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Answer ALL questions.  Write your answers in the spaces provided.

1. A hyperbola H has equation

x
a

y2

2

2

9
−  = 1      where a is a positive constant

 The foci of H are at the points with coordinates (6, 0) and (–6, 0)

 Find

 (a) the exact value of the constant a,
(3)

 (b) the equations of the directrices of H.
(3)
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Question 1 continued
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2. (a) Starting from the definitions of sinh x and cosh x in terms of exponentials, prove that

  (i) cosh 2x 2 x – 1

  (ii) sinh 2x x cosh x
(4)

 (b) Solve the equation

cosh 2x – 7 cosh x = –7

  giving your answers as exact logarithms.
(5)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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3. Find

 (a) 1
8 4 2+ +∫ x x

xd
(3)

 (b) 
1

8 4 2√ ( )− −∫ x x
xd

(4)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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4. y

O

P

C

Q

x

Figure 1

 Figure 1 shows part of the curve C with equation

y = 3 cosh x
3

⎛
⎝⎜

⎞
⎠⎟

 The point P and the point Q lie on the curve. The point P has x coordinate –3a and the 
point Q has x coordinate 3a.

 (a) Find the length of the arc PQ, giving your answer as a multiple of sinh a.
(5)

 Given that the length of the arc PQ is 12

 (b) show that the x coordinate of Q is 3ln p q+( ) , where p and q are integers to be 
found,

(2)

 (c) show that the y coordinate of Q is r s  where r and s are integers to be found.
(2)
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Question 4 continued
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________



15

*P56480A01532* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

Leave 
blank

Question 4 continued
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5. The plane  has equation

r = 
4
2
1

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 + 
1
0
2

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 + 
2
1
3

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 where  and  are scalar parameters.

 (a) Find a vector perpendicular to 
(2)

 The line l passes through the point A with coordinates (2, –4, 0) and meets  at the 
point with coordinates (3, 2, –1).

 The acute angle between the plane  and the line l is .

 (b) Find , giving your answer to the nearest degree.
(4)

 (c) Find the perpendicular distance from A to 
(4)
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6. The matrix M is given by

M = 
3 0 1
1 2 2
4 0 3

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 (a) (i) Show that 5 is an eigenvalue of M.

  (ii) Find the other two eigenvalues of M.
(5)

 (b) Find an eigenvector corresponding to the eigenvalue 5
(3)

 The transformation represented by the matrix M maps the straight line l1 onto the straight 
line l2

 The equation of l1 is  (r – a) × b = 0  where  a = 2i + j – 3k  and  b = i + 2j – k

 (c) Find an equation for the line l2, giving your answer in the form  (r – c) × d = 0  where 
c and d are constant vectors.

(5)
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Question 6 continued
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7.  In = coshn x dx      n  0

 (a) Show that, for n  2

nIn = sinh x coshn – 1 x + (n – 1) In – 2
(6)

 (b) Hence find

cosh4 x dx
(4)
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Question 7 continued
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Question 7 continued
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8. An ellipse has equation

x
a

y
b

2

2

2

2 1+ =       a  0 ,  b  0

 The line l has equation  y = mx + c  where  m  0  and  c  0

 Given that l is a tangent to the ellipse,

 (a) show that  c2 = b2 + a2m2

(4)

 The tangent l meets the positive x-axis at the point A and the positive y-axis at the point B.  
The origin is O.

 Given that m varies,

 (b) show that the minimum area of triangle OAB is ab.
(7)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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