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Question Answer Marks Guidance 

1 
2

1 1 1
3 1 3 1

1 3 7
2 1 1 2

1 2

−

= + + = −
k k

k k
k k

k

 

M1 A1 Evaluates determinant.  

 7= k   A1  

  3  

    

Question Answer Marks Guidance 

2(a) d d d 1 sinh

d d d cosh

+
= =

y y t t

x t x t
  

M1 A1 Applies chain rule. 

  2  

2(b) ( ) ( )
2 2

cosh cosh 1 sinh sinhd 1 sinh 1 sinh

d cosh cosh cosh

− ++ − 
= = 

 

t t t tt t

t t t t
  

M1 A1 
Finds 

d d
.

d d

 
 
 

y

t x
  

 2

2 3

d d d d 1 sinh

d d dd cosh

− 
= = 

 


y y t t

t x xx t
  

M1 A1 Applies chain rule, AG. 

  4  

2(c) 
21

2

2

(0) '(0) ''(0) 1
2!

= + + = + +
x

y y xy y x x   
M1 A1 Finds Maclaurin’s series. M1 for (0)y , '(0)y  and 

''(0)y  evaluated. A0 if 2!  not simplified to 2.  

  2  
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Question Answer Marks Guidance 

6(a) , 2 , 3−a a a   B1  

  1  

6(b)(i) 2

2 2

2

3 2 1

0 4

0 0 9

 − −
 

=  
  
 

aa

a

a aa

P   

B1  

  1  

6(b)(ii) 3 2 37 6 0− + =a aP IP   B1 States that P satisfies its characteristic equation.  

 3 2 216 7− = −a aP I P   M1 Multiplies through by 1−
P . 

 

1

2 2

2 2 2

3

2 2

3 2 1 3 2 1

0 4 0 3

0 20 0 0

6
1

6
9

− =



   − − − +
   

=    
     
 

−

− 

a a a a

a

a a

a a
a

a a

aP P   

A1   

  3  

1
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Question Answer Marks Guidance 

6(c) 1 0 0

0 2 0

0 0 3

 
 

=  
 
 

D   

B1  

 
1

1 0 0

0 2 0

0 0 3

−

 
 

=  
 
 

A P P   

M1 Applies 1.−=A PDP   

 2

2

3

2

3 2 1

0 0 3

6

0 0

2

3

0 9 0

3
1

4
6

2

 − + 
  
  
   

=

−  − 

− −



a

a a

a

aa

a
a

aa

  

M1 A1 Multiplies two adjacent matrices. For M1, P must 
correct.  

 
2

4 11
2 6

1
3

1

0 2

0 0 3

+ −
 
 
  
 

a
a a

a
  

A1 OE. 

  5  

2
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Question Answer Marks Guidance 

8(a) 

2

1 1 2

1 2 0 2 3 1 0

2 1 1

−

=  + + =

−

k

k k k  

M1  Finds determinant equal and forms quadratic 

equation. Condone one error in the determinant 

calculation.  

 1
2

22 3 1 0 , 1+ + =  =− −k k k   A1 A1 Each value is A1. 

  3  

8(b) 

1
2

1,

2 2,

2 3,

− − =

− + + =

− + =

x y z

x y z

x y z

1
2

3,

2 2,

+ =


+ =

x z

x z
 

M1 A1 Derives contradiction clearly. 

 Triangular prism. B1 Accept diagram. 

  3  

8(c) 2 1,

2 2,

2 3,

− − =

− + + =

− + =

x y z

x y z

x y z

1 2 =−   

M1 A1 Derives contradiction. 

  Two parallel planes. Other plane not parallel. B1  

 Parallel planes not identical. B1 Accept diagram. 

  4  
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Question Answer Marks Guidance 

8(d) 1 1 2

det 1 1 2 0

2 1 1







− − − 
 
− − = 

 − − 

  

M1 Finds characteristic equation of A. 

 3 2 03 8  − + =−   A1 Must be an equation. Could be implied by 

subsequent working. Must be simplified. 

 3 23 8= −A A A   M1 Substitutes matrix and makes 3
A  the subject.  

 ( ) 24 23 23 8 3 3 8 8= − = − −A A A A A A  M1 Multiplies by A and substitutes for 3.A  

 4 2 24= −A A A  A1  

  5  

 
 
 
 

 

 

3
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Question Answer Marks Guidance 

8(a) 5 0

20 5 0 20 25

2 3 1

− = − −

−

a

a  

M1 Finds determinant. 

 5
4

 −a  A1  

 Three planes intersect at a single point. B1  

  3  

8(b) 

If 5
4

= −a  then 

5
4

5 3,

20 5 2, 2 12

2 3 1,

− =

− =  =

− + =

x y

x y

x y z

 

B1  Shows contradiction clearly. 

 Two distinct parallel planes. B1  

 Other plane not parallel. B1  

  3  
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Question Answer Marks Guidance 

8(c) Eigenvalues of A are 5,  5−  and 1.   B1 Lower diagonal matrix or characteristic 

equation. 

 40 1

5 : 20 10 0 80 ~ 2

2 3 4 40 1



   
   

= − =    
   − − − −   

i j k

 

M1 A1 Uses vector product (or equations) to find 

corresponding eigenvectors. 

 0 0

5 : 20 0 0 120 2

2 3 6 60 1



   
   

= − = −   
   − −   



i j k

 

A1  

 0 0

1: 4 0 0 0 0

20 6 0 24 1



   
   

= =    
   − −   



i j k

 

A1   

 

Thus 

1 0 0

2 2 0

1 1 1

 
 

=  
 − 

P  and 

64 0 0

0 4 0

0 0 16

 
 

=  
 
 

D  

M1 A1 Or correctly matched permutations of 
columns. 

  7  

 

4
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Question Answer Marks Guidance 

8(a) ( )3 = =e A AeAe A e   M1 Multiples by 2
A on LHS. Trying to invert an 

eigenvector or missing eigenvector is M0.  

   ( ) ( )3 2 3   = == A e Ae eA e   A1  

  2  

8(b) 1 3 4

0 1 0 0

0 2 5







− −

− =

− −

 

( ) ( )( )( )1 1 5 0 3(0) 4(0) 0   − − − − − − + =  

M1 Forms ( )det 0.− =IA  Do not accept checking each 

given value is an eigenvalue. Do not accept row 

operations on A.  

 ( )( )( )5 1,11 1 0     =− = −− − −  and 5.   A1 AG. 

  2  

8(c) 8 1

1: 0 3 4 0 0

0 2 0 0 0



−   
   

= − =    
   
   

i j k

 

M1 A1 Uses vector product (or equations) of rows of −A I  

to find corresponding eigenvectors. 

 20 5

1: 2 3 4 8 ~ 2

0 2 4 4 1



   
   

= − =    
   −    

i j k

 

16 2

5: 6 3 4 0 ~ 0

0 4 0 24 3



   
   

= − =    
   −    

i j k

 

A1 A1  

 

Thus 

1 5 2

0 2 0

0 1 3

 
 

=  
 
 

P  and 

3 0 0

0 1 0

0 0 3

− 
 

= − 
 
 

D  

M1 A1 Or correctly matched permutations of columns. 

A column of zeros is M0. Repeated eigenvalues in D is 

M0.  

  6  

5
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Question Answer Marks Guidance 

8(d) ( )
3 3 26 22 1 8−− = + −A A IA I A   B1 Expands. 

 2 25 5 6 12 8= + − − + −A A I A A I   M1 Substitutes 3 25 5= + −A A A I  .  

 2 13 13=− + −A A I   A1  

 Alternative method for 8(d)   

 3 23)( 1)( 3) 9 0( 9     + + −+ − = − =  B1 Finds characteristic equation of 2−A I . 

 ( ) ( ) ( )
3 2

2 2 29 9− − − += − +A I A I A I I  M1 Substitutes 2−A I  and makes ( )
3

2−A I  the subject. 

 2 13 13=− + −A A I  A1  

  3  
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Question Answer Marks Guidance 

8(a) 
2

3
2

9
2

3 8

3 4 0 8 3 0

0 1

=  − − =

−

a a a

a

 

M1 A1 Sets determinant equal to zero and forms 3 

term quadratic equation.  

 ( )3
16

171=a  A1  

  3  

8(b) ( ) 7 9
22 2

3 23 ( 3)( 1) 0    + − +− = =−  B1 Finds characteristic equation. 

 3 29
2

27 9 7
2 2 2

= −  = −I A A B A A   M1 Using C-H Theorem and replaces   with A. 

   M1 A1 Multiplies by 2 2−=B A  

CAO 

  4  

9

2 7 2
9

= −B I A

6
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Question Answer Marks Guidance 

8(c) Eigenvalues of A are 3
2

, 3  and 1− . B1 Upper diagonal matrix or characteristic 

equation.  

 9
2

3
2

3 5
2 2

1

: 0 3 8 0 0

0 0 0



 −  
   

= =    
  
  

i j k

 

M1 A1 Uses vector product (or equations) to find 

corresponding eigenvectors. 

 
3
2

12 2

3: 3 8 6 ~ 1

0 0 4 0 0



   
   

= − =    
   
   

i j k

 5
2

20 2

1: 3 8 10 ~ 1

0 4 4 10 1



−   
   

= − = −   
   −   

i j k

 

A1 A1  

 

Thus 

1 2 2

0 1 1

0 0 1

 
 

=  
 − 

P  and 

2
3

1
3

0 0

0 0

0 0 1

 
 

=  
 − 

D  

M1 A1 Or correctly matched permutations of 

columns. Column of zeros or repeated 

column in P, or repeated eigenvalues in D is 

M0. 

  7  
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