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Mathematical Formulae 

1.    ALGEBRA 

 

Quadratic Equation 

   For the equation  ax 2 + bx + c = 0 , 
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Binomial expansion 
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2.    TRIGONOMETRY 

Identities 

sin 2 A  +  cos 2 A  =  1 

sec 2 A  =  1  +  tan 2 A 

cosec 2 A  =  1  +  cot 2 A 

sin(𝐴 ± 𝐵) = sin 𝐴 cos 𝐵 ± cos 𝐴 sin 𝐵 

cos(𝐴 ± 𝐵) = cos 𝐴 cos 𝐵 ∓ sin 𝐴 sin 𝐵 

tan(𝐴 ± 𝐵) =
tan 𝐴 ± tan 𝐵

1 ∓ tan 𝐴 tan 𝐵
 

sin 2𝐴 = 2 sin 𝐴 cos 𝐴 

cos 2𝐴 = 𝑐𝑜𝑠2𝐴 − 𝑠𝑖𝑛2𝐴 = 2𝑐𝑜𝑠2𝐴 − 1 = 1 − 2𝑠𝑖𝑛2𝐴 

A

A
A

2tan1

tan2
2tan

−
=  

Formulae for   ABC 
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==  

a 2  =  b 2  +  c 2  −  2bc cos A 

  =  
2
1 bc sin A 
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1  Given that 𝑓(𝑥) = 3𝑥5 − 11𝑥3 + 30𝑥2 + 39 = (𝑥 − 1)(𝑥 + 3)𝑄(𝑥) + 𝑎𝑥 + 𝑏  for all 

values of 𝑥 and that 𝑄(𝑥) is a polynomial, find 

(a) the values of 𝑎 and of 𝑏.                                                                                             [5] 

                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) the remainder when 𝑓(𝑥) − 3 is divided by 𝑥2 + 2𝑥 − 3.    [2] 
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2 (a) Water is poured into a jar at a rate of 35 cm3/s. The volume of water in the jar is 

𝑉 cm3, where 𝑉 = 3 (
ℎ2

4
+

8𝜋

ℎ3) and ℎ is the height of water in the jar. Find the rate at 

which the height of the water is increasing when ℎ = 4 𝑐𝑚.                                    [3] 

  

 

 

 

 

 

 

 

 

 

 

 

 (b) (i)   Find the set of values of 𝑥 for which 𝑦 =
2−5𝑥

𝑒𝑥  is a decreasing function of 𝑥.  [3] 

  

 

 

 

 

 

 

         (ii)  Find the gradient of the curve 𝑦 =
2−5𝑥

𝑒𝑥  at the point where it cuts the 𝑥- axis. [2] 
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3 (a) Express 
1−3𝑥−3𝑥2

𝑥(𝑥+1)2
 in partial fractions. [5] 
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3 (b) Hence, find ∫
1−3𝑥−3𝑥2

2𝑥(𝑥+1)2
𝑑𝑥. [4] 
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The diagram shows a kite 𝐴𝐵𝐶𝐷 in which 𝐴𝐵 = 𝐴𝐷 and 𝐵𝐶 = 𝐶𝐷, Point 𝐴 and 𝐵 lie on 

the y-axis and 𝐷 lies on the x-axis. The coordinates of 𝐶 is (4, 8), 𝐵 is (0, ℎ) and 𝐷 is 

(𝑘, 0), where ℎ and 𝑘 are positive constants. 

(a) Show that ℎ2 − 𝑘2 = 16ℎ − 8𝑘.                                                                              [2] 

  

 

 

 

 

 

 

𝐴 

𝑦 

𝑥 

𝐵(0, ℎ) 

𝐶 (4, 8) 

𝐷 (𝑘, 0) 𝑂 
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 (b) It is now given that ℎ = 1. 

(i) Find the coordinates of 𝐴. [4] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) Find the area of the kite. [2] 
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In the diagram, angle 𝐴𝐵𝐹 = 𝜃 , angle 𝐹𝐵𝐷 = 90°.  𝐴𝐵𝐶  is a straight line and BE is 

perpendicular to AC. 𝐴𝐵 = 𝐵𝐹 = 7 cm, 𝐵𝐶 = 𝐵𝐷 = 8 cm and 𝐵𝐸 = 5.6 cm. 

(a) Show that the area 𝑄 cm2 of the quadrilateral 𝐴𝐶𝐷𝐹 is given by  

𝑄 = 51.6 cos 𝜃 + 46.9 sin 𝜃.                                                                                   [3] 

  

 

 

 

 

 

 

 

 

 

 (b) Express 𝑄 = 51.6 cos 𝜃 + 46.9 sin 𝜃  in the form 𝑅 cos(𝜃 − 𝛼),  where 𝑅  is a 

positive constant and 𝛼 is acute.                                                                                [2] 

  

 

 

 

 (c) State the maximum value of 𝑄 and find the corresponding value of 𝜃.    [2] 

  

 

 

 

 (d) State the maximum value of 
1

𝑄2+3
.    [1] 

   

A B C 

D 

E 

7 cm 8 cm 

F 

𝜃 

8 cm 5.6 cm 

7 cm 



9 

 

 

 

6 An insect leaves its nest and flies along in a straight path. The velocity, 𝑣 m/s, that it flies 

in time, 𝑡 s, after it leaves the nest is given by 𝑣 = 4𝑒−𝑡 −
1

2
𝑒2𝑡. 

(a) Find the acceleration when 𝑡 = 0.5.                                                                           [2]   

  

 

 

 

 

 

 (b) Find the value of 𝑡 when the acceleration is maximum. [3] 

  

 

 

 

 

 

 

 

 

 

 (c) Show that the insect is instantaneously at rest when 𝑡 = ln 𝑘 where 𝑘 is an integer.          

                                                                                                                                  [3] 
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 (d) Find the total distance travelled by the insect between 𝑡 = 0 and 𝑡 = 3. [4] 

  

 

 

 

 

 

 

 

 

 

 

 

7 (a) Prove the identity 
cot 𝐴−tan 𝐴

cot 𝐴+tan 𝐴
= 2𝑐𝑜𝑠2𝐴 − 1. [4] 
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 (b) Hence, solve 
cot 𝐴−tan 𝐴

cot 𝐴+tan 𝐴
= cos 𝐴 for −𝜋 < 𝐴 < 𝜋. [4] 

  

 

 

 

 

 

 

 

 

 

 

 

8 A curve is given by 𝑦 = tan 𝑥. 

(a) Find  
𝑑𝑦

𝑑𝑥
. 

 

[1] 

  

 

 

 

 (b) Hence, find the equation of the tangent to the curve 𝑦 = tan 𝑥 at the point where  

𝑥 =
𝜋

6
, leaving your answer in terms of 𝜋.                                                                [3] 

  

 

 

 

 

 

 

 

 

 



12 

 

 

 

 (c) Find the value of 
𝑑2𝑦

𝑑𝑥2
 when 𝑥 =

𝜋

6
. [2] 

  

 

 

 

 

 

 

 

 

 

 

 

 (d) A student concludes from part (c) that since the value of 
𝑑2𝑦

𝑑𝑥2 > 0 at 𝑥 =
𝜋

6
, hence there 

is a minimum point at 𝑥 =
𝜋

6
. State with reason and mathematical working whether 

the above conclusion is correct.                                                                                 [2] 

  

 

 

 

 

 

 

 

 

9 Evaluate ∫ (3𝑥2 − 16𝑥 + 16)
4

3
0

𝑑𝑥 + ∫ (3𝑥2 − 16𝑥 + 16)
4

4

3

𝑑𝑥. Hence, state what could be 

deduced about the graph  𝑦 = 3𝑥2 − 16𝑥 + 16 between 𝑥 = 0 and 𝑥 = 4?                  [4] 
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10 The diagram shows part of the curve 𝑦 =
4

𝑥
.  The curve 𝑦 =

4

𝑥
 cuts the line 𝑦 = 𝑒 at 𝐴 

and the line 𝑥 = 2𝑒 at 𝐵.  

 

 

 

 

 

 

 

 

 

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

  

 

 

 

 

 

 

 

 (b) Find the area bounded by the curve 𝑦 =
4

𝑥
, 𝑦 = 𝑒, 𝑥 = 2𝑒, the 𝑦-axis and the 𝑥-

axis, leaving your answer in the form 𝑎 + ln 𝑏, where 𝑎 and 𝑏 are integers.        [4] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑦 =
4

𝑥
 

𝑦 = 𝑒 

𝑥 = 2𝑒 

B 

A 
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 (c) Explain why the area of the shaded region is between 4 units2 and 2𝑒2 units2.    [2] 

  

 

 

 

 

 

11 The table below shows experimental values of two variables 𝑥 and 𝑦. 

 

𝑥 1 2 3 4 5 6 

𝑦 
14.1 26.0 40.0 55.9 73.5 92.6 

It is known that 𝑥 and 𝑦 are related by an equation of the form 𝑦 = 𝐴(1 + 𝑥)𝑛, where 𝐴 

and 𝑛 are constants. 

(a) Plot lg 𝑦 against lg(1 + 𝑥)and draw a straight line graph on the grid given in the next 

page.                                                                                                                          [3] 

  

 

 

 (b) Use your graph to estimate the values of 𝐴 and of 𝑛. [3] 

  

 

 

 

 (c) On the same diagram, draw a straight line representing the equation 𝑦 =
16

1+𝑥
. [2] 

  

 

 

 (d) Hence, find the value of 𝑥 for which 𝐴(1 + 𝑥)𝑛+1 = 16. [2] 
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