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General Instructions 

• Reading Time - 5 minutes 

• Working Time - 2 hours 

• Write using a blue or black pen 

• Write your student number on every booklet 

• Board-approved calculators may be used 

• A table of standard integrals is provided in 

this paper 

• All necessary working should be shown in 

every question 

• Each question attempted is to be returned in 

a separate Writing Booklet clearly marked 

Questions 1 etc. 

• If required, additional booklets may be 

requested 

 

Total marks - 84 

• Attempt Questions 1- 7 

• All questions are of equal value 
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Question 1 (Start a new booklet)        Marks 

 

 

 

 a) If  ( )21tan xy
−=   find  

dx

dy
           2 

 

 

 

 b) Find the value of  ∑
=

5

2

2

n

n
C            2 

 

 

 

 

 c) Solve  1
2

32
≥

−

−

x

x
            4 

   

 

 

 

 d) Find  
x

x

x

3sin
lim

0→
            1 

   

 

 

 

 e) Evaluate  ∫
+

3

0 1
dx

x

x
  using the substitution  12 −= ux , where 0>u      3 
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Question 2 (Start a new booklet)        Marks 

 

 

 

a) Find the size of the acute angle between the two lines with equations          4 

 012 =++ yx   and  0632 =+− yx , correct to the nearest degree 

   

 

 

   

 

 

b) A spherical balloon is expanding so that its volume, V cm
3
, increases        4 

 at a constant rate of 72 cm
3
 per second. What is the rate of increase of 

 the surface area when the radius is 12 cm? 

        

 

  

 

  

 

c) Find               4 

 

 (i) ∫ dxx 2sin  

 

 (ii) ∫
+ 249 x

dx
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Question 3 (Start a new booklet)        Marks 

 

 

 

a) The rate of growth of a bacteria colony is proportional to the excess        5 

 of the colony’s population over 5000 and is given by 

 

  ( )5000−= Nk
dt

dN
 

 

 (i) Show that  kt
AeN += 5000   is a solution to the differential 

  equation above 

 

 (ii) Given that the initial population was 15000 and had risen to 

  20000 after 2 days find the value of  A  and  k 

 

 (iii) Hence calculate the expected population after 7 days 

 

  

 

b) The polynomial  nxmxxxP ++= 35)(   has a remainder of 5 when        3 

 divided by ( )2−x , where  m  and  n  are constants.  

 

 (i) Prove that )(xP  is an odd function 

 

 (ii) Hence find the remainder when )(xP  is divided by ( )2+x  

          

 

 

 

c) If  βα ,  and  γ   are the roots of the equation  0732 23 =++− xxx       4 

 find the value of  
γβα

111
++  
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Question 4 (Start a new booklet)        Marks 

 

 

 

a) ABC  is a triangle inscribed in a circle. M  is a point on the tangent       4 

 to the circle at  B  and  N  is a point on  AC  produced so that  MN  is  

 parallel to  BA 

                             

A

B

C

N

M
 

 

 Copy the diagram into your answer booklet 

 

 (i) State why  BACMBC ∠=∠    

 

 (ii) Prove that  MNCB  is a cyclic quadrilateral 

 

 

 

 

b) Prove by mathematical induction that, for all integers 1≥n          4 

 

      nn
nn 2)1(12...232221 1210 −+=×++×+×+× −  

 

 

 

c) (i) Prove that the equation  02
log

=+
x

xe  has a solution        4 

  between 40 ⋅=x  and 50 ⋅=x  

 

 (ii) Use one application of Newton’s method to find a closer  

  approximation to the solution 40 ⋅=x , correct to  

  three decimal places 
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Question 5 ( Start a new booklet)        Marks 

 

 

 

a) In Group A there are 5 men and 3 women. In Group B there are 4 men      4 

 and 6 women.  

 

 (i) If one person is chosen at random from each group what is the  

  probability that the two people chosen are of opposite sexes? 

 

 (ii) If a group and then one person from that group is chosen at random 

  what is the probability that the person chosen is a man? 

    

 

 

 

b) Using  tan
2

tθ =   show that  1 cos
sin

tθ
θ

− =               3 

 

  

 

 

c) A particle moves in a straight line such that its acceleration, a,       5 

 is given by  23a x= , where x is displacement, v is velocity 

 and t is time. Given that 2v = −  and 1x =  when 0t =  

 find x as a function of time, t 
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Question 6 (Start a new booklet)         Marks 

 

 

 

a) Consider the function  







= −

2
sin3)(

1 x
xf           5 

 

 (i) State the domain and range of this function 

 

 (ii) Sketch the graph of )(xfy =  

 

 (iii) Find the slope of the graph at 0=x  

 

 

 

 

 

b) The displacement, x metres, of a particle, at t seconds is given by:       7 

 

    )4cos(5 tx  π=  

 

 (i) Show that the acceleration of the particle can be expressed in the form: 

 

    xnx
2−=��  

 

 (ii) State the period, P, of the motion 

 

 (iii) Determine the maximum velocity of the particle 

 

 (iv) Determine the maximum acceleration of the particle 

 

 (v) Express  2
v  in terms of x, where v is the velocity of the particle  

 

 

 

  

 

 

 

 

 

 

 

 

QUESTION 7 IS ON THE NEXT PAGE 
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Question 7 (Start a new booklet)        Marks 

 

 

 

a) A vertical building stands with its base  O  on horizontal ground. A  and  B      7 

 are two points on the building vertically above each other such that 

 A  is  4h metres above  O  and  B  is  h metres above  O. A particle is 

 projected horizontally with speed  U metres per second from  A  and 

 10 seconds later a second particle is projected horizontally with  

 speed  V metres per second from B.  The two particles hit the ground at  

 the same point and at the same time. 

 

                  

y

A

B

O x

U ms
– 1

V ms
– 1

h

4h

 
 

 (i) Show that the horizontal and vertical displacements of particles  A  and  B, 

  t  seconds after the first particle is projected, are given by  UtxA = , 2

2
14 gthy A −=    

  and  ( )10−= tVxB , ( )2

2
1 10−−= tghyB , respectively 

 

 (ii) Find the time of flight of each particle 

 

 (iii) Prove that UV 2=  

 

 

 

b) The point ( )2,2 ttP   is on the parabola with equation yx 42 = , having      5 

 its focus at F. The point  M  divides the interval  FP  externally in 

 the ratio  3:1. 

 

 (i) Show that the co-ordinates of  M  are  tx 3=   and  ( )13 2

2
1 −= ty  

 

 (ii) Hence prove that the locus of  M  is also a parabola and determine 

  the focal length of the locus of  M 
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STANDARD INTEGRALS 

 

 

 ∫ dxx
n

   = ,
1

1 1+

+

n
x

n
 ;1−≠n  ,0≠x  if n<0 

 

 

 dx
x∫
1

   = ln x,   x>0 

 

 

 dxe
ax

∫   = ,
1 ax

e
a

  0≠a  

 

 

 ∫ dxax  cos   = ,sin 
1

ax
a

  0≠a  

 

 

 ∫ dxax sin   = 0   , cos
1

≠− aax
a

 

 

 

 dxax  sec2

∫   = 0   ,tan 
1

≠aax
a

 

 

 

 ∫ dxaxax   tan  sec  = 0   , sec
1

≠aax
a

 

 

 

 dx
xa

 
1

22∫ +
  = 0   ,tan

1 1- ≠a
a

x

a
 

 

 

 dx
xa

 
1

22∫
−

 = a
a

x
   , sin 1-
>0,   a− < x<a  

 

 

 dx
ax

 
1

22∫
−

 = ln ( ) xaxx    ,22 −+ >a>0 

 

 

 dx
ax

 
1

22∫
+

 = ln ( )22
axx ++  

 

  NOTE :  ln xxx     ,log  e= >0 
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