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Question: If A and B are two sets, draw Venn diagrams to verify the following
a. A=(AnB)U(AnBE)

A
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Question: If A and B are two sets, draw Venn diagrams to verify the following:
b) If B C A then A= BU (AN BE
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Question: The proportions of blood phenotypes, A, B, AB, and O, in the
population of all Caucasians in the United States are approximately .41, .10, .04,
and .45, respectively. A single Caucasian is chosen at random from the
population.

a) List the sample space for this experiment.

b) Make use of the information given above to assign probabilities to each of the
simple events.

c) What is the probability that the person chosen at random has either type A or
type AB blood?
a) 5= fa 580,03

—~buven in question
b) Pcarz 041, pepy=0.10, PCABI= 0.04, P(D) = 0.45
¢ PAUAB = PLAD T PLAD) -p(Anag) o8l #0044 0 04T

These events ofe Mutually Exgwice ar You CAmot have tuo bleod typ€s af hé Jame time
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Question 2.14

Question: A survey classified a large number of adults according to whether they
were diagnosed as needing eyeglasses to correct their reading vision and whether
they use eyeglasses when reading. The proportions falling into the four resulting
categories are given in the following table:

Uses Eyeglasses

for Reading
Needs glasses Yes No
Yes 44 .14
No .02 40
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Question 2.14

Uses Eyeglasses

for Reading
Needs glasses Yes No
Yes 44 .14
No .02 40

If a single adult is selected from the large group, find the probabilities of the
events defined below. The adult
a) needs glasses. PCmeess glasses) = o.4¢ + 0.14=0.58
b) needs glasses but does not use them. Plaeess gloties but does not use them) = 0.1
c) uses glasses whether the glasses are needed or not.

P C uses M,gg;): 0.4¢ + 0.02:0.46
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Question 2.15

Question: An oil prospecting firm hits oil or gas on 10 per cent of its drillings. If
the firm drills two wells, the four possible simple events and three of their
associated probabilities are as given in the accompanying table.

Simple Outcome of Outcome of
Event First Drilling ~ Second Drilling  Probability
E, Hit (oil or gas) Hit (oil or gas) .01
E, Hit Miss ?
E; Miss Hit .09
E, Miss Miss 81

a) on the first drilling and miss on the second.
b) on at least one of the two drillings.

a) Rewll Tplsaple eoents)T 1 thay P(E)= |- POEN -PLE)) ~PCEg) = 1 = 0-01 - 0.04~0.8) = 0-04

an
pmbl?
b.) PC At teast one) = 1 - P(ass an both) = |- P(Eq) = 1 -0.31 s0lQ
Atteratiely, add up PCEDT PLEs)t P(E3) F
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Question: Suppose two balanced coins are tossed and the upper faces are
observed.

a) List the sample points for this experiment.
b) Assign a reasonable probability to each sample point. (Are the sample points
equally likely?)

a) §= { HH, H1) TH, TT}

by P(HHIZP(HTI = PCTHIZ P(TT)= 05052037
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Question: Suppose two balanced coins are tossed and the upper faces are
observed.

c) Let A denote the event that exactly one head is observed and B the event that
at least one head is observed. List the sample points in both A and B.

d) From your answer to part (c), find P(A), P(B), P(A NB), P(AUB), and
P(ACU B)

c) A= Exeuty one head = {HTITH}

Bz At lens ong hemd = fHHynr, ™}

8.) PCAY= PCHT) t P(THY = 0.25 +0.35 = 0.50
P(By= P(HH) T PLHT) 1 P(TH) = 027 10.25 +0.25 = 0.3
Anp = A= {hT, TH]
A = PCA) = 0.50
P(An H);wu: B2 [HH,"'T;'”Q
p(avp)= pCA)= 07S

pLAcve) =p(f HH, HT,TH, T} PO = 1

AC= {HH,TT}
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Question 2.23

~ This dbowld u

B¢
Question: If A and B are events and B C A, why is it obvnous that
P(B) < P(A)?

let BCA botn pe events. Thai B has lew of €qusl Omovah of glaple Gents Gompates

to A.

1 Phey eventy 2o, P(R)= T.PLsANE Eot in B). PLR) = Flsingle Gutot i)
By ariom 1, =4

Bet rime D hoy lev Hhon of auol e nuaber of Hiagle @wents Hhan R, P(B)ZPCA),

S
A
Proof: let BeA. mutuslly @xclwivt
PCAY = P ((AnBYU CANBS)) = PLANE) + P(AnE%).
C
Pre)= P(@nAIV (BA)] 7 PLEnA) +PLBNAT)
Notw +hat 03 BCA, BnA‘=¢ PCPI=0
3o P(B)=pLEn A) S PLANE) tP(AnB) =PCA)
As neeaes. 2 oxrvensry or
" * & TORONTO

William Hsu (UofT) Tutorial 2 ECO227Y5 2025/2026 10 /27



Question: Four equally qualified people apply for two identical positions in a
company. One and only one applicant is a member of a minority group. The
positions are filled by choosing two of the applicants at random.

a) List the possible outcomes for this experiment.

b) Assign reasonable probabilities to the sample points.

c) Find the probability that the applicant from the minority group is selected for a
position.

G) Let m be #e minort, indvidual. let o 0, @, denste the other individmals.

otder 408 not
§= {mm,max, azay, GIm) 42, ‘“"'} motier as the positions ate idestical,

b) P(any Somplt pont) = lb Applionts ate Fandemly JSelected

- I Ly
idiaas] Jelected ) T PLAIA) £ PLara) ¥ PLUIR) T St g ooy

€) PL minekly
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Question 2.29

Question: Two additional jurors are needed to complete a jury for a criminal
trial. There are six prospective jurors, two women and four men. Two jurors are
randomly selected from the six available.

a) Define the experiment and describe one sample point. Assume that you need
describe only the two jurors chosen and not the order in which they were selected.
b) List the sample space associated with this experiment.

c) What is the probability that both of the jurors selected are women?

0 THE esperiment imoles  lelecting two tonbon tadidbuals for #he Jamp jury postiony Owt of a ey of Jix
:nd:.,:aou 1 women and 4 mon.

Arwr, mEWE, mIME AT, MI W2, MW,
b) §= {"‘l m, MY, MIMG, DIy mry m!’“af'h‘n'q/ Y ! ' ’ ’

/hq-v'z) WIWI}

() PLeiwa) = 5

|
Iy
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Question 2.71

Question: If two events, A and B, are such that P(A) = 0.5, P(B) = 0.3, and
P(AN B) = 0.1, find the following:

) ( ‘ ) : Recoll i PCARD):=P(R) « PLBIR)= PCB) ‘PLAIR)
AlB
P(AYVB)= P(RI+P(D)-PlAnD)
b) P(B|A)
c) P(AJAU B)
d) P(AJAN B)
e) P(GANB|AUB)
p(rnB) _ PR - 03
0IPLAMI= T T T
~ .(nnB)= 0\
BIPLBIN = TS ST 0T ey s bods sz e
P(AUBIR)PlA) 105 _ s
¢) PCALAVB)IS bave) e =3
PL A n(RnBY) 0.1 -
JP(AlAaR)s 200 7 s ——— =1
4) ®C PranD) ol
pLAVBANB) PLAAD) 2 -0 ®
€.) PCAnBIAVB)= pLAYD) T o ? & TORONTO
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Question: Gregor Mendel was a monk who, in 1865, suggested a theory of
inheritance based on the science of genetics. He identified heterozygous
individuals for flower color that had two alleles (one r = recessive white color
allele and one R = dominant red color allele). When these individuals were
mated, 3/4 of the offspring were observed to have red flowers, and 1/4 had white
flowers. The following table summarizes this mating; each parent gives one of its
alleles to form the gene of the offspring.

Parent 2

Parent 1 r R

r T rR
R Rr RR

&
UNIVERSITY OF

& TORONTO

William Hsu (UofT) Tutorial 2 ECO227Y5 2025/2026 14 /27



Question 2.73

Parent 2

Parent 1 r R

r T rR
Rr RR

Pt = p(Re) = PCeR) = PLRR) =0.25
We assume that each parent is equally likely to give either of the two alleles and
that, if either one or two of the alleles in a pair is dominant (R), the offspring will
have red flowers. What is the probability that an offspring has
a) at least one dominant allele? P At (eaf onp dominant AlleI€) = PLHR) # PCRE) TRIRRI Z0.35
b) at least one recessive allele? PLAtlemt o recenie Alele) = PLrRY4PIRDPPEZ 02

c) one recessive allele, given that the ostpring has red flowers?
A

iy red  flowers
?Cane ocPuive Allele| ted diovees) = PLone recess nele n ’ H 0-5
PCted Hovers) 0-31

wi™
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Question: A survey of consumers in a particular community showed that 10 per
cent were dissatisfied with plumbing jobs done in their homes. Half the
complaints dealt with plumber A, who does 40 per cent of the plumbing jobs in
the town. Find the probability that a consumer will obtain

a) an unsatisfactory plumbing job, given that the plumber was A.

b) a satisfactory plumbing job, given that the plumber was A.

PLPLunber A | wniatishattory) - P waint:sfastory ) 0.5:01 _ 0125
0 Plunotisfactory | plonber A)z P PLmber A = 0.4
b P LiotisFoctaty | plonber A = 1 = P [ Unsotis fattory | plmber A) = 1-0AT= 0-8%3
¥ TORONTO
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Question 2.77

Question: A study of the posttreatment behavior of a large number of drug
abusers suggests that the likelihood of conviction within a two-year period after
treatment may depend upon the offenders education. The proportions of the total
number of cases falling in four education—conviction categories are shown in the
following table:

Status within 2 Years
after Treatment

Education Convicted  Not Convicted  Total

10 years or more .10 .30 40
9 years or less 27 .33 .60
Total 37 .63 1.00

Suppose that a single offender is selected from the treatment program. Define the
events:
A: The offender has 10 or more years of education.

B: The offender is convicted within two years after completion of treatméntuuversiry or
& TORONTO
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Question 2.77

Status within 2 Years
after Treatment

Education Convicted  Not Convicted  Total

10 years or more 10 .30 40
9 years or less 27 33 .60
Total .37 .63 1.00

Suppose that a single offender is selected from the treatment program. Define the
events:

A: The offender has 10 or more years of education.

B: The offender is convicted within two years after completion of treatment.

Find the following:

a) P(A) = o.40
b) P(B) - 0.3%
c) P(ANB) = oo
d) P(AU B) - 0.4010.32 —0.l0 = 0, 6%
) o ameaese 2 error
PR s ¥ TORONTO
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Question 2.77

Status within 2 Years

after Treatment
Education Convicted  Not Convicted  Total
10 years or more 10 .30 40
9 years or less 27 33 .60
Total 37 .63 1.00

Suppose that a single offender is selected from the treatment program. Define the
events:
A: The offender has 10 or more years of education.
B: The offender is convicted within two years after completion of treatment.
Find the following:
f) P((AuB)E) = o1
g) P(ANB)E) = o.a0
h) P(A|B) = %%, - 075
) P(BIA) = ot sous
340
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Question: If P(A) > 0, P(B) > 0, and P(A) < P(A|B), show that
P(B) < P(BJA)

Plwof: Leg Pead, PLBI?0. (et P(R)< P(ALB)

plA) < PCAIB)
3 pea)Pla) <p(anB)

5 pye B2 .
PLA) M P(RY VO, v (an divise.
PCBIA) PR

2 pla) < T

2 Pl < P(BIA) »
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Question 2.80

Question: Suppose that A C B and that P(A) > 0 and P(B) > 0. Are A and B
independent? Prove your answer.

Claim: Indeperdent if B =3, 0theise depondent.

Proof: Let ACB, let pem), (8270, V@ onsider He fuo Cascd:

i) BRS:
PLOIAI=L £PB) ™ PCSI=2. Thws oanst bhe independent.

w.) B= St
PCRIAIT 1=p(B=3)
P(A\B\zP(A)

P(ANB) PCAY-PLB) . Thad indepepdent. [ ]
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Question 2.81

Question: Suppose that A and B are mutually exclusive events, with P(A) > 0
and P(B) < 1. Are A and B independent? Prove your answer.
(loim: 1+ Aond B ofe mutwally Bruvive, +her Lannct be iadependent, wits) P(B) 0.

Proof:  let A, B be awtedy trwmsve ovents. let PR 20, PCBIC).

p(AnB)=0 as AnB=¢
Lt independent, ve need P(A nB) =P(A>-PLE) =0

sinte B(A)70, it it atceniofy tat P(B)z0 fo be independent. |
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Question 2.85

Question: If A and B are independent events, show that A and B are also
independent. Are A and B® independent?
1) Proof: Llet A oad B be independent €vents.
So P(AnBI=P(R)-PIB)
PCAIRI=P(A> and PCBIA)ZPIE),
(onsider PLBC(A)= 1-P(BIA) = |-pLB) =P (BT

T PCBSA) 2 P(B) PIR) o

i) Claim: Yes, ASond B ate independent.
e z hivmhb :n: l:::::de;;endpnf, ve bnow withont 113 oF glaproVity B 0nd ACote indeplrient.
(onsider P(An B9)= PLACIBC)-PCB)
(1-pcA18)) -pra®)
(- P tr)) - pee)
P(A%) ?(BY) &

Tutorial 2
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Question 2.86

Suppose that A and B are events such that P(A) = 0.8 and P(B) = 0.7
a) Is it possible that P(AN B) = 0.17 Why or why not?

b) What is the smallest possible value for P(AN B)?

c) Is it possible that P(AN B) = 0.77? Why or why not?

d) What is the largest possible value for P(AN B)?

0)  Bywet that PORBITON , (oaiser PA v 8)=PCA) tp(B) = PLan ) £ (o,1]).
It p(AneI =04 D PIAVEIZ 0.840.%3 ~0.|= L4 B [0,1]. % no!

by ve nees  PCAVE) € (9,1, Jo fie rmelest vele fot P(RaB) iy when PLAVEY: 1,
P n

1:=0%+t0.7-p(An8) D P(ANE) =05

¢.) Anune P(AnB) =023, (onsset PIAND) = PCAIB)-Pra)» 073= PImB)-0.3 PCAIB)= 1

pra\B) =) @ (). Jo ao!

4) verew PUAIR)E [9,2]. Motie thot e lotgest PLROB) owcwrs b POAIBIZL. o
- Querton: wi dia T pick P(AID)-PB) insend oF & TORONTO
P(hnp)=2.0.7 Zo} PCBIAI P(A) 7
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Question 2.96

If A and B are indpendent events with P(A) = 0.5 and P(B) = 0.2, find the
following: )

a) P(AUB) = Ptartreo) - P(R)-Pro) = 0.5 02 0:5:0:1 =06

b) P(AL N BG) =pcacla)-prac): pR®) PIBS) Z o7 -0 8= 0%

) P(ACUBL) = PCA) £ (B -PLASnE )= oistodm0R T 0
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Question 2.128

A plane is missing and is presumed to have equal probability of going down in any
of three regions. If a plane is actually down in region i, let 1 — «; denote the
probability that the plane will be found upon a search of the ith region, i = 1, 2,
3. What is the conditional probability that the plane is in

a) region 1, given that the search of region 1 was unsuccessful?

b) region 2, given that the search of region 1 was unsuccessful?

c) region 3, given that the search of region 1 was unsuccessful?

PLtegion 1) ZPC regian 2) =plregion 3)= 3'

Q0 not ) B .
P( Foand integion i | region )= l-di i€ ['/":’} 4 s 1he plent iy not s pegion 1

Iz ! __ R 1 |
p(Not ammd in region 1)= P(AL R Py + PLAIRIP (BT POATID PR = (1= (1-d)) o #eg #1-

%

p(B NRY = S
P(An R £ !
ay) PCRIAIZ =505 = —am - = ahe
3
_ eAnm) a
by PCR11 A= 7‘?: IE = .
' E] e . .
R A TR i S By & TORONTO
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Of the travelers arriving at a small airport, 60 per cent fly on major airlines, 30 per
cent fly on privately owned planes, and the remainder fly on commercially owned
planes not belonging to a major airline. Of those traveling on major airlines, 50
per cent are traveling for business reasons, whereas 60 per cent of those arriving
on private planes and 90 per cent of those arriving on other commercially owned
planes are traveling for business reasons. Suppose that we randomly select one
person arriving at this airport. What is the probability that the person

a) is traveling on business? P(Busine) = 0:30t 0.1#40.00 =0.57

b) is traveling for business on a privately owned plane? p ( Baisest N peivated =
c) arrived on a privately owned plane, given that the person is traveling for
business reasons? P (pHwie] Business) = "o'-r'i - ‘%

d) is traveling on business, given that the person is flying on a commercially
owned plane? P(Buies | other) = 0.9

a\¢

P( majot) = 0.60 P Qusiorrs | mojer) = 03 p( Busisert N Mujer) T 030
plprvote)= 030 PLBulel | peate = 0-6 pBuires N pevate) = 18 R
° P Caurness | other) =09 P Cawiness N other) = 0-01 & TORONTO

pLother) = 0.l
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