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  ∴ by induction true for n ∈    +               A1   (7) 
 
 

2.  (a)  1 1

2
y y

h
−−  = x0

2 + y0 + 2               M1 

y1 = 2hx0
2 + 2hy0 + 4h + y−1  or  y2 = 2hx1

2 + 2hy1 + 4h + y0     A1 
x0 = 0, x1 = h, x2 = 2h; y0 = 0, y1 = 2h, y2 = ? 
y2 = 2h(h2) + 2h(2h) + 4h + 0 = 2h3 + 4h2 + 4h        M1 A1 

 
(b)  y3 = 2hx2

2 + 2hy2 + 4h + y1              B1 
x1 = h, x2 = 2h, x3 = 3h;  y1 = 2h, y2 = 2h3 + 4h2 + 4h, y3 = ? 
y3 = 2h(2h)2 + 2h(2h3 + 4h2 + 4h) + 4h + 2h         M1 
    = 8h3 + 4h4 + 8h3 + 8h2 + 6h = 2h(2h3 + 8h2 + 4h + 3)      A1 

 
  (c)  h = 0.1, y3 = 0.2(0.002 + 0.08 + 0.4 + 3) = 0.6964       M1 A1 (9) 
 
 

3.  (a)  using quad. formula  z3 = 3 3 4
2

± −            M1 

    ∴ z3 = 3
2  ± 1

2 i                 M1 A1 
 

  (b)  if  z3 = 3
2  + 1

2 i,  (reiθ )3 = 
π
6i1e              M1 A1 

    r3 = 1  so  r = 1 
    3θ  = 2nπ + π6                  M1 

    n = −1, 0, 1  gives  θ = 11π
18− , π

18 , 13π
18           A1 

if  z3 = 3
2  − 1

2 i,  (reiθ )3 = 
π
6i1e−             M1 

    r = 1, 3θ  = 2nπ − π6  

    n = −1, 0, 1  gives  θ = 13π
18− , π

18− , 11π
18           A1 

    ∴ z = 
π

18ie± , 
11π
18ie± , 

13π
18ie±               A1   (10) 
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4.  (a)  
2

ex = 1 + x2 + 1
2 x4 + ...               M1 A1 

 
  (b)  (1 + 2x)−1 

= 1+ (−1)(2x) + 2
)2)(1( −− (2x)2 + 23

)3)(2)(1(
×

−−− (2x)3 + ( 1)( 2)( 3)( 4)
4 3 2

− − − −
× × (2x)4 + ... M1 

    = 1 − 2x + 4x2 − 8x3 + 16x4 + ...             A1 

    
2

e
1 2

x

x+
 = (1 + x2 + 1

2 x4 + ...)( 1 − 2x + 4x2 − 8x3 + 16x4 + ...)    M1 

       = 1 − 2x + 4x2 − 8x3 + 16x4 + x2 − 2x3 + 4x4 + 1
2 x4 + ...    M1 

       = 1 − 2x + 5x2 − 10x3 + 41
2 x4 + ...          A1 

 

  (c)  area ≈ 
 0.2

 0∫ 1 − 2x + 5x2 − 10x3 + 41
2 x4  dx         M1 

  = [ x − x2 + 5
3 x3 − 5

2 x4 + 41
10 x5 ] 0.2

0           A1 

  =  1
5  − 1

25  + 1
75  − 1

250  + 41
31250  = 0.171 (3sf)       M1 A1 (11) 

 
 
5.  (a)  det A = 2(2 + 1) − a(1 + 3) + 1(1 − 6) = 6 − 4a − 5 = 1 − 4a     M1 A1 
    A is non-singular for a ≠ 1

4               A1 

    matrix of cofactors: 
3 4 5

1 1 3 2
2 3 4

a a
a a

− − 
 − − − 
 − − − 

         M1 A1 

∴ A−1 = 1
1 4a−

3 1 2
4 1 3
5 3 2 4

a a

a a

− − − 
 − − 
 − − − 

           M1 A1 

 

  (b)  a = −1,  A−1 = 1
5
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4 1 3
5 5 5
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 − − 
 − − 

            B1 
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    M1 A1 

    ∴ position vector of P is  i − 2j + k           A1   (11) 
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6.  (a)  Π1 : r.(2i − j + 3k) = 5, Π2 : r.(i + 4j + k) = −2 
    ∴ (2i − j + 3k).(i + 4j + k) = √14√18 cos θ         M1 
     2 − 4 + 3 = 1 = √14√18 cos θ            M1 A1 
    ∴ cos θ  = 1

14 18
  giving  θ  = 86° (nearest degree)       A1 

 

  (b)  Π1 : r.
2 3

14
− +i j k

 = 5
14

               B1 

    plane parallel to Π1 through A: 
r.(2i − j + 3k) = (2i + j − 2k).(2i − j + 3k) = 4 − 1 − 6 = −3     M1 

∴ r.
2 3

14
− +i j k

 = 3
14

−                 A1 

∴ distance A to Π1 = 8
14

  or 4
7 √14           A1 

 

  (c)  n = 2 1 3
1 4 1

−
i j k

                 M1 

= i(−1 − 12) − j(2 − 3) + k(8 + 1) = −13i + j + 9k        A1 
Π3 : r.(−13i + j + 9k) = (4j − k).(−13i + j + 9k) = 4 − 9 = −5    M1 
∴ Π3 : r.(−13i + j + 9k) = −5             A1 
giving  −13x + y + 9z = −5  or  13x − y − 9z = 5        A1   (13) 

 
 

7.  (a)  Re(z) = 5  ∴ u + iv = 1
5 i 2y− −

 = 1
3 iy−

           M1 

    (u + iv)(3 − iy) = 1                A1 
    3u + vy + i(3v − uy) = 1 
    ∴ 3u + vy = 1;  3v − uy = 0              M1 

    giving  y = 1 3u
v

−  = 3v
u

               A1 

    ∴ u − 3u2 = 3v2;   u2 + v2 − 1
3 u = 0           M1 

     (u − 1
6 )2 + v2 = 1

36                A1 

    ∴ circle, centre 1
6  + 0i, radius 1

6             A1 
 

  (b)  e.g. if z = 6, z* = 6, w = 1
4  which is inside circle        B1 

 

       Im(z) 
 
 

           R 
 

        O     
1
6       Re(z)            B2 

 
     

(c)  arg (z − 2) = π4   ∴ arg (z* − 2) = π
4−            M1 A1 

  ∴ arg w = arg 1 − arg (z* − 2) = 0 − ( π
4− ) = π4         M1 

  image is half-line  arg w = π4              A1   (14) 
 
 
                         Total  (75) 
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Question no. 1 2 3 4 5 6 7 Total 

Topic(s) proof by 
induction 

step-by-
step soln. 
of diff. 
eqn. 

complex 
nos. 

Maclaurin 
series 

matrices, 
inverse 

vectors complex 
trans. 

 

Marks 7 9 10 11 11 13 14 75 
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