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1  The floor function, denoted by x    , is the greatest integer less than or equal to x . For 

example, 2.1 3       and   3.5 3   . 

 The function f  is defined by 

    
for , 1 2,

f ( )
0 for , 2 3,

x x x
x

x x

        
  

 

 where x    denotes the greatest integer less than or equal to x .  

 It is given that f ( ) f ( 4)x x  . 

 (i) Find the values of  f ( 1.2)   and  f (3.6)  . [2] 

 (ii) Sketch the graph of 
 

f ( )y x   for 2 4x   .        [2] 

 (iii) Hence evaluate  
4

2
f ( ) dx x

  . [1]  

 

2 By writing  3 2sec sec secx x x  , find  3sec  dx x  .  

 Hence find the exact value of  
1tan 2 3

0
sec  dx x



  . [6] 

 

3 (i) By first expressing 23 4x x   in completed square form, show that 23 4x x   is 

always negative for all real values of x . [2] 

 (ii) Hence, or otherwise, without the use of a calculator, solve the inequality  

     
  22

2

3 4 1
0

2 5

x x x

x x

  


 
 ,  

  leaving your answer in exact form. [4] 

 

4  The complex number z  is given by iez r  , where 0r   and 0    . It is given that 

the complex number  3 iw z   . 

 (i) Find w  in terms of r , and arg w  in terms of  . [2] 

 (ii) Given that 
8

*

z

w
 is purely imaginary, find the three smallest values of   in terms of 

 .  [5]      
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5 (a) It is given that three non-zero vectors  a , b  and  c  satisfy the equation 

       a b a c b c , where b c . Find a linear relationship between  a , b  and  

c . 

    [3] 

 (b) A point A  with position vector  OA   


  i j k  , where   ,   and   are real 

constants, has direction cosines cos , cos  and cos  , where  ,   and   are 

the angles OA


 make with the positive x , y  and z -axes respectively. 

  (i) Express the direction cosines cos , cos  and cos   in terms of   ,   and 

 . Hence find the value of  2 2 2cos cos cos     . [3] 

  (ii) Hence show that  cos 2 cos 2 cos 2 1       . [2] 

 
 
6 A particle moving along a path at time t , where  30 t    , is defined parametrically by 

   cot 3x t    and   2cosec3 1y t  . 

 (a) The tangent to the path at the point  cot 3 , 2cosec3 1P p p   meets the y-axis at 

the point Q . Show that the coordinates of Q  is  0, 2sin 3 1p  . [4] 

 (b) The distance of the particle from the point ( 0 , 1)R  is denoted by s , where 

2 2 2( 1)s x y   . Find the exact rate of change of the particle’s distance from R  at 

time  4t   . [4] 

 
 

7 (i)    It is given that  ln 2siny x . Show that  
22

2

d 1 d
ln

d d

y y
y y

x y x
     
 

 .                    [2] 

 (ii)   Find the first four terms of the Maclaurin series for y  in ascending powers of 

x .  [4] 

 (iii) Using appropriate expansions from the List of Formulae (MF26), verify the 

expansion found in part (ii). [2] 

 (iv) Given that x  is sufficiently small for 4x  and higher powers of x  to be neglected, 
deduce an approximation for  (2sin ) ln(sec )e x x   in ascending powers of x . [2] 
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8  (a) A curve is defined parametrically by the equations 

   sinx t    and   3cosy t ,     t    . 

  (i) Show that the area enclosed by the curve is given by 

    4

0

2 cos  dk t t


 , 

   where k  is a constant to be determined. [3] 

  (ii) Hence find the exact area enclosed by the curve. [3] 

  

 (b) In the diagram, the region G  is bounded by the curves  
3 1

1

x
y

x





 ,  y x   and 

the y-axis. 

 

 

 

 

 

 

 

 

  

 

 

 Find the exact volume of the solid generated when G  is rotated about the y-axis  

through 2  radians. [6] 

 

  

G

 

 

O 
x 

y
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9 A curve 1C  has equation  
2

2

ax bx
y

x c





 , where  a , b  and c  are constants. It is given that 

1C  passes through the point  9
53,  and two of its asymptotes are 2y    and  2x   .  

 (i) Find the values of  a , b  and c . [3] 

  In the rest of the question, take the values of  a , b  and c  as found in part (i).  

 (ii) Using an algebraic method, find the exact set of values of y  that 1C  cannot 

take.  [3] 

 (iii) Sketch 1C , showing clearly the equations of asymptotes and the coordinates of the 

turning points. [3] 

 (iv) It is given that the equation  e y x r  , where r  ,  has exactly one real root. 

State the range of values of r . [1] 

 (v) The curve 2C  has equation  
2

3 5
2

2 3

x
y

x x


 

 
 .  State a sequence of 

transformations which transforms 1C  to 2C . [3] 
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10  Food energy taken in by a man goes partly to maintain the healthy functioning of his body 

and partly to increase body mass. The total food energy intake of the man per day is 

assumed to be a constant denoted by  I  (in joules). The food energy required to maintain 

the healthy functioning of his body is proportional to his body mass  M  (in kg). The 

increase of M  with respect to time  t  (in days) is proportional to the energy not used by 

his body. If the man does not eat for one day, his body mass will be reduced by 1%. 

 (i) Show that  I , M  and  t  are related by the following differential equation: 

    
d

d 100

M I aM

t a


  ,  where a is a constant. 

  State an assumption for this model to be valid. [3] 

 (ii) Find the total food energy intake per day,  I , of the man in terms of  a  and  M  if 

he wants to maintain a constant body mass. [1] 

 It is given that the man's initial mass is 100kg. 

 (iii) Solve the differential equation in part (i), giving  M  in terms of  I ,  a  and  t . [3] 

 (iv) Sketch the graph of  M  against  t  for the case where 100I a . Interpret the shape 

of the graph with regard to the man's food energy intake. [3] 

 (v) If the man's total food energy intake per day is 50a , find the time taken in days for 

the man to reduce his body mass from 100kg to 90kg. [2] 
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11  A manual hoist is a mechanical device used primarily for raising and lowering heavy 

loads, with the motive power supplied manually by hand. Three hoists, A, B and C are 

used to lift a load vertically.  

 (i) For hoist A, the first pull will raise the load by a vertical distance of 45 cm. On each 

subsequent pull, the load will raise 1.6 cm lesser than the vertical distance covered 

by the previous pull. Determine the number of pulls needed for the load to achieve 

maximum total height. Hence find this maximum total height.  [4] 

 (ii) For hoist B, the first pull will raise the load by a vertical distance of 45 cm. On each 

subsequent pull, the vertical distance raised will be 95% of the distance covered by 

the previous pull. Find the theoretical maximum total height that the load can reach. 

      [2] 

 (iii) For hoist C, every pull will raise the load by a constant vertical distance of 45 cm. 

However, after each pull, the load will slip and drop by 2% of the total vertical 

height  the load has reached. Show that just before the 4th pull, the load would have 

reached a total vertical height of 130 cm, correct to 3 significant figures.  

  Hence show that before the th( 1)n   pull, the load would have reached a total 

vertical height of 1(0.98)nX Y  , where X and Y are integers to be determined.  [5]  

 (iv) Explain clearly if hoist C can lift the load up a building of height 25 metres. [2] 

 

 

End of Paper 

 


