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Course objective 

1. Understand the random experiments, sample space and event probabilities 
2.  Study the random variables, density and distribution functions, moments and 

transformation of random variables. 
3.  Understand the concept of random process and sample functions (signals)  
4. Explore the temporal and spectral characteristics of random processes. 

 
Course Outcomes 

1. Simple probabilities using an appropriate sample space. 
2. Simple probabilities and expectations from probability density functions (pdfs) 
3. Likelihood ratio tests from pdfs for statistical engineering problems. 
4. Least -square & maximum likelihood estimators for engineering problems. 
5. Mean and covariance functions for simple random processes. 

UNIT-I: 
Probability and Random Variable 
Probability: Probability introduced through Sets and Relative Frequency, Experiments and 
Sample Spaces, Discrete and Continuous Sample Spaces, Events, Probability Definitions and 
Axioms, Mathematical Model of Experiments, Probability as a Relative Frequency, Joint 
Probability, Conditional Probability, Total Probability, Bayes’ Theorem, Independent Events. 
Random Variable: Definition of a Random Variable, Conditions for a Function to be a 
Random Variable, Discrete, Continuous and Mixed Random Variables 
 
UNIT -II: 
Distribution & Density Functions and Operation on One Random Variable – 
Expectations Distribution; Density Functions: Distribution and Density functions and their 
Properties - Binomial, Poisson, Uniform, Gaussian, Exponential, Rayleigh and Conditional 
Distribution, Methods of defining Conditional Event, Conditional Density, Properties. 
Operation on One Random Variable – Expectations: Introduction, Expected Value of a 
Random Variable, Function of a Random Variable, Moments about the Origin, Central 
Moments, Variance and Skew, Chebychev’s Inequality, Characteristic Function, Moment 
Generating Function, Transformations of a Random Variable: Monotonic Transformations 
for a Continuous Random Variable, Non-monotonic Transformations of Continuous Random 
Variable, Transformation of a Discrete Random Variable. 
 
 
 
 
 
 



UNIT-III: 
Multiple Random Variables and Operations 
Multiple Random Variables: Vector Random Variables, Joint Distribution Function, 
Properties of Joint Distribution, Marginal Distribution Functions, Conditional Distribution 
and Density – Point Conditioning, Conditional Distribution and Density – Interval 
conditioning, Statistical Independence, Sum of Two Random Variables, Sum of Several 
Random Variables, Central Limit Theorem (Proof not expected), Unequal Distribution, Equal 
Distributions. 
 
Operations on Multiple Random Variables: Expected Value of a Function of Random 
Variables: Joint Moments about the Origin, Joint Central Moments, Joint Characteristic 
Functions, Jointly Gaussian Random Variables: Two Random Variables case, N Random 
Variable case, Properties, Transformations of Multiple Random Variables, Linear 
Transformations of Gaussian Random Variables. 
 
UNIT-IV: 
Stochastic Processes – Temporal Characteristics: The Stochastic Process Concept, 
Classification of Processes, Deterministic and Nondeterministic Processes, Distribution and 
Density Functions, Concept of Stationarity and Statistical Independence, First-Order 
Stationary Processes, Second-Order and Wide-Sense Stationarity, Nth Order and Strict-Sense  
Stationarity, Time Averages and Ergodicity, Mean-Ergodic Processes, Correlation-Ergodic 
Processes, Autocorrelation Function and its Properties, Cross-Correlation Function and 
its Properties, Covariance and its Properties, Linear System Response of Mean and Mean-
squared Value, Autocorrelation Function, Cross-Correlation Functions, Gaussian Random 
Processes, Poisson Random Process. 
 
UNIT-V: 
Stochastic Processes – Spectral Characteristics: Power Spectrum: Properties, Relationship 
between Power Spectrum and Autocorrelation Function, Cross-Power Density Spectrum, 
Properties, Relationship between Cross-Power Spectrum and Cross-Correlation Function, 
Spectral Characteristics of System Response: Power Density Spectrum of Response, Cross- 
Power Spectral Density of Input and Output of a Linear System. 
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