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Candidates may use any calculator allowed by the regulations of the 
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for symbolic algebra manipulation, differentiation and integration, or 

have retrievable mathematical formulae stored in them. 
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  Answer all questions and ensure that your answers to parts of questions are 
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  Answer the questions in the spaces provided  

– there may be more space than you need.
  You should show sufficient working to make your methods clear.  Answers 

without working may not gain full credit.
  When a calculator is used, the answer should be given to an appropriate 

degree of accuracy.
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 The total mark for this paper is 75.
  The marks for each question are shown in brackets 

– use this as a guide as to how much time to spend on each question.

Advice
 Read each question carefully before you start to answer it.
 Try to answer every question.
 Check your answers if you have time at the end.
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1. Given that y x= ⎛
⎝⎜

⎞
⎠⎟

arctan ,2
3

 (a) find d
d
y
x

,  giving your answer in its simplest form.
(2)

 (b) Use integration by parts to find 

arctan 2
3
x x⎛

⎝⎜
⎞
⎠⎟

d∫
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

PMT



Leave 
blank

4

*P44518A0428*

2. The line with equation x = 9 is a directrix of an ellipse with equation 

x
a

y2

2

2

8
1+ =

 where a is a positive constant.

 Find the two possible exact values of the constant a.
(6)
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3. Using the definitions of sinh x and cosh x in terms of exponentials,

 (a) prove that

cosh2 x – sinh2 x  1
(2)

 (b) find algebraically the exact solutions of the equation 

2 sinh x + 7 cosh x = 9

  giving your answers as natural logarithms.
(5)
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4. A non-singular matrix M is given by

M =
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

3 0
2 0
0 1

k
k
k

k, where  is a constant.

 (a) Find, in terms of k, the inverse of the matrix M.
(5)

 The point A is mapped onto the point (–5, 10, 7) by the transformation represented 
by the matrix

3 1 0
1 2 0
1 0 1

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 (b) Find the coordinates of the point A.
(3)
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Question 4 continued
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5. Given that

4
0

cos d , 0
π

n
nI θ θ n= ∫ �

 (a) prove that, for n 2,

nI n In

n

n= ⎛
⎝⎜

⎞
⎠⎟

+ − −
1
2

1 2( )

(6)

 (b) Hence find the exact value of I5, showing each step of your working.
(5)
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Question 5 continued
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6. The hyperbola H has equation

x y2 2

16 4
1− =

 The line l is a tangent to H at the point P (4 cosh , 2 sinh ), where  is a constant, 

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

2 y sinh  – x cosh  4 = 0
(4)

 The line l cuts the y-axis at the point A.

 (b) Find the coordinates of A in terms of .
(2)

 The point B has coordinates (0, 10 sinh ) and the point S is the focus of H for 
which x 

 (c) Show that the line segment AS is perpendicular to the line segment BS.
 (5)
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Question 6 continued
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7. The curve C has parametric equations

x = 3t2,  y = 12t,  0  t  4

 The curve C is rotated through 2  radians about the x-axis.

 (a) Show that the area of the surface generated is 

( 5 )π a b+

  where a and b are constants to be found.
(6)

 (b) Show that the length of the curve C is given by 

k t t( )2
0

4
4+∫ d

  where k is a constant to be found.
(1)

 (c) Use the substitution t = 2sinh  to show that the exact value of the length 
of the curve C is

24 5 12 2 5+ +ln( )
(6)
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Question 7 continued
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8. The line l has equation

r = (2i + j – 2k) + (3i + 2j + k), where  is a scalar parameter,

 and the plane  has equation 

r.(i + j – 2k) = 19

 (a) Find the coordinates of the point of intersection of l and .
(4)

 The perpendicular to  from the point A (2, 1, –2) meets  at the point B.

 (b) Verify that the coordinates of B are (4, 3, –6).
(3)

 The point A (2, 1, –2) is reflected in the plane  to give the image point A

 (c) Find the coordinates of the point A
(2)

 (d) Find an equation for the line obtained by reflecting the line l in the plane , giving 
your answer in the form

r a = b,

  where a and b are vectors to be found.
(4)
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Question 8 continued
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