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Mathematical Formulae 

 
1. ALGEBRA 

Quadratic Equation 
For the quadratic equation  ,  

 

 
Binomial Expansion    

, 

where n  is a positive integer and  . 

 
 

2. TRIGONOMETRY 

Identities         

 

 

 

 

 

 

 

 

 

 
Formulae for DABC 

  

 
a2 = b2 + c2 - 2bc cos A  

D = bc sin A  
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1 A home-based sticker company that prints stickers has calculated its profit, $P, for each 
order using the equation , where x is the number of stickers produced 
in hundreds. 
 

 (a) Express  in the form , where a, b and 
c are constants. 
 

 
    

    
   

 
[2] 
 

 

 

 

 

 

 

 

 
 (b) Using your answer in (a), explain clearly if the company should accept an 

order for printing 400 stickers.   
 
No. As he will be making a loss of $40 if he accept the order.  
 
 

[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

!"!# $# %#! " "= − −

!"!# $# %#! " "= − − !" #! " # $ %= − +

!"!# $# %#! " "= − −
!"#$ % & %#! != − − −
! ! !"#$ % & !' & !' ( %#! != − − + − − − −

!"#$ !% &#!= − − +



Page 4 of 24           

 
Methodist Girls’ School     Additional Mathematics Paper 1          Sec 4 Preliminary Examination 2025 

2 Find the exact coordinates of the stationary point on the curve  , . 

 

 

 

 

 

 

 

 
 

 
 

 

 

Stationary point =  

 
 
 
 

 
[6] 
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3 Solutions to this question by accurate drawing will not be accepted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The diagram shows a quadrilateral OABC where O is the origin. The point A is   
and the point B is (3, 7). The perpendicular bisector of AB meets the x-axis at C.  

 (a) Find the coordinates of C. 
 

Gradient of AB = =  

Gradient of Perpendicular to AB = -2  
 

Midpoint of AB = =    

 
Equation of perpendicular bisector of AB: 

 
   [M1] 

At x-axis, y = 0 

 

 
Coordinates of C = (4, 0)   

[4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Find the area of the quadrilateral OABC.  [2] 
   

Area =      

         =  

          
         = 25 units²   
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4 The diagram shows an inverted right circular cone with a diameter, 30 cm and height, 
50 cm.  
The cone was initially empty. It is being filled with water at a constant rate of 100 cm³/s. 
The surface of the water remains horizontal as it fills. At time t seconds, the radius of the 
horizontal water surface area is r cm and the depth of the water is h cm. 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Express r in terms of h. 
 
 

   

     

 
 
 
 
 
 
 
 
 

[2] 

 
(b) Show that the volume of water, V cm³, in the cone is .  

 
 

 

   

 

 

 
[1] 
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 (c) Find the rate of change of the depth of the water when h = 35 cm. 
 

    

 

 
When h = 35 cm, 

  

    

 
 
 

[3] 
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5 The diagram shows part of the graph of  , .  O is the origin and 
points P and R lie on the x and y axes respectively. Point Q is a point on the curve 
such that OPQR forms a rectangle. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Given that the x-coordinate of P is h, write down an expression for the area 

of the rectangle, A units2, in terms of h and show that . 

 
 
 
When x = h,  
A =  
 

   

 

=   

 

 

 
 
 
 
 
 
 
 

 
 
[3] 

  

!! "= − !! <

! " #
! $ #
! "
" "

−
=

−

!! "= −

!! !−

! !
" "!# $# $#% $ # !$ #% $ #!$

"
!" # # #
!#

−
= − − + −

!
" !

! !
!

−
= + −

−
!"# $

! #
! !

!
− + −

=
−

! " #
! $ #
! "
" "

−
=

−

y 

x 
O P 

R Q 



Page 9 of 24           

 
Methodist Girls’ School     Additional Mathematics Paper 1          Sec 4 Preliminary Examination 2025 

 (b) Find the stationary value of A and determine the nature of this stationary 
value. 
 
 
 
 

=0 

 
 

    
 
A = =2 units²  
 
 

h Slightly less than 2 2 Slightly more than 
2 

 
+ 0 -  

Shape / - \ 
 
Or 

=  

At h = 2,  

 
Therefore Stationary value A = 2 is a maximum value.    
 
 
 
 
 
 
 
 
 

 
[4] 
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6 (a) The expansion of  in ascending powers of x is . 

Show that  and calculate the value of n. 

 

  

 

                                                                            

                                     

 

  

 

 

 

 

 
             

 (shown) 
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(b) Explain why all terms in the expansion of contain only even 

powers of x.    
 
 
 
 

General Term =   

 

 

 

 
Power of x:   
Therefore all powers of x is 2(12-3r),  all terms contain only even powers of 
x.   

 

[4] 
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7 (a) Find all the angles between  and  that satisfy the equation
. 

 
 

   

 
 

 

   

    [Accept -0.524 and -2.62 rad] 

[3] 
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 (b) Solve the equation  for . 
 
 

 
   

 
   

 
          

          

   (rej)          

                                   x=90º   

[5] 

Alternate Solution: 
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8 (a) Express  in the form of , where a, b and c 

are integers. 
 
 

 

 
 
When ,   
 
When  

 
    

 
When  

 
 

  
 

   

 
 
 
[4] 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 (b) Differentiate with respect to x. 

 

   

[2] 
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 (c) Using your answer to parts (a) and (b), show that 

. 
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9 (a) (i) Sketch the graph of . 
 
 
 
 
 
 
 
 
                3 
 
 
  
 

[1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     

  
(ii) Find the equation of a suitable straight line that can be inserted in part 

(a)(i) to solve the equation . 
 

 

   

Insert:    

 
[2] 
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 (b) (i) Without using a calculator, show that , where a and b 
are integers. 
 

 

                

                               

             

             

             

             

              

                 

 
[3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  (ii) Hence, find the exact value of . 
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10 The maximum height that a roller coaster can reach is 90 meters above sea level, and the 
lowest possible height is 10 meters above sea level. The roller coaster takes 10 seconds 
to move from its highest position to its lowest position.   
The height, h m, of the roller coaster above sea level can be modelled by the function 

, where t is the time in seconds. 

 
 (a) Show that . 

 

Period:                                

               
  
Max h = 90 
Min h = 10 
                               
                               
                                    
                                                    

   or    

 

 

[3] 

 
 

 
 

 
 

 
 

 

 (b) Sketch the graph of for . 

 

 
 
 

[2] 
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 (c) Find the time when the roller coaster first reaches a height of 62 m. 
 

 

 

    

 

 

  
 
 
 

[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (d) (i) On your graph in part (b), draw the graph of . [1] 
 

  (ii) State for the interval , the number of solutions of 

.   

 
 

 
 

3 solutions   

 
[1] 
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11 An architect is designing a building, ABCD, using the model shown below.  
To allow more natural light into the building, a 12 m glass roof, BC, is installed at an 
angle of  to the vertical. Another glass roof, AB, of 7 m, is installed such that it is 
perpendicular to BC. The vertical height of the brick wall, AD, is given as h m.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Show that .   
 

   

 

   

 

 

 

[2] 
 
 
 
 
 
 
 
 
 
 
 

 (b) Express h in the form , where and . 

 
   

  

   

[3] 
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 (c) Find the value of  for which . 
 

 

  

Basic angle  
 

                        
 
 
 
 
 
 
 
 
 
 

[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (d) The building owner makes a request to have the brick wall to have a height 
of at least 14 m. Is the architect able to meet the building owner’s request? 
Explain your answer.     
 

 

 

  
Since , Not possible.  

 
 
[2] 

 
  Alternate Solution: 
 
  Since max it is not possible.   
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y 

12 The diagram shows part of the curve , cutting the x-axis at . The tangent at 

point B on the curve cuts the x-axis at  and y-axis at  respectively.  

The normal at B meets the x-axis at E. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Find the coordinates of B. 
 
 

Gradient of BD  

  

                   

At B, gradient = 4    
 

  

 

[3] 
 
 
 
 
 
 
 
 
 
 

                      Coordinates of B = (2, 3)    
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 (b) Find the coordinates of E. 
 
 

Gradient of BE   

 
Equation of normal:  

 

 

 
At x-axis, y = 0 

 

 
 

[2] 

  Coordinates of E = (14, 0)   
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

(c) Find the area of the shaded region. 
 

[3] 

 

Area =   
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