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  

1.		  In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

	 The curve C has equation

2 6 7 13
2 2 1y xy x� � ��

e

	 The point P with x coordinate 
1

2
 lies on C.

	 (a)	 Find the two possible y coordinates of P.
(2)

	 Given that P lies above the x‑axis,

	 (b)	 find an equation for the tangent to C at P, giving your answer in the form  
ax + by + c = 0  where a, b and c are integers.

(6)
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Question 1 continued
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(Total for Question 1 is 8 marks)
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  

2.	 A spherical ball of ice with radius r cm is melting.

	 The volume of the ball of ice, V cm3, is decreasing at a constant rate, k cm3 per second, 
where k is a constant.

	 Given that  V = 
4

3
πr3, show that the rate of decrease of the radius of the ball of ice with 

respect to time is inversely proportional to the square of the radius.
(4)
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Question 2 continued
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(Total for Question 2 is 4 marks)
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  

3.	 Given that  y = 4  at  x = 6
π

, solve the differential equation

� � � �2 dcos 2 3sin 2 0
d 4 4
y π πy x x y x
x
� � � � �

	 giving your answer in the form  y2 = g(x)
(6)
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Question 3 continued
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(Total for Question 3 is 6 marks)
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  

4.		  In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

f(x) = 
5 17 10

1 2 1

2� �
� �

x x
x x x( )( )

x > 1

	 (a)	 Write f(x) in the form

A
x

B
x

C
x

�
�

�
�1 2 1

		  where A, B and C are constants to be found.
(3)

	 (b)	 Hence, use algebraic integration to find the exact value of

2

4

�
�
� f(x) dx

		  Write your answer in the form  p qln ln2
3

5
� �

�
�

�
�
�, where p and q are integers to 

be found.
(5)
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Question 4 continued
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  

Question 4 continued
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Question 4 continued
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(Total for Question 4 is 8 marks)
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  

5.	 The curve C has parametric equations

x t
t

y t t�
�
�

� � �
3 2

1
1 1

2

	 The point P, where  t = 2, lies on C.

	 (a)	 Use parametric differentiation to find the equation of the normal to C at P. Give 
your answer in the form  ax + by + c = 0  where a, b and c are integers to be found.

(5)

	 (b)	 Show that a Cartesian equation for C can be expressed in the form

y px q
x r

x k�
�
�

�
( )

2

		  where p, q, r and k are integers to be found.
(4)
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Question 5 continued
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  

Question 5 continued
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 9 marks)
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  

6.	 Relative to a fixed origin O,

•	 the point A has position vector  i + 2j – 3k

•	 the point B has position vector  5i + 2j + k

	 The line l passes through A and B.

	 (a)	 Write down a vector equation for l
(2)

	 Given also that

•	 the point C has position vector  3i + αj + 5k  where α is a constant

•	 the points A, B and C form the triangle ABC

•	 angle BAC is 45°

	 (b)	 find the exact possible values of α
(6)
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P76391A01832*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

18

  

Question 6 continued
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Question 6 continued
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(Total for Question 6 is 8 marks)
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7.	 (a)	 Show that the substitution  u = tan x  transforms

tan tan

( sec )

x x
x

x�
�

�

�
�

3

2 3
4

d

		  to

u
k u

un
( )�

�
�
� 2

d

		  where k and n are integers to be found.
(4)

	 (b)	 Hence find

tan tan

( sec )

x x
x

x�
�

�
�
�

3

2 3
4

d

(2)
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 7 is 6 marks)
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8.	 (a)	 Find, in ascending powers of x, the first three non‑zero terms of the binomial series 
expansion of

1

4 + x

		  giving each coefficient as a simplified fraction.
(4)

	 Using the expansion from part (a),

	 (b)	 state the first three non‑zero terms of the binomial series expansion of 
1

4 − x
(1)

	 (c)	 Hence, or otherwise, show that

1

4

1

4

2

�
�

�
� �

x x
a bx

		  where a and b are fully simplified fractions to be found.
(2)

	 (d)	 Use

1

4

1

4

2

�
�

�
� �

x x
a bx

		  with  x = 1  and the values of a and b to find a fully simplified rational 
approximation for 135

		  Show your working and make your method clear.
(3)
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Question 8 continued
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P76391A02532* Turn over      

25

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 8 continued
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(Total for Question 8 is 10 marks)
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9.	 In this question you must show all stages of your working. 
Solutions relying entirely on calculator technology are not acceptable.

		

O 4

C

x

y

8 cm

	 Figure 1 	 Figure 2

	 Figure 1 shows a sketch of part of the curve C with equation

y x x� �cos
1

5
e

	 The finite region, shown shaded in Figure 1, is bounded by C, the y‑axis, the x‑axis and 
the line with equation  x = 4

	 The region is rotated through 2π radians about the x‑axis to form a solid S.

	 (a)	 Show that the exact volume of S is given by

� �
4

2

0
cos 2 e cos e dx xπ A B x C x D x� � ��

�
�

		  where A, B, C and D are constants to be found.
(4)

	 (b)	 Find  e d
x x xcos∫

(4)

	 Figure 2 represents a paperweight formed by joining two of these solids together. 
The paperweight is 8 cm high.

	 (c)	 Using the answers to parts (a) and (b), find, by algebraic integration, the volume of 
the paperweight, giving your answer to 2 significant figures.

(4)
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Question 9 continued
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Question 9 continued
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Question 9 continued
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(Total for Question 9 is 12 marks)
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10.		 In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

	 Use proof by contradiction to show that for all angles x, where  90° < x < 180°

cos

cos sin

2
1

x
x x�

�

(4)
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Question 10 continued
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Question 10 continued
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(Total for Question 10 is 4 marks)

TOTAL FOR PAPER IS 75 MARKS


