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Mathematical Formulae 

 
1.  ALGEBRA 

 
Quadratic Equation 
 

​ For the equation , 
​
 
 

Binomial expansion 
 

, 

where n is a positive integer and  
 
 

2.  TRIGONOMETRY 
 

Identities 

. 

. 

. 

 

 

 

 

 

 

 
Formulae for ∆ABC 
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1​ Given that , find the value of .                                                                   ​ [4]     
 

 

 
 
 
 express as powers of 7 
 
 

index laws    

  
 equate powers 
 
 
 
 
 
 

 
 

2​ A cuboid has a square base of length cm and a height of cm. The volume of the cuboid  

​ is cm3. Without using a calculator, obtain an expression for h in the form , 

where and are integers. ​ [4]
​ ​ ​  
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3​ (i)​ Without using a calculator , show that .           ​ ​ [4]     
 

    or   ° = tan 𝑡𝑎𝑛 (45° − 30°) 𝑡𝑎𝑛15° = 𝑡𝑎𝑛⁡(60° − 45°)

 or    5° =  tan𝑡𝑎𝑛 45°−𝑡𝑎𝑛30° 
1+𝑡𝑎𝑛45°𝑡𝑎𝑛30°  𝑡𝑎𝑛15° =   𝑡𝑎𝑛60°−𝑡𝑎𝑛45°

1+𝑡𝑎𝑛45°𝑡𝑎𝑛60°

                       or        𝑎𝑛15° =     
1− 1

3

1+ 1
3

tan 𝑡𝑎𝑛 15° = 3−1
1+ 3

 = 3−1
3+1

                            5° = 3+1( ) 3+1( )
3−1( ) 3+1( ) cot 𝑐𝑜𝑡 𝐴 = 1

𝑡𝑎𝑛𝐴  

 = 3+2 3+1
3−1

                                                    = 4+2 3 
2

 = 2 2+ 3 ( )
2 = 2 + 3 
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​ (ii)​ Hence show that . ​ ​ [2] 
 

 𝑐𝑜𝑠𝑒𝑐215° = 1 + 𝑐𝑜𝑡
2
15° = 1 + 2 + 3 ( )2

                       = 1 + 4 + 4 3 + 3

                        = 8 + 4 3 

                           = 4(2 + 3  )

                            = 4𝑐𝑜𝑡15°

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4​ (i)​ Express  in partial fractions.​ ​ [4] 
        Method 1  
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Method 2  

    

 

 2𝑥2 + 13𝑥 − 51 = 𝐴 𝑥 − 3( ) 𝑥 + 3( ) + 𝐵 𝑥 − 3( )2 + 𝐶(𝑥 + 3)

   Let x=3        2 3( )2 + 13 3( ) − 51 = 𝐶(3 + 3)
                                𝐶 = 1

   Let x= −3   2 − 3( )2 + 13 − 3( ) − 51 = 𝐵 − 3 − 3( )2

                                 𝐵 =− 2
   Let  𝑥 = 0              − 51 = 𝐴 − 9( ) − 2 9( ) + 3
                                       𝐴 = 4

 
 
 
 
 
 
 

​ (ii)​ Hence find . ​ ​ [2] 
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5​ Liquid is poured, at a constant rate of 15 cm3/s, into a container. When the depth of liquid in the 

container is x cm, the volume, V cm3, of the liquid in the container is given by 

. 

​ Find, when ,  
​ (i)​ the value of x,             ​ ​ [3] 
 

 

(i) When ,                                

                               

                                

                                  
 
​ (ii)​ the rate of change of the depth of liquid at this time.​ ​ [4]             

​ ​ ​ ​  

(ii)  

      When ,    

                                                       𝑑𝑥
𝑑𝑣 = 1

𝑑𝑣
𝑑𝑥

                                    

                                     
The rate of change of the depth of liquid at this time is 2.5 cm/s 
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6​ Solve the equation 

​ (i)​ , ​ ​ [5] 
 

 

 
 𝑙𝑜𝑔

𝑎 
𝑏𝑐 = 𝑐𝑙𝑜𝑔

𝑎
𝑏

 
 𝑙𝑔𝑃 − 𝑙𝑔𝑄 = lg 𝑙𝑔 𝑃

𝑄  
 

 𝑙𝑜𝑔
𝑎
 𝑏 = 𝑥⟹𝑎𝑥 = 𝑏

 
 

​ (ii)​ . ​ ​ [4] 
 

 

 
 

 𝑙𝑜𝑔
𝑎
𝑏 =

𝑙𝑜𝑔
𝑐
𝑏

𝑙𝑜𝑔
𝑐
𝑎

 
 (𝑙𝑜𝑔

5 
𝑦)2≠2(𝑙𝑜𝑔

5 
𝑦)

 
 
 
 
7 ​  
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​ The diagram shows the line  and part of the graph of . 

​ The graph crosses the line  at the points P and R and meets the x-axis at Q. 
​ (i)​ Find the coordinates of P, Q and R.​ ​ [6] 
To find P and R, y=24 

 

 

To find Q , y =0 

 

 

 
 
 
 
 
 

 

​ (ii)​ State the set of values of k for which  has 2 solutions. ​ ​ [3] 

  

 
 

 
 
 
 

 

Max pt (8,25) 
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8​ It is given that and . 

​ (i)​ State the amplitude and period, in degrees, of   (a) ,  (b) .​ [2]​  

    amplitude =1, period=360° 

   amplitude =3, period =180° 

    
 
 
​  

​ For the interval , 

​ (ii)​ solve the equation , ​ [4] 

 𝑠𝑖𝑛𝑥 − 2 =− 3𝑐𝑜𝑠2𝑥

 3 1 − 2𝑠𝑖𝑛2𝑥( ) + 𝑠𝑖𝑛𝑥 − 2 = 0  𝑐𝑜𝑠2𝑥 = 1 − 2𝑥 

 6𝑠𝑖𝑛2𝑥 − 𝑠𝑖𝑛𝑥 − 1 = 0
 (3𝑠𝑖𝑛𝑥 + 1)(2𝑠𝑖𝑛𝑥 − 1) = 0

 𝑠𝑖𝑛𝑥 =− 1
3 ,                            𝑥 = 1

2   
𝑥 = 180° + 19. 471°,  360° − 19. 471,  𝑥  = 30°,  150°

 𝑥 = 199. 5°,  340. 5°.                                  𝑥 = 30°,  150°

 

​ (iii)​ sketch, on the same diagram, the graphs of and , ​ [4] 
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​ (iv)​ find the set of values of for which . ​ [2] 
 

 30° < 𝑥 < 150°,  199. 5° < 𝑥 < 340. 5°
 
 
9​    
 
 
 
 
 
 
 
​  
​ The diagram shows a prism in which the cross-section is a trapezium ABCD. 

​  cm, cm. The length of the prism is d cm. 

​ (i) Show that the area of trapezium ABCD is cm2.​ ​ [2] 
 

(i) ​  

         

          

Area of trapezium ABCD  

                                           

                                           cm2. 
                                      

 

 

​ The volume of the prism is cm3. 
​ (ii)​ Express d in terms of x.​ ​ [1] 
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(ii)  

              

                
 
​ (iii)​ Show that the total surface area, A cm2, of the prism is given by 

                                                                          .​ [3] 
 

(iii)  

           

        
 
 
 

 
​ (iv)​ Given that x can vary, find the value of x which gives a stationary value of A.​ ​ [4] 
 

(iv)  

      At ,        

                                                

                                                

                                                (to 3 s.f.) 
 
 
 
 
 
​ (v)​ Explain why this value of x gives the smallest possible surface area of the prism.​ ​ [1] 
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(v)  

     When ,   (or ) 

                         (or ) 

 
      Therefore this value of x gives the smallest 

possible surface area of the prism. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10​ Solutions to this question by accurate drawing will not be accepted.  
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​ The diagram shows a trapezium ABCD in which AB is parallel to DC. The coordinates of the points A, 
B and D are (2, 0), (3a, 2a+4) and (−2, 2) respectively, where a is a positive integer. The length of AB 

is units. 

​ (i)​ Show that . ​ ​ [3] 
 

 3𝑎 − 2( )2 + 2𝑎 + 4( )2 = 4 5 
 9𝑎2 − 12𝑎 + 4 + 4𝑎2 + 16𝑎 + 16 = 16×5

               13𝑎2 + 4𝑎 − 60 = 0
 𝑎 + 30) 𝑎 − 2( ) = 0

 𝑎 =− 30
13  𝑁𝐴( ),  𝑎 = 2

 
​ (ii)​ Find the coordinates of C. ​ ​ [2] 
 

be (0,y)                           𝑦 = 2𝑥 + 𝑐
               OR                              = 8−0

6−2 2 = 2 − 2( ) + 𝑐

                   OR               = 2 𝑐 = 6
                                    𝑦 = 2 0( ) + 6
                         6
                                  

 
 
 
 
 
 
 
​ (iii)​ Find the equation of the perpendicular bisector of AB. ​ ​ [4] 

, B (6,8) 

point of AB=  ( 6+2
2 , 0+8

2 )

                  = (4, 4)

           − 1
2 𝑚

1
× 𝑚

2
=− 1

on of the perpendicular bisector of AB 

 4 =− 1
2 4( ) + 𝑐

             𝑐 = 6

 𝑦 =− 1
2 𝑥 + 6

 
 
​  
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​ (iv)​ Hence, or otherwise, determine if C lies on the perpendicular bisector of AB. ​ ​ [1] 
 

   let x=0            𝑦 =− 1
2 0( ) + 6

                       y=6                                                   or 

let y=6.     6  =− 1
2 𝑥 + 6

              𝑥 = 0
 lies on the perpendicular bisector of AB 6)

 
​  
​ (v)​ Find the area of the trapezium ABCD.​ ​ [2]

​ ​  

ABCD=  
1
2 2 6 0 0 8 6    − 2 2 2 0 | |

      = 1
2 (16 + 36 + 12 − 4)

         = 1
2 (60)

         sq units = 30
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