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QUESTIONS
9 questions  ·  88 marks  ·  4 sub-topics
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MEAN AND VARIANCE OF DISCRETE RANDOM VARIABLES

SUB-TOPIC 1.1

Sub-topic 1.1  ·  4 questions  ·  32 marks  ·  lowest tariff first
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Option 3B: Further Statistics 1  ·  June2024  ·  Q1  ·  6 marks ANSWER  ›1.1  Mean and Variance of Discrete Random Variables
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  

1.	 The discrete random variable X has the following probability distribution

x – 1 0 1 3 5

P(X = x) 0.2 0.1 0.2 0.25 0.25

	 (a)	 Find Var(X )
(3)

	 (b)	 Find Var(X 2)
(3)
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Question 1 continued
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4.	 The discrete random variable X has the following probability distribution.

x –5 –2 3 4

P(X = x)
1

12

1

6

1

4

1

2

	 (a)	 Find Var(X )
(3)

	 The discrete random variable Y is defined in terms of the discrete random variable X

		  When X is negative, Y = X 2

		  When X is positive, Y = 3X – 2

	 (b)	Find P(Y < 9)
(3)

	 (c)	 Find E(XY )
(2)
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Question 4 continued
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Question 4 continued
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 4 is 8 marks)
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2.	 The discrete random variable X has probability distribution

x –5 –1 0 5 b

P(X = x) 0.3 0.25 0.1 0.15 0.2

	 where b is a constant and b > 5

	 (a)	 Find E(X ) in terms of b
(1)

	 Given that Var(X ) = 34.26

	 (b)	 find the value of b
(4)

	 (c)	 Find P(X 2 < 2 – 3X )
(4)
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Question 2 continued
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  

2.	 The discrete random variable X has probability distribution

x –1 a b

P(X = x)
1

2

1

4

1

4

	 where a and b are positive constants.

	 (a)	 Find an expression for E(X ) in terms of a and b
(2)

	 The discrete random variable Y is defined as Y = a + bX

	 Given that  Var(Y ) = 
1

4
Var(X )  and  E(Y ) = 

5

16

	 (b)	 find the value of  E(X )
(7)
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Question 2 continued
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(Total for Question 2 is 9 marks)
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MEAN AND VARIANCE OF BINOMIAL AND POISSON

SUB-TOPIC 2.2

Sub-topic 2.2  ·  1 question  ·  4 marks  ·  lowest tariff first
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Option 3B: Further Statistics 1  ·  October2020  ·  Q2  ·  4 marks ANSWER  ›2.2  Mean and Variance of Binomial and Poisson
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2.	 The discrete random variables W, X and Y are distributed as follows

W ~ B(10, 0.4)              X ~ Po(4)              Y ~ Po(3)

	 (a)	 Explain whether or not Po(4) would be a good approximation to B(10, 0.4)
(1)

	 (b)	State the assumption required for X + Y to be distributed as Po(7)
(1)

	 Given the assumption in part (b) holds,

	 (c)	 find P(X + Y < Var(W ))
(2)
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Question 2 continued
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PROBABILITY GENERATING FUNCTIONS

SUB-TOPIC 7.1

Sub-topic 7.1  ·  2 questions  ·  27 marks  ·  lowest tariff first
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Option 3B: Further Statistics 1  ·  June2023  ·  Q6  ·  13 marks ANSWER  ›7.1  Probability Generating Functions
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  

6.	 The discrete random variable X has probability generating function

GX t
t
t

( ) �
�� �
2

2

3 2

	 (a)	 Specify the distribution of X
(2)

	 A fair die is rolled repeatedly.

	 (b)	 Describe an outcome that could be modelled by the random variable X
(1)

	 (c)	 Use calculus and GX t( ) to find

		  (i)	 E(X)

		  (ii)	 Var(X)
(7)

	 The discrete random variable Y has probability generating function

GY t
t
t

( ) �
�� �
10

3
2

3 2

	 (d)	 Find the exact value of P(Y = 19)
(3)
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Question 6 continued
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6.	 The discrete random variable V has probability distribution

v 2 3 4

P(V = v)
9

25

12

25

4

25

	 (a)	 Show that the probability generating function of V is

GV(t) = t2 2

5

3

5

2

t +





(2)

	 The discrete random variable W has probability generating function

GW(t) = t 2

5

3

5

5

t +





	 (b)	Use calculus to find

		   (i)	E(W )
(2)

		  (ii)	Var(W )
(4)

	 Given that V and W are independent,

	 (c)	 find the probability generating function of  X = V + W  in its simplest form.
(2)

	 The discrete random variable  Y = 2X + 3

	 (d)	Find the probability generating function of Y
(2)

	 (e)	 Find P(Y = 15)
(2)
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6. The discrete random variable X has probability generating function

GX(t) = k ln
2

2 −
⎛
⎝⎜

⎞
⎠⎟t

 where k is a constant.

 (a) Find the exact value of k
(1)

 (b) Find the exact value of Var(X )
(7)

 (c) Find P(X = 3)
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Option 3B: Further Statistics 1  ·  June2019  ·  Q6  ·  12 marks ANSWER  ›7.2  Mean and Variance from PGFs

28

19

*P61180A01924* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Option 3B: Further Statistics 1  ·  June2019  ·  Q6  ·  12 marks ANSWER  ›7.2  Mean and Variance from PGFs

29

20

*P61180A02024*

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Option 3B: Further Statistics 1  ·  June2019  ·  Q6  ·  12 marks ANSWER  ›7.2  Mean and Variance from PGFs

30

21

*P61180A02124* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 12 marks)



Option 3B: Further Statistics 1  ·  October2020  ·  Q6  ·  13 marks ANSWER  ›7.2  Mean and Variance from PGFs

31

20

*P62677A02028*

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

6.	 A discrete random variable X has probability generating function given by

GX(t) = 
1

64
 (a + bt2)2

	 where a and b are positive constants.

	 (a)	 Write down the value of P(X = 3)
(1)

	 Given that P(X = 4) = 
25

64

	 (b)	 (i)	 find P(X = 2)
(7)

		  (ii)	 find E(X)
(3)

	 The random variable Y = 3X + 2

	 (c)	 Find the probability generating function of Y
(2)
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Qu Scheme Mark AO 

1  (a) 
E(X) =  [= 2] 

 
M1 1.1b 

  [ = 8.9] M1 1.1b 

 [Var(X) = 8.9 – 4 = ]      4.9 A1 1.1b 

  (3)  

(b)   [ = 176.9] M1 2.1 

  M1 1.1b 

                                              = 97.69     awrt  97.7 A1 1.1b 

  (3)  

  (6 marks) 

 Notes 

(a) 1st M1  for an attempt at E(X), at least the final 2 products seen or an answer of 2 

 2nd M1 for attempting a correct expression for  E(X 2), at least 3 non-zero products seen 

 A1        for 4.9 or exact equivalent 

  

(b) 1st  M1 for attempting a correct expression, at least 3 non-zero products seen (implied by 176.9) 

 2nd M1 for a correct method, ft their 176.9 and their 8.9 but must be intending E(X4) and E(X2) 

 A1       for 97.69 or awrt 97.7 
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  Question Scheme 

 

Marks AOs 

4(a) 

 

 

 

1 1 1 1
12 6 4 2

[E( ) ]( 5) ( 2) (3) (4) [ 2]X = −  + −  +  +  =  M1 1.1b 
2 2 2 2 21 1 1 1

12 6 4 2
[E( ) ]( 5) ( 2) (3) (4) [ 13]X = −  + −  +  +  =  (oe) M1 1.1b 

2 2 2Var( ) E( ) [E( )] 13 2X X X= − = −                       = 9 A1 1.1b 

 (3)  

(b) 

 

 

x (–5)  –2  3 (4) 

y (25) 4 7 (10) 

p ( 1
12

)  1
6

 1
4

 ( 1
2

) 
 

M1 3.1a 

P(Y < 9) = P(X = –2) + P(X = 3) [ = 1 1
6 4
+  ] M1 1.1b 

                                                                                 = 5
12

 A1 1.1b 

 (3)  

 (c) 1 1 1 1
12 6 4 2

E( ) ( 5)(25) ( 2)(4) (3)(7) (4)(10)XY = − + −  +  +   M1 3.1a 

                                                                                 = 13.5  A1 1.1b 

 (2)  

(8 marks) 

Notes 

(a) 

M1: Attempt at E( )X with at least 3 correct products seen  

M1: Attempt at 2E( )X with at least 3 correct products seen  

A1: 9 cao 

 

Alternative  

M1: Attempt at E( )X with at least 3 correct products seen 

M1: Attempt at expression for 
2 2 2 2 21 1 1 1

12 6 4 2
E(( ) ) ( 5 2) ( 2 2) (3 2) (4 2)X − = − −  + − −  + −  + −   

with at least 3 correct terms  

A1: 9 cao 

(b) 

M1: Finding distribution of Y  

M1: P(X = –2) + P(X = 3) or P(Y = 4) + P(Y = 7) 

A1:  5
12    (condone awrt 0.417) 

(c) 
M1: Attempt at E(XY) with at least 2 correct terms 

A1:  13.5 
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Qu Scheme Marks AOs 

1(a) ( )P 3 100r X= =    or   ( )P 1 100r X= =    or  ( )P 2 100s X= =   M1 3.4 

   r = 25        (value may be in table) A1 1.1b 

   s = 37.5     (value may be in table) A1 1.1b 

  (3)  

(b) H0: B(4,0.5) is a suitable model         (o.e.)   Condone B(0.5, 4) 

H1: B(4,0.5) is not a suitable model   (o.e.) 
B1 2.5 

 

       

 

 

 

 

( )
2

i i

i

O E

E

−
 2.25 2.56 0.54 4 1.21 

 
2

i

i

O

E
 16 43.56 29.04 9 12.96 

M1 

 

1.1b 

 

 ( )
2

i i

i

O E

E

−
 = 10.56  or   

2

i

i

O
N

E
− = 110.56 – 100 = 10.56  

264

25

 
= 
 

  A1 1.1b 

 5 1 4 = − =  B1 1.1b 

 CV = 9.488  (Calc 9.487729035…) B1ft 1.1b 

 Significant so there is evidence that the researcher's model is not 

suitable 
A1 2.2b 

  (6)  

Total 9 

(a) M1 
Using the Binomial model to expected value. Allow if both probs 0.25 and 0.375 seen 

May be implied by a correct value of r or s.   Alternatives 6.25 4r =  or 6.25 6s =   

 1stA1 for r = 25 

 2ndA1 for s = 37.5 

   

SC “B1” If M0 scored but their values of r and s satisfy 2r + s = 87.5 score as M0A0A1 

   

(b) 
1st B1 Both hypotheses correct using the correct notation in at least one or written in full e.g. 

binomial with n = 4 and p = 0.5 

 

M1 

Calculating either 
( )

2

i i

i

O E

E

−
or 

2

i

i

O

E
  at least 4 correct.  Implied by sight of awrt 10.6 

 1st A1 Allow 10.6 (from correct working) 

 2nd B1  Correct dof  May be implied by CV of 9.48 or 9.49 or better 

 3rdB1ft  For 9.488 or better.  Can ft their dof  NB 2

3 (5%)  = 7.815 (allow awrt 7.815)   

 

2ndA1 Indep’of hypotheses but dep on 1st A1 

Evaluating the outcome by drawing a correct inference. 

Compatible with comparison of 10.56 or 10.6 with their CV  (which must be  > 1) 

They must say model not suitable (o.e.) 

They do not need to state the comparison or say reject H0 etc 

  No need to explicitly see B(4, 0.5) mentioned here 

 

Question Scheme Marks AOs 

 

Qu Scheme Marks AOs 

1(a) ( )P 3 100r X= =    or   ( )P 1 100r X= =    or  ( )P 2 100s X= =   M1 3.4 

   r = 25        (value may be in table) A1 1.1b 

   s = 37.5     (value may be in table) A1 1.1b 

  (3)  

(b) H0: B(4,0.5) is a suitable model         (o.e.)   Condone B(0.5, 4) 

H1: B(4,0.5) is not a suitable model   (o.e.) 
B1 2.5 

 

       

 

 

 

 

( )
2

i i

i

O E

E

−
 2.25 2.56 0.54 4 1.21 

 
2

i

i

O

E
 16 43.56 29.04 9 12.96 

M1 

 

1.1b 

 

 ( )
2

i i

i

O E

E

−
 = 10.56  or   

2

i

i

O
N

E
− = 110.56 – 100 = 10.56  

264

25

 
= 
 

  A1 1.1b 

 5 1 4 = − =  B1 1.1b 

 CV = 9.488  (Calc 9.487729035…) B1ft 1.1b 

 Significant so there is evidence that the researcher's model is not 

suitable 
A1 2.2b 

  (6)  

Total 9 

(a) M1 
Using the Binomial model to expected value. Allow if both probs 0.25 and 0.375 seen 

May be implied by a correct value of r or s.   Alternatives 6.25 4r =  or 6.25 6s =   

 1stA1 for r = 25 

 2ndA1 for s = 37.5 

   

SC “B1” If M0 scored but their values of r and s satisfy 2r + s = 87.5 score as M0A0A1 

   

(b) 
1st B1 Both hypotheses correct using the correct notation in at least one or written in full e.g. 

binomial with n = 4 and p = 0.5 

 

M1 

Calculating either 
( )

2

i i

i

O E

E

−
or 

2

i

i

O

E
  at least 4 correct.  Implied by sight of awrt 10.6 

 1st A1 Allow 10.6 (from correct working) 

 2nd B1  Correct dof  May be implied by CV of 9.48 or 9.49 or better 

 3rdB1ft  For 9.488 or better.  Can ft their dof  NB 2

3 (5%)  = 7.815 (allow awrt 7.815)   

 

2ndA1 Indep’of hypotheses but dep on 1st A1 

Evaluating the outcome by drawing a correct inference. 

Compatible with comparison of 10.56 or 10.6 with their CV  (which must be  > 1) 

They must say model not suitable (o.e.) 

They do not need to state the comparison or say reject H0 etc 

  No need to explicitly see B(4, 0.5) mentioned here 

 

Question Scheme Marks AOs 
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Question Scheme Marks AOs 

2(a) 
  

 

M1 
A1 

1.1b 
1.1b 

 (2)  
(b)  M1 1.1b 

                      A1 1.1b 

                             
   0.5 0.25 0.25 

 

B1 2.1 

  
M1 1.1b 

 
A1 1.1b 

 
M1 3.1a 

 
A1 1.1b 

 (7)  
(9 marks) 

Notes: 

(a) M1: Attempt at E(X), at least two terms correct 
A1: Full correct expression for E(X), may be unsimplified 

(b) M1: Writing or using  

A1: For finding   

B1: Writing using , or writing a correct probability distribution for Y 

M1: 
Correct expression for E(Y ) in terms of a and b (or their value of b) 

and equating their expression to   

A1: or exact equivalent 

M1: Substituting their values of a and b into their expression for E(X) where 

A1:  or exact equivalent 

 
 
 
 
 
 

PMT
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Question Scheme 

 

Marks AOs 

2(a) requires large n/small p so not a good approximation B1 3.5b 

 (1)  

(b) X and Y must be independent B1 2.4 

 (1)  

(c) P(X + Y < 2.4) from Po(7)   [P(X + Y ≤ 2)] M1 3.4 

= 0.029636…                                                   awrt 0.0296 A1 1.1b 

 (2)  

(4 marks) 

Notes 

(a) 

B1: Correct reason why the model would not be appropriate and correct 

conclusion. Condone e.g. ‘p is close to 0.5’ for p is not small.  

Mean is not equal to variance on its own in B0.  

(b) 
B1: Correct explanation mentioning independence (oe).  

Ignore extraneous comments. 

(c) 
M1: Using Po(7) with 2.4 

A1: awrt 0.0296  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Question Scheme 

 

Marks AOs 

2(a) requires large n/small p so not a good approximation B1 3.5b 

 (1)  

(b) X and Y must be independent B1 2.4 

 (1)  

(c) P(X + Y < 2.4) from Po(7)   [P(X + Y ≤ 2)] M1 3.4 

= 0.029636…                                                   awrt 0.0296 A1 1.1b 

 (2)  

(4 marks) 

Notes 

(a) 

B1: Correct reason why the model would not be appropriate and correct 

conclusion. Condone e.g. ‘p is close to 0.5’ for p is not small.  

Mean is not equal to variance on its own in B0.  

(b) 
B1: Correct explanation mentioning independence (oe).  

Ignore extraneous comments. 

(c) 
M1: Using Po(7) with 2.4 

A1: awrt 0.0296  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Question Scheme 

 

Marks AOs 

3(a) [X ~ Geo (0.2) 

Suzanne’s 4th selection is the 7th selection overall] 

P(X = 7) = 6(0.8) (0.2) or 3(0.64) (0.2)  
M1 3.3 

 = 0.05242…                                                    awrt 0.0524 A1 1.1b 

 (2)  

(b) P(X ≥ 6) [= 5(1 0.2)− ] M1 1.1b 

= 0.32768                                                          awrt 0.328 A1 1.1b 

 (2)  

(c) Mean = 5 B1 1.1b 

Standard deviation 2

1 0.2
20

0.2

 −
= = 
 

           awrt 4.47  B1 1.1b 

 (2)  

(d) P(Suzanne wins) = 2 40.2 (0.8) (0.2) (0.8) (0.2) ...+ + +   M1 3.1b 

Infinite geometric series = 
2

0.2

1 0.8−
 (oe) M1 2.1 

= 
5

9
  A1 1.1b 

 (3)  

(9 marks) 

Notes 

(a) 

M1: Selecting geometric distribution with p = 0.2 and attempting required 

probability.  

Allow (0.8)n(0.2) to imply M1 with n = 6 or n = 3 

A1: awrt 0.0524   Allow exact fraction 
4096

78125
  

(b) 

M1: P(X ≥ 6) may be implied by (1 – p)5 or  1 – (p + pq + pq2 + pq3 + pq4) 

A1: awrt 0.328     Allow exact fraction 
1024

3125
 

(c) 
B1: Mean = 5 

B1: Standard deviation = 20 o.e. or awrt 4.47 

(d) 

M1: Determining the probability that Suzanne wins with at least three terms seen 

(may be implied by 2nd M1)  

M1: Recognising need to sum terms of an infinite geometric series with correct r 

= 0.82 (with numerator less than denominator) 

A1:   
5

9
  (allow awrt 0.556) 
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Qu6 Scheme Marks AO 
(a) 

NegBin(r, p) has pgf 
1 (1 )

r
pt

p t

 
   

 and identify the connection M1 2.1 

                                                                              NegBin(2, 1
3 ) A1 2.2a 

  (2)  
(b) e.g. no. of rolls to achieve 5 or 6 (so that p = 1

3 ) twice  (oe) B1ft 3.3 
  (1)  

(c)(i) 2 2

4

2 (3 2 ) ( 2) 2(3 2 )
G ( )

(3 2 )X

t t t t
t

t

     


  or   
3

6

(3 2 )

t

t
 M1 

A1 
2.1 
1.1b 

                                                                         E(X) = G (1)X =  6 A1 1.1b 
(ii) 3 2

6

6(3 2 ) ( 2) 3(3 2 ) 6
G ( )

(3 2 )X

t t t
t

t

      


  or  
4

18 24

(3 2 )

t

t




 M1 2.1 

                                                                                       G (1)X = 42 A1 1.1b 
 Var(X) = “42” + “6” 2"6"  M1 1.1b 
                                               = 12 A1 1.1b 
  (7)  

(d) 2 310
10 3 91 2 ( 2)( 3)( 4) 2

G ( ) 1 1 ... ...
9 3 9 3! 3Y

t
t t t t

                    
 M1 A1 

2.1 
1.1b 

 
                               P(Y = 19)   = 

32

243
 A1 1.1b 

  (3)  
ALT Identify that Y = 3X + 4 M1  

 
      (Y = 19 requires X = 5 so ) P(X = 5) = 

34 1 2 1

1 3 3 3

     
     

     
 A1  

  (13 marks) 
 Notes 

(a) M1   for identifying the NegBin distribution (allow NB for NegBin) 
 A1   for r = 2 and p = 1

3  

(b) B1ft  for identifying a suitable definition for X using a (fair) die, with p = 1
3  and the second 

occurrence of the event, only ft their NegBin distribution in (a). A finite number of rolls is B0  
  

(c)(i) 1st M1   for attempt to differentiate quotient or product.  At least one uv style term correct. 
 1st A1   for a fully correct first derivative (needn’t be simplified) 
 2nd A1   for E(X) = 6  NB this A1 depends on M1 only but M1A0A1 is possible 

(ii) 2nd M1  for attempt to diff’ quotient or product again.  At least one uv style term correct. 
 3rd A1  for 42  (may be given for incorrect G  provided their G (1) gives 42 and M1 scored) 

             Note all powers of (3 – 2t) equal 1 when t = 1 is substituted so can be used as a check 
3rd M1  for correct use of pgf to find Var(X) 

 4th A1   dep on M3 for 12  
  

(d) M1        for writing pgf in suitable form to carry out binomial expansion 
 1st A1   for a correct expression for coefficient of 19t  
 2nd A1  for 32

243  or exact equivalent 
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Question Scheme Marks AOs 

6(a) 
( ) 2 3 49 12

G
4

25 25 25
v t t tt = + +         or     2 2

5
 

9 12 4

25 2 25
t t t
 

+ + 
 

 M1 1.1b 

 

2

2 2 3

5
       

5
 t t

 
= + 

 
* A1* cso 2.1 

  (2)  

(b)(i) ( )
4 5

2 3 2 3
G 2

5 5 5 5
W tt t t

    = + + +   
   

 M1 2.1 

 ( )G 1W
  =
 

   3 A1 1.1b 

(ii) ( )
4 3 4

2 3 16 2 3 2 3
G 2 2

5 5 5 5 5 5 5
W t t t t t

      = + + + + +     
     

oe M1 2.1 

 ( )
5

1
36

GW
 =  A1 1.1b 

 ( )
236

Var( ) " " "3" "3"
5

W = + −   M1 2.1 

              
6

 
5

=  A1 1.1b 

  (6)  

(c) ( )
2 5

2G
2 3 2 3

5
 

5 5 5
X t t tt t

   
+  +   

   
=   M1 3.1a 

           

7

3 2 3
 

5 5
t t
 

+ 
 

=  A1 1.1b 

  (2)  

(d) ( ) ( )
7

3
3 2 22 3

G = 
5 5

Y t t t t
 

  + 
 

 M1 3.1a 

           = 

7

9 22 3

5 5
t t
 

+ 
 

 A1 1.1b 

  (2)  

(e) 

( )P  15Y = is coefficient of 15t ie 

3 4

9 7 2

3

2 3
... ...

5 5
t C t

   
+  +   

   
 

or   P(X = 6)  need coefficient of t6 i.e.  

3 4

3 7

3

2 3
... ...

5 5
t C t

   
+  +   

   
 

M1 1.1b 

 ( )
22680 4536

0.290304
78125 6

P
2

 
15

15
5

Y = =  = =  A1 1.1b 

  (2)  

(14 marks) 
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Notes: 

(a)  M1 A correct un-simplified pgf based on P( )vt V v=  

 A1* cso must see an un-simplified version i.e. M1 scored  and no incorrect working seen 

(b)

(i) 
M1 

Differentiating using the product rule to find ( )GW t   Allow un-simplified e.g. 
2

5
5

t  

Need two terms added and at least one correct. If they expand we need 3 correct. 

 A1 3  from a correct derivative 

(ii) 1stM1 
Attempt ( )GW t   ft their ( )GW t [must be at least 2 terms or a product],  one correct ft 

term, same rule for differentiating a product 

 1stA1 
36

5
 or 7.2  from a correct derivative 

 2ndM1 ( ) ( ) ( )( )
2

G G G1 1 1W W W
  + −  ft their ( )GW t if different from ( )GW t  and G ( )W t  

 2ndA1 Dep on M3A2  
6

5
 or 1.2  

(c) M1 Realising the need to use  ( ) ( ) ( )G G GV WX t t t=   

 A1 

7

3 2 3

5 5
t t
 

+ 
 

  

(d) M1 Realising the need to multiply through by t3 or substitute t2 for t or sight of 3 2G ( )Xt t   

 A1 

7

9 22 3

5 5
t t
 

+ 
 

 oe  Need not be in its simplest form 

(e) 

M1 Attempting to find correct coefficient of  tn or identify Y = 2 J + 9 where J ~ B(7, 0.4) 

Need an expression can ft their G ( ) or G ( ) of the form ( )n m k

Y Xt t t at b+  

Allow a statement that P(Y = 15) = 0 if it follows from their pgf 

 A1 For a correct exact answer or allow awrt 0.2903  Allow 0.29 from correct expression 

 

Alternative for (b) 

(b) 1 where ~ B(5,0.4)W P P= + so Var (W) = Var(P)   

(i) ( )
4

2 3
G 2

5 5
P t t

  = + 
 

 M1 2.1 

 ( )G 2 31 1W
 = + =  A1 1.1b 

(ii) ( )
3

16 2 3
G

5 5 5
P tt

  = + 
 

  ; ( )
5

1
16

GP
 =  

M1; 

A1 

2.1 

1.1b 

 ( )
216

Var( ) " " "2" "2"
5

W = + −  ;   
6

 
5

=  
M1; 

A1 

2.1 

1.1b 

SC 

MR They use G ( )V t  instead of G ( )W t Provided some correct differentiation seen: 

Award  B1 for E(V) = 
14

5
 and B1 for Var(V) = 

12

25
 score as M0A1M0A0M0A1 
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Qu Scheme Marks AO 

6 (a) 
G(1) = 1 

1
ln 2 1  so  

ln 2
k k    B1 2.1 

  (1)  

(b) 
   

11 1 1 1
G( ) ln 2 ln(2 ) G ( )   or  2

ln 2 ln 2 2 ln 2
t t t t

t

   
           

 
M1 

A1 

2.1 

1.1b 

 
[E(X) = ] 

1
G (1)

ln 2
   A1 1.1b 

 

 
2

1 1
G ( )

ln 2 2
t

t

 
    

  

 
M1 

A1 

2.1 

1.1b 

 
Var(X) =  

2
2 1 1 1

G (1) G (1) G (1)
ln 2 ln 2 ln 2

 
        

 
 M1 2.1 

 
                                                                                     = 

1 1
2

ln 2 ln 2

 
 

 
 A1 1.1b 

  (7)  

(c) P(X = 3) = coefficient of t3   by Maclaurin need G (0)  M1 3.1a 

 

 
3

1 2
G ( )

ln 2 2
t

t
 


 A1ft 1.1b 

 
                                P(X = 3) = 

G (0)

3!


 M1 3.2a 

 
                                                   = 

1
4ln2 1

6 24ln 2
  = 0.0601122…     awrt  0.0601 

A1 1.1b 

 (4)  

  (12 marks) 

 Notes 

(a) B1     for finding k  (must be exact) 
  

(b) 1st M1   for an attempt to differentiate G(t)  e.g. 1(2 )A t  (o.e.)   

 1st A1    for a correct first derivative  (condone k or use of 1
ln 2
 awrt 1.44)   

 2nd A1   for correct E(X) or G (1)   (allow awrt 1.44     calc: 1.442695…but not k) seen anywhere 

 2nd M1  for attempting second derivative (ft their G ( )t ) 

 3rd A1   for a correct 2nd derivative  (condone k or use of 1
ln 2
 awrt 1.44) 

 3rd M1  for a correct method for Var(X) (some substitution into the correct formula) 

 
4th A1  for 

1 1
2

ln 2 ln 2

 
 

 
  o.e. but must simplify i.e. collect like terms  

                                                                  [Mark final answer – penalise incorrect log work etc]  

 NB     0.8040211.. is A0 unless exact answer seen 
  

(c) 1st M1     for a suitable strategy to solve the problem (finding link with Maclaurin) 

                 Need mention of coefficient of t3 and [ G ( )  or  G (0)t  ](condone G (1) ) 

 1st A1ft    for 3rd derivative , ft their 2nd  derivative in (b) (provided G ( )t not const) 

                Correct G ( )  or  G (0)t   scores 1st M1 1st A1ft 

 2nd M1    for translating Maclaurin to probability (a correct expression) 

 2nd A1     for  1
24ln 2

 or  awrt 0.0601 
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  Question Scheme 

 

Marks AOs 

6(a) P(X = 3) =  0  B1 1.1b 

 (1)  

(b)(i) Coefficient of 4 21
64

t b=     M1 2.1 

 2 251
64 64

b =  M1 1.1b 

 5b =   (reject 5b = −  since b > 0)  A1 2.3 

G (1) 1X =   
21

64
( "5") 1a + =  

M1 2.1 

3a =   (reject 13a = −  since a > 0) A1 1.1b 

P(X = 2) = coefficient of 
2t = 1

64
(2 )ab   M1 3.4 

                                                                    = 15
32

 A1 1.1b 

 (7)  

(ii) 

 
E( ) G (1)XX =   M1 2.1 

22
64

G ( ) ("3" "5" ) "10"X t t t = +    or   
31

64
G ( ) ("60" "100" )X t t t = +  

M1 1.1b 

G (1) 2.5X
 =  A1ft 1.1b 

 (3)  

(c) 

 

22 3 3 2 2

64
G ( ) G ( )[ ( ( ) ) ]t

Y Xt t t a b t= = +  M1 3.1a 
2 6 2

64
G ( ) ("3" "5" )t

Y t t= +  A1ft 1.1b 

 (2)  

(13 marks) 

Notes 

(a) B1: 0 (Since there is no term in t3) 

(b)(i) 

 

 

 

 

 

 

 

 

(b)(ii) 

M1:  Realising that 21
64

b , the coefficient of 
4t , is needed 

M1:  Equating their coefficient of 
4t to 25

64 with an attempt to find b 

A1:  b = 5 only 

M1: Realising that G (1) 1X =  is required 

A1: a = 3 only 

M1: Finding coefficient of 
2t   with their a > 0 and b > 0 

A1: 15
32   (condone awrt 0.469) 

M1:  Realising G (1)X
  is needed 

M1:  Attempt to differentiate G ( )X t with their values of a and b 

A1ft: 2.5 (ft (3sf) their values of a and b, a > 0 and b > 0)   E(X) = 
2

16
ab b+   

Alternative: 

M1: Realising X = 0, 2 and 4 only 

M1: [0 ×P(X = 0)] + 2×P(X = 2) + 4×P(X = 4) 

(c) 

M1: either 3G ( )X t  or 
2t or using Y = 2, 8, 14 

A1ft: ft their values of a and b, a > 0 and b > 0 
2 6 2

64
G ( ) ("3" "5" )t

Y t t= +  or 
2 6 12

64
G ( ) ("9" "30" "25" )t

Y t t t= + +  or  
2 8 141

64
G ( ) ("9 " "30" "25" )Y t t t t= + +  


