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Mathematical Formulae 

 

1. ALGEBRA 

 

Quadratic Equation 

 For the equation , 

                                                   

 

 

 

2. TRIGONOMETRY 

 

Identities 

 

 

 

 

Formulae for ABC  
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A B C
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1 Integrate with respect to x 

 

 

 (a) 2 2( 1)x  , [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) 3 2

.
2

x x

x


 

[2] 
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2 (a) Write down the period of 
1

2 tan .
2

y   
[1] 

 

 

 

 

 

 
(b) On the axes below, sketch the graph of  

1
2 tan

2
y   for 2 2    

radians.  
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3 (a) Show that 2f ( ) 3 9 7x x x   can be written as 2f ( ) ( ) ,x a x b c    where 

a, b and c are constants to be found.  

 

[4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Hence, explain why the function f(x) is always positive.  [1] 
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4 A potato field is infested by insects. The percentage of the field that is infested,  

q %, t days after pesticide is sprayed is modelled by the equation 

 

                                                   

 
3

d 5

d 2 1

q

t t
 


. 

 

 

 Just before the pesticide is sprayed, 5% of the field was already infested with insects. 

Once the percentage of the field that is infested decreases to 1% or less, the potatoes 

will be harvested. Find the minimum number of days for the potatoes to be harvested. 

 

 

[5] 
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5 The equation of a curve is  
26

2 5

x
y

x



 for 

2

5
x  . 

(a) Express 
d

d

y

x
 in the form 

2

(4 )

(2 5 )

ax bx

x




, where a and b are integers to be determined.      

                                                                                                                                                     [3] 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) State the range of values of x for which y is a decreasing function.                       [3] 
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6 A curve has the equation 3 2 5.y x x    The normal to the curve at x = 1 meets the 

y-axis at A and the x-axis at B.  

 

 

 (a) Find the area of triangle AOB, where O is the origin.  [6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) The tangent to the curve at x = 1 is parallel to the tangent at point Q. Find the 

coordinates of Q.  

[2] 
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7 (a) By substituting 3 2 ,    show that 3cos3 4cos 3cos    . [3] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(b) Hence solve the equation 3 1

4cos 3cos
2

    for 180 180o o   . 
  

[6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 

 

2023 Preliminary Exam Secondary 4 Additional Mathematics NA (4051/02)                                    

8 The diagram shows a container used to contain a chocolate product. It is made up 

of a cone fixed to the top of a right circular cylinder of radius r cm and height h 

cm. The slant height of the cone is 2r cm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) Given that the volume of the cylindrical part is 108 cm3, express h in 

terms of r. 

[1] 

  

 

 

 

 

 

 

 

 (b) Show that the total surface area, A cm2, of the container is given by 

2 72
3A r

r

 

  
 

. 

 

[2] 

 

 

 

 

 

 

 

 

 

 

 

2r cm 

h cm 

r cm 
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 (c) Given that r can vary, find the value of r for which A has a stationary value 

and explain why this value of r gives the minimum value of surface area. 

 

[5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (d) For aesthetic purposes, a shop owner would only display the container in his 

shop only if the height of the container is less than 35 cm and has minimum 

surface area. Determine whether the container can be displayed in the shop.  

 

 

[2] 
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9 The diagram shows the curve 210y x x  , the line 2y x  and the line 16.y 

The line 16y   intersects the curve at the points A and B. The line 2y x  also 

intersects the curve at point B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) Find the coordinates of A.  [2] 
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x 

y 
2y x  

A B 

210y x x   

16y   

O  
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 (b) Find the area of the shaded region OAB.  [8] 
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10 The curve

3
1

2
y x x k

 
  

 
 where 4,k   has a gradient of 0 at 2.x   

 

 

 (a) Show that k = 1.  [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Explain why 2x   is a point of inflexion on the curve and determine the 

nature of the other turning point.  

[6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

END OF PAPER 
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Answer Key 

 

1a 5
32

5 3

x
x x c    

7a 

2

3 2

3 2

3 3

3

cos3 cos(2 )

cos 2 cos sin 2 sin

(2cos 1)cos (2sin cos )sin

2cos cos 2sin cos

2cos cos 2(1 cos )cos

2cos cos 2cos 2cos

4cos 3cos

  

   

    

   

   

   

 

 

 

  

  

   

   

 

 

1b 3 2

6 4

x x
c   

7b 20 ,100 ,140 , 20 , 100 , 140o o o o o o      

2a 2  or 360o  8a 2

2

108

108

r h

h
r

 


 

2b 

 

8b 
2 72

3 r
r


 

 
 

 

3a 2
3 1

3
2 4

x
 

  
 

 
8c 

2

2 3

3.30

d 144
3 2

d

0

 is a minimum at  = 3.30

r

A

r r

A r





 
  

 





 

3b 
Since 

2
3

3 0,
2

x
 

  
 

2
3 1 1

3 ( 0).
2 4 4

x
 

    
 

 
8d 

Height of container = 

2 29.9058 (2(3.3019) (3.3019)

15.6

 


 

 

Since 15.6 < 35 cm, the container can be 

displayed in the shop. 

4 12t   9a (2,16)A  
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5a a = 6 and b = 5  9b 21
49 units

3
 

5b 4
0    

5
x or x   

10b  
2

d 1
1 2 1

d 2

d
When 0,

d

1
2,  

2

y
x x

x

y

x

x

 
   
 





 

 

 2
 2 2

 

d

d

y

x
 

>0 0 >0 

By 1st derivative test, x = 2 is a point of 

inflexion. 

 

 1

2



 
1

2
 1

2



 

d

d

y

x
 

<0 0 >0 

By 1st derivative test, the curve has a 

minimum point at 
1

2
x  . 

6a 212.5 units    

6b 2

2

3 2 1

3 3

1

When 1,

6

( 1,6)

x

x

x

x

y

Q

 



 

 





 

  

 


