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This questionpaperconsists Statisticaltablesareattached
of 5 printedpages,each at theendof thequestionpaper.
of which is identifiedby the Only approvedbasicscientific
referenceMATH171501. calculatorsmaybeused.
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INTRODUCTION TO PROBABILITY

Timeallowed:2 hours

AttemptALL questionsin SectionA andTHREEquestionsfrom SectionB.

For SectionA, only write down asingleletteranswerfor eachquestion.

SectionA is worth40%of theexaminationsmarks.

All questionswithin eachsectioncarryequalmarks.
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Section A
AttemptALL questionsin SectionA.

For eachquestion,write down asingleletteranswer.

A1. In a survey of watersuppliesto variouscities, ����� hadtypeA impurity, ����� hadtypeB
and ����� hadneitherimpurity. If a city is chosenat random,what is theprobability that it
hasanimpurity in its watersupply?

A: ��� 	�� B: ��� 
 C: ��� 
�� D: ��� � E: ��� 
A2. A retaileroffers a replacementpolicy for a new dishwasherthat will pay the full product

costof ������� if it breaksdown within ayear. Theretailer’sstatisticsshow thatabout 	�� of
dishwashersof thatbrandwill breakdown within ayear. Theadministrativecostperpolicy
is ��� at theoutsetplusanextra ��� � if a claim hasbeenmade.Whatshouldbethepolicy
premium(i.e., theamountthecustomeris charged)in orderthat theretailer’s expectednet
profit perpolicy be ��� ?

A: ��� �� 
�� B: ������� 	�� C: ��� �� 	�� D: ������� 	�� E: ������� ��	
A3. Supposethat ��� of the familiesin a large city have an annualincomeof over ��
���� ����� .

Using a suitableapproximation,evaluatethe probability that, of � � randomfamilies, at
mosttwo haveanannualincomeof over ��
���� ����� .

A: ��� 
�� B: ��� ��� C: ��� ��� D: ��� ��� E: ��� 
��
A4. A doctorhasfive patientswith migraineheadaches.He prescribesfor all five a drug that

relievestheheadachesof ����� of suchpatients.What is theprobability that thedrugwill
not relieve theheadachesof two of thesepatients?

A: ��� ����� B: ��� ����� C: ��� � �� D: ��� ����� E: ��� ���

A5. You roll two fair dice until the sumof the two readingson the dice equals � . How many

rolls wouldyou expectto make?

A: 
 B: ��� � C: � D: ��� E: ��� � 	
A6. Every daytheaveragenumberof wrongphonecallsreceivedby a certainmail-ordercom-

pany is four. Assumingthat the numberof wrong phonecalls hasa Poissondistribution,
whatis theprobabilitythatthecompany will receiveexactly four wrongphonecallstomor-
row?

A: ��� ����� B: ��� 
��� C: ��� � 
�� D: ��� ����� E: ��� � ��
A7. Thelengthof analuminium-coatedsteelsheetmanufacturedby acertainfactoryis approx-

imately normally distributedwith mean ��� cm andstandarddeviation � cm. What is the
probabilitythatarandomlyselectedsheetmanufacturedby this factoryis between� 	�� � and����� � cm?

A: ��� ��	�	�� B: ��� 	����
 C: ��� ���
�
 D: ��� � �
�
 E: ��� ������	
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A8. Supposethatthesex of achild canbemodelledasindependentrolls of a ��� -sideddie,with
18 facesmarked ‘boy’ andtheother ��� marked ‘girl’. Undera stoppingrule: “stop after
thefirst son”,whatproportionof completedfamilieswouldcompriseat leastfour children?

A: ��� ����� B: ��� ��� � C: 0.070 D: ���  �!�� E: ��� � ���
A9. On a multiple-choiceexamwith five choicesfor eachquestion,a studenteitherknows the

answerto a questionor choosesan answerat random. If the probability that the student
knows a correctansweris "�#�� , what is theprobability thatananswerthatwasmarked as
correct,wasnotchosenrandomly?

A:
���� B:

�� C:
� ���� D:

$
� � E:

������
A10. Let % bearandomvariablewith mean � andvariance" . Let &('()*" %,+-� . Whatis the

correlationcoefficientbetween% and & ?

A: )�� B: )���� � C: � D: ��� � E: �

Section B

AttemptTHREEquestionsfrom SectionB.

B1. (a) Let . , / , and 0 bearbitraryevents.UsingVenndiagrams,determineif thefollowing
equalityis correct: 1 .324/6587�0(' 1 .37�0�582 1 /97�0�5 �

(b) A die is loaded,sothattheprobabilitya faceturnsup is proportionalto thenumberon
thatface(that is, ��: "�: � � � : � ). If thedie is thrown, whatis theprobabilitythataneven
numberoccurs?

(c) The demandfor a certainweekly magazineat a newsstandis a randomvariable %
with probabilitymassfunction ;�< 1 = 5 givenby= �  � �;�< 1 = 5 ��� "�� ���  � ��� ��" ��� �� 
Themagazinesellsfor >���� ��� , andthecostto theowneris � � pencepercopy. Unsold
copiescannotbereturnedto thepublisher.

(i) Whatis theexpectedweeklydemandfor this magazine?

(ii) If the owner ordersthreecopiesof the magazine,his net profit will be >���� ��� .
Whatwill behisexpectedprofit if heordersfour copies?

(iii) How many copiesshouldbeorderedperweekin orderto maximisetheexpected
profit?
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B2. (a) An eventoccursat leastoncein four independenttrialswith probability ?�@ A�B . Whatis
theprobability(to C decimalplaces)of its occurrencein onetrial?

(b) For a continuousrandomvariable D with probability densityfunction E F*G HJI , state
the rule to computethe expectedvalueof KMLONJG DPI , where Q3LON8G HJI is a given
function.

(c) Supposethat a randomvariable D hasan exponentialdistribution with parameterR L9S , andlet KTLVU W F .

(i) Determinethe set of possiblevaluesof the randomvariable K , and obtain its
cumulativedistribution function XZY[G Q�I\L(]Z^ K`_aQcb .

(ii) Using the result of part (i) in order to derive the probability density functionE Y G Q�I , or otherwise,evaluatethemeanvalue d8G K6I .
(iii) Let KJe bethefirst digit in a decimalexpansionof K . ObtaintheprobabilitythatKJe[LVB .

B3. (a) Four peoplearechosenat randomfrom six couples.What is theprobability that two
menandtwo womenareselected?

(b) An elevatorin abuilding startswith f peopleandstopsat A floors.If eachpassengeris
equallylikely to getoff atany floor, independentlyof theothers,whatis theprobability
(to C significantfigures)thatat leasttwo passengersgetoff at thesamefloor?

(c) An insurancecompany classifiespeopleinto oneof threeclasses— goodrisk (20%),
averagerisk (50%) and bad risk (30%). It also believes that the probability of an
accidentclaim arisingin any one-yearperiodis ?�@ ?�g for goodrisk clients, ?�@ h�g for
averagerisk clientsand ?�@ C�? for badrisk clients.

(i) A new client takesout insurancewith them. What is theprobability thathewill
makeanaccidentclaim in thefirst year?

(ii) Giventhatapolicy holderhadnoaccidentsin 2006,find theprobabilitythatheis
of averagerisk.

B4. (a) The time it takesfor a studentto finish an aptitudetest (in hours)hasa probability
densityfunctionof theform

EZG H8I\L i,j G h�kPHJI G S�kPHJI if h*_aHl_VS�m? otherwise@
(i) Determinetheconstant

j
.

(ii) How longwill it takeonaveragefor a studentto completethetest?
(iii) Whatis theprobabilitythata randomlyselectedstudentwill finish thetestin less

than A�n minutes?

(b) Let D�e , D6o and D6p beindependentrandomvariableswith zeromeanandvarianceh .
DeterminethecovariancebetweenK e L9S D e kPD o and K o LaD o\q S D p .

(c) Supposethatacloudseededwith silver iodidewill show splendidgrowth with proba-
bility ?�@ B . Let g�f cloudsbeseededwith silver iodide. Usinga normalapproximation
with thecontinuitycorrection,obtaintheprobabilitythatat least C�S cloudswill show
splendidgrowth.
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Normal Distribution Function Tables

Thefirst tablegivesr�s tcu8vxwy z {�|4}~��l� ~��� � � � �
andthiscorrespondsto theshadedareain thefig-
ure to the right.

r�s tcu
is the probability that a

randomvariable,normally distributedwith zero
meanandunit variance,will belessthanor equal
to
t

. When
tl�3�

use
r�s tcu�v w[� r�s � tcu , as

the normal distribution with meanzero is sym-
metricaboutzero. For interpolationusethe for-
mular�s tcu8��r�s tc� uc� t � tc�t�� � tc��� r�s t�� u � r�s tc� u �s tc�[�lt6�lt�� u −3 −2 −1 0 1 2 3
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Table 1����� �c������� �c������� �c������� �c������� �c������� �c�
0.00 0.5000 0.50 0.6915 1.00 0.8413 1.50 0.9332 2.00 0.9772 2.50 0.9938
0.05 0.5199 0.55 0.7088 1.05 0.8531 1.55 0.9394 2.05 0.9798 2.55 0.9946
0.10 0.5398 0.60 0.7257 1.10 0.8643 1.60 0.9452 2.10 0.9821 2.60 0.9953
0.15 0.5596 0.65 0.7422 1.15 0.8749 1.65 0.9505 2.15 0.9842 2.65 0.9960
0.20 0.5793 0.70 0.7580 1.20 0.8849 1.70 0.9554 2.20 0.9861 2.70 0.9965
0.25 0.5987 0.75 0.7734 1.25 0.8944 1.75 0.9599 2.25 0.9878 2.75 0.9970
0.30 0.6179 0.80 0.7881 1.30 0.9032 1.80 0.9641 2.30 0.9893 2.80 0.9974
0.35 0.6368 0.85 0.8023 1.35 0.9115 1.85 0.9678 2.35 0.9906 2.85 0.9978
0.40 0.6554 0.90 0.8159 1.40 0.9192 1.90 0.9713 2.40 0.9918 2.90 0.9981
0.45 0.6736 0.95 0.8289 1.45 0.9265 1.95 0.9744 2.45 0.9929 2.95 0.9984
0.50 0.6915 1.00 0.8413 1.50 0.9332 2.00 0.9772 2.50 0.9938 3.00 0.9987

Theinversefunction ����� � ��� is tabulatedbelow for variousvaluesof � .

Table 2 � 0.900 0.950 0.975 0.990 0.995 0.999 0.9995���c� � ��� 1.2816 1.6449 1.9600 2.3263 2.5758 3.0902 3.2905

END
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