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Mathematical Formulae 

  

1. ALGEBRA 

Quadratic Equation 

For the equation 2 0ax bx c+ + = , 

2 4

2

b b ac
x

a

−  −
=  
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2. TRIGONOMETRY 

Identities 

2 2sin cos 1A A+ =  

2 2sec 1 tanA A= +  

2 2cosec 1 cotA A= +  

( )sin sin cos cos sinA B A B A B =   

( )cos cos cos sin sinA B A B A B =  

( )
tan tan

tan
1 tan tan

A B
A B

A B


 =  

sin 2 2sin cosA A A=  

2 2 2 2cos 2 cos sin 2cos 1 1 2sinA A A A A= − = − = −  
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A
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Formulae for ABC  

sin sin sin
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A B C
= =  

2 2 2 2 cosa b c bc A= + −  
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1 A particle moves along the curve 
3( 6)

4

x
y

x

+
=

+
, where 4x  − , in such a way that the y-

coordinate of the particle is increasing at a constant rate of 
4

27
 units per second. Find 

the x-coordinates of the particle at the instant that the x-coordinate of the particle is 

decreasing at a rate of 2 units per second. 

 

 

 

 
 

[5] 
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2 The number, v, of a certain virus present in a sample collected by a vaccine laboratory 

is given by 2tv me n= + , where m and n are constants and t is measured in days.   

Initially, the number of virus present was 2000. It increased to 5000 after 1 day.  

 

 (a) Find the value of m and of n. [4] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Find the number of days in which the number of virus present first reach  

1 million. 

 

[2] 
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3 
 

(a) Show that the roots of the equation 2 (3 ) 3 0ax a b x b+ + + =  are real for all real 

values of a and b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 

    

    

 (b) Find the range of values of m for which the line 3y mx= −  will never cut the 

curve 
2 4 6 34y x y= − − .                                                                                                              

 
[4] 
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4 A tangent to a circle at the point (6, 10) passes through the point (9, 6). The centre of 

the circle lies on the line 3 4 13y x= + .  

 

 Showing all your working, find the equation of the circle.  [7] 
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5 Do not use a calculator in this question.  
 

 

 

 

 

(a) Express sin 22.5 in the form of 
a a

a

−
, where a is an integer. 

 

[3] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
 

 
 

(b) Show that tan15 2 3 = − . 

 

 

[5] 
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(a) 
 

(i) Using the substitution 
3u x= or otherwise, express 

6 1x −  as the product 

of two factors. 

 

[1] 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

(ii) Hence express 
6 1x −  as the product of four factors with integer 

coefficients. 

 

[1] 
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(b) 
 

(i) Find the remainder when 3 2f ( ) 3 5 7 4x x x x= − + −  is divided by 1x − .  

 

 

 

 

 

 

 

 

[1] 

 

 (ii) Hence show that h = −1 for which g( ) f ( )x x h= + is divisible by 1x − . [2] 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

  (iii) Explain why the equation g( ) 0x =  has only one real root. [4] 
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(a) Two variables x and y are related by the equation 2xy ax by= + . Explain how a 

straight line graph can be drawn to represent the given equation.  

 
[2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) 

 

The table shows experimental values of two variables x and y. It is known that x 

and y are related by the equation 
qxy pe−= where p and q are constants.  

 

 

 

x 1 3 5 7 9 

y 98.2 65.9 44.1 29.6 19.8 

 

 

 

  (i) On the grid below plot ln y against x and draw a straight line graph.  [2] 
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7 (b) (ii) Use your graph to estimate  

   (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

the value of p and of q, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the value of y when x = 2. 

[3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1] 
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8 ABCD is a rectangle which fits inside a semicircle of radius 8 cm and centre O. It is 

given that AB = x cm and BC = y cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(a) 

 
Show that that A cm2, the area of the rectangle, is given by 

2256
2

x
A x= − . 

 
 
 
 
 
 

 

[2] 

 

 

    

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O A B 

C D 
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8 cm  
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8 (b) Given that x can vary, find the value of x which gives a stationary value of A. [4] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(c) By considering the sign of 
d

d

A

x
, determine whether the stationary value of A is 

maximum or minimum. 

 

 

 

 

[2] 
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9 A particle starts from rest from a point O and moves in a straight line such that its 

velocity v m/s, is given by 
224 6v t t= − , where t is the time in seconds after the start of 

its motion. 

 

 (a) Find the value of t at which the particle is instantaneously at rest.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 

    

 (b) When will the particle return to its starting point? [3] 
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9 (c) Determine if the particle is accelerating after 2 seconds. Explain your answer 

with clear workings. 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 

 (d) Calculate the total distance travelled during the first 7 seconds. [4] 
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10  

 

 

 

 

 

 

 

 

 

 

 

 

 The diagram shows the side view of a 14 cm by 8 cm rectangular block PQRS, placed 

on a ramp, VS, tilted at an acute angle of .  
The ramp is placed on a horizontal surface ST and d is the perpendicular distance from 

Q to ST. = 90VTS . 
 

 

 (a) Show that  sin14cos8 +=d . 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 

 (b) Express d in the form )cos(  −R , where R > 0 and  900  . [4] 

    

    

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

S 
T 

R 

Q 

P 

14 cm 

8 cm 

V d  
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10 (c) Find the smallest value of  such that 210=d . [4] 
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11 The diagram shows part of the curve 
8

2 3
y

x
=

+
. The tangent to the curve at the point   

3 4
,

2 3
S
 
 
 

 intersects the y-axis at R. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 (a) Find the y-coordinate of R. [4] 

     

     

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

y 

x O 

R 
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11 (b) Find the exact area of the shaded region. Express your answer in the form of 

ln
b

a
c

 
− 

 
units2, where a, b and c are integers.   

 
 

[6] 
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