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1 f(x) = x3 – 3x + 2

(a) Show that (x + 2) is a factor of f(x).                                                                                      (2)

(b) Express f(x) as a product of linear factors.                                                                           (3)            

(c) Hence, or otherwise, simplify                      .                                                                        (3)3x2 + 2x − 8
x3 − 3x + 2
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2 (a) Given that                 , find the range of possible values of x.                                              (2)

(b) Solve the equation 

  

giving your answers to three significant figures.                                                                        (4)

2x −1 <1

3 2x −1 = 2x
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The circle C has the equation 

 x2 + 4y2 + 8x = 12y – 3x2 + k

where k is a constant.  

(a) Find the coordinates of the centre of C.                                                                                (3)

(b) Find the range of possible values of k.                                                                                  (2)

(c) Explain why the equation

x2 + 2y2 = 4

is not the equation of a circle.                                                                                                     (1)
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Figure 1 above shows a right-angled triangle ABC. 

AB = (             ) cm and the area of the triangle ABC is (              ) cm2. 

Showing all of your working clearly, find the exact length of the hypotenuse of the triangle.

Give your answer in the form                  , where a and b are constants.                                   (6)

A

B C
Figure 1

4 + 2 3 8 + 5 3

(4 + 2 3) cm

(a + b 3)
1
2
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Figure 2 above shows a sketch of the curve C with equation y = x3 – 2x. 

(a) Differentiate x3 – 2x with respect to x from first principles.                                                 (3)

(b) Hence, find the coordinates of the stationary points on the curve C.                                   (3)

The region R, shown shaded in Figure 2, is bounded by the curve C, the x-axis and the lines 
x = 0 and x = a, where a is a positive constant. The curve C crosses the x-axis at the point 
(a, 0). 

(c) Find the area of the shaded region R.                                                                                    (5)

x

y

R aO

Figure 2
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Figure 3 above shows a triangle ABC where AB = AC = a and the angle BAC = θ. Four 
identical semi-circles are drawn outside of the triangle ABC. A circular arc with centre A joins 
B to C. The area of the shaded segment is equal to the sum of the areas of the semicircles. 

(a) Show that                       .                                                                                                       (3)

(b) Verify by calculation that θ lies between 1 and 2.                                                                (2)

(c) Use an iterative formula based on the equation in part (a) a suitable number of times to 
determine θ correct to two decimal places. Give the result of each iteration to four decimal 
places.                                                                                                                                          (3)

θ = 1
4
π + sinθ

Figure 3

A

B C

a a

θ
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Let n be any positive integer that is not a square number. 

Prove, by contradiction, that the square root of n is irrational.                                                  (4)
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 (i) Find, in terms of e, the equation of the normal to the curve y = x3ex at the point x = 1.      (5)

(ii) Given that                           , find      .                                                                                   (4)y = 2
1+ (1− x)2

dy
dx
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A mass, m kg, of a substance decreases with time t years. 

The mass of the substance can be modelled by the equation m = abt, where a and b are 
constants. 

(a) Show that the graph of ln(m) against t is a straight line.                                                      (2)

The graph of ln(m) against t passes through the point (0, 3.91). It takes 5 years for the mass of 
the substance to decrease by half. 

(b) Show that a is approximately 50.                                                                                          (1)

(c) Find, to three significant figures, the value of b.                                                                   (2)

After 8 years, the substance is modified to increase its mass by 20 kg. The mass of the 
substance then decreases according to the model

m = P + 40e–0.32t

where P is a constant. 

(d) Find the value of P.                                                                                                               (3)
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f(x) = 12cos(x) – 4sin(x),      0 ≤ x ≤ 2π

(a) Express f(x) in the form Rcos(x + α), where R > 0 and                 . 

Give the value of R as an exact value and the value of α to two decimal places.                     (3)

(b) Solve the equation f(2x) = 4.                                                                                                 (4)

(c) Using your answer to part (a), find the maximum value of the function f and the value(s) of 
x at which this maximum occurs.                                                                                               (3)

0 <α < π
2
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A liquid flows in a right-angled corner. 

The velocity of the liquid flow, v m s–1, at a point (x, y) is given by  

v = xi – yj,        x, y > 0

(a) Find the magnitude of the velocity of the liquid flow at the point (1, 2).                             (2)

Streamlines are lines that are parallel to the liquid flow. 

For this flow, the streamlines are the solutions to the differential equation 

(b) Find the general solution to this differential equation, giving y in terms of x.
Simplify your answer.                                                                                                                 (4)

(c) Hence, sketch the family of streamlines for this flow.                                                          (2)

dy
dx

= − y
x
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The function f is defined such that 

  

(a) Express f(x) in the form                        , where A and B are constants to be found.            (3)

(b) Hence, obtain the binomial expansion of f(x) in ascending powers of x, up to and including 
the term in x3.                                                                                                                              (4)

f(x) = −x
2x2 − 5x + 3

A
x −1

+ B
2x − 3
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(i) An arithmetic series has first term a and common difference (2a + 1). 

(a) Prove that the sum of the first n terms of this series, Sn, can be given by

(4)

(b) Given that a = 4, find the value of n such that Sn = 11225.                                                  (3)

(ii) Evaluate 

and justify the validity of your answer.                                                                                      (2)

Sn =
n
2
2a + (n −1)(2a +1)[ ]

1
2 sin x( )n

n=1

∞

∑
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