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READ THESE INSTRUCTIONS FIRST 
Write your name and class on the cover page and on all the work you hand in. 
Write in blue or black pen on both sides of the paper. 
You may use a soft pencil for any diagrams or graphs. 
Do not use staples, paper clips, highlighters, glue or correction fluid. 
 
Answer all the questions. 
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case 
of angles in degrees, unless a different level of accuracy is specified in the question. 
You are expected to use a graphic calculator. 
Unsupported answers from a graphic calculator are allowed unless a question specifically states 
otherwise. 
Where unsupported answers from a graphic calculator are not allowed in a question, you are 
required to present the mathematical steps using mathematical notations and not calculator 
commands. 
You are reminded of the need for clear presentation in your answers. 
 
The number of marks is given in brackets [  ] at the end of each question or part question. 
At the end of the examination, fasten all your work securely together. 
 

Total marks for this paper is 100 marks 

This question paper consists of 6 printed pages (inclusive of this page) and 2 blank pages. 
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Answer all questions [100 marks]. 

 State a sequence of 3 transformations which transform the graph of 

   26 2g e 1xx    to the graph of    22 2f e xx  . [3] 

   

2 Using the standard series expansions, obtain the Maclaurin series of 
3ln (1 )(1 2 )x x    in ascending powers of x , up to and including the term in 3x .  

(i)    Find the set of values of x for which the above expansion is valid.  

(ii) Hence, find the range of values of x for which the expansion of 

   5
3

1ln ln
1 2

e ln(1 ) 2 7
x

x x

 
 
 
 
  



 
 
    
 
  

is valid.  

 

[2] 

[1] 

 

 

[2] 

 

 

   

3 (a) 

 

 

 

 

 

 

 

 

 The diagram shows the graph of 2e –xy kx , where k is a positive real number. 

The two roots of the equation 2e – 0x kx   are denoted by   and  , where 

  < . 

 

 It is given that there is a sequence of real numbers 1 2 3, , ...x x x  that satisfies the 

recurrence relation, 2
1

1
e nx

nx
k  , for n  1. 

 

 By considering 1nx  – nx , prove that  

  1nx   > nx  if nx  <   or nx >  .  

 

[2] 

 (b) Prove by the method of mathematical induction that 

      
1
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n
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r
n  



 
  , for all positive integers n. 

 

[5] 
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4 Andy and his fiancée signed up for a new 4-room flat in Boon Keng. They take 
up a housing loan of $450,000 provided by BEST bank for the purchase. The 
couple pay a fixed monthly instalment of $A on the first day of each month. 
Interest is charged on the last day of each year at a fixed rate of 1.6% of the 
remaining loan amount at the beginning of that year. If the first instalment is paid 
in January 2016,  

 (i)  Show that the amount the couple owe the bank at the end of 2017 is 

 464515.20 24. 2$ 19 A . [1] 
 (ii) Given that A is 1500, find the date and amount of the final repayment to the 

nearest cent. [5] 
   

 
(a) It is given that 

2 1
,   ,  1.

1

x x
y x x

x

 
   


�  Without using a graphic 

calculator, find the set of values that y cannot take. [3] 

 (b) The curve C has equation
2x b

y
x a





, where a > 0, b > a and x a . 

 

 
(i) Draw a sketch of the curve C, label clearly the equation(s) of its 

asymptote(s) and the coordinates of any intersection with the axes. [3] 

 
(ii) By drawing an additional graph on the diagram drawn in (i), state the 

number of real root(s) of the equation   2 2x b x a x a    . [2] 
   
6 (a) The equations of two planes 1p  and 2p  are 

4 2 7x y z   , 

3 4x y z    , 

respectively, where   and  are constants.  
 (i)   Given that the two planes intersect in a line l, with a vector equation 

given by  

r = 
1 2

1 1 ,  ,

1 1

s s

   
       
      

R  

       show that the value of   is 10 and find the value of  . [3] 
 (ii)  If plane p3 is the reflection of 1p in 2p , find the acute angle between 1p  

and 3p .  [2] 
 (b) Relative to the origin O, the points A, B, C and D have position vectors a, b, 

c and d respectively. It is given that λ and μ are non-zero numbers such that 
λa + μb − c = 0 and 1   ,  

 (i)   Show that A, B and C are collinear. [3] 
 (ii)  If O is not on the line AC and      c a b a c d d� , determine the 

relationship between AC


 and OD


, explaining your answer clearly.   [2] 
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7 A piece of metal with negligible thickness has been cut into a shape that is made 

up of four isosceles triangles each with base x cm and fixed sides a cm. Their 

bases frame to a form a square with sides of length x cm. A right pyramid is 

formed by folding along the dotted lines as shown in the diagram below.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 [Volume of a pyramid = 
1

base area height
3
  ] 

 
 

(i)    Show that the volume of the pyramid is 
2 2

2

3 2

x x
a  cm3. 

[2] 
 (ii)   Find the value of x, in terms of a, that will give maximum volume for the 

pyramid. 
 

[4] 
 (iii) 

 
 
 
 
 
 
 
 
 
 
        To make the pyramid into a paperweight with negligible thickness, a viscous 

fluid is pumped into the interior at a rate of 1 cm3/s. Given that H cm is the 
perpendicular distance from the apex of the pyramid to the viscous fluid 

surface, x = a and the height of the pyramid is 
2

2
a  cm, find the rate at 

which H is changing when 
2

a
H  , giving your answer in terms of a. 

        [The diagram above shows the cross sectional area of the pyramid.] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 
 

x cm 

a cm a cm 

x cma cma cm 

H cm
 cm  

a cm 
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(i)    Show that 

1
0,

4
  
 

 lies on the locus 2 1 2iz z    . [1] 

 (ii) Sketch on a single Argand diagram the loci 1 2i 5z    and 

2 1 2iz z    . [4] 

 (iii)  Hence indicate clearly on the Argand diagram the locus of z that satisfies the 

relations  1 2i 5z     and 2 1 2iz z    . [1] 

 (iv)  Find the greatest and least possible values of  arg 1 2iz   , giving your 

answers in radians correct to 3 decimal places.    [4] 

   

9 The path travelled by an object measured with respect to the origin in the 

horizontal and vertical directions, at time t seconds, is denoted by the variables x 

and y respectively. 

It is given that when 0,  1t x  , y = 0 and 
d

1
d

x

t
 . The variables are related by 

the differential equations 2 2d
e 4 0

dt
ty

y y     and 
2

2
2

d
cos 2

d

x
t

t
 . 

 

 
(i) Using the substitution ety w , show that 2d

1 4
d

w
w

t
   and hence find y 

in terms of t.     [6] 

 (ii) Find x in terms of t.       [4] 

   

 Given that   3
f ,

1

r

r
r




 show that      
  

8 6 3
f 2 f

1 3

rr
r r

r r


  

 
 . [1] 

 
(i)   Find 

 
  1

4 3 3

1 3

rn

r

r

r r


   in terms of n . [2] 

 
(ii)  Hence find 

 
  1

4 11 3

3 5

rn

r

r

r r


   in terms of n . [4] 

 
(iii) Using the result in (ii), show that 

 

1

2
0

3 3 51

4 1605

r nn

r

r

r





 
   

  
  . [3] 
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11 The functions f and g are defined as follows: 

               2f : 2x x x  ,     0a x   

               g : 1x x  ,     1x     
 (i)  State the least value of a for the inverse function of f to exist. Hence, find f −1 

in similar form. [4] 
 For the following parts, use the value of a found in part (i).  
 (ii)  Write down 1ff  in similar form. [1] 
 (iii) Find the rule for gf in the form bx + c, where ,b c� . State its range. [3] 
 

(iv) Find the exact range of x for which 
3 3

f g f
2 2

x x
        
   

.
      

         [3] 

   

12 (a)(i)   Find  2d
ln

d
x

x
 
  . [1] 

     (ii)  The curve C is defined by the parametric equations 

                                           2ln , 2 lnx t t y t t            where 0t  .  
        Another curve L is defined by the equation  2

4 3y x   . The graphs 

of C and L intersect at the point A  1,2  as shown in the diagram below.  
  

 
 
 
 
 
 
 
 
 
 
 
  

 Find the exact area of the shaded region bounded by C, L and the line
 1, 2A  . [6] 

 (b)  The region R is the finite region enclosed by the curve  2
1 1y x   and the  

y-axis. The region S is the region in the 2nd quadrant enclosed by the curve

2 tan
4

y x
   

 
 and the axes.  

 
 Find the total volume generated when region R and S is rotated through 2

radians about the x-axis, leaving your answers in exact form. [4] 

END OF PAPER 
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