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Mathematical Formulae 
 
 
 

1. ALGEBRA 
 
Quadratic Equation 
 

For the equation 02  cbxax ,  

a
acbbx

2
42 

  

 
 
 

2. TRIGONOMETRY 
 
Identities 

1cossin 22  AA  
AA 22 tan1sec   

2 2cosec 1 cotA A   
  BABABA sincoscossinsin   
  BABABA sinsincoscoscos   

 
BA
BABA

tantan1
tantantan




  

 
AAAAA 2222 sin211cos2sincos2cos   

A
AA 2tan1

tan22tan


  

 
 
Formulae for ABC 

C
c

B
b

A
a

sinsinsin
  

Abccba cos2222   

 = Abc sin
2
1  

 
 
 
 
 
 
 
 

 

AAA cossin22sin 
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Answer all questions. 
 

1 Circle C  has equation    2 21 3 36.x y      

   
 (a) Write down the radius and the coordinates of the centre of the circle.  [2] 
     

    
 

2 2

2 2 2

1 3 36

1 3 6

centre of ci ]rcle 1,  3  and radius 6 units  [B2

x y

x y

   

    

  

 

 
 
 

 

 (b) Explain why any line that passes through the point  1,  1  will intersect circle 
C  at two points.  

 
[1] 

        

 

2 2distance of 1, 1 from centre 1 1 1 3

                                               4
                                               2 6 units (radius of circle)
As the point 1, 1  lies inside the c

      


 

 ircle, 
 any line that passes through it will intersect circle  at two points. C

 

 

 

    
 
 
 

  

2 Given that 3cos
7

A   where π0 ,
2

A   find the exact value of  

     
 
 

 

 
 (a) sin ,A  [2] 
  2 3 2

2 2

[M1]

[A1]

3 7

7 3

40         

2 10      

2 10sin      
7

y

y

y

y

A

 

 







 

 

 

 (b) sin 2 .A   [2] 
  

]

sin 2 2sin cos

2 10 3 40 32    or      2
7 7 7 7

12 10                  

 [M1]      

[A1
49

A A A

                      



 

 

  

3 

7 

A 

2 10  

[B1] 

or  distance 3 1
2 6 units

 
 
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3 Do not use a calculator in answering this question. 
 

Express 1 7
5 7



 in the form 7 ,a b
c

  stating the values of the integers ,  a b  and .c  

 
 
 

[4] 

 

 
   

2

22

]

1 7 1 7 5 7            
5 7 5 7 5 7

5 7 5 7 7
=   

5 7

12 6 7                       
18

2 7 7
3

  2,  1,  3       

[M1]

[M1]

[A1]

[B1

a b
c

a b c

  
 

  

  






 
 

   

 

 
 
 
 
 
 

 

4 (a) It is given that 4 1
2 5

xy
x





 for 5 ,
2

x    find d .
d
y
x

 [3] 

  

     
 

 

 

2

2

2 ]

4 1 

 [M2]

Given:   
2 5

2 5 4 4 1 2
   

2 5
8 20 8 2    

2 5
22       

2 5
 [A1

xy
x

x xdy
dx x

x x
x

x





  




  







 

 
 
 
 

 

       
 (b) Explain why y  is an increasing function. [1] 
  

 

 

 

2

2

2

d 22    
d 2 5

5For ,     2 5 0   
2

22Hence  0 and  is an increasing function. 

 

2 5

y
x x

x x

y
x




   




 

 

 

M1: correct numerator
M1: correct denominator

 

[B1] 
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5 Express 
2

2

6 21 25
2 5

x x
x x
 


 in the form .

2 5
B CA
x x

 


 [5] 

 

 
 

 

2

2

2

2 2

2

6 21 25Given: 
2 5 2 5

6 21 25 25 63            
2 5 2 5

      
25 6 25 6= = +     
2 5 2 5 2 5

       25 6 2 5
when 0,
                   25 5
                   

[M1]

 [M1]

x x B CA
x x x x

x x x
x x x x

x x B C
x x x x x x

x B x Cx
x

B

 
  

 
  

 
 

 
  

    



 

2

 5                            
5when ,
2

5 5 5           25 6 2 5
2 2 2

5                        10
2

                    4                           
6 21 25    

2

[M1]

[M1]

B

x

B C

C

C
x x

 



               
      



 

 


   

2

2

5 43
5 2 5

5 4                               3     
2 5

Alternative method: 
6 21 25 2 5 2 5    
           when 0,                  5 25
                               

[A1]

      [M1]

x x x x

x x

x x Ax x B x Cx
x B


  

 

  


      

  
                     5                 

5 5           when ,                     10
2 2

                                                    4                     
           when 1,  

[M1]

[M ]
     

1
 

B

x C

C
x

 

 




2

2 ]

 
  

 
 

 
 

 
 

 
 

 
 

 
 

0
 

        1 3 15
 

4
                         [ M 1 ]                                  3  

6 21 25 5 4                 [A1          3   
2 5 2 5

A
A

x x
x x x x

   


 
   

 
 

 
 
 
 
 
 
 

           
  3 

26 21 25x x   

 26 15x x   
  6 25x   

 
 
 
 
 
 
 
 
 
 

 

22 5x x  



6 

 

6 (a) Express 22 6 7x x   in the form  2 ,p x q r   where ,  p q  and r  are 
constants. 

 
[3] 

   2 2

2 2
2

2 2 2 2

2

2

]

6 7 2 3 7    

3 32 3 7   
2 2

3 3 3 3= 2 2 7    2 7
2

r
2 2 2

3 52    

[M1]

[M1]    

 
2 2

o    

[A1

x x x x

x x

x x

x

    

                   
                      

         

    
 

 

 
 
 
 
 
 
 
 
 
 

 

       
 (b) Hence explain why the minimum point of the curve 22 6 7y x x    is 

3 5,  .
2 2

 
 
 

 

 

[1] 

  2
2

2
2

3 52 6 7 2    
2 2

At the minimum point,  must be the least.

3 5  0,       2 6 7
2 2

5                                              
2

5 3   when ,                     0
2 2

      

x x x

y

x x x

y

y x

      
 

      
 

 

  



3                                            
2

3 5Hence minimum point is ,  .  
2 2

x 

 
 
 

 

 

       
 (c) State the range of values of k  for which y k  has no solutions. [1] 
  ]12   

2
 [B1k   

 
 
 

 

[B1] 
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7 The volume, V cm3, of a spherical balloon is given by 34 π ,
3

V r  where r  cm is the 

radius of the balloon. The radius is increasing at a rate of 2 cm/s. 
 
Calculate the rate at which the volume of the balloon is increasing when the radius is 
10 cm. 

 
 
 
 
 

[4] 

 

 

3

2

2

2

2

4Given: ,  2 cm/s, 10 cm
3

         4       

         

             

 

 [M1]

  4 2  
               8        

When 10 cm,    8 10       

              

[M1]

  

M

  

[ 1]

 

drV r r
dt

dV r
dr
dV dV dr
dt dr dt

r
r

dVr
dt











  



 

 



 

3 3 [A1] )      or    0               8 0  cm /s 2510 cm /s (3 sig fig

 

 
 
 

 

    

8 Show that cos 1 sin .
sec tan

 
 

 


 [5] 

 

2

cosShow: 1 sin
sec tan

cos cosLHS    1 sinsec tan
cos cos

cos                               
1 sin

cos
cos                                           

1 sin

                    

[M1]

[M1]




 
 

 
 







 


 
 


 

 
 




  

2

]

1 sin                     
1 sin
1 sin 1 sin

                                =           
1 sin

                              1 s S

[M1]

[M1]

R [Ai  1n H  



 








 


  
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9 (a) Find 7 . 
11 5

dx
x   [3] 

   

 

1
2

1
2

]

7 7 11 5    
11 5

11 5
                     7    1 .1

 

 [M2
1

2
14                    11 5    [ 
11

]

A1

dx x dx
x

x
c

x c

 



 

  

 

 

 
 
 
 
 
 

 

    
 
 
 
 
 

   

 (b) Hence evaluate 
4

1

14  .
11 5

dx
x   [3] 

  

    
 

4 4

1 1

4

1

]

14 7 2  
11 5 11 5

142 11 5    
11

28= 11 4 5 11 1 5  

[M1]

 [M1]

7

 
11
28 7 4
11
84     
11

7       
11

[A1

dx dx
x x

x


 

    

  

 





 

 

 

    
 
 
 
 
 
 
 
 
 
 

  

M1: for power 1
1M1: correct denominator, 11
2




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10 (a) Solve  4 12x x    and represent the solution set on a number line. [4] 

   

  

2

]

        4 12

  4 12 0
2 6 0    
2  o

[M1]
[Ar   6   2 

x x

x x
x x

x x

 

  

  

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

      
 (b) Without using a diagram, determine whether the line 2 3y x   and the curve 

22 5 4y x x    have 0, 1 or 2 points of intersection. 
 

[4] 

  

    

2

2

2

2

[M1]

 

2 3             1
2 5 4    2

Sub  1  into  2  ,
2 5 4 2 3                             
2 7 1 0

                7 4 2 1              
                   41 0                  

[M
    

1]

y x
y x x

x x x
x x

D

  

   

   

  

  

 
]

    
 There are 2 points of inter o

 
n

[M
secti s  

1
. 

]
[A1

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 2  6  0  

[A1] 
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11 (a) Write 2sin 3cos   in the form  sin ,R    where 0R   and 
0 90 .     

 
[3] 

   

   

 

2 2 1

2sin 3cos sin

32 3    and   tan   
2

  13                                  56.3099
                                                  56.3  1 dec pl     

   2sin 3cos 13 s

[M1] [M1]

   

R

R

   



 



  

     
 

  

 

     ]i An 56.3  1  [  

 

 
 
 
 
 
 
 
 

 

      
 (b) Hence find the greatest value of 2sin 3cos 1,    giving your answer in 

exact value. 
 

[1] 
   

]

2sin 3cos 1 13 sin 56.3 1

 max value of 2sin 3cos 13

    greatest value of 2sin 3cos 1 13 1 [B1  

  

 

 

     

  

   

 

 
 
 
 

 

      
 (c) Determine the value of   for 0 180     at which the greatest value occurs. [2] 
  

 
Greatest value occurs 
when sin 56.3099 1 
                  56.3099 90
                                    90 56.3099
                                    33.6901
                        

 [M1]





  

   
  
 

  ]        33.7  11 dec pl  [A  
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12 (a) Show that the equation 23tan 10 sec    can be written in the form 
23sec sec 13 0.     

 
[2] 

  

 

 

2

2

2

2

[M1]

[A1]

3tan 10 sec

3 sec 1 sec 10 0    

3sec 3 sec 10 0
3sec sec 13 0   shown   

 

 

 

 

 

   

   

  

 

 
 
 
 
 
 

 

       
 (b) Hence solve 23sec sec 13 0     for 0 360 .     [5] 
  

      
 

2

2

3sec sec 13 0

1 1 4 3 13
                      sec    

2 3

1 157                              
6
6                  cos    

1 157
6 6      cos  or          cos   

1 157 1 157
1s

[M1]

[M1]

              

 





 

  

   


 


 
 

 
   

t and 4th quadrants,                            2nd and 3rd quadrants,
     basic 58.642                                  basic 63.675
              58.642 , 360 58.642                   180 6 

     
       

    ]

3.675 ,180 63.675
               58.642 ,301.358                                116.325 , 243.675
                58.6 ,  301.4  1 dec pl              116.3 , 243.7  1 dec 

 
[A1]  [ 1l Ap

  
     

     

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

M1: correct 
quadrants 
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13 The diagram shows a windowpane which is formed by a rectangle with sides  
2x  m by y  m, and a semicircle of radius x  m.  
The perimeter of the window is 12 m. 
 

 
 

 

 (a) Show that  1 12 2 π .
2

y x x    [2] 

  

 

Given: perimeter of windowpane 12 m
1                        2 2 2π 12  
2

                                2 2 π 12
                                                2 12 2 π

                  

 [M1]x y x

x y x
y x x



  

  
  

    ]1                              12 2 π  [Ash w
2

1o ny x x   

 

 
 
 
 
 
 

 

       
 

(b) Hence show that the area, A m2, of the windowpane is 
2

2 π12 2 .
2
xA x x    

 

[2] 

      

   

2

2

2 2 2

2
2

1area of windowpane, 2 π     
2

1 1                                    2 12 2 π + π
2 2

1                                    12 2 π π
2

π                              12 2  

]

2

[M1A x y x

x x x x

x x x x

xA x x

 

    
 

   

       [A1]shown

 

 
 
 
 
 
 

 

 my  

2  mx  
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 (c) Find the value of ,x  correct to 2 significant figures, for which A  has a 

stationary value. 
 

[3] 
  

 

2
2 π  12 2

2
d 12 4 π    
d

dWhen 0,     12 4 π 0    
d

                                   4 π 12
                                  4 π 12

1

]

                                       

[M1]

[M1

   

xA x x

A x x
x

A x x
x

x x
x

x

  

  

   

 

 

 

  ]

2
4 π

                                                1.6803
                                   A             1. g [ 17 2 si  fig  






 

 
 
 
 
 
 
 
 
 
 

 

       
 (d) Determine whether the stationary value of A  is a maximum or a minimum. [2] 
  

2

2

2

2

[M1]

 [A1]

d 12 4 π   
d
d 4 π   
d

d  0,    is maximum.
d

A x x
x
A

x
A A

x

  

  



 

 
 
 
 
 
 
 
 
 
 

 

 
 
 

END OF PAPER 


