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P6 Paper A – Marking Guide 
 

1.  (a)  1 0 1
2 1 2− −

i j k
 

= i(0 + 1) − j(−2 − 2) + k(−1 − 0) = i + 4j − k         M1 A2 
 

  (b)  d = ( 4 5 ) ( 4 )
1 16 1

− + − + −
+ +

i j k . i j k               M1 A1 

   = 4 4 5
18

− + +  = 5
18

 or 5
6 √2             A1   (6) 

 
 

2.  assume true for n = k  ∴ 
1

k

r =
∑ (r2 + 1)r! = k(k + 1)! 

∴ 
1

1

k

r

+

=
∑ (r2 + 1)r! = k(k + 1)! + [(k + 1)2 + 1](k + 1)!         M1 A1 

= (k + 1)!(k + k2 + 2k + 2) = (k + 1)!(k2 + 3k + 2)       M1 
= (k + 1)!(k + 2)(k + 1) = (k + 1)[(k + 1) + 1]!        A1 

  ∴ true for n = k + 1 if true for n = k       

  if n = 1  
1

n

r =
∑ (r2 + 1)r! = 2 × 1! = 2;   n(n + 1)! = 1 × 2! = 2  ∴ true for n = 1  B1 

  ∴ by induction true for n ∈    +               A1   (6) 
 

 
3.  (a)  z3 = −27  ∴ (reiθ )3 = 27eiπ              M1 
    r3 = 27  so  r = 3                 A1 
    3θ  = 2nπ + π                  M1 
    n = −1, 0, 1  gives  θ = π

3− , π3 , π            A1 

    ∴ z1 = 
π
3i3e− , z2 = 

π
3i3e , z3 = 3eiπ            A1 

 
  (b)    Im(z) 
         z2 
          α 
 

       z3   α  O     α   3    Re(z) 
 

         z1    α = 2π
3              B2   (7) 

 
 

4.  (a)  
2

2
a

b
λ

λ
−

−
 = 0  ∴ (2 − λ)(b − λ) − 2a = 0         M1 A1 

    λ1 = −2  gives  4b − 2a + 8 = 0 
    λ2 = 3  gives  −b − 2a + 3 = 0             M1 
    solve simul. giving  a = 2, b = −1            A1 
 

  (b)  λ1 = −2,  
4 2 0
2 1 0

x
y

    
=    

    
,  

4 2 0
2

x y
y x
+ =

∴ = −
  ∴ eigenvector 

1
2

k  
 − 

   M1 A1 

    λ1 = 3,  
1 2 0

2 4 0
x
y

−    
=    −    

,  
2 0

2
x y

x y
− + =
∴ =

  ∴ eigenvector 
2
1

k  
 
 

   A1 

 

  (c)  P = 1
5

1 2
2 1

 
 − 

                M1 A1 (9) 
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5.  x0 = −1, y0 = 1, 
0

d
d
y
x

 
  

= 1;  2
2

2
0

d
d

y
x

 
 
 

− 4 + 2 = 0  ∴ 
2

2
0

d
d

y
x

 
 
 

= 1     M1 A1 

  (1 + x2)
3

3

d
d

y
x

 + 2x
2

2

d
d

y
x

 + 4x
2

2

d
d

y
x

 + 4 d
d
y
x

 + 2 d
d
y
x

 = 0         M1 A1 

  (1 + x2)
3

3

d
d

y
x

 + 6x
2

2

d
d

y
x

 + 6 d
d
y
x

 = 0              A1 

2
3

3
0

d
d

y
x

 
 
 

− 6 + 6 = 0  ∴ 
3

3
0

d
d

y
x

 
 
 

= 0             A1 

(1 + x2)
4

4

d
d

y
x

 + 2x
3

3

d
d

y
x

 + 6x
3

3

d
d

y
x

 + 6
2

2

d
d

y
x

 + 6
2

2

d
d

y
x

 = 0        M1 A1 

2
4

4
0

d
d

y
x

 
 
 

+ 0 + 12 = 0  ∴ 
4

4
0

d
d

y
x

 
 
 

= −6             A1 

y = 1 + 1(x + 1) + 1
2! (x + 1)2 − 6

4! (x + 1)4 + ...          M1 

y = 1 + (x + 1) + 1
2 (x + 1)2 − 1

4 (x + 1)4 + ...           A1   (11) 
 
 

6.  1 0 12
0.01

y y y−− +  = x0 × 1 1

0.2
y y−−  + y0

2              M1 A1 

20y1 − 40y0 + 20y−1 = x0 y1 − x0 y−1 + 0.2y0
2           M1 

y1(20 − x0) = 40y0 − 20y−1 − x0 y−1 + 0.2y0
2            M1 

y1 = 
2

0 1 0 1 0

0

40 20 0.2
20

y y x y y
x

− −− − +
−

               A1 

x−1 = 0.1, x0 = 0.2, x1 = 0.3;  y−1 = 1.2, y0 = 0.9, y1 = ? 

y1 = 36 24 0.24 0.162
19.8

− − +  = 0.60212... = 0.602 (3sf)         M1 A2 

y2 = 
2

1 0 1 0 1

1

40 20 0.2
20

y y x y y
x

− − +
−

               M1 

x0 = 0.2, x1 = 0.3, x2 = 0.4;  y0 = 0.9, y1 = 0.60212…, y2 = ? 

y2 = 24.08... 18 0.27 0.0725...
19.7

− − +  = 0.29885... = 0.299 (3sf)       M1 A1 (11) 
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7.  (a)  det M = 2(8 − 3k) − 1(2k + 3) + 1(k2 + 4) = k2 − 8k + 17      M1 A1 
 
  (b)  det M = (k − 4)2 − 16 + 17 = (k − 4)2 + 1          M1 

(k − 4)2 ≥ 0  ∴ det M > 0  ∴ M non-singular for all real k     A1 
 

  (c)  k = 3,  M = 
2 1 1
3 4 3
1 3 2

 
 
 
 − 

,   det M = 2           B1 

    matrix of cofactors: 
1 9 13

1 5 7
1 3 5

− − 
 − 
 − − 

           M1 A1 

∴ M−1 = 1
2

1 1 1
9 5 3

13 7 5

− − 
 − − 
 − 

              A1 

 

  (d)  
a
b
c

 
 
 
  

= M−1
0
3
5

 
 
 
  

= 1
2

1 1 1
9 5 3

13 7 5

− − 
 − − 
 − 

0
3
5

 
 
 
  

 = 1
2

2
0
4

− 
 
 
  

 = 
1

0
2

− 
 
 
  

 

    a = −1, b = 0, c = 2                M1 A2 (11) 
 
 
8.  (a)  w(iz − 1) = z + 1;   iwz − w = z + 1            M1 

    z(iw − 1) = w + 1 ∴  z = 1
i 1
w
w

+
−

             A1 

    | z | = 1  ∴ | w + 1 | = | iw − 1 |             M1 
| w + 1 | = | i(w + i) | = | i | | w + i | = | w + i | 
∴ perp. bisector of −1 and −i  ∴ u = v           M1 A1 

     

(b)  Im z = 0  ∴ y = 0  so  u + iv = 1
i 1
x
x

+
−

           M1 

  (u + iv)(−1 + ix) = x + 1 
  −u − vx + i(ux − v) = x + 1              M1 

  −u − vx = x + 1  ∴ x = 1
1
u

v
− −

+
;    ux − v = 0  ∴ x = v

u
       A1 

  ∴ 1
1
u

v
− −

+
 = v

u
;  −u2 − u = v + v2             M1 

  giving  (u + 1
2 )2 + (v + 1

2 )2 = 1
2             A1 

  ∴ circle,  centre − 1
2  − 1

2 i,  radius 1
2

            A1 
 
  (c)    Im(z) 
 

          1
2−      L 

 

         C      1
2−   Re(z)              B3   (14) 

 
 
 
                         Total  (75) 

O 
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Performance Record – P6 Paper A 

 
 
 

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

Topic(s) vectors proof by 
induction 

complex 
nos. 

matrices, 
eigenvals. 

Taylor 
series 
soln. of 
diff. 
eqn. 

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

matrices, 
inverse 

complex 
trans. 

 

Marks 6 6 7 9 11 11 11 14 75 
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