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1. (a) By considering the series

ntttt +++++ �

321 ,

or otherwise, sum the series

132 4321 −+++++ nntttt �

for t ≠ 1.
(5)

(b) Hence find and simplify an expression for

200032 320013433321 ×++×+×+×+ � .
(1)

(c) Write down an expression for both the sums of the series in part (a) for the case
where t = 1.

(1)

2. Given that S = �
�

� 2

0

2e
π

x
sin x dx   and   C = �

�

� 2

0

2e
π

x cos x dx,

(a) show that S = 1 + 2C,
(3)

(b) find the exact value of S.
(6)

3. Solve for values of θ, in degrees, in the range 0 ≤ θ ≤ 360,

√2 × (sin 2θ  + cos θ ) + cos 3θ  = sin 2θ + cosθ.
(12)
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4. A curve C has equation y = f(x) with f ′(x) > 0. The x-coordinate of the point P on the
curve is a. The tangent and the normal to C are drawn at P. The tangent cuts the x-axis at
the point A and the normal cuts the x-axis at the point B.

(a) Show that the area of  ∆APB is

                      [ ] [ ]
�
�
�

�
�
�
�

�

′
+′

)(f
1)(f)(f

2
1 2

2

a
aa .

(8)

(b) Given that f(x) = x5e  and the area of ∆APB is a5e , find and simplify the exact value
of a.

(4)

5. The function f is defined on the domain [–2, 2] by:

�
�
�

≤≤−
<≤−+−

=
,20if)2(
,02if)2(

)(f
xxkx
xxkx

x

where k is a positive constant.

The function g is defined on the domain [–2, 2] by .)5.2()(g 22 xx −=

(a) Prove that there is a value of k such that the graph of f touches the graph of g.
(8)

(b) For this value of k sketch the graphs of the functions f and g on the same axes, stating
clearly where the graphs touch.

(4)

(c) Find the exact area of the region bounded by the two graphs.
(5)
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6. Given that the coefficients of x, x²  and 4x  in the expansion of ( )nkx+1 , where n ≥ 4 and k
is a positive constant, are the consecutive terms of a geometric series,

(a) show that 
)3)(2(

)1(6
−−

−=
nn

nk .

(6)
(b) Given further that both n and k are positive integers, find all possible pairs of values

for n and k. You should show clearly how you know that you have found all possible
pairs of values.

(5)

(c) For the case where k = 1.4, find the value of the positive integer n.
(2)

(d) Given that k = 1.4, n is a positive integer and that the first term of the geometric
series is the coefficient of x, estimate how many terms are required for the sum of the
geometric series to exceed 121012.1 × .   [You may assume that 6.04log10 ≈  and

.7.05log10 ≈ ]
(5)
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7. The variable y is defined by

)cosec(secln 22 xxy +=    for   20 π<< x .

A student was asked to prove that

.2cot4
d
d x

x
y −=

The attempted proof was as follows:

x
x
x

xx
xx

xx
x
y

xx
xx

xxy

2cot4
2sin
2cos2

cossin
)cos(sin2

cot2tan2
d
d

cosecln2secln2
)cosec(ln)(secln

)cosec(secln

2
1

22

22

22

−=

−=

−=

−=

+=
+=

+=

(a) Identify the error in this attempt at a proof.
(1)

(b) Give a correct version of the proof.
(5)

(c) Find and simplify a general relationship between p and q, where p and q are variables
that depend on x, such that the student would obtain the correct result when
differentiating ln (p + q) with respect to x by the above incorrect method.

(8)

(d) Given that p(x) = k sec rx and q(x) = cosec² x, where k and r are positive integers, find
the values of k and r such that p and q satisfy the relationship found in part (c).

(4)

END
Marks for presentation: 7

TOTAL MARKS: 100
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No Working Marks
1 (a)

G.P.     a = 1, r = t,   
1

11

−
−=

+

t
tS

n

n

series)(1st 
d
d21 1

t
nttS n =+++= −

�

( ) ( )( ) ( )
( )

( )
( )2

1

2

1

1
11

rule
Quotient

1
1.111

d
d

−
++−=

−
−−+−=

+

+

t
tnnt

t
ttntS

t
nn

nn

n

M1
A1

M1

M1
A1

(5)
(b) t = 3, n = 2001

4
13.4001

2
13.20023.2001 Sum  

2001

2

20012002 +=+−=�

B1
(1)

(c) 11 ++++ ntt � → n + 1 ;  
( )

2
121 1 +→+++ − nnntt n

�
B1 (both)

(1)
(7)

2 (a)
( ) [ ]

( ) ( ) CCS

xxxxxS xxx

21or   210

dcose2ecosdcosde
2

0

22
0

2
2

0

2

++−−−=

+−=−= ��

π
π

π M1
A1 (ignore
limits)
A1 cso

(3)
(b)

( ) [ ]
( ) ( )

( )

( )ππ

π

π

ππ

π
π

π

e21
5
1and                       e215

4e21
2e21

Solving
2ei.e.20e

dsine2esinsinde
2

2
2

0

2
0

2

0

2

+=+=

−+=

−+=

−=−−=

−== ��

SS

S
SS

SCSC

xxxxC xxx
M1
A1 (ignore
limits)
A1

M1

M1, A1
(6)
(9)
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No Working Marks
3 ( )( )

( ) ( )  03cossin21cos12

                     03coscos2sin12

=++−

=++−

θθθ

θθθ

[ ]
[ ]θθ

θθθ
θθθθθ

2

2

sin41cos
sin22coscos

sin2sincos2cos3cos

−≡

−≡

−≡

So: ( )( ) ( )( )( ) 0sin21sin21sin2112cos =+−++− θθθθ

i.e. ( )( ) 0sin2112sin21cos =−+−+ θθθ

i.e. ( )( ) 0sin21sin21cos2 =−+ θθθ

°°=�=�=−

°°=�−=�=+
°°=�=

135,45sin0sin21

330,210sin0sin21
270,900cos

2
1

2
1

θθθ

θθθ
θθ

M1

M1
M1
A1

M1

M1

M1
A1 (both)
A1, A1
A1, A1

(12)
4 (a)

Gradient of normal is ( )af
1
′

− ;

( ) ( ) ( )

( ) ( )( )0,ff  is  
f

1f :normal ofEquation 

aaaB

ax
a

ay

′+�

−
′

−=−

( ) ( ) ( ) ( ) ( )
( )

( )[ ] ( )[ ]
( ) �

�
�

�
�
�
�

�

′
+′

=

�
�

	


�

�

′
+′=∆

a
aa

a
aaaaaABAPB

f
1ff

f
fffff.isArea

2
2

2
1

2
1

2
1

M1

A1

M1

M1

A1

M1, A1

A1 c.s.o.
(8)

(b) ( ) ( ) ( )

( ) ( ) ( )
( ) 5

3
5
1

25
9

10
1

25
910

102525

5

25
25

2
155

lnlne
1e25ee10

e5
1e25eee5f

==�=

+=

�
�

�

�

�
�

�

� +=∴=′

a

a

a

aaa

a

a
aaa M1, A1

M1
A1 c.s.o.

(4)
(12)

Equation of tangent: y – f(a) = f ′(a)(x – a)

� A is  
( )
( ) ��

�

�
��
�

�

′
− 0,

f
f

a
aa

xB

P

O

y

f(x)

A
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No Working Marks
5 (a) By symmetry consider RHS:  22

4
25 2 kxkxx −=−

i.e.  ( ) 021 4
252 =+−− kxxk

( )

( )( )
4
5

2
4
252

or    5i.e.
0554i.e.
025254i.e.

144  roots Equal

=
=−−
=+−

−××=�

k
kk

kk

kk

( ) 112
2

2 −
=

−
=−=

k
k

k
k

a
bx   and  2<x� , we need k = 5

M1

M1

M1

A1
M1
A1

M1, A1
(8)

(b)

Symmetric
touch × 2

touch at ( )16
75

4
5 ,±

B1
B1
B1, B1

(4)

(c) [ ]( )
[ ]
( ) ( )[ ]

24
5

24
125

48
125

64
125

3
4

16
25

4
5

4
25

0
3

3
42

0
22

52
052

525.62

d51025.62Area

4
5

4
5

==×=
−×+×−×=

+−=

−−−×= �

xxx

xxxx M1

M1 A1

M1

A1
(5)

(17)

y

x

6.25

2–2

f

g

O
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No Working Marks
6 (a) ( ) ( ) ( )( )( )

�� +−−−++−++=+ 4422

!4
321

2
111 xknnnnxknnnkxkx n

Let r = ratio of geometric series
( ) ( )( )( )

( ) 2

42

1!4
2321

2
1

knn
knnnn

nk
knnr

−
×−−−=×−=

i.e.  
( ) ( )( )

12
32

2
1 2knnkn −−=−

   i.e.  
( )

( )( )32
16
−−

−=
nn

nk

M1  A2/1/0

M1

M1, A1 cso
(6)

(b)
4

2.3
4.65;9

1.2
3.64 ==�===�= knkn

n = 6 � k = 2.5, n = 7  �  k = 1.8, n = 8 �  k = 1.4, n = 9 � 7
8=k

k < 1  �  6n – 6 < n² – 5n + 6
i.e.            0 < n ² – 11n + 12
So 101 ≥∀< nk

B1, B1

M1

M1

A1
(5)

(c) ( )

( )( ) solutioninteger   theis  80897
072657

30306574.1
2

2

=∴=−−
=+−

−=+−�=

nnn
nn

nnnk
M1
A1

(2)
(d)

k = 1.4, n = 8,  a = nk = 11.2,   ( ) 9.4
5
7

2
7

2
1 =×=−= knr

( )

�.16
7.0
6.11

9.4log
119.3log

109.31109.39.4
109.319.4

1012.1
9.3

19.42.111012.1

1111

11

1212

=≈+>

×≈+×>

×>−

×>−
�×>

m

S

m

m

m

m

So need m = 17

B1, B1

M1

A1

A1
(5)

(18)

Root between 9 and 10

f(n)

nO
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No Working Marks
7 (a) In line 1 the student assumes that ln  (a + b) = ln a + ln b

[Although it can be shown that for these functions this is true, it
is not a general statement.]

B1

               (1)
(b)

( )
( )

xx
xx

y
x

xx
xx

xx
y

2cot42cos2
2sin
2

d
d

2sinln2ln2
cossinln2

sincos
1ln

sin
1

cos
1ln

2
1

22

22

−=×−=∴

−−=
−=

��
�

�
��
�

�
=

�
�

�
�
�

� +=

M1

M1

M1

M1,A1
(5)

(c) Require

pq
pqqp

q
q

p
p

qp
qp

''

''''

+=

+=
+
+

i.e.

( )[ ] ( )[ ]
( ) ( )
( ) ( )pqAqp

Apqqp

pq
x

qp
x

=+
+=+

=+

lnlnln

ln
d
dln

d
d

M1, M1

A1

M1, A1, A1

M1

A1
(8)

(d) ( )

2
2cos

2sec

sin
1secsec

sin
sin

1eccos
eccoseccos

1

1

2
1

2

2

2

2

2
2

==∴

=�=

−
=�=

��
�

�
��
�

�
×

−
=�=

−
=

−=−

rk
x

rxkA

xA
rxkrxkp

x
x

xA
xpxq

Aq
qp

qAqp

M1

M1

M1

A1
(4)

(18)
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Presentation

1 (a) 1 mark may be awarded for a good and largely accurate attempt at the whole paper.

1 (b) For a novel or neat solution to any question award, in each of up to 3 questions. 2 marks
if the solution is fully correct and 1 mark if the solution is sound in principle but a minor
algebraic or numerical slip occurs.




