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Version 1.0: 0106

AQA/

ASSESSMENT and
QUALIFICATIONS
ALLIANCE

General Certificate of Education

Mathematics 6360

MFP3 Further Pure 3

Mark Scheme
2006 examination - January series

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

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

paper.

Copyright © 2006 AQA and its licensors. All rights reserved.
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MFP3 — AQA GCE Mark Scheme, 2006 January series

Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method
m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation
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 FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

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

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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AQA GCE Mark Scheme, 2006 January series — MFP3

MFP3
Q Solution Marks | Total Comments
1(a) (m + 1)2 — 1 M1 Completing sq or formula
m=—1xi Al 2
(b)(i) | CF is e (A4 cos x + B sin x) M1 If m is real give MO
{or e 4 cos(x + B) . AlS On wrong a’s and b’s but roots must be
but not Ae" " + pe Ty complex.
{PInt.} try y = px+gq Ml OE
2p+2(px+q)=4x Al
p=2, qg=-2 A1V On one slip
GS y=¢e"(4cosx + Bsinx) +2x—2 B1V/ 6 Their CF + their PI with two arbitrary
constants.
(i) | x=0, =1 =>A4=3 B1V/ Provided an M1gained in (b)(i)
V'(x) =—e " (Acosx + Bsinx) + M1 Product rule used
+ e (— Asinx + Bcosx) + 2 A1V
V'(0)=2=2=-A+B+2 =>B=3 A1V Slips
y = 3e "(cosx + sinx) +2x—2 4
Total 12
2(a) 1 1 Ml Reasonable attempt at parts
J'xe_z"dx=f—xe’2x— I-—e_zxdx Al
2 2
1 2x —2x
= -3 xe ~ _Z e 7 {+c} A1V Condone absence of +¢
T 1 1
[redr=——ae -~ (0-—) M1 F(a) - F(0)
0 2 4
_ l _l ae—2a _ l ef2a
) 4 Al 5
(b) | lim b —2a
ae 0
4 —s oo B1 1
(c) I xe Xdx
0
lim 11 ,, 1, M1 If this line oe is missing then 0/2
= {———ae"——e™}
a—o 4 2 4
1 1
- Z -0-0= Z NN 2 On candidate’s “1/4” in part (a).
B1 must have been earned
Total 8
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MFP3 — AQA GCE Mark Scheme, 2006 January series

MFP3
Q Solution Marks | Total Comments
3(a) y= X-x = V() =3 X2 =1 B1 Accept general cubic.
dy  2xy 2x(x* - x) Ml Substitution into LHS of DE
—t—=—= 3x? -1+ —
dx x° -1 x° -1
5 2y2 (x2 _ 1) s Completion. If using general cubic all
=3x" -1+ 2—1 =5x" -1 Al 3 unknown constants must be found
x —
b dJ > PPN
—|(x" =Dy[=2xp+(x" -1)—
dr [( )y ] v+ ( ) de MI1A1
Differentiating (x2 _ l)y =c wrtx SC Differentiated but not implicitly
d give max of 1/3 for complete solution
leads to 2xy +(x2 = 1) =0
dx
=>y= is a soln. of
x? -1
d_y + 2xy =0 Al 3 Be generous
dr  x?-1
=>y= is a soln with one arb.
(© %2 =1
2
constant of 2 + 2xy =0
x° =1
=>y=— is a CF of the DE
x°—1
GSis CF+PI Ml Must be using ‘hence’; CF and PI
B 3 functions of x only
Y=o T Al 2 | Cso
Must have explicitly considered the link
between one arbitrary constant and the
GS of a first order differential equation.
Total 8
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AQA GCE Mark Scheme, 2006 January series — MFP3

MFP3
Q Solution Marks | Total Comments
4(a) 1 o 135 14
Inl-x)=—x——x"——x" ——x"...
( ). 27 37 4 Bl I
b)) | f(x)= e "= f(0)=1 Bl
f'(x) = cos xe*"~
=f'0)=1 MI1Al
' (x) = — sin x e + cos’x e Product rule used
f"(0)=1 MI1A1
52

Maclaurin f (x)= f(0)+xf ’(O)+7f' '(0)
so 1* three terms are 1+ x + Exz Al 6 CSO AG

(i) | p(x) = cos x(cos*x—sinx) e + MIAL
+{2cosx(-sinx)—cos x} e*"*
£(0) = 0 so the coefficient of x’ in the Al 3 CSO AG
SCTICS 15 ZeTo SC for (b): Use of series

expansions....max of 4/9
(c) | sinx =x. B1 Ignore higher power terms in sinx
expansion
1 3 4
2 . = 3 Ml Series from (a) & (b) used
rosmx X Al Numerator kx* (+...)
1
-3 +o0(x)
= m Condone if this step is missing
lim e —14+In(1-x) 1 ' X o
0 7 = _E AlS 4 On candidate’s x~ coefficient in (a)
r= X Sm.x provided lower powers cancel
Total 14
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MFP3 — AQA GCE Mark Scheme, 2006 January series

MFP3
Q Solution Marks | Total Comments
5@)@) | y(1.1)=p(1) + 0.1[1In1+1/1] MI1A1
=1+0.1=1.1 Al 3
(i) | »(1.2) =p(1) + 2(0.1)[f(1.1, y(1.1)] MI1A1
e = 142(0.D)[ 1 1In. 1+(1.1)/1.1] A1V On answer to (a)(i)
... =140.2x1.104841198....
....=1.22096824 = 1.221 to 3dp Al 4 CAO
O | [ Lla I
IFis e Ml Condone ¢ * * for M mark
_ 67 Inx Al
_ elnx_l =x ! l
N X Al 3 AG (be convinced)
(b)(1) Solutions using the printed answer
must be convincing before any marks are
awarded
Q)| d(y
—| = |=Inx
de\ x MI1A1
Y- - (L i k
=|lnxdcr=xlnx—|x dx Ml Integration by parts for x* Inx
X X
Y_ .
. xnx—x+c Al Condone missing c.
yH)=1=1=Inl-1+¢ ml Dependent on at least one of the two
previous M marks
Sc=2=y=x’lnx—x’+2x Al 6 OEegX:xlnx—x+2
X
(>iii) | ¥(1.2) =1.222543...=1.223 to 3dp B1 1
Total 17
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AQA GCE Mark Scheme, 2006 January series — MFP3

MFP3
Q Solution Marks | Total Comments
6(2) | x? 412 12y +36=36 :
Ml Use of y=rsin @ (x =r cos@ PI)
Ml Use of x° +y2 =r?
r* —12rsin@+36 =36 ml
=r=12sind Al 4 CSO AG
1 . 2 1 2
(b) | Area= —[(2sin0+5)" do. M1 Use of [ 77 .
2 2

1 2r
== j(4 sin® @ +20sin 8+ 25)d6 Bl Correct expn. of (2sin@+5)°

2 0 Bl Correct limits

1 2r
=— J.(Z(l —c0s260)+20sin@+25)d | Ml Attempt to writesin? € in terms of
2 0 cos 26.
g
1 ) 2
= 5 276 —sin 26 —20cos 6] 0 ALV Correct integration ft wrong coeffs
=27 Al 6 CSO
(c) | Atintersection12sin@ =2sinf+5 Ml OEeg r=6(r—-5)

0 = 5
= sin _E Al OEeg r=56
Points (6, %) and (6, 5?7[) Al OE
OPMQ is a thombus of side 6 Or two equilateral triangles of side 6

. 2z Ml Any valid complete method to find the
Area = 6X6Xsin T oe Al area (or half area) of quadrilateral.
=183 Al 6 Accept unsimplified surd
Total 16
Total 75

Extra notes:

The SC for Q4

3 3)\2
e =1+|x——. |+—|x——..| +—| x—
3! 2! 3! 3!

M1 for 1* 3 terms ignoring any higher powers than those shown.
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Al for all 4 terms (could be treated separately ie last term often only comes into (b)(ii)

= 1+x—%+%(x2 —....)+l(x3 —)

=1+x+ %xz Al (be convinced.....ignore any powers of x above power 2)

3
X 1
Coefficient of x*: — _6 + gx3 =0 Al (be convinced.....ignore any powers of x above power 3)

Quite often the 2" A mark is awarded before the 1% Al
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Mark Scheme
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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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MFP3 — AQA GCE Mark Scheme, 2006 June series

Key To Mark Scheme And Abbreviations Used In Marking

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

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

No Method Shown

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

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

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

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

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

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

MFP3
Q Solution Marks | Total Comments
1(a) | y=2x+sin2x= y'=2+2cos2x
= y"=—4sin2x M1 Al Need to attempt both )’ and y”
—4sin 2x — 5(2 + 2c0s2x)+4(2x + sin2x) =
8x — 10 — 10cos2x Al 3 CSO AG Substitute. and confirm correct
(b) | Auxiliary equation m* —5m+4=0 Ml
m=4 and 1 Al
CF: Ae* +B¢' M1
GS:y= A"+ Be"+ 2x+sin2x B1vV 4 Their CF + 2x + sin2x
©| x=0,y=2= 2=4+B B1V Only ft if exponentials in GS
x=0,y'=0=> 0=44+B+4 B1V Only ft if exponentials in GS and
differentiated four terms at least
Solving the simultaneous equations Ml
gives A=-2 and B = 4 Al 4
y = 2e"+4¢ + 2x+sin2x
Total 11
2(a) 12 42
N =2+0.1x MI Al
Ix2
=2+0.1x%x25=2.25 Al 3
(b) | £, =0.1x2.5=0.25 Ml
AlV PI ft from (a)
k, =0.1xf(1.1, 2.25) M1
.. = 0.1x2.53434... = 0.2534(34..) AlS PI
w(1.1) = »(1) +%[0.25 +0.253434...] ml
= 2.2517 to 4dp AlS 6 If answer not to 4dp withhold this mark
Total 9
3(3) IF is el‘l.cot)cdx Ml
— eln sy Al
= sinx Al 3 AG
W) d
a(ysmx)— Sin xcos x M1 Al
ysinx = ISin 2x dx Ml Method to integrate 2sinxcosx
sinx = —lcos 2x+c
Y > Al OE
y =2 when x= LN
2
. T 1 .
2 smE = —Ecos T+c ml Depending on at least one M
3 o1 3 )
C—E:>ys1nx—5( —cos x) Al OE eg y sinx =sin’x + 1
Total




MFP3 — AQA GCE Mark Scheme, 2006 June series

MFP3 (cont)

Q Solution Marks | Total Comments
4(a) 1
Area = E_[36(1—cos6’)2 deo Mi use of %J‘rz do
2z .
. 1 J‘ 36(1-2cos 0+ cos® 0) dO B1 for correct e.xp.lanatlon of [6(1—co0s8)]
2 d Bl for correct limits
2z
=9 .[ 2= 4c0s0+(cos20+1)do Mi Attempt to write cos> € in terms of
0 cos 206.
9 2z
= {279 —36sin6 + ESin 29} NN Correct integration; only ft if integrating
0 a + bcos@ + ccos2 6 with non-zero a, b, c.
=54r Al 6 CSO
®)D | x> +1*=9=+=9 Bl PI
A&B:3=6—6cos€:cos€=% Ml
Pts of i . 3. 7). 3 Sm
ts ot intersection EV Y Al OE (accept “different’ values of & not in
Al 4 the given interval)
(i) | Length AB = 2xrsin@ Ml
V3
------------ = 2x3x N 33 Al 2 OE exact surd form
Total 12
5(a) 2
. 31 3+0 3
3;3;2 3 530 2 MI Al 2
a
(b) T 3 2
1 Bx+2) 2x+3
= [In(3x+2) - In(2x+3)] 1;411 aln(3x +2) + bln(2x + 3)
3x+2)]”
S| 2x+3
* ! ml
= In 1im(3a+2j ~Inl MI
a—o\ 2 +3
3 3
= ln5_1n1=1n5 Al CSO

Total

PMT



AQA GCE Mark Scheme, 2006 June series — MFP3

MFP3 (cont)

PMT

Q Solution Marks | Total Comments
6(a) 2 M1 2 terms correct
uzd—y+2y:>%=d—);+2d—y Al
dx dx dx dx
LHS of DE= %— Zd—y+ 4d—y+ 4y
dx de  dx
du
LHS: o +2(u—2y)+4y M1 Substitution into LHS of DE as far as no
derivatives of y
du 2 _ -2x
= e Al 4 | CSOAG
(b) . J.de 2
IFis e e Bl
2x | _
e =1 MI Al
= ue™=x+4 Al
—Su=xe Z+Ade > Al 5
Alternative : Those using CF+PI
Auxiliary equation,
m+2=0:>uCF=Aefzx Bl
For up, try up =ke™ = Ml
ke—Zx _ 2k_xe—2x + 2kxe—2x {: e—2X} Al LHS
k=1 uplzxefzjr Al
Suge = Ae 7 +xe Al
c d
© :ay+2y=xe_2” +Ae ™ Ml Use (b) to reach a 1% order DE in y and x
. '[de _
IFis e € Bl
=)= x4
FEEASN ALV
x2
:>ye2'”=?+Ax+B ALS
x2
=Sy=e¢ ™ [7+AX+BJ Al 5
Total 14




MFP3 — AQA GCE Mark Scheme, 2006 June series

MFP3 (cont)

Q Solution Marks | Total Comments
1@ | (14y)" =1-y+y2.... Bl !
(i) 5 1
Secx ~ R Bl
l——+—.
2 24
2 4 -1
S P = Ml
2 24
x* xt x> x ’
I-| ——+—|+| ——+— Ml
2 24 2 24
x* Xt X
= —_— + —_
{ 2 24 4 }
=1+ ﬁ <+ z .
Y Al;Al 5 AG be convinced
Alternative: Those using Maclaurin
f(x) = sec x
f(0) = 1; f'(x) = secx tanx; {f'(0) =0} (B1)
f'"(x) = secx tan’x + sec’x; £"/(0) = 1 (M1) Product rule oe
ff'(x) = secx tan’x + Stanx sec’x; (ml) Chain rule with product rule OE
fM(x) = secx tan*x +18tan’x sec’x ...
+5sec’x = f(0)=5
sec x =~ printed result (A2) CSO AG
(b) | f(x) =tan x;
f(0) = 0; f'(x) = sec’x; {f(0)=1} Bl
f"'(x) = 2secx(secx tanx); £ ""(0) =0
£"'(x) = 4secx tanx(secx tanx) + 2sec’x Ml Chain rule with product rule oe
f"(0)=2
2 2 3 1 3
tanx=0+1x+0x+§x L= x+§x Al 3 CSO AG
Alternative: Those using otherwise
_sinx x_x_3 1+ﬁ (X[ll)
. o5 6 > ( )
= x+x—3—x—3 Cxriy
2 673 (AD
3
© [xtan2x)_ x(2x+0(x )) B1 tan2x = 2x+%(2x)3
1] 2
secx—1 % +o(x*) Ml Condone o(x") missing
2+ o(x?)
T M1
—+o(x
S o)
. [ xtan2x )
il_)n(l) secr—1 =4 A1V 4 ft on 2k after BO for tan2x = kx+...
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.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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MFP3 - AQA GCE Mark Scheme 2007 January series

Key to mark scheme and abbreviations used in marking

M mark is for method

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

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

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

Jor ftor F follow through from previous

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

No Method Shown

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

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

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.
Where the permitted calculator has functions which reasonably allow the solution of the question directly, the
correct answer without working earns full marks, unless it is given to less than the degree of accuracy accepted

in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP3
Q Solution Marks | Total Comments
1(a) | ¥ (1.05)=0.6+0.05x[In(1+1+0.6)] MI1ALl
=0.6477(7557..) = 0.6478 to 4dp Al 3 Condone >4 dp
(b) | b, =0.05xIn(1+1+0.6)=0.0477(75...) Ml PI
AlF ft candidate’s evaluation in (a)
k, =0.05xf (1.05, 0.6477...)
M1
. =0.05xIn(1+1.05* +0.6477...) |
...=0.0505(85...) AlF PI
1
y(1.05) - y(l) + E[kl + k2] ml Dep on previous two Ms and numerical
=0.6+0.5x0.09836... values for £’s
=0.6492to 4dp AIlF 6 Must be 4 dp... ft one slip
Total 9
2| r—rsinf=4 M1
r—y=4 Bl rsin@ = y stated or used
r=y+4 Al
X4yt =(y+4) M1 r*=x>+y” used
X’ +y =y"+8y+16 AlF ft one slip
_x*-16
y 3 Al
Total 6
. 2
3@) | IF is exp U;dxj M1 And with integration attempted
— 2Inx Al
= 52 Al 3 CSO AG be convinced
(b) i[)/)62]:33)62()63 +1)% MI1A1 PI
dx
2 3 3
= yx’ =—(x3 +1)2 + A4 ml k(x3 +1)2
Al Condone missing ‘4’
2 3
=>4= 5(9)2 +4 ml Use of boundary conditions to find
constant
= A4=-14
= y=x" 3(x3 +1)§ ~14
3 Al 6 Any correct form
Total 9

PMT
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MFP3 (cont)

Q Solution Marks | Total Comments
4(a) | Integrand is not defined at x =0 E1l 1 OE
L 1 | 1
(b) Ix 2 lnx dx=2x? lnx—J.2x2 (—de M1 = kx? 1nxijf(x),with f(x) not
X
involving the ‘original’ In x
Al
I I
------ = 2x2 Inx—4x2 (+¢) Al 3 Condone absence of ‘+ ¢’
elnx . lim (e lnx
Ol e Lol t M
1 lim 1 1
= 2e? — 2a%Ina—4a? -
40 { } M1 F(b) — F(a)
Bt ™ =0
u a’lna=
4—0 B1 Ac?cept a general form e.g.
lim
x'Inx=0
x—>0
1 1
So Ien— dx exists and = —2e? Al 4
Total 8
5| Auxl.eqn m’ —4m+3=0 M1 PI
m=3and 1 Al PI
CF is Ae"+Be' AIF
PI Try y=a+bsinx+ccosx M1 Condone ‘@’ missing here
y'(x)= bcosx—csinx Al
y"(x)= —-bsinx—ccosx AlF ft can be consistent sign error(s)
Substitute into DE gives Ml
a=2 Bl
4c+2b=5and2c—-4b=0 Al
b=0.5, AIlF ft a slip
c=1 Al1F ft a slip
GS:y=Ade*+Be" + 2+ 0.5sinx + cosx BIF 12 y = candidate’s CF and candidate’s PI
(must have exactly two arbitrary
constants)
Total 12
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MFP3 (cont)
Q Solution Marks | Total Comments
1 1
6(a)(D) f’(x)z%(lJer) 2(2)=(1+2x) > MIAl
3 .
f(x)=—(1+2x) 2 Al1F fta slip
5
£ (x)=3(1+2x) 2 Al 4
(i) f(x)=(1+2x)2:>f(0)=1; Bl
f'0)=1; £"(0)=-1;f""(0)=3 Ml All three attempted
AIF fton k(1+2x)"
2 3
£ (x) = £(0) + xf '(0) +% £ "(0)+% £(0)
2 3
zl-i-x—x—-i-% Al 4 | CSOAG
1
() | e*(1+2x)2 =
x2 x3 2 3
[1 tXA +?} [1 +X T +_j Ml Attempt to expand needed
~l+x (141) + x*(-0.5+ 1 + 0.5) Al
11 1 1
+ x| =—=+—+—
2 2 2 6
424+ 2
TTerT e Al 3 |CSsO
2 3
(c) e2x=1+2x+%+%+... B1 1
2 4
=1+2x+2x +§x + ...
1
(d) l—cosx=5x2+{o(x4)} Bl
1
e"(1+2x)2 —e™* _
1-cosx
4+ 2x+ 0 4200 | 14254202 4+ 350
rrx 3x rrex 3x M1 Series used
%x2+{0(x4)}
lim  lim " +{o(x)} RE
x—0 x—0 %xz+{0(x4)}
lim  —l+o(x)
x50 1 ) =-2 AlF 4 ft a slip but must see the intermediate
E"‘O(X ) stage
Total 16
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MFP3 (cont)
Q Solution Marks | Total Comments
7(a) 1 > Lo
Area = EI(6+4cos¢9) dé M1 use of Ejr deo
1 g
= 5(136 +48cos @ +16cos’ 9} de Bl for correct expansion of [6 + 4cos@)]*
- Bl for limits
=(J‘18 +24c0s0 +4(cos 20 + DJ do Ml Attempt to write cos’ @ in terms of
™ cos26
= [220 +24sin 6 + 2sin 20 . Al1F correct integration ft wrong coefficients
=44r Al 6 CSO
(b) | AtP, r=4;, AtQ, r=2; Bl PI
2n
Pix=} rcosc9=4cos?=—2 Ml Attempt to use 7 cosd
Q{x=1} rcos@=2cosm=-2 Al Both
Since P and Q have same x’, PQ is
vertical so QP is parallel to the vertical
T
line 6 =—
b El 4
(c)(d) | OP=4; 05=8,; Bl
Bl S (4, 4v3) and P (-2, 273
Angle POS = g or 5 ( )and P ( )
2 42 2 T
PS" =47 +8 —2x4x8x COSE 0e M1 Cosine rule used in triangle POS
OE PS> =(4+2)" +(4J3 - 2/3)
PS =+/48 {z 43 } Al 4
. 5
() | Gince 8 =47 + (\/4_8 ) , El 1 Accept valid equivalents e.g.
, . . PR =2PQ =2(2\3) = PS.
OS” =0P° + PS” = OPS is aright -
angle. (Converse of Pythagoras Theorem) ZSRP = /RSP = ZRPO = r
= OPS is aright angle
Total 15
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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PMT

MFP3
Q Solution Marks | Total Comments
— e = v = 2Joxe > + Shoc2e™ Ml Product rule to differentiate x’e™
1(a) | Ve e y e e Al
= " =2ke’ +10kxe™ +10kxe® + 25k e™ Alft
= 2ke™ +20kve™ +25ke"e™
5x 2 5x 2 .5x 5x
_10(2]“6 +5kx"e )+ 25kx"e™ =6e M1 Substitution into differential equation
Al
2k=6 = k=3 Alft 6 Only ft if xe** and x’e™* terms all cancel
out
(b) | Aux. eqn. m* —10m+25=0=>m=5 Bl PI
CFis (A+Bx)e™ MI
_ 5x 2 5x Ml Their CF + their/our PI
GS y=(A4+Bx)e™ +3x’e Alft 4 ft only on wrong value of k
Total 10
2(a) | ¥ =2+0.1xy1* +2° +3 M1
y(1.1)=2+0.1 x~/8 Al
v (1.1)=2.28284... =2.2828 to 4dp Al 3
Ml PI
k, =0.1x~/8 =0.2828
(b) | % VB Alft
k, =0.1xf(1.1,2.2828...) Ml
=0.1 x 4/9.42137...=0.3069(425...) Al PI
1
y(1.1)=y(1)+E[0.28284...+0.30694...] ml
2.29489... = 2.2949 to 4dp Al 6
Total 9
3|1IFis ejlmdx M1
=g Mmoot = glnsear Al Accept either
=sec x Alft ft on earlier sign error
i(ysecx)zseczx MI1A1
dx
ysecx = Isecz xdx
ysecx=tanx+c Al Condone missing ¢
y=3whenx=0=3sec0=0+¢ ml
c=3= ysecx=tanx+3 Al 8 OE; condone solution finishing at ¢ =3
provided no errors
Total 8
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MFP3 (cont)

PMT

Q Solution Marks | Total Comments
4(a) | (cos@+sinB)’ =cos> @+sin® 6+2cosHsin b
=14sin26 Bl 1 AG (be convinced)
2 2\3 4
(b) (x +y ) =(x+y)
(rz)3 :(rcos49+rsin6?)4 M2,1,0 [M1 for one of x*+ y* =" OF,
x=rcos@,y=rsin@ used]
¥ =r*(cos @ +sin 8)*
P =r(1+5sin26)> M1 Uses (a) OE at any stage
=(1+sin26)
=r=(1+sin28) {r>0} Al 4 CSO; AG
@@ | r=0=sin20 =-1
.1 n 3n
20 =sin (-1); =——, — M1
2° 2
n 3n .
0=——; — ATAIlft 3 Al for either
4" 4
. 1 : 2 l¢,
(ii) | Area = —I(1+s1n20) dé M1 Use of —Ir dé
2 2
1 . .
= E-f (1+2sin20 +sin” 26) d@ B1 Correct expansion of (1+sin28)*
= lj(l +2sin26 + l (1 —Co0Ss 4(9)) do M1 Attempt to write sin’ 280 in terms of
2 2 cos46
|3 1 ) 1 . 4
- Ze - ECOS ¢ —Esm ¢ Alft Correct integration ft wrong coefficients
only
3n
= 30—1c0529—isin46’ )
4 2 16 _
9n) ( 3m ml Using ¢’s values from (c)(i) as limits or
16 16 the correct limits
= 3%: Al 6 CSO
Total 14
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MFP3 (cont)

Q Solution Marks | Total Comments
2
5(a) u=%+x :%zix—fﬂ MIALI
(xz _1)(d_u_1j 2x(u—x)=x* +1 M1 Substitution into LHS of DE as far as
dx no ys
DE = (xz—l)d—u —2xu=0
dx
d 2
a” S % Al 4 | cso;AG
=
1 _ 2x M1 Separate variables
(b) I;du—sz_ldx Al
Inu=In|x*~1| +In4 AlAlL
u=A4x-1) Al 5
(©) %+x =A@ -1) M1 Use (b) (#0) to form DE in y and x
dy 2
— =Ax-1)—x
™ ( )
X X2 Solution must have two different
y=A4 —-x|-—+B M1 constants and correct method used to
solve the DE
Alft 3
Total 12

PMT
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MFP3 (cont)

Q Solution Marks | Total Comments
6(a)() | f(x)=In(1+e):
f(0)=In2 B1
, e’ , 1 M1 Chain rule
f X)= f 0)=—
(== (0= N
£(x) = (+e')e’—e'e” ¢ M1 Quotient rule OE
(1+e")? (1+e")? Al
” 1
f7(0)=—
(0=
so first three terms are:
f(x)—1n2+lx+lx—2—ln2+lx+lx2 Al 6 CSO: AG
2 42 2 8 ’
i) | £7(x) = (I1+e*)’e’ —¢" [2(1 + ex)ex] Ml Chain rule with quotient/product rule
)= (1+¢)* Alft ft on f”(x)zke"(lJrex) (integer n <0)
N et
£7(0)=——=0 Al 3 | CSO; AG;
{so coefficient of x° is zero} All previous differentiation correct
SC for those not using Maclaurin’s theorem: maximum of 4/9
1 2
b) | —x+—x Bl 1
(b) PR
X
In|1-—|=
@ | nf1-3]
2 3
[_ﬁj_l(_fj +1(__j . BI | 1
2) 20 2 30 2
l+e* X’ - : -
(@) In +In|1-= |=——+... M1 Uses previous expansions to obtain first
2 2 24 non-zero term of the form kx’
x’ x
x—smxzx—[x—§+ i|z§+ B1
I I+¢e* ml1-* 1
n 2 +hnj1=7 —7x3 +...
__ 24
x—sinx x3+0(x5) Ml
- LI
___ 24 _ 24
1
|l = +o(x? “+o(x?
. [ ofx )} Lro(x)
. 1
lim....= —— Al 4 CSO
x—0 4
Total 15

PMT
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MFP3 (cont)

PMT

Q Solution Marks | Total Comments
7(a) | O Bl 1
(b) | u=xe " +1=>du= (e_x —xe " )dx Ml Attempts to find du
dexz Ilduzlnu+c
xe " +1 u
= ln<xe_)‘ + 1){+ c} Al 2 Condone missing ¢
e (1 x)
c = Bl
O I ae=l 5
o |1—x a
=1l In(xe™ +1
Il N dx lim [ n(xe " + )l
—1; —a _ -1
_,}‘i‘o{ln(“e +1)} ln(e +1) M1 For using part (b) and F(B)— F(A)
= ln{ lim (ae_“ + 1)} - ln(e_1 + 1)
—Inl— ln(e_l + 1) ——In (e—l + 1) IXIII . For using limiting process
Total 7
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

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

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

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

COPYRIGHT

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

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

Set and published by the Assessment and Qualifications Alliance.

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

M
m or dM
A
B
E

Jorftor F

CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—X EE
NMS
Pl

SCA

mark is for method

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

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

mark isfor explanation

follow through from previous

incorrect result

correct answer only

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

answer given

specia case

or equivalent

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

possibly implied

substantially correct approach

No Method Shown

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

MC
MR

ISW
FIW
BOD
WR
FB
NOS

dp

mis-copy

mis-read

required accuracy
further work

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

not on scheme

graph

candidate

significant figure(s)
decimal place(s)

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

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

scheme, when it gains no marks.

Otherwise we requir e evidence of a correct method for any marksto be awarded.

PMT




MFP3 - AQA GCE Mark Scheme 2008 January series

MFP3
Q Solution Marks | Total Comments
1(a) | y(2.1) =y(2) + 0.1[2° — 17 M1A1
=1+0.1x3=1.3 Al 3
(b) | y(2.2) = y(2) + 2(0.1)[f(2.1, y(2.2))] M1
....=1+2(0.1)[2.1% - 1.37 A1, Ft on cand’ s answer to (a)
... = 140.2x2.72 = 1.544 Al 3 CAO
Total 6
2(a) 1 1
Area= EJ‘(1+tan¢9)2 de M1 Use of Ejrzde
.= %J.(H 2tan 6 + tan® 6) d6 Bl Correct expansion of (1+tand)?
_1 2 2 2
—Ej(sec 0+ 2tan6) do M1 1+ tan? 6 = sec? 0 used
1 3 .
= E[tan¢9+ 2In(secd)] 3 AL/ Integrating psec®@ correctly
0 B1/ Integrating gtané correctly
_1 J3 _3 . .
_E[( 3+2|n2)—0]-7+ln2 Al 6 | Completion. AG CSO be convinced
(b) 1 A0 = n
OP=1, OQ=1+ tang B1 Both needed. Accept 2.73 for OQ
Shaded area =
‘answer ()" — %OPXOQXSH’][%) M1
3 J3
=5t In2—7(1+ V3) Al 3 | ACF. Condone0.376... if exact ‘value
N 3 for area of triangle seen
= —+In2——
4 4
Total 9
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MFP3 (cont
Q Solution Marks | Total Comments
3(a) (m+ 2)2 -1 M1 Completing sq or formula
m=-2%i Al
CFis e?*(Acosx+Bsinx) M1 If misrea give MO
{or e*A cos(x + B) _ AlS Ft on wrong a’s and b’ s but roots must be
but not A% + Bey complex
Pl try y=p =5p=5 Plisy=1 Bl
GS y=e?(Acosx + Bsinx) +1 B1/ 6 | Their CF + their Pl with two arbitrary
constants.
(b) | x=0, y=2=A=1 B1/ Provided previous B1/" awarded
y'(X)= — 2e *(Acosx+Bsinx) + M1 Product rule used
+ € 2(—Asinx+Bcosx) A1,
y(0)=3=3=-2A+tB=B=5 AlS 4 Ft on oneslip
y = e ?(cosx + 5sinx) +1
Total 10
4(a) | Theinterval of integration isinfinite E1l 1 OE
(b) 1 1
J' xe ¥dx = —=xe > — J ——e¥dx M1 Reasonable attempt at parts
3 3 Al
=—Zxe¥-Ze¥{+q} A1, 3 Condone absence of +c
(©) = a
= J. xe ¥ gx= M J.xe‘:‘”‘ dx
1 1
lim _3a _3a 4 _5 . L -
{-=ag™-=€7} - |——e M1 F(a) — F(1) with an indication of limit
a— 3 9 ‘ ;
a—ow
lim a3 =0 M1 For statement with limit/limiting process
a— oo shown
_4.s
1=3° Al 3
Total 7

PMT
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MFP3 (cont
Q Solution Marks | Total Comments
5 '[4X dx
IFis g X'+ M1
_ eZIn(x2+l) Al
_ _In(x+1), 2 2 pin(x*+1)
= ¢ :(x +1) INNS Fton e
d 2 2\ o2 L 2 M1 LHS as d/dx(yxcand's IF) Pl and also
&(y(x +1) )_X(X +1) RHS of form kx(>?+1)°
AL,
y(x* +1)° =J. X(x? +1)2 dx
2 n2_Lli2 )3 . I .
yO& +1)? ==(x* +1) +c M1 Use of sitable substitution to find RHS
6 Al or reaching k(>x*+1)° OE
Condone missing ¢
yO)=1=> c=§ ml
1, 1 5
Y—g(x + )+6(x2+1)2 Al 9 | Accept other forms of f(X)
x2 2xt X
—+—+—+1
eg 6 4 2
y= >
(x2 +1)
Total 9
6(3) | r225n@cosH =8 M1 sSin26 =2sin@cosé used
X=rcosf y=rsnéd M1 Either one stated or used
4 . 8
=4 =— Either OE =—
Xy y " Al 3 egy ox
®|
ﬁ B1 1
(€) | r=2sech is x=2 B1
Subx=2inxy=4 =2y=4 M1
In cartesian, A(2, 2)
_Y_ T
>tnfd=-=1= =—
X 4 M1 Used either tan 6 = Lorr = (%% + y?
—r=x*+y?> =8 X
9:% r=4/8 Al 4 r must be given in surd form
Altn2: Eliminating r to reach egn. in cos@ Altn3: rsin @ =2 (B1)
. m Solvingrcosg =2 andrsin 6 =2
and sing only (M1) 9—2 (A2) simultaneously (M1)
. tan @ =1 or r’=2%+2* (M1)
Substitution r=2$zec(—j (m1) -
4 ‘922 =48 (A1) need both
r=+/8 (Al) OE surd
Total 8
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MFP3 (cont
Q Solution Marks | Total Comments
7(a)(i) s 8 3 M1 Use of expansion of In(1+x)
In(L+2x) = 2x—2x X Al 2 | Simplified ‘numerators'.
(i —1 < X< 1 Bl 1
2 2
b)(i .
(b)) y=Incosx = y'(X) = i(—smx) M1
COSX
y' (9 =— sec’x Al ACF
y"" (X) = — 2secX (sec x tan X) M1 Chainrule OE
{y" (x) = —2tan x( sec’X)} AlS 4 Ft adip...accept unsimplified
(ii) | y""(9=—2[sec(sec’) +
tanx(2secx (secx tanx))] M1 Product rule OE
Al ACF
y""(0)= —2[(1)*+0] = -2 AL, 3 Ftadip
(iii) 2 4
Incos x:0+0+x7(—1) +0+%(—2) M1
X x |
~ 512 Al 2 CSO throughout part (b). AG
(©) i i
[ xIn(1+2x
Limit = lim #
— 0] x* ~Incosx |
x(2x— 22 + ) |
_ lim
T x>0 2 X Xt M1 Using earlier expansions
2 12
o lim  2x2-0(x3) The notation o(x") can be replaced by a
Limit = X—0 15 + o(x) term of the form kx"
_lim 2-o(x) _ 4
~ x-015+007) 3 M1 Need to see stage, division by X?

Al 3
Total 15




MFP3 - AQA GCE Mark Scheme 2008 January series

MFP3 (cont
Q Solution Marks | Total Comments
8(@)(1) | dx _ ¢ ,_
¢ =3 B1
xﬂ = dy dt M1 Chainrule
dx dt dx
= dy 1. Al 3 Completion. AG
dt » dt ompl etion.
(i) | d?y d( dy)
—_— = —| X— |=
dt?  dtl dx
dxdy d(dy
Tt ax Nar\dx M1 Product rule
dy dxddy
L= X——| —
dt dt dx(dxj M1
_dy o d’y o
. _E+x Bl Al 3 Condone leaving in this form
2 2
LSy dy & AG
dx>  dt?
(b)
Zdz 6xdy+6y 0
dx dx
d? d
dz 7dy 6y=0 M1 Using resultsin (a) to reach DE of this
form
Auxl eqgn n*-7m+6=0
(m-6)(m—-1)=0 ml PI
m=1and 6 Al Pl
y=Ae® + Be' M1 Must be solving the ‘ correct’ DE.
(Give M1AO for y = Ae®™ + Be¥)
y=Ax® + Bx AlS 5 Ft aminor dip only if previous AO
and all three method marks gained
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.
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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
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 gquestion 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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MFP3
Q Solution Marks | Total Comments
1] k =0.1xIn(2+3) M1
=0.1609(4379...) (=% Al PI

k, =0.1xf(2.1, 3+*...)

...=0.1xIn(2.1 + 3.16094...)] M1

....=0.1660(31...) Al PI

21) = y(2) + <[k +k
y(2.1) =y(2) E[ 1 +ko] m1l Dep on previous two Ms and numerical
=3+ 0.5 x 0.3269748.... values for k’s

=3.163487... = 3.1635 to 4dp Al 6 Must be 3.1635

Total 6
2(a) | PI: y,, =a+bx+csinx+dcosx
yr, =b+ccosx—dsinx
b+ ccosx—dsinx—3a—3bx—3csinx M1 Substituting into DE
—3d cosx =10sin x —3x
b—3a=0; —3b= —3; c—3d=0; —d—3c=10 M1 Equating coefficients (at least 2 egns)
azé; b=1;c=-3;d=-1 A2,1 4 Al for any two correct
1 .
Yo =§+x—35|nx—cosx
(b) | Aux.egn. m—3=0 M1 Altn. J‘y-l dy='[3dx OE (M1)

(yCF :)Ae3x Al Ae3x OE

(Vs =) A™ +%+ X —3sin X — COS X B1F 3 (c’s CF + ¢’s Pl ) with 1 arbitrary constant
Total 7

3a) | X¥+y’=1-2y+y¥? =X +y? = (1-y)? B1 1 | AG
(b) | x*+y?=r? M1 Or X =rcoséd
y=rsind M1
X*=1-2y so X*+y*=(1-y)’
= r2=(1-rsind)’ Al OE eg r?cos’d =1—2rsiné
Pl by the next line

r=1-rsin@ or r=—(1-rsinf) m1l Either

r(l+sind)=1or r(1-sing)=-1

r>0sor= Al 5

1+siné CSO

Total 6
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MFP3 (cont
Q Solution Marks | Total Comments
2
4(a) u:d_y:d_u:d_zl M1
dx dx dx
du 32 du 1 3
T P Al 2 | AG Substitution into LHS of DE and
completion
. 1 . .
(b) | IFis exp (J‘—; dx) M1 and with integration attempted
— e—lnx Al
=x"' or % Al or multiple of x*
i[ux‘q =3 M1 LHS as differential of ux IF. PI
dx
=Sux'=3x+A ml Must have an arbitrary constant
(Dep. on previous M1 only)
u=3x*+ Ax Al 6
© | Doy 4 Ax M1 Replaces u by Y and attempts to
dx dx
integrate
3 X
y=x+——+B AlF 2 ft on cand’s u but solution must have two
arbitrary constants
Total 10
5 ; ¢ x* (1 M1 ~=hd Inx+ [ £(x) , with f(x) not
(@) jx Inx dx="-Inx— —(—] dx ’
4\ X involving the ‘original’ In x
Al
x* x*
...... = Tln X——+C¢C Al 3 Condone absence of ‘+ ¢’
(b) | Integrand is not defined at x =0 El 1 OE
e 4 T e a3
(c) jox Inx dx—{ym X Inx dx}
—E—Iim a—4lna—a—4 M1 F(e)-F(a
16 20| 4 16 ) -F@
But Iin;)\ a‘lna=0 B1 Accept a general form eg Iirrg x*Inx=0
e 4 . 3e!
So J x®Inx dx exists and =— Al 3 CSO
0 16
Total 7

PMT



MFP3 - AQA GCE Mark Scheme 2008 June series

MFP3 (cont
Q Solution Marks | Total Comments
6(a) | Aux eqn: m°—2m—-3=0 M1
m=-1, 3 Al Pl
CF (y. =)Ae* +Be™* M1
Try (y, =)ae™ (+b) M1
a_ —2ae™ Al
dx
2
d—g =4ae™ Al
dx
Substitute into DE gives
4ae™ +4ae** —3ae* —3b=10e** -9 M1
—a=2 Al
b=3 Bl
(Yos =)A™ +Be ™ +2e7 +3 B1F 10 | (c’s CF+c’s PI) with 2 arbitrary constants
(b) | x=0,y=7 =>7=A+B+2+3 BLF Only ft if exponentials in GS and two
arbitrary constants remain
@ _ 3Ae¥” —Be ™ —4e*
dx
—kx dy —
As X >0, € ao,d—eo SOA=0 Bl
X
WhenA=0, 5=0+B+3 =B=2 B1F Must be using ‘A’ =0
y=2e"+2e%+3 Al 4 CSO
Total 14
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MFP3 (cont
Q Solution Marks | Total Comments
2x)°
7(2) Sin2Xz2X—%+..=2X—£X3+.. B1 1
L dy 1 = M1 Chain rule
b)(i 3+e*) 2 (e
(b)) | =7 (3+e") 2(e) AL
d’y 1, s 1 . M1 Product rule OE
Frael (3+¢) 2—Z(3+e ) 2(e”) AL OF
y'(0)==: y"(0) = SE Al 5 |CSO
4 32 32
(i) [ yO =2 y(©=%; y(©@ = -==L
’ 4 32 32
2
McC. Thm: y(0) + xy'(0) + — y”(O)
x 5.1 7 , M1
\V3+e ~2+Zx+ax Al 5 CSO: AG
1 7,
W—Z ) 2+Zx+ax -2
(c) - = ) M1
sin 2x ox_ 23
3
1. 7.,
- |4 64 mi Dividing numerator and denominator by x
2 4 , to get constant term in each
——X"+
1 .
lim J3+eX =2 :izl ALF 3 :c:t on candganswer to (a) provided of the
0| sin2x 2 8 orm ax-+bx
Total 11
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MFP3 (cont
Q Solution Marks | Total Comments
8(a) | =0, r=5+2co0s0 = 7 {A lies on C} B1
O=m, r=5+2cosn =3 {B lieson C} Bl 2
(b) 5
Bl Closed single loop curve, with (indication
3 7 of) symmetry
\ Bl 2 Critical values, 3,5,7 indicated
5
(©)
Area = 1'|'(5+2c059)2d9 M1 Use of 1J.rzdé?
2 2
g - 2
_1 J‘ (25+ 20c0S 6 + 4 OS> 9) de B1 OE for corre_ct fexpansmn of (5+2cosé)
27 Bl For correct limits
b - 2 -
_1 _[ (25+20c0s @+ 2(cos 20 +1)) d@ M1 Attempt to write cos® @ in terms of
2° cos 26
_ 1[270+ 20sin 8+ sin 20]" ALF Corre_c'; mtegratlon ft wrong non-zero
2 -n coefficients in a + bcosé + ccos26
=27n Al 6 CSO
(d) | Triangle OBQ with B1 Pl
OB =3 and angle BOQ = «
OQ=5+2cos(-n+ ) M1 OE
Area of triangle OQB = %OBxOQsin o m1 Dep. on correct method to find OQ
:%(5—2cosa)sin(x Al 4 | CsO
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.aqa.org.uk

Copyright © 2009 AQA and its licensors. All rights reserved.

COPYRIGHT

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

Set and published by the Assessment and Qualifications Alliance.

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

M 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
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP3
Q Solution Marks | Total Comments
1(a) 1 +3
=3+0.2%
Y1 { 1.3 M1A1
=3.5 Al 3
(b) | k,=0.2x25=05 B1ft PI ft from (a)
k, =0.2xf(1.2, 3.5) M1 fton (a)
1.2* +3.5°
= O-ZXW = 0.5825(53...) Alft Pl condone 3dp
1
y(1.2) = y(1)+5[0.5+0.5825(53...)] mi
=3.54127... =3.5413 to 4dp Alft 5 ft one slip
If answer not to 4dp withhold this mark
Total 8
2(a) [-2ex [£2 ax
IFis e” X M1 e’ X
L Al P1
_ Inx—2 _v—2 _ l .
=€ =X = el Al 3 | AG Beconvinced
Oy diy)_ 1, M1 LHS as d/dx(yxIF)
dX XZ X2
Al PI
y 1, .
X2 I ;dx = Inx+c Al RHS Condone missing ‘+ ¢’ here
y = x° In X +cx? Al 4
Total 7
3 _1% 2 o 1
Area = E_[(Z+cos¢9) sin@dé M1 use of _J',—Z do
0 2
B1 Correct limits
1 3 Valid method to reach
=3 —5(2+cos0) M2 k(2+cosé)® or acosd +bcos2 8 +ccos’d OE
{SC: M1 if expands then integrates to get
either acos@ + b cos26 OE or
ccos’d OE inavalid way}
1
Al OE eg —4cos¢9—c0526—§c053¢9
1) 1 1ol 18
517373 3 Al 6 CSO
Total 6
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MFP3 (cont
Q Solution Marks | Total Comments
4(a) 1
jlnxdx=x|nx—jx ” dx M1 Integration by parts
=xInx—x +c Al 2 CSO AG
(b) | (1 lim
J'Olnxdx-a%0 jalnxdx M1 OE
_ fim {0-1-Jalna-a]}
250 M1 F(1)-F(a) OE
im Accept a general form eg
But alna=0 E1l lim
a—0 a“lna=0
a—0
“Inxdx =
So [ Inxdx = -1 AL A
Total 6
5(a) | When @ =,
B 2 B 2 Bl 1 Correct verification
© 3+2cosm 3+2(-1)
(b)() 2 _ 1
312c050 1 =cosd=-- M1 Equates r’s and attempts to solve.
. . . 2n 4t Condone eg —2n/3 for 4m/3
Points of intersection 1’? ’ 11? A2,1 3 | Al if either one point correct or two
correct solutions of cos@ =—0.5
i 1 .
M| Area OMN = ~x1x1xsin(6,, —6,|) M1 i
2 ALT MN =2x1xsin M1
1. 27 3 Perp. from L to MN
= Zsin——=— Al
27 3 4 = 2—1cos%=§ M1A1
1 . T
Area OMLN = 2x x1x2xsin M1 Area LMN:%><J§><%:¥ Al
AreaLMN:x/_—£=ﬁ Al 4
4 4
(¢) | 3r+2rcosd =2 M1
3r+2x =2 Bl rcosd = x stated or used
3r=2-2x Al 3r=%(2-2x)
9(x? + y?) = (2 - 2x)? M1 r’ =x*+y* used
9y? =(2-2x)* —9x° Al 5 |CSO
ACF for f(x) eg 9y> =-5x* —8x+4
Total 13
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MFP3 (cont)

Q Solution Marks | Total Comments
6()(0) | 62 =1+ 2x+2x2 +2x° + . M1 Clear use of x—2x in
3 expansion of e*
Al 2 ACF
(i) _2
(0} = e (1+3x) 3
, [_Zj [_5j(3x)2 First three terms as
-2 2 3)U 3 40 )
d+3x) ° =1+(——j(3x)+ -—x 1+(——J 3x) + kx* OE
3 2 3 M1 3 (3x)
4
=1—2x+5x2—?0x3 Al
{fx)~} ot
4x3 40%°3 ml Dep on both prev MS
1+ 2x+2x° +T_2X_4X2 —4x° +5x* +10x° — 0 Alft Condone one sign or
numerical slip in mult.
=1+3x" - 6x° Al 5 |CSO AG AO0if
binominal series not used
b)(i . 1 M1 Chain rule
(B){1) y=In(l+2sinx) = d—y:—_><2cosx Al
dx 1+2sinx
d’y 1+ 2sinx)(=2sin ) — 2cos X(2€0sX) —2(in X + 2) M1 Quotient rule OE with
N = 1+ 25in x)2 = 1+ 25in x)2 u and v non constant
X 1+ 2sinx) 1+ 2sinx) Al 4 ACE
(ii) | y(0) =0, y'(0)=2, y"(0)=-4 M1
: X’
McL Thm.: {In(1+ 2sin x) }:0+2x—4[7 +.e2x-2¢ | Al 2 | CSO AG
()| lim 1-f(x) _ lim —3x* +6x° " Us _
Xx—0 xIn(l+2sinx) x—0 2x*-2x° sIng expansions
_lim —3+6x
= 50 2_2x m1 Division by x° stage
3 before taking limit.
-2 Al 3 | cso
Total 16
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MFP3 (cont
Q Solution Marks | Total Comments
7(a) | dx
—=e' {=x
et B1 OE
dy dy dt _ o dy M1 Chain rule
o Al
dx dt dx  dt OEeg x W =W
dx dt
2
dy _ d (et dy] dt d( ~t dyj M1 _( )_ﬂi() OE
dx?  dx dt ) dxdt dx dt
dt . dy y
e 2 +et —2 M1 Product rule OE
dx( dt dt?
_ Ldy . d%
e —-e' L +e Al OE
( dt dt?
o2 dy dPy
dt dt?
= Xzﬂ— dy _dy Al 7 | CSO AG Completion. Be convinced
dx? L dt2  dt PIeton.
b 2
®) e d?y ¥ g9
dx® dx
d’y dy (dyj
——— -4 —=]=10 M1
[dt2 dt dt
d? d
dtZ_Sd_)'[/:lo Al 2 | CSO AG Completion. Be convinced
© | d’y _dy
—-5—=10 (*
dt*> dt )
Auxl eqgn m’-5m =0 M1 Pl
m(m-5)=0
m=0and5 Al
CF: (Y. =)A+ Be” M1 ft wrong values of m provided 2 arb.
constants in CF. condone x for t here
Pl: (Y, =)—2t Bl
GSof (*) {y}=A+Be—2t B1ft 5 ft on ¢’s CF + PI, provided PI is non-zero
and CF has two arbitrary constants
(d|= y=A+BxX’-2Inx M1
y'(x)=5Bx* —2x ! Alft Must involve differentiating a In x ft slip
Using boundary conditions to find A & B M1
B=2,A=-2; {y=-2+2-2Inx} | ALAlft| 5 | ftaslip.
Total 19
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
CSsO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP3
Q Solution Marks | Total Comments
1@ | y3.1) = y(3) +0.1/32 +2+1 M1AL
= 2+0.1x+/12 =2.3464(10..)
=2.3464 Al 3 Condone > 4dp if correct
(b) | y(3.2) = y(3) + 2(0.1)[f(3.1, y(3.1))] M1
T2+ 2(0.1)[\/(3.12 +2.3464+1) ] AlF ft on candidate’s answer to (a)
... =2+ 0.2x3.599499.. = 2.719(89..)
=2.720 Al 3 CAO Must be 2.720
Total 6
2 IF is ef‘“‘”* o M1 Award even if negative sign missing
= glncosx) (+c) Al OE Condone missing ¢
= (k) cos x AlF ft earlier sign error
dy .
cos x&—ytan XCOS X =25in XCOS X
d . d
&(ycosx): 2sin X cos X M1 LHS as &(yx IF) PI
ycosxzj' 2sin xcos x dx dx AlF ft on c’s IF provided no exp or logs
ycosx:.[sin 2x dx ml Double angle or substitution OE for
integrating 2sin xcos x
Y 60s X =~ €0 x(+c) Al ACF
5 1
=ote ml Boundary condition used to find ¢
5
c=—
2
cosx——10052x + 5

y T 9 2 Al 9 ACF eg ycosx—2+sin®x

Apply ISW after ACF

Total 9
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MFP3 (cont
Q Solution Marks | Total Comments
3(a) | Centre of circle is M(3, 4) B1 Pl
A(6, 8) B1 2
(b)(i) | k=0OA =10 Bl
_Ya_
tanor=-% Bl 2 SC“r=10and tan 6?:§ ”=Blonly
X, 6
(b)(ii) | X*+y*—6x—8y+25=25 B1 If polar form before expansion award the

B1 for correct expansions of both
(rcos@—m)’and(rsin@—n)” where
(m,n)=(3,4)or(m,n)=(4,3)

r’—6rcos @ —8rsin @ =0 M1M1 1st M1 for use of any one of
X +y*=r’ x=rcos @, y=rsin 6
2nd M1 for use of these to convert the
form x*+y*+ax+by=0 correctly to the
form r?+arcos@+brsin@=0

{r =0, origin} Circle: r = 6cos@ + 8sin8 Al 4 NMS Mark as 4 or 0

ALTn

Circle hasegn r=0A cos(a— @) (M2)

r = OAcosa cos@ +OAsina sing (m1) OE

Circle: r = 6¢cosé + 8siné@ (Al)

Total 8
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MFP3 (cont)

Q Solution Marks | Total Comments
4 1 4
—— dx=Inx—-In(4x+1){+c
(3] (s} | g o
lim a (1 4 lim
I = —— dx oo replaced by a (OE) and
lim a
= [Inx=In(4x+1)];
a—oo
lim a 1 ( a j
= In —In= Ina—In(4a+1)=In
a—s oo { (4a+1j 5} ml (4a+1)=In| 2
and previous M1 scored
_— In 1 In 1
S a—oe 1 In[ 2 J:In ! and
4+a mi (4a+1 4+%
previous M1m1 scored
= In——InE—In—
5 Al 5 CSO
Total 5
5(a) | —ksinx+2k cosx+5ksin x=8sin x+4cos x M1 Differentiation and subst. into DE
Al
k=2 Al 3
(b) | Auxlegn m?*+2m+5=0
—2+4/4-20 )
m:f M1 Formula or completing sq. Pl
m=-1+£2i Al
CF: { y.}=¢"*(Asin 2x+Bcos 2x) AlF ft provided m is not real
GS {y} = e *(Asin2x+Bcos2x) + k sin x B1F ft on CF + PI; must have 2 arb consts
Whenx=0,y=1=B=1 B1F
;i_y = —e *(Asin 2x+ B cos 2x)
X
+e™(2Acos2x—2Bsin2x) + kcosx | M Product rule
_o dy_ _
When x =0, d——4:4——B +2A+k Al Pl
X
= A:E
2
«( 3. .
y=e (Esm 2x+costJ+Zsmx Al 8 CSO
Total 11
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MFP3 (cont
Q Solution Marks | Total Comments
6(a)(i) 1
f(x)=(9+tanx)’
1
so f'(x)= £(9+tan x) *sec?x M1 Chain rule
2 Al
1 — §
f"(x)= —=(9+tanx) *sec’ x
4 . M1 Product rule, OE
1 "2 )
+§(9+tan X) “(2sec” xtanx) Al 4 | ACE
(a)(ii) | f(0)=3 B1
1
1,72 1
0= 3(9) ’ =5
, M1 Both attempted and at least one correct ft
£7(0) = _%(9)‘ 2 :_% onc’s f(x) and f ”(x)
f(x) = f(0)+x f '(0)+ %xz f"(0)
2 g X X Al 3 | CSO AG
(9+tanx) “3+g‘m
(b) x_ X
f()-3_ 6 216" M1 Usi :
sin3x 2 (3x)° sing series expns.
T
1 x
6 216" ml Dividing numerator gnd denominator by x
T3 to get constant term in each
lim [f()-3]_ 1
x—0 | sin3x 18 Al 3

Total

10
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MFP3 (cont
Q Solution Marks | Total Comments
7(a) 6\ 1
Area = %I {1+6e ”j do M1 Use of E.frzde
1 2n _e _20 _e 2
= EIO (1+126 " +36e * ] de Bl Correct expansion of [1+6e “]
Bl Correct limits
1 _e _207]2n
= E{H—lZn e "—18me -~ } ml Correct integration of at least two of the
0 _e _2
threeterms 1, pe *, qe ~
=n (16 —6e%—9e % Al 5 ACF
(b) B1 Going the correct way round the pole
01
B1 Increasing in distance from the pole
End-points (1, 0) and (€%, 2m) B2,1,0 4 Correct end-points
B1 for each pair or for 1 and e? shown on
graph in correct positions
(] ¢ _e 6
er=1+6e * M1 Eliminationofror 6 [r=1+ —]
r
A é _e
g™ | —e"—6=0 m1l Forming quadratic in e™ orin e *
orinr. [P-r—6=0]
0 4
(e" —3}[@1 +2]:0 mil OE
o o
er>0 so e"= E1l Rejection of negative ‘solution’ PI
[r=3]
Polar coordinates of P are (3, m In 3) Al 5
Total 14
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MFP3 (cont
Q Solution Marks | Total Comments
" _1
8(2)(1) | dx =2t B1 Pl or for a_1 X ?
dt dx 2
dx dy _dy
dt dx  dt M1 OE Chain rule %: ori—)t/:...
dy dy dy dy
2t—=— 350 2Vx —= — Al 3 AG
dx dt Vx dx dt
(a)(ii) d( dyj d (dyj dt d (dyj d dt d
— | 2YX—=+ |=—| = |= ——| =L —(f(t))=— —(f(t)) OE
dx Idx dx\ dt )~ dxdtl dt M1 ax " =g g W)
d dx d
eg —(g(x))=— —(g(x
g Olt(g( ) ™ OIX(g( )
d? “ldy 1d?
Zﬁd—xgﬂ Zd%:ETZ/ M1 Product rule OE
d’y . -idy d%y
UNX—+2X 2—=—
[dxz dx dt?
dy ,dy_ d%
= 4XW+2&: w Al 3 AG Completion
b 2
(b) 4x—¥+2(1+2x/;)ﬂ—3y=0
dx dx
2
(4xd—¥+2d—y)+2(2\/§ﬂ)—3y=0
dx dx dx
d’y _dy M1 Use of either (a)(i) or (a)(ii)
prorma il Al 2 | AG Completion
(©) | d’y dy
—+2—=-3y=0 (*
a Tt ) )
Auxl. Eqgn. m*+2m—3=0
(m+3)(m—-1) =0 M1 Pl
m=-3and 1 Al Pl
GSof (*) {y} = Ae ™ +Be' M1 Ae* 1+ Be* scores MO here
= y=Ae **4Bel Al 4
Total 12
TOTAL 75
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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
CSsO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown C candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

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

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

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.
Where the permitted calculator has functions which reasonably allow the solution of the question directly, the
correct answer without working earns full marks, unless it is given to less than the degree of accuracy accepted
in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP3
Q Solution Marks | Total Comments
1(3) | y, =2+0.1x[3In(2x3+2)]=2 + 0.3In8
— M1A1
=2.6238(3...)
y(3.1) = 2.6238 (to 4dp) Al 3 Condone greater accuracy
(b) | k, =0.1x3In8=0.6238(32...) B1F Pl ft from (a), 4dp or better
k, =0.1xf(3.1, 2.6238(32...)) M1
..= 0.1x3.1x1In8.8238(32..) AlF PI; ft on 0.1x3.1x In[6.2 + answer(a)]
[=0.6750(1...)
1
y(3.1)=2 +E[0'6238(3") +0.6750(1..)] mi
= 2.6494(2...) = 2.6494 to 4dp Al 5 CAO Must be 2.6494
Total 8
2@ | dy_ 1
i 4+3XX3 M1 Chain rule
d*y -2 -2 . .
o 3(4+3x) “x3=-9(4+3x) M1A1 3 | M1 for quotient (PI) or chain rule used
(b) . R A M1 Clear attempt to use Maclaurin’s theorem
In (4+3x) = In4 +y'(0) x +y (O)EX t+. with numerical values for y’(0) and y”(0)
. _ 3 9 ,
First three terms:  In4 + R AlLF 2 | fton c’s answers to (a) provided y'(0) and
y"(0) are # 0. Accept 1.38(6..) for In4
(c) _ 3 9
In (4-3x) = |n4_ZX_§X B1F 1 ft x— —x in ¢’s answer to (b)
d
@) In(4ing=In(4+3x)—|n(4—3x) M1
~na+ 3x=2 ing +§x+ix2
4 4 32
:g X Al 2 CSO AG
Total 8
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MFP3 (cont)

PMT

Q Solution Marks Total Comments
3(a) 2 M1
g du_dy
dx dx  dx
du du 2 Al 2 CSO AG Substitution into LHS of
X&‘*ZU =3X= &"';U =3 DE and completion
3(b) |, _. 2 k _
IFlsexp(j;dx) M1 exp(j;dx),fork_iz, +1
| and integration attempted
— A2lnx. _ 2
e =X ALAL
d
d—(ux2 ) =3x° M1 LHS as differential of u x IF
X
w=x+A= u=x+Ax? Al 5 Must have an arbitrary constant
(c) | dy i
w T AX M1 and with integration attempted
dy P 1, A
oA = y=ox -2 4B ALF 12 ftonly if IF is MIAOAO
Total 9
4(a
@ sin3x = 3x—%(3x)3+=3x—4.5x3+... B1 1
b 1
() costzl—E(Zx)2 +. B1
lim {3xc032x—sin3x} _
: =
X _) 0 oX M1 Using expansions
lim  3x—6x®-3x+4.5x°+...
x—0 5x°
lim —1.5+(0(x?))... . s
= 0 5 ml Division by x° stage to reach relevant
X—= form of gquotient before taking limit.
3
10 Al 4 CSO OE
Total 5
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MFP3 (cont)

PMT

Q Solution Marks Total Comments
5(a) L dy oy M1 Product Rule used
Yei = pXxe © = —==pe “ —2pxe
dx
d? _ ~ _

= _de = —2pe ¥ —2pe ¥+ 4 pxe ¥ Al

—4pe ? + 4pxe > +3pe ¥ —6pxe Z* +

2pxe > = 2e ¥ M1 Sub. into DE

—pe® =26 =>p=-2 AlLF 4 ft one slip in differentiation

5(b) | Aux.eqn. m* +3m+2=0

= m=-1,-2 B1

CFis Ae™+Be M1 ft on real values of m only

GS y=Ae™*+Be > —2xe ¥ B1F Their CF + their Pl must have 2 arb
consts

Whenx=0,y=2=A+B=2 B1F Must be using GS; ft on wrong non-
zero values for p and m

dy - -2 -2 -2

% —Ae " —2Be " —2e " +dxe ” B1F Must be using GS; ft on wrong non-
zero values for p and m

_q dy_ _

When x =0, i 0=-A-2B-2=0 B1F Must be using GS; ft on wrong non-
zero values for p and m and slips in
finding y'(x)

Solving simultaneously, 2 eqns each in two ml

arbitrary constants

A=6,B=-4; y=6e*—4e > -2xe* Al 8 CSO

Total 12
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MFP3 (cont)

PMT

Q Solution Marks Total Comments
6(a) | The interval of integration is infinite El 1 OE
b)(i
()0 x=1 = ‘dx=-y *dy’
Inx? 31 -2 -2
J =adx=[ iy )y oy M1
— -2 4y
=] —yIny*dy = [ 2yInydy Al 2 |cso AG
(ii) ., o1 M1 = ky? InyiJ.f(y) dy with f(y) not
[2yinydy=y*iny—[ y?|=|dy o =
y involving the ‘original’ In'y
Al
...... =y’Iny— Zy® +¢ Al Condone absence of ‘+c’
m
I 2yIlnydy = J' 2ylInydy
-0
1 lim 2
= 0-= |- a’lna—— M1
( 2] a—0 { }
1 lim CSO Must see clear indication that
= — since a’Ina=0 Al 5 cand has correctly considered
a—0 .
lim |
a‘lna=0
a—0
(i) - Inx? 1 ft on minus ¢’s value as answer to
sof “5dx=2 BIE 11 | (o
Total 9
7| Aux.eqgn. m* +4=0 = m==2i B1
CF is Acos2x + Bsin2x M1 OE. If misreal give MO
AlF ft on incorrect complex value for m
Pl: Try a+b M1 Award even if extra terms, provided
+ csinx M1 the relevant coefficients are shown to
be zero.
2a—csinx+4ax’+4b+4csinx = 8x? + 9sinx
a=2, b=-1, Al Dep on relevant M mark
c=3 Al Dep on relevant M mark
(y =) Acos2x + Bsin2x + 2x* —1+ 3sinx B1F 8 Their CF + their P1. Must be exactly

two arbitrary constants

Total
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Q Solution Marks | Total Comments
8(a) | 4sin@(1-sing)=1 M1 Elimination of ror & { r =4[1-(1/n]}
4sin® 0 —4sin@+1=0 Al {r’-4r+4=0}
(2sin@—-1)2=0=>sin § =05 ml Valid method to solve quadratic egn. Pl
{(r-2?=0=>r=2}
9:£ | st_n =2 A2,1 A1 for any two of the three.
6 6
[P(Z, %) Q(Z, %nj] SC: Verification of P(Z, %) scores max
> 5
of B1 & a further B1 if Q(Z, %} stated
8(b) | Area triangle OPQ = 1 ot xsin pog | M1 Any valid method to correct (ft eg on ro)
2 © expression with just one remaining
unknown
_ot_m (_2m Valid method to find remaining unknown
Angle POQ = 6 6 (_ 3 j m1 either relevant angle or relevant side
Area triangle OPQ = Zsinz—:;T = \/5 Al
Unshaded area bounded by line OP and 1
1.x ) M1 Use of —J. r’>d@ for relevant area(s)
arcOP = =[2 [4(1-sin@) d@ 2
275 (condone missing/wrong limits)
_ 8J' (L-25in@+sin’ 6)d 6 B1 Correct expn of (1-sin @ )?
_ 8J- [1_25in6+1—c0329) do M1 Attempt to writesin® & in terms of cos2 8
6 sin26
= 8[‘9 +2c0s6 + 57T } (+¢) AlF Correct integration ft wrong coeffs
8[(1-sin6)" do =
6
o
SX[%+ 2cos6 — SN 29}
2 n
6
= 8x{3—n—(3—n+ 2cos£—£sin 2—“)} ml F(Ej— F(EJ OE for relevant area(s)
4 (12 6 4 6 2 6
oy [® V3]
- BX[E_*@JF?J {=4n-7y3} AlF ft one slip; accept terms inm, and /3 left
unsimplified
Shaded area = Area of triangle OPQ —
1o . , M1 OE
ZXEI"Z [4(1-sing)]* d@
6
Shaded area =
16|25+ B3 21543 -
3-16 5 3+? =15+4/3 -8m Al 11 | CSO Acceptm=15 n=-8
Total 16
TOTAL 75
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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

JorftorF follow through from previous

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

No Method Shown

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

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

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

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

scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Marks | Total Comments
1() | y(1.1) = y(1) + 0.1[1+3+sin1] M1A1
= 1+0.1x4.84147.= 1.4841(47..)
=1.4841 to 4dp Al 3 Condone > 4dp
(b) | y(1.2) =y(1) + 2(0.1){f[1.1, y(1.1)]} M1
... =1+2(0.1){1.1+3+sin[1.4841(47..)]} | AlF Ft on cand’s answer to (a)
=2.019 to 3dp Al 3 CAO Must be 2.019
Note: If using degrees max mark is
4/6 ie M1A1A0;M1A1FAQ
Total 6
2(a) | —4ksin2x+ksin2x =sin 2x M1 Substituting into the differential equation
Al
1
k = _g Al 3 Accept correct Pl
(b) | (Aux.eqn m?+1=0) m==i B1 PI
CF: Acosx+ Bsinx M1 MO if m is real
AlF OE Ft on incorrect complex values for m
For the ALF do not accept if left in the
form Ae™ + Be ™
. 1.
(GS:y =) Acosx+Bsinx _55'” 2x B1F 4 | ¢’s CF +c’s Pl but must have 2 constants
Total 7
3(a) | The interval of integration is infinite El 1 OE
(b) 4 —4X —4x —4x —4x
j4xe “dx =—xe " — I—e dx M1 kxe ™ — Ike dx for non-zero k
Al
- _Xe—4X _le—4X {+C}
- 4 AlF 3 Condone absence of +c
©| = lim @
I= j4xe‘4X dx = J‘4xe‘4X dx
A e M1 F(a) — F(1) with an indication of limit
lim {_ae—4a_£e—4a}_ _Ee—4 ‘a—>o’
a— oo 4 4
lim ae™ =0 M1 For statement with limit/ limiting
a — oo process shown
|= e
=2° Al CSO

Total
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MFP3 (cont
Q Solution Marks | Total Comments
4
. 3 I .

IFis exp (J; dx) M1 and with integration attempted

=™ Al PI

=x° Al

d 3 3, 4 H
&[ yx* =X (x +3)2 M1 LHS. Use of ¢’s IF. PI
Al
3_ 1 4 2 4 =
:yxzﬁ(x +3)2+A mi k(x*+3)2
Al Condone missing ‘A’
1_1 .40

= 5 25(4)2 +A ml Use of boundary conditions in attempt to
find constant after intgr. Dep on two M
marks, not dep on m

=A=-3; ™

1, 5 Al 9 ACF. The Al can be awarded at line (*)

=>yx= E(X + 3)2 -3 provided a correct earlier egn in y, x and
‘A’ is seen immediately before boundary
conditions are substituted.

Total 9
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MFP3 (cont)

Q Solution Marks | Total Comments
5(a) (4x)2 (4x)4 M1 Clear attempt to replace x by 4x in
COS4xX =1—-——+ T expansion of cos x...condone
2 4 missing brackets for the M mark
Al 2
<18y + 2y
3
(b)() | dy 1 (—e") M1 Chain rule

—= x(—e

dx 2-e* Al

d2 2_eXf—eX)=(=e*)=e* M1 Quotient rule OE

y_ eke) 1 Quot
dx (2 —eX )
o —2e"
(2 —e*f
3 xR 9ax)_(_ 9ax _ax x ml All necessary rules attempted
d Z = (2 € ) ( 2e ) ( 284 )2(2 € € ) (dep on previous 2 M marks)
dx (2 —e* )
Al 6 ACF
(i) | y(0) =0; y'(0) =-1; y"(0) =-2; y"'(0) =-6 M1 At least three attempted
2 3
X ! X " X "

Ln(2—€")=y(0)+xy (0)+?y (0)+?y (0)...

X=X =x3 Al 2 CSO AG (The previous 7 marks
must have been awarded and no
double errors seen)

© {xln(Z—ex)}— X2 —x®—x*..
1-cos4x 8x2 _32.4 M1 Using the expansions
o —x% —0(x%) The notation o(x") can be
Limit = X0 8x’ —o(x") replaced by a term of the form
kx"
_ lim —1-0(x)
T X550 8—0(x) m1 Division by x* stage before
taking the limit
1
------ - ) Al 3 CSO
Total 13
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MFP3 (cont
Q Solution Marks | Total Comments
6(a)(i) | X*+y*=r’ x=rcos @, y=rsin @ B2,1,0 B1 for one stated or used

r’ =2r(cos@—sin @) M1
X2+y2 :2(X_y) Al 4 ACF

(i) | (x-1 +(y+1? =2 M1
(x=1) +(y+1) ML
Centre (1, -1); radius V2 A1F 3

(b)() 1
Area = —I(4+sin9)2d9 M1 Use of 1J.r2d¢9.
2 2
1 2r
= E_[(l6+83in6+sin2 0)de B1 Correct expn of [4+sing]?
0 Bl Correct limits
2n
- .([ (8+4sin 6 +0.25(1 - cos 26)) d9 M1 Attempt to writesin? @ in terms of
cos 26
1 1. 2r

= |80 —-4cosf+ 29 - gsm 20 0 AlF Correct integration ft wrong coefficients
=16.5x Al 6 CSO

(ii) | For the curves to intersect, the eqn
2(cos@—sinf@) =4+sin@ M1 Equating rs and simplifying to a suitable
must have a solution.
2c0s@—-3sinfd =4
Rcos(0+a) =4, M1 OE. Forming a relevant egn from which

valid explanation can be stated directly
2
where R =+/2° +3° and cosar = R Al OE. Correct relevant equation
4
cos(@ + &) = —— > 1. Since must have
V13

—1<cos X <1 there are no solutions of
the equation 2(cos@ —sin@) =4+sind | g 4 | Accept other valid explanations.
so the two curves do not intersect.

(iii) | Required area =

answer (b)(i) - 7z(radius of C, )’ M1
= 16.5n - 2n =14.5n AlF 2 Ft on (a)(ii) and (b)(i)
Total 19
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MFP3 (cont

Q Solution Marks | Total Comments

7@)(0) | dx dy _dy .
dt dx  dt M1 OE Chain rule

Sdy_dy dy_,dy
Ly 2o =2t?
2 A dt dX at Al 2 CSO AG.

@) | 42 1 1 dt d
dy_df,zdy|_dtdf,;dy M1 —(f(t)) S g (FO)
dx®  dx dt | dxdt dt

OE eg
—( (x ))_Ed_(g( X))
1
d* Y- o {2 t2 d* ¥+t 2 dy} m1 Product rule O.E. used dep on previous
dx* dt dt M1 being awarded at some stage
d’y _ . d’y _dy
= +2—=
e qt? at Al 3 CSO AG.
(b) d? d
2| at 8 oY @2 Y : 4y M1 Subst. using (a)(i), (a)(ii) into given DE to
dt dt dt eliminate all x
3 5
+12t%2y =12t2
3 5
L R (a1 c W oty 10
dt dt
3
Divide by 4t? gives
d’y ,dy
4—+3y =3t
a2 ar Y Al 2 |Cso AG.
c 2
© Solving M 4dy+3 =3t (*)
dt? dt
Auxl. Eqn. m*-4m+3=0
(m-1)(m-3)=0 M1 Pl
m=21and3 Al
CF Ae'+ Be™ M1 Condone x for t here; ft ¢’s 2 real values
for ‘m’
ForPl try y=pt+q M1 OE
4
—-4p+3pt+3q=3t = p=1, q=§ Al
. ¢ 3t 4 CF + PI with 2 arb. constants and both CF
GSof (*)isy=Ae +Be™ + t+§ B1F and PI functions of t only
GS of
2
xd—g—(Sx2 +1)d—y+12x3y =12x°
dx dx
2 2 Al 7
is y=Ae" +Be* +x? +%
Total 14
TOTAL 75
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Key to mark scheme abbreviations

M mark is for method

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

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 special case

OE or equivalent

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

—X EE deduct x marks for each error

NMS no method shown

Pl possibly implied

SCA substantially correct approach

c candidate

sf significant figure(s)

dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence
of use of 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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MFP3
Q Solution Marks | Total Comments
Ll k=01x(3++4) (=0.5) M1
k,=0.1f(3.1,4.5) M1
k, =0.1x(3.1++/45)=0522132... Al PI' accept 3dp or better
1
¥@1) =y@) +J [k +k]
—4+05x1.022132.... ml Dep on previous two Ms and
numerical values for k’s
y(3.1) = 4.511 Al 5 Must be 4.511
Total 5
2(a) | pcosx—qsinx+5psinx+5qcosx=13cosXx M1 Differentiation and subst. into DE
p+5q=13; 5p-q=0 ml Equating coeffs.
1 5
=5 4=3 Al 3 | OE Need both
(b) | Aux.egn. m+5=0 M1 PI. Or solving y'(x)+5y=0 as far as y=
(Yo =)Ae™ Al OE
NI O 5 ¢’s CF + ¢’s Pl with exactly one
(Yos =)Ae o SINXA S CosX BIF 3 arbitrary constant OE
Total 6
3(@) | r+rcosf=2 M1
r+x=2 Bl rcosé = x stated or used
r=2-x Al
X*+y®=(2-x)? M1 r’=x*+y* used
y’> =4—4x Al 5 Must be in the form y?= f(x) but accept
ACEF for f(x).
b ) .
(®) Equation of line: rcosé?:%:x:§ M1 Use of rcosé = X
Al 4x=3 OE
2 3 . 3
y2=4-4 " =1=y==+1; [Pts Z,J_rl ] M1
Distance between pts (0.75, 1) and (0.75,—1) Al 4
is 2
Altn:
. . 5 3 (M1 elimination of either r or 6)
At pts of intersection, r =2 and cosengE (M1A1) (For A condone slight prem approx.)
Distance PQ = 2rsiné (M1) Or use of cosine rule or Pythag.
-5 5 4 _ )
= xzxg = (A1) Must be from exact values.
Total 9
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MFP3(cont)
Q Solution Marks | Total Comments
4 " M1 Award even if negative sign missing
IFis e *
= 2N (+0) = gh(0)? (+0) Al OE Condone missing ¢
= (K)x 2 AlF Ft earlier sign error
x? y_ 2x %y = 2xe**
dx

i(x‘2 )= 2xe*
wx YT M1 LHS as d/dx(yxIF) PI
X2y =J 2x e** dx

_ J- x d(e¥)=x e _ j 02 dy M1 Integration by parts in correct dirn

Al
-2 2x 1 2x

XTy=xe" ——e” (+0) Al ACF
When x =2,y = e* so
1, . 1, ml Boundary condition used
2 " 2e o e to find c after integration.
c=—2gf

4

342X 1 2,2x 5 2.4 .
y=Xx'e —Exe —er Al 9 Must be in the form y = f(x)

Total 9
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MFP3(cont
Q Solution Marks | Total Comments
5() | 12x+8-12x-3 _ 5
(4x+1)(Bx+2) (4x+1)(3x+2) B1 1 | Accept C=5
(b)
J.de=2j.( 4 3 de M1
(4x+1)(3x+2) 4x+1 3x+2
= 2[In(4x+1)—In(3x + 2)] (+c) Al OE
| = fim J'a _ 10 ) 4 M1 oo replaced by aand "™ (OE)
a—e J1 | (4x+1)(3x+2) a—eo
=2a“:1 [In(4a +1) - In(3a+2)] - (IN5—In5)
1 - .-, .
lim da+1 lim 4+g Limiting process shown.
=2 l”[3a+2) =2 In 5 ml,mi Dependent on the previous M1M1
3+—
a
_ 9 4_I 16
- eing=ing Al CSO

Total

PMT
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MFP3(cont)
Q Solution Marks | Total Comments
. 2 1
6 | Area= %J. (25|n26\/cosﬁ) de M1 Use of Ej'rz deo
_1¢3 2
= E,[oz (4coso sin*26) do B1 r? = 4cos@sin® 26 or better
Bl Correct limits
— 1 3 Th2 3
= EJ.()Z (16sin°0 cos’) d@ M1 sin?26 =ksin?@cos’ 6 (k>0)
=If (8sin’6 (1-sin°6)) dsing m1 Substitution or another valid method to
integrate sin® #cos’ @
z
. . 2
_ | 8sin°6 8sin’4 A1F Correct integration of p sin?6cos*@
3 5
0
=(§—§j—0=E Al 7 |Ccso AG
3 5 15
Alternatives for the last four marks
Area = 3 P 40c0s8) do 2cos@sin® 26 = 1¢0s 6 + 1 cos46cos O
rea = IO (cos@—cos4@cosh) (M1) (.11 %0)
.[ (cos4gcosd) do Integration by parts twice or use of
ml
1 (mD) cos460059:1(c0359+00339)
=——(cos48sin 6 — 4sin 46cos 6) (ALF) 2
15 Correct integration of pcos4é8cos@
1 . 1.
e —sin56 +—sin 360
9 p| 156+ gsin30 |
1 16
Area=(1-0) + —[(1-0)-(0)]=—
(1-0) + £[(1-0)-(O)]=¢ (Al) CSO 1Ac;1 .
1-— ===
{ 10 6 15}
Total 7
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MFP3(cont
Q Solution Marks | Total Comments
7(a)(i Bl 1 Accept coeffs unsimplified, even 3!
@) cosx+sinx:1+x—%x2—%x3 f0r6.p P
ii B1 1 Accept coeffs unsimplified
(i In(1+3x)=3x—1(3x)2+l(3x)3:3x—gx2+9x3 P P
2 3 2
(b)(i) any Oy s nx M1 Chain rule
y=e, g TC Xe Al ACF eg ysec?
d’y ) nx 4 ml Product rule OE
o 2sec” xtanx e +sec” x e Al ACF
= sec’® x e""*(2tan x + sec” x)
= d—y(2tan X+1+tan® x)
d_y - (L+1an x) Al 5 | AG Completion; CSO any valid
dx® method.
“ 3 2
a 3 Z-2(1+tan x)sec’ x%+(1+tan X)? d y M1
_ d‘°’y
Whenx =0, —=2(1)(1)(D)+(1)(1) =3 Al 2 CSO
(i) | y(0) =1; y(0) = 1; y"(0) =1 y"'(O) =3,
M1
y(x) =y(0) +xy'(0) + = x y"(0) + x *y"(0)
an x 1 2 1 3
e = 14X+ 2x+ OX Al | 2 |CSO AG
(©) | lim [e™*—(cosx-+sinx)
x—0 xIn(1+3x)
x> X3 XX X3
li I+ X+—+—-1-X+—+—
- m 2 2 2 6
X—0 ( 9, ) M1 Using series expns.
X| 3X—=X" +...
2
, 2 . 2 Dividing numerator and
lim [ X tX+ lim | 1t5X+- denominator by x? to get constant
_ 3 - 3 y g
- m1l terms. OE following a slip.
X—0 3x2—gx3... X0 3_9)(___ gasip
2 2
-1 Al 3
3
Total 14
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MFP3(cont)
Q Solution Marks | Total Comments
8(a) | dx dy _ dy M1 Chain rule
dt dx dt
e‘ﬂ:d—y: xd—yzﬂ Al 2 CSO AG
dx dt dx dt
b d? d? dt d?
(b) i(xd_yJ:_zl; dxd(d_yj:_zl M1 OEi( dyj___zl
dt\ dx dt dt dx\ dx dt dx\ dx/ dxdt
dx dy+ dy dy ml Product rule (dep on previous M
dlax e at uct rule (dep on previous M)
2
VLI I d—y Al OE
dx? dx  dt?
G d—)2/—3xﬂ+4y =2Inx becomes
dx dx
2
d_g/ & 3xdy+4y:2lnx
dt dx dx
2
:>d—2/ - dy+4y:2Inet (using (a) ml
dt dt
d? d
=8 4 Y ay=a Al 5 |cso AG
dt dt
(c) | Auxlegn m*—4m+4=0 M1 PI
(m—2)°=0, m=2 Al Pl
CF: (Y. =) (At+ B)e* M1 Ft wrong value of m provided equal roots
and 2 arb. constants in CF. Condone x for
t here
PI Try (y,=) at+b M1 If extras, coeffs. must be shown to be 0.
1
—4a+dat+4b=2t=a=b= 5 Al Correct P1. Condone x for t here
GS {y} = (At +B)e? +0.5(t + 1) B1F 6 Ft on c’s CF + PI, provided PI is non-zero
and CF has two arbitrary constants and
RHS is fn of t only
(d) | =y = (Alnx + B)x* +0.5(Inx + 1) M1
y=15when x=1 = B=1 AlF Ft one earlier slip
y'X)=(Alnx+B)2x+Ax+05x* ml Product rule
y'(1)=05=>A=-2 AlF Ft one earlier slip
y:(1—2Inx)x2+%(In X+1) Al 5 ACF
Total 18
TOTAL 75
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—X EE
NMS
PI

SCA

c

sf

dp

mark is for method

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

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct X marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

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

of this method for any marks to be awarded.

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP3
Q Solution Marks | Total Comments
k =0.2x[2+In(1+1)] M1 Pl. May be seen within given formula
=0.5386(29...) (=%) Accept 3sf rounded or truncated or better
as evidence of the M1 line
Ky =0.2xf(2.2, 1+*...)
... =0.2x[2.2 +In (1+1.5386...)] M1 0.2x[2.2+In(1+1+cC’s ky)].
Pl May be seen within given formula
....=0.6263(248....) Al 4dp or better. Pl by later work
1
¥2:2) = y(2)+ [k +e
=1+ 0.5x[0.5386... + 0.6263...] ml Dep on previous two Ms but ft on c’s
numerical values (or numerical
=1+ 05x1.16495. ... expressions) for k’s following evaluation
of these.
(=1.582477...) = 1.5825 to 4dp Al 5 CAO Must be 1.5825
SC For those scoring M1MO who have
k,=0.5261(78..), and final
answer 1.5324 (ie 4 dp) for y(2.2)
award a total of 2 marks [M1B1]
Total 5

PMT



MFP3 (cont
Q Solution Marks | Total Comments
2(8) | PI: yp = p+oxe2%
y'p = e~2X—2qxe=2X M1 Product rule used
Y'p = —4ge~2%+ 4gxe—2X
_4qe—2X+ 4qxe—2X+ qe—ZX_que—ZX M1 Subst. into DE
—2p—2qgxe—2X= 4 —Qg=2X
-3g=-9 and —2p=4 ml Equating coefficients
-3g=-9s0q=3; Al
—2p=4sop=-2, Bl 5
[Yp = 3xe2*-2]
(b) | Aux.eqn. m2+m-2=0
(m-1)(m+2) =0 M1 Factorising or using quadratic formula OE
P1 by correct two values of ‘m’ seen/used
Yor = AeX + Be2X Al
Yos = AeX + Be=2X+ 3xe2X-2 B1F 3 (Yas) =¢’s CF +c’s PI, provided 2
arbitrary constants
(€ | x=0,y=4 =>4=A+B-2 B1F Only ft if exponentials in GS
ay _ AeX —2Be~2X 4 3g72X _ xg—2X
dx
As X — oo, (672X -0 and) xe2X -0 El
dy _
AS X— o, &—>O so A=0 B1
When A=0, 4=0+B-2=B=6
y =662 +3xe~2X -2 Bl 4 | y=6e2X+3xe2X-2 OE
Total 12

PMT



MFP3 (cont
Q Solution Marks | Total Comments
3(a 3 3 = kx3 i
(@) J'lenxdxzx—lnx—jX—KEJ dx e ~= k& Inx [ (), with f(x) not
3 31X involving the “original’ In x
Al
3 I X3
------ gy (+©) Al 3 Condone absence of ‘+ ¢’
(b) | Integrand is not defined at x = 0 El 1 OE
© jelenxdx= lim Ielenxdx OE
0 a—0 Ja
_(€® e3 lim | & a lim
_ [Elne—gl fm | Zna-2 g Fo) - ' (ra))
But Iair%nO a3lna=0 o ,IA_\ccept a general form eg
M yklnx=0
x—0
e 5 23
SOIOX Inxdx—? Al CSO
Total
4 .
%Hcot X)y =sin 2X
X
IF is exp ( j cot x dx) M1 and with integration attempted
= glnsim (+9 Al OE Condone missing ‘+c’
= (k) sin x Al ‘IF = sin X’ scores M1A1Al
sin x%+ (cos x)y =sin2xsin x
X
dpo oo oxsi
&[ysmx]_ Sinzxsinx M1 LHS as differential of yxIF PI
ySinX=ISin 2xsin x dx AlF Ft on ¢’s IF provided no exp. or logs
:>ysinx=.[23in2 Xcos x dx B1 sin2x = 2sinxcosx used
:>ysinx=f25in2xd(sin X) ml dep on both Ms
Use of relevant substitution to stage jZSzds
or further or by inspection to ksin®x
- - 2 - 3
y sinx = Esm X (+C) Al ACE
1 2 T dep on both Ms
Zsin===sin3=+c ml Boundary condition used in attempt to
2 6 3 6 find value of c after integration
c=1 5o y sinx = Esin3 x++ Al 10 | €SO —no errors seen —accept equivalent
6 3 6 forms
Total 10
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MFP3 (cont
Q Solution Marks | Total Comments
5@) | dy 2sec?x M1 Chain rule
dx 1+ 2tanx Al ACEF for y'(X)
d2y (1+2tanX)(4sec? xtan X) —2sec? X(2sec? X) M1 Quotient rule OE in which
dx2 - (1+2tan x)2 both u and v are not const. or
Al 4 applied to a correct form of y’
ACEF for y"(x)
(b) 2
McC. Thm: y(0) + x y'(0) + > y”(0)
(y(0)=0); y'(0)=2; y"(0)=—4 M1 Attempt to evaluate at least
y'(0) and y"(0). PI
ln(l +2tan x) ~ 2X—2x2 Al 2 Dep on previous 5 marks
() _ 1,
In(1=x) = —x - 9 Koo Bl Ignore higher power terms
{ln(l + 2tan X)} 2X—2x%2...
In(1-X) Cwe 1 W2 Ml Expansions used
2
2-2X... Dividing num. and den. by x
B 1 ml to get constant term in each
-1- 9 Xe.. and non-const term in at least
num. or den.
li In(1+2tanx 2 _
So leo {(ln(l——x))} = ' —2 AlF 4 ft ¢’s answer to (b) provided

answer (b) is in the form
+px+gx2... and Bl awarded

Total

10
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MFP3 (cont
Q Solution Marks | Total Comments
6(a) dy du d2y M1 Differentiating subst wrt x, > two terms correct
U=—-2X=> —=—>5—
dx dx dx2 Al

DE becomes
Substitute into LHS of DE as far as no

(x3+1)(3—u+2)—3x2(u+2x)=2—4x3 M1 ¥

X
3, n3U. 5.3 2 3 3
(x +1)d—+2x +2-3X°U—6x°=2-4x
X
3, ydu 2
DE becomes (x +1)d—:3x u Al 4 CSO AG
X
(b) 1 3x2 M1 Separate variables OE Pl
I = du :f 3 dx
u x°+1

Inu:ln(x3+1)+InA Al:Al Inu; In(¢ +1)

Applying law of logs to correctly combine
AlF

two log terms or better

u=A(x3+1) Al OE RHS

dy 3 _ dy

== AX3+1) +2x m1 u=f(x) to —==+f(x)+2x

dx dx

x4 ) ml Solution with two arbitrary constants and
y=A T+ X|+x°+B both previous M and m scored
Al 8 OE RHS

Total

12
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MFP3 (cont
Q Solution Marks | Total Comments
7(@) | r=2sin6d= r2=2rsing M1
X2 +y2 =2y A2,1 3 OE (A1) either for r’=x?+y? or for rsind=y
SC If MO give B1 for r2=x?+y? or for rsin@ =y used
(b)(i) | 2sin@=tané M1 Equating rs
2sin@cos@ =siné
sin@(2cos6—1)=0 Both solutions have to be considered if
m1l . .
not in factorised form
sin49=0:>9=0;cos¢9=%:>0=g Alternative: sin29=sin0:0=0,%
8=0=r=0 ie pole O(0,0) B1 Indep. Can just verify using both egns +statement.
9:%:”:\/5 (P(ﬁgn Al 4 |cso
ii
1 Ata 0= r=2sin®=y2 -
4 4 M1 Substitute 0:2 into the equations of
T T
AtB, 6=7, r=tan =1 both curves.
Since /2 >1, A is further away (from the E1 > | eso
pole than B.)
(iii)
Area bounded by line OP and curve C;
=35)o M1 seo Ejr ; ignore limits here
= I (1—cos26) d@ ml Attempt to write sin?@ in terms of cos2@only
1. -
= [H—Esm 29} Al Ignore limits here
1 3 3
_(m_ 1.8} jom_ M3 AL ol
3 2 2 3 4
Area bounded by line OP and curve C,
—lf% tan2 6 do U fl 240" i limits h
=350 M1 seo EJ.r @; ignore limits here
1 .
= EI (sec?6-1) d6 m1l Using tan’@ =+ sec’9 +1 PI
1 -
= E[tane—é?] Al Ignore limits here
1 o NEER™
=-[3-2]-0=2-= Al PI
2( 3 2 6
Can award earlier eg if we see
Required area = [E—ﬁj—(ﬁ—ﬁj M1 1.1 1.1
3 4 2 6 ~[3 4sin2 0 do-=[3 tan26 do
270 270
1 3 1 3
=—n-=.3 a=—, b=— Al 10 CSO
2 2 4
Total 19
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

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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Q Solution Marks | Total Comments
2-1
1(a I.)=y()+0.1| — MI1Al
@ | y1n=ym 01| 31
=2+0.02=2.02 Al 3
(b) | y(1.2) =y(1) +2(0.){f[1.1, y(1.1)]} Ml
2.02-1.1
=2+20.1)| ——— AlF ft on c¢’s answer to (a)
2.027 +1.1
=2.035518... =2.036to 3dp Al 3 CAO Must be 2.036
Total 6
1 Attempt to use binomial theorem OE
2| Ja+x= 2[1 + 5}2 = 2{1 + l(fj +O(x> )} M1 The notation O(X") can be replaced by a
4 2\4 term of the form kx"
— oy | | Lrom
4+x-2|_| 4 _| 4 ml Division by x stage before taking the
X+ X* X+ Xx* 1+x limit
. | NA+x=2 1
11m{—2} =— Al 3 CSO NMS 0/3
=0l X+ X 4
Total 3
3 m>+2m+10=0 Ml Pl
m=—1+3i Al
Complementary function is
(y=) e *(Acos3X + Bsin3X) AlF OE Ft on incorrect complex value of m
Particular integral: try y = ke* M1
k+2k+10k=26 = k=2 Al
(GS y=) e *(Acos3X+ Bsin3x)+2¢" BIF ¢’s CF+ ¢’s non-zero PI but must have 2
arb consts
X=0,y=5=5=A+2s0o A=3 BIF ftc'skieA=5-Kk, k#0
dy
dx Attempt to differentiate ¢’s GS
e *(-3Asin3x+3Bcos3x— Acos3x — Bsin3x) + 2¢* Ml (ie CF + P
11=3B-A+2 (B=4) Al
y =e¢ *(3cos3X + 4sin3x)+ 2¢” Al 10 | CSO
Total 10
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Q Solution Marks | Total Comments
. 2 oy .
4(a) | IF is exp ( J. ;dx) M1 and with integration attempted
= "™ Al PI
X’ Al
< [yx?]=x? Inx M1 LHS; PI
=yl = J‘ (In x) d ﬁ M1 Attem_pt integration by parts in correct
dx{ 3 direction to integrate X° Inx
3 2
X X
=?lnx—j?dx Al RHS
3 3
= mx- XA
3 9
= Xnx- X4 ax? Al 7
y 3 9
(b) | Now, as x — 0, x“Inx — 0 El Must be stated explicitly for a value of
k>0
Asx—0,y—>0=>A=0 B1 Const of int = 0 must be convincing
3 3
, X X
X = —InX——
y 3 9
_ _ 1 ft on one slip but must have made a
Whenx=1, y=- 9 BIF 3 realistic attempt to find A
Total 10
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Q Solution Marks | Total Comments
5(a) | The interval of integration is infinite El 1 OE
O [ u=x2e*™+3=>du=2xe*—4x¢ ™) dx | Ml du/dx or ‘better’
X(1-2x 1 2x(1-2x e
I ( ) 4 I (2 2 ) ix
x> +3e* 2 Xe " +3
= l I — du Al
2 u
_ 1 _ L OE Condone missing €. Accept later
Elnu e ln(x e 3) e Al 3 substitution back if explicit
X(1—-2x
©) | 1= I ( )
> X7 +3e™
T i ) M1
aved 2 %2 +3e
2 -4 e’
=lim > {ln( : 3) —In(=- +3)} Ml Uses part (b) and F(a) — F(1/2)
1 2
=Eln{lim( 24 )}7—1 (— +3)
Now lim (aze_%‘) =0 El Stated explicitly (could be in general
a—w form)
-2
——1n3——1 (—+3) Al 4 | CSO ACF
Total 8
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Q Solution Marks | Total Comments
1 . M1 Chain rule
6(a) | y=Incos2X = Yy'(X) = ———(—2sin 2X) Al
cos 2X

Y (X) = — 4sec’2x ml Asec’2x OE
y'"" (X) = — 8sec 2X (2sec 2X tan 2x) M1 K sec’2x tan2x OE
{y"" (X) = —16tan 2x (sec® 2x)}
y""(X) = —16[2sec” 2x(sec® 2X) +

tan 2x(2sec 2x (2sec 2X tan 2x))] M1 Product rule OE

Al 6 ACF
(b) | y(0)=0,Yy'(0)=0,y"(0)=—4,y"(0)=0, BIF ft ¢’s derivatives
y””(o) — _32
x* x*

In cos 2X:0+0+7(_4)+0+I(_32) Ml

~ _ 2X2 _ 4 X4

~ 3 Al 3 CSO throughout parts (a) and (b) AG

(c) | In (sec’2x) = — 2In (cos 2X) Ml PI
gy 8
= 4xX° + 3 X Al )
Total 11
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Q Solution Marks | Total Comments
7(a) | u=xy
du _ Ty dy M1 Product rule OE
x T Al OE
2 2
du_dy, (ﬂ XM) Al OE
dx>  dx dx  dx?
2
x4 26x Y 4 3y3x+2) = 18x
dx? dx
d’y . dy dy
X—=+2—)+6(X—+Y)+9xy =18X
( o dX) ( i y) +9xy
2
du + 6d—u +9u =18x Al 4 CSO AG Be convinced
dx?  dx
2
) | 469 ou=18x
dx dx
CF: Auxeqn m? +6m+9=0 M1 PI
(M+3)*=0 so m=-3 Al PI
CE: (u=)e ™ (Ax+B) AIF
PI: Try (u=)px—+q Ml PI. Must be more than just stated
0+6p+9(px+q)=18x
9p=18, 6p+9q=0 ml
p=2; q= —% Al Both
3y 4 ¢’s CF + ¢’s PI but must have 2 constants,
U=e " (Ax+ B)+2X_§ BIF also must be in the form u = f(X)
3x 4
Xy=e " (AX+ B)+2x—§
| B 4
y=—{e (Ax+B)+2x—§} Al 8
X
Total 12
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Q Solution Marks | Total Comments
1 T
8(a) | Area= lJ‘(3+2c059)2 do Ml Use of—jr‘2 do orfr2 do
2 2 0
2n 2

= l_[(9+12cost9+4cos 6)dée Bl Correct expn of [3 +2cos0]

24 B1 Correct limits

2n . 2 .
_ J‘ 5+ 6c0s0 + (1+cos26))d6 M1 Attempt to writecos” € in terms of

0 cos 26

2n
= [4 560+ 6sinf + 6 + Esm 2(9} AIF Correct integration ft wrong coefficients
0
=1In Al 6 CSO
b 5 2 ey 16216 Mi Use of any two of X =r cos6,
(b)) | X+ y” —8x+16= y=rsingd, x> +y>=r’
r’ —8rcos@+16=16 = r=8cosé Al
At intersection,8cos @ =3 + 2 cos 0 Equating rs or equating cosd's with a
s cosf = Mil further step to solve eqn.
- (OE egdr=12+r = 4r—-r=12)
Sn
Points ( j and ( ) Al OE
3 3
AB = 2x| 4sin ™ M1 Valid method to find AB, ft ¢’s r and 8
3 values
= 443 Al 6 | OE surd
(ii) | Let M=centre of circle then £ AMB =2?n B1 Accept equiv eg £ AMO =§
Length of arc AOB of circle = 4 x 2?“ Ml Use of arc =4 x ( £ AMB in rads)
Perimeter of segment AOB = — L 43 Al 3
Total 15

Alternative to (b)(i):
Writing r =3+ 2cos@ in cartesian form (M1A1)

Finding cartesian coordinates of points A and B ie (2, 22 ) (M1A1)

Finding length AB  (M1A1)

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.
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO

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 CSO

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct X marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

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

of this method for any marks to be awarded.

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Marks | Total | Comments
1| k =025x(v2x2+0) (=1.25) MI PI. May see within given formula
K, =0.25(2.25,9 +1.25) Either k,=0.25 f(2.25, 10.25) stated/used
or
k, =0.25 2x2254+9+c'sk
k, =025 (V2x2.25 + 9 +1.25 ) M1 » =025%(V2x2.25 + P +csk)
PI. May see within given formula
K, = 1.33(072...) Al k, =1.33(072...) 2 dp or better
PI by later work
1
y (225 =y@)+ E[k‘ +k,]
=9+0.5[1.25+1.33(072...)] ml Dep on previous two Ms and y (2) =9 and
=9+0.5%2.58 (072...) numerical values for k’s
y (2.25)=10.29036... = 10.29 (to 2 dp) Al 5 CAO Must be 10.29
Total 5
3 5
2(a) | sin2x= 2x—@+@...
3 >! B1 1 Accept ACF even if unsimplified
4.5 4.5
=2X—=X"+—X
3 15
(b) lim 2X —sin 2X
X — 0 | x* In(1 + kx)
4 5 4 s
_ lim 2X— (2% - 3 X 15 X"...) Ml Using series expansions.
X—>0 2
xz(kx— (k);)+} B1 Expansion of In (1 + kx) = kx (—...)
4 5 4 s
lim | 3% 75X *
B 2
Xx—>0 kx® — k—x“
2
lim | 3 (X) | Dividing numerator and0 denominator by
= 0 _k 0 ml x® to get constant term in each. Must be at
X— ] ~0() least a total of 3 terms divided by x°
OE exact value. Dep on numerator being
2
i=16:>k=1— Al 4 of form 4/3(OE) + Ax"... (A #0) and
3k 12 denominator being of form
k+ p x.. (1 #0) before limit taken
Total 5
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Q Solution Marks | Total | Comments
1 > Lo
3 | Area= 2] Vi+tand ) (@0) MI Use of EIr (d0)
_ l J’ On 4(1 + tan0 ) do Bl Corr.ect' limits. If any coptradiction use
27-7 the limits at the substitution stage
0
_ [0 +Inseed | = BI jk(1+tan6)(d6)=k(9 +1InsecO)
"2 ACF ftonc’sk
= 2{(0 - ||_— T tInsec |(— E)—P}
L4 L 4)]]
- 2(3—111{} :g 1nf_——1n2 Al 4 | CSO AG
Total 4
4
4(a) IF is efm o Ml PI
Q22X+ (+0) = o In(2x+D)* (+0) Al Either O.E. Condone missing ‘+ ¢’
— (A)2x _H)z ALF ]5;[\ on earlier ¢* ", condone missing
@2x+1)° +4(2x+ Dy =4@2x+1)’
d 21 7 LHS as d/dx (y x ¢’s IF) PI and also RHS
d—x[(zx + 1) yl= 4 (2x+1) M1 of form p (2x + 1
(2x+1)2y=j 42x +1)7 dx Al
Correct integration of p (2x + 1)? to
(2x+1D2y= x4 1) (+0) Oxa P&+
4 BIF DX+ (+c) ft for g>2 only
2(g+1)
o1 6 o Must be in the form y = f (X), where f (X)
(GS): y= Z(ZX +1)” +c(2x+1) Al 7 ‘s ACF
1 6 )
(b) | y=—02x+1)" +c(2x+1)
4
. . dy
dy Using boundary condition X = 0, d—= 0
When x =0, =0 Ml . X
dx and ¢’s GS in (a) towards obtaining a
value for ¢
Coldy 5 5 Either y = 1 or correct expression for
=y=1 [&_3(2X+1) 4c2x+1) J Bl dy/dx in terms of X only
—c=2 5o y:1(2x+1)6 + 3—(2x+1)‘2 Al 3 CSO
4 4 4
Total 10
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Q Solution Marks | Total | Comments
5(a) sze"xdx =_xe*— I—2Xe'xdx 1[\;[11 kx’e ™ — j2kx e ¥ (dx) fork==1
= X+ 2{—xe ¥ - j —edx) j xe Xdx = Axe * — j Ae ™ (dx) for
ml
A == 1 in 2nd application of integration
by parts
=—x’e " —2xe* —2e " (+C) Al 4 Condone absence of + ¢
M lim ¢
— 2 . —X — 2 . —X
(b) | 1= [ x*e™ dx= A o0 [xPe ax F(a) — F(0) with an indication of limit
i 0 0 Ml ‘a—> 00’ and F(X) containing at least one
1m n_ —x
(~a’c ®2ac @ 2¢ - [_ 2] X"e 7, n>0term
a—>
lim a%e?=0 (k>0) £ For general statement or specific
a— o ’ statement for either K=1 or k=2
[xPe™dax=2 Al 2 | cso
0
Total
. dy Ml Chain rule OE
6(a) | y=In(l+sinx), o [+sinx x (cos X) Al ) ACF eg ¢ cos X
dy \(1+sinx)(—sinx)—cosx(cosx) M1 Quotient rule OE, with u and v non
®) | |5z =J s X constant
X (1+sinXx) Al ACF
dy _—sinx-1 -1 _-1__ | . ; | €SO AG Completion must be
dx* (+sinx)®> l+sinx ¢’ convincing
o Yoo ¥ BI ACF for &Y
dx? dx dx’
4 2 2
?1_}‘/ = —e_y(jl) +e” j_zx Ml Product rule OE and chain rule
X X X
2
4y _ _e’y|( d—y\| —(e™)? Al 3 OE in terms of e ¥ and Y only
dx* Ldx ) dx
O WO — 1 TN — 1 Ft only for y’(0); other two values must be
(@ [ ¥(0)=0; y(©0) =15 y"(0)=—1; BIF ons
y(X)= Maclaurin’s theorem applied with
52 W Wt Mi numerical values for y'(0), y"(0), y"'(0)
YOy (0)+ - y"(0)+ -y (0)+ ~- y™(0) and y'™(0). MO if missing an expression
2 3t 4 for any one of the 1%, 3 or 4™ derivatives
y"(0)=1; y*(0)=-2
. 1 2 1 3 1 4 .
In(l1+sin X)= x— —X"+ =X — —X" ... Al 3 A0 if FIW
n(l + sin ) > ; T 1
Total 11
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Q Solution Marks | Total | Comments
dx d d d d
7(d) | — y_Yy Ml OE Relevant chain rule eg dy_dtdy
dt dx dt dx dx dt
d d d d d L d
et—y=—y:> X—y=—y Al OE eg — Y e Y
dx dt dx dt dx dt
st . . ’
d( d d’v dx d d d2 OE. Valid 1™ stage to differentiate X y'(X)
—(X —y) = 3/ ; —(X l)= 3/ M1 oe with respect to t or to differentiate X
dt{ dx dt dt dx\ dx) dt “ly'(t) oe with respect to X.
dx(dy  d’ d’
%(% deJ dtzy ml Product rule (dep on previous M)
d? [ .d d’y |
, d%y dy _d% OEeg—yze’t —y+e <y
Xy X = Al X at e
dx dx dt
{Note: ¢ ' could be replaced by 1/x}
»d?y dy ,
X —4x—+ 6y =3+ 20sin(In X)
dx? dx
becomes
2
d 2’— d—y—4x dy+6y 3+ 20sin(In X)
dt dx dx
2
d7y _sY dy +6y=3+20sin(Ine') ml Substitution to reach a ‘onefstep away’
dt? dt stage for LHS. Dep on previous M M m
2
:‘(113’ 53y+6y=3+20sint Al 7 | SO AG
(b) | Auxlegn m’=5m+6=0 M1 PI
(m=2)(m-3)=0, m=2,3 Al
N N Ft wrong values of m provided 2 real
CF: (yc =) Ae” +Be AlF roots, and 2 arb. constants in CF.
) Condone X for t here
P.nt. Try (yp =) a+bsint+ccost Ml Condone ‘@’ missing here
(y'(t)=) bcost —csint Al
(y "(t)=) —bsint —ccost AlF ft can be consistent sign error(s)
Substitute into DE gives M1 Substitution and comparing coefficients at
least once
a=0.5 B1
5c+5b=20and 5c-5b=0 Al OFE
b=c=2 Al
GS Ft on ¢’s CF + PI, provided PI is non-zero
(y=) Ae® +Be™ +2sint + 2cost + R BIF 11 and CF has two arbitrary constants and
2 RHS is fn of t only
Ol BI I |cao
AX"+Bx’+2sin(Inx)+2cos (Inx )+ 0.5
Total 19
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Q Solution Marks | Total | Comments
8(a) | xy=8 = rcosO rsin0 =8 Ml
%rz sin20 =8 ml Use of sin 20 = 2sin 0 cosO
) 16 .
r“-=— =16 cosec 20 Al 3 AG Completion
sin 20
(b)(i) | (At N, r is a minimum => sin 20 =1)
N ( 4 T ) B1Bl1 2 B1 for each correct coordinate.
3
At pts of intersection, |
i 2 M
(i) (45) =16 cosec 20
190 = 1 PI by cosec 20 =2 and a correct exact or
sy =2 Al 3SF value for 20 or 0
20 =% , % Al PI OE exact values
5
(4\/5 , %) (4\/5 , %} Al 4 Both required, written in correct order
iii
W1 pog-" 2.7
12 123 BIF Ftonc’s 0,04 ,0y as appropriate OE
or / PON=%(:4 QON)
PN? = (4\5)2 +(ry) - 2(4\/5) rn cos|(;POQB
_ 1 Finding the lengths of two unequal sides
or PT =42 S“‘(g POQJ of APNQ or APNT or AQNT, where T is
| M1 the point at which ON produced meets
or PT = =x 4\/5 PQ. Any valid equivalent methods eg
2 finding tan £ OPN or finding sin £ ONP.
or NT :4\/500{15P0Q\J— My
_ _ _ Two correct unequal lengths of sides of
PN —1/148—16 6; =2.96(7855...)]=N
d [ ( )] Q APNQ or APNT or AQNT PI
or PT =242 [=2.82(8427...)] Al OE eg tan / OPN = 1/(2ﬁ_ ﬁ)
or PQ= 4.2
or NT =2+/6 —4 [=0.898(979...)] or sin Z ONP=2+/2 /(148 —16+/6)
tan & = E: 242 [=3.14626...] OE Valid method to reach an eqn in a (or in
2 NT 26-4 o
. o n rﬁ_ - | . 1 5) only; dep on prev M but not on prev
) ||_3 22 -3 m A. Alternative choosing eg obtuse ONP
o
1 el
32=2PN (1 - cosa) = I —cosaL = ——— then —=n—-1.87(85...)
3-6
%=1.263056... ;oL =2.5261...2.53 to 3sf Al 5 2.53... Condone >3sf.
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
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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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Q Solution Marks | Total Comments
1(@) | y(3.2)= y(3) +024/2x3+5 Mi
= 5+02x 11 Al
= 5.66332... =5.6633 to4dp Al 3 Condone >4dp
(b) | y(3.4)=y(3)+2(0.2){f[3.2, y3.2)I} M1
= 542(0.2)v2x3.2+5.6633... AIF Fton cand’s answer to ()
(=5+(0.4)4/12.0633...)
=6.389 to 3dp Al 3 CAO Must be 6.389
Total 6
2 Ignore higher powers beyond x
throughout this question
(@) | e¥=1+3x+4.5% Bl 1
(b) (1+2x) %= 1-3x 15 o MI (1+2x)7"?=123x+kx® or 1+kx+7.5x* OE
2
Al 1-3x+7.5x* OE (simplified PI)
e (1+2x)7% =
(1+ 3% + 4.50)(1-3x+7.5%) M1 Product of ¢’s two expansions with an
' ' attempt to multiply out to find x> term
x* term(s): 7.5%°— 9x* + 4.5x* = 3x*. Al 4
Total 5
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Q Solution Marks | Total Comments
3| PI: y,, = kx%e* M1
y:'pu = 2kxe* +kx’e*
Yy pi = 2ke* + 4kxe* + kx’e* ml Product rule used in finding
both derivatives
2ke* + 4kxe* + kxe* —4kxe* —2kx’e* +kx’e*=6¢* | ml Subst. into DE
2k=6; k=3; vy, =3x%* Al CSO
(GS:y =) ¢ (Ax+B) +3x7e” BIF 5 ¢ (Ax+B) +kx?e*, ftc’s K.
Total 5
4(a) | Integrand is not defined at x =0 El 1 OE
(b) =k Inx+ [£(x), with f(x) not
5 5 M1
I x* In x dx =X—1n X — J.X—(l) dx involving the ‘original’ In X
5 5 \X
Al
x° x°
...... = —Inx-— (+¢C
g Inx-— (+0) Al
L, lim 1,
I X" Inxdx = { J. X" Inxdx }
0 a—>0 “Ja
1 lim g’ a’ Limit O replaced by a limiting
T35 T a_ols el MI process and F(1)-F(a) OE
lim
But a’lna=0 El
a—>0 Accept x¥ Inx= 0 for
X—0
any k>0
So ['x* Inxdx =
© IOX nXaxe= 25 Al 6 Dep on M and A marks all scored
Total 7
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Q Solution Marks | Total Comments
5 dy sec’x
—+ y =tan X
dx tanX
(a) ) se02 X . . .
IF is exp (J. dx) M1 and with integration attempted
tan X
= "™ = tapn x Al 2 AG Be convinced
b
(b) tan Xﬂ +(sec’ X)y =tan” X
dx
i[ tan X] = tan’X
dx ytanX|= ta M1 LHS as differential of yxIF PI
_ 2
ytanx—jtan X dx Al
= Yy tanx = I (sec? x —1) dx ml Using tan’x =+ sec’x £+ 1 PI
or other valid methods to integrate tan’x
y tanx = tan X — X (+C) Al Correct integration of tan®x; condone
absence of +C.
3tanZ —tan = _
tan 4 tan 4 4 +C ml Boundary condition used in attempt to
find value of ¢
T V4
C=2+— so ytanx=tanX — X+2 +—
4 4
. Al ACF
y:1+(2—x+z)cotx 6
Total 8
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Q Solution Marks | Total Comments
6(a)(i) | y= 1n(e3x cos X) =1Ine™+Incos X =3x+ In cos X Bl
dy 3 .
ax + oS X X (-sinx) M1 Chain rule for derivative of In cosx
dy
oo tnx Al 3 | cso AG
(i) | q2 ) .
o s X P —2sec X(sec X tan X) Bl; M1 M1 for d/dx{ [f(x)]* }= 2f(X)f(X)
4
— = —4secx(secXtan X) tan X — 2 sec” x Al 3 ACF
(b) | Maclaurin’s Thm:
x? x? x*
Y(O)rxy' Oy = y"(0)+ - y"'(0) +-y ™ (0)
y(0)=In1=0; Vy'(0)=3; y"(0)=-1; M1 Mac. Thm with attempt to
y(0)=0; y™@0)=-2 evaluate at least two derivatives
at x=0
-1 0 -2 AlF Atleast 3 of 5 terms correctly
1n(e3x cos X): 0+3x+ 7 X + 5 X + T X', obtained. Ft one miscopy in (a)
= 3X—%X2 —éx“ Al 3 CSO AG Be convinced
(c) (In(14px)} = px— 1 p?x? accept (px)” for p°x’;
2 Bl 1 ignore higher powers;
dyi |
(@) Xiz{ln(e3X cos X)— In(l + px)}} =
[ 1 1, A 1, , , M1 Law of logs and expansions used;
—193X—==X"=0O(X")—| px—=p"X" +O(x
k% { > (x%) ( px—=—p ( )J}
lim 1 3x )
For <50 l:—z ln(—e1 +C([Z))§(XH to exist, p=3 Al p=3 convincingly found
X
(i) lim 3-p. 1 p? Divide throughout by x* before
...... = 0 (—) - 3 + > o(x) ml taking limit. (m1 can be awarded
X— X before or after the Al above)
- 1 p’
Value of limit = D) + BN 4. Al 4 Must be convincingly obtained
Total 14
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Q Solution Marks | Total Comments
7(a) d’y _dy
Solving —2>—6—=+10y=e”" (*
£ dt y )
Auxl. Eqn. m*—6m+ 10=0 PI Completing sq or using
(m—=3)*+1=0 Ml quadratic formula to find m.
m=3<+i Al
CF (Yor =) €(A cos t+ Bsin t) Ml OE Condone X for t here; ft c’s
2 non-real values for ‘m’.
For PI try (yp =) ke M1 Condone X for t here
1
4k —12k +10k =1 = k:E Al
, L 3t . 1 CF +PI with 2 arb. constants and
GS of (*) is (Yas =) e"(Acos t+Bsin ) + Ee BI1F 6 both CF and PI functions of t
only
(b) | dy _ dt dy
& ax dt Ml OE Chain rule
dy . dy
ol Al OE
d’ d dt d
Y Ao W (g LLAfdy] & Ml —(f(t) )= (f(©) OF
dx dx dt dx dt d dt
_ d’y . dy ca S _ %i
—(2x)(2x)(ﬂ—2+2a e (g( ))= it dx (g(x))
ml Product rule OE used dep on
previous M1 being awarded at
some stage
d’y d’y . dy
=4t —-+2— Al 5 |CSO AG.
dx’ dt> dt
(©) 2 1 3 3 Subst. using (b) into given DE to
t2 4td 3/ ﬂ —(12t+1)2t? ﬂ+40t2y=4t2e2‘ Ml eliminate all x
dt dt dt
342 3
E {d Y 6 W i 10y; = arze
dt? dt
3 2
t#0 so divide by 4t? gives T dt ——+10y=¢” (*) Al 2 CSO AG.
(d) — 3 2 2 1 oy
y=e” (Acosx” +Bsinx")+ e BI I | OE Mustinclude y=
Total 14
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Q Solution Marks | Total Comments
WO 2 [ T, 33, 5
3 273 T 2 Ns 4 MEEALY 2
(i) | x=ON=(3V3)18
Polar eqn of PN is r cos@ = ON Ml
33
r= e sect Al 2 AG Be convinced
(iii) | Area A ONP = 0.5 x ry x rp x sin (7/3) Ml OE With correct or ft from
(a)(i) (i1), values for rp and ry .
1 N A .
2 7R 4 5 128 Al 2 Be convinced
(0){) J sin" OcosOdO = I u" du M1 Pl
. n+l Al 2
_sin" 0 (+¢)
n+1
(ii) | Area of shaded region bounded by line OP 1
L oE 1 Ml Use of —[r’do
and arc OP = _J'ﬁz sin? 29(2 +—cos 49] do 2
2% 2 1 o
B Correct limits
Lr edalg in” @cos” Ocosdo
EL (1--cos40) +Z-[£ 4sin” @cos” @cos M1 2sin 20 = +1 + cos 46
3 3
Bl sin*26 cos@= 4sin’0cos> 6 cosd
T Correct integration of
. P Al 0.5(1—cos48)
2 7
- {ﬁ_ S 4‘9} +L2 (sin? @ —sin* O)cos 0 dO
2 8 T 3 ml Writing 2™ integrand in a suitable
3 form to be able to use (b)(i) OE
PI
z
) g_sin49+sin3t9_sin59 B Al Last two terms OE
2 8 3 5 x
3
7 23 2
12160 15 Al g | CSO
Total 16
TOTAL 75
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—X EE
NMS
PI

SCA

c

sf

dp

mark is for method

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

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct X marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

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

of this method for any marks to be awarded.

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

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

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

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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Solution Marks | Total Comments
k,=02x(2-1V2+1 (= ().2\/3) M1 PI. May be seen within given formula.
=0.346(410...) (=% Accept 3dp or better as evidence of the
M1 line.
k, =02xf(2.2,1+%..)
= 0.2x(2.2-1.346..)v2.2 +1.346... Ml 02x(2.2-1-c'sk))|/22 +1+c'sk))
PI May be seen within given formula.
....=0.321(4946....) Al 3dp or better. PI by later work
1
¥2.2) =yt [k +k,]
=1 +05X[03464 +O3214] ml Dep on previous two Ms but fton ¢’s
numerical values for k; and k, following
=1+ 0.5%0.667904. . .. evaluation of these.
(=1.33395...) = 1.334 to 3dp Al 5 CAO Must be 1.334
SC Any consistent use of a MR/MC of
printed f(X,y) expression in applying IEF,
mark as SC2 for a correct ft final 3dp
value otherwise SCO.
Total 5
(x+8)" +(y—6)" =100
x>+ Y2+ 16X — 12y + 64 + 36 (= 100) Bl OE
If polar form before expn of brackets
award the B1 for correct expansions of
both (rcos@—m)* and (rsind—n)* where
(m,n) = (-8, 6) or (m,n) = (6, —8)
r*+ 16r cos @ — 12rsin 8 =0 MIMI1 1 M1 for replacement using any one of
{(C+y=r% x=rcos 0, y=rsin 0](*)}
2" M1 for use of (*) to convert the form
x> +y*+ax+by=0 correctly to the form
r*+arcos® +brsin@=0 or better
{r=0, origin}
Circle: r = 12sin€ —16cosé Al 4
Total 4
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Q Solution Marks | Total Comments
3(@) | g2
Y oY 3y axge
dx*  dx
P. Integral : Yp, = a+ bx + cxe ™
y'pi = b+ce ™ —3cxe M1 Product rule used at least once giving
terms in the form =+ pe *+ gqxe "
Y pi = —6ce>* +9cxe
—6Ce " +9cxe ™ + 2b + 2ce " — 6cxe
33— 3bx — 3cxe ¥ = 3x — 8e—* M1 Substitution into LHS of DE
-3b=3; 2b-3a=0;, —4c=-8 ml Dep on 2™ M only Equating coeffs to
obtain at least two of these correct eqns;
PI by correct values for at least two
constants
b=-1;c¢c=2 a=-7 A2,1,0 | 5 | DeponMIMImI all awarded
Al if any two correct; A2 if all three
correct but do not award the 2" A mark if
terms in Xe >* were incorrect in the M1
line
2 -3x
[Yo = —E—X+2Xe ]
(b) | Aux. eqn. m* +2m-3=0
(Mm+3)(m-1)=0 M1 Factorising or using quadratic formula OE
PI by correct two values of ‘m’ seen/used
(Yer =)Ae™ + Be” Al
i < 2 ax ¢’s CF + ¢’s PI with 2 arbitrary constants,
(Ygs =)Ae ™ +Be” — 3" X+2Xe BIF 3 non-zero values for a,b and ¢ and no trig
or In terms in ¢’s CF
© 1y = =A+B 2
x=0,y=1=1=A+ 3 BI1F Only ft if previous B1F has been awarded
dy -3x X -3x -3x
—=-3Ae" +Be” —1+2e" —6Xe
dx
As X =00, (e 50 and) xe™* >0 El Must treat xe " separatel
p y
Y, 1s0)B=
(As X — o0, & ——1s0) B=0 B1 B=0, where B is the coefficient of e*.
2 5
WhenB=0, 1=A—— = A=—
3 3
5 _ 2 _
y=§e 3x —E—X+2Xe 3x Al 4
Total 12
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Solution Marks | Total Comments
2X 4 2
_ dx=In(x"t+4
-[ [xz +4 2X+ 3] x+4) Bl
lim al  2X 4
I= —_ dx o replaced by a (OE) and
= a— o jo(xz+4 2x+3j Ml replaced by 8 OE)and |
seen or taken at any stage
_lim 5 a Remaining marks are dep on
Ao [1n(x + 4) ~2In(2x+3 )] 0 getting pln(x.2+4)+qln(2x+3)
after integration, where p and q
are non-zero constants
lim 5 Dealing with the 0 limit correctly
RN [in(a2 +4)-21n(2a + 3)|~ (n4 —21n3) MI and using InP-InQ=In(P/Q) at
s least once at any stage either
_ lim ol 2 42 _(in4—1n9) before or after using F( )—F(0).
a—>w (2a+3) OE
lim I+ 2 Writing F(a) OE in a suitable
= In 2 9 ||~ (In4-1n9) M1 form when considering a— oo.
a7l 4124 2 OE
a a’
o 2X 4 1 4 9
I= - dx=In——In—=In—
J (x2+4 2x+3] 4 9 16 Al 6 |50
Total 6
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Q Solution Marks | Total Comments
5@) | d 11
« [In(In )] = x> x Bl 1 | ACF
b)(i
OO | dy, 1
dx xlnx
AnIF is exp { I [1/(xInx)] (dx) } M1 .... and with integration attempted
=" =Inx Al 2 AG Must see e™™ before In X
ii
i lnxﬂJrly=9x2 In X
dx X
i[ Inx] =9x* Inx
dx ynxj= n M1 LHS as differential of y x Inx PI
ylnx=j9x21nxdx Al
=y Inx =Ilnx d[3x°]
3 3 1 2 _ 3 3 1
=3x* Inx— [ 3¢ - |ax ml [l Inx (@) =p< nx - | px°| — | (dx)
X X
or better
yInx=3x*Inx— x> (+c) Al ACF Condone missing ‘+C’
Dep on previous M1ml. Boundary
Whenx=¢,y= 4¢®, 4¢’=3¢’ —* +¢ ml condition used in attempt to find value of
‘c’ after integration is completed
c=2¢’
= yInx=3x>Inx - x>+ 2¢’
3 3
yo3xt - X =2¢) Al 6 | ACF
In X
Total 9
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Q Solution Marks Total Comments
6(a) | y=(4+sin x)% $0 Yy’ = 4+sin X
dy d(, dy
2y — =cos X el oy
Y ix M dx bv*)=2y dx
dy 1
Yy & = E COS X Al 2
(@) | Altn
dy 1 . 172
& = 5 (4 + Sin X) (COS X) (Ml) Chain rule
dy 1 sx
Yax 2% (A1) 2)
(b) a2y . (dy 2 1 Correct differentiation of
—2 4+ 2| = —=sinX
y dx 2 ( dx ) 2 Ml y ﬂ
dx
oy, Wy 1 dy (1) Ft on RHS of M1 line as
When x=0, y=2, w2 2dx2 + 2 =0 AlF Ksinx
d’y , dy d’y ., dy d’y
—+ = —+2—= 2 = ——cCosX
¢ dX dd - dX dx? 5 1:} Correct LHS
d’y 1 1 1 dy 61
When x=0, 2—3+3(—j(——j:—— > =T Al 5 CSO
dx 4 32 2 dx 256
(b) | Altn
d?y 1 o 1 o . Sign and numerical coeffs
d)(_2=—Z(4+s1n X) ' (cos? X)+E(4+sm X) "2 (=sin Xx) M1) errors only.
(A1) ACF
d’y 3 25, 3 1 VLS . Sign and numerical coeffs
(1)(73 =3 (4 +sin X) (cos™ X)— 1 (4 +sin X) (=2 cos X sin X) (m1) errors only.,
- i (4 +sin X)fl'5 (cos X)(—sin X) — % (4 +sin X)fo‘5 cos X (A1) ACF
dy 3 1 1 (1 61
When Xx=0, —=—x———X|— |[=—— CSO
& 8 32 2 [2) 256 (AD) ®)
(c) Maclaurin’s theorem used
x2 x3 with ¢’s numerical values
McC. Thm: y(0) + x y'(0) + EY y"(0) + ETl y"'(0) Ml for y(0), y'(0), y"(0) and
' y"'(0), all found with at
least three being non-zero.
AN 11 5 6l ;4 CSO Previous 6 marks
(4 s X) PE 2t 4 X 64 X 1536 Al 2 must have been scored
Total 9
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Q Solution Marks | Total Comments
7(a 2
@ sin? xd—Z— 2sin X cos xﬂ-l— 2y =2sin* xcos x
dx dx
y =usin X
dy du . MI Both derivatives
X dx SIn XU €os X attempted and product
rule used at least twice.
2 2 du du
ay_ d—usinXJr—costr —c0s X — U sin X
dx*  dx? dx dx
Al Both correct
u . du . . du .
jx_l; sin®x + 2 ™ cosX sin’X — usin’x —2 ™ sin®X cosx ml Substitution into
— 2u sinX cos’X +2usinx = 2sin’x cos X original DE
2
j—l; sin®X + Usin X [-sin’X —2 cos’X +2] = 2sin*X cos X
X
d%u . ; . . 2 .4 Need to see clear use of
dX_2 sin”X + Usin X [—sin"X +2 sin"X] = 2sin"X cos X Al the trig identity
. 3 d*u .
(Divide throughout by sin’X ,) e + U =2sin X cos X
X
u
= e + U =sin2X Al 5 AG Completion, be
convinced
b 2 :
(b) For jx—g+u:sin2X, aux eqn, M+1=0 =>m==i M1 PI
CF: (u=) Asin X+ B cos X Al OE
Condone extra terms
For PI try (u=) psin2x M1 provided their
coefficients are shown
to be zero
. . . 1
—4psin2X+ psin2X =sin2X = pz—g Al Correct Particular
integral
o 1. u=g(x), where g(x)=c’s
GS for u=Asin X + B cos X _Esln 2X B1F (CF+PI) with two arb.
constants, P10 and all
real. Can be implied by
next line.
1
. _ - 2 . . .
GS: y=Asin” X + B sin X cos X —Esm 2Xsin X Al 6 y=f(x) with ACF for f(x)
Total 11
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Q Solution Marks | Total Comments
8(a) | At intersections of r=2 and r =3+ 2sin 8
2=3+2siné Ml Elimation of r
sinﬁz—l, = H—Zn H—En Al Any one correct solution of sin&:—l
2 6 6 2
n 11n n 11n
P=) |2,—|, =) |2,— Al 3 2,— | and | 2,—
e (25) @ () (2] ma (2]
(b)) o
Angle between OA and initial line = 5 BIF If not correct, fton 6, —n
When 0:%, r =3+2sin%=4;
BI 2
A{45)
6
(ii) | OA=4, 0Q=2
Angle AOQ = 7 _(9Q -0, ) _r If not correct, fton =« —(HQ -6, ) .
3 BIF OE eg Cartesian coords of A and Q both
attempted and at least one correct ft.
AQ? =4% +2% —2(4)(2)cos AOQ (=12) M1 Valid method to find AQ (or AQ %). Ft on
c’s ry for OA
AQ= J12 Al 3 ACF but must be exact surd form.
(iii) | Since 42 =22 + (\/E)Z 0 90° El Justifying why (angle OQA=) 90° OE
angle OQA=90° = AQ is a tangent E1 ) Must have convincingly shown that OQA
=90°
(c) | Area of minor sector OPQ of circle
1 M1 1
— (%[0 - 6] (%[0 - 6]
2 2
4n . n
=? Al PI by combined 3 OE term later.
Area of minor region OPQ of curve =
1ln 3n/2
_[ (4sin® 6 +12sin6+9) d6 Ml Use of — Ir d@ or use of J. r’ do OE
B1 r* = 4sin’6+12sinf+9
1 .
= EJ. (2-2c0s20+12sin0 +9)do Ml Use of cos20=+142sin’8 with kJ-r2 (do)
1 [26? 20— 12 c0s0 99] Ft wrong non zero coefficients, ie for
- —sin26-12cosd + AlF correct integration of a + bcos26 + csind
20t V3 63| |77 3 63 OF eg[33n} m_i 63
12 4 2 12 4 2 2 6
Al
(o lm 113 e | 125 3 o3 [&}
3 2 g 6 2 2
1 1 o .
Areaofshadedreglon—ﬂ—{lﬂ—ﬁ} M1 —(2)2[49Q —HP]— —j * (3+2sin0)? do
3 2 2 276,
1
ﬁ——n— g(33[ 14n) Al 9 |cso g(33\6—14n) .(Mm=33,n=—14)
Total 19
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

c

sf

dp

mark is for method

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

accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within
anything which rounds to

any correct form

answer given

special case

or equivalent

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

possibly implied

substantially correct approach
candidate

significant figure(s)

decimal place(s)

No Method Shown

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

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

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

full marks.

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

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution | Mark | Total | Comment
1| DO NOT ALLOW ANY MISREADS IN THIS QUESTION
M1 PI. May be seen within given formula
Kk = o.{w} (=0.8) Y g
In3
k, =0.4xf(6.4,3+k,)
:O.4X1n(6.4+3.8) " O'4xln(6+0.4+3+c sk,)
In3.8 In(3+c'sk,)
PI. May be seen within given formula
k, = 0.4x1.7396... = 0.6958(459...) Al 0.696 or better. PI by later work
1
Y(6.4)=y(©)+ [k +k. ]
1 1
=3+ 5[0.8 +0.6958(459...)] ml 3+ 5 [c' sk, +c's kz] but dependent on
previous two Ms scored. PI by 3.748 or
3.7479....
(= 3.747922975...) =3.748 (to 3dp) Al 5 CAO Must be 3.748
Total 5
Q Solution Mark | Total Comment
2(a) | y=a+bsin2x+ccos2x
dy =2bcos2x —2Csin 2X Bl Correct expression for y
dx dx
2bcos2x—2csin2x+4(a+bsin2x+Cccos2X) Ml Differentiation and substitution into LHS
(=20—20co0s2X) of DE
4a=20; 4b—2c=0; 2b+4c=-20 ml Equating coefficients OE to form 3
equations at least two correct. PI by next
line
a=5 b=-2c¢c=-4 Al 4
(b) | Aux.eqn. m+4=0 M1 PI Or solving y'(X)+4y=0 as far as
y=Ac** OE
(Yer =) Ac™ Al O
(Yos =) Ae ¥+ 5 — 25in2x — 4cos2X BIF ¢’s CF + ¢’s PI with exactly one arbitrary
constant
When x=0,y=4 =A=3
y =3¢ ¥+ 5 — 2sin2X — 4cos2X Al 4 |y=3e™+5—2sin2x — 4cos2x ACF
Total 8

4 0of 10
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Solution Mark | Total Comment
4r -3x =4 M1 X =rcosé used
4r =3x+4 Al 4r =3x+4
16r* = (3x + 4)
16(x> + y?) = (3x +4)° Ml x> +y? =r? used

,  16+24x—7x> Al Must be in form y* = f(x) but accept ACF
y = 4 _
16 for f(X) eg y? =w
16
Total 4

_(3x+4)° —16%°

Accept y* = T and apply ISW if incorrect simplification after seeing this form.
Solution Mark | Total Comment
Auxeqn m>-2m-3=0
Mm=3)(m+1)=0 Ml Correctly factorising or using quadratic
formula OE for relevant Aux eqn.
PI by correct two values of ‘m’ seen/used.
(Yor =) Ac™ +Be™ Al
Try (Yp =) axe™ Mi
(Y'p =) ae * —axe™ M1 Product rule OE used to differentiate xe ™
"y _2ae* +axe ™ in at least one de{ivative, giving terms in
(V%1 =) © © the form +e "“xe
— 2aefx + aXe*X — 2(aefx _ aXe*X) _ 3a.X€7X ml Subst. into LHS of DE
(=2¢7)
1 A0 if terms in Xe * were incorrect in m1
= 4a=2 = a=—— Al line
2
BI1F =)¢’ +c’
(Yos =) Ac™* + B 1 o (Vs ).c s CF + ¢’s PI, must have exactly
2 two arbitrary constants
As x—o, Xe *— 0 (and e *— 0) El As X— o, xe *— 0 OE. Must be treating
xe  term separately
y—0 soB=0 B1 B = 0, where B is the coefficient of e
(Y'(X)=—Ae " —0.5¢ 7 +0.5xe7%)
Y'(0)=-3=-3=-A-05= A=2.))
5 X S ox_ 1
=—e ——Xe =—e ——Xxe  OE
y=5 ) Bl 10 |Y=5 >
Total 10
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Solution Mark | Total Comment
5(a . . .
(a) "= X(%sini%xj—j ésinSx(dx) Mi sz1n8x—I ksin8x (dx), with k=1, —1,
8,8, 1/8 or —1/8
1 1
X| —sin8X |— | —sin8x (dx
Al ( 2 ] J 2 (dx)
= X lsinSx +icos8x (+c)
8 64 Al 3
)11 . 2%+ 0(x%) Ml sin2X = 2x Ignore higher powers of X.
[;sm 2X} I PI by answer 2.
lim [2 + O(XZ)] =2 Al 2 CSO Must see correct intermediate step
X—>0
(c) | 2cot2x and 1/x are not defined at x=0 El 1 Only need to use one of the two terms.
Condone ‘Integrand not defined at lower
limit” OF
(d) (_[ (2cot2x —Xx"+ XcosSX) dx =)
. 1. 1
In sin2X — In X + X §51n8x +50058X BIF Ft ¢’s answer to part (a)
ie In sin2X — In X + c’s answer to part (a)
z . z L. lim
J'4 () dx — lim 1 () dx M1 Limit 0 replaced by a (OE) and 820
0 a—>0 Ja .
seen or taken at any stage with no
remaining lim relating to 7/4.
g _| xsin8x  cos8x |7/4 , _
J.O () dx |: 3 + 64 0 +Inl lim ln( sin 2aj
lim sin 2a a=0 a
In(7/4) — [ln( ﬂ
a—>0 a
1 1 ps lim sin 2a Ml F(#/4)-F(0), with In[(sin2X)/x] a term in
64 64 In 4) a>o0 In a F(x), and at least all non In terms evaluated
V4 V4 Al 4 . . 2
=—In—|-In2=—1In| — OE single term in exact form, eg In| — |.
4 2 V4
Total 10
(@) 1. , L
Example: u=x, v'=cos8X; U=l V= gsm8x and ....= Uv-— IV U’ all seen and substitution into

uv — J- v u" with no more than one miscopy, award the M1

6 of 10
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Q Solution Mark | Total Comment
6(8.) j— fx dx
[Fis e x4 Ml PI With or without the negative sign
= o IO+ (+0) _ G In(C+4) (+0) Al Either O.E. Condone missing ‘+C’
— 2 -1 2
= (A)(X+4) AlF Ft on earliere*™ ¥ | condone missing A
I du  2x U=
(x* +4) dx  (x* +4)*
d 2 —1
&[(X +4) ul=3 MI LHS as d/dx(uxc’s IF) PI
(x> +4)"'u=3x (+C) Al Condone missing ‘+C’ here.
(GS): u=(3x+C)(x*+4) , ,
Al 6 Must be in the form u = f(X), where f(X) is
ACF
(b) ,dy du,d% dy du d’y dy
U=Xx"-2 s0 —= x> —2 +2x—= —=+x*—2+px—=, p#0
dx  dx dx? dx Ml dx dx? X i P?
Al
2
xz(x2 + 4)d—¥ ax Yo
dx dx
Y ) L L S L
dx dx dx
=(x2 + 4)d_u _o W
dx dx
( 5 )du ml Substitution into LHS of DE and correct ft
=X +4 ax 2xu simplification as far as no y’s present.
Given DE becomes:
2 du 20 42
(2 + ) —2xu=30¢+4)
dx
du 2X 2
35—X2+4U=3(X +4) Al 4 | CSO AG
(€) | From (a), u=(3x+C)(x*> +4)
So dy _ (BX+C)(X* +4) i ﬂ _ c's f(X) answzer to part (a) stated or
dx x? dx X
used
dy _12 + g +3x+C
dx x X
2
y:lZlnx—%+%+Cx+D Al 2 |OE
Total 12
b
(b) 2y J_rxzjuipxu 2y 2ju—qu
Altn: = X , p£0 (M1) = X Al)
dx? (Xz)z P X2 (Xz)z (

7 of 10
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Q Solution Mark | Total Comment
7@0) | | Cisin X dy _ —sinx+cosX M1 Chain rule OE (sign errors .only)
y= In (cos x+sin X), dX  cOS X + Sin X Al ACF eg ¢’ y'(X) = cos X — sin X
. —(cos X +sin X)* — (—sin X + cos X)* Quotient rule (sign errors only)
e (cos X + sin X)? ml OE eg ¢’ [y’ ] +e’ y" =+cos X £ sin X
_ —2(cos® X +sin® x) _ -2
(cos X + sin X)* 1+ 2cos xsin X
d*y 2 _ o
ax> = 1+ sin 2x Al 4 CSO AG Completion must be convincing
d’y . 5 d’y
i) | —==4(0+sin2X)" cos2x ACF for —-
@) | g =X ) Bl 1 dx
(b)) | y(0)=0; y'(0)=1; y"(0)=-2; y"'(0)=4 | BIF Ft only for y'(0) and y"'(0)
N , x> x>, Maclaurin’s theorem applied with
YOO=y Oy Xy (0)+ ==y (0)+ ETR (©) Ml numerical vals. for y'(0), y"(0) and y"'(0).
' MO if cand is missing an expression OE
for the 1* or 3 derivatives
25,45 2, Al 3 CSO AG Dep on all previous 7 marks
y(X)= X=X +g X' = X=X+ 3 X awarded with no errors seen.
b)(ii Bl 1
() ln(cos.x—sinx)z—x—xz—gx3 —x=x* =2
Cc
© ln(ceof%j=ln0052x—(3x—l) B1
In(cos2x)= ln[(cos X + sin X)(cos X —sin X)]
= In(cos X + sin x)+ In(cos X — sin X ) Bl
cos2X )\ _
In e3x—1 ~
zx—x2+gx3—x—x2—§x3—3x+1 Ml
~1-3x—2x2 Al 4 CSO Must have used ‘Hence’.
Total 13
(a)(i) | For guidance, working towards AG may include y” = —1-[y’ ]

8 of 10
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Q Solution Mark | Total Comment
8(a) 1 % 5 5 1¢ z
(Area=) 5-“—5 (1 —tan 9)2 sec” 0 (d0) Ml Use of EJ r=(dé) oruse of Io4 r-(dd) oE
4
z ( , )z 5 B1 Correct limits
4 (1=
(or) J.O 1—tan~ 8) sec” 4 (dH)
Let u=tan @ so (Area)= j o (1 — uz)2 du M1 Valid method to integrate tan" Osec’ 0 ,
© n=2 or 4, could be by inspection.
o Correct integration of k(1 - tan” 8)* sec” @
(Area) = {u -3 + ?} Al OE; ignore limits at this stage
0
2 1 8 Al CSO AG
=|l-=+=| (-0) =—
( 3 5] 0 =15 5
(b) (i) 1 Ml L
(1 ~ tan’ 9)5609 = 58603 0 Elimination of ror @. [r=2(2r)? —2r]
l—tan2 @ = 1(1 + tan? 9) ml Using 1+ tan” @ =sec® @ OE to reach a
2 correct equation in one ‘unknown’.
1 T 4
tan’f=—; O=+—; r=——
3 6 343
. 4 V4 4 V4
Coordinates | — , —| | — , ——
[3\5 6J (3\6 6J AL 3
(o) (ii)| 4 ( 7 ) 7 27
——=sinag =(1)sin| r———«a | OE OEeg AP=,— oreg sina=,—.
343 ® 6 BIF s V27 *°8 28
4 . T T . 1 J7
——sing =sin—cosa + cos—sin Or cosa=———— |[__N~N7
343 6 6 Bl J28 ( 14 ]
__—12
tan & = \/g 4 M1 OE Valid method to reach an exact
5 m numerical expression for tan ¢ .
tana =343 (k=-3) Al 4
Altn for the two B marks
4 T 4 (BIF) OE Any two correct ft . Pl eg NP=1/3
ON = 3.3 cosg, AN = 33 s1n€, (N is foot of perp from A or B to OP)
OP=1
2 2 3
tanOPA=— == =N
an 5 (B1) tan OPA = 5 OE or tan PAN = 5 OE
[Then (M1)(A1) as above]
(b)(iii) | Since tana is negative, a is obtuse so
point A lies inside the circle. (If A was on EIF 1 Ft ¢’s sign of k.
the circle « would be a right angle.)
Total 13
TOTAL 75
Altn (a) | Converts to Cartesian eqn. y’=x*(1-x) (M1Al); sets up a correct integral with correct limits for the area using the
1
sym of the curve (B1); valid method to integrate X(l - X)E (M1); 8/15 obtained convincingly (A1)
(b)(ii) alt | 2
. G . Y
Altn expressions for M1: tana = — tan(z + OPA) =— 1 5 tana = tan(g + PANJ = —\/5
l-—— 1—+/3 Y2
5\ -
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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

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
DO NOT ALLOW ANY MISREADS IN THIS QUESTION
(a) 2 M1
y(2.05)=y(2)+ o.os{2 +25 j
=5+0.05x13.5
=5.675 Al 2 OE
(b) y(2.1)=y(2)+ 2% 0.05£[2.05, y(2.05)] M1
2 AlF PI Fton c’s (a) answer.
— 542%0.05x 2.05+5.675
2.05
=6.67 to 3 sf Al 3 CAO Must be 6.67
Total 5
2
(b) For the PIif line missing, check to see if evaluation matches 5.1+ Tl X [answer (a)]2 to at least 3sf
Q2 Solution Mark | Total Comment
J-tanxdx Ml
LF. ¢
_ elnsecx Al OE eg e—lncosx
= sec X AlF OE Only ft sign error in integrating tan X.
sec X% +sec X(tan x)y = tan’ Xsec” X
X
M1
i[y sec x] = tan® xsec? X LHS as i[y x candidate's IF| ~ PI
dx dx
ysecX = J.tan3 xsec” X (dx) Al
3 mt PI O eg ysecx = Loy
ysecx=jt dt VERTS >
where U = cos X
| Al
y sec X :Ztan X (+¢)
r 1, . ' 9 ml Dep on prev MMm. Correct boundary
2sec— = glan’ e 4= 2te condition applied to obtain an eqn in ¢
with correct exact value for either sec% or
tan* Z used
3
1, 4. 7
ysecX=—tan X+ —
4 4
y =2 (7+ tan* x) Al | 9 |ACF
Total 9

Condone answer left in a ‘correct’ form different to y= f(x), eg

4ysecx =tan* x+7.
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Q3 Solution Mark | Total Comment
(@)() 2 3 4
In(l +2x)=2x - (2%) + (2;() - (2:)
oyl 4 8 R Bl 1 ACF Condone correct unsimplified
(@)(ii) In[(1+2x)1 - 2x)|=In(1 + 2x)+ In(1-2x) | M1 In(l +2x)+In(1 - 2x) PI
—4x7)
for In(l—4x? )= —4x _(T) } PI
= —4x? —8x* ... Al CSO Must be simplified
1 1 1
Expansion valid for ——<X<— Condone |X|<—
p ) ) B1 3 | | B
(b) _ x 2 Bl Correct first two terms in expn. of V9 + X
XA9 + X =3x 1+18+O(x )
3x* '
3% — X491 X 3x=3x— ST M1 Series expansions used in both numerator
(1 +2x)1-2x)] | | —4x>—8x*... and denominator.
lim 3X — X4/9 + X
X =0 | In[(1+2x)1-2x)]
1 Dividing numerator and denominator by x*
lim |~ 6 +0(X) m1l to get constant term in each, leading to a
= YN finite limit. Must be at least a total of 3
X0 -4+00) ‘terms’ divided by X
1 Al 4 1 NOT 1
= — = % _
24 24 24
Total 8
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Q4 Solution Mark | Total Comment
(@) The interval of integration is infinite El 1 OE
O [x-2)e ox
dv du M1 du
u=x-2,—=e*,—=1,v=-0.5¢ —=1, v=ke ™ with k=£0.5,£2
dx dx dx
1 ~2x 1 o 1 2x 1 o
= ——=Ix=2 —|——¢ dx ——(x=2 —|——¢ dx) OE
5 (x-2)e I > Al 5 (x—2)e J‘ > (dx)
1 _ 1
:_E(X—z)ﬁ 2X_Ze 2X (+C) AL
o li M1 Evidence of limit co having been replaced
[x-peax= " [(x-2)e™ dx B
? a—>o -2 by a (OE) at any stage and seen or
a— o
taken at any stage with no remaining lim
relating to 2.
i
1m _l(a_z)e—Za_le—za _ _le4j
a—w 2 4 4
lim p .-2a _

Now as o a e =0, (p>0) El General statement or specific statement
with p = 1 stated explicitly. Each must
include the 2 in the exponential.

Jw(x—z) 2 gx= Lot ,

) © 4 © Al 6 No errors seen in F(a) — F(2).
(M1EOAL is possible)
Total 7
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Q5 Solution Mark | Total Comment
(@) Auxegn m>+6m+9=0 Factorising or using quadratic formula OE
) M1 on correct aux eqn. PI by correct value of
(m+3)"=0 ‘m’ seen/used.
(Yer =) (Ax+B)e™ Al
Try (Yp =) asin3x+bcos3x M1 asin3x+bcos3x or Altn. K cos3x
(Y'p =) 3acos3x—3bsin3x
(Y'"p =) —9asin3x —9bcos3x
—9asin3x —9bcos3x + 6(3acos3x — 3bsin 3x) Substitution into DE, dep on previous M
+9(asin 3% + b cos 3X) = 36 sin 3x ml and differentiations being
in form P cos3X+ sin3X
or Altn. —3ksin3x and — 9k cos3x
—18b =36 18a=0 Al Seen or used
Yp =—2c0s3X Al Correct Yp, seen or used
(Yos =) (Ax+B)e™ —2cos3x B1F (Ygs =) ¢’s CF + ¢’s PI, must have exactly
7 two arbitrary constants
)@ | £"(0)+ 6£'(0)+9f(0) = 365in 0
f"(0)+ 6(0)+ 90)=0 = f"(O) ~0 El 1 AG Convincingly shown with no errors.
(b)(ii) | ""(0) = 108cos0—0—0 =108 £7(0) =108 and f™)(0) = —648 seen or used
f™(0) = 0-6 £"(0) —0 = — 648 B1
x2 X3 X3 x4
f(x)~0+x(0)+ R (0)+ f’”(O) + X f<w>(0) M1 f(x)~ e f”(O) X f<w>(0) used with ¢’s
X3 x4 non-zero Values for £7(0) and £™(0)
f(x)~ ? (108) +TI (— 643)...
= 18x* —27x* Al 18x* —27x* Ignore any extra higher
3 powers of X terms
Altn: Use of answer to part (a)
f(x) = (6x +2)e™* —2cos3x [B1]
= [M1] Correct series for ¢ ** (at least from X*
terms up to X* terms inclusive) and cos3Xx
(at least X* terms and X" terms) substituted
and also product of (px-+q) term with ¢
series attempted where p and ( are
numbers.
=(2-2)+(6—6)x+(9—18+9)x*+(27-9)x*+
+(6.75-27-6.75)x*
= 18x" -27x* [A1] | [3]
Total 11
If using (a) to answer (b)(i), for guidance, f"(x) =54xe™* —18¢* +18cos 3x
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Q6 Solution Mark | Total Comment
a
@ % ﬂ = ﬂ M1 OE Relevant chain rule eg — dy_dt dy
dt dx dt dx dx dt
2e™ dy _ d—y:> ZXQ - Y Al OE eg ﬂ=le72tﬂ
dx dt dx dt dx 2 dt
d dy 42 y . dx d dy d’y OE.Valid 1* stage to differentiate xy'(X) oe
- 2X R 2X_ =7 . . ~1y,r
at ( dx) e dt dx ( dxj a2 M1 wrt t or to differentiate X y'(t) oe wrt X.
ax(, dy 2y d2y Product rule OE (dep on MM ) to obtain
2=+ 2X—5 | = —5 m1 an eqn involving both second derivatives
dt |~ dx dx dt*
d*y dy _ d’y d’y 1 _ oedy 1, dy
4x* —L + 4x—=> = OE =—e¢ | —e L4 2
o A de Al T 20 | a2t
{Note: e ' could be replaced by L }
Jx
2
4\/x_5%+2\/;y=\/;(lnx)2 +5
X
2
becomes d—Z Y. 2y =(Inx) + S| AL Or better
dt dx Jx
d’y . dy , 5
= —-2—+2y=02t) +—
dt? dt y ( ) e'
d’y ,dy
e d +2y =4t" +5¢” Al 7 AG Be convinced
(b) Auxl eqn ) (m—1)* +k or using quadratic formula on
m’-2m+2=0 (m—17 +1=0 M1 correct aux eqn. PI by correct values of
‘m’ seen/used.
m=1=+i Al
CF: (Y. =) e'(Acost+Bsint) B1F Fton M= p£qi, p,g#0 and 2 arb.
constants in CF. Condone X for t here
P.Int. Try (yp =) a+bt+ct® +de™ M1
(y'()=) b+2ct—de™; (y "(t)=) 2¢+de™
Substitute into DE gives
2e+det — 2(b+2ct — de’t) + M1 Substitution and comparing coeffs at least
once
+2(a+bt+ct’ +de ™) =4t* +5¢"
d=1;c=2 Bl Need both
2b—4c=0 and 2c-2b+2a=0 Al OE PIbyc’s b=2xc’scand c’sa=c’sC
provided ¢’s ¢£0
b=4 anda=2 Al Need both
GS (y=) Ft on c¢’s CF + PI, provided PI is non-zero
et( Acost + B sint) $2 4t + 2t 4ot B1F and QF has two arbitrary constants and
RHS is fn of t only
y:\/;lACOS(ln\/;)-F Bsin(ln\/_)J+2+ )
! Al y=f(x) with ACF for f(x)
+2Inx+—(Inx)" +—= 10
-
Total 17
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Q7 Solution Mark | Total Comment
(a) 1% 1 r
Area= — [ 2 (1+cos26) (d6) M1 22 2 2
2 Use of 2] (d6) or jo (2 (d6)
- lj% (1+2c0s26 +cos* 20)d6 2
Py COs 20 +COs Bl Correct expn of [1+c0s26 ] and correct
2 limits
1
:EI (1+2c0820+0.5+0.5c0s 40) dO M1 2¢0s? 20 = +1+ cos 46 used with k.[r2 de
_ 1 . 1. /2
TS 0 +5sin 20 +0.50 + o 40| /2 AlF Correct integration ft wrong coefficients
3
- Z” Al 5 CSO
(b)) 1+sin@ =1+ cos260 Equating rs (or equating sinds) followed
1+sin@=1+1-2sin’ @ M1 (or preceded) by cos26 = +(1+ 2sin’ 0)
(2 sin @ — 1)(sin 0+ 1) (=0) Al Or r(2r - 3) (=0), each PI by correct 2 roots
sin@ = —1 gives the pole, O E1l Or r =0 gives the pt O . OE eg finds 2™
pair of coords (0, - ©/2) and chooses (3/2, 7/6)
. 3z T
AtA, sind=05 soA| =,= r=15, 6==
(2 6 J Al 4 6
(b)(ii) Eqn of line thro’ A parallel to initial line is
rsing =2 B1F PI Fton rsind=r,siné,
4
ALB . 9 M1 Solving rsin@ =Kk and r =1+ cos 26 to
tB, r=2-2sin"0=2-2 l6r2 reach a cubic eqn in r or insin &
16r> =32r2 —18 Al Correct cubic eqn in I
(orin sin@ eg 8sin’ @ =8sind-3)
(2r-3)4r? —2r-3)=0 Al Or (2sin @ —1)(4sin> 6+ 2sin 6 —3) =0
Since I, = 1.5 and g > 0, A.G. Note: A2 requires correct surd for OB and also
correct justifications for ignoring the other two roots
OB=r, = 2+4/4+48 _ l(\/ﬁ . 1) A2.1,0 6 of the cubic eqn. Max of Al if justification absent
8 4
(b)(iii) AB = +(r, cos 6, — I, cos ;) M1 OE method to find AB or AB*.
eg AB = w OE single ‘eqn’
sin 6,
or AB? =r,” + OB? - 2r,0B cos(6; — 6,)
or OB? =r,” + AB*> —2r,ABcos#@,
cosfy = %B [: \/E +1 }:(0_758(7”)) ml OE eg solving correct quadratic
3
eg sinfy = orf =0.709(41...)
° V13 +1 °
AB = 0.425 (to 3sf) Al 3 0.425 Condone >3sf (0.425428....)
Total 18
TOTAL 75
(b)(ii)

(2sin @ —1)(4sin* @ +2sin@-3)=0 sind=0.5 (pt A), eg sin# < —1 impossible, so sin@ =

—2+\/5_2
8
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