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1.	 The hyperbola H has

•	 foci with coordinates  ��
�
�

�
�
�

13

2
0,

•	 directrices with equations  x = ±
72

13

•	 eccentricity e

	 Determine

	 (a)	 the value of e
(3)

	 (b)	 an equation for H, giving your answer in the form  px2 – qy2 = r , where p, q and r 
are integers.

(3)
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Question 1 continued
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  

2.		  In this question you must show all stages of your working.

		  Solutions relying entirely on calculator technology are not acceptable.

M
2 0 3
0 4 3
0 4 0

	 Given that M has exactly two distinct eigenvalues  λ1  and  λ2  where  λ1 < λ2

	 (a)	 determine a normalised eigenvector corresponding to the eigenvalue  λ1
(6)

	 The line  l1  has equation  r = 
4

1

0

�
�

�

�
�
�

�

�

�
�
�

 + μ 
2

0

1�

�

�

�
�
�

�

�

�
�
�

 , where μ is a scalar parameter.

	 The transformation T is represented by M.

	 The line  l1  is transformed by T to the line  l2

	 (b)	 Determine a vector equation for  l2 , giving your answer in the form  r × b = c  
where b and c are constant vectors.

(3)
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Question 2 continued
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Question 2 continued
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 2 is 9 marks)
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  

3.		  y = arsinh  x2 1�� �             x > 1

	 (a)	 Prove that  d
d

y
x x
�

�

1

1
2

(3)

f (x) = 
1

3
arsinh  x2 1�� � – arctan x            x > 1

	 (b)	 Determine the exact values of x for which  f ′ (x) = 0
(4)
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Question 3 continued
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  

4.	 (a)	 Use the definitions of hyperbolic functions in terms of exponentials to show that

sinh (A + B) ≡ sinh A cosh B + cosh A sinh B
(3)

	 (b)	 Hence express  10 sinh x + 8 cosh x  in the form  R sinh (x + α)  where  R > 0 , 
giving α in the form ln p where p is an integer.

(4)

	 (c)	 Hence solve the equation

10 sinh x + 8 cosh x = 18 7

		  giving your answer in the form  ln ( 7 + q) where q is a rational number to 
be determined.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P75717A01132* Turn over      

11

  

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 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 9 marks)
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  

5.		  4x2 + 4x + 17 ≡ (2x + p)2 + q

	 where p and q are integers.

	 (a)	 Determine the value of p and the value of q
(2)

	 Given that

8 5

4 4 17

1

4 4 17 4 4 17
2 2 2

x
x x x x

Ax B
x x

�

� �
�

� �
�

�

� �

	 where A and B are integers,

	 (b)	 write down the value of A and the value of B
(1)

	 (c)	 Hence use algebraic integration to show that

8 5

4 4 17

1

221

3

1 x
x x

x k k�

� �
� �� d ln

		  where k is a rational number to be determined.
(5)
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Question 5 continued
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Question 5 continued
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6.	 The ellipse E has equation

x y2 2

25 9
1� �

	 The line l is the normal to E at the point P (5 cos θ, 3 sin θ)  where  0 < θ < 2
π

	 (a)	 Using calculus, show that an equation for l is

5 x sin θ – 3 y cos θ = 16 sin θ cos θ
(4)

	 Given that

•	 l intersects the y-axis at the point Q

•	 the midpoint of the line segment PQ is M

	 (b)	 determine the exact maximum area of triangle OMP as θ varies, where O is 
the origin.

		  You must justify your answer. 
(5)
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Question 6 continued
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Question 6 continued
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7.		  In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

y

O x1 2

Figure 1

	 Figure 1 shows the curve with equation

y = ln  tanh x
2

�
�
�

�
�
�             1  x  2

	 (a)	 Show that the length, s, of the curve is given by

s x x� � coth
1

2

d

(4)

	 (b)	 Hence show that

s = ln e
e

��
�
�

�
�
�
1

(4)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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8.		  I x k x xn
n

k

� �� ( )

1

2

0

d             n  0

	 where k is a positive constant. 

	 (a)	 Show that

I kn
n
In n�

� �

2

3 2
1
            n  1

(5)

	 Given that 

x k x x
k

2

1

2

0

9 3

280
( )� �� d

	 (b)	 use the result in part (a) to determine the exact value of k.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P75717A02732* Turn over      

27

  

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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Question 8 continued
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Question 8 continued
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9.	 The plane  Π1  has vector equation

r �
�

�

�
�
�

�

�

�
�
�
�

�

�

�
�
�

�

�

�
�
�
� �

�

�

�
�
�

�

�

�
�
�

5

3

0

3

0

1

1

2

2

s t

	 where s and t are scalar parameters.

	 (a)	 Determine a Cartesian equation for  Π1
(3)

	 The plane  Π2  has vector equation  r.
5

2

3

�
�

�

�
�
�

�

�

�
�
�

 = 1

	 (b)	 Determine a vector equation for the line of intersection of  Π1  and  Π2

		  Give your answer in the form  r = a + λb ,  where a and b are constant vectors and 
λ is a scalar parameter.

(4)

	 The plane  Π3  has Cartesian equation  4x – 3y – z = 0

	 (c)	 Use the answer to part (b) to determine the coordinates of the point of intersection 
of  Π1 ,  Π2  and  Π3

(3)
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Question 9 continued
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Question 9 continued
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(Total for Question 9 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS


