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9.0 OBJECTIVES

After going through this unit you should be in a position to:
e explain the concept of probability,
e cxplain the laws of probability including Bayes’ Theorem,

e solve numerical problems in probability and mathematical expectations.

9.1 INTRODUCTION

Often we make statements like

It may rain tomorrow.

There is a fair chance that Team A wins the match.
It is unlikely that Mr. X becomes the President.
Mr. Y probably met Mr. Z.

We can see that all these statements are characterised by an element of

uncertainty. For example in the first statement, we are not sure that it will rain
tomorrow. Similarly in the last statement, we exactly don’t know whether Mr. Y
met Mr. Z or not. Any statement, in which there is an element of uncertainty

about the occurrence of some event, is called a probability statement. Thus, all
the above statements are probability statements. Suppose in connection with the

first probability statement, one asks, “What is the chance of rain tomorrow?”

We may have to come out with an answer like
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‘There is a 75% chance of rain tomorrow’.

Now, we are not only making a probability statement but also giving a relative
measure for the degree of certainty (and implicitly that of uncertainty) associated
with the event of rain tomorrow. Thus, the degree of certainty of rain is given a
relative value of 75% and at the same time the uncertainty associated with rain is
implicitly given a relative value of 25%. Suppose we have a scale to measure the
degree of certainty. In this scale the degree of certainty will vary from 0% to
100%. This scale also implicitly measures the degree of uncertainty. Thus, if one
is sure about the non-occurrence of an event, it will have 0% chance or certainty.
At the same time, it will have 100% non-chance or uncertainty. Similarly, if one
is sure about the occurrence of an event, it will have 100% chance or certainty
and 0% non-chance or uncertainty. However, we should note here that both the
statements of 100% occurrence (so, 0% non-occurrence) and 0% occurrence (so,
100% non-occurrence) of an event are statements without any element of
uncertainty and hence, in a strict sense, are not probability statements.

The relative measure of the degree of certainty with which an event can occur
can be termed as the probability of the event. Conventionally, this degree is
measured relative to 1. Thus, a 30% chance of the occurrence of an event will
have a probability of 0.3. Similarly, a 75% chance of rain tomorrow can be stated
as

‘The probability of rain tomorrow is 0.75°.

A relevant question is: How can we obtain the probability of an event? In the
next section, we shall deal with this question.

9.2 DEFINITION OF PROBABILITY

It is clear that the problem of obtaining the probability is essentially a problem of
measuring the degree of certainty of occurrence or non-occurrence of an event.
Mathematicians have had different perceptions about the degree of certainty of an
event and accordingly various definitions of probability have been given. These
definitions suggest procedures for obtaining the probability of an event. In this
Unit, we shall consider three such definitions. They are (i) the classical or
mathematical definition, (ii) the relative frequency definition or the statistical
definition, and (iii) the modern definition or the axiomatic approach to
probability.

9.2.1 Classical Definition

The classical definition of probability is based upon certain concepts. Let us first
understand these.

a) Statistical experiment - An experiment having more than one possible
outcome is called a statistical experiment. A statistical experiment is also
known as a frial. Thus, tossing a coin to see whether it results in a head or a
tail is a trial. Certain statements implying more than one possible situation
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can also be termed as trials. For example, all the four statements given at the
beginning of Section 9.1 are trials or statistical experiments.

b) Event - A possible outcome of a trial is called an event. Thus, head is an

c)

event that may result from tossing a coin. Similarly, the occurrence of five or
the occurrence of an odd number is a possible event of the trial of throwing a
dice. The latter example indicates that an event may consist of one or more
possible outcomes of an experiment. The event of getting an odd number, in
fact, consists of three possible outcomes of rolling a dice. We should note that
an event consisting of only one possible outcome is often called an
elementary event.

Exhaustive events - A set of events is said to be exhaustive, if it includes all
possible outcomes of a trial. For example, the tossing of a coin can result in
either a head or a tail and nothing else. Thus, the set {head, tail} is an
exhaustive set of events associated with the trial of tossing a coin. Consider
another example. We know, a dice has six sides and each side has dots that
vary from 1 to 6. When the dice is thrown, it shows up a side with a given
number of dots. If the occurrence of a side with a given number of dots is an
event, the set {1, 2, 3, 4, 5, 6}, where each number represents the number of
dots on a side of a dice, is an exhaustive set of events. The number of
elements in an exhaustive set of events is known as the number of cases of
the trial.

d) Favourable events - Such cases that support the occurrence of an event are

f)

said to be cases favourable to that event. Suppose a dice is thrown to see if it
shows up a face with an even number of dots. In this trial, the sides with 2, 4
and 6 dots are all cases that favour the occurrence of the event of a side with
an even number of dots.

Equally likely events - If in a trial, the chance of the occurrence of any
possible event is the same, the events are said to be equally likely. Suppose a
dice is thrown. If we feel that each of the six sides has an equal chance to
show up, the possible six events are then equally likely.

Mutually exclusive events - If in a trial, the occurrence of an event rules out
the simultaneous occurrence of any other possible event, the events are said
to be mutually exclusive. We know, the toss of a coin results in either a head
or a tail. Thus, the events of a head and a tail in the toss of a coin are mutually
exclusive.

Now we are in a position to understand the classical definition of probability. The
definition states:

If a trial can result in » mutually exclusive, equally likely and exhaustive
outcomes and out of which m outcomes are favourable to an event A4, the

probability of 4, denoted by P(A), is then P4) = ﬂ.
n



It is clear that if 4 is an impossible event, that is, none of the #n possible outcomes
favours the occurrence of the event 4, we have m = (). The probability of 4 in that

. m 0
case 1S P(A)=—=—=0
n n

On the other hand, if 4 is a certain event, that is, all of the n possible outcomes
favour the occurrence of the event 4, we have m = n. The probability of 4 in that

. m n
caseis PA)=—=—=1
n n

We shall now consider some applications of the classical definition for the
computation of probability.

Example 9.1
What is the probability of getting a head in the toss of a fair coin?

We know that the toss of a coin can result in either a head or a tail and nothing
else. Hence, these two events constitutes a set of exhaustive events. If the toss
results in head, it simultaneously cannot result in tail and vice versa. Thus, the
two events are mutually exclusive. Finally, if we have nothing to suspect the
behaviour of the coin, both head and tail have the same chance of occurrence in
the toss. So, the two events are equally likely. In this way, when all the
conditions of the classical definition are satisfied, we can proceed with the
solution of the problem.

The number of exhaustive outcomes n =2 (head and tail)

The number of outcomes favouring the required event (head) m = 1

If P (H) is the probability of the occurrence of head, then () = = =%
n

From now onwards, we shall proceed straight with the solution. However, you
should satisfy yourselves that all the conditions of the classical definition are
satisfied.

Example 9.2
A fair dice is thrown. What is the probability that either 1 or 6 will show up?

A dice has six faces with 1, 2, 3, 4, 5 and 6 dots printed on them and any one of
these faces will show up when the dice is thrown. Thus the number of exhaustive
outcomes n = 6. Now, the face with 1 dot favours the required event and the face
with 6 dots also satisfies the required event. So, the number of outcomes
favouring the required event is m = 2. If P(1 or 6) is the probability of either 1 or
6 then

P(1or6) =

Example 9.3

An unbiased coin is tossed twice. What is the probability of getting a head at
least once?
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If H stands for head and T stands for tail, there are four possible outcomes. They
are

(H, H) (H, T) (T, H) (T, T)

Thus, n = 4 here and the number of outcomes favourable to the required event of
at least one head, m = 3. Hence

m
P (at least one head) = — = —
n 4

Limitations of the Classical Definition

The classical definition has some serious drawbacks. They are

a) The classical definition can be applied only if various outcomes of the trials
are equally likely or equally probable. But in practice the outcomes need not
be always equally likely. For example, if a coin is biased in favour of head,
the classical definition fails to give the probability of a head or a tail.

b) The classical definition is valid for a finite number of outcomes of a trial. It
fails when the number of outcomes becomes infinity. In fact, even in the case
of a finite number of outcomes, it may not be practically feasible to
enumerate all the cases.

c) The classical definition is ‘circular’ in the sense that while defining
probability, the definition uses the term ‘equally likely’ which pre-supposes
the knowledge of the concept of probability.

Check Your Progress 1

1) A box contains 4 white balls and 6 red balls. A ball is drawn without looking
into the box. What is the probability that it is a white ball?

2) A six-faced dice is thrown. What is the probability of getting an even
number?



3) A coin is tossed twice. What is the probability of getting either two heads or Elementary
two tails? Probability

4) A card is drawn from a pack of 52 cards. What is the probability of not
getting a king?

9.2.2 Relative Frequency or Statistical Definition

Another definition that has often been used is the relative frequency definition of
probability. If we repeat a trial and observe the occurrence of an event, we shall
see that as the number of trials is progressively increased, the ratio of the number
of times a particular event occurs to the total number of trials tends to stabilise at
a particular value. Now, the number of times an event occurs is its frequency and
when this frequency is divided by the total number of trials, we get the relative
frequency of the event. Thus in other words, when the number of trials becomes
sufficiently large, the relative frequency of an event tends to a limit. According to
the relative frequency definition, this limiting value is the probability of the event
under consideration. Suppose, we repeat the experiment of tossing a coin and
observe the number of times head occurs. We shall find that as we increase the
number of tosses from say, 10 to 100 to 1000 to 10000 and so on, the relative

1
frequency of head will gradually stabilise at > Thus, the probability of head in
1
the toss of a fair coin is Pt

Mathematically, if 7 is the total number of trials out of which, an event 4 occurs
m times, the probability of 4

m
P(A4) = Lim —
n—won

9.2.3 Axiomatic Approach to Probability

The main limitation of the classical as well as the relative frequency definitions is
that these definitions preclude a rigorous mathematical treatment of the subject of
probability. This limitation has been taken care in the modern definition.
213



Probability Before presenting the modern or axiomatic definition, it is necessary to grasp the
Theory following concepts.

a) Sample Space - 1t is the set of all possible (or exhaustive) outcomes of a trial.
The sample space of a trial can be denoted by S and is given by S = {eq, ey,

..., en}, where, eq, ey, ..., e, are n elementary events.

If the trial consists of tossing a coin, then the sample space will be S = {H,
T}. Similarly, when a dice is rolled, the sample space is given by S = {1, 2, 3,
4,5,6}.

The elements of a sample space can also be ordered pairs. For example, the
sample space of the simultaneous toss of two coins is S = { (H, H), (H, T), (T,

H), (T, T) }. Further, a sample space can be finite or infinite depending upon
whether it consists of finite or infinite number of elements.

b) Event - An event is any subset of sample space. For example, if 4 denotes an
event that an odd number appears on a dice, then 4 = {1, 3, 5}. Again, the
event of the occurrence of at least one head when two coins are tossed
simultaneously is given by, say, B = { (H, H), (H, T), (T, H) }.

c) Occurrence of an Event - An event is said to have occurred whenever the
outcome of a trial belongs to the relevant event-subset. Thus, when we roll a
dice and get 1, we say that event 4 has occurred. Based upon this, we can say
that the sample space of a trial is certain to occur.

According to the modern definition, the probability of an event 4, denoted by
P(A) is a real valued set function that associates a real value P(A) corresponding
to any subset A of the sample space S.

In order that P(A) is the probability of an event 4, it must satisfy the following
restrictions. These restrictions are also known as the axioms of probability theory.

1. The probability of an event 4, in a sample space S, is a non-negative real
number less than or equal to unity, i.e., 0 < P(4)<1.

2. The probability of an event, that is certain to occur, is unity. Since S is certain
to occur, this implies that P(S) = 1.

3. 1f Ay, Ay and A3 are mutually exclusive events in a sample space S, then

P A1UA2UA3):P(A1)+P(A2)+P(A3)'

The above relation can be generalised to any number of events.

We should note that in the sample space S = {eq, ey, ..., ey}, the elementary
events, eq, ey, ..., e, are mutually exclusive. Thus on the basis of the third
axiom, we can say that

P(s) :ép(e,-)
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Verbally, the probability of sample space is equal to the sum of the probabilities
of its elementary events. In a similar way, we can state that the probability of an
event is equal to the sum of its elementary events.

Thus, to find the probability of an event, we must know the probability of the
occurrence of its elementary events. This can be done in any of the following
three ways.

1. In the absence of any information regarding the occurrence of various
elementary events, it is reasonable assume them to be equally likely. Thus,
we can assign equal probability to each of the elementary events.

n
Since P(S) = ,21 P(e;) =1, therefore
1=

P(el-):% (i=1,2,....n)

If there are m elementary events in the event 4, then

1 1 1
P(A4)=|—+—+-+— |mtimes
non n

m  number of elements in 4

n  number of elements in S

This is nothing but the classical approach to probability.

2. Another way of assigning probability to various elementary events is to
perform an experiment a large number of times. The relative frequencies of
various elementary events can be taken as their respective probabilities if 7 is
sufficiently large. This method uses the statistical definition of probability
discussed before.

3. The probabilities of various elementary events can also be assigned by the
person performing the experiment, on the basis of her experience and
expectations. For example, one may ask you to specify the probability of rain
today. You may be tempted to specify a higher value, say 0.8, if the day falls
in the rainy season and so on. This approach to probability is particularly
useful to managers engaged in taking various business decisions.

In practice we encounter many situations which involve a combination of events.
In such situations we need to combine the probabilities of these events. In this
context, we discuss two important laws of probability below.

9.3 PROBABILITY LAWS

Before considering various probability laws, let us be familiar with certain
notations.

a) If 4 and B are two events, thenP (4UB) or P (4 + B) denotes the probability
that either 4 occurs or B occurs or both occur simultaneously. It can also be
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interpreted as the probability of the occurrence of at least one of the two
events 4 and B.

b) P(4nB)orP(4B) denotes the probability of the simultaneous occurrence of
both 4 and B.

¢) P(4/B) denotes the conditional probability of the occurrence of A given that
B has already occurred.

9.3.1 Addition Law

This law states that the probability of the occurrence of at least one of the two
events (i.e., either 4 or B or both) is equal to the probability of 4 plus the
probability of B minus the probability of both 4 and B.

Using notations, we can say
P(4uB)=pP(4)+P(B)-P(4nB) ..(9.1)
We discuss below the modification to (9.1) in certain special cases.

a) Mutually Exclusive Events: Now suppose, A and B are mutually exclusive,
that is, the occurrence of 4 precludes the occurrence of B and vice versa;
then, the two events cannot occur simultaneously and P(4~B)=0. Thus, for
two mutually exclusive events 4 and B, probability of the occurrence of either
A or B is equal to the probability of A plus the probability of B.

P(4auB)=P(4)+P(B)

b) Exhaustive Events: Again, if 4 and B are the only possible outcomes of a trial
(i.e., 4 and B are exhaustive events), then the occurrence of either 4 or B is a
certainty. We know that the probability of a event that is certain to occur is 1.
Hence, in that case

P(4uB)=P(4)+P(B)-P(4nB)=1
or P(4uB) =P (4)+P(B)=1(when 4 and B are mutually exclusive)

¢) Complementary events: Suppose A is a possible outcome of some trial. It is
then clear that the trial either results in the occurrence of 4 or the non-
occurrence of 4. Thus, 4 and ‘not A’ exhaust all the possible outcomes of any
trial. So, if 4 denotes ‘not 4°, we have

P(4)+P(4)=1

orP(4)=1-P(4)

Here, 4 is called complement to the event 4. Thus, the sum of probabilities
of any event and its complement is always equal to 1.



9.3.2 Multiplication Law

This law states that the probability of the simultaneous occurrence of the two
events 4 and B is equal to the product of

(1) the probability of 4 and the conditional probability of B given that
A has already occurred

or

(i1) the probability of B and the conditional probability of 4 given that
B has already occurred.

In symbols,
P(4nB)=P(4)-P(B/4)=P(B)-P(4/B) ...(9.2)

Using the multiplication law, we can find the conditional probabilities

P(4nB)
P(B/A) :W
and

P(4nB)
P(A/B) :W

In case of multiplication law, certain modification is required in case of
independent events.

Suppose that the occurrence of B does not depend upon the occurrence of 4 and
vice versa, then the two events 4 and B are said to be mutually independent. In
this case the two conditional probabilities P(B/ 4) and P(4/B) are equal to
their respective non-conditional simple probabilities. Hence, for independence

P(B/4)=r(B) and

P(4/B)=P(4)
Thus, for two independent events 4 and B, the probability of their
simultaneous occurrence is the product of their respective probabilities.
P(4B)=P(4)-P(B)=P(B)-P(4)

Let us now consider some examples on the application of the probability laws.

9.3.3 Applications of Probability Laws

Let us work out some problems so that you get a fair idea of the application of
the above mentioned probability laws.

Example 9.4
A dice is thrown. What is the probability of getting either 1 or 67

It is clear that in a single throw the two events of 1 and 6 cannot occur together.

Hence, the two events are mutually exclusive. Thus,
1 1 1
P(either]0r6): P(1)+P(6): g+g = g .
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Example 9.5

One card is drawn from a pack of 52 cards. The card is not replaced in the pack
and another card is drawn. What is the probability that both the cards are spade?

Here the first event is drawing a spade and the second event is drawing another
spade given that the first card is a spade. Thus the second event is a conditional
event. Let P(4) be the probability of the first event and P(B/4) be the
probability of the second event given the occurrence of the first event. Now,

1
P(4)= —2 = Z When the first card is a spade and is not replaced, there are 12

12
spades left in a pack of 51 cards. So, P(B/A):a. Hence, the required

probability is
13 12 1 12 3
P(ANB)=P(4)-P(B/ 4)=— —=—.—=—
52 51 4 51 51
We should note that when the card is not replaced after the first drawing, the two
events are not independent as the probability of the occurrence of the second

event depends upon the probability of the occurrence of the first event.

Example 9.6

One card is drawn from a pack of 52 cards. The card is replaced in the pack and
another card is drawn. What is the probability that both the cards are spade?

In this example, the card is replaced after the first drawing. Thus, when the
second card is drawn, there are 13 spades in a pack of 52 cards. As a result, the
probability of the second card being a spade does not depend upon whether the
first card drawn is a spade or not. Hence, the two events are independent here. If
P (B) is the probability of the second card being a spade, in this case

1

P(B/A):P(B)=5—=

N | W
PN

Thus, the required probability is

13 13 1 1 1
P(AnB)=P(4)-P\B/A)=P(4)-P\B)=—-—=—-—
(AnB)=P(4)-P(BIA) =P(4)-P(B) = o= =
Example 9.7

A dice is thrown. What is the probability of getting a number less than 5 or an
odd number?

Let A be the event of a number less than 5 and B be the event of an odd number.
We should note here that the two events are not mutually exclusive as a number
can be both less than 5 and an odd number. So the required probability is
obtained by applying the formula

P(AnB)=P(4)+P(B)-P(AnB)



Now in a dice, out of 6 numbers, there are 4 numbers (1, 2, 3, and 4) less than 5.

Therefore,

4 2
P(4)=—=—.
(4) i
Again, there are 3 odd numbers (1,3 and 5) out of a possible six numbers. So

3 1
P(B)=—=—
(B)=2 =3

Suppose P (B / 4) is the probability of an odd number given it is less than
five. Then

N

1
P(B/A)===—
(B/4) .

N

Now

P(4B)=pP(4)-P(B/ A4) =

w N

N | =
w | =

Thus, the probability of gettin

5
6

a number less than 5 or an odd number is

oQ
=

N | =
[V RN

2
—+
3

Example 9.8

If 4 and B are two events such that P(4) =

P(B), P(4UB), P(4/B), P(B/4), P(4UB)
and B are

,P(

w | o

NB) =% andP(AmB):%. Find
nd P(4nB). Also examine whether 4

[

a) Equally likely

b) Exhaustive

c¢) Mutually exclusive
d) Independent.

We can write

P(B)=P(ANB)+P(ANB)=—+—=—=—

6 3 6 2
P(AUB)=P(4)+P(B) —P(AmB):§+%—%:%
P(AnB) 13 1
PBIA==300 "3272
P(4UB)=P(4)+P(B) —P(ZmB)=%+%—%=§ [ P(4)=1-P(4)]

a) Since P(4)# P(B), A and B are not equally likely.
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Probability b) Since P(A4UB) #1, A4 and B are not exhaustive.
Theory

¢) Since P(4nB) #0, A and B are not mutually exclusive.
d) Since P(4)-P(B)=P(ANB), A and B are independent.

Check Your Progress 2
1) A student takes Mathematics and English tests. His independent chances of

2
passing the two tests are 3 and — respectively. What is the probability that
4

a) he passes at least one test?

b) he fails in both the tests?

2) Two cards are drawn from a pack of 52 cards. What is the probability

a) that both the cards are kings when the first card is replaced before the
second card is drawn?

b) that both the cards are spades when the first card is not replaced before

the second card 1s drawn?

3) There are two urns. The first urn contains 7 white balls and 3 red balls. The
second urn contains 4 white balls and 6 red balls. An urn is selected at
random and a ball is drawn. What is the probability that the first urn is

selected and a red ball is drawn from it?
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1 1
4) The probabilities that A and B speak the truth independently are > and 3

respectively. If they make the same statement, what is the probability that the
statement made by them is a true one?

9.4 BAYES’ THEOREM

Let A1, Ay, and A3 be three mutually exclusive and exhaustive events and there

be an event D which can occur in conjunction with any of them. If D actually
happens, then the conditional probability of the occurrence of 4; (i = 1, 2, 3)

given D, is given by
P(4,~D) P(4;)-P(D/4;)

P(4,/D)= v B B

where
P(D)=3P(4, AD)=3P(4)-P(D/ 4)
i=l i=1

We should note that the above result can be generalised to any number of
mutually exclusive and exhaustive events.

Let us consider some practical applications of Bayes’ Theorem.

Example 9.9

In a factory that produces bolts there are three machines 4, B and C. They
manufacture 25%, 35% and 40% of total output respectively. However, 5%, 4%
and 2% of their respective output are defective. A bolt is drawn at random from a
day’s output and is found to be defective. What is the probability that it was
produced by (i) machine 4, (ii) machine B, and (iii) machine C ?

Since a day’s output consists of the bolts produced by all the three machines, the
probability that a bolt selected at random is produced by machine A4 is given by P
(4) = 0.25. Similarly we have, P (B) = 0.35 and P (C) = 0.40. Further, let D be
the event that the bolt is defective. Since machine A4 produces 5% defective bolts,
we have P (D / A)=0.05. Similarly, P (D / B)=0.04 and P (D / C) =0.02.

Thus

P(D)=P(A4)-P(D/A)+P(B)-P(D/B)+P(C)-P(D/C)

=0.25x0.05+0.35x0.04 +0.40x0.02 =0.0345
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The probability that the bolt is manufactured by machine A4 given that it is
defective

P(A)-P(D/ A)  0.25x0.05 0.0125

P(A/D)= = = =0.362
P (D) 0.0345 0.0345
Similarly,
P(B)-P(D/B) 0.35x0.04 0.0140
P(B/D)= = = =0.
P(D) 0.0345 0.0345
and
P(C)-P(D/C) 0.40x0.02 0.0080
P(C/D)= = = =0.232

P (D) 00345  0.0345

There is an alternative method you can pursue. You can determine the above

probabilities by making the following table. The three events 4, B and C have
been renamed as 41, 45, and 43 respectively.

Ai Al A2 A3 Total
P(4;) 0.25 0.35 0.45 1.00
P(D/4;) 0.05 0.04 0.02
P(Dn4;) 0.0125  0.014  0.008

P(Dn4,) 0.362 0406  0.232 1.00
P(4;/D)=———=

Note that the probabilities P (41), P (45) and P (43), which are known before

conducting the trial, are known as priori probabilities. The conditional
probabilities of 41, 45, and A3 i.e., P (41/ D), P (45/ D) and P (43/ D), after the

result of the trial is known; are termed as posterior probabilities.

To begin with the analysis of a problem, the manager of a firm assigns
probabilities to certain events on subjective basis, i.e., based on his experience
and expectation. These probabilities are the priori probabilities. Then the trial is
conducted. Subsequent to the trial, the priori probabilities are revised on the basis
of the occurrence of certain event like D to obtain posterior probabilities. Again
in the next round, these posterior probabilities can be taken as priori probabilities
and the whole procedure may be repeated to revise the posterior probabilities.
Such a revision can be repeated a number of times. Generally, after a certain
number of revisions the posterior probabilities tend to stabilise and the subjective
probabilities tend to become objective probabilities. Thus, Bayes’ Theorem
proves to be very useful for the analysis of business phenomena.



Example 9.10

The probability that the product of a company will be successful given that the
result of the survey is favourable is 0.6 and the probability of its being successful
with unfavourable survey is 0.3. If the probability that the survey shows a
favourable result is 0.7, find the probability that (i) the product is successful; (ii)
the result of the survey is favourable given that the product is successful, and (iii)
the result of the survey is unfavourable given that the product is successful.

Let S denote the event that the product of the company is successful and F denote
the event that the survey result is favourable. Let Sand F be the events denoting
the negation of the respective events.

In terms of notations we are given
P(S/F)=06, P(S/F)=03and P(F)=07

Thus we have
P(F)=1-07=03
(1) The probability that the product is successful is given by
P(S)=P(SNF)+P(SNF)
=P(F)-P(S/F)+P(F)-P(S/F)

=0.7x0.6+0.3x0.3=0.51

(i) B Rl B o,
(S) 0.51

(iii) P(F/S):—P Fos) 009 476
P(S) 05

Note that P(F/S)=1-P(F/S)

Check Your Progress 3

1) A talcum powder manufacturing company had launched a new type of
advertisement. The company estimated that a person who comes across their
advertisement will buy their product with a probability of 0.7 and those who
do not see the advertisement will buy the product with a probability of 0.3. If
in an area of 1000 people, 70% had come across the advertisement, find the
probability that a person who buys the product

(a) has not come across the advertisement and.

(b) has come across the advertisement?
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Probability 2) An insurance company insured 2000 scooter drivers, 4000 car drivers and

Theory 6000 truck drivers. The probability of an accident is 0.01, 0.03 and 0.15 in
the respective categories. One of the insured drivers meets with an accident.
What is the probability that the person is a scooter driver?

9.5 LET US SUM UP

In ordinary parlance, probability refers to chance. In statistics, however, we go
deeper than this. Here, we not only consider the uncertainty involved in the
occurrence of an event but also try to quantify it. Thus, probability is a
quantitative measure of chance. In this Unit, we have considered three different
approaches to probability, namely, the classical approach , the relative frequency
approach and the axiomatic approach. The probabilities of compound events are
essentially governed by two laws. They are the addition law and the
multiplication law. Finally, Bayes’ Theorem provides a framework for revising
the probabilities on the basis of the occurrence and non-occurrence of certain
events. This revision is very useful for business decisions.

9.8 ANSWERS OR HINTS TO CHECK YOUR
PROGRESS EXERCISES

Check Your Progress 1

Check Your Progress 2
11 1

1)a) —,b) —

)a) 12 ) 12
1 1

2)a) —,b) —

)a) 169 ) 17

3
3)
)20
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Check Your Progress 3
9 49

1) —, —

58 58

1
2) —
)52
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