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Mathematical Formulae 
 

1. ALGEBRA 
Quadratic Equation 
 

For the equation ax2 + bx + c = 0, 

x =  

 
Binomial Theorem 

(a + b)n = an + an -  1 b +  an -  2 b2 + . . . + an -  r br + . . . + bn, 

where n is a positive integer and  =  =  

 
 

2. TRIGONOMETRY 
Identities 

sin2 A + cos2 A = 1 
sec2 A = 1 + tan2 A 

cosec2 A = 1 + cot2 A 
sin (A ± B) = sin A cos B ± cos A sin B  
cos (A ± B) = cos A cos B ∓ sin A sin B 

tan (A ± B) =   

sin 2A = 2 sin A cos A 
cos 2A = cos2 A - sin2 A = 2 cos2 A - 1 = 1 - 2 sin2 A 

tan 2A =  

 
 
Formulae for DABC 

 

a2 = b2 + c2 - 2bc cos A 

D = bc sin A 
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1 (a) Find  [2] 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Hence find  [2] 
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2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the diagram, the point P lies on the circle and TP is a tangent to the circle.  
TS is a straight line intersecting the circle at Q and S.  
Given that point R lies on TS and  prove that the line PR bisects the angle SPQ. [4] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!" !#=

P 

Q 

S 

R 

T 



5 
 

4049/1/Sec4Prelim2025 

[Turn Over 

3  Water is drained from a conical tank at a constant rate of 10π cm3/s.  

   The volume of water, V cm3, when the depth of water is h cm, is given by  and  

  the surface area of the water, A cm2, is   

 

 (a) Find  in terms of h. [3]              

 
      
    
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 (b)  Find the rate at which the surface area of the water is decreasing when the depth of  
  water is 10 cm.  [2] 
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4  The height, y m, above the ground of a pellet shot by a shooting device can be   modelled by  
  the equation  where x m is the horizontal distance    travelled by the pellet. 
 

(a) Express  in the form  

where a, b and c are constants. [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (b) Explain why the maximum height reached by the pellet is 62 metres.  [2]  
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  (c) A two-metre-tall pole is placed on the ground, at a horizontal distance of 10 metres  
   from the shooting device. Explain if the pellet will hit the pole.   [1] 
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5  The volume of a prism is  

  The prism has an equilateral triangular base of side  cm.                                                     

  Without using a calculator, express the height of the prism in the form    

  where a and b are integers.    [6]  
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6 (a) Write down and simplify the first three terms in the expansion, in ascending powers  

     of x, of  [3] 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

  (b) In the expansion of  the sum of the coefficients of x and   

    is −4. Find the value of the constant k. [4] 
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7  (a) Find the value of k such that   [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (b) By letting P = A + B and Q = A – B, show that  
               

   sin P + sin Q = 2sin  cos . [2] 
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  (c) Find the exact value of   [3] 
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8  The equations of the lines AB, BC and CA are   and 5x – y = 4 
  respectively. The coordinates of C are (2, 6). 
 

(a) Find the coordinates of A and of B. [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Given that ABCD is a parallelogram, find the coordinates of D. [2] 
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(c) Find the area of the parallelogram ABCD.  [2] 
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9  A company manufactures open square-based cuboid casings for high-precision instruments,   
   where x cm is the length of the side of the base. 
  The material for the base of the casing cost twice as much as the material for the sides.  
  The total material cost for one casing is $600, with the material for the side costing $1/cm². 
 

(a) Show that the volume of the casing, V cm3, is given by  [3] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Given that x can vary, find the stationary value of V and determine its nature.  [4] 
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10  It is given that , for , where a, b and c are positive integers.                   

  The period of y is  and the maximum and minimum value of y is 5 and 1 respectively. 

 
(a) State the values of a, b and c. [3] 

 
 
 
 
 
 

(b) Sketch the graph of  for  [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Hence, find the value of constant d such that the equation  will have 2  
solutions.  [2] 
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11   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   The diagram shows a frame of a model of a sail.  
   The main beams of the frame are put together to form a triangle OAB. 
   The lengths of the main beams are OA = 12 cm and OB = 9 cm and angle AOB = 90°.  
   A support rod of length 7.2 cm is to be installed from O to X on the diagonal beam AB  
   such that it makes an acute angle θ with the beam OB.  
   A canvas is to be fixed on points O, A, X and B of the frame to form a sail. 
 
  (a) Find the area of the triangle OBX in terms of θ. [1] 
 
 
 
 
 
  (b) By finding the area of the canvas, show that 5. [3] 
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  (c) Express  in the form  where R > 0 and  is acute.  [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (d) Find the value of θ.  [1] 
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12   
 
 
   
 
 
 
 
 
 
 
 
   
 
 
 
    

   The diagram shows parts of the curve of , intersecting the x-axis at O and  

 A and intersecting the line y = 7.5 at B and C. 
 
  (a) Find the coordinates of A, B and C.  [4] 
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  (b) Find the area of shaded region bounded by the curve, the x-axis and the line y = 7.5.  [5]  
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13  (a) Express   in partial fractions.  [5] 
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(b) Hence, evaluate  [5] 
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(c) Explain why it is not possible to find the value of  [2]   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

End of Paper 
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Answer 
Qn Answer 
1a 

 

b 
 

3a  cm/s 

 
b cm2/s 
4a  
5 cm 
6a  
b 2 
7a 2 
b 

 

c 
 

8a Coord A = (1, 1) 
Coord B = (5, 5) 

B (–2, 2) 
c  
9b  
10a a = 2, b = 3, c = 3 
c  
11a 32.4(sin θ) cm2 
c  
d  
12a Coord A = (4, 0) 

Coord B = (2.5, 7.5)   
Coord C = (1.5, 7.5) 

b 12 units 
13a 

 

b 1.49 
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