Chapter Three
Probability

3.1_Introduction

Probability is the study of random or nondeterministic (22> ) experiment ( thatis;
we wish to consider some experiment results and the repetition of the experiment dose not
always produce the same result).

For example , suppose one tossed a fair coin repeatedly, keeping a record of the
number of heads h in the first n tossed (n = 1,2,3, ... ), then it has bean empirically
(L) observed (32liv) that the ratio f = h/n , called the relative frequency becomes
stable in the long run, i.e. approaches a limit (21l (= &) . This stability is the basis of
probability theory .

3.2_Random Experiment, Sample Space and Events :
_ Definition:

_Random Experiment : Is a procedure which results in some nondeterministic
outcomes in a particular situation (A 5 4ald AL |

_Outcome : Is a single realization (25 » %%) of phenomenon under consideration
(&l 28 3 aUall) | the outcome need not always be number or quantities which are
representable in term of numbers .

_Sample Space : The set of all possible outcomes of a random experiment denoted by
SorQ .

_Events : It's a subset of sample space denoted by E .

_Elementary Event (s 5 S\l &as) @ s an event consisting of only one element of the
sample space S .

These points are illustrated (4= <) with some examples :
1_ If the experiment consists of tossing a coin once, then
S ={H,T}where H = head and T = tail
When 2 tossing a coin :
S ={HH,HT,TH,TT}
When 3 tossing a coin :

S ={HHH,HHT,HTH,THH,TTH, THT,HTT, TTT} .



2_1Ifa couple is planning to have three children, then S consists of 8 elements ; i.e.
S ={BBB,BBG,BGB,GBB,GGB,GBG,BGG, GGG}
Where B means that the outcome of birth is boy and G is a girl .
If E is the event that the couple will have 2 boys, then :
E = {BBG,BGB,GBB}
Also; if F isthe event that the couple will have at most on boy, then :
F = {BGG,GBG,GGB, GGG}

3_Toss a two coins :

HH

S = (HH,HT,TH,TT) iT

$hoark- < Vi

Let A = one head appear \ < T, e

A ={HT,TH}

Let B = no head appear or two tail appear
B ={TT}

Let C = at must two head appear
C ={HH,HT,TH}

Let D = at least two head appear

D = {HH}

4_If the experiment consists of tossing a pair of dice, then the sample space consists of 36
elements; i.e.

(1,1) (1,2) (1,3) (1,4) (1,5) (L,6)]
(2,1) (2,2) (2,3) (2,4) (2,5) (2,6) !
|31 (32)(33) (34) (3,5 (3,6) i
=) 42) @3) (48) (4.5) 46)| " i
(5,1) (5,2) (5,3) (5,4) (5,5) (5,6) i
1(6,1) (6,2) (6,3) (6,4) (6,5) (6,6). !
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Define the following events as :
A = {the sum on the two dice is 6 }
B = {both dice show the same number }
C = {at least one of them is 4}
Then :
A={(15); (24);(33);42);51}
B ={(11);(22);(33);(44);(55);(66)}
C={14); 24);3B4);44;(54;64); (41); (42);(43);(45);(4,6)}

5_Consider the experiment involving the toss of single dice ; then :
S =1{1,2,3,4,5,6}
A = {be an event of odd number }
B = {be an event of even number }
C = {divisible by 3 }
D = {less than 4 }

Then :
A =1{1,3,5} ; B ={2,4,6}
C ={3,6} ; D ={1,2,3}
Remarks :

1_A U B :Is asubset of sample space contain the element in A or B or Both
2_A N B :Is a subset of sample space contain the element in A and B

3_A° :Is a subset of sample space contain the element in S but not in A
4_A/B : The event (A) appear and event (B) not appear

5.ANB = @:Event (A) and (B) are mutually exclusive (m.e.)



3.3_ Kinds of Probability Jia¥) ¢ gl

There are three kinds of probability and these are :

1_The Classical Approach. 4SSl 44y )
2_The relative Frequency Approach. il 23 5l 43y yk
3_The Subjective Approach . Lnasill s kil 45 )k
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3.3.1_The Classical Approach :

Suppose an event £ can happenin h ways out of total of n possible equally likely
ways . Then the probability of occurrence (Lse2) of the event { called its Success} is
denoted by :

Or—@
n

That’s mean : the probability of event E equals the number of outcomes favorable to E
divided by the total number of outcomes .

favorable outcomes

ie. : P(E)=

total outcomes
The Probability of non-occurrence of the event, { called its failure } is denoted by :

q = P(notE) = nn;h

or q = 1—% =1—P = 1-P(E)
Thus:
P+q=1

or

P(E)+ P(notE)= 1



Exp)
1_Afair coin is tossed once, then S = {H,T} :

Thus, the probability of getting a headis P =

NIRr R

and the probability of getting a tailis P =

2_When an unbiased dice is thrown once, then S = {1,2,3,4,5,6}

The six outcomes are mutually exclusive because two or more faces cannot
turn up simultaneously (aals <85 & yel) then :
1

P=(1)=P=(2)=P=@3)=P=4)=P=(5)=P=(6) = +

6

To fined the probability of getting an odd number, define
A ={13,5}

h A 3 1
- P == TE= 0=

3_What is the probability of getting a cards :

l (52) cards i
. (26) Red ’ (26) black *
Heart (13) Diamond (13) club (13) Spade (13)
Face cardor\A / Face card 01/\4 A/Facecard or
Picture cards No. cards Picture cards No. cards Picture cards
(3) (1-10) (3) (3) (1-10) 3)
Number Cards (40) Faced or Picture cards (12)
Diamond ’: (1-10) Jake; Queen ; King
Heart ¥ (1-10) Jake ; Queen ; King
Cub W . (1-10) Jake ; Queen ; King

Spade % : (1-10) Jake; Queen ; King



h 12 ci?

1_one Picture ; P(A) = — = or —

- " (4) n 52 cP?
h 40 c{o

2_one Number ; P(B) = —-—= — Or %
n 52 Cy

From the classical definition of probability of an event A we have:

1.0<PA<L1T; 03%0r$£1 for every n

2_If A isacertainevent,then P(A) = 1becauseh=n Or n(4) =n and
if A isanimpossible event ( null event); then:

P(A) =0 because h=n(A) =0
C 6 e S Al seda Jlaial custhaall g o il ja ) ey Jie
3_If A and B aretwo mutually exclusive events, then :

P(Aor B)=P(AUB) =P(A) + P(B) because

P(A U B) _ % _ n(AUB) _ n(A)+n(B) _ n(A) n nng) _ P(A) n P(B)

n n n

Where n(4),n(B) and n(A U B) are the number of occurrences of the
events A,B and (A or B) respectively.

The result can be extended to the case of K mutually exclusive (m.e.)
events A;,A,,A3, A, ..., A, le.

P(Ajor A,or Asor ..or A, = P(A; U A, U A; U ..U A;) =
k k
P(Ui=1 4)) = 2i=1 P(4)

Exp) Let a card be selected at random from an ordinary deck of 52 cards ;

A = {thecard is spade } and B = {the card is a faced card },i.e. a]Jake,
Queen or King ; Compute :

P(4) , P(B) and P(ANB)
Sol/



Since we have an equiprobable space

P(A) = number of spades _ h _ n(Ad) _ C{> _ 13
"~ numberofcards n n  CP? 52
P(B) = number of facecards _ h _ n(B) _  C{? 12
"~ numberofcards 2 n n  CP? 52

number of spade face cards h _ n(A N B)

P(ANB) = = — =
( ) number of cards n n
B Ci 3
c5?2 52

Exp) Let 2 items be chosen at random from vessel (s=5) containing 12 items
of which 4 are defective.

Let A = { both items are defective }

Let B = { both items are non — defective }

Find P(A) and P(B) .

Sol/
h _ n4) n(A) Cx s
PA) = =-~=—= 5= T
2 215101

2P(4) = == —

8
P(B) = h_n®B) _ nB) _ G _ zue

- - |
n n S C? 12t
2!%10!
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“PUA) == 5





