
UNIT-1 

PROBABILITY AND RANDOM VARIABLES 

 

Introduction: The basic to the study of probability is the idea of a Physical experiment. A single 

performance of the experiment is called a trial for which there is an outcome. Probability can be 

defined in three ways. The First one is Classical Definition. Second one is Definition from the 

knowledge of Sets Theory and Axioms. And the last one is from the concept of relative 

frequency.  

1.Write the comparison between Deterministic and Non Deterministic models with 

examples?  

Ans: Deterministic versus probabilistic(Non-Deterministic) models: 

 A deterministic model can be used for a physical quantity and the process generating it 

provided sufficient information is available about the initial state and the dynamics of the 

process generating the physical quantity. For example,   

 We can determine the position of a particle moving under a constant force if we know the 

initial position of the particle and the magnitude and the direction of the force.   

 We can determine the current in a circuit consisting of resistance, inductance and 

capacitance for a known voltage source applying Kirchoff's laws.  

Many of the physical quantities are random in the sense that these quantities cannot be predicted 

with certainty and can be described in terms of probabilistic models only. For example,   

 The outcome of the tossing of a coin cannot be predicted with certainty. Thus the 

outcome of tossing a coin is random.   

 The number of ones and zeros in a packet of binary data arriving through a 

communication channel cannot be precisely predicted is random.   

 The ubiquitous noise corrupting the signal during acquisition, storage and transmission 

can be modeled only through statistical analysis.  

 

2.How to Interpret Probability? And give applications? 

Ans: Mathematically, the probability that an event will occur is expressed as a number between 0 

and 1. Notationally, the probability of event A is represented by P (A). 

 If P (A) equals zero, event A will almost definitely not occur.   

 If P (A) is close to zero, there is only a small chance that event A will occur. 

 If P (A) equals 0.5, there is a 50-50 chance that event A will occur. 

 If P(A) is close to one, there is a strong chance that event A will occur. 

 If P(A) equals one, event A will almost definitely occur. 

In a statistical experiment, the sum of probabilities for all possible outcomes is equal to one. 

This means, for example, that if an experiment can have three possible outcomes (A, B, and C), 

then P(A) + P(B) + P(C) = 1. 

Applications: 

Probability theory is applied in everyday life in risk assessment and in trade on financial 

markets. Governments apply probabilistic methods in environmental regulation, where it is 

called pathway analysis. 

Another significant application of probability theory in everyday life is reliability. Many 

consumer products, such as automobiles and consumer electronics, use reliability theory in 

product design to reduce the probability of failure. Failure probability may influence a 

manufacturer's decisions on a product's warranty. 



 

3.Define Set? And explain different types of Set with Examples?  
Ans:  Some of the basic concepts of set theory are 

 Set:  

A set is a well defined collection of objects. These objects are called elements or 

members of the set. Usually uppercase letters are used to denote sets. The set theory was 

developed by George Cantor in 1845-1918.  

Today, it is used in almost every branch of mathematics and serves as a fundamental part 

of present-day mathematics. In everyday life, we often talk of the collection of objects such as a 

bunch of keys, flock of birds, pack of cards, etc. In mathematics, we come across collections like 

natural numbers, whole numbers, prime and composite numbers. 

We assume that, 

 ● The word set is synonymous with the word collection, aggregate, class and comprises of 

elements.  

● Objects, elements and members of a set are synonymous terms.  

● Sets are usually denoted by capital letters A, B, C, ....., etc.  

● Elements of the set are represented by small letters a, b, c, ....., etc. 

If ‘a‘ is an element of set A, then we say that ‘a‘ belongs to A. We denote the phrase ‘belongs to‘ 

by the Greek symbol ‘€ ‘epsilon). Thus, we say that a א A. If ‘b‘ is an element which does not 

belong to A, we represent this as b Ϲ A. 

 

Examples of sets:  

1. Describe the set of vowels. 

 If A is the set of vowels, then A could be described as A = {a, e, i, o, u}. 

2. Describe the set of positive integers.  

Since it would be impossible to list all of the positive integers, we need to use a rule to 

describe this set. We might say A consists of all integers greater than zero. 

3.  Set A = {1, 2, 3} and Set B = {3, 2, 1}. 

 Is Set A equal to Set B? Yes. Two sets are equal if they have the same elements. The 

order in which the elements are listed does not matter. 

4. What is the set of men with four arms?  

Since all men have two arms at most, the set of men with four arms contains no elements. 

It is the null set (or empty set). 

5.  Set A = {1, 2, 3} and Set B = {1, 2, 4, 5, 6}. Is Set A a subset of Set B?  

Set A would be a subset of Set B if every element from Set A were also in Set B. 

However, this is not the case. The number 3 is in Set A, but not in Set B. Therefore, Set 

A is not a subset of Set B 

Some important sets used in mathematics are 

 N: the set of all natural numbers = {1, 2, 3, 4, .....} 

 Z: the set of all integers = {....., -3, -2, -1, 0, 1, 2, 3, .....}  

Q: the set of all rational numbers R: the set of all real numbers 

 Z+: the set of all positive integers W: the set of all whole numbers 

The different types of sets are explained below with examples. 

1. Empty Set or Null Set: A set which does not contain any element is called an empty set, 

or the null set or the void set and it is denoted by ∅ and is read as phi. In roster form, ∅ is 



denoted by {}. An empty set is a finite set, since the number of elements in an empty set 

is f 

 For example: (a) the set of whole numbers less than 0.  

(b) Clearly there is no whole number less than 0. Therefore, it is an empty set. 

(c) N = {x : x א N, 3 < x < 4} 

 Let A = {x : 2 < x < 3, x is a natural number} 

 Here A is an empty set because there is no natural number between 2 and 3. 

 Let B = {x : x is a composite number less than 4}. Here B is an empty set because 

there is no composite number less than 4. 

Note: ∅ ≠ {0} ∴ has no element. {0} is a set which has one element 0. The cardinal number of an 

empty set, i.e., n(∅) = 0 

2. Singleton Set:  

A set which contains only one element is called a singleton set. 

For example:  

• A = {x : x is neither prime nor composite} It is a singleton set containing one element, 

i.e., 1. 

 • B = {x : x is a whole number, x < 1} This set contains only one element 0 and is a 

singleton set. 

3. Finite Set:  

A set which contains a definite number of elements is called a finite set. Empty set is also 

called a finite set. 

For example:  

• The set of all colors in the rainbow. 

 • N = {x : x א N, x < 7}  

• P = {2, 3, 5, 7, 11, 13, 17, ...... 97} 

4. Infinite Set:  

The set whose elements cannot be listed, i.e., set containing never-ending elements is 

called an infinite set. 

 For example:  

• Set of all points in a plane 

 • A = {x : x א N, x > 1} 

 • Set of all prime numbers 

 • B = {x : x א W, x = 2n} 

5. Cardinal Number of a Set:  

The number of distinct elements in a given set A is called the cardinal number of A. It is 

denoted by n(A). And read as ‗the number of elements of the set‘. 

For example: 

• A {x : x א N, x < 5} 

 A = {1, 2, 3, 4} Therefore, n(A) = 4 

 • B = set of letters in the word ALGEBRA 

 B = {A, L, G, E, B, R} Therefore, n(B) = 6 

6. Equivalent Sets:  

Two sets A and B are said to be equivalent if their cardinal number is same, i.e., n(A) = 

n(B). 

 The symbol for denoting an equivalent set is ‘↔‘.  

For example: A = {1, 2, 3} Here n(A) = 3 B = {p, q, r} Here n(B) = 3 Therefore, A ↔ B 



7. Equal sets: 

 Two sets A and B are said to be equal if they contain the same elements. Every element 

of A is an element of B and every element of B is an element of A. 

 For example: A = {p, q, r, s} B = {p, s, r, q} Therefore, A = B 

8. Disjoint Sets: 

 Two sets A and B are said to be disjoint, if they do not have any element in common.  

For example: 

A = {x : x is a prime number} B = {x : x is a composite number}.  

Clearly, A and B do not have any element in common and are disjoint sets. 

9. Definition of Subset: If A and B are two sets, and every element of set A is also an 

element of set B, then A is called a subset of B and we write it as A ⊂  B or B ⊂ A The 

symbol ⊂ stands for ‘is a subset of‘ or ‘is contained in‘ 

 • Every set is a subset of itself, i.e., A ⊂ A, B ⊂ B.  

• Empty set is a subset of every set. • Symbol ‘⊂ ’is used to denote ‘is a subset of‘ or ‘is 

contained in‘.  

• A ⊂  B means A is a subset of B or A is contained in B.  

• B ⊂  A means B contains A. 

Examples: 

1. Let A = {2, 4, 6} B = {6, 4, 8, 2} 

Here A is a subset of B Since, all the elements of set A are contained in set B. 

10. Super Set:  

Whenever a set A is a subset of set B, we say the B is a superset of A and we write, B Ↄ  

A. Symbol Ↄ  is used to denote ‘is a super set of‘ . 

 But B is not the subset of A Since, all the elements of set B are not contained in set A. 

11. Proper Subset:  

If A and B are two sets, then A is called the proper subset of B if A ⊂ B but B ⊂ A i.e., A 

≠ B. The symbol ‘⊂‘ is used to denote proper subset. Symbolically, we write A ⊂ B. 

 For example: 

1. A = {1, 2, 3, 4} Here n(A) = 4 B = {1, 2, 3, 4, 5} Here n(B) = 5 We observe that, all 

the elements of A are present in B but the element ‘5‘ of B is not present in A. So, we 

say that A is a proper subset of B. Symbolically, we write it as A ⊂ B. 

12. Universal Set: 

A set which contains all the elements of other given sets is called a universal set. The 

symbol for denoting a universal set is ∪ or ξ.  

For example:1. If A = {1, 2, 3} B = {2, 3, 4} C = {3, 5, 7} then U = {1, 2, 3, 4, 5, 7}  

 

4.Explain different Set Operations with an examples? 

Ans:  

1. Definition of Union of Sets: Union of two given sets is the smallest set which contains 

all the elements of both the sets. To find the union of two given sets A and B is a set 

which consists of all the elements of A and all the elements of B such that no element is 

repeated. 

 The symbol for denoting union of sets is ‘∪‘. 

Some properties of the operation of union: 

 (i) A∪B = B∪A (Commutative law)  

(ii) A∪(B∪C) = (A∪B)∪C (Associative law)  



(iii) A ∪ Ф = A (Law of identity element, is the identity of ∪)  

(iv) A∪A = A (Idempotent law) 

 (v) U∪A = U (Law of ∪) ∪ is the universal set. 

Notes: A ∪ Ф = Ф∪ A = A  

i.e. union of any set with the empty set is always the set itself.  

Examples: 1. If A = {1, 3, 7, 5} and B = {3, 7, 8, 9}. Find union of two set A and B.  

Solution: A ∪ B = {1, 3, 5, 7, 8, 9} No element is repeated in the union of two sets. The common 

elements 3, 7 are taken only once.  

2. Let X = {a, e, i, o, u} and Y = {ф}. Find union of two given sets X and Y. Solution: X ∪ Y = 

{a, e, i, o, u} Therefore, union of any set with an empty set is the set itself. 

2. Definition of Intersection of Sets: 

 Intersection of two given sets is the largest set which contains all the elements that are 

common to both the sets. To find the intersection of two given sets A and B is a set which 

consists of all the elements which are common to both A and B. The symbol for denoting 

intersection of sets is ‘∩’.  

Some properties of the operation of intersection 

(i) A∩B = B∩A (Commutative law)  

(ii)  (A∩B)∩C = A∩ (B∩C) (Associative law)  

(iii)  Ф ∩ A = Ф (Law of Ф)  

(iv)  U∩A = A (Law of ∪)  

(v)  A∩A = A (Idempotent law)  

(vi)  A∩(B∪C) = (A∩B) ∪ (A∩C) (Distributive law) Here ∩ distributes over ∪ Also,  

(vii) A∪(B∩C) = (AUB) ∩ (AUC) (Distributive law) 

 Here ∪ distributes over ∩ 

A ∩ Ф = Ф ∩ A = Ф i.e. intersection of any set with the empty set is always the empty set.  

Solved examples:  

1. If A = {2, 4, 6, 8, 10} and B = {1, 3, 8, 4, 6}. Find intersection of two set A and B. Solution: A 

∩ B = {4, 6, 8} Therefore, 4, 6 and 8 are the common elements in both the sets.  

2. If X = {a, b, c} and Y = {ф}. Find intersection of two given sets X and Y. 

Solution: X ∩ Y = { } 

 Difference of two sets :If A and B are two sets, then their difference is given by A - B or B - A. 

 • If A = {2, 3, 4} and B = {4, 5, 6} A - B means elements of A which are not the elements of B. 

3.Complement of a Set: 

In complement of a set if S be the universal set and A 

A subset of S then the complement of A is the set of all elements of S which are not the 

elements of A.  

Symbolically, we denote the complement of A with respect to S as A‘. 

Some properties of complement sets 

(i) A ∪ A' = A' ∪ A = ∪ (Complement law) 

(ii)  (A ∩ B') = ϕ (Complement law) - The set and its complement are disjoint sets. 

(iii)  (A ∪ B) = A' ∩ B' (De Morgan‘s law)  

(iv)  (A ∩ B)' = A' ∪ B' (De Morgan‘s law)  

(v)  (A')' = A (Law of complementation) 

(vi)  Ф' = ∪ (Law of empty set - The complement of an empty set is a universal set.  

(vii)  ∪' = Ф and universal set) - The complement of a universal set is an empty set. 

 



5.Write the different laws of Sets with an example? 

Ans: Algebraic laws on sets 

i) Commutative Laws: For any two finite sets A and B;(i) A U B = B U A (ii) A ∩ B = B ∩ A 

ii) Associative Laws: For any three finite sets A, B and C; 

(i) (A U B) U C = A U (B U C) (ii) (A ∩ B) ∩ C = A ∩ (B ∩ C) Thus, union and 

intersection are associative. 

iii) Idempotent Laws: For any finite set A; (i) A U A = A (ii) A ∩ A = A 

iv)  Distributive Laws: For any three finite sets A, B and C;  

(i) A U (B ∩ C) = (A U B) ∩ (A U C) (ii) A ∩ (B U C) = (A ∩ B) U (A ∩ C) Thus, 

union and intersection are distributive over intersection and union respectively. 

v) De Morgan’s Laws: For any two finite sets A and B; (i) A – (B U C) = (A – B) ∩ (A – C) 

(ii) A - (B ∩ C) = (A – B) U (A – C) 

De Morgan‘s Laws can also we written as: (i) (A U B)‘ = A' ∩ B' (ii) (A ∩ B)‘ = A' U B' 

vi) More laws of algebra of sets:  For any two finite sets A and B;  

(i) A – B = A ∩ B' (ii) B – A = B ∩ A' (iii) A – B = A ⇔ A ∩ B = ∅ (iv) (A – B) U B = A U 

B 

 (v) (A – B) ∩ B = ∅(vi) (A – B) U (B – A) = (A U B) – (A ∩ B)  

vii)  Definition of De Morgan’s law: The complement of the union of two sets is equal to the 

intersection of their complements and the complement of the intersection of two sets is equal to 

the union of their complements. These are called De Morgan’s laws. For any two finite sets A 

and B;  

(i) (A U B)' = A' ∩ B' (which is a De Morgan's law of union). (ii) (A ∩ B)' = A' U B' 

(which is a De Morgan's law of intersection). 

 

6.Define Venn diagram and draw the basic Venn diagrams? 

Ans: Venn Diagrams:  

Pictorial representations of sets represented by closed figures are called set diagrams or 

Venn diagrams. Venn diagrams are used to illustrate various operations like union, intersection 

and difference. We can express the relationship among sets through this in a more significant 

way. In this,  

•A rectangle is used to represent a universal set.  

• Circles or ovals are used to represent other subsets of the universal set. 

 
 A∩B  AUB  (A-B)U(B-A)  A’(Complement of A) 

Problems of set theory:  

1. Let A and B be two finite sets such that n(A) = 20, n(B) = 28 and n(A ∪ B) = 36, find 

n(A ∩ B). Solution: Using the formula n(A ∪ B) = n(A) + n(B) - n(A ∩ B).  

then n(A ∩ B) = n(A) + n(B) - n(A ∪ B) = 20 + 28 - 36 = 48 - 36 = 12 

2. If n(A - B) = 18, n(A ∪ B) = 70 and n(A ∩ B) = 25, then find n(B).  

Solution: Using the formula 

 n(A∪B) = n(A - B) + n(A ∩ B) + n(B - A) 70 = 18 + 25 + n(B - A) 70 = 43 + n(B - A) 

n(B - A) = 70 - 43 n(B - A) = 27  

Now n(B) = n(A ∩ B) + n(B - A) = 25 + 27 = 52 



7.Define Experiment and random experiment? And write procedure for Mathematical 

Experiment? 

Ans:  Before we give a definition of probability, let us examine the following concepts:  

1. Experiment: In probability theory, an experiment or trial (see below) is any 

procedure that can be infinitely repeated and has a well-defined set of possible 

outcomes, known as the sample space. An experiment is said to be random if it has 

more than one possible outcome, and deterministic if it has only one. A random 

experiment that has exactly two (mutually exclusive) possible outcomes is known as a 

Bernoulli trial.  

2. Random Experiment: An experiment is a random experiment if its outcome cannot 

be predicted precisely. One out of a number of outcomes is possible in a random 

experiment. A single performance of the random experiment is called a trial. Random 

experiments are often conducted repeatedly, so that the collective results may be 

subjected to statistical analysis. A fixed number of repetitions of the same experiment 

can be thought of as a composed experiment, in which case the individual repetitions 

are called trials. For example, if one were to toss the same coin one hundred times 

and record each result, each toss would be considered a trial within the experiment 

composed of all hundred tosses. 

 

Mathematical description of an experiment:   

A random experiment is described or modeled by a mathematical construct known as a 

probability space. A probability space is constructed and defined with a specific kind of 

experiment or trial in mind.  

A mathematical description of an experiment consists of three parts: 

1. A sample space, Ω (or S), which is the set of all possible outcomes. 

 2. A set of events , where each event is a set containing zero or more outcomes.  

3. The assignment of probabilities to the events—that is, a function P mapping from 

events to probabilities. 

 

8.Define Sample Space and different types of Sample spaces with an example? 

Ans: The sample space is the collection of all possible outcomes of a random experiment. The 

elements of are called sample points.  A sample space may be finite, countably infinite or 

uncountable 

.  A finite or countably infinite sample space is called a discrete sample space. 

  An uncountable sample space is called a continuous sample space 

 Ex:1. For the coin-toss experiment would be the results “Head”and “Tail”, which we 

may represent by S={H T}.  

Ex. 2. If we toss a die, one sample space or the set of all possible outcomes is S = { 1, 2, 

3, 4, 5, 6} The other sample space can be S = {odd, even} 

  

Types of Sample Space: 

Finite/Discrete Sample Space: Consider the experiment of tossing a coin twice. The sample 

space can be S = {HH, HT, T H , TT} the above sample space has a finite number of sample 

points. It is called a finite sample space. 

Countable infinite sample space: Consider that a light bulb is manufactured. It is then tested for 

its life length by inserting it into a socket and the time elapsed (in hours) until it burns out is 



recorded. Let the measuring instrument is capable of recording time to two decimal places, for 

example 8.32 hours. Now, the sample space becomes count ably infinite i.e. 

 S = {0.0, 0.01, 0.02 } The above sample space is called a countable infinite sample space. 

Uncountable/ Infinite Sample Space: If the sample space consists of unaccountably infinite 

number of elements then it is called Un Countable/ Infinite Sample Space. 

 

9.Define an event with an example and explain the different types of Event? 
Ans: An event is simply a set of possible outcomes. To be more specific, an event is a subset A 

of the sample space S.  

  For a discrete sample space, all subsets are events. 

 Ex: For instance, in the coin-toss experiment the events A={Heads} and B={Tails} 

would be mutually exclusive. An event consisting of a single point of the sample space 'S' 

is called a simple event or elementary event.  

Some examples of event sets: 

 Example 1: tossing a fair coin 

The possible outcomes are H (head) and T (tail). The associated sample space is It is a 

finite sample space.  

Types of Events:  

1. Exhaustive Events: A set of events is said to be exhaustive, if it includes all the possible 

events. 

 Ex. In tossing a coin, the outcome can be either Head or Tail and there is no other 

possible outcome. So, the set of events { H , T } is exhaustive.  

2. Mutually Exclusive Events: Two events, A and B are said to be mutually exclusive if 

they cannot occur together. i.e. if the occurrence of one of the events precludes the 

occurrence of all others, then such a set of events is said to be mutually exclusive.  

Ex. In tossing a die, both head and tail cannot happen at the same time. 

P(AUB)=P(A)+P(B)-P(A∩ B) 

3. Equally Likely Events: If one of the events cannot be expected to happen in preference 

to another, then such events are said to be Equally Likely Events. 

( Or) Each outcome of the random experiment has an equal chance of occuring.  

Ex. In tossing a coin, the coming of the head or the tail is equally likely.  

4. Independent Events: Two events are said to be independent, if happening or failure of 

one does not affect the happening or failure of the other. Otherwise, the events are said to 

be dependent. If two events, A and B are independent then the joint probability is 

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

 

10.Define Probability Definitions and Axioms with an example?  
Ans: Relative frequency Definition: Consider that an experiment E is repeated n times, and 

let A and B be two events associated with E. Let n(A) and n(B) be the number of times that 

the event A and the event B occurred among the n repetitions respectively. The relative 

frequency of the event A in the 'n' repetitions of E is defined as f( A) = n(A) /n The Relative 

frequency has the following properties: 1.0 ≤f(A) ≤ 1 2. f(A) =1 if and only if A occurs every 

time among the n repetitions. f(A)=n(A)/n . 

P(A)=lim(n(A)/n) 

         n→∞ 



1. The classical definition: Let the sample space (denoted by ) be the set of all possible 

distinct outcomes to an experiment. The probability of some event is 

P(A)=Favourable outcomes /total possible outcomes 

 

Definition from Sets and Axioms: In the axiomatic definition, the probability P(A) of an event 

is always a non negative real number which satisfies the following three Axioms.  

Axiom 1: P(A) ≥ 0.Which means that the probability of event is always a non negative number  

Axiom 2: P(S) =1.Which means that the probability of a sample space consisting of all possible 

outcomes of experiment is always unity or one. 

Axiom 3: P (A1UA2U . . .U AN) = P (A1) + P (A2) + . . . + P (AN) 

This means that the probability of Union of N number of events is same as the Sum of the 

individual probabilities of those N Events. 

Main properties of probability: If A is any event of sample space S then 

 1. P(A)+P( )=1. Or P ( )=1-P(A)  

2. Since A ∪ S, P(A ∪ )=1  

3. The probability of the impossible event is 0, i.e P(Ø)=0  

4. If A⊂B, then P(A)≤P(B).  

5. If A and B are two incompatible events, and therefore, P(A−B)=P(A)−P(A∩B).and 

P(B−A)=P(B)−P(A∩B). 6. Addition Law of probability: 

 

11.Explain about Joint Probability, Conditional probability, Total probability, Baye’s 

theorem, Independent events with an example? 

Ans:  

Joint Probability: If a sample space consists of two events A and B which are not mutually 

exclusive, and then the probability of these events occurring jointly or simultaneously is called 

the Joint Probability. In other words the joint probability of events A and B is equal to the 

relative frequency of the joint occurrence. If the experiment repeats n number of times and the 

joint occurrence of events A and B is n(AB) times, then the joint probability of events A and B is 

 



i.e the probability of union of two events is always less than or equal to the sum of the event 

probabilities. 

Conditional Probability: If an experiment repeats n times and a sample space contains only two 

events A and B and event A occurs n(A) times, event B occurs n(B) times and the joint event of 

A and B occurs n(AB) times then the conditional probability of event A given event B is equal to 

the relative frequency of the joint occurrence n(AB) with respect to n(B) as n tends to infinity.  

Mathematically, 

 

That is the conditional probability P(A/B) is the probability of event A occurring on the 

condition that the probability of event B is already known. Similarly the conditional probability 

of occurrence of B when the probability of event A is given can be expressed as 

 

From the conditional probabilities, the joint probabilities of the events A and B can be expressed 

as 

 

Total Probability Theorem: Consider a sample space, s that has n mutually exclusive events 

Bn, n=1, 2, 3,…,N. such that Bm∩B n=ᶲfor m ≠n=1, 2, 3, ….,N. The probability of any event A, 

defined on this sample space can be expressed in terms of the Conditional probabilities of events 

Bn. This probability is known as the total probability of event A. Mathematically, 



 

Proof: The sample space s of N mutually exclusive events, Bn, n=1, 2, 3, …N is shown in the 

figure. 

 

 

 

 



 
 

Independent events: Consider two events A and B in a sample space S, having non-zero 

probabilities. If the probability of occurrence of one of the event is not affected by the 

occurrence of the other event, then the events are said to be Independent events. 

 

 



  

Multiplication Theorem of Probability: Multiplication theorem can be used to find out 

probability of outcomes when an experiment is performing on more than one event. It states that 

if there are N events An, n=1,2, . . . N, in a given sample space, then the joint probability of all 

the events can be expressed as  

 
 

12.Define Random variable with an example? And  Explain distribution and density 

function with an example? 

Ans: 

Random Variable: Random variable is a function of the events of a given sample space, S. Thus 

for a given experiment, defined by a sample space, S with elements, s the random variable is a 

function of S. and is represented as X(s) or X(x). A random variable X can be considered to be a 

function that maps all events of the sample space into points on the real axis.  

Typical random variables are the number of hits in a shooting game, the number of heads when 

tossing coins, temperature/pressure variations of a physical system etc…For example, an 

experiment consists of tossing two coins. Let the random variable X chosen as the number of 

heads shown. So X maps the real numbers of the event “showing no head” as zero, the event 

“any one head” as One and “both heads” as Two. Therefore the random variable is X = {0,1,2}. 

The elements of the random variable X are x1=0, x2=1 & x3=2. 

 

 
 

Classification of Random Variables: Random variables are classified into continuous, discrete 

and mixed random variables.  

The values of continuous random variable are continuous in a given continuous sample 

space. A continuous sample space has infinite range of values. The discrete value of a continuous 

random variable is a value at one instant of time. For example the Temperature, T at some area is 

a continuous random variable that always exists in the range say, from T1 and T2. Another 

example is an experiment where the pointer on a wheel of chance is spun. The events are the 

continuous range of values from 0 t0 12 marked in the wheel.  

The values of a discrete random variable are only the discrete values in a given sample 

space. The sample space for a discrete random variable can be continuous, discrete or even both 



continuous and discrete points .They may be also finite or infinite. For example the “Wheel of 

chance” has the continuous sample space. If we define a discrete random variable n as integer 

numbers from 0 t0 12, then the discrete random variable is X = {0,1,2,……11,12}  

The values of mixed random variable are both continuous and discrete in a given sample 

space. The sample space for a mixed random variable is a continuous sample space. The random 

variable maps some points as continuous and some points as discrete values. The mixed random 

variable has least practical significance or importance. 

 

 
 

 
 



 
 

 

 
 

 
13.Explain different examples for Real Distribution and Density Function? 

Ans:  The following are the most generally used distribution and density functions.  

1. Gaussian Function.  

2. Uniform Function.  



3. Exponential Function.  

4. Rayleigh Function.  

5. Binomial Function.  

6. Poisson’s Function.  

 

 

 
 

The plot of Gaussian density function is bell shaped and symmetrical about its mean value aX. 

The total area under the density function is one. i.e. 

 

 
 

 

 

 



 
 

 
 



 
 

Applications: 1.The random distribution of errors introduced in the round off process are 

uniformly distributed. 2. In digital communications to round off samples. 

 

 
 

 

 

 



 

 
 

Applications: 1. The fluctuations in the signal strength received by radar receivers from certain 

types of targets are exponential.2. Raindrop sizes, when a large number of rain storm 

measurements are made, are also exponentially distributed. 

 

 

 

 
 



 

 
 

Applications: 1. It describes the envelope of white noise, when noise is passed through a band 

pass filter.2. The Rayleigh density function has a relationship with the Gaussian density 

function.3. Some types of signal fluctuations received by the receiver are modeled as Rayleigh 

distribution. 

 

 

 
 

 

Applications: The distribution can be applied to many games of chance, detection problems in 

radar and sonar and many experiments having only two possible outcomes in any given trial. 



 

 

 

 
 

 
 



 
 

 


