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1 The equation                                    has two equal roots. 

Find the possible values of the constant k.                                                                                 (3)
kx2 + 3− k( )x − 4 = 0
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2 Solve the equation 

(3)
a
1
2 + 4a = 3
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Figure 1 shows a sketch of the curve with equation y = f(x). 

On separate axes, sketch the curves with equation

 (i)                                                                                                                                               (3)

(ii) y = f(–x)                                                                                                                               (3)

On each sketch, you should show clearly the coordinates of any points where the curve crosses 
or meets the coordinate axes. 

y = 1
2
f(x)

y

x

−2

−1−4

Figure 1
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Question 3 continued

1  2  3  3  2  2  1  2  8  D  1  7  4

Do not write
outside the 

box

TOTAL 6 MARKS 



6

4

1  2  3  3  2  2  1  2  8  D  1  7  4

Do not write
outside the 

box

Three vectors p, q and r are defined such that

p = 12i – aj
q = 6i + (9 – 5a)j

r = q – p
where i and j are perpendicular unit vectors. 

Given that p and q are parallel vectors, 

(a) find the value of the constant a.                                                                                            (3)
(b) Find      .                                                                                                                                 (3)r  
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The curve C has the equation y = f(x), where                            ,         , and p is a constant. 

Figure 2 shows a sketch of the curve C. 

The region R, shown shaded in Figure 2, is bounded by the curve, the x axis and the line x = 4. 

Given that the area of the region R is 48 units2, 

(a) find the value of p.                                                                                                                 (5)
(b) Use calculus to find the coordinates of the minimum point on the curve C.                       (4)
(c) Using further differentiation, verify that the point found in (b) is a minimum.                   (3)

x ≥ 0

Figure 2

y

x

R

y = f(x)

f(x) = px −18 x

4
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The shape ABCDA, as shown in Figure 3, consists of a triangle BCD joined to a sector ABD of 
a circle with centre D. 

Angle DBC = 53o, angle BCD = 50o and BC = 10 cm. 

(a) Find the length of AD.                                                                                                           (2)
(b) Find the area of the shaded region R.                                                                                    (3)
(c) Calculate the perimeter of the shape ABCDA. Give your answer to one decimal place.     (4)

A

B

C
D

53°

50°

10 cm
R

Figure 3
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Question 6 continued
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(a) In descending powers of x, find the first four terms in the binomial expansion of 

giving each term in its simplest form.                                                                                        (5)
(b) Bernoulli’s inequality states that 

for all integers          and every real number           . 

  (i) By using the binomial theorem on            , prove Bernoulli’s inequality for         .           (2)
 (ii) Verify Bernoulli’s inequality for the case x = 0.                                                                 (1)
(iii) Use a counter-example to show that Bernoulli’s inequality is not valid for           .           (2)

2 − 1
x

⎛
⎝⎜

⎞
⎠⎟
8

1+ x( )r ≥1+ rx
r ≥ 0 x ≥ −1

1+ x( )r x > 0

x < −1
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(i) The function f is defined such that   

where a and b are constants. 

Given that the curve with equation y = f(x) passes through the points (4, 5) and (8, 12), find the 
values of a and b.                                                                                                                       (4)
(ii) The table below shows the atomic number n and the melting point (y degrees Celsius) for 
some alkali metals. 

A graph of ln(y) against ln(n) is produced using these data. A line of best fit is then drawn for 
these data and it passes through the points (5, 2.79) and (45, – 22.77). 

(a) Express y in terms of n.                                                                                                         (4)
Francium is also an alkali metal. The atomic number of Francium is 87. 

(b) Using your answer to (a), estimate the melting point of Francium.                                    (2)
(c) Comment on the reliability of your estimate in (b).                                                            (1)

f x( ) = axb

Metal

n

y

Lithium Sodium Potassium Rubidium Caesium

3 11 19 37 55

180.5 97.8 63.7 38.9 28.5
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The curve C has the equation y = f(x), where 

(a) Show that the curve C crosses the x axis when x = 4.                                                           (1)
(b) Express f(x) as a product of three linear factors.                                                                  (4)
(c) Sketch the curve with equation y = f(x). 

On your sketch, show clearly the coordinates of any points where the curve C crosses or meets 

the coordinate axes.                                                                                                                   (3)
(d) Find all the solutions to the equation 

(2)

f(x) = −2x3 + 9x2 − x −12

−2 x − 4( )3 + 9 4 − x( )2 − x − 4( ) −12 = 0
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The curve C has the equation y = g(x) and is defined such that 

Given that the curve passes through the point (2, –12), find the values of a, b and c such that 

(7)
g x( ) = a x − b( )2 + c

dy
dx

= 16x3 − 9x
x 3− 4x( ) ,  x >1
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The straight line l is perpendicular to the line qx = – 2y + 4, where q is a constant. 
(a) Find, in terms of q, the gradient of the line l.                                                                       (2)

The curve C has the equation                       , where p is a constant and x is positive. The 

tangent to the curve C at x = 1 is parallel to l. 

(b) Express p in terms of q.                                                                                                         (5)

y = 1
x2

+ 3 x
p
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(a) Solve the equation                     for                            .                                                          (3)
(b) (i) Prove that                                                .                                                                       (1)
     (ii) Hence, show that 

(3)

   (iii) Deduce that 

(3)

a3 − b3 = a − b( ) a2 + ab + b2( )
cosθ = −0.3 −180° ≤ θ ≤ 360°

1+ sin xcos x
cos3 x − sin3 x

+ 1
cos x + sin x

≡ 2cos x
cos2 x − sin2 x

1+ sin xcos x
cos3 x − sin3 x

+ 1
cos x + sin x

+ sin
2 x − 2cos x −1
cos2 x − sin2 x

≡ 1
tan2 x −1
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(a) Prove, from first principles, that 

(3)

(b) By considering derivatives, or otherwise, evaluate 

(3)

d
dx

x3( ) = 3x2

lim
h→0

x + h( )3 − x3
x + h − x
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