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Mathematical Formulae 

 

 

 

1. ALGEBRA 

 

Quadratic Equation  

  For the equation 02 =++ cbxax , 
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2. TRIGONOMETRY 

 

Identities  
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1 Solve the equation  4 22sin 7cos 4x x+ =   for   0 360x   . [6] 
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2 At a certain time, the mass of a radioactive substance was recorded as 150 g. 

This mass decreased with time due to decay and after t hours, the recorded mass 

was M g. It is known that M can be modelled by the formula  150 ktM e−= , 

where k is a positive constant. After 50 hours, its mass has decreased to 120g.  

 

 

 (a) Estimate the mass of the substance after 120 hours. [4] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Estimate after how many hours one third of the substance is decayed.  [3] 
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3 A curve has the equation 
2

, where 2
2

xe
y x
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(a) Find  
d

d

y

x
. 

 

[2] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Find the exact value of the coordinates of the stationary point. [3] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c) Determine the nature of the stationary point.  [2] 
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4 The line  1
x y

a b
+ = ,  where a and b are positive constants, intersects the x-axis at 

A and the y-axis at B. The perpendicular bisector of the line joining A and B 

passes through the point P ( )3, 7− − .    

 

     

 (a) Show that   2 26 14a a b b+ = +  .  [6] 
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 (b) Given that the gradient of the perpendicular bisector of AB is 2, find the 

values of a and b. 

 

[4] 
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A circle, with centre C, has equation  
2 2 10 4 25 0x y x y+ − − + = .  

     

 (a) Find the coordinates of C and the radius of the circle. [4] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Explain why the x-axis is a tangent to the circle. [2] 
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 (c) The tangent to the circle at the point where  x = 3  meets the x-axis at the 

point P. Find the coordinates of P. 

 

[3] 
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6  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

The diagram shows two rods PQ and QR, of lengths 12m and 5m respectively. 

The rods are fixed at Q such that angle PQR = 90 and hinged at P so as to rotate 

in a vertical plane. The rod PQ makes an angle   with horizontal ground.  

     

 

 

     

 (a) Obtain an expression, in terms of  , for d, where d is the horizontal 

distance of R from P. 

 

[3] 
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 (b) Express d in the form  ( )cosR  −   where R > 0 and 0 90   . [4] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c) Given d = 10, find the value of  .  [2] 
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7 The expression  3 24x x ax b− + + ,  where a and b are constants, has a factor of  

x + 1  and leaves a remainder of – 60 when divided by  x + 3. 

 

     

 (a) Find the value of a and of b. [4] 
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 (b) Using these values of a and b, solve the equation  3 24 0x x ax b− + + = . [4] 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c) Explain how the solution from part (b) can be used to solve the equation 

( ) ( )9 1 4 3 6 3x x x−+ = − .  

 

[2] 
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8 A particle P starts from rest at a fixed point O and moves in a straight line. The 

velocity, v ms 2− , of the particle, t s after passing through O is given by 
38v t ct= −  where c is a positive constant. 

The velocity of the particle is 12 ms 1−  after 2 seconds. 

 

Find 

 

 

 (a) the value of c, [1] 
   

 

 

 

 

 

 

 

 (b) the acceleration after 2 seconds, [2] 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c) the time at which P will change its direction of motion, [2] 
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 (d) the average speed of the particle in the first 5 seconds. [5] 
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9 The diagram shows part of the curve   10 6y x= − −    meeting the x-axis at the 

point A. The normal to the curve at B, where x = −1, meets the  x-axis at the 

point C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) Find the equation of the normal at B. [6] 
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 (b) Find the area of the shaded region. [5] 
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(a) 

 

(i)    Express  
2
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3 2

x x
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(ii)   Hence evaluate  
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(b) Given that ( )2ln 3 2y x x x= + + ,  find an expression for 

d

d

y

x  
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(c) 
 

Using the results from parts (a)(ii) and (b), 

evaluate  ( )
3

2

1
ln 3 2 dx x x+ + . 
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End of paper 
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