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writing each term as simply as possible.
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Question 1 continued
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2. (a) Write  4
2x + 1

  in the form  2
a
,  where a is an expression in x.

(1)

 (b) Hence solve, without using a calculator, the equation

2
x
u 4

2x + 1
 = 16

3x

(4)
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Question 2 continued
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3. Given  f (x) = 4x3�í�kx2 + 2kx + 8 ,  where k is a constant, 

 (a) show that  (x�í�����LV�QRW�D�IDFWRU�RI��I��x).
(2)

Given that when  f (x)  is divided by  (2x�í�����WKH�UHPDLQGHU�LV�� 25
4

 (b) find the value of k.
(3)

Using this value of k, 

 (c) show that  (x + 2)  is a factor of  f (x).
(2)
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Question 3 continued
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4. A curve has equation

y = 16x x �í��x2�í���� � � � � � x � 0

 (a) Find, in simplest form, d
d
y
x

(3)

 (b) Hence find the equation of the normal to the curve at the point where  x = 4 ,  writing 
your answer in the form  ax + by + c = 0 ,  where a, b and c are integers to be found. 

(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________



9

!"#$#%&'%&)$! Turn over   

Leave 
blank

Question 4 continued
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5.

x����L N

M

2xP R

Q

2x

Figure 1

In this question you must show detailed reasoning.

Solutions relying on calculator technology are not acceptable.

Figure 1 shows a sketch of a triangle  LMN  and a sketch of a triangle  PQR. 

Triangle  LMN  is an equilateral triangle with sides  (x������FP�

Triangle  PQR  is a right-angled isosceles triangle with  PQ = PR = 2x cm  
and angle  QPR = 90°

 (a) Find, in its simplest form in terms of x, the length  QR.
(2)

Given that the perimeter of triangle  LMN  is equal to the perimeter of triangle  PQR, 

 (b) find the value of x, writing your answer in the form  a 2  + b,  where a and b are 
integers to be found.

(5)
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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) Find, in ascending powers of x, the first four terms in the binomial expansion of 

1
1

4

12

−⎛
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⎞
⎠⎟x

  Write each coefficient as a fully simplified fraction.
(4)

Using the answer to part (a), find the coefficient of  x2  in the expansion of  

 (b) (i) ( )2 1
1

4

12

+ −⎛
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⎞
⎠⎟x x

  (ii) ( )2

2
1

1

4

12+ −⎛
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⎞
⎠⎟

x
x

x

(4)
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Question 6 continued
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7.
A

30°

3x

4x

CB

Figure 2

Figure 2 shows a sketch of a triangle ABC. 

Given that  AB = 4x ,  BC = 3x  and angle  BAC = 30°

 (a) show that sin ACB = 
2

3

(2)

Given that angle ACB is obtuse, 

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

Given further that the area of triangle ABC is 20

 (c) find the value of x to 2 decimal places,
(3)

 (d) find the length of side AC to 2 decimal places.    
(2)
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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. A circle C has equation  x 2 + y 2�í��x�í���y + k = 0 ,  where k is constant.

 (a) Find the coordinates of the centre of C.  
(2)

 (b) Find the radius of C when  k� �í��
(2)

 (c) Find the range of values of k for which C lies completely within the first quadrant.
(4)
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Question 8 continued
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9. A sequence of numbers  u1, u2, u3, …  satisfies

un = p�í�qn ,      n ��� , n . 1

where p and q are positive constants.

Given that  u2 = 21  and  u8� �í�

 (a) find the value of p and the value of q.
(4)

Hence find

 (b) the value of  u100
(2)

 (c) the value of  un
n=
∑
6

30

(3)
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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.

A
B

D
E

OC

Figure 3

The design for a logo, ABCDEA, is shown shaded in Figure 3.

The logo consists of a sector OBCDO of a circle with centre O, joined to a sector OAEO
of a smaller circle, also with centre O.

Given that the size of the acute angle AOE is 
6

π
 radians, the length of arc AE is ʌ cm and  

OB = 2 u OA, find the exact value of

 (a) the length OA, 
(2)

 (b) the area of the logo,  
(4)

 (c) the perimeter of the logo.
(3)
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Question 10 continued
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Question 10 continued
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Question 10 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q10

(Total 9 marks)



30

!"#$#%&'%*%)$!

Leave 
blank

11. The curve C1 has equation  y = f (x)  where

f (x) = (x2�í����x�í���

 (a) Sketch a graph of C1 showing clearly the coordinates of each point where the curve 
crosses the coordinate axes.

(3)

The finite region R is bounded by C1 and the x-axis.

Given that R lies above the x-axis,

 (b) find the area of R.  

  (Solutions based entirely on graphical or numerical methods are not acceptable.)
(5)

A second curve C2 has equation  y = f (2x).

 (c) (i) Write down an equation of C2
   (You may leave your equation in a factorised form.)

  (ii) Describe geometrically the transformation that maps C1 onto C2
(3)
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Question 11 continued
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(Total 11 marks)
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12. (i) Given that p is a positive constant and

log p 2x�í�ORJ�p 5 = 3 + log p 8

  find, in its simplest form, an expression for x in terms of p. 
(4)

 (ii) Solve the equation 

2(log2 y)2�����ORJ2 y�í���� ��

  Show each step in your working and write your answers as simplified surds where 
appropriate.

(5)
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13. (i) Solve, for  0 - ș � 180° ,  the equation

��VLQ��ș�= 5 cos 2ș

  giving your answers, in degrees, to one decimal place.
(4)

 (ii) Solve, for  0 - x � 2ʌ ,  the equation

24 tan x = 5 cos x

  giving your answers, in radians, to 3 decimal places.
(5)

  (Solutions based entirely on graphical or numerical methods are not acceptable.)
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14. A colony of ants is being studied.

The number of ants in the colony at the start of the study was 140 000

Two years after the start of the study the number of ants in the colony is 150 000

A model predicts that the number of ants in the colony will increase by p % each year.  
Hence the number of ants in the colony at the end of each year of study form a geometric 
sequence. 

Assuming the model,

 (a) find the value of p, giving your answer to 2 decimal places.
(3)

According to the model, at the end of N years of study the number of ants in the colony 
exceeds 500 000

 (b) Find, showing all steps in your working, the smallest integer value of N.

  (Solutions based entirely on graphical or numerical methods are not acceptable.)
(5)
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15.

r m

h m

Figure 4

[A sphere of radius r has volume  4
3
ʌU3  and surface area 4ʌU2]

A manufacturer wishes to produce a storage tank. 

The tank is modelled in the shape of a hollow circular cylinder with a hemispherical shell 
at each end, as shown in Figure 4. 

The walls of the tank are assumed to have negligible thickness.

The cylinder has radius r metres and length h metres and each hemisphere has radius 
r metres.

The volume of the tank will be 5 m3.

 (a) Show that, according to the model, the surface area of the tank A m2 is given by  

A = 10
r

 + 4
3
ʌU2

(4)

The manufacturer wishes to find the minimum value of A.

 (b) Find the value of A when  
d
d
A
r  = 0

(6)

 (c) Justify, by further differentiation, that the value of A found in part (b) is a minimum.
(2)

For the minimum value of A, 

 (d) find the value of h. 
(2)
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