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1. The variable y satisfies the differential equation

 It is given that y = 0.6 at x = 0.

 Use the approximation 
d

d

y

x

y y

h

⎛
⎝
⎜⎜⎜
⎞
⎠
⎟⎟⎟⎟ ≈

−
0

1 0
, with a step length of 0.05, to estimate the values 

of y at x = 0.05 and x = 0.1, giving your answers to four decimal places. 

(6)
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Question 1 continued
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2.

                                               M = 

1 2

0 3

2 1

p

q

p

⎛

⎝

⎜⎜⎜⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟⎟⎟⎟
, 

 where p and q are constants.

 Given that 

1

2

1

⎛

⎝

⎜⎜⎜⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟⎟⎟⎟
 is an eigenvector of M,

 (a) show that q = 4p.

(3)

 Given also that λ = 5 is an eigenvalue of M, and p < 0 and q < 0, find

 (b)  the values of p and q,

(4)

 (c) an eigenvector corresponding to the eigenvalue λ = 5. 

(3)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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 3.                                      x
y

x
y x

y

x

2
2

2

21 2 1 2+( ) = + −( )
d

d

d

d
               (I)

 (a) By differentiating equation (I) with respect to x, show that 

                                       x
y

x
x

y

x
y

y

x

2
3

3

2

2
1 1 4 4 2+( ) = −( ) + −( )

d

d

d

d

d

d
                                                                    (3)

 Given that y = 1 and 
d

d

y

x
 = 1 at x = 0,

 (b) find the series solution for y, in ascending powers of x, up to and including the term 

in x3.

(4)

 (c) Use your series to estimate the value of y at x = � 0.5, giving your answer to two 

decimal places.

(1)
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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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4. The point P represents a complex number z on an Argand diagram such that 

                                                      | z � 3 | = 2 | z |.

 (a) Show that, as z varies, the locus of P is a circle, and give the coordinates of the centre 

and the radius of the circle.

(5)

 The point Q represents a complex number z on an Argand diagram such that 

                                                   | z + 3 | = | z � i |.

 (b) Sketch, on the same Argand diagram, the locus of P and the locus of Q as z varies.

(5)

 (c) On your diagram shade the region which satisfies 

                              | z � 3 |  2 | z |     and     | z + 3 |  | z � i |.

(2)
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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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5.                                       A = 
k

k k

−
−

⎛
⎝
⎜⎜⎜⎜

⎞
⎠
⎟⎟⎟⎟

2

1
, where k is constant.

 A transformation T : ℝ2 → ℝ2 is represented by the matrix A.

 (a) Find the value of k for which the line y = 2x is mapped onto itself under T.

(3)

 (b) Show that A is non-singular for all values of k.

(3)

 (c) Find A�1 in terms of k.

(2)

 A point P is mapped onto a point Q under T. 

 The point Q has position vector 
 4

3−
⎛
⎝
⎜⎜⎜⎜

⎞
⎠
⎟⎟⎟⎟
 relative to an origin O.

 Given that k = 3,

 (d) find the position vector of P.

(3)
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________



Leave 

blank

18

*N30025A01828*

Question 5 continued
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Question 5 continued
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6. De Moivre�s theorem states that 

                                        cos sin cos sinθ θ θ θ+( ) = +i i
n

n n for n ∈ ℝ.

 (a) Use induction to prove de Moivre�s theorem for n ∈ ℤ+.

(5)

 (b) Show that

                                             cos cos cos cos5 16 20 55 3θ θ θ θ= − + .

(5)

 (c) Hence show that 2 cos π is a root of the equation

x x4 25 5 0− + = . 

(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________



Leave 

blank

21

*N30025A02128* Turn over

Question 6 continued
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________



Leave 

blank

23

*N30025A02328* Turn over

Question 6 continued
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7.                                                                                                   T

                                           S                                         R

                                  P                                         Q

Figure 1

 Figure 1 shows a pyramid PQRST with base PQRS. 

 The coordinates of P, Q and R are P (1, 0, �1), Q (2, �1, 1) and R (3, �3, 2).

 Find

 (a) ,

                                            (3)

 (b) a vector equation for the plane containing the face PQRS, giving your answer in the 

form r . n = d.

(2)

 The plane Π contains the face PST. The vector equation of Π is r . (i � 2j � 5k) = 6.

 (c) Find cartesian equations of the line through P and S.

(5)

 (d) Hence show that PS is parallel to QR.

(2)

 Given that PQRS is a parallelogram and that T has coordinates (5, 2, �1), 

 (e) find the volume of the pyramid  PQRST.

(3)
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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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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

TOTAL FOR PAPER: 75 MARKS

END

Q7

(Total 15 marks)


