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1. f (x) = x5 + x3 – 12x2 – 8,    x 

 (a) Show that the equation f (x) = 0 can be written as 

x x
x

= +
+

4 3 2
1

2

2
3 ( )

(3)

 (b) Use the iterative formula 

x x
xn
n

n
+ = +

+1

2

2
3

4 3 2
1

( )

  with x0 = 2, to find x1, x2 and x3 giving your answers to 3 decimal places.
(3)

 The equation f (x) = 0 has a single root, .

 (c) By choosing a suitable interval, prove that = 2.247 to 3 decimal places.
(2)
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2. The curve C has equation 

y3 + x2y – 6x = 0

 (a) Find 
d
d
y
x

 in terms of x and y.
(5)

 (b) Hence find the exact coordinates of the points on C for which 
d
d
y
x

= 0
(6)
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3. The number of bacteria in a liquid culture is modelled by the formula

N = 3500(1.035)t,  t  0

 where N is the number of bacteria t hours after the start of a scientific study.

 (a) State the number of bacteria at the start of the scientific study.
(1)

 (b) Find the time taken from the start of the study for the number of bacteria to reach 
10 000

  Give your answer in hours and minutes, to the nearest minute.
(4)

 (c) Use calculus to find the rate of increase in the number of bacteria when t = 8
  Give your answer, in bacteria per hour, to the nearest whole number.

(3)
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4. (a) Prove that 

 1 cos2 tan ,
sin 2 2

x nπx x
x

− ≡ ≠
(3)

 (b) Hence solve, for 0  

 2 1 cos23sec 7
sin 2

θθ
θ

−− =

 Give your answers in radians to 3 decimal places, as appropriate.

 ( .)
(6)
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Question 4 continued
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Question 4 continued
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5. (i) Find

3 5 9 5x x x+( ) +( )∫ e d
(3)

 (ii) Given that  is a constant greater than 2, and

x
x

x2 5
6

2 +
= ( )∫ d ln

  use integration to find the value of . 
(5)
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6. 

Figure 1

 Figure 1 shows a sketch of the curve with equation  y = 2e–x sin x , 0 x  
 The finite region , shown shaded in Figure 1, is bounded by the curve and the x-axis.

 (a)  Complete the table below with the value of corresponding to ,
2
πx =  giving your 

answer to 5 decimal places.

x 0 4
π

2
π 3

4
π

y 0 0.76679 0.15940 0

(1)

 (b) Use the trapezium rule, with all the values of y in the completed table, to obtain an 
estimate for the area of the region .  Give your answer to 4 decimal places.

(3)

 (c) Given y = 2e–x sin x y
x

, find d
d

 for 0  x  
(3)

 The curve has a maximum turning point when x = .

 (d) Use your answer to part (c) to find the value of , giving your answer to 3 decimal 
places.

(3)
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7. (a) Use the binomial series to expand

1
2 3

2
33( )x

x

  in ascending powers of x, up to and including the term in x2, giving each term as a 
simplified fraction.

(5)

f where  is a constant and ( )
( )

x kx
x

k x4
2 3

2
33

 Given that the series expansion of f (x), in ascending powers of x, is

1
2

81
16

2+ + +Ax x

 where A is a constant,

 (b) find the value of k,
(2)

 (c) find the value of A.
(2)
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8. Use partial fractions, and integration, to find the exact value of  2 3
1

2

3

4
x
x x

x−
−∫ ( )

d

 Write your answer in the form  + ln , where  is an integer and  is a rational constant.
(8)
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9. 

f (x) = 2ln(x) – 4,   x  0,   x 

 (a) Sketch, on separate diagrams, the curve with equation

  (i)  y = f (x)

  (ii) y x= f ( )

  On each diagram, show the coordinates of each point at which the curve meets or cuts 
the axes.

  On each diagram state the equation of the asymptote.
(5)

 (b) Find the exact solutions of the equation f ( )x = 4
(4)

g(x) = e x + 5 –2,   x 

 (c) Find gf(x), giving your answer in its simplest form.
(3)

 (d) Hence, or otherwise, state the range of gf.
(1)
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10. y

O

C

P x

Figure 2

 Figure 2 shows a sketch of part of the curve C with parametric equations

x t
t

y t t t20
2 1

4( ), 0

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

 (a) Find the x coordinate of P.
(2)

 (b) Show that 
d
d
y
x

t A t
B

= − +( )( )2 1 2

 where A and B are constants to be found.
(5)

 (c) (i) Make t the subject of the formula 

x t
t

=
+

20
2 1

  (ii) Hence find a cartesian equation of the curve C.  Write your answer in the form 

y = f(x),     0  x k

   where f(x) is a single fraction and k is a constant to be found.
(6)
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11. (a) Given 0    25, use the substitution = −5  to show that

d k
5

10 5 2
−

= − −( ) − +∫ ln  

  where  is a constant.
(6)

 A team of scientists is studying a species of tree.

 The rate of change in height of a tree of this species is modelled by the differential 
equation

 
d
dt

=
−( )0 2 5

5

.

 

 where  is the height of the tree in metres and t is the time in years after the tree is planted.

 One of these trees is 2 metres high when it is planted. 

 (b) Use integration to calculate the time it would take for this tree to reach a height of 
15 metres, giving your answer to one decimal place.

(7)

 (c) Hence calculate the rate of change in height of this tree when its height is 15 metres.
  Write your answer in centimetres per year to the nearest centimetre.

(1)
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12. Relative to a fixed origin O, the lines l1 and l2 are given by the equations

1 2

2 2 2 8
: 0 2 : 0 4

7 1 7 1
l λ l μ

⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟+ − +
⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠

r = r =

 where  and  are scalar parameters.

 The lines l1 and l2 intersect at the point A.

 (a) Write down the coordinates of A.
(1)

 Given that the acute angle between l1 and l2 is ,

 (b) show that sin 2,θ k=  where k is a rational number to be found.
(5)

 The point B lies on l1 where 4

 The point C lies on l2 such that AC = 2

 (c) Find the exact area of triangle ABC.
(3)

 (d) Find the coordinates of the two possible positions of C. 
(5)
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Question 12 continued
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