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Mathematical Formulae 

 

1.    ALGEBRA 
Quadratic Equation 

 For the quadratic equation  ax 2 + bx + c = 0 , 

 
Binomial Expansion 

 ,  

 where  n  is a positive integer and   

 

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 ) =  

sin 2A = 2 sin A cos A 

cos 2A = cos2 A – sin2 A = 2cos2 A – 1 = 1 – 2 sin2 A 

tan 2A =   

 

Formulae for  D ABC 

 

a 2  =  b 2  +  c 2  -  2bc cos A 

D  =  ab sin C 
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1. Oil is dripping into an empty inverted right circular cone at the rate of 16 cm3 per second.   

 The height, h cm, of the cone is three-quarters its radius, r cm.   

 [Volume of a right circular cone = ] 

(a)  Show that the volume, V cm3, of the cone is  .                                         [1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
         
 

(b)  Calculate, at the instant when the radius is 8 cm, the rate of change of the radius.  [3] 
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2. The straight line  intersects the curve  at the points A and B. 

Show that the length AB is  units.  [5] 
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3. (a) Find . [3]  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)  Hence evaluate , giving your answers in exact form. [4]  
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4. The diagram shows a circle passing through the points P, Q, R and S. Chord SQ and RP 
 intersect at T. The straight line URV is a tangent to the circle at R. The tangent meets the line 
 SQ extended at U such that RU = RS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Show that triangle RQU is isosceles.             [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Show that angle SPT = 2 ´ angle QPT.             [3]  
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5. The equation of a curve is , where m is a constant. 
 

(a) In the case where m = 1, show that the line  is a tangent to the curve. 
Find the coordinates of the point of contact.              [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) Find the range of values of m for which the curve is above the line y = 5.              [5] 
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6. (a) By using long division, show that  is a factor of .          [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 (b) Express  in partial fractions.            [5] 
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7. (a) State the amplitude and period of the graph of . [2] 

 
 
 
 
 
 
 

 (b) Sketch the graph of  for . [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) By adding another suitable curve on your sketch, determine the number of                                

  solutions of the equation . [3] 
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8. The highest point on a circle  is (2, 8). The equation of the tangent, T, to  at the point   
 (6, 6) is . 
 (a) Find the equation of . [6] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 A second circle, , is the reflection of  in the line T.  
 (b) Find the equation of . [3]  
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Continuation of working space for question 8(b). 
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9. (a) Show that the value of can be expressed as , where p and q are  

  constants. [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Given that   and , find the exact value of   

  . [3] 
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(c) Given that B is a reflex angle and , find the exact value of . [2] 
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10. 
 
 
 

 
 
 
 
 
 

 
 

 The diagram shows a container which consists of an open cylinder of radius r m and height  
 h m joined to a hemispherical bottom of radius r m. The container is to be made of thin metal 
 sheets of negligible thickness. The volume of the cylindrical part of the container is 300 m3.   
 [Surface area of a sphere of radius r = ] 

 
(a)  Express h in terms of r.                                        [1] 

 
 
 
 
 
 
 
 
 
 
 

(b)  The manufacturer bought metal sheets at $60 per square metre.   
 Show that the total cost, $C, of the metal sheets required to make the container is                 
 given by 

                                            . [2] 
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(c)  Given that r can vary, find the stationary value of C and determine its nature. [6] 
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11. 
 

 
 

 
 

 
 

 
 
  
 The diagram shows a figure ABCD, in which BC = 13 m, CD = 6 m, angle   
 and angle  angle . 
 

(a)  Show that the perimeter, L metres, of ABCD is given by  
                                                
                                                  . [2] 
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(b) By expressing L in the form of , where and a is acute,  
find the maximum possible perimeter of ABCD. [4] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(c) Find the values of  for which L = 45 m. [3]  
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12. The diagram shows part of the curve of and is a point on the 

curve. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)  By using calculus, determine, with full working, whether  is the equation                

 of the tangent to the curve at P. [5] 
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(b)  Differentiate  with respect to x. [2] 

 
 
 
 
 
 
 

 
 
 

(c) Using the result from part (b), find the exact area of the region enclosed by the curve 

, the x-axis, the line x = 1 and the line x = 3.  [3] 
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