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1. (a) Express ——— in partial fractions.
(b) Hence prove that
1 . n
47 -1 2n+1
p Q)
(c) Find the exact value of
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4r* —1
r=9 (2)
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Question
Number

Scheme Notes

Marks

1(a)

1

4r° -1

1 1 1

NI

Correct partial fractions or correct

2(2r—1) 2(2r41)  (2r-1) (2r+1)
or equivalent or
1 A B

2 1 +
4r -1 2r-1 2r+1

values of ‘4’ and “B’. Isw if possible so
if correct values of ‘4’ and ‘B’ are

1 1 | found, award when seen even if
= A= E’B =—7 | followed by incorrect partial fractions.

Bl

1)

(b)

501 1( 1 1 1 j
Y ——=|1-S+...+ -
Sarc-1 2 3 2n-1 2n+1

Attempt at least first and last terms using their partial fractions.

May be implied by e.g. %(1— 5 l+1j
n

M1

11— L orl— or 11 C t i
207 2n+1) 2 2(2n+1) 2 4n+2 Orrect expression

Al

L

2n+1

Correct completion with no errors

Al*

Allow a different variable to be used in (a) and (b) but final answer in (b) must
be as printed i.e. in terms of n.

(©)

(©)

n
2n+1

> = (5)(f(25)-1(®) (25)~f(8) where f (n)=
o

M1

Ccao

r=9
_ 5[§_£ _5
51 17) 51

Al

Correct answer with no working in (c) scores both marks.

(2)

Total 6
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Question
Number Scheme Notes Marks
) x2—9‘<‘1—2x‘
(ignore use of “<” instead of “=" when finding cv’s)
¥ -9=1-2x=x"+2x-10=0=x=... | Attempts to solve
or x2-9=1-2x OR x*-9=—-1+2x M1
x2=9=-1+2x=x*-2x—-8=0=x=... | to obtain two non-zero values of x
One correct pair of values. Allow the
—2+./44 irrational roots to be at least as given
T, OR x=-2,4 here or —1++/11 or awrt 2.32, -4.32 or Al
truncated 2.3, -4.3
Attempts to solve
¥ -9=-1+2x=>x*-2x-8=0=x=.. | xX’—9=1-2x AND x*-9=-1+2x | M1
to obtain four non-zero values of x
Both pairs of values correct. Allow
—2+./44 the irrational roots to be at least as
= =— . Al
x 2 AND x=-2, 4 given here or —1++/11 or awrt 2.32,
-4.32 or truncated 2.3, -4.3
-1+4J1l<x<4
or One correct inequality. Bl
“1-Vll<x<-2
For —1++/11 allow ﬂ for —1—+/11 allow ﬂbut must be exact here.
Allow alternative notation e.g. (—1+ Vi1, 4) : (—1—\/ﬁ, —2)
4>x>—l+\/1_l, x>—l+\/1_l and x<4,
—2>x>—1—\/ﬁ, x>-1-+11 and x < -2
-1+V1l<x<4
and Both inequalities correct. Bl
-1- \/1_1 <x<-2
For —1++/11 allow ﬂ for —1—+/11 allow ﬁbut must be exact here.
Allow alternative notation e.g. (—1+ \/1_1 4) , (—1—\/ﬁ, —2)
4>x>—l+\/1_l, x>—1+\/1_l and x <4,
—2>x>—1—\/ﬁ, x>—1—\/ﬁ and x<-2
(6)

Total 6
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Q2 Alternative by squaring
(ignore use of “<” instead of “=" when finding cv’s)
(x2 —9)2 = (1— 2x)2 = x* —18x% +81=1—4x + 4x*
Squares and attempts to solve a
x'—22x" +4x+80=0=>x=... quartic equation to obtain at least two | M1
values of x that are non-zero.
o . -
_ 2444 or x=-2 4 One pair of values correct as defined Al
2 above
Ji M1: Obtains four non-zero values of
—2++/44 X.
- and  x=-2,4 Al: Both pairs of values correct as M1AL
defined above
-1+ \/ <x<4
See notes above Bl
“1-V1l<x<-2
-1++41l1<x<4
and See notes above Bl
-1-V1ll<x<-2

In an otherwise fully correct solution, if any extra incorrect regions are given,
deduct the final B mark.
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3. Find, in terms of k, where k is a positive integer, the general solution of the differential
equation
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y

3

Scheme Notes Marks
3 (1+x)g—§+ky=x%(1+x)2k
A k(L) Divides by (1 + ) including the ky | 1.
dx (1+x) (1+x) term
dM1: Attempt integrating factor.
k -
. | el is sufficient for this mark
l=etn =(1+x)" but must include the k. Condone dM1A1
omission of “dx”.
Al (1+x)"
i ) Reaches
p(Lea) = [ (L4 x)dv yx(their1) = [ x* (L+.x) 5 (their 1) dr | M1
jx% (1+ x)dx = %xz +§xg (+ c)
or by parts Correct integration Al
J‘x% (1+x)dx= %xs (1+ x)—%xg (+¢)
gxg + gxg +c
T L)
ore.g.
gx% (1+x)—ix% +c
y=3 15
@+xy
ore.g.
yzgxg (l+x)l_k—%xg(l+x)_k+c(1+x)_k Al

ore.g.
10xF (L+x)-4xi+ ¢
~ 15(1+x)
ore.g.

y= %xz (1+ x)_k +§x3 (1+ x)_k +c(1+ x)_k

Correct answer with the constant correctly placed.
Allow any equivalent correct answer.

(6)

Total 6
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4.
f(x) = sin 3
X) = —Xx
2
(a) Find the Taylor series expansion for f(x) about % in ascending powers of | x — 3 up
4
to and including the term in | x — %
(6)
. . N S .
(b) Hence obtain an estimate of sin > giving your answer to 4 decimal places.
2
\_ _
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Question
Number

Scheme

Notes

Marks

4(a)

M1: Attempt first 4 derivatives. Should be
sin — cos — sin — cos — sin . l.e. ignore
signs and coefficients.

Al:f =2cos(3x
AL:f" =—2cos($x)andf” =

Allow un-simplified e.g.f =

M1A2

)
(£)=Ly(£)=0.y"(5)=-%."(5)=0.y" (%)=%

Attempts at least 1 derivative at x :%

M1

dM1: Correct use of Taylor series. |.e.

2 fN %
f(x)=f(2)+(x-2)f'(%)+(x-%) #+
Evidence of at least one term of the correct

. (%
structure i.e. (x—%) &and not a
n!

Maclaurin series. Dependent on the
previous method mark.

Al: Correct expansion. Allow equivalent
single fractions for gand/or 27 and
8 128

allow decimal equivalents i.e. 1.125 and
0.2109375. Ignore any extra terms.

dM1A1l

(6)

(b)

M1: Attempts f (%) or states x =%

Al: 0.4815 cao

M1Al

(0]

Total 8
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5. The transformation 7 from the z-plane to the w-plane is given by

2z -1
w=—— z#-3
z+3
The circle in the z-plane with equation x? + y? =1, where z=x + iy, is mapped by T onto
the circle C in the w-plane.

Find the centre and the radius of C.
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Question Scheme Notes Marks
Number

5 3w+l M1: Attempt to make z the subject as
L=V farasz= ... M1A1
2-w Al: Correct equation
3(u+iv)+1 ) )
|z[=1= Swirll g S(utiv)+l V)_ = Uses |z| =1and introduces w = u +iv | M1
2—w 2-— (u + Iv)
MZ1: Correct use of Pythagoras.
2 2 _ o\, 2 Condone missing brackets provided
(3” +1) +(3v) B (u 2) v the intention is clear and allow e.g. M1
(3v)? = 3v? but there should be no i’s.
u? +v? +Eu—§=0
8 8
Attempt to complete the square on
the equation of a circle. l.e. an
, equation where the coefficients of u?
2
y +§ _§+ 2 _ g and v are_the same and the other ddddM1L
8 64 8 terms are in u, v or are constant.
(Allow slips in completing the
square). Dependent on all previous
M marks.
5\ 49 5 - Al: Centre (—2,0)
(u+§] +V2=6— (—g,Oj,g 7 AlAl
4 Al: Radius —
8
()
| Total 7
Alternative for the first 3 marks
3 M1: Attempt to make z the subject
L= w+1l . p : z ) M1A1
2—w Al: Correct equation
iy 3(uriv)+l (3usl+iv) 2-ueiv Bu+2-3(u’ +v*) 7v
X = = =
Y 2—(u+iv) 2—u—iv  2—u+iv (2—u)2+v2 (2—u)2+v2
M1

5u+2—3(u2+v2

X+yi=1>
4 [ (2—u)2+v2

jll

e
(2—u)2 +1?

u and

Introduces w = u + iv, multiplies numerator and denominator by the complex
conjugate of the denominator and uses x*+ y»* =1 correctly to obtain an equation in

V.
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6. (a) Find the general solution of the differential equation

2
SR N
d® T dr

€)

(b) Find the particular solution of this differential equation for which y = 0 and Y _ 0
when x =0 dx

©))

oo

0000006 % %%
SROXRXKKK
aoq&g,
&

o%
X
oe%%

0>
255
%605

X
R
X

OO
:02020
%X
RN
XK
QKK

D
Do

OO0
RS
I
$3)
RS
IRKS

XX

XX

X
dese
(R
™
S

RL

X

%%

03!
2

£
5
K

<>
5

5
X

XXX
X

XXX

0

2
<
Xy

02
0

%%

o
R
KRy
L

R

S
Po20%0%!
(S 000
X
05

X
120270 % %

XRHXXX

000,
9
0%

2
]
0

X
c&
REKS
Ve
RIS

K
Pedete!
5
le
2

XK
o
,
X
<
X

<}
%

o
3L

¢
oo

<>
o0

X XX

>

%%

%&f

vad

OO
00508
PR
R
ORI
LRRLRLRLRRE

255
X
X
Ve
x5

<>
S
g

~

e
5

0>
%
s

o
T,
RRKS

LRERRLRERLRLHRRRRLRLRRRRRRLRL

0>
KRR

%%

XX
X X&
ol

Q&’
35
RRE)

196%%:%

doetes

o
096%%%

oS
X
o
o¢

$9096%%%%

XXX
R
SRKK
0K
o Sotetototetotetetete!

X
%
29588

2

XX
%%

o%
XX

3
2
000

XX
&‘

9%
R

I
2555
%
35S
KBS

X
55
S8
0K

o%
6% %
XS
0%

OO0
QKL
RRXKS
QKKK
0K
ot

DO
25K
bo%e!
S
2%

<
KB
(55
Sode!
XX
K

0
e
PN
(&
07!
%%

o%
j?
6% %
KL

X

o
"' o
X
3K

>
>

X
00
%
kS
&
o2

OO
B2
ERRESE
ot
o
55

PPl ML K X
SRR XL ARG
SRR

>
%%
8
200
2%
%3
K

DO
potetototetotorstototorstoress

)

A

% SO0

RRRRLRRRRRRLRLRS

IR
.

06
K

K
'r
o

('0‘

b
>
X

o

<>
5
X

T2
%5
XK

O

%%
0%
o%
%
o

12X
RIS
RRKKRR

<>
2
XX

K
KR0S
0% '« %
s

SRR

X
X
b9%%8
5

RRRLRKRS

19090202090 %0%0%:%%

<>
KK
S0%88
5o
255

o%%
o%
<2
o%%
o%%

X
X
53
D020

Q0L
oo
oo

20!

XXX

R

QLR
590 %%
0%
9%
9%
LR
QLR

0%
255
25

203!

200!

X
X

QR

X
o5
%
<

— R S0
P 4 6 6 8 5 A 0 1 8 3 2



Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel WFMO02
uestion
(l\glumber Scheme Notes Marks
2
9y 3 oy =3 2041
dx dx
6(a) m243m+2=0=m=—1 2 gg;rect roots (may be implied by their B1
RS . M1: CF of the correct form
y=Ae™ +Be Al: Correct CF MI1AL
y=ax’+bx+c Correct form for PI Bl
2
g—yz 2ax+b, 3—)2}= 20 = 2a+3(2ax+b)+2(ax2 +bx+c) =3x?+2x+1 M1
X X
MZ1: Differentiates twice and substitutes into the Ihs of the given differential equation
and puts equal to 3x* + 2x +1 or substitutes into the Ihs of the given differential
equation and compares coefficients with 3x* + 2x +1.
For the substitution, at least one of y, y’ or " must be correctly placed.
3
a=— Al
2
6a+2b=2:>b=—Z:>c=£ MZ1: Solves to obtain one of  or ¢ M1A1
2 4 Al: Correct b and ¢
p=Ae P 4 Bet 1oy G Correct ft Sthelr CF + their PI) but B1ft
2 4 must be y = ...
9
(b) 0 4+B+ il Substitutes x = 0 and y = 0 into their |
4 GS
d—y= —2A4e%" —Be™* +3x—1:> 0= —2A—B—Z
dx 2 2 M1
Attempts to differentiate and substitutesx =0and y’ =0
0 A+B+£, 0 24-p-T s 4o . =, |Solvessimultaneously to obtain | .,
4 2 values for 4 and B
A= % B=-5 Correct values Al
poSerger 3y L Correct ft (thel_r CF+theirPl) | ooo
4 but mustbe y = ...
®)
Total 14
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uestion
QNumber Scheme Notes Marks
7.
C,: r=§cose, C,: r=3\/§—%cose
@ g00546?:3\/§—gc3039:>6’=...
2 2 Puts C1 = C2and attempt to solve for &
or or M1
oS0 — ﬁ: e 3\/5_3r N Eliminates cos @ and solves for »
3
0T o re 33 Correct 0_or correct r. i AL
6 4 Allow 0 = awrt 0.524, r = awrt 1.3
. 33
Correct »and 0 isw e.g. 1, ——
r=¥and9=£ ! (iswe.g [6 4 }) Al

Allow 6 = awrt 0.524, » = awrt 1.3

)
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7(b)

2 2
1 (3\@—200549) dg or 1 (Ecosej de
2 2 2 )\2

M1

Attempts to use correct formula on either curve. The %2 may be implied by later work.

81(cos20+1)

(3\/5—%cosej 27— 27\/—cose+%cos 0=27-27/3cos0+ :

M1

Expands to obtain an expression of the form a + b cos @ + ¢ cos® 8 and attempts to use

052 6 — +1+00529
2 2

L1 (3v3-2cos0 ] do =[ 1 ]| 22T 0-2743sin6+sin20
(2”‘( 2 ] (2){ 8 16 }

M1Al

M1: Attempts to integrate to obtain at least two terms from a8, Fsin@, ysin260

Al: Correct integration with or without the %2 (NB % =27+ 881)

( j[zwa 27\/_sm49+§sm20} =(1j (ﬁ.1—27\/§.sin£+§sinZ-EJ(—O)
AR 16 21 e 6 16 6

M1

M1: Uses the limits 0 and their %

If the substitution for &= 0 evaluates to 0 then the substitution for &= 0 does not need to
be seen but if it does not evaluate to 0, the substitution for &= 0 needs to be seen.

2 z
1 (Ecose) d<9=i (c052<9+1)d0=i lsin29+<9 _9 Z_ﬁ
2 2 16 16| 2 M 1613 4

M1

M1: Usescos® @ = i%i% , integrates to obtain at least £ sin 26 and uses the limits

of their Zand Z to find the other area
6 2
2 2
NB can be done as a segment : 13y (2= L3 sin| Z
2\ 4 3 2\ 4 3

2 2
Allow l(gj (ﬂ—thheirzj—ltgj sin[n—thheier
2\ 4 6 2\ 4 6

96 © 64 16\3 4 32°

297 3513 9( \/§J 105 \f

M1Al

M1: Adds their two areas both of which are of the form arx +b\/_

Al: Correct answer (allow equivalent fractions for %and/o %)

(8)

Total 11
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Special Case — Uses +(C, - C,)
(b) ?
1 3\/§—gcose—§cos¢9 dé M1
2 2 2
Attempts to use correct formulaon +(C, - C,) . The %2 may be implied by later work.
2 cos260+1
(3J§—6cos«9) = 27-36+/3c0s0+36C0s2 0 = 27—36\/§cose+36g M1
Expands to obtain an expression of the form a + b cos @ + ¢ cos” @ and attempts to use
cos? 0 = + = + 908 26
2 2
2
[%)I(&@—Gcos@) do =(%)[4se—36\/§sina+9sinze} M1

Attempts to integrate to obtain at least two terms from a8, £siné, ysin26

No more marks available
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(a) Use de Moivre’s theorem to show that

8.

p cos 50+ g cos 360 + r cosf

cos’ @

where p, ¢ and r are rational numbers to be found.

(6)

(b) Hence, showing all your working, find the exact value of

“)

cos’@ dé

R|en ko

26
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Question
Number Scheme Notes Marks
8(a) ; M1: Attempt to expand (z+1)’
WAY 1 L) 510,420,201 YT M1AL
T TE A TS A1l: Correct expansion with correct
powers of z.
z=C0SO+isind = z+1=2coséd May be implied B1
=z +i5+5(23 +%J+10(z+ij =2c0s560 +10cos36 + 20cos &
z z z
1 1 M1
Uses at least one of z° + —=2c0s56 or z°+—= =2c0s3¢
z z
(z+1) =32c0s° 0 Bl
s 1 5 5 .
€0s’ @ =—c0s56 + —c0s36 +—cos 4 Correct expression Al
16 16 8
(6)
WAY 2 (Using €')
M1: Attempt to expand
(eie +e’i9)5 —e5% 15030 L 10e" 110 4+ 5¢ % 4 o 5" (eiH iefi9)5 M1A1
Al: Correct expansion
2cosf=e"“ +e’ May be implied B1
=e"’ +e™’ +5(e% +e77)+10(e" +e )= 2c0s50 +10c0s36 + 2005 0 M1
Uses one of e/ + e =2cos50 or e*? + e’ =2c0s36
(e + e“‘g)5 =32c0s° 4 B1
s 1 5 5 .
€0s’ @ = —c0s56 + —c0s36 +—cos I Correct expression Al
16 16 8
WAY 3 (Using De Moivre on cos 56 and identity for cos 36)
(COSH +isin 19)5 = +5ic’s +10c%i%s® +10c%i%s® + 5ci's® +i°s°
M1: Attempts to expand. NB may only consider real parts here. M1Al
Al: Correct real terms (may include i’s) (Ignore imaginary parts for this mark)
c0s56 = cos® @ —10cos® #sin® § +5cosPsin” & Correct real terms with no i’s Bl
2 —
= cos® 0 ~10cos® (L cos’ 0) + 5c0s O(1 - cos? 6) Uses sin” 0 =1-cos"0to eliminate | ;)
sin 0
16¢0s° @ = cos56 + 20cos® § —5cos
cos36 = 4cos’ @ —3cosd Correct identity for cos 36 B1
16c0s’ @ = cos56 +5c0s36 +10cos &
cos’ 6 = %cos 56 + %cos 360 + gcos 0 Correct expression Al

(6)
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(b)

icosSH+£cosS€+§cosa de :isin 5¢9+isin 349+§sin o
16 16 8 80 48 8

M1: Attempt to integrate — Evidence of cosnd — J_rlsin n6 where n=5or3
n

Alft: Correct integration (ft their p, g, r)

M1ALft

1 . 5 . 5 . B 1 5z 5 . 5. 1 52 5 » 5.«
—sin5¢ +—sin3@ +—sing | =| —sin—+—sinz +—sin— [—| —sin— + —sin— +—sin—
80 48 8 80 3 48 8 3 80 6 48 2 8 6

£

6

Substitutes the given limits into a changed function and subtracts the right way round.
There should be evidence of the substitution of %and %into their changed function

for at least 2 of their terms and subtraction. If there is no evidence of substitution and
the answer is incorrect, score MO here.

M1

Allow exact equivalents e.qg.
_49y3 203 ; ’

= - 1 203
=— 1493
160 480 16( V3 30 j

Al

If they use the letters p, ¢ and r or their values of p, ¢ and r, even from no
working, the M marks are available in (b) but not the A marks.

(4)

Total 10
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9. The complex number z is represented by the point P in an Argand diagram.

Given that arg 279

r
z—2 4
(a) sketch the locus of P as z varies,

3

(b) find the exact maximum value of |z|

(C))
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uestion
gumber Scheme Notes Marks
arg ( - 5) =2
z=2) 4
9(a)
M1
A circle or an arc of a circle anywhere. Allow
dotted or dashed.
Al
A circle or an arc of a circle (allow dotted or
dashed) passing through or touching at 2 and
5 on the positive real axis. (Imaginary axis
may be missing)
Al
Fully correct diagram with 2 and 5 marked
correctly with no part of the circle below the
real axis. It must be a major arc and not a
2 S semi-circle. The imaginary axis must be
present and the arc must not cross or touch the
imaginary axis.
®3)
(b) May be implied and may appear on
_ the diagram. Can score anywhere e.g.
Centre C(x,,»,)isat (3.5,1.5) from finding the equation of the B1
circle in part (a) or as part of the
calculation for OC.
=/2x y? or equivalent work e.g.
- . 3 32 r X Ve q g
7":\/1.5 +15 === 15 1.5 3\/5 M1
22 — =2 == or seen
cos45 sin45 2
Max |z|=OC +r=+3.5"+1.5° + r M1
58 3
=t = Oee.g v/14.5++/4.5, M Al
2 2 2
(4)

Special Case — correct work with arc below the real axis:

Centre C(x,,y,)isat (3.5, -1.5) BO
: : 3 32 r=4/2x .’ or equivalent work e.g.
r=+415"+15|=—=—"— 15 15 3\/5 M1
2 2 = F=—"—-0r seen
cos 45 sin 45 2
Max |z|=OC+r='\/3.52+1.52 +r M1

+

ol
=B

Oee.g V/14.5 ++/4.5, M Al

Total 7




