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1. The line x = 8 is a directrix of the ellipse with equation 

 

2

2

2

2

b

y

a

x
  = 1,     a > 0,   b >0, 

 

and the point (2, 0) is the corresponding focus. 

 

Find the value of a and the value of b. 

(5) 
 

 

2. Use calculus to find the exact value of  






1

2
2 134

1

xx
 dx. 

 (5) 

 

 

3.  (a)  Starting from the definitions of sinh x and cosh x in terms of exponentials, prove that 

 

cosh 2x = 1 + 2 sinh
2
 x 

(3) 

(b)  Solve the equation 

 

cosh 2x − 3 sinh x = 15, 

 

 giving your answers as exact logarithms. 

(5)  
 

 

4.      In = 





a

n xxxa
0

dcos)( ,     a  0,    n   0. 

 

(a)  Show that, for n  2 , 

 

In  =  na
n – 1 

– n(n – 1)In – 2 

(5) 

(b)  Hence evaluate 

2
2

0

cos d
2

x x x








 
 

 
. 

(3) 
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5. Given that y = (arcosh 3x)
2
, where 3x >1, show that 

 

(a)  (9x
2
 – 1) 

2

d

d









x

y
 = 36y, 

 (5) 

(b) (9x
2
 – 1)

2

2

d

d

x

y
 + 9x

x

y

d

d
 = 18. 

(4) 
 

 

6.      M = 



















10

120

301

k

  , where k is a constant. 

Given that  
















6

1

6

 is an eigenvector of M, 

 

(a)  find the eigenvalue of M corresponding to 
















6

1

6

, 

(2) 

(b)  show that k = 3, 

(2) 

(c)  show that M has exactly two eigenvalues. 

(4) 

 

A transformation T : ℝ3 
→ ℝ3

 is represented by M. 

 

The transformation T maps the line l1, with cartesian equations 
1

2x
 = 

3

y
 = 

4

1z
, onto the 

line l2. 

 

(d)  Taking k = 3, find cartesian equations of l2. 

(5) 
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7. The plane Π has vector equation 

 

r = 3i + k + λ (–4i + j) + μ (6i – 2j + k) 

 

(a)  Find an equation of Π in the form r.n = p, where n is a vector perpendicular to Π and p is a 

constant. 

(5) 

 

The point P has coordinates (6, 13, 5). The line l passes through P and is perpendicular to Π. The 

line l intersects Π at the point N. 

 

(b)  Show that the coordinates of N are (3, 1, –1). 

(4) 

 

The point R lies on Π and has coordinates (1, 0, 2). 

 

(c)  Find the perpendicular distance from N to the line PR. Give your answer to 3 significant 

figures. 

(5) 
 

 

8.  The hyperbola H has equation 
416

22 yx
  = 1. 

 

The line l1 is the tangent to H at the point P (4 sec t, 2 tan t). 

 

(a)  Use calculus to show that an equation of l1 is 

 

2y sin t = x − 4 cos t 

(5) 

 

The line l2 passes through the origin and is perpendicular to l1 . 

 

The lines l1 and l2 intersect at the point Q. 

 

(b)  Show that, as t varies, an equation of the locus of Q is 

 

(x
2
 + y

2
)
2
 = 16x

2
 − 4y

2
 

(8) 

 

TOTAL FOR PAPER: 75 MARKS 

END 
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Question 
Number 

Scheme Marks    

1. 8,
a

e
 

  
2ae   B1, B1 

 
2 16

a
ae a

e
     

 4a   B1 

 
2 2 2 2 2 2(1 )b a e a a e      

 2 16 4 12b     M1 

 12 2 3b    A1           (5) 

  5                   

   

                                         

3(a) 

2

21 2sinh 1 2
2

x xe e
rhs x

 
     

 
  
 M1 

 
2 22 2

2

x xe e  
  M1 

 
2 2

cosh 2
2

x xe e
x lhs


  

 
A1         (3) 

   

(b) 21 2sinh 3sinh 15x x     

 22sinh 3sinh 14 0x x    M1                   

   sinh 2 2sinh 7 0x x    M1 

 
7

sinh 2,
2

x    A1 

    2ln 2 ( 2) 1) ln 2 5x          M1 

 

2
7 7 7 53

ln 1) ln
2 2 2

x
                  

 A1         (5) 

  8 

2. 
2 24 13 ( 2) 9x x x    

  
 B1 

 2

1 1 2
arctan

( 2) 9 3 3

x
dx

x

 
  

   
  M1 A1 

  
1

2

1 2 1
arctan arctan1 arctan 0

3 3 3

x



   
   

  
 M1 

 
12


  A1           (5) 

   

  5 

* 
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Question 
Number 

Scheme Marks    

4(a)      
1

cos d sin sin d
n

n n
a x x x a x x n a x x x



         
M1A1 

  
0

sin 0
a

n
a x x  

 
 A1 

     
2

1
cos 1 cos d

n
n

n a x x n n a x x x



     

 
dM1          

 
1

2I ( 1)In

n nna n n

    A1         (5) 

   

(b) 
2

2
0

I 2 2 cos d
2

x x


 
  

 
  M1 A1     

  2
0

2 sin 2x


      A1         (3) 

  8 

5(a)  
2

3
2ar cosh 3

9 1

dy
x

dx x
 


   M1A1A1 

  29 1 6ar cosh 3
dy

x x
dx

    

     
2

229 1 36 ar cosh 3
dy

x x
dx

 
  

   
dM1          

  
2

29 1 36
dy

x y
dx

 
  

 
 A1         (5) 

   

(b) 
 

2 2
2

2
18 9 1 2 36

dy dy d y dy
x x

dx dx dx dx

   
      

   

 
M1 {A1} 

A1   

  
2

2

2
9 1 9 18

d y dy
x x

dx dx
    A1         (4) 

  9 

* 

* 

* 
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Question 
Number 

Scheme Marks    

6(a) 1 0 3 6 6

0 2 1 1 1

0 1 6 6k



    
    

     
    
    

  
  

 

24 6

4

6 6 6k







   
   

   
      

  

 Uses the first or second row to obtain  4   
 

M1A1    (2) 

   

(b) Uses the third row and their 4   to obtain 

6 6 24 3k k     
M1 A1   (2) 

(c) 1 0 3

0 2 1 0

3 0 1









  



                 

            1 2 0 0 1 3 3 0 3 2 01 0                 M1 A1 

 
          2
1 92 1 2 2 9 1 0               

 

 3 12 16 0     
 

 
  22 2 8 0      

 

   2 2 4 0        

 

 

M1 

 2,4    A1         (4) 

(d) Parametric form of  1l   :   2, 3 ,4 1t t t    M1 

 

1 0 3 2 13 1

0 2 1 3 10 1

3 0 1 4 1 7 5

t t

t t

t t

     
    

       
         

 M1 A1 

 Cartesian equations of 2l  :  
1 1 5

13 10 7

x y z  
   ddM1A1(5) 

  13 

 

* 
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Question 
Number 

Scheme Marks    

7(a) 1

4 1 0 4

6 2 1 2

 
 

   
   

i j k

  
 M1 A2(1,0) 

 

1 3

4 0 5

2 1

   
   

    
   
   

  

 

1

4 5

2

 
 

  
 
 

r
 

M1A1    (5) 

(b) 

Equation of  l   is  

6 1

13 4

5 2

t

   
   

    
   
   

r  M1 

 At intersection  

6 1

13 4 4 5

5 2 2

t

t

t

   
   

     
      

 M1             

    6 4 13 4 2 5 2 5 3t t t t           M1 

 N is   3,1, 1
 

A1         (4) 

(c)    3 12 6 5 13 3 189PN PR        i j k i j k  M1 A1ft 

 9 144 36 25 169 9 cos 189NPR      A1 

 sin 189 sin 3.61NX NP NPR NPR    M1A1    (5) 

  14 

 

 

 

 

 

* 
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Question 
Number 

Scheme Marks    

8(a)  
4sec tan

dx
t t

dt


  
22sec

dy
t

dt


    
 B1 (both) 

 

     

22sec

4sec tan

dy t

dx t t


     

1

2sin t

 
 
 

 M1 

  
1

2 tan 4sec
2sin

y t x t
t

  
 

M1 A1 

 
24sin 4

2 sin
cos cos

t
y t x

t t
     

 
24 4sin

2 sin 4cos
cos

t
y t x x t

t


     A1         (5) 

(b) Gradient of  2l   is 2sin t  M1 

  2 siny x t 
 

A1 

   2

4cos
2 2 sin sin 4cos

1 4sin

t
x t t x t x

t
    


 M1 A1 

 
2

8sin cos

1 4sin

t t
y

t





 

 

M1 A1 

 

  
   

2

2 2 2
2

2 2

2 2
2 2

16cos 64sin cos

1 4sin 1 4sin

t t t
x y

t t

 
   
  
 

  

 
 

 
 

4 4
2

2

4 2
2 2

256cos 256cos
1 4sin

1 4sin 1 4sin

t t
t

t t
  

 
 M1 

 
     

2 2 2 4
2 2

2 2 2
2 2 2

256cos 256sin cos 256cos
16 4

1 4sin 1 4sin 1 4sin

t t t t
x y

t t t
   

  
 A1         (8) 

13 

 

* 

(1) 

(2) 


