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If we denote P(A) by p, and P(A) by q, 

then P(A) =1-p =q 

Therefore, p +q =1. 

(iii) If the occurence of an event A implies the occurence of the 

event B, then P (A)s P(B). 
Let, the number of elementary events favourable to A be m, 

and those favourable to B be m,. 

Obviously, m, $ m 

or, NN being the total number of elementary events 
N 

ie. P(A)sP(B) 

3.1.11. Statistical or, Frequency definition of Probability 

Let E be any random experiment and A be any event 
connected with this experiment. Also, when this experiment is 
repeated N times under identical conditions, the event A occurs 
N (A) times. Then on the basis of statitical regularity (see art 

1.5) the frequency ratio f (A) = of A tends to a finite 
N 

limit, which is defined as the probability of the event A. 

N(A) Thus P(4)= lim f(A)=im N>* N 

Remarks: i) In this theory we require that the random 
experiments must be such that they can be repeated an 

indefinitely large number of times. 
(ii) In this above definition we note that the frequency ratio 

is thoroughly an empirical concept, whereas the limit is 

postulated in a rigorous analytical sense. This mixture or 
combination of empirical and mathematical concepts is very 
inelegant and naturally leads to mathematical difficulties. 



CBCS MATHEMATICS-4-C.U. 

3-12 

8.1.12. Axiomatic definition of Probability 

The modern approach to the theory of probability was 

introduced by Andrei Nikolaevich 
Kolmogorov, a Russian 

mathematician in the year 1933. 

According to the axiomatic definition, the probability P is 

defined as a real-valued function of an event in relation to the 

Sample space S of a random experiment, 
which obeys the 

following axioms : 

I. P(A)20, for any event A in the sample space S. 

I1. P(S) =1 

III. P(4,UA,U...) = P (4,)+P(4,)+...., for countably 

infinite number of mutually exclusive events A^,Ags.. 

The axiomatic definition of probability to free from all the 
, 

drawbacks of the classical and relative frequency definitions of 

probability. And those two definitions can be derived from the 

axiomatic definition as particular cases. 

3.1.13. Two Theorems 

Theorem I. Theorem on Total Probability 

Let E be any random experiment, and A,A2,.A, be n 

pairwise mutually exclusive events. Then the probability of 

occurence of either of the events is equal to the sum of the 

probability of the individual events. This means 

If A, A, =0,(i * j) i,j=1,2,..,7, then 

P(4, +A, +.+A,) = P(4,)+P(4,)+.+P(A,) 
Proof: Let there be N equally likely simple events connected 

with a random experiment E; and also let among these N cases 

m, cases be favourable to the event A, m, cases be favourable 

to the event Az,.., and m, cases be favourable to the event 

A, . Since the events A,,Ag, A, are pairwise mutually 

exclusive, number of favourable cases to the event 

(A, +A +..+A,) will be (m, +ma t.... +m,) 
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So, by the clasical definition of probability, 

P(A, +A +.+A,) )= m+m2 t +m, 
N 

Z+.. N 
= P(4,)+P(4,) +.. + P(4,) 

Theorem II. If A and B are any two events related to a 
random experiment E, then 

P(A+B)-P(4)+P(B)-P (AB) 
ie. P(AUB) =P(A)+ P(B)-P(A nB) 
Proof.: Here the events A and B are not mutually exclusive. 

From the venn diagram, we notice that the events A -AB,AB 

and B -AB are mutually exclusive and also we have 

A = (A-AB)+ AB B 

B AB + (B -AB) 
and A +B = (A - AB)+ AB +(B -AB) 4-AB 

B-AB/ Obviously, the events A - AB, AB 

and B -AB are three mutually exclusive events. 

So by Theorem I 

P(A)=P(A -AB)+ P(AB) ..(i) 
P(B)- P(AB)+ P(B -AB)... .(ii) 

and P(A+ B) = P(A -AB)+ P (AB)+(B -AB)..... (ii) (iii) 
From (i) and (i), 

P(A-AB)-P(A)-P(AB) ... (iv) 
and P(B-AB) = P(B)-P(AB) .(v)

.(iv) 

Using (ii), (iv) and (v), we get 

P(A+B)=P(A)-P (AB) + P(B)-P (AB) 
. P(A +B) = P(A)+P(B)-P (AB) 
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Note. IfA and B are mutually 
exclusive events, P(AB) =0 

then P(A +B) = P(A)+P(B)
This is theorem 

Corollary : If A, B, C be any three events, 

P(A +B +C) = P(A)+ P(B)+ P(C)-P(AB) 
-P(BC)-P (CA) +P(ABC) 

3.1.14. Conditional Probability 

So far, our discussion was on 
unconditional probability. Now. 

we shall introduce the idea of conditional probability. 

Let us consider an example to explain the idea of conditional 

probability. The sample space in the experiment of rolling a die

is S = {1,2,3,4,5,6. 

Here the probability of getting '1' in a throw is obviously 6 

Now, suppose we know that in an earlier throw outcome was 

an odd number. Then there are only three possible outcomes in 

the reduced sample space, viz, {1, 3, 5. 

Thus, now the probability of getting '1', given that the 

1 
outcome was an odd number is.

Now, we shall define conditional probability and discuss how 

to find it. 

We consider the case where the total number of elementary 

events is finite, and they are equally likely. Let the number of 

elementary events favourable to the event B be N (B) > 0, 

ie P (B) >0. 
Now out of these N(B) elementary events, which are 

themselves equally likely, N (AnB) are favourable to the event 

A as well. 

The ratio D represents the proportion of elementary N(AnB) 
N(B) events favourable to A among those which are favourable to B. 

It is called the conditional probability of A, given that B has 
already occured. 
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This is denoted by P(AI B) and is given by 

P(ANB)=N(4nB) 

P(AB)=N (B) 
Dividing the numerator and denominator of the right hand side, 

by N, P(A\B) P(AnB) P (B) >0 
P(B) 

. () . 

Similarly, we can define the probability of the event B, given 

that A has already occured, as 

.(i) P(B\A)= P(4 nB) 
..... 

P(A) 
and P (A)> 0 

Note: The above two formulae may also used to calculate 

P(AnB), as it can be written as 

P(AB)-P(4). P (B 1A) = P (B).P (A IB) 

This is known as Multiplication Rule 

2. If A and B are independent events, then the occurence of 

A does not depend on that of B and in that case 

P(AIB)-P(A) or, P(B IA) = P(B).... (ii) 
If A, B, C are three independent events, then 

P(ABC) = P(4). P (B).P (C)..... .(iv) 

3.1.15. Independent Events 

An important idea in the theory of probability is the idea of 
independence of events. We shall discuss the mathematical 
definition of independence. 

Generally, the conditional probability P(A|B) is not equal 

to the absolute probability, P A). If the information 'B has 
occured' does not affect the chance of occurence of A, ie. if 

P(AIB)- P(4). . (1) 
then A is independent of B. 
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