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Mathematical Formulae 

 
 

1. ALGEBRA 

Quadratic Equation 
 

 For the equation 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0, 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

 

Binomial Theorem 

  (𝑎 + 𝑏)𝑛 = 𝑎𝑛 + (
𝑛
1

) 𝑎𝑛−1𝑏 + (
𝑛
2

) 𝑎𝑛−2𝑏2+. . . + (
𝑛
𝑟

) 𝑎𝑛−𝑟𝑏𝑟+. . . +𝑏𝑛, 

 

where n is a positive integer and (
𝑛
𝑟

) =
𝑛!

𝑟!(𝑛−𝑟)!
 = 

𝑛(𝑛−1)...(𝑛−𝑟+1)

𝑟!
. 

   

 

2. TRIGONOMETRY 

Identities 

sin2 𝐴 + cos2 𝐴 = 1 

sec2 𝐴 = 1 + tan2 𝐴 

cosec2𝐴 = 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 

        tan( 𝐴 ± 𝐵) =
tan 𝐴±tan 𝐵

1∓tan 𝐴 tan 𝐵
 

             sin 2 𝐴 = 2 sin 𝐴 cos 𝐴 

cos 2 𝐴 = cos2 𝐴 − sin2 𝐴 = 2 cos2 𝐴 − 1 = 1 − 2 sin2 𝐴 

  tan 2 𝐴 =
2 tan 𝐴

1−tan2 𝐴
 

          

 

 

Formulae for ABC 
𝑎

sin 𝐴
=

𝑏

sin 𝐵
=

𝑐

sin 𝐶
 

            𝑎2 = 𝑏2 + 𝑐2 − 2𝑏𝑐 cos 𝐴 

                                                                     ∆ =
1

2
𝑎𝑏 sin 𝐶
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1 Express 
4

(𝑥2+1)(𝑥+1)
 in partial fractions. [5] 
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2 (a) Radiation intensity, R, varies inversely with the square of d, the distance from the 

source of radiation such that 𝑅 =
𝑘

𝑑2, where k is a constant. 

Values of R for different values of d have been collected and tabulated. 

Explain how a straight-lined graph can be drawn to determine the formula connecting R 

and d. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) The number of particles present in a room, t minutes after turning on the air filter is y. 

When corresponding values of lg y and t are plotted on a lg y against t axes, the points 

form a straight line that passes through (0,3) and (10,1.5) as drawn on the axes on the 

next page. 

 

(i) Find y in terms of t. [4] 
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(ii) Use the graph to estimate the time taken for the number of particles in the room to 

be halved. [3] 
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3 (a) The diagram below shows the graph of the curve 𝑦 = cos 𝑥 +
𝑥

2
  for 𝑥 ≥ 0 radians.  

  The tangent to the curve when 𝑥 = 0 at C, is drawn to D which is vertically above point 

B, the minimum point of the curve. 

  Points A and B are the first two stationary points of the curve. 

  Find 𝑥𝑏 , the x coordinates of point B. 

  You do not need to show that it is a minimum point. [4] 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) (i) Find the equation of CD. [2] 

 

  

x 

𝑥𝑏 

𝑥 

𝑦 

𝐶 

𝐵 

𝐷 

𝐴 

0 

𝑦 = cos 𝑥 +
𝑥

2
 

x 
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(ii) Find the area shaded that is bounded by the tangent to the curve 𝑦 = cos 𝑥 +
𝑥

2
  at 

𝑥 = 0, the curve and the line 𝑥 = 𝑥𝑏. [5] 
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4 (a) 2𝑦 = 16𝑥 + 𝑘 is a tangent to the curve 𝑦 =
1

2𝑥
+ 2𝑘𝑥. Find the value of constant k. [4] 
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(b) Find the range of values of a such that 𝑎𝑥2 + √8𝑥 + (𝑎 − 1) < 0 for all values of x. [4] 
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5 Given 𝑦 = 𝑒2𝑥 sin 3𝑥. 

 (a) Find 
𝑑𝑦

𝑑𝑥
. [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Find 
𝑑2𝑦

𝑑𝑥2. [2] 
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(c) Given that 
𝑑𝑦

𝑑𝑥
+

𝑑2𝑦

𝑑𝑥2
+ 𝑎𝑦 = 𝑏𝑒2𝑥 cos 3𝑥, form 2 equations involving a and b and use 

them to find the value of a and of b. [4] 
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6 (a) Show that  
𝑑

𝑑𝑥
(

𝑥−2

√3𝑥+1
) =

3𝑥+8

2√(3𝑥+1)3
. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Hence evaluate ∫
3𝑥+7

2√(3𝑥+1)3

5

0
𝑑𝑥. [5] 
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For continuation of working for question 6 part (b)  
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7 AF is a tangent to the circle ABCD at A. 

E is on AF such that EDC is parallel to AB. 

 

 

 

 

 

 

 

 

(a) Prove that triangle ABD and triangle DAE are similar. [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Show that if triangle BCD and triangle DAB are similar, BD must be the diameter of the 

circle. [3] 

  

A E F 

D 

C 

B 
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8 (a) Solve 3(3𝑥+1) = 10 − 3−𝑥. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Given log100 𝑥 + lg 𝑦 = 3, express y in terms of x. [4] 
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9 The chord AB of a circle C has equation 𝑦 = −
1

2
𝑥 + 10, where the x coordinate of A is 

smaller than the x coordinate of B. 

 

The circle C has equation (𝑥 − 2.5)2 + (𝑦 − 5)2 =
365

4
 with centre E. 

 

(a) Find the coordinates of A. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝑦 = −
1

2
𝑥 + 10 

(𝑥 − 2.5)2 + (𝑦 − 5)2 =
365

4
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(b) State the centre of circle C, and use it to show that the perpendicular bisector of AB 

passes through the origin. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) The chord AB is extended to cut the x-axis at point D. Show that the mid-point of AD 

lies inside circle C. [4] 
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10 A particle starts moving in a straight line when it is 6 metres from a fixed point O, such that 

its velocity, t seconds after the start of the motion is given by 𝑣 = 4𝑒−2𝑡 + 𝑡 − 3 m/s. 

(a) Find the initial velocity of the particle. [2] 

 

 

 

 

 

 

(b) Show that the minimum velocity is negative, and it happens when 𝑡 =
1

2
ln 8.  [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Using your answer from part (a) and part (b), explain if the particle changes its 

direction of motion.  [2] 
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(d) Find the displacement of the particle from O, 2 seconds after the start of the motion.  [4] 
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