
Question 9 notes continued 

A1: Need all three correct answers in terms of  and no extras in range.  
    
NB: 20 ,80 , 140    earns M1M1A0  and  0.349, 1.40 and 2.44 earns M1M1A0 

(ii)(a) 
M1: Applies 2 2sin 1 cosx x  (allow even if brackets are missing e.g. 4 × 1 − cos2 x).  
            This must be awarded in (ii) (a) for an expression with k not after k = 3 is substituted. 
dM1: Uses formula or completion of square to obtain cos x =  expression in k 
            (Factorisation attempt is M0)     
A1: cao - award for their final simplified expression 
(ii)(b) 
M1: Either attempts to substitute k = 3 into their answer to obtain two values for cos x  

 Or restarts with k = 3 to find two values for cos x (They cannot earn marks in ii(a) for 
 this). In both cases they need to have applied 2 2sin 1 cosx x   (brackets may be  missing) 
 and correct method for solving their quadratic (usual rules – see notes) The  values for 
 cos x may be >1 or < -1. 

dM1: Obtains two correct values for x  
A1: Obtains all three correct values in degrees (allow awrt 139 and 221) including 0.  
 Ignore excess answers outside   range (including 360 degrees) Lose this mark for excess 
 answers in the range or radian answers. 

 

Candidates may use any calculator permitted by Pearson regulations.  
Calculators must not have the facility for symbolic algebra manipulation, 
differentiation and integration, or have retrievable mathematical 
formulae stored in them. 
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Answer ALL questions.  Write your answers in the spaces provided.

1. Express
6 4
9 4

2
3 12

x
x x

+
−

−
+

 as a single fraction in its simplest form.
(4)
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Question 1 continued
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(Total for Question 1 is 4 marks)
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2.  f(x) = x3 + 3 2 + 4x – 12

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

x = 
4 3

3
( )

( )
−

+
⎛
⎝⎜

⎞
⎠⎟

x
x

    x � –3
(3)

 The equation  x3 + 3 2 + 4x – 12 = 0  has a single root which is between 1 and 2

 (b) Use the iteration formula

xn + 1 = 
4 3

3
( )

( )
−

+
⎛
⎝⎜

⎞
⎠⎟

x
x
n

n
   n . 0

  with  x0 = 1  to find, to 2 decimal places, the value of x1, x2 and x3
(3)

 The root of  f(x) = 0  is Į.

 (c) By choosing a suitable interval, prove that  Į = 1.272  to 3 decimal places.
(2)
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Question 2 continued
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2.  f(x) = x3 + 3 2 + 4x – 12

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

x = 
4 3

3
( )

( )
−

+
⎛
⎝⎜

⎞
⎠⎟

x
x

    x � –3
(3)

 The equation  x3 + 3 2 + 4x – 12 = 0  has a single root which is between 1 and 2

 (b) Use the iteration formula

xn + 1 = 
4 3

3
( )

( )
−

+
⎛
⎝⎜

⎞
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x
x
n

n
   n . 0

  with  x0 = 1  to find, to 2 decimal places, the value of x1, x2 and x3
(3)

 The root of  f(x) = 0  is Į.

 (c) By choosing a suitable interval, prove that  Į = 1.272  to 3 decimal places.
(2)
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Question 2 continued
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3. 
y

O

y = f(x)

x
Figure 1

 Figure 1 shows a sketch of part of the graph  y = f(x)  where

f(x) = 2 µ3 – x µ + 5         x . 0

 (a) Solve the equation

f(x) = 
1
2

x + 30
(3)

 Given that the equation f(x) = k, where k is a constant, has two distinct roots,

 (b) state the set of possible values for k.
(2)
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Question 3 continued
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(Total for Question 3 is 5 marks)
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3. 
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y = f(x)

x
Figure 1

 Figure 1 shows a sketch of part of the graph  y = f(x)  where

f(x) = 2 µ3 – x µ + 5         x . 0

 (a) Solve the equation

f(x) = 
1
2

x + 30
(3)

 Given that the equation f(x) = k, where k is a constant, has two distinct roots,

 (b) state the set of possible values for k.
(2)
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Question 3 continued
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(Total for Question 3 is 5 marks)
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3. 
y

O

y = f(x)

x
Figure 1

 Figure 1 shows a sketch of part of the graph  y = f(x)  where

f(x) = 2 µ3 – x µ + 5         x . 0

 (a) Solve the equation

f(x) = 
1
2

x + 30
(3)

 Given that the equation f(x) = k, where k is a constant, has two distinct roots,

 (b) state the set of possible values for k.
(2)
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Question 3 continued
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(Total for Question 3 is 5 marks)
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4. (i) Find

1
2 15

13

( )x
x

−∫ d

  writing your answer in its simplest form.
(4)

 (ii) Use integration to find the exact value of

2

0

π

∫  sin 2x + sec 1
3

x tan 1
3

x dx
(3)
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Question 4 continued
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4. (i) Find

1
2 15

13

( )x
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−∫ d

  writing your answer in its simplest form.
(4)

 (ii) Use integration to find the exact value of

2
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π
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x tan 1
3

x dx
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Question 4 continued
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5. Given that

y = 
5 10 9

1

2

2
x x

x
− +

−( )
         x � 1

 show that 
d
d

y
x

k
x

=
−( )1 3 , where k is a constant to be found.

(6)
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Question 5 continued
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(Total for Question 5 is 6 marks)
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6. The functions f and g are defined by

 f : x 6 ex + 2 x ��\

 g : x 6 ln x x � 0

 (a) State the range of f.
(1)

 (b) Find fg(x), giving your answer in its simplest form.
(2)

 (c) Find the exact value of x for which  f(2x + 3) = 6
(4)

 (d) Find f –1 stating its domain.
(3)

 (e) On the same axes sketch the curves with equation  y = f(x)  and  y = f –1(x), giving the 
coordinates of all the points where the curves cross the axes.

(4)
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(Total for Question 6 is 14 marks)
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7. The point P lies on the curve with equation

x = (4y – sin 2y)2

 Given that P has (x, y) coordinates , 
2

πp⎛ ⎞
⎜ ⎟⎝ ⎠

, where p is a constant,

 (a) find the exact value of p
(1)

 The tangent to the curve at P cuts the y-axis at the point A.

 (b) Use calculus to find the coordinates of A.
(6)
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 (b) Use calculus to find the coordinates of A.
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(Total for Question 7 is 7 marks)
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8. In a controlled experiment, the number of microbes, N, present in a culture T days after 
the start of the experiment were counted.

 N and T are expected to satisfy a relationship of the form

N = aT b         where a and b are constants

 (a) Show that this relationship can be expressed in the form

log10 N = m log10 T + c

  giving m and c in terms of the constants a and/or b.
(2)

                        

log10N

log10 T0

 –

0.2

 –

0.4

 –

0.6

 –

0.8

 –

1.0

 –

2.5 –

2.0 –

1.5 –

1.0 –

0.5 –

0 –

3.0 –

3.5 –

4.0 –

4.5 –

5.0 –

1.2

 –

1.4

 –

Figure 2

 Figure 2 shows the line of best fit for values of log10 N plotted against values of log10 T

 (b) Use the information provided to estimate the number of microbes present in the 
culture 3 days after the start of the experiment.

(4)

 (c) With reference to the model, interpret the value of the constant a.
(1)
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9. (a) Prove that

sec 2A + tan 2A�Ł�
cos sin
cos sin

A A
A A

+
−          A ��

(2 1)

4

n π+
         n ��]

(5)

 (b) Hence solve, for 0 - ș � 2ʌ

sec 2ș + tan 2ș = 
1
2

  Give your answers to 3 decimal places.
(4)
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Question 9 continued
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10. The amount of an antibiotic in the bloodstream, from a given dose, is modelled by the 
formula

x = De–0.2t

 where x is the amount of the antibiotic in the bloodstream in milligrams, D is the dose 
given in milligrams and t is the time in hours after the antibiotic has been given.

 A first dose of 15 mg of the antibiotic is given.

 (a) Use the model to find the amount of the antibiotic in the bloodstream 4 hours after the 
dose is given.  Give your answer in mg to 3 decimal places.

(2)

 A second dose of 15 mg is given 5 hours after the first dose has been given.  Using the 
same model for the second dose,

 (b) show that the total amount of the antibiotic in the bloodstream 2 hours after the second 
dose is given is 13.754 mg to 3 decimal places.

(2)

 No more doses of the antibiotic are given.  At time T hours after the second dose is given, 
the total amount of the antibiotic in the bloodstream is 7.5 mg.

 (c) Show that T = a ln b b+⎛
⎝⎜

⎞
⎠⎟e

, where a and b are integers to be determined.
(4)
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Question 10 continued
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Question 10 continued
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