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1.		 f (x) = ax3 + 10x2 − 3ax − 4

Given that (x − 1) is a factor of f (x), find the value of the constant a.

You must make your method clear.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

1



Question 1 continued
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(Total for Question 1 is 3 marks)
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2. Given that

f (x) = x2 − 4x + 5            x ∈ 

(a) express f (x) in the form (x + a)2 + b where a and b are integers to be found.
(2)

The curve with equation y = f (x) 
• meets the y-axis at the point P
• has a minimum turning point at the point Q

(b) Write down

(i) the coordinates of P

(ii) the coordinates of Q
(2)
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Question 2 continued
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3. The curve with equation  y = f (x)  where

f (x) = x2 + ln (2x2 − 4x + 5)

has a single turning point at x = α

Show that α is a solution of the equation

2x3 − 4x2 + 7x − 2 = 0
(4)
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Question 3 continued 
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4. In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

Using algebra, solve the inequality

x2 – x > 20

writing your answer in set notation.
(3)
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Question 4 continued 
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In this question you should show all stages of your working. Solutions relying on calculator 

technology are not acceptable.

5. (a)  Using algebra, find all solutions of the equation

3x3 – 17x2 – 6x = 0
(3)

(b) Hence find all real solutions of

3(y – 2)6 – 17(y – 2)4 – 6(y – 2)2 = 0
(3)
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Question 5 continued 
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6. A curve C has equation  y = f(x)  where

f(x) = –3x2 + 12x + 8

(a) Write f(x) in the form

a(x + b)2 + c

		  where a, b and c are constants to be found.
(3)

The curve C has a maximum turning point at M.

(b) Find the coordinates of M.
(2)
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Question 6 continued 
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7. The curve C has equation  y = f(x)  where

f(x) = ax3 + 15x2 – 39x + b

	 and a and b are constants.

	 Given
• the point (2, 10) lies on C
• the gradient of the curve at (2, 10) is –3

(a) (i)	 show that the value of a is –2

(ii) find the value of b.
(4)

(b) Hence show that C has no stationary points.
(3)

(c) Write f(x) in the form (x – 4)Q(x) where Q(x) is a quadratic expression to be found.
(2)

(d) Hence deduce the coordinates of the points of intersection of the curve with equation

y = f(0.2x)

and the coordinate axes.
(2)
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Question 7 continued 
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Question 7 continued 
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(Total for Question 7 is 11 marks)
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8. The function f is defined by

f (x) = 
3 7

2

x
x

−
−         x  , x ≠ 2

(a) Find  f −1(7)
(2)

(b) Show that  ff (x) =
ax b
x

+
− 3   where a and b are integers to be found.

(3)
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Question 8 continued 
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(Total for Question 8 is 5 marks)
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9. 
y

xO
l

C

R

25

(−2,13)

Figure 1

Figure 1 shows a sketch of a curve C with equation  y = f (x)  and a straight line l.

The curve C meets l at the points  (−2,13)  and  (0, 25)  as shown.

The shaded region R is bounded by C and l as shown in Figure 1. 

Given that 
●	 f (x) is a quadratic function in x
● (−2,13) is the minimum turning point of  y = f (x)

use inequalities to define R. 
(5)
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Question 9 continued 
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(Total for Question 9 is 5 marks)
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10.
y

xO

C

Figure 2

Figure 2 shows a sketch of the curve C with equation  y = f (x)  where 

f (x) = 4(x2 − 2)e−2x        x  

(a) Show that  f ʹ(x) = 8(2 + x − x2)e−2x

(3)

(b) Hence find, in simplest form, the exact coordinates of the stationary points of C.
(3)

The function g and the function h are defined by  

g (x)	= 2f (x)            x  

h (x)	= 2f (x) − 3 x  0

(c) Find	 (i)	 the range of  g

(ii) the range of  h
(3)
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Question 10 continued 
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Question 10 continued 
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Question 10 continued 
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(Total for Question 10 is 9 marks)
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11. A curve has equation

y = 2x3 – 4x + 5

Find the equation of the tangent to the curve at the point P(2, 13).

Write your answer in the form   y = mx + c, where m and c are integers to be found.

Solutions relying on calculator technology are not acceptable.
(5)
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Question 11 continued 
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(Total for Question 11 is 5 marks)
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(i) Solve the equation

x 2 18−  = x

writing the answer as a surd in simplest form.
(3)

(ii) Solve the equation

4
3x – 2

 = 
1

2 2
(3)
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12. In this question you should show all stages of your working. 

Solutions relying on calculator technology are not acceptable.
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Question 12 continued 
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(Total for Question 12 is 6 marks)
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		 g(x) = 2x3 + x2 – 41x – 70

(a) Use the factor theorem to show that g(x) is divisible by (x – 5).
(2)

(b) Hence, showing all your working, write g(x) as a product of three linear factors.
(4)

The finite region R is bounded by the curve with equation  y = g(x)  and the x‑axis, and 
lies below the x‑axis.

(c) Find, using algebraic integration, the exact value of the area of R.
(4)
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Question 13 continued 
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Question 13 continued 
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Question 13 continued 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________

(Total for Question 13 is 10 marks)
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14. A curve has equation  y = g(x).

Given that
● g(x) is a cubic expression in which the coefficient of x3 is equal to the coefficient of x
● the curve with equation  y = g(x)  passes through the origin
● the curve with equation  y = g(x)  has a stationary point at (2, 9)

(a) find  g(x),
(7)

(b) prove that the stationary point at (2, 9) is a maximum.
(2)
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Question 14 continued
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Question 14 continued
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(Total for Question 14 is 9 marks)
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Answer ALL questions.  Write your answers in the spaces provided. 

15. f (x) = 3x3 + 2ax2 – 4x + 5a

Given that (x + 3) is a factor of f (x), find the value of the constant a.
(3)
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Question 15 continued 
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(Total for Question 15 is 3 marks)
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16. f (x) = 2x2 + 4x + 9    x

(a) Write f (x) in the form a (x + b)2 + c, where a, b and c are integers to be found.
(3)

(b) Sketch the curve with equation y = f (x) showing any points of intersection with the
coordinate axes and the coordinates of any turning point.

(3)

(c) (i) Describe fully the transformation that maps the curve with equation y = f (x) onto
the curve with equation y = g(x) where

g(x) = 2(x – 2)2 + 4x – 3    x

(ii) Find the range of the function

h( )x
x x

=
+ +
21

2 4 9
2

x
(4)
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Question 16 continued
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Question 16 continued 
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Question 16 continued 
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(Total for Question 16 is 10 marks)
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Find, using algebra, all real solutions to the equation

(i) 16a2 = 2 a
(4)

(ii) b4 + 7b2 – 18 = 0
(4)
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Question 17 continued 
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(Total for Question 17 is 8 marks)
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18. The curve C has equation

y = 
k
x

2

+ 1          x ,  x  0

where k is a constant.

(a) Sketch C stating the equation of the horizontal asymptote.
(3)

The line l has equation y = –2x + 5

(b) Show that the x coordinate of any point of intersection of l with C is given by a
solution of the equation

2x2 – 4x + k2 = 0
(2)

(c) Hence find the exact values of k for which l is a tangent to C.
(3)
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Question 18 continued 
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(Total for Question 18 is 8 marks)
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19.  f(x) = 2x3 – 13x2 + 8x + 48

(a) Prove that (x – 4) is a factor of f(x).
(2)

(b) Hence, using algebra, show that the equation f(x) = 0 has only two distinct roots.
(4)

y

O

y = f(x)

Figure 2

Figure 2 shows a sketch of part of the curve with equation y = f(x).

(c) Deduce, giving reasons for your answer, the number of real roots of the equation

2x3 – 13x2 + 8x + 46 = 0
(2)

Given that k is a constant and the curve with equation y = f(x + k) passes through the origin,

(d) find the two possible values of k.
(2)
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Question 19 continued 
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Question 19 continued 
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Question 19 continued 
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(Total for Question 19 is 10 marks)
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20.

P

xO

P = 100 x 9)2

Figure 1

A company makes a particular type of children’s toy.

The annual profit made by the company is modelled by the equation

P = 100 x 9)2

where P is the profit measured in thousands of pounds and x is the selling price of the toy 
in pounds. 

A sketch of P against x is shown in Figure 1. 

Using the model, 

(2)

(b) find, according to the model, the least possible selling price for the toy.
(3)

The company wishes to maximise its annual profit. 

State, according to the model,

(c) (i) the maximum possible annual profit,

(ii) the selling price of the toy that maximises the annual profit.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

49



Question 20 continued 
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Question 20 continued 
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Question 20 continued 
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(Total for Question 20 is 7 marks)
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21. g(x) = 4x3 x2 x

(a) Use the factor theorem to show that (x + 2) is a factor of g(x).
(2)

(b) Hence show that g(x) can be written in the form g(x) = (x + 2) (ax + b)2,
where a and b are integers to be found.

(4)

y

O x

y = g(x)

Figure 2

Figure 2 shows a sketch of part of the curve with equation y = g(x)

(c) Use your answer to part (b), and the sketch, to deduce the values of x for which

(i) g(x)  0

(ii) g(2x) = 0
(3)
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Question 21 continued 
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Question 21 continued 
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Question 21 continued 
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(Total for Question 21 is 9 marks)
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22.

O

y

xP(2, 0)

M(4, –1.5)

Q(7, 0)

y = g(x)

R(0, 5)

Figure 1

Figure 1 shows a sketch of the curve with equation  y = g(x).

The curve has a single turning point, a minimum, at the point M(4, –1.5).
The curve crosses the x‑axis at two points, P(2, 0) and Q(7, 0).
The curve crosses the y‑axis at a single point R(0, 5).

(a) State the coordinates of the turning point on the curve with equation  y = 2g(x).
(1)

(b) State the largest root of the equation

g(x + 1) = 0
(1)

(c) State the range of values of x for which g′(x)  0
(1)

Given that the equation g(x) + k = 0, where k is a constant, has no real roots,

(d) state the range of possible values for k.
(1)
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Question 22 continued 
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		  f(x) = x3 + 3x2 – 4x – 12

(a) Using the factor theorem, explain why f(x) is divisible by (x + 3).
(2)

(b) Hence fully factorise f(x).
(3)

(c) Show that 
x x x

x x x

3 2

3 2
3 4 12

5 6
+ − −

+ +
 can be written in the form A + 

B
x  where A and B are

integers to be found.
(3)
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Question 23 continued 
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24.
y

O

l

A

C

x

Figure 3

Figure 3 shows a sketch of the curve C with equation  y = 3x – 2 x , x  0 and the line l 
with equation  y = 8x – 16

The line cuts the curve at point A as shown in Figure 3.

(a) Using algebra, find the x coordinate of point A.
(5)

	 (b)
y

O R
l

A

C

x

Figure 4

		 The region R is shown unshaded in Figure 4. Identify the inequalities that define R.
(3)
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Question 24 continued 
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Question 24 continued 
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Question 24 continued 
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(Total for Question 24 is 8 marks)
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	 f (x) = x3 + ax2 – ax + 48,   where a is a constant

Given that f (–6) = 0

(a) (i)	 show that a = 4

(ii) express f (x) as a product of two algebraic factors.
(4)

Given that   2 log2(x + 2) + log2 x – log2(x – 6) = 3

(b) show that  x3 + 4x2 – 4x + 48 = 0
(4)

(c) hence explain why

2log2(x + 2) + log2 x – log2(x – 6) = 3

has no real roots.
(2)
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Question 25 continued 
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(Total for Question 25 is 10 marks)
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26.

6 m

5 m

A

y

O

C

B x

Figure 2	 Figure 3

Figure 2 shows the entrance to a road tunnel.  The maximum height of the tunnel is 
measured as 5 metres and the width of the base of the tunnel is measured as 6 metres.

Figure 3 shows a quadratic curve BCA used to model this entrance.

The points A, O, B and C are assumed to lie in the same vertical plane and the ground 
AOB is assumed to be horizontal.

(a) Find an equation for curve BCA.
(3)

A coach has height 4.1 m and width 2.4 m.

(b) Determine whether or not it is possible for the coach to enter the tunnel.
(2)

(c) Suggest a reason why this model may not be suitable to determine whether or not the
coach can pass through the tunnel.

(1)
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Question 26 continued 
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(Total for Question 26 is 6 marks)
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f : x  3 5
1

x
x

−
+

,     x ∈ ,   x ≠ –1

(3)

The function f is defined by

(a) Find  f –1(x).

(b) Show that

ff(x) = 
x a
x

+
− 1

,     x ∈ ,   x ≠ ±1

		 where a is an integer to be found.
(4)

The function g is defined by

g : x  x2 – 3x,     x ∈ , 0  x  5

(c) Find the value of  fg(2).
(2)

(d) Find the range of g.
(3)

(e) Explain why the function g does not have an inverse.
(1)
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Question 27 continued 
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28.

I (!)   4x ! − �2x 2 � 2! − �

(D) 8VH WKH IDFWRU WKHRUHP WR VKRZ WKDW (! − �) LV D IDFWRU RI I (!).
(2)

(E) +HQFH VKRZ WKDW � LV WKH RQO\ UHDO URRW RI WKH HTXDWLRQ I (!)   �

(4) 

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

 

"""""" 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

(Total for Question 28 is 6 marks)
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29. T#$ $%&'()*+ Nx 2 ,  -!# � �   �, ZKHUH ! LV D FRQVWDQW, KDV QR UHDO URRWV.

./*0$ (#'(

� - ! � 3

4 (4)
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(Total for Question 29 is 4 marks)
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30. (D) )DFWRULVH FRPSOHWHO\ !! � ��!2 � 2�!
(2)

(E) 6NHWFK WKH FXUYH ZLWK HTXDWLRQ 

" # !! � ��!2 � 2�!

VKRZLQJ WKH FRRUGLQDWHV RI WKH SRLQWV DW ZKLFK WKH FXUYH FXWV RU WRXFKHV WKH !�D[LV.
(2)

7KH SRLQW ZLWK FRRUGLQDWHV (−�, �) OLHV RQ WKH FXUYH ZLWK HTXDWLRQ 

" # $! % #)! � ��(! % #)2 � 2�(! % #&

ZKHUH # LV D FRQVWDQW.

(F) )LQG WKH WZR SRVVLEOH YDOXHV RI #.
(3)

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
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'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
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Question 30 continued
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(Total for Question 30 is 7 marks)
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31.

$%&'() +

!!
"

#

$

%

&

2'!

)LJXUH 4 VKRZV WKH SODQ YLHZ RI WKH GHVLJQ IRU D VZLPPLQJ SRRO. 

#$% &$'(% )* +$,& ())- "#$%&" .)/&,&+& )* ' 0%.+'/12-'0 &%.+,)/ "#%& 3),/%4 +) '
&%!,.,0.2-'0 &%.+,)/ #$% DV VKRZQ LQ )LJXUH 4.

5,6%/ +$'+ "&   2' !%+0%&7 &% 8 ! PHWUHV DQG WKH DUHD RI WKH SRRO LV 2�� P27

(D) VKRZ WKDW WKH SHULPHWHU, ( PHWUHV, RI WKH SRRO LV JLYHQ E\

250
2

2

πxP x
x

= + +

(4)

(E) ([SODLQ ZK\ 0 500
< <x

! (2)

(F) )LQG WKH PLQLPXP SHULPHWHU RI WKH SRRO, JLYLQJ \RXU DQVZHU WR � VLJQLILFDQW ILJXUHV.
(4)
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9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
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Question 31 continued
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(Total for Question 31 is 10 marks)
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32.            "# $%&'(% )'**+) $# $%%*,-

.'( '(/0'+1 ! 2(+%()1 *3 +'( $%%*, $4*5( +'( 0%*6#7 /) 2*7(88(7 49 +'( 3*%268$

! $ :-; < =->" %=-==?" ?1 " . =

,'(%( " /) +'( '*%/@*#+$8 7/)+$#&( *3 +'( $%%*, 3%*2 +'( $%&'(%1 2($)6%(7 /# 2(+%()-

A/5(# +'$+ +'( $%%*, +%$5(8) /# $ 5(%+/&$8 B8$#( 6#+/8 /+ '/+) +'( 0%*6#71

C$D 3/#7 +'( '*%/@*#+$8 7/)+$#&( +%$5(88(7 49 +'( $%%*,1 $) 0/5(# 49 +'/) 2*7(8-
(3)

C4D E/+' %(3(%(#&( +* +'( 2*7(81 /#+(%B%(+ +'( )/0#/3/&$#&( *3 +'( &*#)+$#+ :-; /# +'( 3*%268$-
(1)

C&D E%/+( :-; < =->" F =-==?" ? /# +'( 3*%2

# F $C" F % D?

,'(%( #1 $ $#7 % $%( &*#)+$#+) +* 4( 3*6#7-
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Question 32 continued

(Total for Question 32 is 9 marks)

78



33. The functions f and g are defined by

f (x) = 7 – 2x2        x Î 

g (x) = 
3

5 1

x
x −

x Î        x ≠ 1
5

(a) State the range of f
(1)

(b) Find gf (1.8)
(2)

(c) Find g–1(x)
(2)
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34.

y

xO

Figure 4

Figure 4 shows a sketch of the graph with equation

y = | 2x – 3k |

	 where k is a positive constant.

(a) Sketch the graph with equation y = f (x) where

f (x) = k – | 2x – 3k |

		  stating 
• the coordinates of the maximum point
• the coordinates of any points where the graph cuts the coordinate axes

(4)

(b) Find, in terms of k, the set of values of x for which

k – | 2x – 3k | > x – k

giving your answer in set notation.
(4)

(c) Find, in terms of k, the coordinates of the minimum point of the graph with equation

y = 3 – 5f  1
2

x�
�
�

�
�
�

(2)
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Question 34 continued 
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Question 34 continued 
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35.
y

O

P

x

Figure 2

Figure 2 shows a sketch of the graph with equation  

y = 2 | x + 4 | − 5

The vertex of the graph is at the point P, shown in Figure 2. 

(a) Find the coordinates of P.
(2)

(b) Solve the equation

3x + 40 = 2 | x + 4 | − 5
(2)

A line l has equation  y = ax, where a is a constant. 

Given that l intersects  y = 2 | x + 4 | − 5  at least once,

(c) find the range of possible values of a, writing your answer in set notation.
(3)
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Question 35 continued 
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Question 35 continued 
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36. 
y

O x

Figure 4

Figure 4 shows a sketch of the graph of  y ) ,  where 

g( )
( )

x
x
x

x
x

=
− +
−

⎧
⎨
⎩

2 1
4 7

2
2

2

(a) Find the value of  gg(0).
(2)

(b) Find all values of x for which

)  28
(4)

The function h is defined by 

) = (x
2
 + 1    x  2

(c) Explain why h has an inverse but g does not.
(1)

(d) Solve the equation

h (x) = − 1
2

(3)
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Question 36 continued 
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Question 36 continued 
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37.

g(x) = 
2 5

3

x
x

+
−

      x  5

(a) Find gg(5).
(2)

(b) State the range of g.
(1)

(c) Find g−1(x), stating its domain.
(3)
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38.

(3)

(i) Sketch the graph of y = |x| + 3

(ii)Explain why |x| + 3  |x + 3| for all real values of x.
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Question 38 continued 
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39.

f (x) = −3x3 + 8x2 − 9x + 10,    x ∈ 

(a) (i)	 Calculate f (2)

(ii) Write f (x) as a product of two algebraic factors.
(3)

Using the answer to (a)(ii),

(b) prove that there are exactly two real solutions to the equation

−3y 6 + 8y 4 − 9y 2 + 10 = 0
 (2)

(c) deduce the number of real solutions, for  7π  θ < 10π,  to the equation

3 tan3θ − 8 tan2θ + 9 tanθ − 10 = 0
(1)
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Question 39 continued 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________

(Total for Question 39 is 6 marks)

100



40.

H

xO
Figure 1

Figure 1 is a graph showing the trajectory of a rugby ball. 

The height of the ball above the ground, H metres, has been plotted against the horizontal 
distance, x metres, measured from the point where the ball was kicked.

The ball travels in a vertical plane. 

The ball reaches a maximum height of 12 metres and hits the ground at a point 40 metres 
from where it was kicked.

(a) Find a quadratic equation linking H with x that models this situation.
(3)

The ball passes over the horizontal bar of a set of rugby posts that is perpendicular to the 
path of the ball.  The bar is 3 metres above the ground.

(b) Use your equation to find the greatest horizontal distance of the bar from O.
(3)

(c) Give one limitation of the model.
(1)
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(Total for Question 40 is 7 marks)
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41. (a) Sketch the graph with equation

y = |2x – 5|

stating the coordinates of any points where the graph cuts or meets the coordinate axes.
(2)

(b) Find the values of x which satisfy

|2x – 5| > 7
(2)

(c) Find the values of x which satisfy

|2x – 5| > x – 5
2

Write your answer in set notation.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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Question 41 continued 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 
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(Total for Question 41 is 6 marks)
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42. The line l has equation

3x – 2y = k

	 where k is a real constant.

Given that the line l intersects the curve with equation 

y = 2x2 – 5

at two distinct points, find the range of possible values for k.
(5)
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Question 42 continued 

_____________________________________________________________________________________ 
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(Total for Question 42 is 5 marks)
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DONO

43.

f ( ! ) = 2 x " − 5 x 2 # "! # "

$%&'( )*+) ,! + 2) is a factor of f ( ! ), find the value of the constant "-
(3)

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

.....................................................................................

TWRITE
INTHISAREA

(Total for Question 43 is 3 marks)

 In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.
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44. Given 
' (!) = e!, x � �

J (!) = �ln!, x ! �,  x � �

(a) find an e[Sression for Jf(!), siPSlif\inJ \our ansZer�
(2)

(E) 6hoZ that there is onl\ one real value of ! for Zhich Jf(!) = fJ(!)
(3)

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
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)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

(Total for Question 44 is 5 marks)
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45. &oPSlete the taEle EeloZ� 7he first one has Eeen done for \ou�

)or each statePent \ou Pust state if it is alZa\s true, soPetiPes true or never true, 
JivinJ a reason in each case�

!"#"$%$&" $lZa\s 
7rue

6oPetiPes
7rue

1ever 
7rue 5eason

7he Tuadratic eTuation
!"2 ( #" ( $ = �, (! ¹ �)
has 2 real roots� 9

,t onl\ has 2 real roots Zhen
#2 ± �!$ > ��
)*$& #2 ± �!$ = � it has � real 
root and Zhen #2 ± �!$ < � it has 
� real roots�

(i)

:hen a real value of " is 
suEstituted into
"2 ± �" + �� the result is 
Sositive�

(2)
(ii)

,f !" > # "*$& " #
!

>

(2)
(iii)

7he difference EetZeen 
consecutive sTuare 
nuPEers is odd�

(2)

(Total for Question 45 is 6 marks)
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46. !

"#

\ = ! # x )

Figure 2

)iJure 2 shoZs a sNetch of Sart of the JraSh ! = f ( " ), Zhere

f ( " ) = 2_� − "_ + 5,  " . �
(a) 6tate the ranJe of f

(1)

(E) 6olve the eTuation 

f ( " ) = 
$
2
" + ��

(3)

*iven that the eTuation f ( " ) = $, Zhere $ is a constant, has tZo distinct roots,

(c) state the set of SossiEle values for $%
(2) 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
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&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
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&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
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(Total for Question 46 is 6 marks)

Question 46 continued
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Leave 
blank

47. (i) Simplify

48
6

3
−

Write your answer in the form a 3, where a is an integer to be found.
(2)

(ii) Solve the equation

36 x – 3 = 81

Write your answer as a rational number.  
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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blank

Question 47 continued 

___________________________________________________________________________ 
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(Total 5 marks)
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Leave 
blank

48.	 f ( x ) = x 2 – 10x + 23

(a) Express f ( x ) in the form ( x + a )2 + b, where a and b are constants to be found.
(2)

(b) Hence, or otherwise, find the exact solutions to the equation

x 2 – 10x + 23 = 0
(2)

(c) Use your answer to part (b) to find the larger solution to the equation

y – 10y0.5 + 23 = 0

Write your solution in the form p q r+ , where p, q and r are integers.
(2)

___________________________________________________________________________
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blank

Question 48 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 
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(Total 6 marks)
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Leave 
blank

49.
y

(2, 7)

(0, 4)

O (5, 0) x

y = 1

Figure 1

Figure 1 shows the sketch of a curve with equation y = f ( x ), x ∈ .

The curve crosses the y‑axis at (0, 4) and crosses the x‑axis at (5, 0).

The curve has a single turning point, a maximum, at (2, 7).

The line with equation y = 1 is the only asymptote to the curve.

(a) State the coordinates of the turning point on the curve with equation y = f ( x – 2).
(1)

(b) State the solution of the equation f ( 2 x ) = 0
(1)

(c) State the equation of the asymptote to the curve with equation y = f (–x ).
(1)

Given that the line with equation y = k, where k is a constant, meets the curve y = f ( x ) at 
only one point,

(d) state the set of possible values for k.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

118



Leave 
blank

Question 49 continued 
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blank

Question 49 continued 
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Leave 
blank

Question 49 continued 

___________________________________________________________________________ 
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(Total 5 marks)
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Leave 
blank

The equation 20x 2 = 4k x – 13k x 2 + 2, where k is a constant, has no real roots.

(a) Show that k satisfies the inequality

2k 2 + 13k + 20 < 0
(4)

(b) Find the set of possible values for k.
(4)
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50.
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Question 50 continued 

___________________________________________________________________________ 
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(Total 8 marks)
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Leave 
blank

51. f (x) = x2 – 8x + 19 

(a) Express f (x) in the form (x + a)2 + b, where a and b are constants.
(2)

The curve C with equation y = f (x) crosses the y-axis at the point P and has a minimum 
point at the point Q.

(b) Sketch the graph of C showing the coordinates of point P and the coordinates of
point Q.

(3)

(c) Find the distance PQ, writing your answer as a simplified surd.
(3)

___________________________________________________________________________
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blank

Question 51 continued

___________________________________________________________________________

___________________________________________________________________________
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(Total 8 marks)
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Leave 
blank

(a) On separate axes sketch the graphs of

(i) y = –3x + c, where c is a positive constant,

(ii) y
x

= +1
5

On each sketch show the coordinates of any point at which the graph crosses the 
y-axis and the equation of any horizontal asymptote.

(4)

Given that y = –3x + c, where c is a positive constant, meets the curve y
x

= +1
5 at two 

distinct points, 

(b) show that (5 – c)2 12
(3)

(c) Hence find the range of possible values for c.
(4)

52.
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blank

Question 52 continued
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Question 52 continued 
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Question 52 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 11 marks)
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Leave 
blank

53. (a) Simplify

50 18−

giving your answer in the form a 2 , where a is an integer.
(2)

(b) Hence, or otherwise, simplify

12 3

50 18−

giving your answer in the form b c , where b and c are integers and b
(3)
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
(Total 5 marks)
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54. 

Figure 1

Figure 1 shows a sketch of part of the curve with equation y = f(x). The curve has a 
maximum point A at (–2, 4) and a minimum point B at (3, –8) and passes through the 
origin O.

On separate diagrams, sketch the curve with equation

(a) y = 3f(x),
(2)

(b) y = f(x) – 4
(3)

On each diagram, show clearly the coordinates of the maximum and the minimum points 
and the coordinates of the point where the curve crosses the y-axis.

A (–2, 4)

y

xO

B (3, –8)

(Total 5 marks)
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55. Solve the simultaneous equations

y + 4x + 1    = 0

y2 + 5x2 + 2x = 0
(6)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________
(Total 6 marks)
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The straight line with equation y = 3x – 7 does not cross or touch the curve with
equation y = 2px2 – 6px + 4p, where p is a constant.

(a)  Show that 4p2 – 20p + 9 < 0
(4)

(b) Hence find the set of possible values of p.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

56. 

(Total 8 marks)
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Simplify

(a) (2
2√ 5)

(1)

(b)
√2

√ 5 − 3√22
 giving your answer in the form a b+ √ , where a and b are integers.

(4)
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

57.

(Total 5 marks)
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58. Solve the simultaneous equations

y – 2x – 4 = 0

4x2 + y2 + 20x = 0
(7) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 7 marks)
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59. The equation
(p – 1)x2 + 4x + (p – 5) = 0, where p is a constant

has no real roots.

(a) Show that p satisfies p2 – 6p + 1 � 0
(3)

(b) Hence find the set of possible values of p.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 59 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 7 marks)
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(a) Factorise completely 9x – 4x3

(3)

(b) Sketch the curve C with equation

y = 9x – 4x3

  Show on your sketch the coordinates at which the curve meets the x-axis.
(3)

The points A and B lie on C and have x coordinates of –2 and 1 respectively.

(c) Show that the length of AB is k √10  where k is a constant to be found.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

60.
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Question 60 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 10 marks)
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Find the set of values of x for which

(a) 3x – 7 > 3 – x
(2)

(b) x2 – 9x  36
(4)

(c) both  3x – 7 > 3 – x  and  x2 – 9x  36
(1) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

61.

(Total 7 marks)
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62. 

Figure 1

 Figure 1 shows a sketch of the curve C with equation

y
x

= +1 1,     x  0

 The curve C crosses the x-axis at the point A.

(a) State the x coordinate of the point A.
(1)

The curve D has equation  y = x2(x – 2), for all real values of x.

(b) A copy of Figure 1 is shown on the next page.
On this copy, sketch a graph of curve D.
Show on the sketch the coordinates of each point where the curve D crosses the
coordinate axes.

(3)

(c) Using your sketch, state, giving a reason, the number of real solutions to the equation

x2(x – 2) = 1 1
x

+

(1)

A

y

C

xO
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Question 62 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

Figure 1

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

A

y

C

xO

(Total 5 marks)
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63. (a) Write 80 in the form c , where c is a positive constant.
(1)

A rectangle R has a length of (1 + 5) cm and an area of 80 cm2.

(b) Calculate the width of R in cm.  Express your answer in the form p + q 5, where p
and q are integers to be found.

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
(Total 5 marks)
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64. Given that

f(x) = 2x2 + 8x + 3

(a) find the value of the discriminant of f(x).
(2)

(b) Express f(x) in the form  p(x + q)2 + r  where p, q and r are integers to be found.
(3)

The line y = 4x + c, where c is a constant, is a tangent to the curve with equation  y = f(x).

(c) Calculate the value of c.
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 64 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 10 marks)
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65. Factorise fully  25x – 9x3

(3) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 3 marks)
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66. Solve the equation

10 8
6

2
+ =x x√

√

Give your answer in the form a√b  where a and b are integers.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
(Total 4 marks)
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67.

Figure 1

Figure 1 shows the plan of a garden.  The marked angles are right angles.

The six edges are straight lines.

The lengths shown in the diagram are given in metres.

Given that the perimeter of the garden is greater than 40 m,

(a) show that  x  1.7
(3)

Given that the area of the garden is less than 120 m2,

(b) form and solve a quadratic inequality in x.
(5)

(c) Hence state the range of the possible values of x.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Diagram NOT 
to scale

2x + 1

6x + 3

4x

2x
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Question 67 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________
(Total 9 marks)
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68. The curve C has equation y x= +1

3
8

2

The line L has equation y = 3x + k, where k is a positive constant.

(a) Sketch C and L on separate diagrams, showing the coordinates of the points at which
C and L cut the axes.

(4)

Given that line L is a tangent to C,

(b) find the value of k.
(5)

150
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blankQuestion 68 continued

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 9 marks)
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69. Simplify

7 5
5 1
+

−

giving your answer in the form a b+ 5 , where a and b are integers.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 4 marks)
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Find the set of values of x for which

(a) 2(3x + 4) > 1 – x
(2)

(b) 3x2 + 8x – 3 < 0
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

70.
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Question 70 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 6 marks)
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71. 

Figure 1

Figure 1 shows a sketch of the curve with equation y = f(x) where 

f(x) = (x + 3)2 (x – 1),      x ���.

The curve crosses the x-axis at (1, 0), touches it at (–3, 0) and crosses the y-axis at (0, –9) 

(a) In the space below, sketch the curve C with equation y = f(x + 2) and state the
coordinates of the points where the curve C meets the x-axis.

(3)

(b) Write down an equation of the curve C.
(1)

(c) Use your answer to part (b) to find the coordinates of the point where the curve C
meets the y-axis.

(2)

y

x

–9

–3 1O
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Question 71 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

156



Leave 
blankQuestion 71 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 6 marks)
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72. 

f'( ) ( ) ,x x
x

x= − ≠3 0
2 2

2

(3)

Show that f '(x) = 9x–2 + A + Bx2,

where A and B are constants to be found.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 72 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 3 marks)
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73. Given the simultaneous equations

2x + y = 1
x2 – 4ky + 5k = 0

where k is a non zero constant,

(a) show that

x2 + 8kx + k = 0
(2)

 Given that x2 + 8kx + k = 0 has equal roots,

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

(c) For this value of k, find the solution of the simultaneous equations.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 73 continued 
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___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________
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Question 73 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 
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___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________
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Question 73 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 8 marks)
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74.

Figure 2

Figure 2 shows a sketch of the curve H with equation y
x

= +3 4 ,  x�����

(1)

(2)

Give the coordinates of the point where H crosses the x-axis.

Give the equations of the asymptotes to H.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

y

xO

(a) 

(b)
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Question 74 continued 
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___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 3 marks)
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166
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167
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168
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169



 76  
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171



 77  

172



 77  
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Leave 
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Factorise completely x x− 4 3

(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 3 marks)
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79. (i) Express

5 8 1 2− √( ) + √( )
in the form a b+ √ 2 , where a and b are integers.

(3)

(ii) Express

√ +
√

80 30
5

in the form c √5 , where c is an integer.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 6 marks)
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80.

Figure 1 shows a sketch of the curve with equation y x x= ≠2 0,

The curve C has equation y x x= − ≠2 5 0, ,  and the line l has equation y x= +4 2

(a) Sketch and clearly label the graphs of C and l on a single diagram.

On your diagram, show clearly the coordinates of the points where C and l cross the
coordinate axes.

 (5)

(b) Write down the equations of the asymptotes of the curve C.
 (2)

(c) Find the coordinates of the points of intersection of y x= −2 5 and y x= +4 2
 (5)

y

xO

Figure 1
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Question 80 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
(Total 12 marks)
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Leave 
blank81. The equation

k x x k+( ) + + =3 6 52 , where k is a constant,

has two distinct real solutions for x.

(a) Show that k satisfies

k k2 2 24 0− − <
(4)

(b) Hence find the set of possible values of k.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 7 marks)
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82. 4 8 32 2x x a x b c+ + ≡ +( ) +

(a) Find the values of the constants a, b and c.
(3)

(b) On the axes on page 27, sketch the curve with equation y x x= + +4 8 32 , showing
clearly the coordinates of any points where the curve crosses the coordinate axes.

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 82 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

y

xO

(Total 7 marks)
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83. Show that                     can be written in the form �a + �b, where a and b are integers.
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

2
12 8√ √( ) − ( )
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Question 83 continued 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 5 marks)
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84. 4x – 5 – x2 = q – (x + p)2

where p and q are integers.

(a) Find the value of p and the value of q.
(3)

(b) Calculate the discriminant of 4x – 5 – x2

(2)

(c) On the axes on page 17, sketch the curve with equation y = 4x – 5 – x2 showing clearly
the coordinates of any points where the curve crosses the coordinate axes.

(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 84 continued

O x

y

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 8 marks)
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85. 

x

y

A

C
(3, 27)

O

Figure 1

Figure 1 shows a sketch of the curve C with equation y = f(x) where 

f (x) = x2(9 – 2x)

There is a minimum at the origin, a maximum at the point (3, 27) and C cuts the x-axis at 
the point A.

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

(b) On separate diagrams sketch the curve with equation

(i) y = f(x + 3)

(ii) y = f(3x)

On each sketch you should indicate clearly the coordinates of the maximum point and 
any points where the curves cross or meet the coordinate axes.

(6)

The curve with equation y = f (x) + k, where k is a constant, has a maximum point at (3, 10).

(c) Write down the value of k.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

185



Leave 
blank

Question 85 continued 
___________________________________________________________________________ 
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___________________________________________________________________________ 
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Question 85 continued 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 8 marks)
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blank

86. (a) Simplify
√ + √32 18

giving your answer in the form a √ 2 , where a is an integer.
(2)

(b) Simplify √ + √
+ √

32 18
3 2

giving your answer in the form b c√ +2 , where b and c are integers.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 6 marks)
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Find the set of values of x for which

(a) 4 5 15x x− −
(2)

(b) x x( )− 4 12
(4) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

87. 

(Total 6 marks)
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The curve C has equation y x x= −( )5  and the line L has equation 2 5 4y x= +

(a) Use algebra to show that C and L do not intersect.
(4)

(b) In the space on page 11, sketch C and L on the same diagram, showing the coordinates
of the points at which C and L meet the axes.

(4) 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

88. 

(Total 8 marks)
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89. The curve C1 has equation

y x x= +2 2( )

(a) Find
d
d
y
x

(2)

(b) Sketch C1 , showing the coordinates of the points where C1  meets the x-axis.
(3)

(c) Find the gradient of C1  at each point where C1  meets the x-axis.
(2)

 The curve C2  has equation 

y x k x k= − − +( ) ( )2 2

 where k is a constant and k 2

(d) Sketch C2 , showing the coordinates of the points where C2  meets the x and y axes.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

191



Leave 
blank

Question 89 continued

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 10 marks)
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90. Solve the simultaneous equations

2 2

2
4 11
x y

y x
+ =

− = (7)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 7 marks)
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91.

 where k is a real constant.

(a) Find the discriminant of f (x) in terms of k.
(2)

(b) Show that the discriminant of f (x) can be expressed in the form 2( ) ,k a b+ +  where
a and b are integers to be found.

(2)

(c) Show that, for all values of k, the equation f ( ) 0x =  has real roots.
(2) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

2f ( ) ( 3)x x k x k= + + +

(Total 6 marks)
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92.

(3, 1)

y

C

xO 6

Figure 1

Figure 1 shows a sketch of the curve C with equation f ( ).y x=
 The curve C passes through the origin and through (6, 0).
 The curve C has a minimum at the point (3, 1).

On separate diagrams, sketch the curve with equation

(a) f (2 ),y x=
(3)

(b) f ( ),y x= −
(3)

(c) f ( ),y x p= +  where p is a constant and 0 3.p
(4)

On each diagram show the coordinates of any points where the curve intersects the x-axis
and of any minimum or maximum points.

195
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Question 92 continued

(Total 10 marks)
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93. Simplify

5 2 3
3 1

−
−

giving your answer in the form 3,p q+  where p and q are rational numbers.
(4)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 4 marks)
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94.

Figure 1

Figure 1 shows a sketch of the curve with equation f ( )y x=  where 

f ( )
2

xx
x

=
−

,      2x ≠

The curve passes through the origin and has two asymptotes, with equations 1y =  and 
2x = , as shown in Figure 1.

(a) In the space below, sketch the curve with equation f ( 1)y x= −  and state the equations
of the asymptotes of this curve.

(3)

(b) Find the coordinates of the points where the curve with equation f ( 1)y x= −  crosses
the coordinate axes.

(4)

y

O x

y  1

x  2
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Question 94 continued 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 7 marks)
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The equation 2 ( 3) (3 2 ) 0,x k x k+ − + − =  where k is a constant, has two distinct real
roots.

(a) Show that k satisfies

2 2 3 0k k+ −
(3)

(b) Find the set of possible values of k.
(4) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

95.

(Total 7 marks)
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blank

(a) On the axes below, sketch the graphs of

(i) ( 2)(3 )y x x x= + −

(ii) 2y
x

= −

showing clearly the coordinates of all the points where the curves cross the coordinate 
axes.

(6)

(b) Using your sketch state, giving a reason, the number of real solutions to the equation

2( 2)(3 ) 0x x x
x

+ − + =
(2)

y

x

96.

(Total 8 marks)
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97. Write
√ (75)–√ (27)

in the form k √x, where k and x are integers.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 2 marks)
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blank

Find the set of values of x for which

(a) 3(x – 2) < 8 – 2x
(2)

(b) (2x – 7)(1 + x) < 0
(3)

(c) both  3(x – 2) < 8 – 2x  and  (2x – 7)(1 + x) < 0
(1) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

98.

(Total 6 marks)
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99. (a) Show that  x2 +6x + 11 can be written as

(x + p)2 +q

  where p and q are integers to be found.
(2)

(b) In the space at the top of page 7, sketch the curve with equation 2 6 11,y x x= + +
showing clearly any intersections with the coordinate axes.

(2)

(c) Find the value of the discriminant of  x2 +6x + 11 
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 99 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 6 marks)
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100.

Figure 1

Figure 1 shows a sketch of the curve with equation  y = f (x). The curve has a maximum 
point A at (–2, 3) and a minimum point B at (3, – 5).

On separate diagrams sketch the curve with equation

(a) y = f (x + 3)
(3)

(b) y = 2f (x)
(3)

On each diagram show clearly the coordinates of the maximum and minimum points.

The graph of  y = f (x) + a  has a minimum at (3, 0), where a is a constant.

(c) Write down the value of a.
(1)

y

x

A ( 2, 3)

B (3, 5)

O

×

×
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blank

Question 100 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 7 marks)
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(a) On the axes below sketch the graphs of

(i) y = x (4 – x)

(ii) y = x2 (7 – x)

showing clearly the coordinates of the points where the curves cross the coordinate 
axes.

(5)

(b) Show that the x-coordinates of the points of intersection of

y = x (4 – x)   and   y = x2 (7 – x) 

are given by the solutions to the equation  x(x2 – 8x + 4) = 0
(3)

 The point A lies on both of the curves and the x and y coordinates of A are both positive.

(c) Find the exact coordinates of A, leaving your answer in the form ( 3p q+ √ , 3),r s+ √
where p, q, r and s are integers.

(7)

y

x

101.
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Question 101 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 15 marks)
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102. (a)  Expand and simplify (7 + √5)(3 – √5).
(3)

(b) Express 7 5
3 5
+ √
+ √

 in the form a b+ √5, where a and b are integers.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
(Total 6 marks)
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103. Solve the simultaneous equations

y x− + =3 2 0

y x x2 26 0− − =
(7)
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Question 103 continued 
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(Total 7 marks)
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104.

Figure 1

Figure 1 shows a sketch of part of the curve with equation y = f(x). 

The curve has a maximum point (−2, 5) and an asymptote y = 1, as shown in Figure 1.

On separate diagrams, sketch the curve with equation

(a) y = f(x) + 2
(2)

(b) y = 4f(x)
(2)

(c) y = f(x + 1)
(3)

On each diagram, show clearly the coordinates of the maximum point and the equation of 
the asymptote.

xO

y

y = f(x)

y = 1

(–2, 5)
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Question 104 continued
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Question 104 continued
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Question 104 continued

(Total 7 marks)
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(a) Factorise completely x x3 4−
(3)

(b) Sketch the curve C with equation

y x x= −3 4 ,

showing the coordinates of the points at which the curve meets the x-axis.
(3)

 The point A with x-coordinate −1 and the point B with x-coordinate 3 lie on the curve C. 

(c) Find an equation of the line which passes through A and B, giving your answer in the
form y = mx + c, where m and c are constants.

(5)

(d) Show that the length of AB is k √10, where k is a constant to be found.
(2)

___________________________________________________________________________
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Question 105 continued 
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Question 105 continued 
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Question 105 continued 
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106. f(x) = + + +x kx k2 4 3 11( ),     where k is a constant.

(a) Express f(x) in the form ( )x p q+ +2 , where p and q are constants to be found in terms
of k.

(3)

Given that the equation f(x) = 0 has no real roots,

(b) find the set of possible values of k.
(4)

Given that k = 1,

(c) sketch the graph of y = f(x), showing the coordinates of any point at which the graph
crosses a coordinate axis.

 (3)
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Question 106 continued 
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Question 106 continued 
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Question 106 continued 
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107. Simplify

(a) 
2

3 7√(        )
(1)

(b) 8 5 2 5+ √(            )(            )− √
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Find the set of values of x for which

(a) 4x – 3 > 7 – x
(2)

(b) 2x2 – 5x – 12 < 0
(4)

(c) both 4x – 3 > 7 – x and 2x2 – 5x – 12 < 0
(1) 
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(Total 7 marks)
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109. The equation  x2 + 3px + p = 0,  where p is a non-zero constant, has equal roots.

Find the value of p.
(4) 
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(a) Factorise completely x3 – 6x2 + 9x
(3)

(b) Sketch the curve with equation

y = x3 – 6x2 + 9x

showing the coordinates of the points at which the curve meets the x-axis.
(4)

Using your answer to part (b), or otherwise,

(c) sketch, on a separate diagram, the curve with equation

y = (x – 2)3 – 6(x – 2)2 + 9(x – 2)

showing the coordinates of the points at which the curve meets the x-axis.
(2)

___________________________________________________________________________
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110.
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Question 110 continued

(Total 9 marks)
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111. Expand and simplify  (√7 + 2)(√7 – 2).
(2) 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 2 marks)
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112. 

Figure 1

Figure 1 shows a sketch of the curve C with equation y = f(x). There is a maximum at 
(0, 0), a minimum at (2, –1) and C passes through (3, 0).

On separate diagrams sketch the curve with equation

(a)  y = f(x + 3),
(3)

(b) y = f(–x).
(3)

On each diagram show clearly the coordinates of the maximum point, the minimum point 
and any points of intersection with the x-axis.

x

y

O

C

3

(2, –1)
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Question 112 continued

(Total 6 marks)
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The equation kx2 + 4x + (5 – k) = 0, where k is a constant, has 2 different real solutions
for x.

(a) Show that k satisfies
k2 – 5k + 4 > 0.

(3)

(b) Hence find the set of possible values of k.
(4) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 
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113. 

(Total 7 marks)
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The point P (1, a) lies on the curve with equation y = (x + 1)2(2 – x).

(a) Find the value of a.
(1)

(b) On the axes below sketch the curves with the following equations:

(i) y = (x + 1)2(2 – x),

(ii)          .

On your diagram show clearly the coordinates of any points at which the curves meet 
the axes.

(5)

(c) With reference to your diagram in part (b) state the number of real solutions to the
equation

(1)

y x= 2

( ) ( ) .x x x+ =1 2
2 2

–

y

x

114. 
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Question 114 continued 
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___________________________________________________________________________ 
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115. Factorise completely

x3 – 9x.
 (3)

___________________________________________________________________________
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(Total 3 marks)
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116. 

Figure 1

Figure 1 shows a sketch of the curve with equation y = f(x). The curve passes through the 
point (0, 7) and has a minimum point at (7, 0).

On separate diagrams, sketch the curve with equation 

(a) y = f(x) + 3,
(3)

(b) y = f(2x).
(2)

On each diagram, show clearly the coordinates of the minimum point and the coordinates 
of the point at which the curve crosses the y-axis. 

y

(0, 7) y = f(x)

O (7, 0) x

(Total 5 marks)
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117. The curve C has equation           and the line l has equation y = 2x + 5.

(a) On the axes below, sketch the graphs of C and l, indicating clearly the coordinates of
any intersections with the axes.

 (3) 

(b) Find the coordinates of the points of intersection of C and l.
(6)

y
x

= 3

x

y

O

238



Leave 
blank

Question 117 continued 
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Given that the equation 2qx2 + qx – 1 = 0, where q is a constant, has no real roots,

(a) show that q2 + 8q < 0.
(2)

(b) Hence find the set of possible values of q.
(3) 
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118. 

(Total 5 marks)
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119. Simplify

5 3

2 3

−
+

 ,

giving your answer in the form a + b√3, where a and b are integers.
(4)
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120.

Figure 1

Figure 1 shows a sketch of the curve with equation y = f(x).  The curve crosses the x-axis 
at the points (1, 0) and (4, 0).  The maximum point on the curve is (2, 5).
In separate diagrams sketch the curves with the following equations.  
On each diagram show clearly the coordinates of the maximum point and of each point at 
which the curve crosses the x-axis.

(a) y = 2f(x),
(3)

(b) y = f(–x).
(3)

The maximum point on the curve with equation y = f(x + a) is on the y-axis.

(c) Write down the value of the constant a.
(1)

y

x1 4

(2, 5)
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Question 120 continued

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

(Total 7 marks)
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121. The equation

x kx k2 8+ + =

has no real solutions for x.

(a) Show that k satisfies .
(3)

(b) Hence find the set of possible values of k.
(4) 
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___________________________________________________________________________ 
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122. The curve C has equation

y x x= + −( )( )3 1 2 .

(a) Sketch C showing clearly the coordinates of the points where the curve meets the
coordinate axes.

(4)

(b) Show that the equation of C can be written in the form

y x x x k= + − +3 2 5 ,

  where k is a positive integer, and state the value of k.
(2)
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Question 122 continued 
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123. f ( x) = 24x 3 + Ax 2 − 3x + B

	 where A and B are constants.

When f ( x) is divided by (2x − 1) the remainder is 30

(a) Show that A + 4B = 114
(2)

Given also that ( x + 1) is a factor of f ( x),

(b) find another equation in A and B.
(2)

(c) Find the value of A and the value of B.
(2)

(d) Hence find a quadratic factor of f ( x).
(2)
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Question 123 continued 
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Question 123 continued 
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Question 123 continued 
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124. f(x) = –6x3 – 7x2 + 40x + 21

(a) Use the factor theorem to show that (x + 3) is a factor of f(x)
(2)

(b) Factorise f(x) completely.
(4)

(c) Hence solve the equation

6(23y) + 7(22y) = 40(2y) + 21

giving your answer to 2 decimal places.
(3)
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Question 124 continued 
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Question 124 continued 
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Question 124 continued 
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125. f (x) = 6x3 + 13x2 – 4

(a) Use the remainder theorem to find the remainder when f(x) is divided by (2x + 3).
(2)

(b) Use the factor theorem to show that (x + 2) is a factor of f (x).
(2)

(c) Factorise f (x) completely.
(4) 
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126. f(x) = 6x3 + 3x2 + Ax + B, where A and B are constants.

 Given that when f(x) is divided by (x + 1) the remainder is 45,

(a) show that B – A = 48
(2)

 Given also that (2x + 1)  is a factor of f(x),

(b) find the value of A and the value of B.
(4)

(c) Factorise f(x) fully.
(3)
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Question 126 continued 
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127. f(x) = 2x3 – 7x2 + 4x + 4

(a) Use the factor theorem to show that (x – 2) is a factor of f(x).
(2)

(b) Factorise f(x) completely.
(4) 
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128. (a) Sketch the graph of

y = 3x,   x  

showing the coordinates of any points at which the graph crosses the axes.
(2)

(b) Use algebra to solve the equation

32x – 9(3x ) + 18 = 0

giving your answers to 2 decimal places where appropriate.
(5)
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Question 128 continued 
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129. f(x) = –4x3 + ax2 + 9x – 18,  where a is a constant.

Given that (x – 2) is a factor of f(x),

(a) find the value of a,
(2)

(b) factorise f(x) completely,
(3)

(c) find the remainder when f(x) is divided by (2x – 1).
(2) 
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130. f(x) = 2x3 – 5x2 + ax + 18

where a is a constant.

Given that (x – 3) is a factor of f(x),

(a) show that a = – 9
(2)

(b) factorise f(x) completely.
(4)

Given that 

g(y) = 2(33y) – 5(32y) – 9(3 y) + 18

(c) find the values of y that satisfy g(y) = 0, giving your answers to 2 decimal places
where appropriate.

(3)
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Question 130 continued 
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f ( )x ax bx x= + − −3 2 4 3, where a and b are constants.

Given that (x – 1)  is a factor of f(x),

Show that
a  +  b  =  7

(2)
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132. f(x) = 2x3 – 7x2 – 10x + 24

(a) Use the factor theorem to show that (x + 2) is a factor of f(x).
(2)

(b) Factorise f(x) completely.
(4) 
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133. f ( )x x x x= − − +2 7 5 43 2

(a) Find the remainder when f (x) is divided by (x –1).
(2)

(b) Use the factor theorem to show that (x+1) is a factor of f (x).
(2)

(c) Factorise f (x) completely.
(4) 
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(a) Sketch the graph of 7 ,  xy x= ∈ , showing the coordinates of any points at which the
graph crosses the axes.

(2)

(b) Solve the equation

27 4(7 ) 3 0x x− + =

giving your answers to 2 decimal places where appropriate.
(6)

134.

(Total 8 marks)
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135. f ( )x x x x= − − +3 5 58 403 2

(a) Find the remainder when )(f x  is divided by )3( −x .
(2)

 Given that )5( −x  is a factor of )(f x ,

(b) find all the solutions of f ( ) 0x = .
    (5) 
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136.  

(a) Use the factor theorem to show that (x + 4) is a factor of f (x).
 (2)

(b) Factorise f (x) completely.
(4)
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137. The function f is defined by

f ( ) ,x
x x x

x=
+

+
−

+
−

6
2 5

2
2 5

60
4 252

> 4

(a) Show that f ( x) =
A

Bx C+
where A, B and C are constants to be found.

(4)

(b) Find f −1(x) and state its domain.
(3)
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Question 137 continued 
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Question 137 continued 
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Question 137 continued 
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138. y

y = f ( x)

O x

Figure 2

Figure 2 shows part of the graph with equation y = f ( x), where

f ( x) = 2 | 5 − x | + 3,    x  0

Given that the equation f ( x) = k, where k is a constant, has exactly one root,

(a) state the set of possible values of k.
(2)

(b) Solve the equation f ( x) =
1
2

x + 10

(4)

Thegraphwithequation y = f ( x) is transformedonto thegraphwithequation y = 4f ( x − 1). 
The vertex on the graph with equation y = 4f ( x − 1) has coordinates (p, q).

(c) State the value of p and the value of q.
(2)
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Question 138 continued 
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Question 138 continued 
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Question 138 continued 
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139. Express 4

9

2

3
2

x
x x−

−
+

 as a single fraction in its simplest form.
(4)
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Question 139 continued 
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140. 

O x

y

Figure 1

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

g(x) = 3 + x + 2 ,    x  –2

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

(b) Find g–1(x) and state its domain.
(3)

(c) Find the exact value of x for which

g(x) = x
(4)

(d) Hence state the value of a for which

g(a) = g–1(a)
(1)
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Question 140 continued 
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Question 140 continued 
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Question 140 continued 
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Given that a and b are positive constants,

(a) on separate diagrams, sketch the graph with equation

(i) y = 2x – a

(ii) y = 2x – a + b

Show, on each sketch, the coordinates of each point at which the graph crosses or meets 
the axes. 

(4)

Given that the equation

2x – a  + b = 
3

2
x + 8

has a solution at x = 0 and a solution at x = c,

(b) find c in terms of a.
(4)

141. 
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Question 141 continued
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Question 141 continued 
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Question 141 continued 
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142. The functions f and g are defined by

f

g

: ,

: , ,

x x x

x
x

x x

→ − ∈

→
−

≠ ∈

7 1

4

2
2

(a) Solve the equation fg(x) = x
(4)

(b) Hence, or otherwise, find the largest value of a such that g(a) = f (a)
(1) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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143.

x

y

O

A

B

g(x)

Figure 1

y = g(x), where 

g(x) = 4e2x – 25 ,   x 

The curve cuts the y-axis at the point A and meets the x-axis at the point B.  The curve has 
an asymptote y = , where 

Find, giving each answer in its simplest form,

(i) the y coordinate of the point A,

(ii) the exact x coordinate of the point B,

(iii) the value of the constant .
(5)
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Question 143 continued 
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(a) For ,
2 2

− π πy� � y = g(x) where

g(x) = arcsin  
(2)

(b) Find the exact value of x for which

3g(  = 0
(3)

144.

(Total 5 marks)
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145. Given that

f (x) = 2ex – 5,     x��

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

(i) y = f (x)

(ii) y = | f (x) |

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.
(6)

(b) Deduce the set of values of x for which f (x) = | f (x) |
(1)

(c) Find the exact solutions of the equation | f (x) | = 2
(3)
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Question 145 continued
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___________________________________________________________________________ 
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146.

y

O x

Figure 2

Figure 2 shows a sketch of part of the curve with equation

g(x) = x2(1 – x)e–2x,    x . 0

(a) Show that g' ( )x  = f (x)e–2x, where f(x) is a cubic function to be found.
(3)

(b) Hence find the range of g.
(6)

(c) State a reason why the function g–1(x) does not exist.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 146 continued 
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147. 

Figure 1

Figure 1 shows part of the graph with equation y = f (x), x  .

The graph consists of two line segments that meet at the point Q (6, –1).

The graph crosses the y-axis at the point P(0, 11).

Sketch, on separate diagrams, the graphs of 

(a) y = | f (x) |
(2)

(b) y = 2f (– x) + 3
(3)

On each diagram, show the coordinates of the points corresponding to P and Q.

Given that f (x) = a |x – b |  – 1, where a and b are constants,

(c) state the value of a and the value of b.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

x

y

P(0, 11)

Q(6, –1)
O

y = f(x)
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Question 147 continued

(Total 7 marks)
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148.
g( )

( )
,x x

x
x

x x
x=

+
+ +

+ −3

3 2 1

6
3

2

(a) Show that g( ) ,x x
x

x= +
−
1

2
3

(4)

(b) Find the range of g.
(2)

(c) Find the exact value of a for which g(a) = g–1(a).
(4)
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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Question 148 continued 
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149. Express

3

2 3

1

2 3

6

4 9
2x x x+

−
−

+
−

as a single fraction in its simplest form.
(4)
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A curve C has equation y = e4x + x4 + 8x + 5

On the axes given on the next page, sketch, on a single diagram, the curves with equations

(i) y = x3,

(ii) y = –2 – e4x

On your diagram give the coordinates of the points where each curve crosses the 
y-axis and state the equation of any asymptotes.

(4)

150.
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Question 150 continued
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___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

y

O x

(Total 4 marks)
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151. (a) Sketch the graph with equation

y = | 4x – 3|

stating the coordinates of any points where the graph cuts or meets the axes.
(2)

Find the complete set of values of x for which

 (b)
| 4x – 3|   2 – 2x

(4)

(c)
| 4x – 3|   3

2
– 2x

(2)
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Question 151 continued

(Total 8 marks)
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152. The function f is defined by

f : x  e2x + k2,   x  ,   k is a positive constant.

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

(b) Find f –1 and state its domain.
(3)

The function g is defined by

g : x  ln(2x),     x 0

(c) Solve the equation
g(x) + g(x2) + g(x3) = 6

giving your answer in its simplest form.
(4)

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

(e) Find, in terms of the constant k, the solution of the equation

fg(x) = 2k2

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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Question 152 continued 
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153. Given that

3 2 5 4
4 4

2
4 3 2

2
2

2
x x x

x
ax bx c dx e

x
x− − −

−
≡ + + + +

−
≠ ±,

find the values of the constants a, b, c, d and e.
(4)
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___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 4 marks)
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154. Given that
f(x) = ln x,    x > 0

sketch on separate axes the graphs of

(i) y = f(x),

(ii) y = | f(x) |,

(iii) y = –f(x – 4).

Show, on each diagram, the point where the graph meets or crosses the x-axis.
In each case, state the equation of the asymptote.

(7)

(Total 7 marks)
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155. The function f has domain –2 � x � 6 and is linear from (–2, 10) to (2, 0) and from (2, 0)
to (6, 4).  A sketch of the graph of y = f(x) is shown in Figure 1.

Figure 1

(a) Write down the range of f.
(1)

(b) Find ff(0).
(2)

The function g is defined by

g : x �
4 3
5

+
−

x
x

,    x ���,   x����

(c) Find g–1(x)
(3)

(d) Solve the equation gf(x) = 16
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

y

10

2–2 6O x
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Question 155 continued 
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156. g( ) ,x x
x x

x= +
+ +

−6 12
3 2

2 02 

(a) Show that g( ) ,x x
x

x= −
+

4 2
1

0
(3)

(b)

Figure 1

Figure 1 shows a sketch of the curve with equation y = g(x), x  0

The curve meets the y-axis at (0, 4) and crosses the x-axis at (2, 0).

On separate diagrams sketch the graph with equation

(i) y = 2g(2x),

(ii) y = g–1(x).

Show on each sketch the coordinates of each point at which the graph meets or crosses the
axes.

(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(0, 4)

O (2, 0) x

y
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Question 156 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 8 marks)
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157.

Figure 2

Figure 2 shows a sketch of the graph with equation y = 2|x | – 5.

The graph intersects the positive x-axis at the point P and the negative y-axis at the
point Q.

(a) State the coordinates of P and the coordinates of Q.
(2)

(b) Solve the equation

2|x | – 5 = 3 – x
(3) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

y

xP

Q

O

y = 2|x | – 5

(Total 5 marks)
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158. (a) On the same diagram, sketch and clearly label the graphs with equations

y = e x and y = 10 – x

Show on your sketch the coordinates of each point at which the graphs cut the axes.
(3)

(b) Explain why the equation e x – 10 + x = 0 has only one solution.
(1)

(c) Show that the solution of the equation

e x – 10 + x = 0

lies between x = 2 and x = 3
(2)
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Question 158 continued
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159.

Figure 3

Figure 3 shows a sketch of the graph of y = f (x) where

f
e

( )
,

,
x

x x
xx=

−

− >


�

�
−

5 2

4

4
42 8



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

(1)

(b) Determine the exact value of ff (0).

(2)

(c) Solve f (x) = 21

Give each answer as an exact answer.
(5)

(d) Explain why the function f does not have an inverse.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

y

x
4

O

316



Leave
blank

Question 159 continued 
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(Total 11 marks)
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(Total 2 marks)
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164. y

x 

y = f (x)

Q(0, 2)

P(–3,0) O 

Figure 1

Figure 1 shows part of the curve with equation y x= f ( ) , x ∈ �.

The curve passes through the points Q( , )0 2 and P( , )−3 0 as shown. 

(a) Find the value of ff ( )−3 .
(2)

On separate diagrams, sketch the curve with equation 

(b) y x= −f 1( ) ,
(2)

(c) y x= −f ( ) 2,
(2)

(d) y x= ( )2 1
2f .

(3)

Indicate clearly on each sketch the coordinates of the points at which the curve crosses or 
meets the axes.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 164 continued

(Total 9 marks)

324



Leave 
blank

165. h( )
( )( )

x x x x x
= + +

+
−

+ +
2

2
4

5
18
5 22 2 ,             x� 0

(a) Show that h( )x x
x

=
+

2
52

(4)

(b) Hence, or otherwise, find ′h ( )x  in its simplest form.
(3)

y

O x 

y = h(x)

Figure 2

Figure 2 shows a graph of the curve with equation y x= h( ) .

(c) Calculate the range of h( )x .
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 165 continued 
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166. Express
2 3 2
9 4

2
3 12

( )x
x x

+
−

−
+

as a single fraction in its simplest form.
 (4)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 
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167.

Figure 2

Figure 2 shows part of the curve with equation y x= f ( )
The curve passes through the points P( . , )−1 5 0 and Q( , )0 5  as shown.

On separate diagrams, sketch the curve with equation

 (a) y x= f ( )
 (2)

(b) y x= f ( )
(2)

(c) y x= 2 3f ( )
(3)

Indicate clearly on each sketch the coordinates of the points at which the curve crosses or 
meets the axes.

O
P

Q

(–1.5, 0)

(0, 5)

y

x
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Question 167 continued

(Total 4 marks)
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168. The functions f and g are defined by

f e: x x� + 2 ,      x ∈�

g : lnx 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 ( )2 3 6x + =
(4)

(d) Find f −1 , the inverse function of f, stating its domain.
(3)

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

 (4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 168 continued 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 14 marks)
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169.

P(–3, 0)

Q(2, –4)

y

xO

Figure 1

Figure 1 shows the graph of equation y = f (x). 

 The points P (–3, 0) and Q (2, –4) are stationary points on the graph.

Sketch, on separate diagrams, the graphs of 

(a) y x= +( )3 2f

(3)

(b) y x= ( )f

(3)

On each diagram, show the coordinates of any stationary points.

(Total 6 marks)
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170. The function f is defined by

f : , ,x
x

x x x
x x�

3 1

2 7 4

1

4

1

2
2

+( )
+ −

−
+

∈R >

(a) Show that f x
x

( ) =
−

1

2 1 (4)

(b) Find f
− ( )1 x

(3)

(c) Find the domain of f
−1

(1)

g lnx x( ) = +( )1

(d) Find the solution of fg x( ) = 1

7
, giving your answer in terms of e.

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 170 continued
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 12 marks)
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171.

Figure 1

Figure 1 shows part of the graph of y = f (x), x .

The graph consists of two line segments that meet at the point R (4, – 3 ), as shown in 
Figure 1.

Sketch, on separate diagrams, the graphs of

(a) y = 2f (x + 4), 
(3)

(b) y = x−f ( ) .
(3)

On each diagram, show the coordinates of the point corresponding to R.

3−

4
O

R

y

x

(Total 6 marks)
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172. The function f is defined by

f : lnx 4 − ( ),x 2+ x ,  x  –1 

(a) Find f −1( ).x
(3)

(b) Find the domain of f −1.
(1)

The function g is defined by 

g e: ,x x�
2

2− x

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

(d) Find the range of fg.
(1) 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 8 marks)
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173. (a) Express

4 1 3
2( 1) 2( 1)(2 1)

x
x x x

− −
− − −

as a single fraction in its simplest form.
(4)

 Given that 

4 1 3f ( )
2( 1) 2( 1)(2 1)

xx
x x x

−= −
− − −

 2 ,       x 1,

(b) show that

3f ( )
2 1

x
x

=
−

(2)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________
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Question 173 continued 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 6 marks)
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174. The function f is defined by

f: x 3 2
5
x

x
−
−

,  x , 5x ≠

(a) Find 1f ( ).x−

(3)

Figure 2

The function g has domain  –1 x 8, and is linear from (–1, –9) to (2, 0) and from 
(2, 0) to (8, 4). Figure 2 shows a sketch of the graph of y = g(x). 

(b) Write down the range of g.
(1)

(c) Find gg(2).
(2)

(d) Find fg(8).
(2)

(e) On separate diagrams, sketch the graph with equation

(i) g( ) ,y x=

(ii) 1g ( ).y x−=

Show on each sketch the coordinates of each point at which the graph meets or cuts 
the axes. 

(4)
(f) State the domain of the inverse function 1g .−

(1)

–6

–9

–1 O

4

y

2 x8
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Question 174 continued 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 13 marks)
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175. The function f is defined by

f : 2 5x x −a ,   

(a) Sketch the graph with equation f ( ),y x=  showing the coordinates of the points where
the graph cuts or meets the axes.

(2)

(b) Solve f ( ) 15 .x x= +
(3)

The function g is defined by

2
g : 4 1x x x− +a ,   ,   0 5x

(c) Find fg(2).

(2)

(d) Find the range of g.
(3)
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Question 175 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 10 marks)
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176. 

Figure 2

Figure 2 shows a sketch of the curve with the equation f ( ),y x=          .
The curve has a turning point at A (3, 4)− and also passes through the point (0, 5).

(a) Write down the coordinates of the point to which A is transformed on the curve with
equation

(i) f ( )y x= ,

(ii) y = 2f ( 1

2
x).

(4)

(b) Sketch the curve with equation

On your sketch show the coordinates of all turning points and the coordinates of the 
point at which the curve cuts the y-axis.

(3)

The curve with equation f ( )y x= is a translation of the curve with equation 2
.y x=  

(c) Find f ( ).x
(2)

(d) Explain why the function f does not have an inverse.
(1)

O

5

y

x

(3, 4)A −
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Question 176 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 10 marks)
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177. Express

x
x x
+
−

−
+

1
3 3

1
3 12     

as a single fraction in its simplest form.
(4)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 4 marks)
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x178. Sketch the graph of =y ln , stating the coordinates of any points of intersection with the 
axes.

(3)

(Total 3 marks)

346



Leave 
blank

179.

Figure 1

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

The graph intersects the y-axis at the point (0, 1) and the point A(2, 3) is the maximum 
turning point.

Sketch, on separate axes, the graphs of

(i) y = f(–x) + 1,
(ii) y = f(x + 2) + 3,
(iii) y = 2f(2x) .

On each sketch, show the coordinates of the point at which your graph intersects the y-axis 
and the coordinates of the point to which A is transformed.

(9)

y
A(2, 3)

1

O x
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Question 179 continued

(Total 9 marks)
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180. The functions f and g are defined by

f (x) = e2x + 3, x ∈ \

g(x) = ln (x – 1), x ∈ \

 

,  x > 1

(a) Find f –1 and state its domain. (4)

(b) Find fg and state its range.

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(3)
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Question 180 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 7 marks)
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181. 

Figure 2

Figure 2 shows a sketch of part of the curve with equation y = f(x), x ∈ . 
The curve meets the coordinate axes at the points  A(0,1– k ) and 1

2
ln ,0B (  –      k    ),

 where k is a constant and 1,k >  as shown in Figure 2.

On separate diagrams, sketch the curve with equation

(a) f ( ) ,y x=
(3)

(b) 1
f ( ).y x−=

(2)

Show on each sketch the coordinates, in terms of k, of each point at which the curve meets 
or cuts the axes.

 Given that 2
f ( ) e ,

xx k= −

(c) state the range of f ,
(1)

(d) find 1
f ( ) ,x−

(3)

(e) write down the domain of 1
f .

−

(1)

B x

y

O

A
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Question 181 continued

(Total 10 marks)
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182. 

Express (xf ) as a single fraction in its simplest form.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

f ( )x x
x x

x
x

=
+

− −
−

+
−

2 2
2 3

1
32

(Total 4 marks)
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183.

Figure 1

Figure 1 shows the graph of y = f (x),    1 < x < 9.
 The points T(3, 5) and S(7, 2) are turning points on the graph.

Sketch, on separate diagrams, the graphs of

(a) y = 2f (x) – 4,
(3)

 (b) .
(3)

Indicate on each diagram the coordinates of any turning points on your sketch.

y x= f ( )

5
T (3, 5)

S (7, 2)

y

2

O 3 7 x

(Total 6 marks)
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184. Find the equation of the tangent to the curve  

Give your answer in the form y = ax + b, where a and b are constants to be found.
(6)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

x y= + ⎛
⎝
⎜

⎞
⎠
⎟cos( ) , .2 0

4
π

π at 

(Total 6 marks)
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185. The functions f and g are defined by

(a) Write down the range of g.
(1)

(b) Show that the composite function fg is defined by

(2)

(c) Write down the range of fg.
(1)

(d) Solve the equation
(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

fg e ,: .x x xx� 2
3

2

+ ∈�

)+
d

d
fg

x
x x xe

x
( ) ( .⎡⎣ ⎤⎦ =

2

2
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Question 185 continued 
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___________________________________________________________________________ 
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___________________________________________________________________________ 
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(Total 10 marks)
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186.

Figure 1

Figure 1 shows the graph of 
The graph consists of two line segments that meet at the point P.
The graph cuts the y-axis at the point Q and the x-axis at the points (–3, 0) and R.
Sketch, on separate diagrams, the graphs of

 (a) 
(2)

(b) y = f (– x).
(2)

 Given that 

(c) find the coordinates of the points P, Q and R,
(3)

(d) solve 
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

xR

P

Q

y

–3

y x x= ∈f ( ), .

y x= f ( ) ,

f ( ) ,x x= − +2 1

f ( ) .x x=
1
2
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Question 186 continued 
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(Total 12 marks)
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187. The function f is defined by

(a) Show that
(4)

(b) Find the range of f.
(2)

(c) Find f –1 (x). State the domain of this inverse function.
(3)

The function g is defined by

(d) Solve 
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

f : ( ) , .x x
x x x

x2 1
2 3

1
3

32

−
− −

−
−

>

f ( ) , .x
x

x=
+

>
1

1
3

g : , .x x x2 32 − ∈

fg( ) .x =
1
8
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Question 187 continued 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 12 marks)
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188. Given that

2 3 1

1 1

4 2

2
2

2

x x x

x
ax bx c

dx e

x

− + +
−

≡ + + +
+
−( )

( )
( )

,

find the values of the constants a, b, c, d and e.
(4)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 
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(Total 4 marks)
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189. 

Figure 1

Figure 1 shows a sketch of the curve with equation f ( )y x= .
The curve passes through the origin O and the points A(5, 4) and B(– 5, – 4).

In separate diagrams, sketch the graph with equation

(a) f ( )y x= ,
(3)

(b) f ( )y x= ,
(3)

(c) 2f ( 1)y x= + .
(4)

On each sketch, show the coordinates of the points corresponding to A and B.

y

x

A (5, 4)

B (– 5, – 4)

O
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Question 189 continued

(Total 10 marks)

364



Leave 
blank

190. The functions f and g are defined by

f : 1 2

g :

x x x

x
x

x x

− ∈

− > ∈

3

3
4 0

,

, ,

(a) Find the inverse function -1f .
(2)

(b) Show that the composite function  gf  is

gf :  x
x

x

8 1

1 2

3

3

−
−

.

(4)

(c) Solve gf ( ) 0x = .
(2)
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___________________________________________________________________________ 

___________________________________________________________________________ 
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Question 190 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 8 marks)
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191. A curve C has parametric equations

x = 2sin t,   y = 1 – cos 2t,   –
2
π � t ��

2
π

(a) Find a cartesian equation for C in the form

y = f(x),   – k � x � k,

stating the value of the constant k.
(3)

(b) Write down the range of f(x).

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(Total 5 marks)
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(Total 4 marks)
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Express 9 20 10
2 3 1

2x x
x x

+ −
+ −( )( )

 in partial fractions.
(4)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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194.

Find the values of the constants A, B and C.
(4)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

9
1 2 1 1 1 2 1

2

2 2

x
x x

A
x

B
x

C
x( ) ( ) ( ) ( ) ( )− +

=
−

+
−

+
+

(Total 4 marks)
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195.

Figure 2

Figure 2 shows a sketch of the curve with parametric equations

x = 2 cos 2t ,      y = 6 sin t ,      0 - t - 
π
2

(a) Find a cartesian equation of the curve in the form

y = f (x),   – k - x - k,

stating the value of the constant k.
(4)

(b) Write down the range of f (x).
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 195 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

(Total 6 marks)
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196. A curve is described by the equation

(3)

.

Find the coordinates of the two points on the curve where x = –8.

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

(Total 3 marks)
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197.

Figure 3

The curve C has parametric equations

.

The finite region R between the curve C and the x-axis, bounded by the lines with equations 

x = ln 2 and x = ln 4, is shown shaded in Figure 3.

(4)(a) Find a cartesian equation of the curve C, in the form y = f(x).

(b) State the domain of values for x for this curve. (1)

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________
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Question 197 continued 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 
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___________________________________________________________________________ 

___________________________________________________________________________ 
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(Total 5 marks)
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