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Question Answer Marks Guidance 

1 
2

1 1 1
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k k
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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  
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3(a) 
( )2 2d

' 2
d

= +x y x y xy
x

  
B1 Differentiates 

2x y  correctly.  

 
( )( ) ( ) ( )

3 2d
3 1 '

d
+ = + +x y x y y

x
 

M1 Differentiates ( )
3

+x y  correctly.  

 1
4

' 4 3(1 ') 0 '− + + =  =y y y   A1 Some evidence of substituting ( 1,2)− , into an 

equation set to zero. AG. 

  3  

3(b) 2 '' 2 ' 2 ' 2+ + +x y xy xy y   B1 B1 Differentiates 
2 ' 2 .+x y xy   

 ( ) ( ) ( ) 
2 2

3 '' 6 1 ' 0+ + + + + =x y y y x y   B1 B1 Differentiates ( )23( ) 1 ' .+ +x y y   

 ( )  51
4

22

4
( 1) '' 4( 1)( ) 2(2) 3 '' 6 0− + − + + + =y y   M1 Substitutes ( 1,2)−  and 1

4
' =y into their 

expression with at least a ''y in their expression 

 99
32

'' = −y   A1  

  6  
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7(a) 
( )( ) ( ) ( ) ( )

1 1 1
2 2 22 1 21 1 1 1

2 2

2 2

2 2

2d
4 2sin 4 4 2 4

d

−
−

−

− + = − − + − + −x x x x x x x
x

  
M1 A1 Applies product rule and formula from MF19 

for the derivative of 1sin .− x   

 ( )( ) ( ) ( )
1 1 1
2 2 21 12 2 2 2

2 2
4 4 4 4

−

= − − + − = −x x x x   
A1 As a minimum, working of 

( )( ) ( )
1 1
2 221 2

2 2

2 14 4 4
−

− − + −x x x  must be seen 

before the answer. AG. 

  3  

7(b) 11
2

(2 ) d
e 2

−+ = +
x x

x   
M1 A1 Finds integrating factor. Allow a sign error in 

the integrating factor for the method mark. 

 
( ) 2d

2 2 2 4
d

+ = + − = −y x x x x
x

 
M1 A1 Correct form on LHS and simplifies RHS. 

 ( ) 1

2

21 1
2

2 4 2sin−+ = − + +y x x x x C  
M1 A1 Integrates RHS.  

 1 1 1
2 2 3

3 3 π= + +C   M1 Substitutes initial conditions.  

 ( )21 1 1
2 2 3

12 4 2 πsin−+ = − + −y x x x x  A1 ISW once a correct answer is seen. 

  8  
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7(a)(i) 1
2

1

2

2

2sec
4 3cosec 3

tan
= + −

t
x t

t
 

 
2 28cosec 3cosec 3 8cosec 3cot= + − = +x t t t t      

B1 Differentiates x with respect to t. AG. 

  1  

7(a)(ii) 26cosec 4cot= −y t t  B1 Differentiates y with respect to t. 

  1  

7(a)(iii) ( ) ( )

( )

2 2
2 2 2 2

2
2 2 2

4

4

2

8cosec 3cot 6cosec 4cot

100cosec 25cot 100cosec 25 cosec 1

25cosec 50cosec 25

+ = + + −

= + = + −

= + +

x y t t t t

t t t t

t t

  

M1 A1 Expands and simplifies 
2 2+x y . A1 for 

reaching 42100cosec 25cot+t t . 

 ( )
2

225 cosec 1= +t   
*M1 A1 Factorises 

2 2+x y . ALT: 

( )
2

225 cot 2+t . 

 
  ( )

1 1
3 3

11
66

π

5 101 1
6

π π

33

2 1
3π 6

5 cosec 1d 5 cot 5 3π 3 π π+ = − + − + −= + = + t t t t  
DM1 A1 Applies correct formula for arc length and 

integrates. 

Answer in terms of π  and 3  for A1. 

  6  
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7(b) 2 2

2 2

6cosec 4cot 6sin 4cos 6sec 4cot

8cosec 3cot 8sin 3cos 8sec 3cot

− − −
= = =

+ + +





y t t t t t t

x t t t t t t
  

B1 Finds first derivative. 

 

( )( ) ( )( )

( )

2

2

2 2 2

2

2

2

d 6cosec 4cot

d 8cosec 3cot

8csc 3cot 6cot csc 8cot csc 6csc 4cot 6csc cot 8cot csc

8cosec 3cot

 −
 

+ 

+ − + + − +
=

+

t t

t t t

t t t t t t t t t t t t

t t

 

 

or 
 

( )( ) ( )( )

( )
2

2

2

2 2

2

d 6sin 4cos

d 8sin 3cos

8sin 3cos 6cos 8cos sin 6sin 4cos 8cos 6cos sin

8sin 3cos

 −
 

+ 

+ + − − −
=

+

t t

t t t

t t t t t t t t t t

t t

 

M1 
Differentiates 

d

d

y

x
 with respect to t. 

Enough terms for M1.  

 

( )

( )

( )

( )

( )

2 22 3

22
2 2

2
2

50cos sin 1 50cot cosec cosec 1100cos sin 50cos

8sin 3cos 8sin 3cos 8cosec 3cot

+ ++
= =

+ + +

t t t t tt t t

t t t t t t
  

A1  

 ( )

( )

( )

( )

22

32

3

2 2

2
2

2

2

50sin cos sin 1d d 6sin 4cos d

d d 8sin 3cos d 8sin 3cos

50cot cosec cosec 1

8cosec 3cot

+ −
=  = 

+  +

+
=

+

t ty t t t

x t t t x t t

t t t

t

t t

 

M1 A1 Applies chain rule. 

  5  
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1 ( )
1

22'( ) ( 2) e
−

+−= − +
x

f x x   B1 Finds first derivative. 

 
( )

( )
( )

1-1 -134

4

2( 2) ( 2) 2 5
''( ) ( 2) e 2 2 e e

2

−− +− + + +
= + + + =

+

xx x x
f x x x

x
  

B1 Finds second derivative.  

 1
2(0) e=f  

1
21

4
'(0) e= −f  

1
25

16
''(0) e=f   *M1 Evaluates derivatives at zero. Must have 

attempted second derivative using the 

product rule. 

 ( ) 1 1
2 2 2

1 1
5

32

2 1
4

2e e e e
−

+
= − +

x
x x  DM1 A1  

  5  
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2(a) e e 2
tanh sech

e e e e

−

− −

−
= =

+ +

t t

t t t t
t t   

B1  

 

( ) ( )

2
2 2

2 2

e e 4 e e 2
1

e e e e e e

− −

−
− −

 − + +
+ = = 

+  + +

t t t t

t t
t t t t

  
M1  Writes in a single fraction over common 

denominator, AG. 

 A1 Withold A1 mark if they used mixed 

variables within a single line of working. 

  3  

5


