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Question 2.4

Question: If A and B are two sets, draw Venn diagrams to verify the following:
a. A = (A →B) ↑ (A → B↭)
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Question 2.4

Question: If A and B are two sets, draw Venn diagrams to verify the following:
b) If B ↓ A, then A = B ↑ (A → B↭)
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~ Anywhere in J and not in E

let :

A j
= E

#
= AnBS



Question 2.10

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?
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a) 5
=(A, B

,
AG

,0
-Given in question

b) .) P(A) = 0 . 41
, 9(1) = 0 . 10

,
PCAB) = 0 . 04

,
PSO) = 0

. 45

C.) PLAUAAC = P(A) + F(A1) -PLAnAll = 0 . 41 + 0 . 04 + 0 = 0 .45

Their greats ate Mutually exclusive as you cannot have two blood types at the same time



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:
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Question 2.14

If a single adult is selected from the large group, find the probabilities of the
events defined below. The adult
a) needs glasses.
b) needs glasses but does not use them.
c) uses glasses whether the glasses are needed or not.
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↑ (Needs glasses) = 0 . 44 + 0 . 14 = 0 . 58

Pneeds glasses but does not use then) = 0 . 14

↑ (usei glore) = 0 . 44 + 0 . 02 = 0 . 40



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.

a) on the first drilling and miss on the second.
b) on at least one of the two drillings.
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9 Recall [P(simple eventi = 1
,

Thus PLEz) = 1-PJEl)-PLEs) -PCEp) = 1 - 0 . 01 - 0 . 09 -0 . 81 = 0 . 09

All

possible

D .)P(At least one) = 1
- RJxiss on both) = 1 - P(Ep) = 1 -0. 81 = 0 . 19

* Herratively,

add up B(El + P(En) + P(ET)



Question 2.18

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?)
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a) j = [HH,
HT, TH

, TT

D) P(HH) = P(HT) = P(TH) = P(TT) = 0 . 5 . 0 . 5 = 0 . 25



Question 2.18

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 →B),P(A↑B), and
P(A↭ ↑ B)
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2 .) A = Exactly one head = GH +, TH)

# = At least one Read = CHH , HT
, THY

d) PCA) = PCHTS + &(TH) = 0 . 25 + 0 . 25 = 0 . 50

P(I) = P (HH) + P(HT) + PJTH) = 0 . 25 + 0 . 25 + 0 . 25 = 0 . 75

AMA = A = CHT, THY

↑CAMA)PCAST
, TH

↑ (AVB) = P(A) = 0 . 75

p (A
* vAS = PSGHH ,

HT>
TH

, TTY) = P(5) = 1

A
"

= [HH, TTIg



Question 2.23

Question: If A and B are events and B ↓ A, why is it obvious that

P(B) ↔ P(A)?

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

- This should be &A

Intuition : Let A ? A both be events · Thus A hai less of equal amounts of simple events computed

to A .

Ey axion 1
,

PLANy exent) 10
.

PCB) = [P(simple events in A) .
P(A) = & (simple events in A)

Art line E has leathon of equal to number of simple eventi than It
, P(A) = PLA)

.

S
A

Proof : Let BA .

Nutually exclusive #

P(A) = P((An()4(AnE")) = PLAMAS + PSAME" .

↑ (A) = P)(InA)v(AA))] = P(BA) + P(AnA")

Notice that as DIA ,
AnA" = P

,
9(4) = 0

509(A) = P(AMA) [PLAMB) + PJAME" = P(A)

As needed . #



Question 2.28

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.
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a) Let m be the minority individual . Let al
,

on
,

at
,

denote the other individuals .

S = Gaian ,
alat

,
220s

,
al ,

anm
,

at my order does not

matter as the position ate identical.

1)) Plany Sunplepoint) = - Applicants ate randonly selected

2) P( minority individual selected) = Plain) + $(ann) + p(a7x) = b + b += 0, 5



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?
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2.) The experiment involves celecting two rondon individuals for the lang juty positions out ofa group of six

individuals
,

I women and 4 men.

by 5 = [m,mz ,
ninf

,
nn4

,
Mim ,

Mima
,

max,
#24

,
Mem ,

new
,

n7nk
, 17 mgm7 wa, x4m

,

ma m z
,

w , wa]

2 .) P2wima) =j



Question 2.71

Question: If two events, A and B, are such that P(A) = 0.5, P(B) = 0.3, and
P(A → B) = 0.1, find the following:
a) P(A|B)
b) P(B |A)
c) P(A|A ↑ B)
d) P(A|A → B)
e) P(A → B |A ↑ B)
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Recoll : PLANA) = P(A) : PLAIA) = PLES-PLAIE)

P(AVE) = P(A) + &S1) - PJAME)

a) PLAIIS =PA = o

D .SPLAIA) =" =

* PLAVE) = 0 . 5 + 0 . 7 - 0 . 1 = 0 . 7

P (A V(/A) .PJAS

2 .) P(AIAVA) = =

2 . 0
. 5 =

P (AVIA) 0 . 7

d) P(A (An Al =
PLANJAnA))

=

0 . 1
= I

0 . I
PJAR)

e .) PCAnAlAWA) =

PLAVAlANAS · PLAND) Fo = E
P(AVA)



Question 2.73

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 o!spring 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 o!spring.
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Question 2.73

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 o!spring will
have red flowers. What is the probability that an o!spring has
a) at least one dominant allele?
b) at least one recessive allele?
c) one recessive allele, given that the o!spring has red flowers?
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P( ++) = P(Rt) = P( + R) = P(RR) = 0 . 25

↑ (At least ong dominant Allele) = P(+s + RCRA + RJRR) = 0 . -5

↑(At least one recessive Allee) = P( +) + 9) BH + PStt = 0. 75

↑ Lone Focesive Allee) ted florets) =
Plone Fogive Allele n red Howers)

= =
PI +ed Howetis



Question 2.76

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.
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a) P(Unatisfactory/Plunder A) :

PLPlumber Alunsatisfactory) Puntic)= = 0. 15

↑ (Plum bet As

b) P(satisfistoty /PluberA) : 1 - P(Unatisfactory/Pluber A) = 1 - 0, 175 = 0. 875



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 o!enders education. The proportions of the total

number of cases falling in four education–conviction categories are shown in the

following table:

Suppose that a single o!ender is selected from the treatment program. Define the
events:
A: The o!ender has 10 or more years of education.
B: The o!ender is convicted within two years after completion of treatment.
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Question 2.77

Suppose that a single o!ender is selected from the treatment program. Define the
events:
A: The o!ender has 10 or more years of education.
B: The o!ender is convicted within two years after completion of treatment.
Find the following:
a) P(A)
b) P(B)
c) P(A → B)
d) P(A ↑ B)
e) P(A↭)
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= 0 . 40

= 0 . 77

= 0 . 10

= 0 . 40 + 0 . 77 - 0. 10 = 0
.

57

= 1 - 0 . 40 = 0. 60



Question 2.77

Suppose that a single o!ender is selected from the treatment program. Define the
events:
A: The o!ender has 10 or more years of education.
B: The o!ender is convicted within two years after completion of treatment.
Find the following:
f) P((A ↑ B)↭)
g) P((A → B)↭)
h) P(A|B)
i) P(B |A)
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= 0 . 75

=



Question 2.79

Question: If P(A) > 0, P(B) > 0, and P(A) < P(A|B), show that

P(B) < P(B |A)
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↑ soof : Let P(A) ,
PLB) > 0

. Let PSA) < PLAIA)

P(A) < PLAIAL

=> PLASPIES <P(ANA)

=> P(D)<I
+ , 3(4)

A P(A))O ,
we san divide .

= P(A) <

P (A)

=> P(A) < PLAIA)



Question 2.80

Question: Suppose that A ↓ B and that P(A) > 0 and P(B) > 0. Are A and B

independent? Prove your answer.
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Claim : Independent if = 5
,

otherwise dependent .

Proof : Let ACE
,

let P(A) ,
PLASTO ·

We consider the two cases -

i .) BES :

↑ (1) A) = 1 EP(E) as 9157 = 1
.

This cannot be independent .

ii.) = S :

P(AIA) = 1 = P(E = S)

P(AIA) = P(A)

↑ (AnE) = PLAC · PSE) .
This independent.



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.
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Claim : It A and late nutually exclusive, they cannot be independent, unless P(A) =0
.

Proof : Let A , A be nutually exclusive events . Let PLA)30
,

PCA) 1 .

↑ (A n B) = 0 as An A = 0

It independent, we need PLANA) = PJASPLAS = 0

Since PJASTO
,

it is necessity that P(E) =O to be independent



Question 2.85

Question: If A and B are independent events, show that A and B↭ are also

independent. Are A↭ and B↭ independent?
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ii

i i
.

i) Proof : Let A and I be independent events ·

50 PJAn () = P (A) . P((7)

↑ (AlA) = P(A) and PLAIA) : PIE) .

Consider PLEAS = 1- 9(1/A) = 1 - P(E) = P(A')

Thi P(An A) = PSE")-plA)

ii) Clim : Yes
,
A andE' ate independent.

Proof : Let A and E De independent.

We know A and I' are independent, re know without los of yantality A and A date independent.

Consider PCA'n 3 = PLACIAC) . PCAY

= (1 - P(A)E)() - PSAY

= (1 - P(A)) - P(AP)

= BJAC) .PSAY #



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(A → B) = 0.1? Why or why not?
b) What is the smallest possible value for P(A → B)?
c) Is it possible that P(A → B) = 0.77? Why or why not?
d) What is the largest possible value for P(A → B)?
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9 .) Accune that PLANAC =O . 1
, Consider PSAUE) = P(AAPCE)-PLANE) E (0, 1]

.

It PLANA) = 0 . 1 = PLAvEs = 0. 8 +0 . 7-0 . 1 = 1
. 4 /0, 17 .

so no !

D .) re need PLAVETE (0, 1)
,

10 the smallest volve toy PCADA) is when PLAVES = 1
.

1 = 0 . 7 + 0 . 8 - PJAMA) = PJADA) = 0 . 5

C .) Akunt PJAnAC = 0 . 77
. Consider PLARA) = PLAID) - P(A) = 0 . 77 = BJAIE). 0 . 7 => P(AIA) = 1 .

1

PJAIES = 1 . 1 EC0, 17 .
To not

d) we need FLAIBLE 10,
1] . Notice that the lotyest PCAnE) Occur it PJAIA) : 1

.

Question : why didE GiCK PSAIES - PSAL instead of

P(AR() = 1 . 0 . 7 = 0. 7
P(AIAC - P(A) ?



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(A ↑ B)
b) P(A↭ → B↭)
c) P(A↭ ↑ B↭)
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= P(A) + P(A) - PSA) - 3/1) = 0 . 5 + 0 . 2 - 0 . 5 . 0 . 2 = 0 . 6

= P(AP))) · 9(1) = PSAY - PSA) = 0 . 5 . 0 . 8 = 0 .4

= P2A) + P(A3 - PLAPHA) = 0 . 570. 8 - 0 . 4 = 0 . 9



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↗ ωi 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?
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↑Legio =) = Cregon 2) = paration =

P (Forad interion illezion i) = 1-di
,

it d1,
2
, 73

A

pin=
D .) PCA)(A):
2) P(R1)A) = P(PM)DJAS



Question 2.135

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?
b) is traveling for business on a privately owned plane?
c) arrived on a privately owned plane, given that the person is traveling for
business reasons?
d) is traveling on business, given that the person is flying on a commercially
owned plane?
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P(Ausiness) = 0 . 20 + 0 . 18 0 . 04 = 0 . 57

↑ (Business & pfirte) = 0 . 18

↑ (privatel Business)==

P)Aviner/other) = 0 . G

P(major) = 0
. 80 P) Ausiness /Major) = 0. 5

P) Ausiness 1 Major) = 0 . 70

↑ (Eusiness (pfircote) = 0 . 6
↑ (Business & pfirte) = 0 . 18

↑ (gtivate) = 0 . 70

Ploter) = 0 . 10 ↑ (A-ings/other) = 0 . G
↑ (Auing's 1 other) = 0 . 09


