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Question Answer Marks Guidance 
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1 1 1
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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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3(a) 
( )( ) ( ) ( )

1
2 2 2 2d

1 2 1 1
d

−

+ = + + +
n n n

x x nx x x
x

 
M1 A1 Uses the product rule to differentiate. 

 ( )( ) ( )
1

2 2 22 1 1 1 1
−

= + − + + +
n n

n x x x  *M1 Uses 2 2 1 1= + −x x . 

 
( )

0

1
2

11 2 2 −
 + = − +
  

n n n

n

x x nI nI I  
DM1 Integrates both sides using the limits given.  

 
1 12 (2 1) 2 (2 1) 2 2− −= + −  + = +n n

n n n nn I nI n I nI  
A1 Substitutes limits and rearranges. AG. 

  5  

3(b) 1
1

1
1 40

tan π−
−

 = = I x  B1  

 1
1 22

2− −− = −I I  
M1 A1 Applies reduction formula with 1= −n . 

 
2

1
22

1 1 1
4 4 8
π 2 π− −=−  = +− I I  

A1  

  4  

1
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4 12 2
55
i5 2 1 0+ + =  =− m m m   

M1 Auxiliary equation. Correct type of roots for M1. 

 ( )
1
5 2 2

5 5
e cos sin
−

= +
x

y A x B x   A1 Complementary function. Allow ‘ =y ’ missing. 

 2 ' 2 '' 2= + +  = +  =y px qx r y px q y p   
B1 Particular integral and its derivatives.  

 1=p  4 5+ =p q  10 2 3+ + =p q r  M1 Substitutes and equates coefficients. 

 1=q  9= −r   A1  

 ( )
1
5

5

22 2
5

e cos sin 9
−

= + + + −
x

y A x B x x x  A1 FT General solution. FT on CF. Must have ‘ =y ’. 

 ( ) ( )
1 1
5 52 2 2 2 1 2 2

5 5 5 5 5 5 5
' e sin cos e cos sin 2 1

− −
= − + − + + +

x x
y A x B x A x B x x   *M1 Differentiates using the product rule, CF must be of the 

correct form. 

 
9 0− =A  

2 1
5 5

1 0− + =B A  9, 2 = =A B   
DM1 A1 Uses initial conditions. 

 ( )
1
5 2 22

5 5
e 9cos 2sin 9
−

= + + + −
x

y x x x x  A1 Must have ‘ =y ’. 

  10  
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5(a) 
( ) ( ) ( ) ( )( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )

1
1 1 1 1 1 1 1 2 2 1 1
3 3 3

0

3

3

3 33 d +  + + + + + +
    n n

n n n n n n n n n
x x x  

M1 A1 Forms the sum of the areas of the rectangles. M1 for 

correct width and at least three complete terms 

including first and last.  

 

4 2

1

2 2
3

4 2

1

3
1 1

( 1) ( 1)

12 2= =

+ +
= + = + 

n n

n n
r r

n n n n
r r

n n
  

M1 A1 Applies formulae from MF19. 

 ( ) ( ) ( )( )1 1 1 1 1 1 1
2

2

12 12
1 1 1 7= + + + = + +

n n n n
  A1 AG. 

  5  

5(b) 
( ) ( ) ( ) ( )( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )

1
1 11 1 1 1 1 1 1 1

3 3 3
2 2 1

3 30

3

3 3
d − −+ + + + + + +  n n

n n n n n n n n n
x x x  

M1 A1 Forms the sum of the areas of appropriate rectangles. 

 

4 2 2

1 1

1

2 2

1

1

3

3
1

4

( 1) ( 1)

12 2

− −

= =

− −
= + = + 

n n

n n
r r

n n n n
r r

n n
  

M1 
Applies formulae from MF19. Accept 

4
.

3
= −n nL U

n
 

 ( ) ( ) ( )( )1 1 1 1 1 1 1
2

2

12 12
1 1 1 7= − + − = − −

n n n n
  A1 At least one line of simplification after subbing in 

formula (powers of n simplified). 

  4  

5(c) 1 16 4

12 3

 
− = = 

 
n nU L

n n
  

M1 
Simplifies −n nU L  to .

c

n
  

 4

3
0→

n
 as →n   

A1 AG. 

  2  

3
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7(a) 
( )

( )( ) ( )( )

( )
1

2

1
2

1 1 1 1d 1
tanh

d 1 1

− − − + −− 
=  

+  −

x xx
x

x x x
 

M1 A1 
Applies 11

2

1
tanh ln

1

− + 
=  

− 

x
x

x
 .  

 

( )
2

1
2 2

1 2 1

1 11

− 
= = 

+ −  −

x

x xx
  

A1 AG. 

 Alternative method for question 7(a)   

 2 d
tanh sech 1

d
=  =

y
y x y

x
  

M1 A1 Implicit differentiation.  

 
2 2

d 1 1

d 1 tanh 1
= =

− −

y

x y x
  A1 AG. 

  3  
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7(b) 1h
d

d
tan −=−

y y
x

x x
x   

B1 Divides through by .x   

 1
1lnd

e e
−− − −= = x x x   

M1 A1 Finds integrating factor.  

 
( )1 1d

tanh
d

− −=x y x
x

  
M1 Correct form on LHS and RHS. 

 
1 1

2
tanh d

1

− −= −
−




x
x

x x
x

y x   
*M1 A1 Integrates correct function on RHS. 

 ( )11 1 2

2
tanh ln 1− − + − +=x y x xx C   A1 ‘+C ’ not required.  

 3 31 1 1 1 1
2 2 2 4 4 2 4

10 tanh ln ln3 ln−= + +  =− −C C   
DM1 Substitutes initial conditions.  

 ( ) 271 1
2 4 16

1 1 2ln 1 ltanh n− − + −= −xx y x x    A1 Accept 

( )1 1 2 31 1 1 1
2 2 2 2 4

1ln 1 tanh ln nta h .− − −+ − −= −x xxy x   

Accept ( )( )2 271 1
2 4 16

1 ln 1 ln .tanh−= + − −x xxy x  

  9  

4


