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1 The nth term of a sequence is given by 
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 The sum of the first n terms is denoted by nS . Use the method of mathematical 

 induction to show that
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 for all positive integers n. [5] 

 

2  Using partial fractions, find 
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, leaving your answer in exact form.  

  [6] 

 

3 A curve C has parametric equations  

               1
sin cos

2
x t t t  ,     

1 1
sin 2

2 4
y t t  ,     for 0

2
t


   . 

 The tangent to the curve at the point P has gradient 1. Find the equation of the normal 

at P.  

The region bounded by this normal, the curve C and the x-axis is rotated through 2  

radians about the x-axis. Find, to 5 decimal places, the volume of the solid obtained. 

What can be said about the tangents to the curve as t approaches 0? [7] 

 

 

4  Referred to the origin, the points A and B have position vectors a and b respectively.  

A point C is such that OACB forms a parallelogram.  Given that M is the mid-point of 

AC, find the position vector of point N if M lies on ON produced such that :OM ON  

is in the ratio 3:2.  Hence show that A, B and N are collinear. [4] 

  Point P is on AB is such that MP is perpendicular to AB. Given that angle AOB is 

 60o , 2a and 3b , find the position vector of P in terms of a and b.  [4]
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  A particle P moves along the curve with equation 2 2 2x y r  , where 0, 0,x y   

 and r is a constant. By letting 1tan sin
y

m
r

   
 

, find an expression for 
d

d

m

y
 in terms 

 of  y  and r.  

 Given that the rate of change of y with respect to time t is 0.1% of r, show that 
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 State the geometrical meaning of 
d

d

m

t
 . [7] 

 
 
 
 

6 (i) Show that   
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, where A, B and C are constants 

  to be determined. [2] 

(ii) Hence find   
2
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r r

r
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 
  in terms of n. (There is no need to express your 

answer as a single algebraic function.) [3] 

(iii) Explain why 
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(iv) Use your answer to part (ii) to find 
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A 10 feet tall statue is mounted on a 12 feet tall pedestal. A boy is standing x feet  away 

from the pedestal. His eyes are 5 feet above ground level, and the angle subtended by 

the statue from the boy’s eyes is   radians (see diagram). 

Prove that  

     2

10
tan

119
 


x

x
 . 

Hence, or otherwise, find the exact value of x for which   is maximum and justify that 

this value of  x gives the maximum value of  . 

Deduce, to the nearest degree, the maximum angle subtended by the statue from the 

boy’s eyes.   [9] 

 

 

 

8 (i) Find the fourth roots of 1 3 i  , giving the roots in the form ier  , where 

 0r   and      . [3] 

(ii) Hence, or otherwise, write down the roots of the equation 

 4
1 1 i 3 0z     and show the roots , 1, 2,3, 4iZ i   on an Argand 

diagram.  [3] 

(iii) Illustrate, using the same Argand diagram, the locus of a point Q representing 

the complex number v, where 1 4 3 4i 2v     . 

  Hence find the exact greatest and least possible values of  ZiQ .  [4] 

12 
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x 



2016 H2 Math Prelim 9740/01 5 [Turn Over] 
 

9 Two biologists are investigating the growth of a certain bacteria of size x hundred 

thousand at time t days. It is known that the number of bacteria initially is 20% of a, 

where a is a positive constant.   

(i)  One biologist believes that x and t are related by the differential equation 

 d

d

x
x a x

t
  . Given that the number of bacteria increases to 50% of a when 

ln 2t  days, show that 2

2

4e 1t
x 


 . [7] 

(ii)  Another biologist believes that x and t are related by the differential equation 

2
2

2

d
10 9

d

x
t

t
  .  Find the general solution of this differential equation and 

sketch three members of the family of solution curves.    [5]   

 

 

10 (a) (i) Express sin 3 cosx x  in the form  sinR x   where R and   

  are exact positive constants to be found. [1] 

  The function f is defined by  f : sin 3 cos , .
6

x x x x k


    

(ii) Find the largest exact value of k such that f has an inverse. Hence define 

 1f   in similar form and write down the set of values of x for which 

    1 1ff f f .x x   [5] 

 (b) The function g is defined by 
2

5
g : 2 , .

1

x
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x
 


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(i) Use an algebraic method to find the range of g. [3] 

(ii) State a sequence of transformations which transform the graph of 

 g( )y x  to the graph of 
2
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4

x
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x
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
. [3] 
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11 The line l1 passes through the point A with coordinates (1, 2, 1) and is parallel to the 

vector i +aj +2k, where a� .  The line l2 has equation 
5

3
2 3

y z
x


   .  It is given 

that l1 and l2 intersect at point B. 

 (i) Find the value of a.        [4] 

 (ii)  The plane 1p  contains the point A and is perpendicular to l2.  Find the exact 

shortest distance from point B to 1p .  Hence find the acute angle between l1 

and 1p .  [5] 

 (iii)  Find a cartesian equation of plane 2p  that is perpendicular to 1p  and contains 

  l1. [3] 

 (iv) Find the acute angle between 2p  and the xy-plane.    [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


