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 1. The curve C has equation

y = 
16

 3 5 2 3( ) x −         x  >
2

5

   (a) Find, in simplest form, 
d

d

y

x
(2)

  The point P x with  coordinate 
4

5
 lies on C.

   (b) Find the equation of the tangent to  at  writing your answer in the form   =  + C P y mx c, 

where m and c are constants to be found.

(4)
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Question 1 continued
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 2. The growth of pond weed on the surface of a pond is being investigated.

  The surface area of the pond covered by the weed, A m2, is modelled by the equation

A = 
1200

4 1

0 04

0 04

e

e

.

.

t

t +
      0t t��,  

  where t is the number of weeks after the start of the investigation.

  Using the model,

   (a) calculate the surface area of the pond covered by the weed at the start of the 

investigation,

(1)

   (b) calculate the value of  when t A = 260, giving your answer to 2 decimal places.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

  The pond weed continues to grow until it completely covers the surface of the pond.

  Using the model,

   (c) deduce the maximum possible surface area of the pond.

(1)
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Question 2 continued
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3.

 f ( )
( )( )

x
x

x x
x= +

− +
<

2 21

 1 4 3

1

4

2

2

  Given that 

 f ( )
( ) ( ) ( )

x
A

x

B

x

C

x
=

−
+

+
+

+1 4 3 3
2

  where , A B and C are constants, 

    (a) (i) find the value of  and the value of A B,

  (ii) show that C = 0

(4)

     (b) Hence, or otherwise, find the series expansion of f (x x) in ascending powers of , up to 

and including the term in x2.  Give each coefficient as a fully simplified fraction.

(6)
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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

Q

P x

Figure 1

  Figure 1 shows a sketch of the curve with equation

y x x =  ln  – 6 x ,    0x >

  The curve crosses the x P Q-axis at the point  and has a minimum turning point at .

   (a) Show that the  coordinate of  lies in the interval [8, 8.5].x P

(2)

   (b) Show that the  coordinate of  is a solution of the equationx Q

x = e

3
1

x
−

(4)

  Using the iterative formula

x
n + 1

 = e

3
1

xn
−

      with x
1
 = 2.5

   (c) find the value of x
2
 and the value of x

3
 to 3 decimal places.

(2)
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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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 5. The functions f and g are defined by

f(x) = 
3

x
 – 1       0x x��,  ≠

 g(x) = e4x    x ��

   (a) Find  f(  + 2) – 2x f( )x

    Write your answer as a single fraction in simplest form.

(3)

   (b) Find  f  –1
(7)

(2)

   (c) Find the exact solution to the equation

fg(x) = 8

(3)
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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. A curve has equation

2y3 + 3x2y x – 3  + 2 = 0

  (a) Find 
d

d

y

x
 in terms of  and , fully simplifying your answer.x y

(5)

  The curve cuts the x P-axis at the point .

  The normal to the curve at P y Q meets the -axis at the point .

  Given that O is the origin,

   (b) find, in simplest form, the exact area of triangle OPQ. 

(4)
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Question 6 continued
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  7. (a) Use the identity for  tan(A B + )  to show that

tan 3A  ≡
3

1 3

3

2

tan tan

tan

A A

A

−
−

(4)

   (b) Hence solve, for  –
6

π
    < x <

6

π

tan 3x = 4 tan x

    Give each answer to 3 significant figures where appropriate.

(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. 

y

x

R

O 6

Figure 2

  Figure 2 shows a sketch of part of the curve with equation

y x x
x

= −
−

4 2
1

2e   

  The finite region R y, shown shaded in Figure 2, is bounded by the curve, the -axis, 

the x-axis and the line with equation x = 6

  The table below shows corresponding values of x y and  for y x
x

= −
−

4 2
1

2 e  with the 

values of  given to 4 decimal places where appropriate.y

     x 0 1.5 3 4.5 6

     y 4 2.5829 2.6612 3.0514 3.4026

   (a) Use the trapezium rule, with all the values of  in the table, to find an estimate for the y

area of , giving your answer to 3 significant figures.R

(3)

   (b) Use calculus to find, in simplest form, the exact area of R.

(6)
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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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9.

y

xO

C

Figure 3

  Figure 3 shows a sketch of the curve C with parametric equations 

  1 8 cos 2 9 si n 0
2

π
    x t y t t= − =     

   (a) Use parametric differentiation to find the value of 
d

d

y

x
 at the point on  where  = 5  C x  

 

Give your answer in the form  k 3,  where k is a constant to be found.

(4)

   (b) Show that all points on  satisfyC

y x= +
9

4
7

(3)

  The curve C y x has equation  = f( ) where f is the function

  f ( )x x a x b= +
9

4
  7     

  and a and b are constants.

   (c) Find the value of  and the value of a b.

(2)

   (d) State the range of f.

(1)
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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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10. 

                               
P

Diagram not 

drawn to scale

h cm

225 cm

Figure 4

  Figure 4 shows a vertical cylindrical tank of height 225 cm containing a liquid.

  The liquid is leaking out of a hole P in the base of the tank.

  At time t h minutes after the leaking starts, the height of the liquid in the tank is  cm.

  The rate at which the height of the liquid in the tank is decreasing, at any time t minutes, 

is modelled as being proportional to the square root of the height of the liquid in the tank.

  When t = 0, h = 225 and when t = 125, h = 100

  The liquid stops leaking from the tank when h = 0

  By forming and solving a differential equation,

   (a) show that the model leads to the equation

h t = (15 – 0.04 )
2
    0    t  a

    stating the value of the constant a.

(7)

   (b) Find, according to the model, the time taken for the height of the liquid in the tank to 

decrease from 100 cm to 50 cm.  Give your answer to the nearest minute.

(3)
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Question 10 continued
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Question 10 continued
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Question 10 continued
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11.
y

O

P

x

Figure 5

  Figure 5 shows a sketch of part of the graph with equation  y x = f( ),  where

f(x) = ½ ½x a – 2  – 3 ,      b x ��

  and where a band  are positive constants.

All answers to parts (a), (b), (c) and (d) should be expressed in terms of  and/or a b.

   (a) Find the values of  such that  x f(x) = 0

(2)

  The point P, as shown in Figure 5, is the vertex of the graph.

   (b) State the coordinates of the point P.

(1)

   (c) State the coordinates of the image of   under the transformation represented by the P

graph with equation

  (i) y = 2½f(x)½

  (ii) y x = 3f(2 )

(2)

   (d) Solve the equation

½ ½x a – 2  – 3  = 2  + b x a

(3)
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Question 11 continued
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Question 11 continued
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Question 11 continued
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 12.  (i) Find

4

5 7
4

( )y
y

−∫ d

(2)

  (ii)  Find, in simplest form,

  ( t an )1 4 3
2−∫ x xd

(4)

  (iii) Using the substitution  = 1 + 2 cos u θ, or otherwise, find

2

0

 2 si n 2
d

1 2 cos

π

θ
θ

θ+∫
    giving your answer in the form ln(Ae2), where  is a constant to be found.A

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(6)
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Question 12 continued
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Question 12 continued
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Question 12 continued
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 13. Ellen bungee jumps from a high platform.

  Ellen’s distance above the ground,  metres, is modelled by the equationH

H = 60 + 
 50 0 5

0 2

cos( . )
.

t
te

       0t t��,  

  where t is the time measured in seconds from when she jumps from the platform.

    (a) (i) Find, in simplest form, 
d

d

H

t

    (ii)  Hence show that when 
d

d

H

t
= 0, the values of  satisfy the equationt

 tan (0.5t) = –0.4

(5)

H

O

Q

t

Figure 6

  Figure 6 shows a sketch of H t Q against .  The point , shown in Figure 6, represents 

the greatest distance above the ground to which Ellen bounces after jumping from the 

platform.

  Using the answer to (a)(ii),

   (b) find the value of  and the value of  at the point , giving your answers to t H Q

3 significant figures.

(3)
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Question 13 continued
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Question 13 continued
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Question 13 continued
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 14. The point P l with coordinates (3, 2, 9) lies on the line 
1

  The point Q l also lies on 
1

  Given that  PQ
→

 = 

1

2

4

−














   (a) find the coordinates of Q.

(1)

  The point A has coordinates (8, 2, 6)

   (b) Find the size of the angle , giving your answer in degrees to 2 decimal places.APQ

(3)

  The line l
2
 passes through the point  and is parallel to the line A l

1

   (c) Find a vector equation for l
2

(2)

  The point X l lies on 
1
 and the point  is distinct from the point X Q.

  Given that the area of triangle APQ APX is the same as the area of triangle ,

   (d) find the coordinates of X.

(2)

  The point Y l lies on 
2

  Given that PY l is perpendicular to 
2

   (e) find the coordinates of Y.

(5)
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Question 14 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

www.m
ym

athscloud.com

https://mymathscloud.com


50

*P65791A05052*

Leave 

blank

 

Question 14 continued
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Question 14 continued
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Q14

(Total 13 marks)

Question 14 continued
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