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1. A researcher is investigating the number of female cubs present in litters of size 4 
He believes that the number of female cubs in a litter can be modelled by B(4, 0.5) 
He randomly selects 100 litters each of size 4 and records the number of female cubs. 
The results are recorded in the table below.

Number of female cubs 0 1 2 3 4

Observed number of litters 10 33 33 15 9

 He calculated the expected frequencies as follows

Number of female cubs 0 1 2 3 4

Expected number of litters 6.25 r s r 6.25

 (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 number of female cubs in a litter can be modelled by B(4, 0.5) 
You should clearly state your hypotheses and the critical value used.

(6)
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at X offemalecubs

r.fi iTiYnfugignytta
oflitterssPX 2x100 37.5

8 25 5 37.5 AIAI
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 9 marks)

IblHypotheses

HoB40.51isasuitablemodel
H B4,05 isnotasuitablemodel B1

Hofcubs 0 1 2 3 4 nopoolingsinceall E 5
Oi 10 33 33 15 9

Ei 6.25 25 37.5 25 6.25

16 43.56 29.04 9 12.96
My

Formula

2 1603.50 os 9 12.96idd Degreesoffreedom
110.56 100 5 rows 1 restriction dof 5 1
10.56 teststatistic At 4 B1

criticalvaluefromtables

1215 1 9.488 criticalvalue B1

comparecriticalvalue teststatistis
10.56 9.488 significantevidencetorejectHoand significantevidencethatthemodel
is not suitable At
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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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atE1 1 510.31 110.251 010.11 510.151 0.26

1.5 0.25 0.75 0.26
0.26 1 B

PXX 0.3 0.25 0.1 0.15 0.2

E 21 2510.31 110.25101011 2510.151 5210.21
11.50.262 EX2 MI

fromla EX1 0.26 1
SubstituteEIX and EextintoformulaforVariance
VarX EIXY ELX

11.50.26 10.261,234
29eh

valueforvarix

11.5 0.2520.0452 0.46 1 34.26
solve 0.16b 0.4623.76 0 QuadraticMI

b 11 or D 13.5

giventhat b 5 rejectb 13.5
bill valueof b AI
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Question 2 continued
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(Total for Question 2 is 9 marks)

Icltotacklethisquestion weneed to calculatevaluesfor and 2 3x ForX'wedidthisinCbl
solet'sadd anewrowtothetablefor 2 3x

iiefurnvaluetrom.cn

x
2 3X 17 5 2 13 31 togetthesevalueswejustsubstitute
pXX 0.3 0.25 0.1 0.15 0.2 each valueinto 2 3x eg 1 23111 2 3 5
TogetPXc2 3 1weneedtosumtheprobabilitiesofthecolumnswherethex valueissmaller
thanthe 2 3xvalue

I2 3X
PXX 0.3 0.25 0.1 0.15 0.2

inthese2rows 2 23x
addthe3 Probabilities
MI PCX 2 3 70.250.1 Pex 1 Pex o

A1 0.35



*P69194A0624*
6

 

 

����������

3. During the summer, mountain rescue team A receives calls for help randomly with a rate 
of 0.4 per day.

 (a) Find the probability that during the summer, mountain rescue team A receives at 
least 19 calls for help in 28 randomly selected days.

(2)

 The leader of mountain rescue team A randomly selects 250 summer days from the 
last few years. 
She records the number of calls for help received on each of these days.

 (b) Using a Poisson approximation, estimate the probability of the leader finding at least 20 
of these days when more than 1 call for help was received by mountain rescue team A.

(4)

 Mountain rescue team A believes that the number of calls for help per day is lower in 
the winter than in the summer. The number of calls for help received in 42 randomly 
selected winter days is 8

 (c) Use a suitable test, at the 5% level of significance, to assess whether or not there is 
evidence that the number of calls for help per day is lower in the winter than in the 
summer. State your hypotheses clearly.

(4)

 During the summer, mountain rescue team B receives calls for help randomly with a rate 
of 0.2 per day, independently of calls to mountain rescue team A.

 The random variable C is the total number of calls for help received by mountain rescue 
teams A and B during a period of n days in the summer. 
On a Monday in the summer, mountain rescue teams A and B each receive a call 
for help.

 Given that over the next n days P(C = 0) < 0.001

 (d) calculate the minimum value of n
(3)

 (e) Write down an assumption that needs to be made for the model to be appropriate.
(1)
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r Poisson

a In 1day 0.4calls
In28days 0.428 11.2calls
5 ofcallsreceivedin28days definevariable

SinPol1.21
P S 9 1 P S 18 M1

0.020776 0.021to2sf Al
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Question 3 continued
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IblA ofcallsreceivedin 1day
A Po0.41

B1 PA 11 0.061551 probabilityformorethanIcallperday
ofdayswithmorethan Icall

MI X B2500.061551 9th p 2500.061551 15.388
MI YuPo15.38 oissonapprox

PY2201 1 P4 19
0.14751 0148to3sf At

1 Hypotheses

11 1 11
42 Ho416.8 for42days
Hiµ 16.8 B

w ofcallsperdayinwinter
W Po16.81 B1
PW 0.014 0.05 sufficientevidencetorejectHoandthatthe ofcallsperdayislowerinwinter
givenvalue MIAI

d sincecallstoAandBareindependent wecanaddthetwovariables
for A rateofcallsin ndays 0tn
for B rateofcallsin ndays0.2n

rateforC 0.6N

i Cupoloon MI

given Pcc0110.001

subsiiin.iq inT.metoncno.oo
Planet.ini gides

h5Yn
flipinequalitysignwhenyoudividebyanegative

n 11.5 n 12 smallestvalue MIAI

Ii Rateofcallsperdayconstant
Numberofcallsperdayisindependent BI
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P69194A0924* Turn over     

9

 

 

����������

Question 3 continued
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(Total for Question 3 is 14 marks)
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4. In a game a spinner is spun repeatedly. When the spinner is spun, the probability of it 
landing on blue is 0.11

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

   (i) for the first time on the 6th spin,
(2)

  (ii) for the first time before the 6th spin,
(2)

  (iii) exactly 4 times during the first 6 spins,
(2)

  (iv) for the 4th time on or before the 6th spin.
(4)

 Zac and Izana play the game. They take turns to spin the spinner. The winner is the first 
one to have the spinner land on blue. Izana spins the spinner first.

 (b) Show that the probability of Zac winning is 0.471 to 3 significant figures.
(3)

_____________________________________________________________________________________
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geo

geo

bin

neg bin

tal Wt Numberofspinsuntilitlandsonblue definevariable
WnGeo0.11

iiiiii.si iiiiiiiiii aiiii.m
oneminustheprobabilityitdoesntlandonbluewithinthefirst5tries

Y'ftp.t.timenit
landsonblue definevariable

11X 41 0.001739 0.00174to3sf A
iv Y oftimesit takestolandonblue 4times
YnNegB 40.11 MI
Wewant4successeswithinamaximumof6triessowewantthefourthsuccesstobeontrial
4,506

mail.it iiiiitiii iioniasaim
0.001827 0.00183to3sf An
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Question 4 continued
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_____________________________________________________________________________________
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tacwinslipgft.gg
_thing ago ii

recognizethisasgeometricsequence
20.890.11and r 0.89

Formulaforgeometricsequencesumtoinfinity
so 2

Substitute

So 9914 0.47089 0.471to3sf probabilitythatZacwins MIA
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 13 marks)
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5. A random sample of 150 observations is taken from a geometric distribution with 
parameter 0.3

 Estimate the probability that the mean of the sample is less than 3.45
(5)

_____________________________________________________________________________________
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From thewordingoftniefeiist.iecandeducethatit'saboutthecentrallimittheorem

X Geo0.31
Get µ and o

µ EX
p

o varix
p

N 750

CLT Geop forsamplesizeN NIM
samplesize

For X Geoco3 x ̅ nN MIMI
x ̅ N5 50
x ̅ N sLIn yourcalculatorenter 11 togettherightresult

Px ̅ 3.451 0.69579 0.696to3sf Al
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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(Total for Question 5 is 5 marks)
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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)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

cal weknowthatthevalueofv isthepoweroftandtheprobabilityisthecoefficient

Gu t t 1st 1st usevaluesfromtable my

I If Est't tactoroute
factorizebracketfurther

Al
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Question 6 continued
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b For PGFs
EX Gilll
Varx Gill Gill G'x11

usechainrule andproductrule
is II t.tt
Gwlt1 2tEt E

iii iii i'in iiiii eanation
21534 33 MI
21174 1115

i Let'sget it bydiethitatin'santsagain
Guilt1 21 E
GWt 51t 8t t 21 31
GWH 213 314 1213 319MI
GW11 21714,111141321174

Gui1 2 2 Al
substitute Girli fromi andGua intoVarew Grill Gill GW1
Varw 3 3 1312MI
varW AI

if iii tension
31 A1

d y 28 of froma

aye textme
an it
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Question 6 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

e p415 coefficientoft'sintheexpansion of Gyt wefoundin d
UseBinomialexpansion

Gyt 3 E M
tofigureoutwhichtermyouneedlookatthepowersyouhave
t won'tchangeasit'snotintheexpansion weneed If toturnt intoto t t's rulesofindices i x 3

Gyt 9 359 0 65

efficient probability

i PY1510.2903 Al
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Question 6 continued
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(Total for Question 6 is 14 marks)
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7. A machine fills bags with flour. The weight of flour delivered by the machine into a bag, 
X grams, is normally distributed with mean μ grams and standard deviation 30 grams. 
To check if there is any change to the mean weight of flour delivered by the machine 
into each bag, Olaf takes a random sample of 10 bags. The weight of flour, x grams, in 
each bag is recorded and x– = 1020

 (a) Test, at the 5% level of significance, H0 :  μ = 1000 against H1 :  μ ≠ 1000
(4)

 Olaf decides to alter the test so that the hypotheses are H0 :  μ = 1000 and H1 :  μ > 1000 but 
keeps the level of significance at 5%

 He takes a second sample of size n and finds the critical region, X– > c

 (b) Find an equation for c in terms of n
(2)

 When the true value of μ is 1020 grams, the probability of making a Type II error 
is 0.0050, to 2 significant figures.

 (c) Calculate the value of n and the value of c
(5)
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a x ̅ N10003,151 m
asthefoundvalue1020g is 1000gtestuppertail
Px ̅ 10201 0.0175 c0.025 0.95 asit'stwotailed MAI

i RejectHoSufficientevidencetosuggestthatthemeanweightofflourinabagchanged
Al

b x ̅ N1000

1h
InNo951 1.6449 c 1000 In 1.6449 Me

1000 49 47 equationforcinn Al
tostandardnormal

11Type I Error istheprobabilityoffalsefullyacceptingHo Hoisfalsebutweacceptit
x ̅ N10209091
Wewanttheprobabilityofnotbeinginthecriticalregion x ̅ c with µ1020anda 30g
Codeour c

Initiis
P error

substitute the equationforc wegot inpart b
1000 9947 1020

30m
2.5758 Mpa

Solve

4941 77 75 20 20 1292 dM1
At n 40 subst thisinto c togetc
AI C 1007.8
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Question 7 continued
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P69194A02324* Turn over     

23

 

 

����������

Question 7 continued
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Question 7 continued
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(Total for Question 7 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS


