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Mathematical Formulae 
 

1.  ALGEBRA 

Quadratic Equation 
  
 For the equation 2 0ax bx c+ + = ,  

 
Binomial Expansion 

, 
 

 where n is a positive integer and  
 

2.  TRIGONOMETRY 
Identities 

 
 
 

 

 

 
 

 

 
 
Formulae for ABC   
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Answer all questions. 

1.  Find the coordinates of the intersection(s) for the following graphs. 
 

2𝑥𝑥 + 3𝑦𝑦 + 4 = 0, 
3
𝑥𝑥

+ 2
𝑦𝑦

= 1
4
. 

 
[5] 
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2.  
(a) Express 30 18 2

2 2
+
+

 in the form 2r s+ , where r and s are integers 
 
[2] 
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 (b) The diagram shows a triangle XYZ. 

 
XY is 4 2 2+  cm and YZ is ( )2a b+  cm, where a and b are integers. The 

included angle XYZ is 135°. Given that the area of the triangle is ( )15 9 2+ cm2, 

find the value of a and of b.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

  

4 2 2+  

( )2  cma b+  
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3.  
The function  𝑓𝑓  is defined by  𝑓𝑓(𝑥𝑥) = 

5−𝑥𝑥2

𝑥𝑥2+3
,  𝑥𝑥 > 0. A point 𝑃𝑃 moves along the curve           

𝑦𝑦 = 𝑓𝑓(𝑥𝑥)  in such a way that the  𝑦𝑦-coordinate of 𝑃𝑃  is increasing at a constant rate of                 

0.2 units per second.    
 (a) Explain, with working, whether  𝑓𝑓  is an increasing or decreasing function.  [3] 
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 (b) Find the rate of change of the 𝑥𝑥-coordinate of  𝑃𝑃 when  𝑥𝑥 = 4.  [3] 
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4.  (a) Find the range of values of h for which the line 24y hx+ = .and the curve 
25 20y x+ =  do not intersect.   

[3] 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) By expressing in the form of ( )2x h k− + , where h and k are constants, explain why 
2 4 7x x− +  is always greater than or equal to 3. [2] 
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5.  (a) Show that 2 2sin( )sin( ) cos cosA B A B B A+ − = − .  [3] 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(b) Hence, without using a calculator, show that sin 1sin 75 15

4
oo =  . [2] 
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6.  The diagram shows the frontal view of a rectangular block PQRS, with dimensions 20 

cm by 8 cm. It is placed on a ramp, VS, tilted at an acute angle of θ  to the horizontal 

surface ST and 90oVTS∠ = . 

 
 

 (a) Show that d, the perpendicular distance from Q to ST, can be expressed as 

8cos 20sinθ θ+ , in centimetres.  [2] 
 

  

θ   



11 
 

 (b) Express d in the form ( )sinR θ α+ , where R > 0 and α is an acute angle.  [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Hence,  state the maximum value of d and find the corresponding value of θ .  [2] 
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7.  
(a) The equation of a curve is

3 2
5 2
xy
x
+

=
−

. Express 
dy
dx

 in the form 
( )32 5 2

ax b

x

+

−
, where a 

and b are constants. [2] 
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7 (b)  

 

The diagram above shows the curve with equation ( )sin 30 1y a bx= − −  for 

0 360≤ ≤ x , where a and b are constants. The curve cuts the y-axis at ( )0, 3−  Find 

the value of a and of b. [3] 
 

   
   

  

( )sin 30 1y a bx= − −   

-3 
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8.  The mass, m grams, of a radioactive substance, present at time t years after first being 
observed, is given by the formula 195(0.8)tm = .  

 (a) Find 

(i)  the initial mass of the substance,      [1] 
 

 (ii) the mass of the substance when t = 6,  [1] 
 

 
(iii) the value of t when the mass of the substance is 1

4
 of its initial mass.  Give 

your answers correct to three significant figures.  

 
 
 
[3] 
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 (b) Explain why the mass of the substance can never be more than 195.   [1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Sketch the graph of m against t. [2] 
 

   
  



16 
 

9.  
(a) Evaluate 

4

0

3
2 1

dx
x +∫ .  

[2] 
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 (b)  Given that
3 5

0 3
( ) ( ) 3f x dx f x dx= =∫ ∫ , find the value of   

 
 (i) 

5 3

0 5
2 ( ) ( ) f x dx f x dx−∫ ∫ , [3] 

 
 

(ii) the constant k for which  
5

23
( )  kf x dx

x
 −  ∫ = 0.  [3] 
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10.  (a) A circle, C1, has equation 2 2 8 12 27 0x y x y+ + − + = .Find the radius and the 

coordinates of the centre of C1. [3] 
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 . 
(b) A second circle, C2 cuts C1 on the y axis at the points F and G, where FG is the 

diameter of C2. Find the equation of C2 in the form of ( ) ( )2 2 2x a y b r− + − = . 

     

 
 
 
[4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Explain why the point ( )3,3− lies within only one of the circles C1 and C2. [2] 
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11.  The line joining A(6, 10) and B(0,1) meets the x-axis at C. The point P lies on AC such 
that AP: PB = 2:1.  

   

 
 (a) A line through P meets the x-axis at Q and angle PCQ = angle PQC.  

 
 (i) Show that the coordinates of P is (2, 4).  [1] 

 
 (ii)  Find the equation of PQ,  [4] 

 
 (iii) Find the coordinates of Q. [1] 
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 (b) D is a point such that CD = DQ and CPQD is a kite. Given that the area of the kite is 

104 units square. Find the coordinates of D.  [3] 
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12.  (a) Solve 72 log 3  log 49pp = + .     [4] 
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 (b) Given that 3log x a=  and 9log y b= , express in terms of a and b, 
 

 (i) log 9x y ,   [3] 
 

 (ii) 3x y . [2] 
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13.  (a) Given that the coefficient of 9x  in the expansion of ( )( )111 3kx x+ −  is 1386, find the value 
of k. 

 

 
[7] 
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 (b) The first three terms in the binomial expansion of ( )na b+ , in ascending powers of b, is 

given by p q r+ + . Express 
2q

pr
in terms of n. [3] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


