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UNIT 5: PROBABILITY
UNIT STRUCTURE
5.1 Learning Objectives
5.2 Introduction
5.3 Basic Terminologies
5.4 Classical Definition of Probability
5.5 Axiomatic Approach to Probability
5.6 Some Theorems on Probability
5.7 Let Us Sum Up
5.8 Further Readings
5.9 Answers to Check Your Progress
5.10 Model Questions
5.1 LEARNING OBJECTIVES
After going through this unit, you will able to learn
•
•
•
•
•

the meaning of probability
basic terminologies of probability
classical definition of probability
axiomatic approach to probability
some theorems on probability

5.2 INTRODUCTION
‘Probability is the measure of the likelihood that an event will occur.’In this unit, we
will state the classical as well as the axiomatic definition of probability. We will also
discuss some theorems on probability.
5.3 BASIC TERMINOLOGIES
We will discuss some basic terminologies which are required for definition of
probability.
1. Random experiment: A random experiment is an action or an experiment which
occurs under identical conditions. The result of a random experiment is called an
outcome.
Some examples of random experiment are given below.
(a) ‘Tossing a coin’ is a random experiment. If a fair coin is tossed, there are two
possible outcomes, viz., head (H) and tail (T).Though we know that there are
two possible outcomes, we cannot predict which one will occur.
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(b) ‘Throwing a die’ is also a random experiment. A die is a solid cube, six faces
of which are marked with 1, 2, 3, 4, 5, 6 dots. If a die is thrown, there are 6
possible outcomes, viz., 1, 2, 3, 4,5, 6.
(c) ‘Drawing a card from a well-shuffled pack of cards’ is another example of
random experiment. A pack of cards contains 52 cards in four suits, viz.,
Spades, Clubs, Hearts and Diamonds. Spades, and clubs are black-faced cards.
On the other hand, Hearts and Diamonds are red-faced cards. Each suit
consists of 13 cards, of which nine cards are numbered from 2 to 10, an ace, a
king, a queen, a jack (or knave). Thus, there are 4 aces,4 kings, 4 queens and 4
jacks. Aces, kings, queens and jacks are called face cards.
2. Trial: The performance of a random experiment is called a trial.
3. Event: A collection of possible outcomes of an experiment is called an event.
4. Equally likely events: Events are said to be equally likely when there is no reason
to expect any one of the events in preference over the others. In the random
experiment of tossing a coin, the event of getting a Head and the event of getting a
Tail are equally likely events.
5. Mutually exclusive events: Events are said to be mutually exclusive if the
occurrence of one of them rules out the occurrence of all the others. In the random
experiment of tossing a coin, the event of getting a Head and the event of getting a
Tail are mutually exclusive events. In the random experiment of drawing a card, the
event of getting a king and the event of getting a heart are not mutually exclusive
events. There is a king of hearts.
6. Exhaustive events: Two or more events are said to be exhaustive if there is a
certain chance of occurrence of at least one of them when they are all considered
together. It may be noted that exhaustive events may or may not be equally likely and
mutually exclusive.
7. Favourable events: Outcomes which entail the occurrence of an event is said to be
favourable to the event. In the random experiment of throwing a die, the numbers 2, 3
and 5 are favourable to the appearance of a prime number.
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5.4 CLASSICAL DEFINITION OF PROBABILITY
Let there be an equally likely, mutually exclusive and exhaustive outcomes and m of
them are favourable to an event E. Then the probability of the occurrence of the event
E, denoted by P(E), is defined by
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5.5 AXIOMATIC APPROACH TO PROBABILITY
The set of all possible outcomes in a random experiment is called a sample space.
Generally, it is denoted by S. Elements of a sample space are called sample points.
Two coins are flipped together. Then the outcomes are HH, HT, TH, TT. HH means
head on the first coin as well as head on the second coin. HT means head on the first
coin and tail on the second coin, and so on. Thus, S = {HH, HT, TH, TT}. Here the
sample points are HH, HT, TH, TT, i.e. there are 4 sample points.
A subset of a sample space is called an event.
Definition: Let S be the sample space in a random experiment. Let E bean event
associated with this random experiment. The probability of the occurrence of the
event E, denoted by P(E), is defined by

Example 3: Two coins are tossed together. Find the probability of getting.
(i) one head,
(ii) two heads,
(iii) at least one head,
(iv) no head.
Solution: Let S be the sample space.
S = {HH, HT, TH, TT}
(i) Let EI be the event of getting one head
EI = {HT, TH}
(ii) Let E2 be the event of getting 2 heads.
E2 = {HH}
(iii) Let E3 be the event of getting at least one head.
E3 = {HT, TH, HH}
(v) Let E4 be the event of getting no head.
E4 = {TT}
Now, we discuss some terminologies again
Impossible event: Let S be a sample space in a random experiment.
is an event. It is called an impossible event.
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Example: A die is thrown.
S = {1, 2, 3, 4, 5, 6}, the set of all outcomes.
Let E be the event of getting a number less than 1.
Clearly.
E is an impossible event.
Note: Probability of an impossible event is zero.
Let S be a sample space in a random experiment
Let E be an impossible event, i.e.

Sure event: Let S be a sample space in a random experiment.
Clearly
S is an event. It is called a sure event.
Example: A die is thrown.
S = {1, 2, 3, 4, 5, 6}
Let E be the event of getting a number less than 7.
Clearly E = 5
E is a sure event.
Note: Probability of a sure event is one
Let S be a sample space in a random experiment.
Let E be a sure event, i.e., E = S
Elementary and Compound events: If a sample space contains one sample point
only, then it is called an elementary (or simple) event. An event which is not
elementary is called a compound (or composite) event.
Mutually exclusive events: Two events E1 and E2 are said to be mutually
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Example 5:A letter of the English alphabet is chosen at random. Find the probability
that the letter so chosen.
(i) is a consonant,
(ii) precedes 0 and is a consonant (in alphabetical order),
(iii) follows 0 and is a consonant.
Solution: Let S be the sample space
⸫ S = {a, b, c, . . .. ., x, y, z}
Clearly n(S) = 26
(i) Let E1 be the event of getting a consonant. We know that 21 consonants in the
English alphabet.
(ii) Let E2 be the event of getting a consonant that precedes 0.
⸫ E2 = {b, c, d, f, g, h, j, k, l, m, n}
n(E2) = 11
(iii) Let E3 be the event of getting a consonant that follows 0.
⸫ E3 = {p, q, r, s, t, v, w, x, y, z}
n(E3) = 10

Example 6:4 cards are drawn at random from a pack of well-shuffled pack of 52
cards. Find the probability that 2 are kings and 2 are queens.
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5.6 SOME THEOREMS ON PROBABILITY
Addition Theorem of Probability
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5.7 LET US SUM UP
● A random experiment is an action or an experiment which occurs under
identical conditions. The result of a random experiment is called an outcome.
‘Tossing of a coin’, ‘Throwing a die’, ‘Drawing a card from a well-shuffled
pack of cards are examples of random experiment.
● The set of all possible outcomes in a random experiment is called a sample
space.
● A subset of a sample space is called an event.
● The probability of the occurrence of the event E, denoted by P(E), is defined
by

where n(E) denotes the number of elements in the event E, and n(S)denotes
the number of elements in the sample space S.
● Let S be a sample space in a random experiment. Let E1, E2 be two events.
Then
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Vikas Publishing House Pvt Ltd, Second Reprint, 1995.
2) Agarwal, D. R. (2006). Business Statistics. Delhi, Vrinda Publications.
3) Gupta S. C. (1994). Fundamentals of statistics. New Delhi, Himalayan
Publishing House.
4) Rajagopalan, S. P. & Sattanthan R. (2009). Business Statistics and Operations
Research. New Delhi, Tata McGraw-Hill
5) Sharma, J. K. (2007). Business Statistics. New Delhi. Pearson Education Ltd.
6) Verma, A. P. (2007). Business Statistics. Guwahat, Asian Books Private
Limited.
5.9 ANSWERS TO CHECK YOUR PROGRESS
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5.10 MODEL QUESTIONS
Q 1: In a simultaneous toss of a coin and a die, what is the sample space?
Q 2: Find the probability of getting a tail in a throw of a coin.
Q 3: Three coins are tossed together, what is the probability of getting (i) one head,
(ii) at least one head, (iii) two heads, (iv) at least two heads, (v) all heads.
Q 4: In a simultaneous throw of two dice, find the probability of getting a total of 9 or
11?
Q 5: What is the probability that an ordinary year (not leap year) has 53 Mondays?
Q 6: An urn contains 15 balls numbering from 1 to 15 (no two balls are of the same
number). What is the probability that a ball selected at random is a ball with number
that is multiple of 3 or 4?
20

UNIT 6: CONDITIONAL PROBABILITY
UNIT STRUCTURE
6.1 Learning Objectives
6.2 Introduction
6.3 Conditional probability
6.4 Multiplication theorem of probability
6.5 Law of probability
6.6 Baye’s theorem
6.7 Let Us Sum Up
6.8 Further Readings
6.9 Answers to check your progress
6.10 Model Questions
6.1 LEARNING OBJECTIVES
After going through this unit, you will be able to:
● define conditional probability
● know multiplication theorem of probability
● define law of probability
● know Baye’s theorem
6.2 INTRODUCTION
In unit 5, we discussed about probability and some important theorems related to
probability. In this unit, we will discuss the concept of conditional probability. We
will also discuss dependent and independent events. Multiplication theorems for
dependent and independent events will also be discussed in this unit. Finally, we will
discuss the law of probability and Baye’s theorem.
6.3 CONDITIONAL PROBABILITY
In unit 5, we have discussed the methods of finding the probability of events.
Suppose, we have two events from the same sample space in a random experiment,
does the occurrence of one of the events affect the probability of the other event? Let
us see this situation with the following examples.
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Independent events
Events are said to be independent if the occurrence of one does not affect the others.
In the experiment of tossing a fair coin, the occurrence of the event ‘head’ in the first
toss is independent of the occurrence of the event ‘head’ in the second toss and third
toss.
Example 1: A card is chosen at random from an ordinary deck of 52 cards. Let E be
the event that the cards is an ace and F the event that the card is a club. Then E and F
are independent.
Dependent events
If the occurrence of one event influences the occurrence of the other, then the second
event is said to be dependent on the first. In the above example, if we do not replace
the first ball drawn, this will change the composition of balls in the bag while making
the second draw and therefore, the event of ‘drawing a red ball’ in the second will
depend on event (first ball is red or white) occurring in first draw. Similarly, if a
person draws a card from a full pack and does not replace it, the result of the draw
made afterwards will be dependent on the first draw.
Example: Two fair dice are tossed. Let E be the event that the first die is a3, F the
event that the sum is 6 and G the event that sum is 7. Then E and F are dependent, but
E and G are independent.
Note: If the events A and B are independent, that is the probability of occurrence of
any one of them
6.4 MULTIPLICATION THEOREM ON PROBABILITIES
Now, we discuss multiplication theorem on probabilities for both independent and
dependent events.
Multiplication theorem on probabilities for independent events: If two events E
and F are independent, the probability that both of them occur is equal to the product
of their individual probabilities. i.e.

Note: (1) The theorem can be extended to three or more independent events. If E, F,
G……. be independent events, then
.
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(2) If E and F are independent then the complements of E and F are also independent.
i.e.
Multiplication theorem for dependent events: If E and F be two dependent events,
i.e. the occurrence of one event is affected by the occurrence of the other event, then
the probability that both A and B will occur is

Note: In the case of three events E, F, G i.e., the probability of occurrence of E, F and
G is equal to the probability of E times the probability of F given that E has occurred,
times the probability of G given that both E and F have occurred.
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Example 6: A bag contains 5 white and 3 black balls. Two balls are drawn at random
one after the other without replacement. Find the probability that both balls are black.
Solution: Probability of drawing a black ball in the first attempt is Probability of
drawing the second black ball given that the first ball drawn is black

⸫ The probability that both balls drawn are black is given by
26

6.5 TOTAL PROBABILITY
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6.6 BAYE’S THEOREM
The concept of conditional probability discussed earlier takes into account
information about the occurrence of one event to predict the probability of another
event. This concept can be extended to revise probabilities based on new information
and to determine the probability that a particular effect was due to specific cause. The
procedure for revising these probabilities is known as Bayes theorem. The Principle
was given by Thomas Bayes in 1763. By this principle, assuming certain prior
probabilities, the posteriori probabilities are obtained
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Example 1: A purse contains 6 silver coins and 3 gold coins. Another purse contains
4 silver coins and 5 gold coins. A purse is selected at random and a coin is drawn
from it. What is the probability that it is a silver coin?
Solution: Let Let E = Event of selecting first purse
F = Event of selecting the second purse
A= Event of getting a silver coin

Example 2: A box contains two coins. One coin is heads on both sides and the other
is heads on one side and tails on the other. One coin is selected from the box at
random and the face of one side is observed. If the face is heads, what is the
probability that the other side is heads?
Solution: Let E = Event of selecting two headed coin
F = Event of selecting the other coin (one head and one tail)
A= Event of getting the second side also head.
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Example 3: Assume that a factory has two machines. Past records show that machine
I produces 20% of the items and machine II produces 80% of the items. Further, it
shows that 6% of the items produced by machine I are defective and only 1 % of the
items produced by machine II were defective. If a defective item is drawn at random,
what is the probability that it was produced by machine I?
Solution: Let E1, E2 be the events of drawing an item produced by machines I and II
respectively. Let A denote the event of drawing a defective item.

Example 4: A bolt is manufactured by 3 machines A, B and C. A turns out twice as
many items as B and machines B and C produce equal number of items. 2 % of bolts
produced by A and B are defective and 4 % of bolts produced by C are defective. All
bolts are put into one stock pile and 1 is chosen from this pile. What is the probability
that it is defective?
Solution: Let E1, E2, E3 be the events of bolts manufactured by machine A, B, C
respectively. Here we have to apply total theorem on probability.
B and C produce equal no. of bolts and A produces two times that of B.
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Example 6: In a bolt factory machines A, B, C manufacture respectively25%, 35%,
40% of the total. Of their output 5%, 4%, 2% are defective bolts. A bolt is drawn at
random and found to be defective. What is the probability that it was manufactured
by machine B?
Solution: Let E1, E2, E3 be the events of bolts manufactured by machine A, B, C
respectively.
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CHECK YOU PROGRESS-2
Ans to Q No 1: Let E1, E2 be the events of drawing an item produced by machines I
and II respectively. Let A denote the event of drawing a defective item.
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UNIT 7: RANDOM VARIABLES AND PROBABILITY
DISTRIBUTION
UNIT STRUCTURE
7.1 Learning Objectives
7.2 Introduction
7.3 Random Variables
7.3.1 Discrete Random Variables
7.3.2 Continuous Random Variables
7.4 Probability Distribution of Random Variables
7.4.1 Mean and Variance of Random Variables.
7.5 Let Us Sum Up
7.6 Further Readings
7.7 Answers to Check Your Progress
7.8 Model Questions
7.1 LEARNING OBJECTIVES
After going through this unit, you will able to● random variables
● discrete random variables
● continuous random variables
● probability distribution of random variables.
7.2 INTRODUCTION
Let 3 coins be tossed. One may be interested to know the number of heads obtained.
Similarly, let a pair of dice be thrown. One may be interested to know thrown. One
may be interested to know the sum of points. In each of the cases a real number as
associated with the outcome. A rule that assigns a real number to each outcome is
called a random variable.
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7.3 RANDOM VARIABLES

7.3.1 DISCRETE RANDOM VARIABLE
A random variable which can take only finite or countable infinite number of values
is called a discrete random variable. The example given above is discrete random
variable. In this case the random variable X takes four values, viz, 0, 1, 2, 3.
7.3.2 CONTINUOUS RANDOM VARIABLE
A random variable which can take any value between two given limits in called a
continuous random variable. Let the maximum life of electric bulbs be 2000 hours.
The continuous random variable is
7.4 PROBABILITY DISTRIBUTION OF RANDOM VARIABLES
If the values of a random variable together with the corresponding probabilities are
given, then this description is called a probability distribution of the random variable.
Let a random variable X take the values X1, X2, . . . . ., Xn with probabilities p1,
p2, . . . . . , pn respectively. Then the probability distribution of X is given by
X

X1

X2

–

–––––

Xn

P(x)

p1

p2

–

–––––––

pn
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7.4.1 MEAN AND VARIANCE OF RANDOM VARIABLES
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