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Question Answer Marks Guidance 

7(a) ( ) 2G 2X t a at bt= + +  B1  

 ( )

( ) ( )

'

'

G

1

2 2

E G 2 2

X

X

t a bt

X a b

= +

= = +
 

B1  

  2  

7(b) ( )''G 2X t b=  B1  

 ( ) ( ) ( )
2

Var 2 2 2 2 2X b a b a b= + + − +  M1 Use correct formula with their expressions.  

 ( ) ( ) ( ) ( )( )
2

2 2 2 2 2 2 2 2 1 2 2

2 2( )(1 2 2 )

b a b a b b a b a b

b a b a b

+ + − + = + + − +

= + + − −
 

A1 AG, shown convincingly. 

 Alternative method for question 7(b) 

 ( )2 2 2 2E 0 1 2 2 2 4X a a b a b=  +  +  = +  B1  

 ( ) ( ) ( )
2

Var 2 4 2 2X a b a b= + − +  M1 Use correct formula with their expressions. 

 ( ) ( )

( ) ( )( )

22
2 4 2 2

2 2 2 1 2 2

2 2( )(1 2 2 )

2 2 2 (2 2 )a b a b

b a b a b

b a b

b a b a b

a b

+ − +

= + + − +

= + + −

= + − −

+

+

 

A1 AG, shown convincingly. 

  3  
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7(c) 
( ) ( )

10
2G 2Y t a at bt= + +  

B1 FT FT their ( )G X t . 

 ( ) ( )( )
9

2'G 20 2Y t a bt a at bt= + + +  

( ) ( )( )
9

E 20 3Y a b a b= + +  

M1 Attempt to differentiate their ( )GY t  and evaluate at 1t = . 

 3       1 a b+ = , hence ( ) ( ) ( )E 20 10EY a b X= + = . A1 3 1a b+ =  since total probability is 1, OE. 

  3  

7(d) Binomial *B1 Uses PGF to identify binomial.  

 2
B 10, 

3

 
 
 

 
DB1 Identifies binomial with correct parameters. 

  2  
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6(a) 

( )
( ) ( )

( ) ( )

2

4 3

' 3 2 4 3 2 3 2
G

3 2 3 2
X

t t t t
t

t t

 − + − +
= = 

 − − 

 

M1 Attempt to differentiate ( )G X t . 

May be implied by expressions for ( )'G 1X
. 

 ( ) ( )'E G 51XX = =  A1  

 

( )
( ) ( )( )

( ) ( )

3 2

6 4

'' 2 3 2 6 3 2 3 2 24 8
G

3 2 3 2
X

t t t t
t

t t

 − + + − +
= = 

 − − 

 

M1 Attempt to differentiate ( )'GX t . 

May be implied by expressions for ( )''G 1X
. 

 
( ) ( ) ( ) ( )( )

2
'' ' ' 51 1Var G G G 32 51 2X X XX = + − = + −   

M1 Use correct formula using their values. 

 ( )Var 12 X =    A1 CWO 

  5  
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6(b) 
( )

( )
( )( )( )

3
31 2

81 34
G 1 4

3 2
Z

t
t t t

t
= = + − − +

−
 

M1 Multiply and attempt at binomial expansion. 

 ( )P 4Z =  = their coefficient of 4t . 

OR ( )P 3Z =  = their coefficient of 3t . 

M1 Attempt at finding their coefficient of 3t  or 4t .  

Either seen earns M1. 

 ( ) 8
243

P 4  Z = =   and ( ) 1
81

P 3  Z = =   A1 Both values seen. 

 ( ) 8 1
243 81

P 4 1 ' ' ' 'Z  = − −   M1 Attempt to find ( )P 4Z   using their values. 

 ( ) 232
243

P 4  Z  =  A1 AWRT 0.955. 
Note: considering the expansions of the probability generating 

functions for X and Y separately, then finding ( ) ( )P 4 1 P 4Z Z = − ≤  

with ( ) ( ) ( ) ( )2P ,4 P P 1, 3 P1 2 2,Z XY X YYX= + = + === = =≤   

earns full credit. 

  5  
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4(a) ( ) 232
5 5

G  X t t t= +  B1 CAO 

  1  

4(b) 
( ) ( )

441
625

G 2 3Y t t t= +   ( )
44 32

5 5
t t = +

  
 

M1 Attempt at 4th power of their ( )GX t . 

 A1  

  2  

4(c) Attempt at coefficient of ( )6 in GYt their t . M1 Identify required term, coefficient must a non-zero probability. 

May be seen in part 4(b). 

 ( ) 216
625

P 6Y = =   A1 AWRT 0.346. 

  2  

4
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4(d) ( ) ( ) ( )
4 33 44 12

625 625

'G 2 3 2 3Y t t t t t= + + +  

OR ( ) ( )3 4 5 6 71
625

'G 64 480 1296 1512 648Y t t t t t t= + + + +  

M1 Attempt at differentiating their ( )GY t  from part 4(b). 

 

 ( ) ( ) ( ) ( )
4 3 22 3 496 10812

625 625 625

''G 2 3 2 3 2 3Y t t t t t t t= + + + + +  

OR ( ) ( )2 3 4 5 61
625

''G 192 1920 6480 9072 4536Y t t t t t t= + + + +  

M1 Attempt at differentiating their ( )'GY t . 

 

 ( ) ( )32 888
5 25

' ''G 6.4,  G 35.521 1Y Y= = = =  B1 WWW  

 ( ) ( )
2

888 32 32
25 5 5

Var Y = + −  M1 Use correct formula with their values. 

 

 ( )  24
25

Var 0.96  Y = =  A1 CWO  

 Alternative method for question 4(d) 

 ( ) ( )3 8 62 2
5 5 5 5 5

'E 2 or use GXX t t= +  = = + . M1  

 ( ) ( )2 3 62 14
5 5 5 5

''E 4 or use GXX t= +  = =  M1  

 ( ) ( ) ( ) ( )
2 2

8 6 8 814
5 5 5 5 5

Var  or VarX X= − = + −  M1  

 ( ) 6
25

Var X =  A1  

 ( ) ( ) 24
25

Var 4VarY X= =  A1 CWO 

  5  

5
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6(a) 1= −k a   B1  

  1  

6(b) ( ) ( )
1

2 21 1
−

− = + +at at  
*M1 

 
Attempt at series for ( )

1
21

−

− at  with 

21+ at  seen or implied. 

 ( ) ( )P 2 1 1 = − +Y k a  DM1 Correct un-simplified expression in terms of 

their k  and/or a . 

 ( ) ( )( ) 2P 2 1 1 1 = − − + =Y a a a   A1 AG, shown convincingly. 

 Alternative method for question 6(b) 

 ( ) ( ) ( )

( ) ( )1 1
2 2

'

''

P 0 G 0                   ( 1) G 0 0

P 2 G 0 (2 ).

Y Y

Y

Y k P Y

Y ak

 = = = = = =
 

= = =

 

*M1 

 
Attempt at ( )''G 0Y  with their k . 

 ( )P 2 1Y k ak = − −  DM1 Correct un-simplified expression in terms of 

their k  and/or a . 

 ( ) ( ) ( ) 2P 2 1 1 1Y a a a a = − − − − =   A1 AG, shown convincingly. 

  3  

6(c) 
( )

( )
2

2

' 0.32
G

1 0.2
Y

t
t

t
=

−
 

M1 Attempt to differentiate ( )GY t  with their k , 

may be in terms of a  and/or k . 

 
( ) ( )

( )
2

' 0.32
E G 1 0.5

1 0.2
YY = = =

−
 

A1 CWO 

  2  
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6(a) Probabilities: 7 71
15 15 15

,  ,   for 0, 1, 2 heads. B1  

 ( ) 27 71
15 15 15

G X t t t= + +   B1 FT FT their probabilities provided 1. =p  

 Probabilities: 8 7
15 15

,    for 1, 2 colours. B1 SC B1 for 8 7
15 15

,    for 0,1 colours or 0,2 colours. 

 ( ) 28 7
15 15

GY t t t= +    B1 FT FT their probabilities provided 1. =p  

SC B1 for ( ) 8 7
15 15

GY t t= +  from 0,1 colours or  

( ) 28 7
15 15

GY t t= +  from 0,2 colours. 

  4  

6(b) X and Y are not independent. B1  

 1  
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6(c) 
 

x 0 1 2 

y 1 2 1 

= +z x y  1 3 3 

( )P =Z z  1
15

 7
15

 7
15

 

B1 Correct 3 cases identified correctly where 

probabilities are not zero from 1,2 colours. 

( ) ( ) ( ) ( ), 0,1 ,  1,2  or 2,1x y = . 

Award SC B1 for either of the following: 

( ) ( ) ( ) ( ), 0,0 ,  1,1  or 2,0x y =  from 0,1 colours. 

( ) ( ) ( ) ( ), 0,0 ,  1,2  or 2,0x y =  from 0,2 colours. 

 M1 At least one non-zero probability correct. Allow 

for 71 14
15 15 15

,  ,  or . 

 A1 All probabilities correct. 

 ( ) 31 14
15 15

GZ t t t= +   A1 FT FT their probabilities provided 1. =p  

Allow A1 FT for either of the following: 

( ) 1 14
15 15

2GZ t t= +  from 0,1 colours. 

( ) 2 37 71
15 15 15

GZ t t t= + +  from 0, 2 colours. 

6(d) ( ) 21 42
15 15

'GZ tt = +  

( ) 1 42
15 15

'G 1Z = +  

M1 Attempt to differentiate ( )GZ t  and find ( )'G 1Z . 

FT their ( )GZ t . 

 43
15  2.87=  A1 Allow A1 FT for either of the following: 

28
15  1.87=  from 0,1 colours. 

35
15  2.33=  from 0,2 colours. 

  2  
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