Probability/Lecture2 /First Course 2017

Finite Sample Space with Equally Points

It is a sample space with finite number of outcomes as N, then it is called

finite sample space with equally points if the probability of each its outcome is
% . Let PJ[.] be a probability function, where P: A — [0,1] and A is event
space satisfies the following conditions:

1) P[{w1}] = P[{w,}] = --- = P[{wy}]

2)A €A~ PlA]="2,

and Q = {w;,w,, ...,wy}. Thenitis readily checked that the set function P[]
satisfies the three axioms and hence is a probability function.

where N(A) = number of elements that A contains,

Definition 17 Egqually likely probability function The probability func-
tion P[*] satisfying conditions {i) and (ii) above is defined to be an egually
likely probability function, W

EXAMPLE 14 Let Q be the sample space corresponding to the experiment of
tossing two dice, and let & be the collection of all subsets of . For
any A e of define N(A) = number of outcomes, or points in £, that are
in A, Then N{¢) =0, N(Q) =36, and N{A) =6 if A is the event con-
taining those outcomes having a total of seven spots up. I
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Finite sample space without equally likely points We saw for finite sample
spaces with equally likely sample points that P[A4] = N(A)/N(Q) for any event A.
For finite sample spaces without equally likely sample points, things are not
quite as simple, but we can completely define the values of P[A4] for each of the
2N events A by specifying the value of P[] for each of the N = N{fl) elemen-
tary events, Let Q= {w,, ..., my}, and assume p, =Pllw}]lforj=1,..., N,
Since

| = P[] = PLI;JI{HJ,-}] - ¥ Fliw)]
H'
2 pi=L1

=1
For any event A, define P[A] =Zp;, where the summation is over those o,
belonging to A. It can be shown that P[-] so defined satisfies the three axioms
and hence is a probability function.

EXAMPLE 22 Consider an experiment that has N outcomes, say w,; w,, ...,
wy, where it is known that outcome w4, 15 twice as likely as outcome
w;,wherej=1,..., N —1;thatis, p;,, = 2p;, where p, = P[{w;}]. Find
P[A,], where 4, = {tw,, @y, ..., w}. Since

N N
Yr= 22 g =p(1 42422+ +2V ) =p 2" - 1) =1,

i=1 i=1
1
M= 2” 1
and
pi=2"12Y = 1);
hence

L # -
PAl= Y p= X270 - D=g7—- Il
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Conditional Probability and Independence

Definition 18 Conditional probability Let A4 and B be two events in o
of the given probability space (Q, o/, P[-]). The conditional probability
of event A given event B, denoted by P[4 | B]. is defined by

P[4B]
PIB]
and is left undefined if P[B] = 0. : i

P[A|B] =

if  P[B] =0, (6)

Remark A formula that is evident from the definition is P[4AB]=
P[A|B]P[B] = P[B| A]P[A] if both P[4] and P[B] are nonzero. This
formula relates P[4|B] to P[B|A] in terms of the unconditional prob-
abilities P[4] and P[B). I

EXAMPLE 24 Consider the experiment of tossing two coins. Let Q=
f(H, H), (H; T), (T, H), (T, T)}, and assume that each point is equally
likely. Find (i) the probability of two heads given a head on the first
coin and (i) the probability of two heads given at least one head. Let

"dl = {hﬂad on ﬁl’ST. Cﬂjn} aﬂd Al = {hE&d on Stﬂﬂnd Cﬂ‘iﬂ}: t-h'E.'n the pfﬂb'
ability of two heads given a head on the first coin is

PlA A A]_ PAA] )

A= 00T = P40 "1

Howm work 2 Does the conditional probability P[./B] satisfy
the axioms of the probability f unction?
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