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  

1. The discrete random variable X has probability distribution

x – 2 – 1 0 1 3

P(X = x) 0.25 a b a 0.30

 where a and b are probabilities.

 (a) Find E(X)
(2)

 Given that Var(X) = 3.9

 (b) find the value of a and the value of b
(4)

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

 (c) Find P X X
1 2

3!" #>
(3)
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a E X 210.251 Halt Kal 310.3 MI

0.5 0.9
E X 0.4 At
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Question 1 continued
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(Total for Question 1 is 9 marks)

Ibl
x 2 1 0 7 3

4 1 0 1 9

PX x 0.25 a b a 0.30

fit castocbiticaitaco.am

Ex fate
substituteintovarix 3.9 given
Varix EXY ECKI AMI
39 29 3.7 10.412

3.9 3.7 0.16 za

0.2 0.16 2a substitute a 0.18into 29 6 0.45andsolvefor b
0.36 29 210.187 b 0.45

5 0.450.36
usefactthatÉp

ribabilities
1 5 0.09 At

2atbto.gs 1
za b 0.45

i 9 0.18 5 0.09 a andb

Idwehave5possiblevaluesfor X 1 2,0 1and3
For it 2 3 tobetruethepossiblecombinationsare

3 P it 2 3110.180.31 10.30.18 10.30.31 PH110.18Pex310.31
0.0540.054 0.09 Mr

PCX 2 3 0.198 Al
in mtion
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  

2. Telephone calls arrive at a call centre randomly, at an average rate of 1.7 per minute. 
After the call centre was closed for a week, in a random sample of 10 minutes there 
were 25 calls to the call centre.

 (a) Carry out a suitable test to determine whether or not there is evidence that the rate 
of calls arriving at the call centre has changed. 
Use a 5% level of significance and state your hypotheses clearly.

(4)

 Only 1.2% of the calls to the call centre last longer than 8 minutes.

 One day Tiang has 70 calls.

 (b) Find the probability that out of these 70 calls Tiang has more than 2 calls lasting 
longer than 8 minutes.

(3)

 The call centre records show that 95% of days have at least one call lasting longer than 
30 minutes. 
On Wednesday 900 calls arrived at the call centre and none of them lasted longer than 
30 minutes.

 (c) Use a Poisson approximation to estimate the proportion of calls arriving at the call 
centre that last longer than 30 minutes.

(4)
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calUsePoissonDistributionsincewearetalkingaboutan averagerate
ofcallsin10minspandefinevariable

X Pollox1 givenrateperminutemultiplyby10togetratefor10mins

iii iii
5 significance 0.025ineachtail

initiates.ua
tail

PX 25 1 P1 5241AT
0040670.025 25callsdonotfallinthecriticalregion At

insufficientevidencetorejectHonotenoughevidencetosuggestthattherateofcallshaschanged

lbUsebinomialdistributionsincewehavefixed oftrials
ofcallslastinglongerthan 8minutes

Y B7000121 MI
PY 21 1 PLY 21 MI

1 0.947725
0.0523 A1
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Question 2 continued
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 11 marks)
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  

3. In a class experiment, each day for 170 days, a child is chosen at random and spins a 
large cardboard coin 5 times and the number of heads is recorded.

 The results are summarised in the following table.

Number of heads 0 1 2 3 4 5

Frequency 3 10 45 62 38 12

 Marcus believes that a B(5, 0.5) distribution can be used to model these data and he 
calculates expected frequencies, to 2 decimal places, as follows

Number of heads 0 1 2 3 4 5

Expected frequency r 26.56 s s 26.56 r

 (a) Find the value of r and the value of s
(3)

 (b) Carry out a suitable test, at the 5% level of significance, to determine whether or not 
the B(5, 0.5) distribution is a good model for these data.

  You should state clearly your hypotheses, the test statistic and the critical value used.
(6)

 Nima believes that a better model for these data would be B(5, p)

 (c) Find a suitable estimate for p
(1)

 To test her model, Nima uses this value of p, to calculate expected frequencies as follows

Number of heads 0 1 2 3 4 5

Expected frequency 2.07 14.65 41.44 58.63 41.47 11.74

 The test statistic for Nima’s test is 1.62 (to 3 significant figures)

 (d) State,
  (i) giving your reasons, the degrees of freedom
  (ii) the critical value
  that Nima should use for a test at the 5% significance level.

(3)

 (e) With reference to Marcus’ and Nima’s test results, comment on
  (i) the probability of the coin landing on heads,
  (ii) the independence of the spins of the coin.
  Give reasons for your answers.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

lalX B5.0.51
PCXO1P1X51 0.03125 170 r 5.31 MATAI
PCX 2 P x 3 0.3125 170 5 53.1
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Question 3 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

b Hypotheses

Ho B50.51is agoodmodel
HiB 50.51isnot agoodmodel B1

ofheads 0 1 2 3 4 5

observedfrequency 3 10 45 62 38 12

expectedfrequency 5.31 26.56 53.1 53.1 26.56 5.31

3
sis d.io Ii ss.ioio s.si

Useformulaforteststatistic MI
x EI N

substitute

20 0 5 5 20 s.si as

27.4 teststatistic

1 1 1 5 dot
Be

i X 5 1 11.070 criticalvaluefromtables BI
24.7 11.070 significantresultsufficientevidencetorejectHo
Marcusmodelis not agoodfit Al

n p 0
3 110245,13162 438 5 12 0.58588

p0.586to 3sf B1

d i Usepooling sinceEcol 5 Wecalculated pfromobservedvalues subtract2degreesoffreedom
dof 5columns 2constraints 3dof MIAI
ii 1315 1 7.815 critiialvalue Bl

le i Nima'smodel B5.0.58 is agoodfitsince 1 2sfÉis hermitsisnotveiented
Thecalculated p0.6 suggeststhediceisbiased B1
ii Nima'stestwas agoodmodelandit wasBinomial wecanassumespinswereindependent B1
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  

Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P74080A01124* Turn over      

11

  

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

Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

(Total for Question 3 is 15 marks)
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  

4. There are 32 students in a class.

 Each student rolls a fair die repeatedly, stopping when their total number of sixes is 4
 Each student records the total number of times they rolled the die.

 Estimate the probability that the mean number of rolls for the class is less than 27.2
(6)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

stoppingwhentheirtotalnumberofsixes is4 NegativeBinomialWearelookingfor
oftrialsuntila certain ofsuccesses isreached 41
ofrollsittakestoget4sixes definevariable

NegBl4 1 MI
meannumberofrollsislessthan27.2 mentionof mean indicates CentralLimitTheorem

Eiii inand o
µ 4 6 24 1424 At FormulaeforNegativeBinomial

µ I o rlyP
0244 9 386 461120 02120 At

i x ̅ N124,7 Inyiicalculatorenter 5k o

P x ̅C27.21 0.95087
0.951 A1
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 4 is 6 marks)
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  

5. A machine fills cartons with juice.

 The amount of juice in a carton is normally distributed with mean µ ml and standard 
deviation 8 ml.

 A manager wants to test whether or not the amount of juice in the cartons, X ml, is less 
than 330 ml. The manager takes a random sample of 25 cartons of juice and calculates 
the mean amount of juice x ml.

 (a) Using a 5% level of significance, find the critical region of X  for this test. 
State your hypotheses clearly.

(4)

 The Director is concerned about the machine filling the cartons with more than 330 ml 
of juice as well as less than 330 ml of juice. The Director takes a sample of 55 cartons, 
records the mean amount of juice y ml and uses a test with a critical region of

Y Y< >328 332! " # ! "
 (b) Find P(Type I error) for the Director’s test.

(2)

 When μ = 325 ml

 (c) find P(Type II error) for the test in part (a)
(2)

_____________________________________________________________________________________
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o

IN

lalHypotheses amountofjuicein a larton definevariable
Ho 4 330 X N330,84

Hi MC330 B x ̅ N1330 Es wearetoldhetakesasample usesamplemean
criticalvalue MI

PCxC̅ 0.05 MI

nunco05 withparameters µ330 0
1 327.368

i CriticalRegion 5 327 Al

bl

Ee
BysymmetryweseethatPLY328 1153321
PTypeI 2 015328

0.063732 0.0637to3sf typeIerror
Al

ctify 8
2 2332
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Question 5 continued
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11Type Error is theprobabilityofwrongfullyacceptingHo Hoisfalsebutweacceptit
testinpartial x ̅ N330 givencorrectvalue

i PCType Error P x ̅ 327.368 µ 3251 0.0694233 MI
critregion 0.0694to351 typeIerror
foundin a A
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 8 marks)
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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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a NegativeBinomial as Negber it has probabilitygeneratingfunction i ftp.p MI

ifind 13 212

Byobservation r 2
comparedenominators 1 11p ftprize 34 37T p

1 p p
i distributionNegB2 A1

1b ofrollstoachieve a 5 or 6 twice B1
2outcomessop 2x's
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Question 6 continued
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EX Gill
Gx 1 223 21

2

i Differentiateusingproductruleandchainrule
Product Rule

Y u 21325 2 4132153 Icuvs Uv U'v
substitute

Gilt
p ate 25

anti

4 2

n'Ed
todifferentiateagain

iiii.liiiiiiiii iii iiiiiiiii
241132541613253213 25

G'kill 2445515416acetic zai
24162

6111 42At fromi G it 6
substituteinto
Varx 42 6 1612MI

4836
VarX 12 Al

wewantt pcyiass.toisupfront weneed9inthebracket
iii e inourpgf.tt weneedthethirdtermofthebinomialexpansion 31 9

II
323

i PY 191 32 Al
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P74080A02124* Turn over      

21

  

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

Question 6 continued
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(Total for Question 6 is 13 marks)
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7. Each time a spinner is spun, the probability that it lands on red is 0.2

 (a) Find the probability that the spinner lands on red

  (i) for the 1st time on the 4th spin
(2)

  (ii) for the 3rd time on the 8th spin
(2)

  (iii) exactly 4 times during 10 spins
(2)

 Each time the spinner is spun, the probability that it lands on yellow is 0.4

 In a game with this spinner, a player must choose one of two events

  R is the event that the spinner lands on red for the 1st time in at most 4 spins

  Y is the event that the spinner lands on yellow for the 3rd time in at most 7 spins

 (b) Showing your calculations clearly, determine which of these events has the greater 
probability.

(7)
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_____________________________________________________________________________________

laliusegeometricdistribution iiuseNegativeBinomialDistribution
X Geo0.21 T NegB130.21
pX 41 0.83 0.2 PIT81 210.213 10.8

0.1024 MAI 0.05505 0.0551to3st MAY

iiiUsebinomialdistribution

F B10.0.2
PCF41 0.088080 0.0881to3st Mar

b forReduse geometricdistribution foryellowuseNegativeBinomialdistribution

RGeo0.2 Y NegB30.4 MI
PCR 4 1 P 4 ply 7 20.420.65 10.410.66 f0.67 me

1 0.89 0.5904 PCR MIMIAT wearesubtractingthecaseswherewe
don'tsucceedlessthan3suctessesin7tries
0.580096 PLY At

CompareProbabilities

0.59040.580091

PCR PLY
Redhashigherprobability AI
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 13 marks)

TOTAL FOR PAPER IS 75 MARKS


