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Mathematical Formulae 

 

 

1.   ALGEBRA 

Quadratic Equation 

            For the equation ,0,02  acbxax  
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where n is a positive integer and  
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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 

BA

BA
BA

tantan1

tantan
)tan(




  

sin 2A = 2sin Acos A 

cos 2A = cos2 A – sin2 A = 2cos2 A – 1 = 1 – 2sin2 A 

tan 2A = 
A

A
2tan1

tan2


 

 

 

Formulae for ABC                       
C

c

B

b

A

a

sinsinsin
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a² = b² + c²  2bc cos A 

 = 
1

sin
2

bc A  
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Answer all the questions 

 

1 Given that 3 2( ) 2 7 .f x x px x q      

Find the value of p and of q for which  3x   and  2x  are factors of ( ).f x   

Hence solve ( ) 0.f x   [8] 
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2 (i) 

 

 

 

 

 

Prove the identity x
x

x

x

x
sec2

sin1

cos

cos

sin1
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



.  

 

[4] 
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(ii) Hence, solve the equation 

1 sin cos
4

cos 1 sin

x x

x x


 


 for 0 2 .x    [4] 
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3 The diagram shows part of a straight line obtained by plotting 
2x y  against x .  

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

    

 (i) Find an expression for y in terms of x. [4] 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

2x y  

x 
O 

 6,7  

 0,3  
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(ii) Find x when 

2

5
y

x
 . [2] 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 (iii) For the above equation found in part (i), suggest another expression for the 

vertical and horizontal axes such that a straight line can also be plotted.  

What is the value of the gradient and y  intercept of this new equation? [3] 
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4 The diagram below shows the side view of a warehouse ABCD such that 

10 m, 6 m, BC CD  90BCD BAD     and  CBA  .  

 

 
 

 (i) Show that 6sin 10cosAB    . [2] 
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 (ii) Express AB in the form sin( )R   , where R is positive and   is an acute 

angle. 

Hence, find the maximum value of AB and the value of   for which this 

occurs. [6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (iii) Explain why this value of   is the smallest possible. [2] 
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5 Points  3,8A and  6,5B  are on a circle.   

    

 (i) Find the equation of perpendicular bisector of AB. [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 (ii) Given that 8y x  passes through the center of the circle, find the 

coordinates of the center and the radius of the circle. [3] 
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 (iii) Hence, find the equation of the circle. [1] 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 (iv) Explain if point  6,3C  is inside or outside the circle. [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 (v) Which axis is tangent to the circle? Explain your answer. [2] 
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(a) Given that secy x , show that sec tan
dy

x x
dx

  . 

Hence show that 

2

4 2 dy
y y

dx

 
   

 
. 

[5] 
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(b) Given that 
6 1

2 1

x

x




 can be written in the form 

2 1

B
A

x



, find A and B. 

Hence, or otherwise 
6 1

.
2 1

x
dx

x



  
[5] 
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7 A cone of height, h and radius, r fits exactly inside a sphere of radius 5 cm as 

shown below. 

21
Volume of cone

3
r h

 
 

 
 

  
 

(i) Express r in terms of h. [2] 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

(ii) Show that the volume of cone is given by 
 2 10

3

h h
V

 
 . [2] 
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(iii) Find the value of h for which V is stationary. [3] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

(iv) Find the volume of the cone for this value of h and determine if this 

volume is a maximum or minimum.  

Justify your answer. [4] 
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8 The diagram below shows the curve 3 212 20y x x x   , which crosses the  

x  axis at the origin O and the points A and B.    

 

 
 

    

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

3 212 20y x x x  

(8, 96)
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 The tangent to the curve at the point  8, 96  crosses the x  axis at the point C.  

   

 (ii) Find the equation of the tangent and hence, the coordinates of C. [4] 

    

    

    

    

    

    

    

    

    

    

    

    

    

 (iii) Find the area of the shaded region. [4] 
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9 (a) Solve  1 2 19 3 2 3 2x x x     . [4] 

    

    

    

    

    

    

    

    

    

    

    

    

 

 

 

 

 

 

 

 
 

 (b) Given that    3 9log 2 1 log 2 1 1x x    , find the value of x. [3] 
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(c) Given that loga xy m  and 
3

2
loga

x
n

y
 , find 5loga

x

y

 
 
 

 in terms of  

m and n. 
[5] 
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1 3 22 9 7 6 0x x x     

   2 1 3 2 0x x x     

1

2
x    , 3x  or 2x        

2ii 
 

5
,

3 3
x

 
      

3i 
2

2 3

3
y

x x
          

3ii 3x           

3iii 
Plot xy against 

1

x
 where the gradient is 3 and the y-intercept is 

2

3
, o.e 

 

4ii 6sin 10cos 136 sin( 59.0 )       

Maximum AB = 136  or 2 34  or 11.7 m  when 31.0       

4iii 
For

2 2136 10 6AB    , AD must be 0, so that triangle BCD becomes a 

right-angled triangle. 
This will result that  CBA   to be smallest possible. 

5i 2y x          

5ii Center  3,5        

Radius 3  units    

5iii    
2 2

3 5 9x y     

5iv C is outside of the circle. 

5v Since the x–coordinate of the center of the circle is equal to the radius, the 
y–axis is tangent to the circle. 

6b  3 ln 2 1x x c           

7i 210r h h   

7iii 2
6

3
h   cm      

7iv 3  =155 cm      (3 s.f.)V Area is maximum.     

8i    2,0    and   10,0A B    

8ii  12.8,0C         

8iii  638.4 units2    

9a 
1    or    0.262x x    

9b 5x           

9c 
5log 2a

x
n m

y

 
  

 
   

 


