
 

Partitioningofthesamplespacei

Events Ai Au Ak are said to

partition
the sample space 5 if
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Law of total probability

Suppose Ai Ak forms a partition

of the sample space Then for any

event B in the sample space
we have
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BayesRu
Let Ai Ar 11 3 be a partition

of the sample space S and suppose

each of the events A Az Ak has

nonzero probability
Let B be any

event

for which PCB
0 Then for each

integer n l En Ek we have Boyes

formula
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Practice Problems on probability basics
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Suppose we define the following

events

T A two headed coin is flipped

F A fair coin is flipped

B A biased coin is flipped

H The flipped
coin shows a

head

a Since T F and B forms a partition

of the sample space so by law

of total probability
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b By the
definition of

conditional probability
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since o IP El so PCFIH is

maximized when p O

max PCHA 1 3

P FIH is minimized
when F 1

min PCFIH
1 6 7 5
516



Let's define the following events

D man has a dangerous type

of the disease

T Man has a positive PSA

test

from the problem
statement we

are given the following quantities

P TID 0.9

PCT Dc O ol

P D 0 0005



a By bayes law

PCDIT
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b Again by bayes law

PCDITC PCTc1D
PCT

O l 0.0005

or 1 0.0005 O 99 0 9995
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a Suppose we define XE as

the bernoulli random variable

Xe
l ith plate is isolated

0 8th plate is not isolated

Tren 15

X Exe
E I

Now

taxi PCXED

Then let's compute PCXE l



PC Xi D

P EI plate is isolated

If we define the following events

B Ith plate is blue

R ith plate is real

cc ith plate is green
since B R G partitions the sample

space so by law of total probability

p ith plate is isolated

p El B PCB 1 PCilDPCR

Peel G PCG
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Hence by linearity of expectation

E D 15 EXIT 5
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Xo
b Suppose we define to as

the bernoulli random variable

Ye
L

l ith plate is semi happy

0 8th plate is not semi happy

Tren 15

Y EYE
E I

NOW
EE PETE D

Then let's compute PCTE D



PC Yi D

P EI Plate is semi ha

If we define the following events

B Ith plate is blue

R ith plate is real

Cen ith plate is green
since B R G partitions the sample

space so by law of total probability

p ith plate is semi happy

p El B PCB 1 PCilDPCR

Peel G PCG
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Hence by linearity of expectation

ELY 15 ECYe 15
94,0 6.593

c suppose we define as

the bernoulli random variable

Zoe
L

l ith plate is semi happy

0 ith plate is not semi happy

Tren 15
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Then let's compute PCZE D



PC ZE D

P EI Plate is Joyous

If we define the following events

B Ith plate is blue

R ith plate is real

Cen ith plate is green
since B R G partitions the sample

space 50 by law of total probability

putt plate is joyous

p El B PCB 1 PCilDPCR

Peel G PCG
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Hence by linearity of expectation
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Since n 1 2,3 4
where

n denotes the round in which the

duel ends partitions
the sample

space
so by

law of total probability

a PC Jack not hit

D
PC Jack not hit n

m I



Now if duel ends in n rounds

and Jack is not hit them

BM BM Bm BM BM Jim

T Z J T n.tn

So

PCJack not hit n

c pi Li psst p cuz

P Ll Pi I Ps



So

PC Jack not hit

P
Cl Pi Ci pdn

n l

Since
Cl Pi I pay

N 1

is sum of a geometric series with

a l Ps
r l Pi l Pu

so

P Jack not hit

P Ct Ps

1 l Pi t Pu



b following Similar steps as a

we have

P both duelists are hi't

so

Z G PD I p Pa

n I

Pi Pz
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1 pight
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c Since duel can end after

nth round of shots in 3 Possible

Wass

Jack hit

Jill hit

Both hit

Then by law of total probability

PC duel ends after nth round

l p kPa Ci p Pr

l p
cm hpu p Ci Pu

l p
h Ink p pz
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a CAT TAT

T
AA

I since It is orthogonal

Also

ATCAT
T

AT A

I C Since
It is orthogonal

Hence
AT is also orthogonal



b ALBICAB

BTATAB
BTI B since It is orthogonal

BTB

I since
B is orthogonal

Also AB ABF

ABBITT
AI AT

Since B is orthogonal

A AT

IC since It is
orthogonal

AB is orthogonal



c Let A B

Then A and B are both orthogonal

but
B If

is not orthogonal



d Suppose the column vectors of

A are orthonormal Hence

9ETaE l ve

9ETaj
0 IFJ

which implies

ATA I

since A AT so It is an

orthogonal
matrix From a we know

that AT is also orthogonal
Since A

T

is also
orthogonal

SO

CAT TAT
I

The above
relation implies

AT has

orthonormal columns
meaning

that

A has orthornal rows


