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Electrical Engineering 

SU Ph.D Entrance Test Syllabus 
 

Section 1: Engineering Mathematics 

Discrete Mathematics: Propositional and first order logic. Sets, relations, functions, partial orders and lattices. 
Monoids, Groups. Graphs: connectivity, matching, colouring. Combinatorics: counting, recurrence relations, generating 
functions.  

Linear Algebra: Matrices, determinants, system of linear equations, eigenvalues and eigenvectors, LU decomposition.  

Calculus: Limits, continuity and differentiability, Maxima and minima, Mean value theorem, Integration.  

Probability and Statistics: Random variables, Uniform, normal, exponential, Poisson and binomial distributions. 
Mean, median, mode and standard deviation. Conditional probability and Bayes theorem. 

Section 2: Electric circuits 

Network Elements: Ideal voltage and current sources, dependent sources, R, L, C, M elements; Network solution 

methods: KCL, KVL, Node and Mesh analysis; Network Theorems: Thevenin’s, Norton’s, Superposition and 

Maximum Power Transfer theorem; Transient response of DC and AC networks, sinusoidal steady-state analysis, 

resonance, two port networks, balanced three phase circuits, star-delta transformation, complex power and power 

factor in AC circuits. 

Section 3: Electromagnetic Fields 

Coulomb's Law, Electric Field Intensity, Electric Flux Density, Gauss's Law, Divergence, Electric field and potential 

due to point, line, plane and spherical charge distributions, Effect of dielectric medium, Capacitance of simple 

configurations, Biot-Savart’s law, Ampere’s law, Curl, Faraday’s law, Lorentz force, Inductance, Magnetomotive 

force, Reluctance, Magnetic circuits, Self and Mutual inductance of simple configurations.  

Section 4: Signals and Systems 

Representation of continuous and discrete time signals, shifting and scaling properties, linear time invariant and 

causal systems, Fourier series representation of continuous and discrete time periodic signals, sampling 

theorem, Applications of Fourier Transform for continuous and discrete time signals, Laplace Transform and Z 

transform. R.M.S. value, average value calculation for any general periodic waveform. 

Section 5: Electrical Machines 

Single phase transformer: equivalent circuit, phasor diagram, open circuit and short circuit tests, regulation 

and efficiency; Three-phase transformers: connections, vector groups, parallel operation; Auto-transformer, 

Electromechanical energy conversion principles; DC machines: separately excited, series and shunt, motoring 

and generating mode of operation and their characteristics, speed control of dc motors; Three-phase induction 

machines: principle of operation, types, performance, torque-speed characteristics, no-load and blocked-rotor 

tests, equivalent circuit, starting and speed control; Operating principle of single-phase induction motors; 

Synchronous machines: performance and characteristics, regulation and parallel operation of generators, Types of 

losses and efficiency calculations of electric machines.  

Section 6: Electrical Drives 

Fundamentals of Electric Drives, Controlled Converter fed DC Motor Drives, Chopper fed DC drive, Scalar control 

(constant V/f control) of induction motor and Control of slip ring induction motor 
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Section 7: Power Systems 

AC and DC transmission concepts, Models and performance of transmission lines and cables, Series and shunt 

compensation, Electric field distribution and insulators, Distribution systems, Per-unit quantities, Power factor 

correction, Symmetrical components, Symmetrical and unsymmetrical fault analysis, Principles of over-current, 

differential, directional and distance protection; Circuit breakers, Primitive Network, Y-bus formation methods, 

Singular transformation method, Direct inspection method, Static Load Flow Equations, Bus Classifications, 

Approximate method, Gauss-Seidel Method, Newton Raphson Method, Fast Decoupled Load Flow Method, 

Comparison of different methods, Generator operating cost, Economic operation of generators within thermal plant, 

Optimal operation by co-ordination equation, Penalty factor, transmission loss formula (Kron’s method), Unit 

commitment, Frequency and voltage control methods: Speed governing mechanism, Mathematical modeling, 

Adjustment of Governor characteristics, Single area control, Flat frequency control, Selective frequency control, 

Classification of stability studies, concept of load angle and infinite bus, Dynamics of a Synchronous Machine, Swing 

equation, Power angle curve, Node Elimination Technique, Steady state stability analysis, Methods of improving 

Steady state stability, Transient stability analysis, Equal area criteria, Single Machine infinite bus stability studies, 

Methods of improving Transient stability, Renewable Energy source and grid integration 

Section 8: Control Systems 

Mathematical modeling and representation of systems, Feedback principle, transfer function, Block diagrams and 

Signal flow graphs, Transient and Steady-state analysis of linear time invariant systems, Stability analysis using 

Routh-Hurwitz and Nyquist criteria, Bode plots, Root loci, Lag, Lead and Lead-Lag compensators; P, PI and PID 

controllers; State space model, Solution of state equations of LTI systems. 

Section 9: Electrical and Electronic Measurements 

Bridges and Potentiometers, Measurement of voltage, current, power, energy and power factor; Instrument 

transformers, Digital voltmeters and multi-meters, Phase, Time and Frequency measurement; Oscilloscopes, 

Error analysis. 

Section 10: Power Quality Issues and Mitigation Techniques 

Power Quality definition, Classification of Power Quality Problems, Causes of Power Quality Problems, Effects of Power 
Quality Problems on Users, Power Quality Standards and Monitoring, Causes of Power Quality Issues, Passive Power 
Filters, Active Power Filters, Compensation Techniques- Active Shunt Compensation, Active Series Compensation 

Section 10: Power Electronics 

Static V-I characteristics and firing/gating circuits for Thyristor, MOSFET, IGBT; DC to DC conversion: Buck, Boost 

and Buck-Boost Converters; Single and three-phase configuration of uncontrolled rectifiers; Voltage and Current 

commutated Thyristor based converters; Bidirectional ac to dc voltage source converters; Magnitude and 

Phase of line current harmonics for uncontrolled and thyristor based converters; Power factor and Distortion Factor 

of AC to DC converters; Single-phase and three-phase voltage and current source inverters, sinusoidal 

pulse width modulation. 

Section 11: Energy management, Conservation and Audit 

Fundamentals of Energy management and objectives of energy audit, scope of energy management and opportunities 

in electrical and thermal utilities, economic analysis, monitoring instruments and data analysis. 
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Subject Name: Data Science for Engineers                                     Subject Code: PTCO13104 

Type of course: PhD Credit Course 

Prerequisites (if any): - Statistics 

 

Rationale: This course introduces the mathematical foundations required for data science. As part of 

this course, students will learn the framework for solving problems requiring data analytics. This 

course also introduces ‘R’ programming language. Students will be able to solve predictive problems 

on real time data after learning this course. 

 
Teaching and Examination Scheme: 

 

Teaching Scheme Theory Marks Practical Marks Total 

L T P C TEE  CA1 CA2 TEP CA3  

4 0 0 4 50 30 20 0 0 100 

CA1: Continuous Assessment (assignments/projects/open book tests/closed book tests) CA2: Sincerity in 

attending classes/class tests/ timely submissions of assignments/self-learning attitude/solving advanced 

problems TEE: Term End Examination TEP: Term End Practical Exam (Performance and viva on practical 

skills learned in course) CA3: Regular submission of Lab work/Quality of work submitted/Active participation 

in lab sessions/viva on practical skills learned in course 

Contents 

Sr 

No 

Description No. of 

Hours 

1. Course philosophy and expectation, Introduction to R, Variables and data types 

in R, Data frames, Recasting and joining of data frames, Arithmetic, Logical and 

Matrix operations in R, Advanced programming in R : Functions, Control 

structures, Data visualization in R Basic graphics 

8 

2. Linear Algebra for Data science, Solving Linear Equations, Linear Algebra - 

Distance, Hyperplanes and Halfspaces, Eigenvalues, Eigenvectors 

6 

3. Statistical Modelling, Random Variables and Probability Mass/Density 6 
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Functions, Sample Statistics, Hypotheses Testing 

4. Optimization for Data Science, Unconstrained Multivariate Optimization, 

Gradient Descent, Learning Rule 

6 

5. Multivariate Optimization With Equality Constraints, Multivariate Optimization 

With Inequality Constraints, Introduction to Data Science, Solving Data Analysis 

Problems - A Guided Thought Process 

6 

6. Module: Predictive Modelling, Linear Regression, Model Assessment, 

Diagnostics to Improve Linear Model Fit, Simple Linear Regression Model 

Building, Simple Linear Regression Model Assessment, Multiple Linear 

Regression 

6 

7. Cross Validation, Multiple Linear Regression Modelling Building and Selection,  

Classification, Logistic Regression, Performance Measures, Logistic Regression 

Implementation in R 

6 

8. K - Nearest Neighbors (kNN), K - Nearest Neighbors implementation in R,  

K - means Clustering, K - means implementation in R 

6 

9. Applications of Data Science, Challenges reported in contemporary literature, 

Case Studies 

10 

 

Course Outcomes 

Sr. 

No 

CO Statement Marks % 

Weightage 

1. Describe a flow process for data science problems 20% 

2. Classify data science problems into standard typology 20% 

3. Develop R codes for data science solutions 20% 

4. Correlate results to the solution approach 15% 
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5. Assess the solution approach 15% 

6. Construct use cases to validate approach and identify modifications required 10% 

 

Reference Books:  

Sr 

no 
Title of book /article Author(s) Publisher  Year of 

publication 
Publication 

Edition 

1 Introduction To 

Linear Algebra 

Gilbert Strang Wellesley 

Publishers 

2016 Fifth 

Edition  

2 Applied Statistics 

And Probability For 

Engineers 

Douglas 

Montgomery 

Wiley 2016 Sixth 

Edition  

3 Practical Statistics for 

Data Scientists 

Peter Bruce and 

Andrew Bruce 

Publisher(s): 

O'Reilly Media, 

Inc. ISBN: 

9781491952962 

2017 2nd Edition 

4 Think Stats: 

Probability and 

Statistics for 

Programmers 

Allen B. Downey Green Tea 

Press 

Needham, 

Massachusetts 

2014 2nd Edition 

5 Data Science for 

Dummies 

John Muller Wiley 2017 2nd Edition 

6 Statistics for Data 

Science 

James D. Miller PACKT 2017 - 

 

List of Online Learning Resources: 

1. NPTEL course on: Data Science for Engineers 

(https://onlinecourses.nptel.ac.in/noc23_cs17/preview) 
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         Subject : 3 (Year I - Semester II) 

 
Sr. 

No. 

Domain in Civil 

Engineering 
Subject No 3 

1 Structural Engineering 

Soil Improvement and Dynamic Response of 

Structure (PTCL13210)  

  

04 Credits (4-0-0). 

2 
Water Resource 

Engineering 

Issues and Sustainability of Water Resources 

(PTCL13208) 

  

04 Credits (4-0-0). 

 

3 Town Planning 

Land Management Techniques (PTCL13203) 

  

04 Credits (4-0-0) 

 

 
         Subject : 4 (Year I - Semester II) 

 
Sr. 

No. 

Domain in Civil 

Engineering 
Subject No 4 

1 
All Domains of Civil 

Engineering 

Seminar (PTCL16201) - Domain Specific 

 

02 Credits (2-0-0) 
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Ph.D. 1 Semester II Teaching Scheme Evaluation Scheme 

Subject Name Land Management Techniques      L T P Credits CCE SEE 

Subject Code PTCL13203 4 0 0 4 50 50 

Type of course PhD Credit Course 

Prerequisite 
Understanding on housing, social aspects, urbanization, traffic planning, building 
bylaws also understanding on survey techniques, coordinate systems, statistics, 
geographic features, operations using CAD tools and worksheets. 

Rationale 

To amalgamate planning techniques on the basis of qualitative & quantitative analysis 
of availed data for proper management & performance of urban planning. Subject 
helps orienting students to a very emerging, useful and important field of geo-spatial 
world wherein scopes for professional career are endless. 

 

Course Outcomes (COs): At the end of the course, students will be able to 

CO – 1 Understand and attempt practicing management principle. 

CO – 2 Understand process of analysis and predict future population by using different statistical 
methods. 

CO – 3 Scopes, functions, limitations of new town development were made known, various policies and 
land development schemes pertaining to urban planning. 

CO – 4 Sensitization towards certain importance and use of geo spatial techniques and implementation 
in urban as well as regional planning. 

 

Course Contents 

Unit Content Tentative 
Teaching 

Hours 

Tentative 
Unit  

Weight 

1 Land use activities:  

Introduction, Population forecasting methods. Analysis and 
prediction of important land use activities. 

10 30% 

2 Urban Infrastructure:  

Elements of Infrastructure, Basic definitions, concepts, 
significance and importance, Data required for provision and 
planning of urban networks and services; Resource analysis, 
provision of infrastructure; Principles of resource distribution in 
space; Hierarchical distribution of facilities, Access to facilities, 
provision and location criteria, Norms and standards, etc.  

15 20% 
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3 Land Management Practices:   

Land value and density pattern, Principal of Town Planning 
schemes, Land Acquisition, Rehabilitation and resettlement act 
2013, TDR, Guidelines of URDPFI, GDCR and GTPUD Act. Zoning, 
Smart metropolitan planning. A case study of development 
plan, master plan, preparation, Formulation and 
implementation, Global Trends. 

15 20% 

4 Geospatial Techniques and Planning:  

Cartography, Geographic mapping process, transformations, 
map projections, Geographic Data Representation, Storage, 
Quality and Standards, database management systems, Raster 
data representation, Vector data representation, Assessment of 
data quality, Managing data errors, Geographic data standards. 

20 30% 

 

Recommended Reference Books 

1 Das, A. K. (2007). Urban Planning In India. Rawat Publishers. ISBN: 8131600947. 

2 Roberts, M. (n.d.). Town Planning Techniques. Hutchinson Educational Publication. 

3 Lall, S. V. (2009). Urban Land Markets: Improving Land Management for Successful 
Urbanization. Springer. 

4 Randolph, J. (2009). Environmental Land Use Planning and Management. Island Press. 

5 Berke, P. R. (2009). Urban Land Use Planning. University of Illinois Press. 

6 Lo, C. P., & Yeung, A. K. W. (2002). Concepts and Techniques of Geographic Information 
Systems. Prentice Hall of India. 

7 Reddy, A. M. (2001). Remote Sensing and Geographical Information Systems. B.S. 
Publications. 

8 Burrough, P. A. (1998). Principles of Geographical Information Systems. Oxford 
Publication. 

9 Clarke, K. (2001). Getting Started with Geographic Information Systems. Prentice Hall. 

10 De Mers, M. N. (2000). Fundamentals of Geographic Information Systems. John Wiley & 
Sons. 

 

List of Open Source/learning website: 

 CAD Drafting tools; word processing tools, calculation sheets  

 Google Sketch-Up Pro  

 ESRI City Engine (Transforms 2D GIS Data into 3D city models)  

 Remote Sensing & Geographic Information System (http://gis.nic.in/)  

 National Remote Sensing Centre (http://www.nrsc.gov.in/)  

 Indian Space Research Organisation (http://www.isro.org/)  
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 Indian institute of Remote Sensing (http://www.iirs.gov.in/)  

 List of geographic information systems software 
(http://en.wikipedia.org/wiki/List_of_geographic_information_systems_software)  

 Google books on GIS and Remote Sensing 
(https://www.google.co.in/search?q=Urban+Planning+Techniques&btnG=Search+Books&tbm=bks
& tbo=1&gws_rd=ssl#q=GIS+Remote+Sensing&tbm=bks) . 
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Ph. D. I Semester II Teaching Scheme Evaluation Scheme 

Subject Name 
Issues and Sustainability of Water 
Resources 

L T P Credits CCE SEE 

Subject Code PTCL13208 4 - - 4 50 50 

Type of course PhD Credit Course 
CCE : Continuous and Comprehensive Evaluation 

SEE : Semester End Evaluation 

Prerequisite 1st year of Ph. D. 

Rationale 

The subject of water resources and sustainability is important because water is a vital 
natural resource that is essential for human survival, economic development, and the 
health of the planet. It essential for creating a balance approach to managing one of the 
planet’s most critical resources. Through this study, students can develop the 
knowledge, skill and awareness needed to contribute to sustainable water 
management practices. 

 

Course Outcomes (COs): At the end of the course,  students will be able to 
Marks % 

Weightage 

CO – 1 
Understand the environmental issues pertaining to water and its usage, its effects 
on food pattern and society. 

25 

CO – 2 
Appreciate the remedies and protective measures for maintaining the quality and 
quantity of water. 

25 

CO – 3 Apply sustainability principles to real-world scenarios 
25 

CO – 4 Gain the skills to take up research activities in environmental sustainability. 
25 

 

Course Contents 

Unit Content 
Tentative 
Teaching 

Hours 

Tentative 
Unit 

Weightage 

1. Environmental issues  
Water crisis and Climate Change, conservation of water, Green-
House Effect , Green House Gases GHGs) and their Emission, famine 
and drought scenario, heat island formation and its consequences, 
Sea Level rise, effects on wetlands and estuaries 

14 25% 

2. Assessment of Contamination 
Industrial Pollution, Quantification of contamination,Global 
Warming Potential (GWP) of flux emission from treatment facilities, 
agricultural pollution, ground water contamination 

15 25% 

3. Sustainability of Environment 
History and Need of the concept of Sustainable Development,basic 

15 25% 
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terms, Environmental issues and crisis, Resource degradation, green 
house gases, deforestation, food insecurity, Industrialization, 
Globalization and Environment, substitutes for usage of pesticides 
and fertilisers. 

4. Roles and Techniques  
Alternatives of Carbon Sequestration, Conventional and non-
conventional techniques, Role of Countries and Citizens in 
Controlling Global Warming, Integrated approach for resource 
protection and management. 

12 25% 

Suggested Specification table with Marks 

% Distribution of Marks 

R Level U Level A Level N Level E Level C Level 

15 25 25 15 10 10 

Legends: R: Remembrance, U: Understanding; A: Application, N: Analyze, E: Evaluate C: Create and above 
Levels (Revised Bloom’s Taxonomy) 

Recommended Reference Books 

1 Basant Yadav Mohit Prakash Mohanty Ashish Pandey Vijay P. Singh, R. D. Singh ,” Sustainability of 

Water Resources: Impacts and Management”,  Springer International PublishingISBN-13: 978-

3031134692; 1st edition, 2022. 

2 Sarda Ganguly Gangadhar Banerjee, “Water Resources and Environmental Sustainability 

”, MV Learning ISBN-13:  978-9387692855, 1st edition, 2018. 

3 Ritu Singh, Sanjeev Kumar, “Green Technologies and Environmental Sustainability”, Springer 

International Publishing, ISBN 978-3-319-50654-8, ebook, 2017. 

4 Dr.  D K Asthana Dr. Meera  Asthana, “Environmental Studies”, S Chand  ISBN-13  978-

8121927642, 2nd edition, 2015. 

5 Sudha Sambyal Malik , “Environmental Issues”, Bio-Green Books ISBN-13 978-9388982962, 1st 

edition, 2020. 

 

https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Basant+Yadav&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Mohit+Prakash+Mohanty&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Ashish+Pandey&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_4?ie=UTF8&field-author=Vijay+P.+Singh&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_5?ie=UTF8&field-author=R.+D.+Singh&search-alias=stripbooks
https://www.amazon.in/Sustainability-Water-Resources-Management-Technology/dp/3031134699/ref=monarch_sidesheet_title
https://www.amazon.in/Sustainability-Water-Resources-Management-Technology/dp/3031134699/ref=monarch_sidesheet_title
https://www.amazon.in/Sustainability-Water-Resources-Management-Technology/dp/3031134699/ref=monarch_sidesheet_title
https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Sarda+Ganguly+Gangadhar+Banerjee&search-alias=stripbooks
https://link.springer.com/book/10.1007/978-3-319-50654-8#author-1-0
https://link.springer.com/book/10.1007/978-3-319-50654-8#author-1-1
https://www.amazon.in/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=D+K+Asthana&text=D+K+Asthana&sort=relevancerank&search-alias=digital-text
https://www.amazon.in/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=D+K+Asthana&text=D+K+Asthana&sort=relevancerank&search-alias=digital-text
https://www.amazon.in/TEXT-ENVIRONMENTAL-STUDIES-MEERA-ASTHANA/dp/B0072K0RJU/ref=monarch_sidesheet_title
https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Sudha+Sambyal+Malik&search-alias=stripbooks
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Ph. D I Semester II Teaching Scheme Evaluation Scheme 

Subject Name 
Soil Improvement and Dynamic 
Responses of Structure 

L T P Credits CCE SEE 

Subject Code PTCL13210 4 0 0 4 50 50 

Type of course Ph. D – Credit Subject 
CCE: Continuous and Comprehensive Evaluation 

SEE : Semester End Evaluation 

Prerequisite 
Soil Mechanics, Foundation Engineering, Strength of Materials, Structural Analysis 
& Repair& Rehabilitation of Structure 

Rationale 

When a project encounters difficult foundation conditions, possible alternate solutions 
are: Avoid the particular site or Design the planned structure accordingly. The choice 
of a method of ground improvement for a particular object will depend on: Type and 
degree of improvement required, type of soil, cost, possible damage to adjacent 
structures or pollution of ground water resources, reliability of method of analysis and 
design etc.. Though earthquakes can produce devastating damages to life and 
property, modern technologies of seismic vibration control such as building elevation 
control, elevated building foundations, and the use of dampers and springs can assist 
in minimizing earthquake damage. Wind-induced vibration has become one of the 
main design challenges regarding modern high-rise buildings. High-rise buildings are 
naturally more sensitive for dynamic responses due to their low fundamental 
frequencies than low-rise buildings. At the same time, different wind conditions such 
as vortex effects intensify at higher levels and create more vibration prone structures. 
The main problem regarding wind-induced vibration is occupants’ respond to the 
fluctuation of a building and it has proven to cause various negative effects, such as 
sleepiness and motion sickness. For this reason, different criterion and methods to 
evaluate dynamic responses of structures are required. 

 

Course Outcomes (COs): At the end of the course,  students will be able to 
Marks % 

Weightage 

CO – 1 
Identify the mineral composition responsible for the weak soil deposits and 
problems associated with it. (R, U ,A – Cognitive Level) 25 

CO – 2 
Analyze various index/strength properties of soil and suggest suitable ground 
improvement method. (R, U, A, – Cognitive Level) 

15 

CO – 3 
Classify and identify the distress in structure (R, U, A, N, E, – Cognitive 
Level) 

10 

CO – 4 
Identify Understand the Basics of Earthquake Engineering ( R, U, A, N, E, C– 
Cognitive Level) 35 

CO – 5 
Conceptualize vibrating body for free and forced vibration (R, U, A, N, E, C – 

Cognitive Level) 15 

 

Course Contents 

Unit Content 
Tentative 
Teaching 

Hours 

Tentative 
Unit 

Weightage 
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1. Ground Improvement: Definition, Objectives of soil improvement, 
Classification of ground improvement techniques, Factors to be 
considered in the selection of the best soil improvement technique. 
Weak Deposits – Identification – Problems associated with weak 
deposits – Mitchel chart of applicability of treatment methods 
– Principles – Suitable methods. Mechanical Modification, Principle 
of modification for various types of soils 

 

 
14 

 

 
20% 

2. Geosynthetics and Reinforced Soil: Types of Geosynthetics like 
geotextiles, Geogrid, geonets, geocells, geo-composites, their 
functions, applications and manufacturing methods. Index 
properties and Strength properties of Geosynthetics. Historical 
background of reinforced soil, Principles of reinforced soil. Concept 
of MSE wall and Reinforced Soil slopes. 

 

 
12 

 

 
15% 

3. Structural Health Monitoring: Concepts, Various measures, 
Structural Safety in alteration, Factors Affecting health of structures, 
causes of distress, regular maintenance 

12 20% 

4. Fundamentals of Earthquake Vibrations of buildings Static load v/s 
Dynamic load, simplified single degree of freedom system, 
mathematical modelling of buildings, natural frequency, resonance 
v/s increased response, responses of buildings to different types of 
vibrations like free and forced, damped and un-damped vibration, 
response of building to earthquake ground motion, Response to 
multi degree (maximum three) of freedom systems up to mode 
shapes. 

 
 
 

14 

 
 
 

35% 

5. Wind Induced Vibrations of Tall Buildings: Types of Flow Induced 
Excitation, Vortex Induced Phenomenon, Buffeting and Oval ling, 
Galloping and Flutter. 

08 10% 

Suggested Specification table with Marks 

% Distribution of Marks 

R Level U Level A Level N Level E Level C Level 
10 20 30 15 15 10 

Legends: R: Remembrance, U: Understanding; A: Application, N: Analyze, E: Evaluate C: Create and above 
Levels (Revised Bloom’s Taxonomy) 

Recommended Reference Books 

1 A. K. Chopra, “Dynamics of structures”, Pearson Education India, 2014.   

2 Daniel Balageas, Claus-Peter Fritzen , Alfredo Güemes, “Structural Health Monitoring”, John Wiley & 
Sons., 2010. 

3 Douglas E Adams, “Health Monitoring of structural Materials and components -- Methods with 
applications”, John Wiley & Sons, 2007. 

4 Jie H, “Principles and Practice of Ground Improvement”, Wiley India, 2018. 

5 Koerner R. M., “Designing with Geosynthetics”, Prentice Hall, New Jersey, USA, 2012. 

6 L. Meirovitch, “Elements of Vibration Analysis”, Tata Mc Graw-Hill, Singapore., 1986. 

7 Manish Shrikhande & Pankaj Agrawal, “Earthquake Resistant Design of Structures”, PHI 
Publication, New Delhi, 2014. 

8 P. Purushothama Raj, “Ground Improvement Techniques”, Laxmi Publications, 2016. 

 

https://www.wiley.com/en-in/search?pq=%7Crelevance%7Cauthor%3ADaniel%2BBalageas
https://www.wiley.com/en-in/search?pq=%7Crelevance%7Cauthor%3AClaus-Peter%2BFritzen
https://www.wiley.com/en-in/search?pq=%7Crelevance%7Cauthor%3AClaus-Peter%2BFritzen
https://www.wiley.com/en-in/search?pq=%7Crelevance%7Cauthor%3AAlfredo%2BG%26%23252%3Bemes
https://www.wiley.com/en-in/search?pq=%7Crelevance%7Cauthor%3AAlfredo%2BG%26%23252%3Bemes
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3ADouglas%2BAdams
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3ADouglas%2BAdams
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=P.%2BPurushothama%2BRaj&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=P.%2BPurushothama%2BRaj&search-alias=stripbooks
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Ph.D  Semester 2 Teaching Scheme Evaluation Scheme 

Subject Name Deep Learning L T P Credits CCE SEE 

Subject Code Code will be provided by SU 4 0 0 4 50 50 

Type of course PhD Credit Course 
CCE : Continuous and Comprehensive Evaluation 

SEE : Semester End Evaluation 

Prerequisite Knowledge of Linear Algebra, Probability theory 

Rationale 

Deep Learning has received a lot of attention over the past few years to solve a wide 
range of problems in Computer Vision. The availability of huge volume of Image and 
Video data over the internet has made the problem of data analysis and interpretation 
a really challenging task. Deep Learning has proved itself to be a possible solution to 
such Computer Vision tasks. This course covers learning approaches and then moves to 
the modern Deep Learning architectures like Convolutional Neural Networks, 
Autoencoders etc. 

 

Course Outcomes (COs): At the end of the course, students will be able to 
Marks % 

Weightage 

CO – 1 Explain Neural network architecture, key concepts and back propagation learning 

algorithm 

15 

CO – 2 Use building blocks of CNN for Deep neural network 25 

CO – 3 Apply transfer learning concept for different applications using different CNN 

architectures. 

15 

CO – 4 Examine various optimization techniques to make Deep learning models efficient. 20 

CO – 5 Design deep learning model for the real world application.  25 

 

Course Contents 

Unit Content 
Tentative 
Teaching 

Hours 

Tentative 
Unit 

Weightage 

1 Introduction to Neural Network:  Expressing linear perceptron as 
neurons, Linear neurons and their limitations, Nonlinear functions, 
Multilayer Perceptron, Feed Forward Neural Networks, Loss function, 
Propagation Learning, Supervised and Unsupervised learning. 

15 25% 

2 Training Feed forward neural network: Gradient Descent, batch 
optimization, back propagation algorithm, Test set, Validation Set, 
Overfitting in deep neural network. 

7 12% 

3 Introduction to Deep Learning: Bayesian Learning, Decision Surfaces, 
Linear Classifiers, Feature descriptor, Discriminate function. 

8 14% 

4 Convolutional Neural Network (CNN): Shortcomings of feature 
selection, Filters and Feature Maps, Building blocks of CNN - 
Convolution layer, Max pooling, Visualizing learning in CNN. 

20 33% 
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Popular CNN architecture: LeNet, AlexNet, VGG16, GoogleNet, ResNet 
etc., Vanishing Gradient, Transfer Learning, Auto encoder. 

5 Effective training in Deep Net, L2 regularization, Early stopping, 
Dataset augmentation, Applications of Deep Learning. 

10 16% 

 

Suggested Specification table with Marks 

% Distribution of Marks 

R Level U Level A Level N Level E Level C Level 

10% 20% 20% 10% 20% 20% 

Legends: R: Remembrance, U: Understanding; A: Application, N: Analyze, E: Evaluate C: Create and above 
Levels (Revised Bloom’s Taxonomy) 

 

Recommended Reference Books 

1 B. Yegnanarayana, Artificial Neural Networks, Prentice-Hall of India, 2006. 

2 Christopher M. Bishop, Pattern Recognition and Machine Learning, Springer-Verlag, New York, 2013. 

3 Nikhil Buduma, Fundamentals of Deep Learning, Shroff Publishers & Distributors Pvt. Ltd., 2017. 

 

CO-PO-Mapping 

CO 
PO 

1 

PO 

2 

PO 

3 

PO 

4 

PO 

5 

PO 

6 

PO 

7 

PO 

8 

PO 

9 

PO 

10 

PO 

11 

PO 

12 

CO – 1 ✔ ✔           

CO – 2 ✔ ✔           

CO – 3 ✔ ✔           

CO – 4 ✔ ✔  ✔         

CO – 5 ✔ ✔ ✔  ✔      ✔ ✔ 

 

 

List of Open Source/learning website/Other Details if any: 

1. NPTEL course on: Deep Learning (IIT Kharagpur, Prof. P. K. Biswas 

(https://nptel.ac.in/courses/106105215) 

2.  NPTEL course on: Deep Learning- Part 1, IIT Ropar (https://nptel.ac.in/courses/106106184) 
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Ph.D  Semester 2 Teaching Scheme Evaluation Scheme 

Subject Name Machine Learning L T P Credits CCE SEE 

Subject Code Code will be provided by SU 4 0 0 4 50 50 

Type of course PhD Credit Course 
CCE : Continuous and Comprehensive Evaluation 

SEE : Semester End Evaluation 

Prerequisite Artificial Intelligence, Probability Theory 

Rationale 

Machine Learning is a branch of Artificial Intelligence that allows computers to learn 
and improve automatically with experience. There has been a huge increase in both 
scientific and e-commerce driven data generation in recent times. This has led to 
increased focus on disciplines like machine learning and data analytics. Machine 
learning can be used to solve real world problems that require classification, prediction, 
pattern mining and trend detection. This course aims to cover important aspects of 
problem representation, data pre-processing, hypothesis evaluation and modeling 
using machine learning algorithms which are useful to the student in research. 

 

Course Outcomes (COs): At the end of the course, students will be able to 
Marks % 

Weightage 

CO – 1 Explain machine learning methods useful for generating models from data  30 

CO – 2 Describe various issues in machine learning  20 

CO – 3 Apply various data pre-processing techniques to prepare datasets for learning. 20 

CO – 4 Use the algorithms for a real world problem, optimize the model learned and 
estimate the accuracy that can be achieved by applying the model 

30 

 

Course Contents 

Unit Content 
Tentative 
Teaching 

Hours 

Tentative 
Unit 

Weightage 

1 Introduction to Machine Learning, Defining a learning problem, 

Designing a machine learning system- Choosing training experience, 

Choosing and representing a target function, supervised and un-

supervised learning, Model evaluation; Issues in Machine Learning 

reported in contemporary literature 

12 20% 

2 Data Pre-processing: Data Cleaning- removing noise, substitution of 

missing values, Data Normalization, Data Discretization 

06 10% 

3 The Inductive Learning Hypothesis, Inductive Bias, Sampling, 

Hypothesis Evaluation,  Comparing learning algorithms 

08 14% 

4 Bayesian Learning- Probability and Bayes’ theorem, Maximum 

Likelihood Estimation, naïve Bayesian classifier, Bayesian Networks; 

12 20% 
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Decision Tree Learning- Algorithms for generating Decision trees, 

Inductive bias in decision tree learning, stopping criterion, handling 

missing values, overfitting and pruning of decision trees 

5 Artificial Neural Networks- Perceptrons, activation function, 

multilayer network, network topology, parameter tuning, 

Backpropagation; Support Vector Machines- Linear discriminant, 

separating hyperplane, Maximum Margin Hyperplane, Support 

Vectors 

12 20% 

6 Applications of Machine Learning, Case Studies 10 16% 

 

Suggested Specification table with Marks 

% Distribution of Marks 

R Level U Level A Level N Level E Level C Level 

20% 20% 20% 10% 20% 10% 

Legends: R: Remembrance, U: Understanding; A: Application, N: Analyze, E: Evaluate C: Create and above 
Levels (Revised Bloom’s Taxonomy) 

 

Recommended Reference Books 

1 Tom M. Mitchell, Machine Learning, McGraw Hill, 1997. 

2 Christopher M. Bishop, Pattern Recognition and Machine Learning, Springer, 2006. 

3 Jiawei Han and Micheline Kamber, Data Mining: Concepts and Techniques, 2nd Edition, Morgan 

Kaufmann Publishers, 2006. 

4 Peter Flach, Machine Learning: The Art and Science of Algorithms that Make Sense of Data, 

Cambridge University Press, 2012. 

5 John D. Kelleher, Brian Mac Namee, and Aoife D'Arcy, Fundamentals of Machine Learning for 

Predictive Data Analytics, 2nd Edition, MIT Press, 2020. 

 

CO-PO-Mapping 

CO 
PO 

1 

PO 

2 

PO 

3 

PO 

4 

PO 

5 

PO 

6 

PO 

7 

PO 

8 

PO 

9 

PO 

10 

PO 

11 

PO 

12 

CO – 1 ✔ ✔ ✔        ✔ ✔ 

CO – 2 ✔ ✔ ✔        ✔ ✔ 

CO – 3 ✔ ✔ ✔        ✔ ✔ 

CO – 4 ✔ ✔ ✔ ✔ ✔ ✔ ✔    ✔ ✔ 

 

List of Open Source/learning website/Other Details if any: 

1. NPTEL course on: Introduction to Machine Learning (https://nptel.ac.in/courses/106106139) 

2. NPTEL course on: Machine Learning (https://nptel.ac.in/courses/106106202) 

 

https://nptel.ac.in/courses/106106139
https://nptel.ac.in/courses/106106202
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Ph.D  Semester 2 Teaching Scheme Evaluation Scheme 

Subject Name Data Science for Engineers L T P Credits CCE SEE 

Subject Code Code will be provided by SU 4 0 0 4 50 50 

Type of course PhD Credit Course 
CCE : Continuous and Comprehensive Evaluation 

SEE : Semester End Evaluation 

Prerequisite Statistics 

Rationale 

This course introduces the mathematical foundations required for data science. As part 
of this course, students will learn the framework for solving problems requiring data 
analytics. This course also introduces ‘R’ programming language. Students will be able 
to solve predictive problems on real time data after learning this course. 

 

Course Outcomes (COs): At the end of the course, students will be able to 
Marks % 

Weightage 

CO – 1 Describe a flow process for data science problems 20 
CO – 2 Classify data science problems into standard typology 20 
CO – 3 Develop R codes for data science solutions 20 
CO – 4 Correlate results to the solution approach 15 
CO – 5 Assess the solution approach 15 
CO – 6 Construct use cases to validate approach and identify modifications required 10 

 

Course Contents 

Unit Content 
Tentative 
Teaching 

Hours 

Tentative 
Unit 

Weightage 

1 Course philosophy and expectation, Introduction to R, Variables and 

data types in R, Data frames, Recasting and joining of data frames, 

Arithmetic, Logical and Matrix operations in R, Advanced 

programming in R : Functions, Control structures, Data visualization in 

R Basic graphics 

8 14% 

2 Linear Algebra for Data science, Solving Linear Equations, Linear 

Algebra - Distance, Hyperplanes and Halfspaces, Eigenvalues, 

Eigenvectors 

6 10% 

3 Statistical Modelling, Random Variables and Probability Mass/Density 

Functions, Sample Statistics, Hypotheses Testing 

6 10% 

4 Optimization for Data Science, Unconstrained Multivariate 

Optimization, Gradient Descent, Learning Rule 

6 10% 

5 Multivariate Optimization With Equality Constraints, Multivariate 

Optimization With Inequality Constraints, Introduction to Data 

Science, Solving Data Analysis Problems - A Guided Thought Process 

6 10% 
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6 Module: Predictive Modelling, Linear Regression, Model Assessment, 

Diagnostics to Improve Linear Model Fit, Simple Linear Regression 

Model Building, Simple Linear Regression Model Assessment, Multiple 

Linear Regression 

6 10% 

7 Cross Validation, Multiple Linear Regression Modelling Building and 

Selection, Classification, Logistic Regression, Performance Measures, 

Logistic Regression Implementation in R 

6 10% 

8 K - Nearest Neighbors (kNN), K - Nearest Neighbors implementation in 

R, K - means Clustering, K - means implementation in R 

6 10% 

9 Applications of Data Science, Challenges reported in contemporary 

literature, Case Studies 

10 16% 

Suggested Specification table with Marks 

% Distribution of Marks 

R Level U Level A Level N Level E Level C Level 

20% 20% 20% 15% 15% 10% 

Legends: R: Remembrance, U: Understanding; A: Application, N: Analyze, E: Evaluate C: Create and above 
Levels (Revised Bloom’s Taxonomy) 

Recommended Reference Books 

1 Gilbert Strang, Introduction to Linear Algebra, 5th Edition, Wellesley Publishers, 2016. 

2 Douglas Montgomery, Applied Statistics and Probability for Engineers, 6th Edition, Wiley, 2016. 

3 Peter Bruce and Andrew Bruce, Practical Statistics for Data Scientists, 2nd Edition, O’Reilly Media, 

2017. 

4 Allen B. Downey, Think Stats: Probability and Statistics for Programmers, 2nd Edition, Green Tea 

Press, Needham, Massachusetts, 2014. 

5 John Muller, Data Science for Dummies, 2nd Edition, Wiley, 2017. 

6 James D. Miller, Statistics for Data Science, Packt, 2017. 

 

CO-PO-Mapping 

CO 
PO 

1 

PO 

2 

PO 

3 

PO 

4 

PO 

5 

PO 

6 

PO 

7 

PO 

8 

PO 

9 

PO 

10 

PO 

11 

PO 

12 

CO – 1 ✔ ✔           

CO – 2 ✔ ✔ ✔          

CO – 3   ✔ ✔ ✔        

CO – 4   ✔ ✔ ✔       ✔ 

CO – 5   ✔ ✔ ✔ ✔ ✔     ✔ 

CO – 6  ✔ ✔ ✔ ✔ ✔ ✔     ✔ 

 

List of Open Source/learning website/Other Details if any: 

1. NPTEL course on: Data Science for Engineers (https://onlinecourses.nptel.ac.in/noc23_cs17/preview) 


