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1.
f (z) = z4 + 6z3 – 3z2 – 96z – 208

 (a) Use your calculator to solve the equation f (z) = 0
(2)

 (b)  Hence, or otherwise, show that f (z) can be written as 

(z2 – a)(z2 + bz + c)

  where a, b and c are real constants to be determined.
 (3)
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Question 1 continued
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(Total for Question 1 is 5 marks)
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2. 
z z* + 3iz = p + 9i

 where z is a complex number and p is a real constant.

 Given that this equation has exactly one root, determine the complex number z.
(5)
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Question 2 continued
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(Total for Question 2 is 5 marks)
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3. 
A =

−
−







k
k k

2

1
         where k is a constant

 (a) Show that the matrix A is non-singular for all values of k.
(2)

 A transformation T : 2 → 2 is represented by the matrix A.

 The point P has position vector 
a
a2







 relative to an origin O.

 The point Q has position vector 
7

3−






 relative to O.

 Given that the point P is mapped onto the point Q under T,

 (b) determine the value of a and the value of k.
(3)

 Given that, for a different value of k, T maps the line y = 2x onto itself,

 (c) determine this value of k.
(3)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 8 marks)
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4. Given that

y = arcsin x   –1  x  1

 (a) show that 

d

d

y
x x

=
−
1

1
2

(3)

 Given that

f ( )x x
x

= +
−

3 2

4 2

 (b) show that the mean value of f (x) over the interval 0 2,   is

2
2

4

π A A+ −

  where A is a constant to be determined.
(6)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 9 marks)
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5. A population of rabbits on an island is studied over a period of time. 
The number of rabbits is modelled by the differential equation

d

d

d

d

2

2
3 2 4 0

R
t

R
t

R t t+ + = � 

 where t is the time, in years, from the start of the study and R is in hundreds of rabbits.

 At the start of the study, there are 2 000 rabbits on the island and the number of rabbits is 
increasing at a rate of 500 rabbits per year.

 (a) Determine, according to the model, the number of rabbits that there will be on the 
island, 10 years after the start of the study.

(9)

 (b) Give a limitation of the model.
(1)
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6 (i) Prove by induction that for  n  +

2 4 4 5 6 6 2 3
2

3
1 5× + × + × + + + = + + n n n n n( ) ( )( )

(6)

 (ii) Given that

M =
−
−







5 8

2 3

  (a) Prove by induction that for n  +

Mn n n
n n

=
+ −

−






1 4 8

2 1 4 (6)

  (b) Show that det(Mn) is independent of n.
(2)
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Question 6 continued
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7. The curve C has Cartesian equation

( ) ,x y xy x y2 2 2 6 0 0+ = > >

 (a) Show that for  0
2

πθ< <   the equation for C can be written as the polar equation

r2 = 3 sin 2θ
(3)

A

C

O
Initial line

2
πθ =

R

Figure 1

 Figure 1 shows a sketch of the curve C.  The tangent to C at the point A is parallel to the 
initial line.

 The finite region R, shown shaded in Figure 1, is bounded by C, the tangent to the curve

 at the point A and the line with equation  
2
πθ =

 (b) Use calculus to determine the area of the shaded region R.
(9)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 12 marks)
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8.  

A

O

P
C

x m

Figure 2

 A child plays on a rope swing.
 One end of the rope is attached to a tree and the child sits on a large knot at the other end 

of the rope.
 The child swings back and forth in a vertical plane.

 The rope is modelled as a light and inextensible string.  The child is modelled as a particle.

 Figure 2 represents the child and the rope swing.  The rope is attached to the tree at the 
point O and the point C is vertically below O.  The point P represents the child.

 The horizontal displacement of P from the line OC at time t seconds (t  0) is x metres, 
as shown in Figure 2.

 The motion of P is modelled by the differential equation

ẍ + 2x· + λx = 0

 where λ is a positive constant.

 The child is initially at rest, at the point A, with a horizontal displacement of 1.5 m from 
the line OC.

	 Given	that	the	initial	horizontal	acceleration	of	the	child	is	–7.5	m s–2

 (a) show that λ = 5
(2)

 Using the model,

 (b) find an expression for the horizontal displacement of the child at time t.
(7)

 Given that, when t = 4.5, the child is vertically below O,

 (c) evaluate the model explaining your reasoning.
(2)

 (d) Suggest one refinement for the model.
(1)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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