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P6 Paper E – Marking Guide 
 
1.  (a)  | z − (−1 + i) | = 2  or  | z + 1 − i | = 2           M1 A1 
 
  (b)  y = 0  ∴ | x + 1 − i | = 2               M1 

(x + 1)2 + 1 = 4                 A1 
giving  x = −1 ± √3                A1   (5) 

 
 
2.  assume true for n = k  ∴ 2k > 2k 

∴ 2k + 1 > 2 × 2k                   M1 A1 
∴ 2k + 1 > 2k + 2k  
∴ 2k + 1 > 2k + 2  as  2k > 2 for k ≥ 3             M1 
∴ 2k + 1 > 2(k + 1)                  A1 

  ∴ true for n = k + 1 if true for n = k 
  if n = 3,  23 = 8,  2 × 3 = 6  ∴ 23 > 2 × 3  so true for n = 3       B1 
  ∴ by induction true for integers n, n ≥ 3            A1   (6) 
 
 

3.  (a)  ln(1 + 2x) − 2xe−x = 2x − 1
2 (2x)2 + 1

3 (2x)3 + ... − 2x(1 − x + 1
2! x2 + ...)  M1 A1 

= 2x − 2x2 + 8
3 x3 − 2x + 2x2 − x3 + ...      M1 

∴ ln(1 + 2x) ≈ 5
3 x3  so  A = 5

3              A1 
 

  (b)  
0

lim
x→

( )3
ln(1 2 ) 2 e xx x

x

−+ −
 = 

0
lim
x→ ( )3 45

3
3

...x kx

x

+ +
 = 5

3         M1 A1 (6) 

 
 

4.  (a)  
2 1 1 1 1 1
0 1 1 1 1 1 1
3 3 0 0 0 0

−      
      − = = ×      
      −      

∴
1
1
0

 
 
 
  

 is eigenvector, eigenvalue = 1 M1 A1 

 

  (b)  
2 1 1

0 1 1
3 3 1

λ
λ

λ

− −
− −

− −
 = 0               M1 

    (2 − λ)[(1 − λ)2 + 3] + 1(0 − 3) + 1[0 + 3(1 − λ)] = 0       A1 
(2 − λ)(1 − λ)2 + 6 − 3λ − 3 + 3 − 3λ = 0          M1 
(2 − λ)(1 − λ)2 + 6(1 − λ) = 0              
(1 − λ)[(2 − λ)(1 − λ) + 6] = 0             A1 
∴ λ = 1  or  λ2 − 3λ + 8 = 0              M1 
      “b2 − 4ac” = 9 − 32 = −23 (< 0) ⇒  no real roots 
∴ only 1 real eigenvalue              A1   (8) 
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5.  (a)  Im(z) = 2  ∴ y = 2 
u + iv = (x + 2i)2 = x2 + 4xi − 4             M1 A1 
u = x2 − 4,  v = 4x                M1 

x = 
4
v  

∴ u = 
2

16
v  − 4  or  v2 = 16(u + 4) which is a parabola       M1 A1 

     

(b)  arg w = arg (z2) = 2 arg z  ∴ arg w = π2           M1 A1 
     

(c)  arg w = π2  ⇒  u = 0, v ≥ 0              M1 
  ∴ v2 = 16(0 + 4) = 64,  v ≥ 0  ∴ v = 8           M1 A1 
  P represents 0 + 8i                A1   (11) 

 
 

6.  (a)  (i)  
2

2

d
d

y
x

 = 2x + d
d
y
x

cos x − y sin x           M1 A1 

  
3

3

d
d

y
x

 = 2 + 
2

2

d
d

y
x

cos x − d
d
y
x

sin x − d
d
y
x

sin x − y cos x     M1 A2 

(ii)  y0 = 1, 
0

d
d
y
x

 
  

= 1, 
2

2
0

d
d

y
x

 
 
 

= 1, 
3

3
0

d
d

y
x

 
 
 

= 2       A1 

  ∴ y = 1 + x + 1
2! x2 + 2( 1

3! )x3 + ... = 1 + x + 1
2 x2 + 1

3 x3 + ...   M1 A1 
(iii) x = −0.1,  y ≈ 0.904666... = 0.905 (3sf)         M1 A1 

 

  (b)  1 1

0.2
y y−−  = x0

2 + y0cos x0               M1 

    y1 = 0.2(x0
2 + y0cos x0) + y−1              A1 

x−1 = −0.1, x0 = 0, x1 = 0.1;  y−1 = 0.904666..., y0 = 1, y1 = ? 
y1 = 0.2(0 + 1) + 0.904666... = 1.104666... = 1.10 (3sf)      A1   (13) 
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7.  (a)  AB
uuur

 = 2i + j + 5k,  AC
uuur

 = −i − 2j − 4k           M1 A1 

     AB
uuur

× AC
uuur

 = 2 1 5
1 2 4− − −

i j k
 

= i(−4 + 10) − j(−8 + 5) + k(−4 + 1) = 6i + 3j − 3k       M1 A1 
n = 2i + j − k 
eqn. of plane is  r.(2i + j − k) = (i + j).(2i + j − k) = 2 + 1 + 0 = 3   M1 A1 
r.(2i + j − k) = 3 

 
  (b)  r = −2i − 5j + λ(2i + j − k)              A1 
 
  (c)  at E  [(−2 + 2λ)i + (−5 + λ)j  − λk].(2i + j − k) = 3       M1 
    −4 + 4λ − 5 + λ + λ = 3  giving  λ = 2           M1 A1 
    ∴ E is (2, −3, −2)                A1 
 
  (d)  E is midpoint of DF;  D(−2, −5, 0) E(2, −3, −2)  ∴ F(6, −1, −4)    M1 A1 (13) 
 
 
8.  (a)  det M = 2(0 − 2) − 1(0 − 2) − 1(0 − 6) = −4 + 2 + 6 = 4      M1 A1 

    matrix of cofactors: 
2 2 6
2 2 2

4 2 6

− − 
 − − 
 − 

           M1 A1 

∴ M−1 = 1
4

2 2 4
2 2 2
6 2 6

− − 
 − 
 − − 

 = 1
2

1 1 2
1 1 1
3 1 3

− − 
 − 
 − − 

        M1 A1 

 

  (b)  1 1
3 3 4

x y z− += =
−

 = t 

    ∴ x = 3t + 1, y = −3t − 1, z = 4t             M1 A1 

    
x
y
z

 
 
 
  

 = 1
2

1 1 2
1 1 1
3 1 3

− − 
 − 
 − − 

3 1
3 1
4

t
t
t

+ 
 − − 
  

  

   = 1
2

3 1 3 1 8
3 1 3 1 4
9 3 3 1 12

t t t
t t t
t t t

− − + + + 
 + − − − 
 − − + + + 

 = 
4
2

3 1

t
t

t

 
 − 
 − 

         M1 A2 

∴ x = 4t, y = −2t, z = 3t − 1 

giving  (t =)  1
4 2 3
x y z += =

−
             M1 A1 (13) 

 
 
                         Total  (75) 
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Performance Record – P6 Paper E 

 
 
 

Question no. 1 2 3 4 5 6 7 8 Total 

Topic(s) complex 
loci 

proof by 
induction 

Maclaurin 
series 

matrices, 
eigenvals. 

complex 
trans. 

diff. eqn., 
Taylor 
series, 
step-by-
step 

vectors matrices, 
inverse, 
trans. 

 

Marks 5 6 6 8 11 13 13 13 75 
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