13)(z=3) .. y=3 (A1) A3)
(iii) | Multiply out or pick out coefficients (M1)
g (A1,
Total 8
4(a) | Sketch, approximately correct shape B1
BO if curve touches asymptotes
Asymptotes at y =+ BI ) lines of answer booklet could be used for
B asymptotes
be strict with sketch
h
(b) | Use of u = 2% M1
cosh x
e |
= x X or 2x Al
e +e e +1
u (ex +e ) =e ' —e" Ml M1 for multiplying up
e*x(1+u):ex(1_u) Al A1 for factorizing out e’s or M1 for
attempt at 1+u and 1 —u in terms of e”
2% _ 14+u ml
l—u
1 1+u
x==1 Al 6 AG
2 1-—u
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Q Solution Marks | Total Comments
4(c)(i) | Use of tanh’x =1—sech’x Ml
Printed answer Al 2
(ii) | (3tanhx —1)(tanhx—-2)=0 Ml Attempt to factorise
tanh x # 2 El Accept tanh x#2 written down but not
ignored or just crossed out
tanhx = 1 Al
3
1 Ml
x=5 2 AIF 5 |t
Total 15
5(a) | (cos®+ising) " =
(cosk@+isink@)(cos @ +isin ) Ml
Multiply out Al Any form
=cos(k+1)@+isin(k+1)6 Al Clearly shown
True for n = 1 shown B1
P(k)= P(k+1) and P(1) true El 5 provided previous 4 marks earned
1 1. . — cosnb —isinnd or z" =cos(—n@) +isin(-nb)
z"  cosn@+isinné ( O+isi 6)7'1
(b) MIA1 gc (\cos@+isin
quoted as cos nd —isin nd
earns M1A1 only
z" +in:2cosnt9 Al 3 AG
z
1
© | z+==2
z
2c0s0=+2 Ml
o=" Al
4
o 1 107 MO for merely writing
z +—5;=2c08| — M1 1
z 4 210+T=2005106
z
=0 AIlF 4
Total 12
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MFP2 (cont)

Q Solution Marks | Total Comments
6(a) | Centre —1-1 or (—1, —1) B1
. Ml . .
Radius 5 ALF ft incorrect centre if used
|z+1+i|=50r ‘z—(—l—i)|:5 AIF 4 | ft |z+1+i|=10 earns MOBI
(b) i 1
— &
| T - ¥
[—1.-1% S
LI"\:
(34
C, correct centre, correct radius BIF ft errors in (a) but fit circles need to
intersect and C, enclose (0,0)
C, correct centre, correct radius B1
Touching x-axis BI1F 3 error in plotting centre
5 allow if circles misplaced but
© ] 0,0,=3V5 MIAL 0,0, is still 3/5
Correct length identified ml
Length is 9+ 35 Alt/lli“ 5 ft if  is taken as 10
Total 12
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MFP2 (cont)

Q Solution Marks | Total Comments
2 2 2
E:\/H-[d_yj :\/1+(£j Allow M1 for s =] 1+(£j dx
7)) | © dx 2 MIAL 2
d
then A1 for il
dx
= %\/4 +s° Al 3 |AG
ds 1 . . ) .
(ii) J' = = J' 5 dx M1 F or separ?ltlon of variables; allow without
[4+¢ integral sign
. 1 T
sinh™' % = Ex +C Al Allow if C is missing
Cc=0 Al
! . . 3
s= 251nh5x AG if C not mentioned allow Z
SC incomplete proof of (a)(ii),
Al 4 dlfferentla‘;ng .
s =2sinh = to arrive at — =—+/4+s°
2 dx 2
2
allow M1A1 only (A)
(iii) Y = sinhlx Ml
dx 2
y= 2cosh%x+ C Al Allow if C is missing
Cc=0 Al 3 Must be shown to be zero and CAO
() | ¥'= 4(1 +sinh? %) M1 Use of cosh® = 1+sinh?
=4+’ Al 2 | AG
Total 12
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

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

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

Copyright © 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
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

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

Set and published by the Assessment and Qualifications Alliance.

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

M mark is for method

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

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

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

Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which 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 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 werequire evidence of a correct method for any marksto be awarded.
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MFP2
Q Solution Marks | Total Comments
1 2 1 2
1(a) | LHS= =(&*+ &™) —=(e" - €& M1
(a) S(e e (e -e)
Correct expansion of either square Al
Shown equal to 1 Al 3 AG
(b)(i) | 8cosh®x-3 Bl 1
(ii) | Sketch of y=coshx B1 1 Must cross y-axis above x-axis
(i) | coshx=(%)1.25 B1F OE; ft errorsin (b)(i); allow + missing
x=In (1.25+ J1.25° —1) M1
=In2 AlF
In% by symmetry AlF 4 Accept —In2 written straight down
Alternatively, if solved by using
e?* —25e*+1=0, alow M1 for
weln 25++25 -4
2
Total 9
2 y A
7 AN R
X
(@)(i) | Circle Bl
x-coordinate = — 2 x y-coordinatein
Correct centre Bl correct quadrant; condone (4,—2i)
Touching y-axis Bl 3
(ii) | Straight line B1
paralel to x-axis Bl
Assume (0, 1) if distance up y-axisis half
through (0, 1) Bl 3 distance to top of circle; no other shading
outside circle
(b) | Shading: inside circle B1F
aboveline B1F 2
Whole question reflected in x-axis |oses
2 marks
Total 8
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M FP2 (cont)
Q Solution Marks | Total Comments
3(a)(i) | f=2-23i B1 1
(ii) | aPy=-8 M1 Allow for +8 but not +16
off =16 B1
1
-_= Al 3
4 2
(i) | Either P =g+ p+y o .
2 M1 SC if failure to divide by 2 throughout,
q allow M1A1 for either p or g correct ft
or E:a/j’+,37/+ya
I A1F, ,
p=-7, q=28 A1F 3 ftincorrect ¥
Alternative to (a)(ii) and (a)(iii):
(22 —4z+16)(az+b) (M1)
off =16 (B1)
a=2 b=+1, 7=—% (A1)
Equating coefficients (M1)
p=-7 (A1F)
q=28 (A1F)
o)) | r=4, 9:% BLBl1| 2
(ii) (2+2\@i)n=[4e3j M1
nt .. No
=4"| cos—+isn— Al 2 AG
o= vian )
AN nc .. Nn
ii) | (2-2J3i) =4"| cos——isin— B1
(iii) ( ) ( 3 3)
nt .. nm
o"+ "+ y"=4"| cos—+isin—
B +y ( 3 3)
+4”(cosﬂ—isinﬂj+(—ljn
3 3 2 M1
=22"+1cosm+(—1j Al 3 | AG
3 2

Total

14
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M FP2 (cont
Q Solution Marks | Total Comments
4(a) %:sinth B1
dt
ﬂ=200$ht Bl
dt
2 2
(%j +(Q) =sinh® 2t + 4cosh®t M1
dt dt
Useof sinh2t=2sinhtcosht ml Or other correct formulafor double angle
=4cosh’t(sinh®t +1) Al For taking out factor
=4cosh*t AlF 6 ft errorsof signin o or &
dt dt
1,
(b)(i) S=27TJO 2sinht.2cosh® tdt M1 Using the value obtained in (a)
=8r [ sinht.cosh®t Al 2 |AG
cosh®t |’
(ii) S=8n[ } M1
3 0
=S cosh®1-1] AL | 2 |OEegZ (6+l)3 -8
3 3 €
Total 10
5@)(i) | u, =S =1.2.3=6 B1 1 | AG
(i) | u,=5,-§=42 B1 1 AG
(i) | Uy =5, - S, M1
=n?(n+1)(n+2)-(n-1)*n(n+1) Al
=n(n+1)(4n-1) Al 3 |AG
2n
(b) Z U = %n - Sn M1
r=n+1
=(2n)*(2n+1)(2n+2)-n*(n+1)(n+2) | Al
=3n’(n+1)(5n+2) Al 3 |AG

Total
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M FP2 (cont)
Q Solution Marks | Total Comments
6(a) | t=tand dt=sec’0d@ B1 OE
| _J‘ dt
(9cos’ 0 +sin* @) sec’ 0 M1 OE
. Al | 3 |AG
t°+9
1., t]"
(b) | I {—t 1—} M1 M1 for tan™
3 3o
ltan‘lﬁ or Ltant L Al
3 3 3 3
= AL | 3 |AG
18
Total 6
7(a) | Assumetruefor n=k
U,y =2(3x 27 -1) +1 M1A1
=3x2-1 Al 251 not necessarily seen
Truefor n=1 shown Bl
Method of induction clearly expressed E1l 5 Provided all 4 previous marks earned
n n
() | D u=>3x2"-n
r=1 r=1
=3(2"-1)-n M1A1 M1 for summation, ie recognition of a GP
=U,,—(n+2) Al 3 AG
Total 8
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M FP2 (cont)
Q Solution Marks | Total Comments
20 \7 _ 2kai

@0 [e?} -e=l Bl 1 Or /=™ z=e7 k=1

(i) | Rootsare o, @°, @', @, &° M1A1 2 OE; M1AO0 for incomplete set
SC B1for aset of correct rootsin terms

of €°
(b) | Sum of roots considered M1 6 o o' -1
ory o= =0
=0 Al 2 = w-1
- i 20n0
(C)(I) a)2+a)5:e7 +e7 M1
PR 4t . . 4« 4 . . 4n
—e7 +e 7 Al Or cos7+|sm—+cos——|sm7
4
:2c0377t Al 3 AG
(ii) a)+a)6:2cosﬁ : a)3+a)4:2cos@ B1,B1 Allow these marksif seen earlier in the
7 7 solution
Using part (b) M1
Result Al 4 AG
Total 12
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
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 and abbreviations used in marking

M mark isfor 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
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 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 o candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

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

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

Where a question asks the candidate to state or write down aresult, no method need be shown for full marks.
Where the permitted calculator has functions which reasonably allow the solution of the question directly, the
correct answer without working earns full marks, unlessit 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 marksto be awarded.
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MFP2
Q Solution Marks | Total Comments
X —X _
La) | O(e"-€™) e+ M1 MOf coshx mixed up with sinhx
2 2
=4 — 5% Al 2 AG
(b) | Attempt to multiply by €* M1
4e™ 8¢ ~5=0 Al
<2ex _ 5) <2ex + 1) -0 M1 ft provided quadratic factorises
(or use of formula)
e # —% E1F Pl but not ignored
o= A1F
2
h 53— 2 M1 M1 Pl for attempt to use tanh x = Sinh x
tanh x 5.2 29 INT: 7 cosh X
or equivaent fraction
Total 9
2(a) 1 _A_ B
r(r+2) r r+2 M1
1 _ 1 Al, .
A_E’ B_—2 INT: 3 ft incorrect A
Oy, L _1(1.1
1.3 2\1 3
r=p 1[1 _lj
24 22 4
1 1/1 1
35 2 [3 5) M1 3 rows (Pl) numerical values only
1 1/1 1
r=48 —— =-| ——— _ -
1850 2 [48 50) AlF Last row — could be implied
Cancelling appropriate pairs M1
11 1 1 1 . 1. ..
Sum= = S+ —-——-— Allow if the = ismissing onl
2(1 2 49 50] ALF 2 gony
894 . .
= —— Al 5 CAO (or equivaent fraction)
1225
Total 8
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M FP2 (cont
Q Solution Marks | Total Comments
3 1ma >
~N
(2.2)
> Re
X
(@ _ _ _ _ Clearly shown do not allow
|2+2|+1+3||=|2+2|—5—7| B1 : _ _
| 3+5i |=| -3-5i | without comment
arg(2+2i) = % B1 2 | Clearly shown
(b) | L, : straight line with negative gradient Bl
perpendicular to line joining
(-1,-3) to (5,7) B1
The point (2,2) must be shown either by
through (2,2) Bl (2,2) or 2+2i or with numbered axes
L, : half linethrough O B1
through (2, 2) B1 5
(©) | Shading between Lp— B1 No marks for shading if circles drawn in
477 2 (b)
Below L, Bl 2
Total 9
4@) | a+PB+y=2 B1 1
(b)(i) | isaroot and so satisfies the equation El 1
(i) | D e®-2>a*+ p)Y a+30=0 M1A1
Substitutionfor > ar*and )" o ml
D o’ =p+13 Al 4 | AG
(i) (Za)2:2a2+220€,3 used M1 do not alow thisM mark if used in (b)(ii)
p=-3 Al 2 | AG
(©@) | f(-2)=0 M1
(i) | (z+ 2)(22 —4z+ 5) =0 M1 For attempting to find quadratic factor
_4x-4 - Use of formula or completing the square
Z= 2 mO if roots are not complex
=2+i Al 3 CAO
Total 13
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M FP2 (cont
Q Solution Marks | Total Comments
. | Divide cosh’t —sinh?t =1 by cosh?t sinh?®t 1
5(a)(i Or +
@0 M1 cosh’t  cosh®t
Rearrange Al 2 AG If solved back to front with no
conclusion ending cosh?t —sinh?t =1
Bl only
.. | d{sinht) cosh’t—sinh’t
(i) a(coshtj_ cosh’t MiAl
= secht Al 3 AG
(iii) %(secht) = —(cosht)sinht M1A1 Allow Al if negative sign missing
= —secht tanht Al 3 AG
2 2 . :
. dx dy ) _ 4 2 2 Allow dlips of sign before
(b)(i) (EJ +(a) = sech”t+sech“ ttanh“t M1 squaring for this M1
Useof tanh’ +sech’t=1 ml Correct formula only for m1
=sech’t Al
Lpn
w.5=[2"secht ot Al 4 | AG (including limits)
(i) | u=€ du=€dt B1
2 CAO M1 for putting integrand
secht dt = | —— du
I J‘u2+1 MIAL intermsof u  (no sech (Inu))
[2tan”'u] Al Or 2tané
Change limits correctly or change back mi At some stage
fot
-2 _Zn_x Al 6 |CAO
3 4 6
Total 18
6(a) 1 k+3
(k+2)!  (k+3)! M1
Result Al 2
(b) | Assumetruefor n=k
Forn=k+1
kf rx2” 2 (k+1)2™ ,
s —(r +2)! (k+2)! (k+3)! M1A1 If no LHS of equation, M1A0
ook 1 k4l mi m1 for a suitable combination clearly
(k+2)  (k+3)! shown
2k+2
=1— = +
(k+3)! Al clearly shown or stated trueforn=k + 1
Truefor n=1 B1 Shown
Method of induction set out properly El 6 Provided previous 5 marks all earned
Total 8
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M FP2 (cont
Q Solution Marks | Total Comments
7@)(1) | 1+/3i = 2e° B1 B1 both correct
1—i :\/Eeinji B1B1 3 OE
(i) | 22 or equivalent single expression B1F g(;)wdefr?sl mals; must include fractiona
Raising and adding powers of e M1
117—27[ or equivalent angle AlF 3 | Denominators of angles must be different
wi  2kni
NP N 1 M1
30 /2 =82 Bl CAO
_1l/m _7m _3In Correct answers outside range: deduct 1
- ) ’ A2,1F 4
36 36 36 mark 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 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 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

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 specia case

OE or equivalent

A21 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 M ethod 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, unlessit 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 marksto be awar ded.
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MFP2
Q Solution Marks | Total Comments
1(a) Ya
24, Circle Bl
P\ X  correct centre B1
through (0, 0) Bl 3
(b)(i) | z correctly chosen B1F 1 ftif circle encloses (0, 0)
(i) | |z|=8 B1F 1 | ft if centre misplotted
Total
2(a) u-u_=
1 1
Er(r+1)(4r+11)—€(r—1)r(4r+7) M1
Correct expansion in any form, eg
%r(4r2+15r+11—4r2—3r+7) Al
=r(2r+3) Al 3 AG
(b) | Attempt to use method of differences M1
Sigo = Uigo — Ug Al
=691850 Al 3 CAO
Total 6
3(@) (1+i)*=2ior (l+i)=\/§en7I Bl
2i(1+i)=2i-2 B1 2 AG
Alter native method:
(1+i)’=1+3i +3%+i° Bl
=2i-2 Bl
(b)(i) | Substitute z=1+i M1
Correct expansion Al allow for correctly picking out either the
real or the imaginary parts
k=-5 Al 3
(i) | p+y=5+i—-a=4 B1 1 AG
(iii) | ofy=5(1+1i) M1 alow if sign error
Br=5 Al1F ftincorrect k
7 —4z+5=0 M1
Use of formulaor (z—2)° =-1 AlF No ft for real rootsif error ink
Z=2%i AlF 5
NB alow marksfor (b) in
whatever order they appear
Total 11
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M FP2 (cont
Q Solution Marks | Total Comments
4(a) ﬂ:lZsinhx—Scoshx—l B1 _TheB_l and M1 cou!d bein reverse order
X if putintermsof efirst
(ef-e™) (e'+e7) MO if sinhxand coshx intermsof €
12 -8 -1=0 M1 _
2 2 are interchanged
2> - -10=0 A1F ft dipsof sign
(2¢"-5)(e*+2)=0 M1A1F ft provided quadratic factorises
efx-2 E1l some indication of rejection needed
.5 . . « 5 .
X= InE one stationary point AR 7 Condone €" = 3 with statement provided
guadratic factorises
Special Case
If ﬂle sinh x—8cosh x BO
dx
For substitution in terms of €* M1
leadingto € =5 Al
Then MO
Balen
(b) | b=12 2 5 S) _g\2 5 5 —Ing M1A1F for substitution into original equation
:%—S—ZL—InE Al CAO
10 10 2
=9-a Al 4 AG; accept b=9-a
Total 11
du 1 2
5@ | —==(1-x%) 2 B1
@ dx 2( )
X (—2x) Bl 2
sint x dx = xsin~ x— X dx M1 A1 for each part of the integration by
(b) I -[,/1_ X2 AlAl parts
X . . du
- dx=+1-x* used A1F ft sign error in —
== ’ o
££+ /1—§ -1 ml substitution of limits
23 4
N Al 6 | CAO
6 2
Total 8
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M FP2 (cont
Q Solution Marks | Total Comments
dx use of FB for sect ;
6(a) | — =sect —cost B1,B1 if done from first principles, allow B1
dt when sect isarrived at
Useof 1-cos’t =sin’t M1
%:sinttant Al 4 AG
(b) | ¥ +y*=dn’ttan’t +sin’t M1A1 signerrorin%AO

Useof 1+tan’t =sec’t m1
VX +y? =tant AlF ft sign error in %
j%tantdt:[ln%ct]g A1F ftsignerrorinﬂ

0 0 dt

=In2 Al 6 CAO
Total 10
7(a) | f(k+1)-5f (k)
=12 4+ 2x 5 - 5(12 +2x 5" M1
=12 4 2x 5" —5x12" — 2x5* Al for expansion of bracket 5x5“* = 5 used
=12x12 —5x12" = 7x12* Al 3 clearly shown
(b) | Assume f (k)=M (7)
Then f (k+1)=5f (k)+ M (7) M1 Not merely arepetition of part (a)
=M (7) Al clearly shown
f(1)=12+2=14=M (7) B1
Correct inductive process El 4 (award only if all 3 previous marks
earned)
Total
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M FP2 (cont
Q Solution Marks | Total Comments
8(2)() 4(1+i\/§)=8(%+iﬁj M1 for either 4(1+|\@) or 4(1—|\@) used
%i If either ror@ isincorrect but the same
=8e Al valuein both (i) and (ii) allow A1
but for @ only if itisgiven as %
(i) | 4(1-iV3)=8e* Al 3
(b) | Z2-4=+,/-48 M1 taking square root
7} = 4+ 43 Al 2 |AG
) %i+2kni %[i+2kni B1F for the 2; ftincorrect 8, but no decimals
z=2e 3 orz=2 3 M1 for either, PI
L ] Allow A1l for any 2 roots not +/— each
z=2e°,2e° ,2e?® other
e £ L Allow A2 for any 3 roots not +/— each
=2e°,2e°% ,2e° other

A3,2,1F 5 Allow A3 for all 6 correct roots

Deduct A1 for each incorrect root in the
interval; ignore roots outside the interval
A ftincorrect r

(i)
Radius 2 B1F clearly indicated; ftincorrectr
allow B1 for 3 correct points
0 5> condone lines
\\\/ Plotting roots B2,1 3

(d)(i) | Sum of roots= 0 as coefficient of Z2=0 El 1 OE
(i) . T
Use of, say, > e’ +e?’ :0035 M1
cosE:1 used Al
9 2
I L Al 3 | AG
9 9 9 9 2
Total 17
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at the
standardisation 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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MFP2
Q Solution Marks | Total Comments
1(a) Ima
Use average of whole question if 2
diagrams used
'Re
(i) | Circle B1 Circlein any position
correct centre Bl Must be shown
touching x-axis B1F 3 ft incorrect centre
(ii) | half-line B1
through (0, —2) Bl Can beinferred
through point of contact of circle with
X-axis Bl 3
(b) | Insidecircle Bl
Online B1F 2 ft errorsin position of line and circle
Total 8
2(a) (ex+e*x)(ey+e*y)_(ex— e¥)(e’-¢e”) M1A1 MO if sinh and cosh confused
2 2 2 2 M1 for formula quoted correctly
Correct expansions Al Useof ¥ AO
—%(ex‘y+ e y)):cosh(x—y) Al 4 | AG
Alternative:
cosh(x—1In2)= coshxcosh(In2 x-In2 | x+n2 X X
b)) ( ) . ( ) M1 e +e _&€-e"
—sinhx sinh(In2) 2 2
5
COSh(an) =7 ¥-In2 e —x+In2 —1
4 any method B1 Both e :E or e =2e
. 3 correct
sinh(In2) =2 used B1
5 7 .
Zcoshx= Zsmhx A1F e=16 Al
5 5
tanhx=7 Al 4 AG tanhx=7 Al
il 27| o €85 M1 Could be embedded in (b)(i)
i == == ould be em in (b)(i
( ) 2 1_ 5 eX_l_efx 7
7
_1 In6 Al 2
Total 10
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MFP2 (cont)
Q Solution Marks | Total Comments
3@ | (r+!= (r+r(r-1) M1
Result Al 2 AG
(b) | Attempt to use method of differences M1
n
D (r?+r=1)(r 1)l =(n+1)!+ nl -2 0! Al
r=1
(n+!=(n+1)n! ml Must be seen
(n+2)nl -2 Al 4 AG
Total 6
@) | 2o =2 B1
Yapf=0 B1 2
(i) | D.?=(Da)*-2> aB M1 Used. Watch » o =-2 (M1A0)
=4 Al 2 AG
(iii) | Clear explanation E1 1 eg o SaIISerS'[heClJbIC equation since it
isaroot. Acceptz=a
(iv) Za3=22a2—3k M1 Or 20{3:(20()3—32052aﬂ+3aﬂ7/
=8-3k Al 2 AG
(b)(i) | o*=20° ke B1
20/1: ZZas—kZa M1 Or Za4=(2a2)z—2(2aﬁ)2+4aﬂy2a
= 2(8-3k) -2k Al fton Y a=-2
k=2 Al 4 AG
(i) | Ya'=23a" kY & M1
Substitution of values Al
=_—8 Al 3
Total 14
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MFP2 (cont)
Q Solution Marks | Total Comments
5(a) 2yg = 2x B1 o Yo X(x* + 8)_%
dx dx
S 9 J.ey 1+X—z dx M1 M1 for use of formula provided % isa
0 X
y AlF .
function of x
A1 for substitution for ? (onedip)
X
Eliminating al y ml
=2\/§nI: X2 + 4 dx Al 5 | AG
dx
(b) | dx=2cosh@ dé or Fyie 2coshé B1
8:2\/571_[ [4sinh? x+ 4. 2coshd do M1 Fore_liminatingxcompletelyand use of
déo,ie d@ attempted
2 P k2
S=(2v2) n[ 2coshd. 2c0sh6 d6 ml Useof cosn"6—dnh"g =1
(ignore limits)
_ 4\/571 j(coshZH+1) do mi Use of formulafor cosh 26 ; must be
correct
sinh26 . .
=42n > +6 B1F Correct integration of acosh26+b
_ 4J§n[5inh0005h€ +6] ml Useof sinh26 = 2sinh@coshé
Must be seen
6
2
:4@1{24/%& +sinh1§} M1 Or change limits
0
= n|24/5+4,/2 sinh* 3] Al 8 |AG
Total 13
6(a) | Expansion of (k +1)(4(k +1)* - ) M1 Any valid method — first step correct
= 4k® +12k* +11k + 3 Al 2 AG
(b) | Assumetruefor n=k
For n=k +1:
k+1 5 1 5
d(2r-1)" = 5k(4k2 —1)+(2k+1) M1A1 No LHS M1A0
r=1
= %(4k3 +12k* +11k +3) A1F ft error in (2k + 1)
1 2 .
=§(k+1)(4(k+1) —1) Al Using part (a)
Truefor n=1 shown Bl
Proof by induction set out properly El 6 Dependent on al marks correct
(if factorised by 3 linear factors, allow Al
at this particular point)
Total 8
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MFP2 (cont
Q Solution Marks | Total Comments
7(a)(i) | cos50+isin50 =(cos@ +isi m9)5 M1 Attempt to expand 3 correct terms
Expansion in any form Al Correct simplification
Equate real parts: ml
c0s56 =cos’ @ —10cos’ #sin® @ + 5cosfsin® 6 Al AG
Equate imaginary parts.
sin50 =5cos’ #sin@ —10cos’ #sin® 6 +sin® 6 Al 5 CAO
(i) | tansg = N7 M1 Used
Cos56
Division by cos® @ or by cos* @ ml
tan6(5—10tan’ 6+ tan* 6)
tan50= > n Al 3 AG
1-10tan“ @ +5tan” @
(b) ezg:» tan50 =0 M1 Or for tan*@ —10tan®#+5=0
tan% satisfies t* —10t* +5=0 Al Or for tan50 =0
kn
Other roots tang k=2,34 Bl 3 OE
(c) | Product of roots=5 M1
tan= = —tanﬂ Bl Or tanﬁ = —tana—7r
5 5 5 5
tan® Ztan? X = 5 Al
5 5
n,2n
tan—tan= = ++/5 Al
5 5
— sign rejected with reason E1l 5
Alternative (c)
Use of quadratic formula M1
t?=5+25 Al
t=+5+25 B1
Correct selection of +vevaues E1
Multiplied together to get V5 Al
Total 16
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation events which all examiners participate in and is the
scheme which was used by them in this examination. The standardisation process ensures
that the mark scheme covers the students’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner analyses a number of students’ scripts: alternative answers not already covered by
the mark scheme are discussed and legislated for. If, after the standardisation process,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

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

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

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—X EE
NMS
PI

SCA

c

sf

dp

mark is for method

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

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct X marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

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

of this method for any marks to be awarded.

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP2 January 2012

Q Solution Marks | Total Comments
1(a) y
A
> x
Sketch y =sinh x B1 gradient > 0 at (0, 0); no asymptotes
Sketch y=sechx:
Symmetry about x =0 with max point B1
Asymptote y=0 B1 must not cross X-axis
Point (0, 1) marked or implied B1 4
. 1
(b) | sinhx= Ml
cosh X
sinh 2x =2 M1 use of double angle formula
Use of In ml dependent on previous M2
X = 1 In (2 +/5 ) Al 4
2
or
1 . .
E(e2X - e'zx) =2 OE (M1) incorrect sinh X, cosh X M0 (no marks)
e —4e” -1=0 (M1) ie multiply by e** and rewrite
Correct use of formula (ml)
Result (A1) (4)
Total 8
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Q Solution Marks | Total Comments

2(a) A
Im

Re

v

Z

Half-line with gradient < 1 B1 1 condone a short line, ie it stops at or
inside circle

(b)(i) | Circle centre on L, x-coord 6 indicated B1
touching Re z =0 not at (0, 0) B1 2 not touching Re axis
.. . 6
(i) | y-coord of centre is 23 or — B1 OE; PI
3
Z,=6+ 2\/§i, BIF, ft error in coords of centre
k= Bl 3
(iii) | Point z, shown Bl PI
1
argit, = By Bl 2
Total 8
3(a) ﬂ __ 1 B1
dx 2tanhXx
x sech’X B1
_ 1 M1 for expressing in terms of sinh x and
2sinh X cosh x cosh X
=— ! Al 4 AG; PI by previous line
sinh 2X

o L ﬂ 2 e 1 Ml use of formula; accept \ inserted at any
dx sinh? 2x stage
2
- /cos}lll—zix ml relevant use of cosh’—sinh” =1
sinh” 2X

_ Cf)Sh 2X Al OE
sinh 2X
Integral is %ln sinh 2x MI1Al M1 for In sinh
sinh(21n4) = 255 sinh(2In2) = 15 B1B1 PI
32 8
Szlln 1—7 AlF 8 ft error in l
2 4 2

Total 12
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Solution Marks | Total Comments
Assume result true for n =k
T
37 -3 M1
M
3 3k+1 _1
= k+1 ( k)+1 Al
43" -D)-3"" -3)
4x 3 gkl _3ke2 Al clearly shown
3k+2 _ 3
U = ﬁ Al
2
n=1 32 3_3_ u, Bl
33-1 4
Induction proof set out properly El 6 must have earned previous 5 marks
Total 6
pri
Numerator =¢ 8 Bl
—qmi
Denominator =¢ 2 Bl
Fraction = e%*% M1 allow for attempt to subtract powers
_ e2%(3 p+2q) Al
et ml OE
3p+2g=12 AlF ft errors of sign or arithmetic slips
p=2,09=3 Al 7 CAO
Alternative 1
Numerator = cos % +isin % (B1)
Denominator = cos " +isin - (B1) needs more than just cos 7 —sin >~
Fraction =
(cos%wtisin%)(cos%ﬂsin%‘) (M1)
=cos(3p+2q)+isin 1 (3p+2q) (A1)

=iif cos%(3p+2q)=0
or sin(3p+2q)=1 | (ml)

3p+2q=12 (A1F)
p=2,q=3 (A1) (7) | CAO
Alternative 2
LHS cos® +isin ** (B1)
RHS icos T +sin ] (B1)
cos 7 =sin T or sin ¥ =cos ™ (M1)
Introduction of g (ml)
pr_n_an A1)
8§ 2 12
3p+29=12 (A1F)
p=2,q9=3 (A1) @) CAO (correct answers, insufficient

working 3/7 only)

Total 7
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MFP2 January 2012
Q Solution Marks | Total Comments
6(a) | 7+4x—2x>=9-2(x-1) MIA1 2
(b) | Put u=~2(x-1) M1 allow U=K(x—1) anyk
du =~/2dx AlF
1
1 du : ) 2 1
= ﬁj — ALF ft error in (a); must have u” only, ie NG
outside integrand
= Lsin‘1 g Al for sin™ —
V203
Change limits or replace u ml provided sin™
_T g ™2 Al 6 |cao
W2 8

Alternative — if integration is attempted
without substitution:

sin”™' (M1)
1
—-= AlF
N (ALF)
x-1) (A1)
Q (A1F)
3
Substitution of limits (ml)
T
—= Al 6 CAO
WG (A1) (6)
Total 8
7(a) | Use of (Zoz)2 =Y’ +2Xaf Ml
Al 2 AG
(b) | P=0, g=5+6i B1,B1 2
(c)(i) | Substitute 3iforz or use3ify=-r Ml allow for 3ifSy=r
—27i+15i-18+r=0or fy=5+6i+a’ | Al any form
r=18+12i AlF 3 one error
(i) | Cubic is (z—3i)(z* +3iz — 4+ 61) MI1Al 2 clearly shown
oruse of By and f+y
(iii) | £(=2) =0 or equate imaginary parts M1
B=-2, y=2-3i ALALF 3 correct answers no working and no check

B1 only

Total 12
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Q Solution Marks | Total Comments
2mi 4mi —2mi —4mi
8(a) l,eS,e’,e5 ,e° B1 1 accept ¢’
-1 ., 5 ., )
(b) 1=z +2°+z2" +z+1 B1 BO if assumed
Z —
2ni dmi ~2ai Ami 6mi 8mi
— 5 5 5 5 - o
=|z-¢ Z-¢ Z-¢ Z-¢ MIAIL 3 acceptif e , e3> used here
(c) | Correct grouping of linear factors Ml
2mi —2mi
e +e s = 20052—7[ Al clearly shown
(Zz—2cos2?nz+1)(zz—2cos4?nz+lj Al
+7* to give answer Al 4 AG
(d) | Substitute into LHS to give w* +w—1 Bl
RHS (W—20052%)(W—20054?nj B1
Solve W* +w—1=0 Ml
W= ~1445 Al
2
2 _
cos—n = & Al
4
with reasons for choice El 6
Total 14
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation events which all examiners participate in and is the
scheme which was used by them in this examination. The standardisation process ensures
that the mark scheme covers the students’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner analyses a number of students’ scripts: alternative answers not already covered by
the mark scheme are discussed and legislated for. If, after the standardisation process,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

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

Further copies of this Mark Scheme are available from: aga.org.uk
Copyright © 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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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
1(a) | Sketch of y =cosh x Bl 1 approximately correct with minimum
point above the x-axis, symmetrical about
y-axis
(b) | Attempt to factorise M1 or c_omp_le_te square or use (correct

unsimplified) formula

(3coshx—5)(2coshx+1)=0 Al

1 -
cosh x # —3 El indicated or stated (not merely neglected)
5 [25 M1 evidence of use of formula. Must see -1
x=1In 3t 3—1 or equivalent
AlF ft incorrect factorisation
=+In3 AlF 6 Al for £
Alternative:
3[ e e j s
2

3e”* —10e* +3=0 (M1)

(3e*-1)(e*-3)=0 (ALF) Correct factors

X= In% or In3 (ALF) for both

X —X

NB if coshx:e e

used initially, MO

until quartic in e* is factorised

M1 for e*-3 is a factor Al if correct

M1 for 3e*-1is a factor Al if correct
Alforx=%x1In3

E1 for showing remaining quadratic has
no real roots

Total
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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
2(2) Ima
7 —== »Re
(i) | Circle Bl Convex loop
Correct centre B1 Some indication of position of centre
Touching Im axis Bl 3
(ii) | Straight line well to left of centre B1 % line through (O, %) BO
through (0, %) B1 Point approximately between 0 and 1
1 to line joining (-2,1) and (2,0) Bl 3
NB
0/3 for line parallel to x-axis
0/3 for line joining the two points
(-2, 1) and (2,0)
0/3 for line joining (0,0) to centre of circle
(b) | Minor arc indicated B1F 1 ft incorrect position of line or circle
Total 7
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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
3(a) | Attempt to put LHS over common M1
denominator
2" (r+1D)-2"(r+2) AL A formm
(r+1)(r+2) y
B r(2r+1 _ 2r)
(r+2)(r+2)
r2'
= mustsee r2™'=2r2"
(r+1(r+2) Al 3 clearly shown as AG
22 2
by | £-_%
(b) 3 2
23 2
4 3
.......... M1 3 rows indicated (PI)
231 230
32 31
231 2n+1
S, = lorS, = -1 Al
% " n+2
=2%_1 Al 3 CAO
Total 6
4(a)(i) | @+ f+y=0 B1 1
(ii) | @By =—1 B1 1
(b) | &®+pa+q=0 M1
Za3+p2a+3q=0 mi
i+ B +y* =3apy Al 3 AG
Alternative to (b)
Use of
(Sa) =(Xa*)+6apy+3(LayaB-3apy)| (M1)
Substitution of » =0 (m1)
Result (A1)
(c)i) | p=4-Ti, y=-8 B1,B1 2
(ii) | Attempt at either p or g M1
p=1 AlF
g=>520 AlF 3 ft incorrect roots provided p and g are real
1. . . M1 1 p 1 1 1
Replace z by — in cubic equation or ) —=——,» —=0,—=——
(d) P y z q AlF Za q af afy
ft on incorrect p and/or q
3 2 _ s
_5202 + z2° +1=0 coefficients must be Al 3 CAO
integers
Total 13
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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
5(a) l=cosy orlzcosx M1
X y
y= cos’11 ie result Al 2 CSO
X
d 71 d 71 1
b) | —(sec™ x)=—] cos™ — M1
() dx( ) dx( xj
! if interms of u AO
1 Al
-
X
1
X (-7] Al
1
= Al 4 clearly shown (AG)
VX = x?
Alternative
cosy= 1 Use of secy =x MO
X
_dy 1 (M)
-siny —-=—
Y i X (A1)
Substitute for sin y (A1)
Result (A1)
Total 6
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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
6(a) | Use of cosh2x =2cosh? x—1 M1 or cosh4x =2cosh?2x -1
RHS=%cosh 2x+%cosh22x Al
=%(1+ 2cosh 2x + cosh 4x) Al 3
If substituted for both cosh 4x and cosh 2x
in LHS M1 only, until corrected
If RHS is put in terms of &”
M1 for correct substitution
Al for correct expansion
Al for correct result
allow A1 for
d—y:2cosh xsinh x = sinh 2x 1+ dy 2=1—4cosh2x+4cosh“x
() | dx M1Al dx
Incorrect form for cosh? x in terms of
cosh 2x M1 only
Or
y- e e ) e+2+e?
2 4
d_y_ 262)( _ Zex (Ml)
dx 4
= sinh 2x (A1)
dy ’ s 2 2
1+ ™ =1+sinh® 2x = cosh® 2x Al 3 AG
X
(In2)
()| S= ZnI(o) cosh?xcosh 2xdx M1A1 allow even if limits missing
n2 1
=27cj0 Z(1+ 2cosh 2x + cosh 4x) dx ml
2 2sinh2x  sinh4x
=l X+ + Al Integrated correctly
4 2 4
Correct use of limits ml
a=128,b =495 Al Al 7 accept correct answers written down with
no working. Only one Al if 2z not used
Total 13
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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
7(a) | Assume true for n =k
K+1
Then > —er 1 >
= r(r+l)

-1 + 243 M1A1 M1AO if no LHS

k+1D?  (kK+D%(k+2) \Fho
_ 1 2k +3 attempt to factorise or put over a
=1- 1- ml .

(k +1)? (k +2)? common denominator
=1- - 2k 41 Al any correct combination starting 1

k+D7\ (k+2)? y 9
-t Al

(k +2)?
True for n=1 LHS=RHS = % B1
Method of induction set out properly El 7 must score all 6 previous marks for this

mark
(b) 1 ,
(n+1)° >10° or ~>107° M1 Condone equals
(n+1)

n+1>316.2
n>315.2
n=2316 Al 2

Total
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MFP2 - AQA GCE Mark Scheme 2012 June series

MFP2
Q Solution Marks | Total Comments
8(a) | Use of (cos@+isin®)" =cosnd+isinnd M1 Stated or used
cos(—né#) +isin(—n#) = cosnd —isinng Al allow % if this line is assumed
allow if complex conjugate used
z”+in=2003n0 Al 3 AG
z
O)(0) | 2 +4z" +6+47"+2° B1 1 | allow in retrospect
. 1 L .
(i) | z° +? =2c0s26 used Bl Can be implied from (b)(i)
(2c0s26)* = 2c0586 +8c0s40 + 6 M1A1 M1 for RHS
Al for whole line
1 1 - . .
cos’ 26 = 500389 + Ecos 460 +§ AlF 4 ft coefficients on previous line
Alternative to (b)(ii)
1+cos40 )’ (M1)
cost 20 =| ——=2
2 (A1)
) 1
cos“ 46 = §(1+ cos860) (B1)
Final result (Al)
" 1 M1 o _
(c) | 8cos 20:00380+5—>cos49:§ ALF ft provided simplifiesto cos 46 =p
_1 5 71 Al 3 |CAO
12 12 12 12
(d) Pcos“zadaz
0
[sin89+sin49+§e}2 AI\\Al}: ie their cos*2 0
64 8 8
_3n Al 3 AG
16
Total 14
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation events which all examiners participate in and is the
scheme which was used by them in this examination. The standardisation process ensures
that the mark scheme covers the students’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner analyses a number of students’ scripts: alternative answers not already covered by
the mark scheme are discussed and legislated for. If, after the standardisation process,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

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

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

Copyright

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

Set and published by the Assessment and Qualifications Alliance.

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

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

sf

dp

mark is for method

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

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

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

of this method for any marks to be awarded.

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP2
Q Solution Marks | Total Comments
1 X —X
1(a) COShX:a(e +e7) or 12cosh x =6(e* +e7)
: 1 X -X
or sinhx="(e" ~&”) M1 or 4sinhx =2(e" —e™)
12cosh x —4sinhx =
6(e" +e7*)-2(e*—¢e7)
12cosh x —4sinh x = 4e* +8e™* Al cso 2 AG
(b) | 4e* +8e* =33
attempt to multiply by €*
=4 -33¢* +8 (=0) M1 to form quadratic in €*
x x _ factorisation attempt (see below)
= -’ -1) (=0) mi or correct use of formula
1
=(e*=) 8 (e=) " Al correct roots
(x=) 3In2 Al
(x=) —2In2 Al
Total
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MFP2 (cont
Q Solution Marks | Total Comments
2(a) |4 4i|=16+16 =32 =42 Bl verification that |—2+i+6—5i| =42
o 1 _ 3z B1 2 . . o 3z
arg(-2+ 2i) = z—tan" (1) e verification that arg (z+ i) = 7
My
N Re
(b) | Circle M1 freehand circle sketched
Centre at —6 + 5i Al clear from diagram or centre stated
Cutting Re axis but not cutting Im axis Al
“Straight” line M1 freehand line
. . not horizontal or vertical but end point at
Half line from 0 -1 Al 0 —i must be clear from diagram/stated
gradient -1 (approx) Al 6 making 45° to negative Re axis and
positive Im axis
(¢) | Calculation based on fact that L, passes M1 idea of vector -4 from centre
through centre of L, 4
Q represents -10 + 9i Al 2 must write as a complex number
Total 10
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MFP2 (cont)

Q Solution Marks | Total Comments
3 1 1 5r+3-(5r-2) M1 | o of brackets for M
(@) 5r—2 b5r+3 (5r—2)(5r+3) condone omission of brackets for
5
= oNes Ay Alcso 2 A=5

(5r —2)(5r +3)

(b) Attempt to use method of differences M1 at least 2 terms  of correct form seen
1 1 correct cancellation leaving correct two
3 Bn13 Al fractions
(5n+3)-3 o
k “36n23) ml attempt to write with common
(5n+3) denominator
:1 (5n +3)-3 __n Alcso 4 AG k =1 used correctly throughout
" 5| 366n+3) | 3(5n+3) 5
1
C S, =— Bl 1
© i

Total 7
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MFP2 (cont)

Q Solution Marks | Total Comments
4(a)(i) a+pf+y=5 B1
afly =4 B1 2
(ii) apy’ +af’y va’Py=afyla+p+y) | Ml
=5x4=20 ALV 2 FT their results from (a)(i)
(b)() If o, B,y areall real then
a2ﬂ2+ﬂ2}/2+]/2a2 20
Hence «, 3,y cannot all be real El 1 argument must be sound
(i) aff+ Py +ya =k B1 dop=k PI
(aﬂ+ﬂy+}/a)2 M1 . . 2
S B 4 2apy + afy + 0t B) correct identity for (" ap)
=—4+2(20) ALS substituting their result from (a)(ii)
k=16 Al cso 4 must see k=...
Total 9




PhysicsAndMathsTutor.com

MFP2 - AQA GCE Mark Scheme 2013 January series

MFP2 (cont)

Q Solution Marks | Total Comments
Y _ Ay
5(@) | x=tanhy= ei
e’ +e”’
xe' +xeV =¢¥ -’ M1 or xe?” +x=e? -1
= (x+De”? =e’(1-x)
= (x+1)=e*(1-x) Al
1+x 1, (1+x
et =Xy Zp[ =X Alcso 3 | AG
1-x 2 \1-x
1 1
(b) yzaln(1+x)—§ln(1—x) M1
dy 1 1
== + Al
dx 2(1+x) 2(1-x)
o 1-x+1+x 2 1 AL 3 AG
20+ x)(1-x) 201-x8) 1-x es0
Alternative 1
d_yzlx(l—x)xi 1+x M1
dx 2 (1+x) dx\1-x
d_y:lx(l—x)x(l—x)+(1+x) Al
dx 2 (1+x) (1-x)?
:>d—y: 1 >~ Alcso
dx 1-x
4x
c) | [4tanh*x dx =4xtanh™ x — dx M1
©| ] e
4xtanh™ x + 2In(1- x?) Al
tanhfl%:%mg B1 must simplify logarithm to In3
Value of integral = In3+2In2 Al any correct form
33
|n[2—4J Alcso 5 all working must be correct
Total 11
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MFP2 (cont)

Q Solution Marks | Total Comments
dx dy
— =3t =12t
6(a) it at B1 both correct
2 2 2 2
L I 0 R PTG M1 their | 9% ] + [4Y
dt dt dt dt
s=[ ot +144¢* (dt) Al OE
5= 3t +16 ot Alcso | 4 |A=16
®) | k@i + A)g M1 where k is a constant; ft their A
3
(t* +16)2 Al
25: _160 ml F(3) - F(0)
=61 Al cso 4 AG
Total 8
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MPC1 (cont)

Q Solution Marks | Total Comments

7@)@0) | p(k+D)—p(k) =k®+(k+1)° + (k +2)°
Ck-1*-K—(k+D® | M1

= (k +2)° - (k -1)°

=k®+6k? +12k +8—(k? —3k® + 3k —1) Al multiplied out & correct unsimplified

=9k*+9k+9 =9(k*+k+1)
which is a multiple of 9

(since K2+ k + 1 i an integer ) Alcso 3 correct algebra plus statement
@i)| p1)=1+8=9
= p(d) is a multiple of 9 Bl result true forn =1

p(k+1) = p(k) + 9(k* +k +1) p(k+1) = ... and result from part (i)

or p(k+1) =p(k) + 9N M1 considered and mention of divisible by 9
Assume p(K) is a multiple of 9 must have word such as “assume” for Al
so p(k) = 9M, where M is integer
=pk+1) = OM+9N =9(M + N)
= p(k +1) is a multiple of 9 Al convincingly shown
Result true for n = 1 therefore true for must earn previous 3 marks before E1 is
= - ; : El 4
n =2, n = 3 etc by induction. scored
(or p(n)is amultiple of 9
for all integers n >1)
(b)| p(n)=(n-1°%+n*+(n+12)° need to see this OE as evidence
= 3n+6n Bl or 3n(n® +2)
— 2
p(n) =3n(n" +2) ) ) both of these required
& p(n) is a multiple of 9.
2 - -
Therefore n(n® + 2) is a multiple of 3 E1 5 olus concluding statement

(for any positive integer n.)

Total 9
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MFP2 (cont)

Q Solution Marks | Total Comments
8(a) | r=8 Bl
tan-'+ 4\@ or iz seen M1 or % marked as angle to Im axis with
4 8 “vector” in second quadrant on Arg diag
0= 2r 2z
—Y=73 Al 3 —4+43i=8¢ 3
(b)(i) | modulus of each root = 2 B1/
M1 use of De Moivre —
dividing argument by 3
4 27n 8z i Qo ” i
—g=_"F %% A2 4 Alif3 C(_)rrect values not all in
9 9 9 requested interval
,i4l izl igl
2e °, 2e 9, 2e°
.. o, 1 .27 Correct expression for
(ii) | Area= SXEX POxORxsm? M1 area of triangle PQR
=3x%x2x2xsin2§ Al correct values of lengths in formula
=33 Alcso 3
(c) | Sum of roots (of cubic) =0 El must be stated explicitly
Sum of 3 roots including Im terms M1 in form r(cosé +isin )
(-)ar 2 87 ) ) )
2 COST +C0s Y + cos? Al isolating real terms ; correct and with “2”
_i4® 4r . . Ar ) or cosﬂzcos4—” explicitly stated to
e ° =cos— —isin— seen earlier 9 9
9 9 earn final A1 mark
27 4z 8z
€0S — +Cc0S—+Ccos— =0 Alcso 4 AG
9 9 9
Total 14
TOTAL 75
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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
ImA
9
1(a) 6
3 |-
Re
Circle M1 freehand circle
Centre at 6i Al 6 marked on Im axis as centre
Radius 3 & cutting positive Im axis twice Al 3 radius of 3 clearly indicated with circle in
position shown
b)) | (Max [z] is) 9 BL | 1
(i) | Tangent from O to circle M1 FT their circle position
Ang'e of E or E Correcﬂy marked Al PI; condone degrees for first Al
6 3
(Max argzis) 2n Alcso 3 exactly this
3
Total 7
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Q Solution Marks | Total Comments
2(a)(i) | sinh x graph
1
M1 /shape - curve through O,
> in 1stand 3" quadrants
cosh x graph
A
M1 — shape - curve all above x-axis
1
Gradient of sinh x > 0 at origin and
cosh x minimum at (0,1) Al 3
(ii) | cosh x = 0 has no solutions or cosh x > 0 etc
and sinh x = — k has one solution . _ .
(hence equation has exactly one solution) El 1 (since y =~k cuts y = sinh x exactly once)
dy . M1 one term correct
(b) | == =6coshx+2cosh xsinh x
dx Al all correct - may have 6cosh x +sinh2x
(2)coshx(3:+sinhx) =0 putting = 0, factorising
therefore C has only one stationary point E1/ and concluding statement (may be later)
=sinhx=-3 ml finding sinh x from “their” equation
cosh?x =10
_ _ answer must be integer so do not accept
y(=-18+10)=-8 Al S calculator approximation rounded to -8
Total 9
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Q Solution Marks | Total Comments
3+1 4 . 3n+1
3|ln=1, —=—=2 be convinced they have used u, =

3-1 2 3n-1
(u, =2 so formula is) true whenn =1 B1
Assume formula is true for n = k (*)

5 3t +1 3
(uk+1 :) k-1 M1 clear attempt at RHS of this formula
3 3k+1 1
3k -1
ml clear attempt to remove “double fraction”
(1, ) SE+D-36k-D Al 6k +8
<1 7] 33k +1) - (3k-1) 6k +4
y o 3Kk+4 _3k+D+1 Alcso must have “u,,, = “ on at least this line
K3k +2 K3k +1) -1
Hence formula is true for n = k+1 (**)
must have lines (*) & (**) and
“Result true for n = 1 therefore true for E1 6 must also have earned previous 5 marks
n =2, n =3 etc by induction.” before E1 is scored
Total 6
4@a) | f(r)-f(r-1=
r’2r’ -1 —(r-1°%(2(r -1*-1) condone one slip here
=2rt —r?2 —(r? =2r+1)(2r’ —4r +1) M1 attempt to multiply out “their” f(r —1)
=2r' —r®—(2r* - 8r® +11r* —6r +1) Al f(r) & f(r —1)expanded correctly
condone correct unsimplified
=8r* —12r? +6r -1
= (2r-1° Alcso 3 |AG
(b) | Attempt to use method of differences M1
f(2n)-f(n) ml (2n)*{2(2n*) -1} —n?*(2n*-1)
f(2n) —f(n) =4n*(8n° —1) —n*(2n° -1) Al
=30n* -3n
=3n°(10n* 1) Alcso 4 AG be convinced
Total 7




MFP2- AQA GCE Mark Scheme 2013 June series

Q Solution Marks | Total Comments
5a)(i) | (aBy=) —37+36i B1 1
()| (Br=) (-2+3i)1+2i)=-2+3i-4i-6 | M1 correct unsimplified but must simplify i?
(-8-i) «=-37+36i
=@B8+i)a=37-36i Alcso 2 AG be convinced
(i) | ===, 571 M1
8+1 8—1
_2%- 37I6_5288l —36 Al correct unsimplified
260 —325i
65
=4 - 5i Alcao 3
Alternative
8+i)(m+ni)=37-36i
8m-n=37; m+8n=-36 M1
eitherm=4 or n=-5 Al
a =4-5j Al
(b)| a+p+y=-p
—2+3i +1+2i+4-5i =3
(=p=) -3 Bl 1
()| @B+ Pr+ra=q q=> af and attempt to evaluate three
(7+22i)+(-8-i)+(14+3i) =q M1 products FT “their” «
q=13+24i Alcao 2
Total 9
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Q Solution Marks | Total Comments
6(a) | (5coshx—3sinhx)
=§(eX + e’x)—E(eX —e™) M1 cosh x and sinh x correct in terms of e*
2 2
=e" +4e" Al may be seen as denominator
1 e
Ecoshx— 35 x4+ 62" Alcso 3 ** must have left hand-side ; m=4
X X du X
(b) | u=€"=du=e"dx M1 or —=¢
dx
1 d 1
:>'[4+u2 (du) AL/ FT “their” m from part(a) :>I ~du
m+u
1. ,u . 1 2 u
= —tan — AlS FT “their” —tan™—
2 2 Jm m
x=0=u=1 x=In2=u=2
1, 1 1 . 1 2 1
—tan"1-—tan" - A1) FT “their” —(tan‘l——tan‘l —J
2 27 2 Sl T Um
- Z Ll Alcso 5 AG
8 2 2
Total 8
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Q Solution Marks | Total Comments
2
7(a)(i) i(Zu N+ a2 ) __8u + 21+ 402 M1 M1 for clear use of product rule
du M+ ay? (condone one error in one term)
Al correct unsimplified
d /. 2
—(sinh™2u)=——
du ( ) V1+4u? 51
8u+2 2(1+4u’
_A )_ 2V1+4u’ be convinced — must see this line OE
Vi+4w®  J1+4d®
i(2u\/1+ 4u® +4sinh™ 2u) =41+ 4u° all working must be correct (not enough
du Alcso 4 . -
to just say k = 4)
1 ) 1 . o
i | — [ 2uv1+4u? +sinh™ 2”} anti differentiation
( ) uthelr”k[ 0 Ml
=£+lsinh’l 9 AL, 5 FT “their” k or even use of k
2 4
dy .
(b)(l) yZ%COS 4X and d—: AS|n4X d—y:—ZSin4X
X dx
d 2
substituted into f K y[1+(d—yj J(dx) M1 clear attempt to use formula for CSA
X
8 1 in2 dy .
(S=) IZHXECOS AX\[1+ 4 sin®4x dx ALcso 5 AG d_:_ZS,n4X and 2x1 and dx
0 X
= printed answer ( combining 2x1 ) must be seen to award Alcso
(i) u=sin4x = du =4cos4x dx M1 condone du = Bcos4x dx for M1
(s :) ZJ’lw/l+4u2 (du) Al condone limits seen later
4 J0
m1l use of their result from (a)(ii) correctly
FT “their” B
(S=) %+lsinh‘1 2 Alcso 4 OE
Total 12
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Q Solution Marks | Total Comments
8(a)(i) | cos4d+isin4d=(cos@+isin 6')4 M1 De Moivre & attempt to expand RHS
cos® @ + 4icos’® Gsin @ + 6i” cos” Asin® @ _
3 a4 Al any correct expansion
+4i°cosdsin” d+1"sin” @
Equating “their” real parts ml or imaginary parts
cos46 = cos* @ —6¢os® #sin® @ +sin* 6 Al AG be convinced
sin46 = 4cos® #sin @ — 4cossin® 6 B1 5 correct
“their expression for ” sin46
(i) | tandg == PP M1
their expression for ” cos46
Division by cos* @ ml
tan 49 — _tano - Atan’ ¢ Al 3 | AG be convinced
1-6tan’*@+tan* @
3 T
®) | (tan4o=1= g At-ar M1 when 8=—
( ) 1-6t2 +t* 16
1-6t* +t* =4t —4t° _
Al AG be convinced
=t +4t° -6t -4t +1=0
0 =% satisfies tan46=1
El both statements required
= tan% is root of quartic equation
57 oz 137 ; ;
(other roots are) tan=—,tan—, tan— Bl 4 or equivalent tan expressions
16 16 16
| Da=-4 and Y af=-6 B1 watch for minus signs
dat= (Za)2 -2> ap M1 correct formula
(= 16+12) =28 Alcso
t('slng—n——tanE tanm—n——tan?’—n licitl
16 6 16 16 B1 explicitly seen
tan” ™+ tan? 5% 4+ tan? 2" 4 tan? 7% — 28 Alcso 5 AG must earn previous 4 marks
16 16 16 16
Total 17
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.

3of 4
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Q Solution Mark | Total Comment
1(a) r=9 B1
g-_7T
Y B1 condone —1.57... here only
2 —9i= 96:_iE
(b) =3 1 L
r=3 B1./ follow through (rheir r)+ ; accept 9* etc
(their 8)/4 M1 generous
0= _5_7[, _z ,3_7[ ,7_7[ Al two angles correct in correct interval
8 8 8 8
Al exactly four angles correct mod 27
iSz i i3z iz
e 8 .3e 5.3 8 .3e ® Al four correct roots in correct interval and
5 in given form; accept 3 for \/3
Total 7
1(a) | Accept correct values of r and @ for full marks without candidates actually writing 9e_iE .

(b)

Do not accept angles outside the required interval.

Example “ 6 = —% or 0= 377[ ” scores B0

Condone r=1.73... for Bl only. Do not follow through a negative value of r for B1.".

Example 6 = 3?7[ ,7—7[,11—7[, 1577[ scores M1 Al Al

8 8

iz ikw

Example J3e 8 "2 scores B1 M1 then k = —-1,0, 1,2 scores Al Al with final A1 only earned when
four roots are written in given form

4 of 11
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Q Solution Mark | Total Comment
2(a) Straight line M1
Half line from 2 on Im axis Al not vertical or horizontal
Making approx. 30° to positive Im axis
& 60° to negative Re axis Al 3
(b)(i) Circle with centre on ‘their’ L M1
Circle correct and touching Im z =2 Al 2 lowest point of circle at approx 2
(b)(ii) d =3tanZ M1 any correct expression for distance
6
or b=2 =—J3 forM1
a= —/3 Al condone —1.73 or better
b=5 B1 3
centre is —/3 +5i
Total 8
(a) The two A1 marks are independent.
(b) (i) | If candidate draws a horizontal line at Im z = 2 then award A1 if there is a clear intention for their circle to

touch this line.

Allow freehand circle where centre is intended to be on “their” L for M1 but withhold A1 if L is in wrong

quadrant or drawing of circle is very poor.

Award AQ if candidate has not scored full marks in (a) .

50f 11
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Q Solution Mark | Total Comment
3(a) k*+7k +14 B1 1
(b) Whenn=1 LHS = 1x2x1=2
RHS=16-14=2 B1

Therefore true for n =1

Assume formula is true for n=k (*)

Add (k+1)th term (to both sides) M1 (k+1)th term must be correct

k+1

> rr+n(4)”

r=l . . .

—16— (k2 5k 4 8) (%)k—l Al A0 if only considering RHS
+(k+1)(k+2)(L)"

=16—(4)" (2k> +10k +16—k* —3k —2)

=16 ()" (k*+7k+14) Al

—16— 2 1)

=16 ((k+1) +5(k+1)+8)(2) N from part @

Hence formula is true when n = k+1 (*%)

but true for n =1 so true forn =2, 3, ... by El 6 must have (*), (**) and (***) and must

induction (**%) have earned previous 5 marks

Total 7

(b) | For B1, accept “n=1 RHS=LHS=2" but must mention here or later that the result is “true when n=1"

Alternative to (***) is “therefore true for all positive integers n” etc
However, “ true for all » >1 ” is incorrect and scores EQ

May define P(k) as the “proposition that the formula is true when n = k ” and earn full marks. However, if
P(k) is not defined then allow B1 for showing P(1) is true but withhold E1 mark.
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Q Solution Mark | Total Comment
4 (a) (i) a+p+y=-2 B1
oaf+Py+yx=3 B1 2
(W) |2+ 4y
=(a+p+ 7)2 —2(af + Py + ) M1 correct formula
=4-6=-2 Alcso 2 AG be convinced; must see 4 — 6
A0 if o+ f+yor aff+ fy+ yx not
correct
(b) (i) Z(a+ﬂ)(ﬂ+ }/):Za2+320{ﬂ M1 or may use 12+4Za+20{ﬂ
=-2+9 ml ft their aff + By + yo
=7 Al 3
(i) | ofy=4 B1 PI when earning m1 later
(a+B)B+7)(y+a) or (=2=a)(-2-p)(-2-7)
=Za2a,8—a,8;/ M1 =—8-4> a-2> aff—afy
=-6-4 ml Sub their Y e, > aff & offy
=-10 Al 4
(c) Sum of new roots = zza =_4 B1 or NMS coefficient of z* written as +4
72 +47% +"their7" z —"their —10" (=0) M1 correct sub of their results from part (b)
New equation z'+4z°>+7z+10=0 Al 3
Alternative y=-2-z Bl
(2= +2(=2-y)* +3(-2-y)-4=0
M1
y +4y’+7y+10=0 Al
NB candidate may do this first and then
obtain results for part (b)
Total 14
(a)(ii) | Accept (Za)2 = Za2 + 220!,3 etc for M1

(b)(ii)
(c)

If B1 not earned, award m1 for using affy =14.

For M1 the signs of coefficients must be correct FT their results from (b) but condone missing

“_

However, for A1 the equation must be correct ( any variable) including “= 0”
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Q Solution Mark | Total Comment
5(a) ( of _ )3 —e¥ _3e® +3c% e OE B1 correct expansion; terms need not be
combined
4sinh’ @+ 3sinh 8= correct expression for sinhé and attempt
%(639 ~3e’ +3e7 —e™) +%(369 -3e7) M to expand (e’ _678)3
= l(ew —e ) =sinh 36
D) - Al 3 AG identity proved
(b) 16sinh® @ +12sinh§—3=0
— 4sinh36-3=0 M1 attempt to use previous result
sinh 360 = 3 Al
4
(39 :) In E + 2 +1 ml correct In form of sinh™ for “their” %
4 V16
e—lmz
3 Al 4
(c) IR | P e o .
x=sinh &= 5 23 -2 M1 correctly substituting their expression for
€ into sinh @ removing any In terms
2 4
2°-2° Al 2
Total 9

(a)

(b)

For M1, must attempt to expand (e" —e”? )3 with at least 3 terms and attempt to add expressions for

two terms on LHS.

For A1, must see both sides of identity connected with at least trailing equal signs.

Withhold final A1 if answer is given as x = %ln2 .

Alternative: 2¢’ —2¢™? —3=0=2¢% -3¢’ -2=0 s0 (¢’ =2)(2e*’ +1)=0
scores M1 for "’ = p (quite generous) A1 for ¢ =2 (and perhaps e’ =—0.5)

then m1 for correct ft from e = p = k@ =1In p and final A1 for 6= %ln 2 and no other solutions

8of11




MARK SCHEME - A-LEVEL MATHEMATICS - MFP2 - JUNE 14

Q Solution Mark | Total Comment
6(a)(i) 7" =cosn@+isinné M1
7" =cos(—nb) +isin(—nd) 1 cosnf —isinnf _
o E1 or — X — =...
=cosnf—isinnd cosn@+isinnd cosnf—isinné
shown — not just stated
1 . .
Zn __n: 2isin n0 Al 3 AG
(i) (Zn %:j 2o | py | 1
Z
(b)(1) 1Y 1y 1
S Z+Z = _2"'? B1 1 or *-2+7"
(i) (2isin 6)2 (2cos 9)2 =2cos46 -2 M1 using previous results
—16sin” @cos” @ =2cos40 —2
8sin” @cos’ @ =1—cos40 Alcso 2
(C) x=2sinf = dx=2cos@d@ M1 x:25in6:>%:kcos€
jx2\/4—x2 dr= [ 16sin’ fcos* 6 d6 Al
_ J' (2_ 208 40) ( d 9) ml correct or FT their (b)(ii) result
=20 —lsin 460 B1, FT integrand of form k(1—cos48)
2
T 1 2z V.4 T
=| X ——sin27 |—| ———sin— x=l=0=—; x=2=>0=—;
3 3 6 2
27 3
T3 T4 Alcso 5
Total 12
(a)(i) | May score M1 E0 A1 if ;7" = cosnf —isinn@ merely quoted and not proved.
Condone poor use of brackets for M1 but not for Al.
(b)(ii) | For M1, must use 2isiné€ and “their” 2cos® on LHS but condone poor use of brackets etc when squaring.

(c)

For Aleso, must simplify sin™' 1 correctly in terms of 7 .
Allow first A1 for missing dé@ or incorrect limits used/seen, but withhold final Alcso.
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Q Solution Mark | Total Comment

7 (a) d (1+xj_l—x+l+x_ 2

dx\l-x)  (—x* (-x? Bl ACF
dy 1 1+x
a—m M1 where u_l—x
2 . o
—= correct unsimplified
(1-x)>? Al
_ 2 1
(1= +d+x)? 1+x° Al 4 AG be convinced

(b) either di(tan’1 x)= !

X 1+ x?

B1

1 o
orj 1+x2dx—tan x (+c¢)

g 1+x
= tan | ——
- X

)ztan'x—i—C M1

Putting x = 0 gives C = tan™' 1:%

= t3.1’171 (H—xj - tan’l X = Z Al 3 AG
1-x 4

Total 7

1+x

(a) | Alternative tan y=
—X
sec’y & M 2

= B1
dx (1-x)*

2

1+ d

(1 + (I—XJ Jd—y Al with final A1 for proving given result
-Xx x

(b) | Must see di(tan’l x) = " ! — within attempt at part (b) to award B1
x x
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Q Solution Mark | Total Comment
1 _
8(a) y=2x-1)2 =X =x-12 Bl
dx
dyY 1
R
1+(dxj 1+x—1 Ml fttheil'd—y
dx
9
J dx Al 3 (be convinced)
2 AG (must have limits & dx on final line)
(b)(i) cosh’13:ln(3+\/§) M1
(1+\/5)2 =3+2/2=3+8 need to see this line OE
2
cosh™ 3=In(1++2) =2In(1++2) Al 2 | AG (be convinced)
i = 2 = i
(ii) x =cosh’8 = dx =2cosh@sinh 8 dé M1 ﬂzkcosh@sinh@ OE
de
= )ICOShechShgsjnh 0de Al including d@ on this or later line
sinh
2
2cosh” @ =1+cosh2¢  OE B1 double angle formula or %(ew +2+ e’w)
1.
(s=) 0+Esmh20 Al or (1 g1 _29)
I o
cosh™3 +§smh(2cosh 3) ml correct use of correct limits
—cosh™~/2 - %Sinh (Zcosh’1 \/5)
(s=21n(1+\/§)—1n(1+\/§)+6\/§—\/§ must see this line OE
= 5J2+In (1 +2 ) Al 6 partial AG (be convinced)
Total 11
TOTAL 75
(b)(i) | SC1 for

(ii)

cosh(2ln(1+\/_)) ((1+J_) (1+\/5)72)=%(3+2\/§+3—2\/§)=3:>cosh’l3=2ln(l+\/§)

Another possible correct form for m1 is

2n(1++2) - In(1+2) + —s1nh(4ln(1+\/_))—Esmh(2ln(1+\/_))

110f11




AQAF

A-LEVEL
Mathematics

Further Pure 2 — MFP2
Mark scheme

6360
June 2015

Version/Stage: 1.0 Final




Mark schemes are prepared by the Lead Assessment Writer 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 associates 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 associate understands and applies it in the same
correct way. As preparation for standardisation each associate 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, associates encounter unusual answers which have not been
raised they are required to refer these to the Lead Assessment Writer.

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 © 2015 AQA and its licensors. All rights reserved.

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.



MARK SCHEME - A-LEVEL MATHEMATICS - MFP2 -JUNE 2015

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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Q1 Solution Mark | Total Comment
@ | r+1=A(r+2)+B or OE with factorials removed
M1
12 Ar+2) B
r+1 r+1
either A=1 or B=-1 Al correctly obtained
1 1 _ '
(r+2)r! _(r+1)! (r+2)! Al 3 allow if seen in part (b)
)| 1 1 N 1 1 N
o1 31 31 41 M1 use of their result from part (a) at least
1 1 twice
(n+1)!  (n+2)!
1 1
Sum = T i) Al 2 | must simplify 2!
and must have scored at least M1 Al in
part (a)
Total 5
(a) | Alternative Method Substituting two values of r to obtain two correct equations in A and B with factorials
evaluated correctly
1 B 1 A B . .
r=0 :>E: A+5 r=1 :>—=3+€ earns M1 then Al, Al as in main scheme
L 1 earns 3 marks.
(r+D!  (r+2)!
However, using an incorrect expression resulting from poor algebra such as 1= A(r +2)!+ B(r +1)! with
candidate often fluking A= 1, B =—1 scores MO ie zero marks which you should denote as
These candidates can then score a maximum of M1 in part (b).
(b) | ISW for incorrect simplification after correct answer seen
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Q2 Solution Mark | Total Comment
a
() y 4
____________ |
O > x
——————————— ;T- e e e — -
Graph roughly correct through O M1 condone infinite gradient at O for M1
Correct behaviour as X — 0o & grad at O Al
Asymptotes have equations y=1& y =—1 Bl 3 must state equations
_ X —e ¥ both correct ACF or correct squares of
(b) sech X = 1o X tanh X = R B1 these expressions seen
2? +(eX —e’x)2 - -
(sech’x +tanh’x =) —————* M1 attempt to combine their squared terms
(ex + e’x) with correct single denominator
> 2o e +2+e™
sech’™X + tanh™x = 1210 1 Al 3 AG valid proof convincingly shown to
equal 1 including LHS seen
(€) | 6(1—tanh® x) =4 + tanh x B1 correct use of identity from part (b)
6tanh’ X +tanhx—2 (=0) M1 forming quadratic in tanh X
hx = ! hx = 2
tanh X = a7 tanh X = 3 Al obtained from correct quadratic
tanhx =k = X—lln Lk
a "2 l1-k AlF FT a value of k provided |k| <1
1 1.1 both solutions correct and no others
X= Eln3 : X= Elng Al 5 any equivalent form involving In
Total 11
(a) | Actual asymptotes need not be shown, but if asymptotes are drawn then curve should not cross them for Al.
Gradient should not be infinite at O for Al.
(b) | Condone trailing equal signs up to final line provided “sech?x + tanh?x = ” is seen on previous line for Al

Denominator may be e** +4e™ + 6+ +4e* +e™** etc for M1 and Al

eX e*X
Accept sech’X + tanh*x = q =1 for Al

e +¢

1 X %3 )2

1, sinh’X _j 1+(3e =)
2 2y X —x )2

cosh” X cosh” X (%(e +e ))

Alternative : ( scores B1 M1

162x+le—2x+l

and then Al for sech’x + tanh’x = ‘1‘ ‘1‘ I 2.1, (all like terms combined in any order).
762x +— 4 76—2x
4 2 4
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Q3 Solution Mark | Total Comment
(a) dx 1

I Bl —(t?

et OE g 1ED-(+D tz(t D Acr
dy 2
dt ot Bl

dx) (dyY 2 1 4
(_Xj + (_yj = ——t—t5 M1 squaring and adding their expressions and
dt dt oot attempting to multiply out
2 1 LY .
1+ z + ol 1+ = Al 4 AG be convinced
2
(b) 2”_[] (21nt)£1+—2j dt B1 must have 27 , limits and dt
M1 integration by parts - clear attempt to
integrate 1 +ti2 and differentiate 2In t
1 2 1
(27){(21nt) t—; - J.? t—; (dt) Al correct (may omit limits, 2 7 and dt)
1 2
27 (2 Int) t—— -] 2t+— Al correct including 2 7 (no limits required)
t t
= 27(3In2-5+4)
=7(6In2-2) Al 5
Total 9
(b) | May have two separate integrals and attempt both using integration by parts for M1

Must see (27) {2t Int— .[2 (dt) - (2t'1 Int - J‘2t_2 (dt))} (may omit limits, 2 7 and dt) for first Al

and 27z[(2t Int-2t) - (2t’l Int+2t™" )] for second Al

Condone poor use of brackets if later recovered.
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Q4 Solution Mark | Total Comment
(a) f(k + 1) — 24k+7 + 33k+4 M1
convincingly showing 2**7 =16 x2%** El must see 16 =2* OE
f(k+1)—16f(k)
= (81-16x3)x3*
= 33x3* Al 3
(b) | f(1) =209 therefore f(1) is a multiple of 11 Bl f(1)=209=11x19 or 209+11=19 etc
therefore true when n=1
Assume f (k) is a multiple of 11 (¥*)
f(k+1)=16f(k)+33x3* M1 attempt at f(k +1) =... using their result
from part (a)
=1IM +1IN =11(M +N) where M and N are integers
Therefore f(k +1) is a multiple of 11 Al
Since f(1) is multiple of 11 then f(2), f(3),... El 4 must earn previous 3 marks and have (*)
are multiples of 11 by induction before E1 can be awarded
(or is a multiple of 11 for all integersn >1 )
Total 7
(a) | It is possible to score M1 EO Al
(b) | Withhold E1 for conclusion such as “a multiple of 11 for all n > 1" or poor notation, etc
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Q5 Solution Mark | Total Comment
(a) L
m(z) /A(Z) Ignore the line OP drawn in full or circles
I 2 > drawn as part of construction for locus L.
O\
2
4 p
Straight line M1
Through midpoint of OP, P correct Al P represents 2 — 4i
Perpendicular to OP, P correct Al 3
(B)(A) | (x=2)* +(y+4) =x* +y? M1
2y—-Xx+5=0 Al
A(5,0) & B(0,-2.5) Al may have 5+ 0i and 0 —2.51
C 3.3 = complex num=§—§i
27 4 P 2 4 Al 4
- 5, 55
(1) | either = P _Zl or k= 4 M1 allow statement with correct value for
centre or radius of circle
5v5
I-—_+1= 4 Al 2 must have exact surd form
Total 9
(a) | Withhold the final Al (if 3 marks earned) if the straight line does not go beyond the Re(z) axis and
negative Im(z) axis.
The two Al marks can be awarded independently.
(b)(i) | Alternative 1: grad OP=-2 = grad L=0.5 M1; y+2= %(x —1) OE Al then Al, Al as per scheme

Alternative 2: substituting z= x (or a) then z= iy ( or ib) into given locus equation
Both (X—2)*+4* =x>and 2° +(y+4)’ =y’ M1; 4-4x+16=0 and 4+8y +16 =0 OE for Al

then Al, Al as per scheme.
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Q6 Solution Mark | Total Comment
(a) (x-2) 1(4 %) M1 product rule ( condone one error)
/ 2 2
SHAX—XT+ S+ dx— Al correct unsimplified
9x 1
(+) ——— B1
X—2 or ——————— correct unsimplified
A Fooeay
S5+4x-x°
m Al last two te{ﬁis above combined correctly
dy
{E;=J2 5+4x-x’ Alcso 5 |k=2
(b) | 1 S5 ax = +9sin- [ X=2
m (X=2)V5+4X—X" +9sin = M1 ft “their” k
1 3 (27 .1 e
“their' k| 2\ 2 +9sin 3 m1l correct sub of limits (simplified at least
this far)
_9 NG 3
) + Z” Al cso 3 must have earned 5 marks in part(a) to be
awarded this mark
Total 8
_ 2
(@) | Second AL ; may combine all three terms correctly and obtain 10 +8x - 2x

V5 +4x-x?
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Q7 Solution Mark | Total Comment
(@) aff+ By +ya =0 B1
4
afy =-> B1 2
- 4
2 . 2 _
O | ap+ap+p’ =0 ;af’ = Y Bl May use y instead of S throughout (b)(i)
M1 Clear attempt to eliminate either ¢ or S
;1 ;8 from “their” equations
@ = 27 or p = 27 Al correct
either a:—é or ﬂ=% Al
1 2 2
a= 3 B 3’ y 3 Al 5 all 3 roots clearly stated
(i) S k=-27
Za Y = - Bl 1 or substituting correct root into equation
(c)() o’ =-2i B1
a’=-2-2i Bl 2
(i) | 27(-2-2i)-2ik +4=0 M1 correctly substituting “their ” o = —2i
and “their” o’ =-2-2i
k=-27+25i Al 2
@ |y=tiimz= L B1 letter instead of
7 y—1 may use any letter instead of y
27 12 420
(y—1)° B (y—1)° ta= M1 sub their z into cubic equation
27-12(y - +4(y -1y’ =0 Al removing denominators correctly
2712y +12+4(y’ =3y* +3y—-1)=0 Al correct and (y-1)’ expanded correctly
4y’ —12y* +35=0 Al S
- AP+ By rya
Alternative: > a'=3+ Tk 3 (B1) sum of new roots =3
za'ﬂ' 34 2af+ Py +ya)+a++y (M1) M1 for either of the other two formulae
N apy correct in terms of afy, aff + By + ya and
=0 (A1) a+pf+y
H=1+aﬂ+ﬁ}/+ya+l+a+ﬂ+7
afy
_35 (A1)
4y* —12y*+35=0 (A1) (5) | may use any letter instead of y
Total 17
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Q8 Solution Mark | Total Comment
(@)() (ms =) cos2z +isin2z =1
So wisaroot of z2° =1 Bl 1 must have conclusion plus verification that
o =1
(i) | 0% 0, 0" B1 1 OE powers mod 5 ( must not include 1)
. o’ or clear statement that sum of roots (of
OO | 140t oo+ ol = =2 g S ! (
l-o Z2—-1=0) is zero
RICHRCS
ot—| +|ot—|-1
® ®
Cwlan 1 1 1
=0 ot o +ot © M1 correct expansion
lt+oto’+o’+o
- o =0 Al 2 AG correctly shown to =0
do not allow simply multiplying by ©”
(c) 1 2z .. 2%
E—COS?—ISIH— M1
1 5 2
= ot © COS? Al SC1 if result merely stated
: . 1 ~1+4/5
Solving quadratic ((D"' ° :J 5 M1 must see both values
. . . 2 g
Rejecting negative root since cos? > must see this line for final Al
Hence cosz?” = @ Al 4
It is possible to score SC1 M1 Al
Total 9
(b)(i) | May replace Lzby o and © by ©* and/or 1 by ®’ in valid proof.
) ®

. 1 1
Alternative: 1+ o+ 0*+ 0’+ o* =0 :>_2+_+1+0)+(02 -0 M1

®

1Y 1 1Y
ot—| -24+|ot—|+1=0 = |ot—| +
() (O} (O}

®

o+ —
®

1)—1:0 Al
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