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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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ImportantFormulae

Eis iii
Varx1 EIX I ENI

a Let'sgetEIXI
EX 110.21 040.11 110.21 340251 510251

0.2 02 075 1 25

EE iocomicaas iconsitico
0 2 0.2 90.25 250.25

0.4 34 0 25
0.4 8.5

EX4 89 M1
Substituteinto formula
Var x Ex1 LEXI

8.9 1212

89 4 4.9
Var x 4.9 A1
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Question 1 continued
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(Total for Question 1 is 6 marks)

b wewillusethesamelogicas above
warm title
let'sgetEIX4
E 4 111410.2 0410.9 7910.21 390.251 5410.25

0.2 0.2 81 0 25 625 0.25
E 4 176.9 MI
Wehave Ex4fromCal
E 21 8.9
Substitute

Varix ECX E 21
776.9 18.91 M1
97.69 97.7

Var x 97.7 to 3sf AI



*P72797A0424*

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

4

  

2. The number of errors made by a secretary is modelled by a Poisson distribution with a 
mean of 2.4 per 100 words.

 A 100-word piece of work completed by the secretary is selected at random.

 (a) Find the probability that

  (i) there are exactly 3 errors,

  (ii) there are fewer than 2 errors.
(2)

 After a long holiday, a randomly selected piece of work containing 250 words 
completed by the secretary is examined to see if the rate of errors has changed.

 (b) Stating your hypotheses clearly, and using a 5% level of significance, find the 
critical region for a suitable test.

(4)

 (c) Find P(Type I error) for the test in part (b)
(1)
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averagerate

twotailed

calX oferrorsinthe100wordpiece define variable
X Po241 wasgiven
i PIXT 9 91y

0.209to351 BI

ii PIXEL qg844 0.308to3st B1
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Question 2 continued
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(Total for Question 2 is 7 marks)

b Hypotheses

Ho 7 2.4 oferrorsin100 wordstogetthe
Hi 2.4 corresponding ratefor 250wordsmultiplyby2.5

twotailedtest BI
E oferrorsper250wordpiece definevariable
E PoG MI
5 significance 0.025ineach tail
Lower tail uppertail
PCE C 1 0.025 PCE 27 0.025

subtract1 sothat
pceeyti.iotioias tausincritregion t.EE aisinauaed
PCE 21 0.062070025 doesn'tfallincritregion P E 101 0.957 0.975 notincritregion

Substitutevaluestoget PCE 1110.980 0.975 in critregion
thefirst valuethatfallsinthe C2 1 11 2 12 criticalvalue
criticalregion Uppertail ofcriticalregion

i lowertailofcriticalregion E 12 MI

ESICV ISI
FullcriticalRegion
ESI U E 12 AI

atType I Error is theprobabilityof falsefullyrejectingHo Hois truebutwerejectit
It is justtheactualsignificanceofthetest
actualsignificance PIE 1 PIE 12

0.0174 110.979908

0.01740.0201

0.0375

PTypeI Error 0.0375 B1
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  

3. Tisam took a survey of students’ favourite colours. The results are summarised in the 
table below.

Colour

Red Blue Green Yellow Black Total

Year 
group

1–5 34 15 14 22 3 88

6–9 23 32 12 9 8 84

10–12 5 28 19 8 8 68

Total 62 75 45 39 19 240

 Tisam carries out a suitable test to see if there is any association between favourite 
colour and year group.

 (a) Write down the hypotheses for a suitable test.
(1)

 For her table, Tisam only needs to check one cell to show that none of the expected 
frequencies are less than 5

 (b) (i) Identify this cell, giving your reason.

  (ii) Calculate the expected frequency for this cell.
(2)

 The test statistic for Tisam’s test is 38.449

 (c) Using a 1% level of significance, complete the test. 
You should state your critical value and conclusion clearly.

(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

la Hypotheses
HoThereisnoassociationbetweenfavoritecolorandyeargroup
Hi Thereisanassociationbetweenfavoritecolorandyeargroup B
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Question 3 continued
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(Total for Question 3 is 6 marks)

b i Thecellwiththelowestrow total andlowestcolumntatal
ThatisBlack 10 12 B1
ii

substitute Ei 6919 5.3833

538to3sfexpectedfrequency B1

IIIcalculatedegreesoffreedom

v 15 17 13 1 8 degreesoffreedom B1
criticalvaluefromtables 11 20.090 1 v B1
his 2 38.449 20.090 fallsincriticalregion rejectHo
Thereissignificantevidenceofanassociationbetweenbetweencolorchosenandyeargroup BI
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  

4. Every morning Geethaka repeatedly rolls a fair, six-sided die until he rolls a 3 and 
then he stops. The random variable X represents the number of times he rolls the die 
each morning.

 (a) Suggest a suitable model for the random variable X
(1)

 (b) Show that  P(X  3) = 
91

216 (2)

 After 64 mornings Geethaka will calculate the mean number of times he rolled the die.

 (c) Estimate the probability that the mean number of rolls is between 5.6 and 7.2
(5)

 Nira wants to check Geethaka’s die to decide whether or not the probability of rolling a 

3 with his die is less than 1
6

 Nira rolls the die repeatedly until she rolls a 3 
She obtains  x = 16

 (d) By carrying out a suitable test, determine what Nira’s conclusion should be. You 
should state your hypotheses clearly and use a 5% level of significance.

(4)
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

N

ia GeometricDistribution sincewearemodellingthenumberoftrialsuntilthefirstsuccess
Geo t B1

b P X 3 PCX 1 Pix 2 P 3 OR PX 3 nomorethan3fails
lessthan3 success failsuccess failfailsuccess
tries f E x MI

at

111FromFormulaBooklet for Geop
FX p Varix 11
substitute

p eye g g invarixt
p
30 MA

Tousethecentrallimittheoremlet'sconvertto a normaldistribution
XnGeotti x ̅ NIMWE
substitute x ̅ N 6 1 1 MAI

P5.6 x ̅ 721 0.68064 0.681to3sf A1
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Question 4 continued
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IdlHypotheses

iii is
Wearegiventhefoundvalue16Wecantestwetherthisfallsinthecriticalregion

t.is ieiiiiiiniiiiiieiaiiiain in
iiaoesnataminmecriticalregion
insufficientevidencetorejectHo

thevaluefallsinthecriticalregion of15failures
whenmoretrialsareneeded firstsuccessinpath

nigsufficient
evidencethatpct at

Themoretrialsittakesthemorelikely or later
itisthatpct
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  

Question 4 continued
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Question 4 continued
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_____________________________________________________________________________________
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(Total for Question 4 is 12 marks)
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  

5. Some of the components produced by a factory are defective. The management requires 
that no more than 3% of the components produced are defective. 
Niluki monitors the production process and takes a random sample of n components.

 (a) Write down the hypotheses Niluki should use in a test to assess whether or not the 
proportion of defective components is greater than 0.03

(1)

 Niluki defines the random variable Dn to represent the number of defective components 
in a sample of size n. She considers two tests A and B

 In test A, Niluki uses  n = 100  and if   D100  5   she rejects H0

 (b) Find the size of test A
(2)

 In test B, Niluki uses  n = 80  and

• if  D80  5  she rejects H0

• if  D80  3  she does not reject H0

• if  D80 = 4  she takes a second random sample of size 80 and if  D80  1  in this 
second sample then she rejects H0 otherwise she does not reject H0

 (c) Find the size of test B
(3)

 Given that the actual proportion of defective components is 0.06

 (d) (i) find the power of test A

  (ii) find the expected number of components sampled using test B
(3)

 Given also that, when the actual proportion of defective components is 0.06, the power 
of test B is 0.713

 (e) suggest, giving your reasons, which test Niluki should use.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a Hypotheses

Hop0.03

Hi p70.03 B1

b Doo B1000.03 weuseBinomialaswehaveconstantprobabilityandfixednumberoftrials

ps iq yofmh
9htfullyrejectingHo PCfallingincriticalregion

giggyhit 0.18214 0.182to3sf size At
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Question 5 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 10 marks)
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6. The random variable X has probability generating function GX(t) where

GX(t) = 
1

4 3− t
 (a) Use calculus to find Var(X ) 

Show your working clearly.
(6)

 (b) Find the exact value of  P(X  2)
(4)

 

 The independent random variables X1 and X2 each have the same distribution as X

 The random variable  Y = X1 + X2 + 1

 (c) By finding the probability generating function of Y, state the name of the 
distribution of Y

(4)

 (d) Hence, or otherwise, find  P(X1 + X2 > 5)
(2)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 16 marks)
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7. The probability of winning a prize when playing a single game of Pento is 
1

5

 When more than one game is played the games are independent. 
Sam plays 20 games.

 (a) Find the probability that Sam wins 4 or more prizes.
(2)

 Tessa plays a series of games.

 (b) Find the probability that Tessa wins her 4th prize on her 20th game.
(2)

 Rama invites Sam and Tessa to play some new games of Pento. 
They must pay Rama £1 for each game they play but Rama will pay them £2 for the 
first time they win a prize, £4 for the second time and £(2w) when they win their wth 
prize (w > 2)

 Sam decides to play n games of Pento with Rama.

 (c) Show that Sam’s expected profit is £ 1
25

2
16n n!" #

(6)

 Given that Sam chose  n = 15

 (d) find the probability that Sam does not make a loss.
(4)

 Tessa agrees to play Pento with Rama. She will play games until she wins r prizes and 
then she will stop.

 (e) Find, in terms of r, Tessa’s expected profit.
(4)
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x B20.0.2 binomialasfixed oftrials constantprobability
PCX 41 1 PCX31 MI
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Y negB140.21 FormulaforXNegBCn.pl
PLY201 11910.230.8 Pex x 41 p a p h
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Question 7 continued
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 18 marks)
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