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Mark Scheme 
 

Question 
Number Scheme Marks    

1. 8,a
e

± =   2ae± =  B1, B1 

 2 16a ae a
e
× = =   

 4a =  B1 
 2 2 2 2 2 2(1 )b a e a a e= − = −   
 2 16 4 12b⇒ = − =  M1 
 12 2 3b⇒ = =  A1           (5) 
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Question 
Number Scheme Marks    

2. 2 24 13 ( 2) 9x x x+ + = + +    B1 

 2

1 1 2arctan
( 2) 9 3 3

xdx
x

+⎛ ⎞= ⎜ ⎟+ + ⎝ ⎠∫  M1 A1 

 ( )
1

2

1 2 1arctan arctan1 arctan 0
3 3 3

x

−

⎡ + ⎤⎛ ⎞ = −⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
 M1 

 
12
π

=  A1           (5) 
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Question 
Number Scheme Marks    

3(a) 
2

21 2sinh 1 2
2

x xe erhs x
−⎛ ⎞−

= + = + ⎜ ⎟
⎝ ⎠    M1 

 
2 22 2

2

x xe e−+ − +
=  M1 

 
2 2

cosh 2
2

x xe e x lhs
−+

= = =
 

A1         (3) 

   
(b) 21 2sinh 3sinh 15x x+ − =   

 22sinh 3sinh 14 0x x− − =  M1                
 ( ) ( )sinh 2 2sinh 7 0x x+ − =  M1 

 
7sinh 2,
2

x = −  A1 

 ( ) ( )2ln 2 ( 2) 1) ln 2 5x = − + − + = − +  M1 

 
27 7 7 53ln 1) ln

2 2 2
x

⎛ ⎞ ⎛ ⎞+⎛ ⎞⎜ ⎟= + + = ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎝ ⎠
 A1         (5) 
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Question 
Number Scheme Marks    

4(a) ( ) ( ) ( )
1

cos d sin sin d
nn na x x x a x x n a x x x
−

− = − + −∫ ∫    M1A1 

 ( )
0

sin 0
ana x x⎡ ⎤− =⎣ ⎦  A1 

 ( ) ( )( )
21 cos 1 cos d

nnn a x x n n a x x x
−

−= − − − − −∫  
dM1          

 1
2I ( 1)In

n nna n n−
−= − −  A1         (5) 

   
(b) 

2
2 0

I 2 2 cos d
2

x x
ππ⎛ ⎞= −⎜ ⎟

⎝ ⎠ ∫  M1 A1     

 [ ]2
0

2 sin 2x
π

π π= − = −  A1         (3) 
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Question 
Number Scheme Marks    

5(a) ( )
2

32ar cosh 3
9 1

dy x
dx x

= ×
−    M1A1A1 

 ( )29 1 6ar cosh 3dyx x
dx

− =   

 ( ) ( )( )
2

229 1 36 ar cosh 3dyx x
dx

⎛ ⎞− =⎜ ⎟
⎝ ⎠  

dM1          

 ( )
2

29 1 36dyx y
dx

⎛ ⎞− =⎜ ⎟
⎝ ⎠

 A1         (5) 

   
(b) 

( )
2 2

2
218 9 1 2 36dy dy d y dyx x

dx dx dx dx
⎧ ⎫⎪ ⎪⎛ ⎞ + − × × =⎨ ⎬⎜ ⎟

⎝ ⎠⎪ ⎪⎩ ⎭
 M1 {A1} A1  

 ( )
2

2
29 1 9 18d y dyx x

dx dx
− + =  A1         (4) 
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Question 
Number Scheme Marks    

6(a) 1 0 3 6 6
0 2 1 1 1

0 1 6 6k
λ

⎛ ⎞⎛ ⎞ ⎛ ⎞
⎜ ⎟⎜ ⎟ ⎜ ⎟− =⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠ ⎝ ⎠

    

 
24 6
4

6 6 6k

λ
λ
λ

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟=⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟+⎝ ⎠ ⎝ ⎠

  

 Uses the first or second row to obtain  4λ =  
 

M1A1    (2) 
   

(b) Uses the third row and their 4λ =  to obtain 
6 6 24 3k k+ = ⇒ =  M1 A1   (2) 

(c) 1 0 3
0 2 1 0
3 0 1

λ
λ

λ

−
− − =

−
                 

 ( ) ( )( )( ) ( )( ) ( )( )1 2 0 0 1 3 3 0 3 2 01 0λ λ λ λλ⇒ − − − − − − + − − − =− −  M1 A1 

 
( )( )( ) ( ) ( ) ( )( )2
1 92 1 2 2 9 1 0λ λ λ λ λ λ− + =⇒ − − − + + − − =

 
( )3 12 16 0λ λ− − =  

 

 
( )( )22 2 8 0λ λ λ⇒ + − − =  
( )( )( )2 2 4 0λ λ λ⇒ + + − =  

 
 
M1 

 2,4λ = −  A1         (4) 
(d) Parametric form of  1l   :  ( )2, 3 ,4 1t t t+ − −  M1 

 
1 0 3 2 13 1
0 2 1 3 10 1
3 0 1 4 1 7 5

t t
t t

t t

+ −⎛ ⎞⎛ ⎞ ⎛ ⎞
⎜ ⎟⎜ ⎟ ⎜ ⎟− − = −⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟− +⎝ ⎠⎝ ⎠ ⎝ ⎠

 M1 A1 

 Cartesian equations of 2l  :  1 1 5
13 10 7
x y z+ + −

= =  ddM1A1(5) 
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Question 
Number Scheme Marks    

7(a) 1
4 1 0 4

6 2 1 2

⎛ ⎞
⎜ ⎟− = ⎜ ⎟
⎜ ⎟− ⎝ ⎠

i j k

   M1 A2(1,0) 

 
1 3
4 0 5
2 1

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟• =⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

  

 
1
4 5
2

⎛ ⎞
⎜ ⎟• =⎜ ⎟
⎜ ⎟
⎝ ⎠

r
 

M1A1    (5) 

(b) 
Equation of  l   is  

6 1
13 4
5 2

t
⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟= +⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

r  M1 

 At intersection  
6 1

13 4 4 5
5 2 2

t
t
t

+⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟+ • =⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟+⎝ ⎠ ⎝ ⎠

 M1             

 ( ) ( )6 4 13 4 2 5 2 5 3t t t t⇒ + + + + + = ⇒ = −  M1 

 N is  ( )3,1, 1−
 A1         (4) 

(c) ( ) ( )3 12 6 5 13 3 189PN PR = − − − − − − =i j k i j k
JJJG JJJG
i i  M1 A1ft 

 9 144 36 25 169 9 cos 189NPR+ + + + =  A1 

 sin 189 sin 3.61NX NP NPR NPR= = =  M1A1    (5) 
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Question 
Number Scheme Marks    

8(a)  4sec tandx t t
dt

=   
22secdy t

dt
=      B1 (both) 

 

     

22sec
4sec tan

dy t
dx t t

=

     

1
2sin t

⎛ ⎞=⎜ ⎟
⎝ ⎠

 M1 

 ( )12 tan 4sec
2sin

y t x t
t

− = −
 

M1 A1 

 
24sin 42 sin

cos cos
ty t x

t t
− = −   

 
24 4sin2 sin 4cos

cos
ty t x x t

t
−

= − = −  A1         (5) 

(b) Gradient of  2l   is 2 sin t−  M1 
  2 siny x t= −

 
A1 

 ( ) 2

4cos2 2 sin sin 4cos
1 4sin

tx t t x t x
t

− = − ⇒ =
+

 M1 A1 

 2

8sin cos
1 4sin

t ty
t

−
=

+
 

 
M1 A1 

 ( )
( ) ( )

2
2 2 222 2

2 22 2

16cos 64sin cos

1 4sin 1 4sin

t t tx y
t t

⎛ ⎞
⎜ ⎟+ = +
⎜ ⎟+ +⎝ ⎠

  

 ( )
( )

( )
4 422

4 22 2

256cos 256cos1 4sin
1 4sin 1 4sin

t tt
t t

= + =
+ +

 M1 

 ( ) ( ) ( )
2 2 2 4

2 2
2 2 22 2 2

256cos 256sin cos 256cos16 4
1 4sin 1 4sin 1 4sin

t t t tx y
t t t

− = − =
+ + +

 A1         (8) 
13

   
   

 

          

  
 

          

  
   

   
   
   
   
   

*

(1) 

(2)

PhysicsAndMathsTutor.com
PMTPMT




