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Course Objectives: 

1. To impart the basic knowledge of the DC and AC circuits and their applications.
1. To familiarize the students with the basic knowledge of magnetic circuits and its terminology, the importance of transformers in transmission and distribution of electric power.
1. To expose the students to the working of DC Machine, various electronic circuits and its importance.

Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Solve  DC& AC circuits by applying fundamental laws & theorems
	Skill Development

	2
	Analyze the response of linear electrical and magnetic circuits for given input
	Skill Development

	3
	Explain the working principle, construction, applications of rotating electrical machines 
	Skill Development

	4
	Explain the working principle, constructional details, losses & applications of single phase transformer.
	Skill Development

	5
	Select the logic gates for various applications in digital electronic circuits.
	Skill Development

	6
	Explain characteristics of Diode and Transistor.
	Skill Development



Unit I - D.C. Circuits Analysis:
Voltage and Current Sources: Dependent and independent source, Source conversion, Kirchhoff’s Law, Mesh and Nodal analysis. Network theorems: Superposition theorem, Thevenin’s theorem & Norton’s theorem and their applications. 

Unit II –Single-phase AC Circuits:
 Generation of sinusoidal AC voltage, definitions: Average value, R.M.S. value, Form factor and Peak factor of AC quantity, Concept of Phasor, analysis of R-L, R-C, R-L-C Series and Parallel circuit, Power and importance of Power factor.

Unit III- Magnetic Circuits: 
Basic definitions, AC excitation in magnetic circuits, self-inductance and mutual inductance, Induced voltage, laws of electromagnetic Induction, direction of induced E.M.F. Flux, MMF and their relation, analysis of magnetic circuits. 

Unit IV- Single-phase Transformer &Rotating Electrical Machines: 
Single phase transformer, Basic concepts, construction and working principal, Ideal Transformer and its phasor diagram at No Load, Voltage, current and impedance transformation, Equivalent circuits and its Phasor diagram, voltage regulation, losses and efficiency, testing of transformers, Construction & working principle of DC and AC machine.
Unit V - Digital Electronics, Devices & Circuits:
Number systems used in digital electronics, decimal, binary, octal, hexadecimal, their complements, operation and conversion, Demorgan’s  theorem, Logic gates- symbolic representation and their truth table, Introduction to semiconductors, Diodes, V-I characteristic, Bipolar junction transistors and their working, Introduction to CB, CE & CC transistor configurations

Recommended Books:

1. Basic Electrical and Electronics Engineering, Tata McGraw Hill - D.P. Kothari & I.J. Nagrath
1. Basic Electrical and Electronics Engineering, Tata McGraw Hill – V N Mittle& Arvind Mittal
1. Electrical Machinery- A.E. Fitzgerald, C. Kingsley and Umans - TMH
1. Principles of Electrical Engineering- Vincdent Del Toro- Prentice Hall. 
1. Basic Electrical engineering -A,E. Fitzgerald, Higginbotham and Grabel -TMH
1. Integrated Electronics- Millmann&Halkias
1. Electronics Devices & circuits- Sanjeev Gupta, Dhanpat Rai Publication
1. Basic Electrical and Electronics Engineering, Tata McGraw Hill - D.C Kulshreshtha
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Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Verify circuit theorems.
	Skill Development

	2
	Perform tests on transformer for determination of losses, efficiency & polarity.
	Skill Development

	3
	Demonstrate the constructional features of electrical machines
	Skill Development

	4
	Acquire teamwork skills for working effectively in groups
	Skill Development


LIST OF EXPERIMENT

1. To verify Kirchhoff’s Current Law & Kirchhoff’s Voltage Law.
2. To verify Superposition Theorem
3. To determine resistance & inductance of a choke coil.
4. To determine active & reactive power in a single phase A.C circuit.
5. To determine voltage ratio & current ratio of a single phase transformer.
6. To determine the polarity of a single phase transformer.
7. To perform open circuit & short circuit test on a single phase transformer.
8. To study multimeter& measure various electrical quantities
9. To study of constructional details of DC machine.
10. To determine the V-I characteristics of diode in forward bias & reverse bias condition.
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Course Objectives:
The Objective is to familiarize the students with different types of Engineering materials and their use in the field of Electrical Engineering.
Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Describe the properties and applications of conducting materials.
	Skill Development

	2
	Explain behavior of semiconductor materials, their classification and applications.
	Skill Development

	3
	Select appropriate Magnetic materials for given applications. 
	Employability Development

	4
	Explain dielectric materials, their behavior in different fields, polarization and dielectric losses
	Skill Development

	5
	Select appropriate insulating material depending upon specific requirement
	Employability Development



Unit I. Conducting Materials: The conductivity of metals and alloys, Generals properties, Classification of conducting materials, Low resistivity and high resistivity materials, their properties and applications, Electrical and mechanical properties and applications of Cu, Al, Steel, ACSR conductor, AAAC conductor, Tungsten, Molybdenum, Platinum, mercury, lead, manganin, metals and Alloys for fuses, superconductivity and its applications. 
Unit II. Semiconductor Materials: Classification of materials based on atomic structure, conductors, insulators and semiconductors, Electron energy and energy band theory, Semiconductor materials, Intrinsic semiconductors, Extrinsic semiconductor, N type materials, P type materials, minority and majority carriers. Formation of PN junction by alloying, Merits of semiconductor materials for use in electrical Engg., Factors affecting semiconductors, application of semiconductor materials, Hall effect with mathematical treatment. 
Unit III. Magnetic Materials: Different terms associated with magnetic materials. Classification of magnetic materials, Diamagnetic, Paramagnetic and ferromagnetic materials, Curie point, Magnetostriction, electromagnet and its uses, Magnetization curve, Hysteresis and eddy current loss, Soft and hard magnetic materials, their properties and applications, its advantage and disadvantages, requirements of magnetic materials for use in Electrical machines, Magnetic anisotropy, Spontaneous magnetization. 
Unit IV. Dielectric materials: Behavior of dielectrics in static and alternating fields, polarization, Dielectric constant of mono atomic gases, ionic polarization, Dipolar polarization, internal fields in solids and liquids, Polaris ability, Frequency dependence of electronic polarization, permittivity, dielectric losses, significance of the loss tangent dipolar relaxation, Ferro electricity, piezoelectricity.
Unit V. Insulating materials: General electrical, mechanical, thermal and chemical properties of insulating materials, classification of insulating materials on the basis of temperature rise. Gaseous insulating materials properties and application of nitrogen, liquid insulating materials, their main features, Transformer oil, testing the dielectric strength of transformer oil.Ferrous metals and non ferrous metals.

Recommended Books:
1. Science Of Engineering Materials By C.M.Srivastava&C.Srinivasan,New Age International Publisher,2010.
2. A Text Book Of Electrical Engineering Materials By P.L. Kapoor, Khanna Publication,2016 
3. Electrical Engineering Materials By A.J. Dekker, PHI,2015
4. An Introduction To Electrical Engineering Materials By C.L. Indulkar, S. Thiravengadam, S. Chand & Co,2006
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Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Identify different types of electrical loads 
	Skill Development

	2
	Apply illumination standards and safety practices for various applications 
	Skill Development

	3
	Select cables, switches and protective devices for specific applications 
	Employability Development

	4
	Develop teamwork skills for working effectively in groups
	Skill Development

	5
	Prepare the technical report on experiments conducted in the lab
	Employability Development




LIST OF EXPERIMENTS

1. To get familiarized with the testing bench
1. To identify and test different types of cables and connectors
1. To identify and use different types of Fuses, MCB, ELCB, MCCB, Insulators and relays with their ratings
1. To design basic electronic circuits using soldering and analyze their waveforms
1. To get familiarized with safety practices and maintenance techniques followed in Industries
1. To determine Realtime domestic and industrial electrical load
1. To understand and demonstrate process of electrical power generation, transmission and distribution in co-relation with real time power grid
1. To determine Lux for different applications as per illumination requirements (BEE Standards)
1. To measure phase and line parameters of a three phase AC circuit
1. To get familiarized with different types of earthing and earth resistance determination
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Course Objectives: 
· To provide the knowledge of electromagnetic fields and its use in understanding the working principles of various power apparatus and machines. 
· To lay the foundations of electromagnetism and its practice in modern communications such as wireless, guided wave principles etc. 
· To provide the basic concepts of vectors and fields, electrostatics, electric current flow, magnetic fields, Maxwell’s equations, and electromagnetic wave propagation. 
Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Apply vector calculus to understand the behavior of static electric fields in engineering configuration
	Skill Development

	2
	Describe Maxwell’s equations in differential and integral forms and apply them to diverse engineering problem
	Skill Development

	3
	Formulate engineering problems of Electromagnetic, Electrostatic and Magnetic to Static circuits using Basic relations
	Skill Development

	4
	Explain the nature of Electromagnetic wave propagation and wave polarization.
	Skill Development

	5
	Solve engineering problems of Electromagnetic.
	Skill Development



Unit I: Electrostatics – I
Sources and effects of electromagnetic fields – Coordinate Systems –Vector fields –Gradient, Divergence, Curl – theorems and applications - Coulomb’s Law – Electric field intensity –Field due to discrete and continuous charges – Gauss ‘s law and applications.
Unit II: Electrostatics – II
Electric potential – Electric field and equipotential plots, Uniform and Non-Uniform field, Utilization factor – Electric field in free space, conductors, dielectrics - Dielectric polarization- Dielectric strength- Electric field in multiple dielectrics – Boundary conditions, Poisson’s and Laplace’s equations, Capacitance, Energy density, Applications.
Unit III: Magnetostatics
Lorentz force, magnetic field intensity (H) – Biot Savart’s Law -Ampere’s Circuit Law – H due to straight conductors, circular loop, infinite sheet of current, Magnetic flux density (B) – B in free space, conductor, magnetic materials – Magnetization, Magnetic field in multiple media – Boundary conditions, scalar and vector potential, Poisson’s Equation, Magnetic force, Torque, Inductance, Energy density, Applications.’
Unit IV: Electrodynamic Fields
Magnetic Circuits - Faraday’s law – Transformer and motional EMF –Displacement current Maxwell’s equations (differential and integral form) – Relation between field theory and circuit theory – Applications.
Unit V: Electromagnetic Waves
Electromagnetic wave generation and equations – Wave parameters; velocity, intrinsic impedance, propagation constant – Waves in free space, lossy and lossless dielectrics, conductors- skin depth – Pointing vector – Plane wave reflection and refraction – Standing Wave –Applications.
Recommended Books:
1. Electromagnetic Fields by P.V. Gupta, Dhanpat Rai.
2. Element of Engineering Electromagnetic by N.N. Rao, PHI.
3. Engineering Electromagnetic by William H. Hayt; TMH.
4. Electromagnetic by John D. Kraus, TMH.
5. Electromagnetic Field by S.P. Seth, Dhanpat Rai & Sons
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Course Objectives
· To give an overview of current, voltage and power measuring electrical, electronics and digital instruments.
· To expose the students to the design of bridges for the measurement of resistance, capacitance and inductance.
· To provide the working knowledge of various waveform generators, analyzers and display devices and give an overview of test and measuring instrumen
Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the basic concepts of electrical and electronic measurement and measuring instruments. 
	Skill Development

	2
	Determine errors in a measurement system
	Employability

	3
	Suggest extension of instrument range using shunt and multipliers, CT and PT 
	Employability

	4
	Describe the construction and working of AC and DC bridges and their applications
	Skill Development

	5
	Describe digital measuring instrument, signal Generator, CRO for appropriate measurement 
	Skill Development


Unit I Basic Measurement Concepts
Static and dynamic characteristics, units and standards of measurements, error analysis, Statistical evaluation of measurement data, Standards and calibration
Unit II Electrical measurements 
General features and Classification of electromechanical instruments. Principles of Moving coil, moving iron, dynamometer type, rectifier type, thermal instruments. Extension of instrument range: shunt and multipliers, CT and PT. Measurement of Power: Electrodynamic wattmeter’s, Low Power Factor (LPF) wattmeter, errors, calibration of wattmeter. Single and three phase power measurement
Unit III Measurement of resistance, inductance and capacitance
Low, high and precise resistance measurement, Megger, Ohmmeters, Classical AC bridges: Inductance and capacitance measurements. Detectors in bridge measurement, Measurement of Frequency: Wien’s Bridge
Unit IV Electronic and digital measurements
ADC and DAC, Electronic voltmeter, Digital instruments: current, Digital voltmeter, Digital LCR meter, Q-Meter, Digital wattmeter and energy meters. Function generators, Signal generators, Waveform analyzers, Spectrum analyzers, Distortion analyzers, LED, LCD and Organic LED displays, Oscilloscope.
Unit V Principle of Sensing & Transduction
Mechanical and Electromechanical Transducer, Resistive (potentiometric type), Strain gauge, Inductive Transducer: common types- Reluctance change type, LVDT, Capacitive Sensors, Thermal Sensors, Magnetic Sensors, Proximity Sensor, Piezoelectric Effect
Text and Reference Books:
1. A.K. Sawhney, “A Course in Electrical & Electronic Measurements & Instrumentation”, Dhanpat Rai & Sons, Jan 2015.
2. J.B. Gupta, “A Course in Electronics & Electrical Measurements & Instrumentation”, S.K. Kataria& Sons, 2008.
3. E. W. Golding's &F.C.Widdis, Electrical Measurements and Measuring Instruments, 6th Edition, (Revised & Enlarged): With Solved Examples & MCQ's (In M.K.S. Units), Medtech, Jan 2019.
4. Ernest O Doebelin and Dhanesh N Manik,” Measurements systems Application and design”, McGraw Hill publication, 5th Edition, 2015.
5. H. S. Kalsi, Electronic Instrumentation, McGraw Hill Education; 3rd Edition, 2017
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Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Handle an instrument and perform basic calibration
	Skill Development

	2
	Estimate the deviations in measurements due to possible errors and measures to minimize them based on their characteristics.
	Employability

	3
	Measure unknown resistance, inductance and capacitance
	Skill Development

	4
	Acquire teamwork skills for working effectively in groups 
	Skill Development

	5
	Prepare technical report on experiments conducted in the lab.
	Skill Development



LIST OF EXPERIMENTS
1. Study of different types of multimeter and measurements of various electrical quantities using them.
2. Handling of CRO and function generator
3. Measurement of low resistance using Kelvin’s Double Bridge method
4. Measurement of inductance by Hay’s bridge.
5. Measurement of capacitance using De Sauty’s Bridge.
6. Measurement of medium resistance using Wheatstone Bridge.
7. Measurement of earth resistance using earth tester.
8. Determination of characteristics of Thermistor using VCL and transducer trainer.
9. Determination of characteristics of RTD using VCL and transducer trainer.
10. Calibration of single-phase AC energy meter by direct loading method.
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Course Objectives: 
· To make the students capable of analyzing any given electrical network, the balanced and unbalanced three phase circuits, 
· understand the graph theory for solving various electrical circuits, understand the concepts of transients and relate two port parameters.
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Apply different networks laws & theorems for solving AC and DC electric networks.
	Skill Development

	2
	Solve series/parallel resonant and magnetically coupled circuits
	Skill Development

	3
	Solve three-phase circuits under balanced & unbalanced conditions
	Skill Development

	4
	Evaluate transient response behavior of a network for given initial conditions  
	Employability

	5
	Compute the two-port parameters for given two port networks
	Employability



Unit I: Overview of DC and AC Circuits
 Kirchhoff’s voltage and current laws, network theorems viz. Thevenin’s, Norton’s, Superposition, Maximum power Transfer, Reciprocity, Substitution, Compensation, Miliman’s and Tellegen’s Theorem. 
Unit II: Coupled Circuit and Resonance
Magnetic coupling, mutual inductance and its sign convention, coefficient of mutual inductance, transformer as a coupled circuit, singly and doubly tuned circuit, critical coupling, series and parallel resonance, bandwidth selectivity and half power points, Analysis of series and parallel circuit.
Unit III: Two Port Network
The concept of complex frequency, Concept of Ports. Two port parameters e.g. z-parameter, y-parameters, ABCD and inverse ABCD parameters, h and g parameters and their determination, Ladder network, condition for reciprocity and Symmetry in two port parameter representation, Inter-relationships between parameters of two port network, Interconnections of two port networks.
Unit IV: Three Phase Circuit
Unbalanced 3 phase circuit, balanced and unbalanced star (with or without neutral) and delta connected load.
Introduction to Graph theory: Concept of Network graph, Tree, Tree branch & link, Incidence matrix, cut set and tie set matrix.
Unit V: Transient
Initial condition, Laplace analysis, Theorem shifting, scaling, initial and final value and convolution theorem. Transient response of RL, RC and RLC circuit, time constant, Equivalents of charged inductor and capacitor, discharge of condenser, damped and oscillatory circuit Response of the network with impulse, Unit step and Ramp excitation, wave form synthesis, AC transients (RLC circuit response to sinusoidal voltage) 

Recommended Books:
1. Network Analysis by ME Van Valkenburg , PHI Publication.
2. Circuit Analysis by A. Chakrawarti,Dhanpat Rai Publication.
3. Network Analysis and Synthesis by C.L. Wadhwa, New Age International Publication.
4. Network Analysis and Synthesis Pankaj Swarnkar, Tech India Publication.
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Course Objectives:
· The course intends to provide an understanding of the principles, operation and application of the analog building blocks like diodes, BJT, FET etc. for performing various functions
· Use of   simple models and equations to illustrate the concepts involved, an overview of different amplifiers and oscillators and the knowledge about practical analog circuits.
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain working principles of electronic devices e.g. Diode, Zener Diode, LED, Rectifiers, Transistor, Power Amplifier, Oscillator and Op-Amp.
	Skill Development

	2
	Explain working principles of the diode, Power Amplifier, Oscillators and Op-Amp and transistor Biasing.
	Skill Development

	3
	Explain the characteristics of Diode, Transistor, Power Amplifier and Op-amp.
	Skill Development

	4
	Describe the mathematical model of transistor e.g. Hybrid model, re model.
	Skill Development

	5
	Develop an ability and skill to design different types of diode rectifier, transistor biasing, oscillators and timer circuit.
	Employability



Unit I: Special Diodes
LED, Varactor diode, Photo diode, Schottky diode, Tunnel diode; their characteristics and applications. Rectifiers, Characteristics of diodes, BJT, MOSFET.
Unit II: Transistor Biasing
CE, CB and CC configuration, Input output characteristics, Operating point Transistor load line, Transistors as a switch. Frequency Response: Amplifier transfer function, low and high frequency response of common emitter and common base configuration. 
Unit III: Transistors Amplifier
Small Signal BJT amplifiers: AC equivalent circuit, hybrid model and their use in amplifier design. Multistage amplifiers, frequency response of basic & compound configuration, Power amplifiers; Class A, B, AB, & C Amplifier.
Unit IV: Feedback & Oscillator Circuits
 Effect of positive and negative feedbacks, basic feedback & their properties, Analysis of practical feedback amplifiers, Sinusoidal Oscillators, Crystal Oscillators, tuned oscillators- collpits and Hartley, Multivibrators, 555 timer.
Unit V: Operational Amplifiers
Op-Amp Basics, Op-amp parameters characteristics ideal and practical Op-Amp circuits, differential and Common mode operation, Inverting &Non-Inverting operational Amplifier, Log and Antilog Op-Amp, Op-Amp applications.
Recommended Books:
1. Microelectronics Circuits by A.S. Sedra& K.C. Smith, Oxford University Press (1997) 
1. Electronic Principles by A.P. Malvino, Tata Mcgraw Hill Publications 
1. Electronic Devices & Circuit Theory by Robert L. Boylestad& Louis Nashelsky, 
1. Digital Electronics by William Kleitz, Prentice Hall International Inc. 
1. Introduction to Semiconductor Materials and Devices by M. S. Tyagi, , John Wiley & Sons Inc
1. Introduction to Electronic Devices Michael Shur by John Wiley & Sons Inc., 2000. 
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Course Objectives:  
· To introduce the fundamental concepts and techniques associated with the digital logic, circuit design and microprocessor. To minimize the logical expressions using Boolean postulates, Karnaugh method, and   Quine-McCluskey method.
· To Familiarize with the digital integrated circuits and 8085 microprocessors.
· To design various combinational and sequential circuits. 
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the concept of different Number systems, logic family and Microprocessor.
	Skill Development

	2
	Design the logic expressions using logic gates after simplifying the expression using Boolean laws, K-map and Quine-McCluskey method.
	Employability

	3
	Design different types of combinational logic circuits using basic and universal gates.
	Employability

	4
	Explain the concepts of sequential circuits and basic memory devices.
	Skill Development

	5
	Describe the working of logic families such (RTL, TTL, ECL, and C-MOS).
	Employability

	6
	Describe an 8-bit microprocessor architecture & explain the concepts of memory and I/O interfacing with microprocessor.
	Skill Development


 
Unit- I  Number System, Binary Codes and Boolean Algebra: Basics of number system. Excess-3, Gray, Cyclic and ASCII codes, Binary Arithmetic, Signed and unsigned representation, 1’s and 2’s compliment representation. Logic gates, Laws of Boolean algebra, Logic diagrams, Universal gates,
Unit- II  Boolean minimization and Combinational Logic Circuits: Minterms and Maxterms, sum-of -product (SOP) form, product of sum (POS) form and Karnaugh mapping, Quine-McCluskey method of minimization, Simplification by Boolean theorems, Encoders, Decoders, Multiplexers, Demultiplexer, Code Convectors, Parity Checker Generator, Arithmetic Circuit like Adder etc.
Unit- III  Sequential circuits: SR, JK, T, D and Master-Slave Flip-Flops - operation, transition and excitation tables, timing diagrams, Design of counters - Ripple counters, Ring counters, Modulo N counters, Shift registers, Universal registers, Semi-conductor memories, Programmable Logic Devices, Programmable Logic Array (PLA), Programmable Array Logic (PAL). 
Unit- IV   Digital Integrated Circuits: Diode as switch, Bipolar transistor as switch, FET as switch, Digital integrated circuits: Logic levels, propagation delay, power dissipation, fan-out and fan-in, noise margin, logic families and their characteristics-RTL, TTL, ECL, CMOS.
Unit- V  Intel 8085 Microprocessor: Introduction to 8-bit 8085 microprocessor, Architecture of 8085 microprocessors, Pin Configuration, instruction set and Addressing modes, General application program. 
Recommended Books: 
1. Digital Computer and Electronics by Malvino, brown, TMH Publishing company 
2. Digital Design by Morris Mano, Pearson Education  
3. An Introduction to Digital Computer Design by V. Rajaraman, and Radhakrishnan, 3rd Edn.. PH1.  
4. Digital Principles and Applications by A.P. Malvino and B.P. Leach 4th Edn McGraw Hill.  
5. Microprocessor & Interfacing by D.V. Hall, McGraw Hill International Edition. 
6. Microprocessor Architecture, Programming and Applications by Gaonkar, Wiley Eastern Ltd. 
7. Introduction to Microprocessors by A.P. Mathur, McGraw Hill International Edition. 
[bookmark: _Toc143755693]Digital Electronics & Microprocessor Lab: 130411

Course outcomes focused on employability/entrepreneurship and skill development

	S No.
	Course Outcome (CO)
	Mapping

	1
	Develop skill to build, and troubleshoot digital circuits.
	Skill Development

	2
	Demonstrate the troubleshooting techniques to test digital circuits.
	Skill Development

	3
	Prepare and present an organized written engineering report on electronic testing of digital circuits.
	Skill Development

	4
	Develop the ability to work is team and learns professional ethics.
	Skill Development




List of Experiments

1. Verification of truth tables of
(a) OR, AND, NOT gates (By using 7400-series)
(b) NAND & NOR gates.
(c) EX-NOR & EX-OR gates.

2. Verification of De-Morgan's Theorem using ICs.
3. Implementations of Multiplexer &Demultiplexer using logic gates (ICs) and verify truth table.
4. Implementations of Encoder & Decoder using logic gates (ICs) and verify truth table.
5. Implementations of Half Adder & Full Adder using logic gates (ICs) and verify truth table.
6. Implementations of Half Subtractor & Full Subtractor using logic gates (ICs) and verify truth table.
7. Implementation of Binary to Gray Code & Excess- 3 to BCD Converter using logic gates.
8. Operation and verifying truth tables of flip- flops- RS, D, and JK using ICs.
9. To perform addition & subtraction of two 8 bit numbers using 8085.
10. To perform the multiplication & division of two 8 bit numbers using 8085.
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Course Objectives:
· To develop basic concepts of AC and DC machines, their constructional details and working principles and
·  To familiarize the students with the practical applications and operational issues of transformer, induction motor and DC machines.
Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the principles and construction of different AC and DC machines.
	Skill Development

	2
	Discuss the fundamental control practices such as starting, reversing, braking, plugging etc. associated with AC and DC machines.
	Employability

	3
	Analyze the performance of AC and DC machines.
	Employability

	4
	Develop the equivalent circuits and compute the induced emf, torque, efficiency, losses etc.
	Skill Development

	5
	Describe various tests conducted for evaluating the performance of AC and DC machines.
	Skill Development

	6
	Evaluate the performance of machines under different operating conditions. 
	Skill Development



Unit- I Basic Concepts of Rotating Electrical Machines: Physical concepts of torque production. Electromagnetic and reluctance torque, Constructional features of rotating machines i.e. DC machine. Induction machine and synchronous machine.EMF generation in dc and ac machines, MMF production on a distributed winding, Production of rotating magnetic field.  AC & DC windings short pitching and distribution of winding. Fractional slot winding. Winding factors & harmonic elimination, Ratings and loss dissipation.
Unit- II D.C. Machines I: Construction of DC Machines, Armature winding, EMF and torque equations, Armature reaction, Commutation, Interpoles and compensating windings, Performance characteristics of DC generators.
Unit- III D.C. Machines II: Performance characteristics of DC motors, Starting of DC motors; 3point and 4 point starters, Speed control of DC motors; Field control, Armature control and Voltage control (Ward Lenonard method); Efficiency and Testing of D.C. machines (Hopkinson’s and Swinburn’s Test).
Unit- IV Single Phase Transformer: Phasor diagram, Efficiency and voltage regulation, All day efficiency. Testing of Transformers-O.C. and S.C. tests, Sumpner’s test, and Polarity test. Auto Transformer- Single phase and three phase auto transformers, Volt-amp relation, Efficiency, Merits &demerits and applications.	
Unit- V Three Phase Induction Motor I: Review of constructional details. Principle of operation, Slip. Production of torque, Steady state analysis. Phasor diagram, equivalent circuit. Power flow diagram and Torque speed characteristics. Starting methods
Recommended Books:
1. Electric Machines by D.P. Kothari & I.J. Nagrath, Tata McGraw Hill
2. Electric Machines by Ashfaq Hussain, Dhanpat Rai & Company
3. Electric Machinery by A.E Fitzerald, Kingsley and S.D. Umans, McGraw Hill.
4. Electrical Machinery by P.S. Bimbhra, Khanna Publisher
5. Generalized Theory of Electrical Machines by P.S. Bimbhra, Khanna Publishers 
6. Alternating Current Machines by M.G.Say, Pitman & Sons
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Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Draw characteristics of electric machine for a specific purpose, requirement.
	Skill Development

	2
	Determine the efficiency of any transformer, regulation of any transformer.
	Skill Development

	3
	Conduct Load sharing by two or more machines
	Skill Development

	4
	Develop the ability to work in team and learns professional ethics
	Skill Development




LIST OF EXPERIMENTS
1. To Perform direct load test on single phase transformer
2. To perform parallel operation on two single phase transformers
3. To obtain magnetization characteristics of DC shunt generator
4. To obtain internal and external characteristics of DC shunt generator
5. To control the speed of DC shunt motor
6. To perform load test on DC shunt motor (Mechanically loaded)
7. To perform load test on DC series motor (Mechanically loaded)
8. To perform load test on DC compound motor (Electrically loaded)
9. To perform Hopkinson’s test on two identical dc machines
10. To perform load test on induction motor
11. To obtain speed torque characteristics of 3 phase induction motor.
12. A virtual lab simulation of conventional electrical machines.










[bookmark: _Toc143755696]Power System -I:130413
Course objectives:
· To Familiarize the students with conventional and Non-Conventional energy sources and their use in electrical power generation.
· To expose the students with Transmission and distribution system, line parameters, performance of transmission lines, power plant economics and different types of tariffs.
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Describe the general structure and supply systems used in power systems 
	Skill Development

	2
	Develop the knowledge of generation of electricity based on conventional and nonconventional energy sources
	Employability

	3
	Evaluate the string efficiency, corona losses etc.
	Employability

	4
	Determine the transmission line parameters 
	Skill Development

	5
	Determine the transmission line parameters 
	Skill Development

	6
	Describe the concept of power plant economics, types of tariffs and power factor economics
	Skill Development


Unit 1:Energy Resources and Electrical Power Generation: Introduction to Conventional and non-conventional energy resources; National and International energy trends; Global warming and greenhouse effects. Generation of electrical power, overview of conventional power generation: Hydro, Thermal, Nuclear and Gas Power; Renewable energy generation.
Unit 2: Transmission and Distribution Systems: Introduction, electrical supply system, comparison of AC and DC systems : conductor volume etc., overhead versus underground systems, choice of working voltages for transmission and distribution, transmission and distribution systems, Overhead line insulators, types of insulators pin, suspension and strain insulators, insulator materials, insulator string; Calculation of voltage distribution and string efficiency, methods of equalizing voltages, use of guard rings. Corona. 
Unit 3: Line Parameters: Types of conductor, Inductance of a conductor due to internal flux, Inductance of a single phase & three phase transmission line, Self & mutual G.M.D., Inductance of three phase symmetrical and unsymmetrical spaced lines, transposed lines. Bundle conductors, skin effect, capacitance of single & three phase transmission line, effect of earth and charging current, transmission line communication and line interference. 
Unit 4: Performance of Overhead Transmission Line: Single line diagram of power system, ABCD constant and equivalent circuits of short, medium and long transmission line, regulation and efficiency of short, medium, transmission line, Ferranti effect, surge impedance loading. Long transmission line, Generalized circuit equation relation between generalized circuit constant for simple network
Unit-5 Power plants Economics and Tariff: Size and number of generating units. Effect of load factor on cost of generation, Load curves, Maximum demand, Load factor, diversity factor, Plant capacity and plant use factor, type of tariffs and economics of power factor improvements. 

Recommended Books: 
1. Electric Power Generation, Transmission and Distribution by S.N. Singh, Prentice Hall of India, 2nd  Edition. 
2. Power system Analysis by A. Husain A, CBS Pub & Distributor. 
3. Power System Analysis by B.R. Gupta B.R, S Chand & Co. 
4. Electrical Power by S.L. Uppal, Khanna Publishers Limited, New Delhi. 
5. Electrical Power Systems by C.L.Wadhwa, New Age International Publishers Ltd., New Delhi



[bookmark: _Toc143755697]Programming with Python (Lab):130414

Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Demonstrate the use of loops & conditional statements in Python
	Skill Development

	2
	Design Python programs to solve real world problem
	Skill Development

	3
	Prepare technical report
	Skill Development



List of Experiments

1. Introduction to Python programming
2. Write a program to create, concatenate and print a string and accessing substring from a given string
3. Write a program in Python for demonstration of list creation and its appending &amp; removal
4. Write a program to demonstrate working with Tuples in python
5. Write a program to demonstrate working with Tuples in python
6. Write a code to create Functions in Python
7. Write a code to demonstrate the use of loops &amp; conditions in Python
8. Write a code to take input from user &amp; then to sort the numbers using Python
9. Write a python program to convert temperature units to and from degree Celsius to degree Fahrenheit
10. Write a program that inputs a text file. The program should print all of the unique words in the file in alphabetical order















[bookmark: _Toc143755698]Renewable Energy Lab:130415

Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Develop the understanding of renewable energy sources.
	Skill Development

	2
	Investigate the solar PV & wind energy operation and find their performance curves.
	Skill Development

	3
	Examine smart house & load analysis kit.
	Skill Development

	4
	Develop teamwork skills for working effectively in groups.
	Skill Development

	5
	Prepare a technical report on experiments conducted in the lab.
	Skill Development




List of Experiments
1. To setup a Solar PV standalone system and calculate power in different branches of the system.
2. To set up a Solar PV Grid Connected system and calculate power in different branches of the system.
3. To set up a Solar PV Power plant with the help of a Hybrid inverter.
4. To set up a Wind Energy standalone system and calculate power in different branches of the system.
5. To set up a Solar PV- Wind Energy Hybrid standalone system and calculate power in different branches of the system.
6. Utilizing smart house as a load and analyzing load waveforms.
7. Utilizing Load analysis kit and understanding about loads connected in series.
8. Observing different weather parameters using weather station.
9. Comparing the different types of grid connected systems and analyzing their waveforms with the help of linear loads.
10. Comparing the different types of grid connected systems and analyzing their waveforms with the help of nonlinear loads.












[bookmark: _Toc143755699]Signals & Systems: 130511
Course Objectives: 
To develop an understanding of fundamental characteristics of signals and systems in both time and transform domains and to develop mathematical skills to solve problems involving convolution, filtering, modulation and sampling.
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the process of sampling and the effects of under sampling.
	Skill Development

	2
	Classify systems based on their properties and determine the response of LSI system using convolution.
	Skill Development

	3
	Apply the concepts of linear algebra to signals.
	Skill Development

	4
	Analyze the spectral characteristics of continuous-time periodic and a periodic signal using Fourier analysis.
	Skill Development

	5
	Analyze system properties based on impulse response and Fourier analysis.
	Skill Development

	6
	Apply the Laplace transform and Z- transform for analysis of continuous-time and discrete-time signals and systems.
	Skill Development



Unit I. Dynamic Representation of Systems: Definition & Classification of signals, Systems Attributes, Causality linearity, Stability, time invariance. Special Signals, Complex exponentials, Singularity functions (impulse and step functions). Linear Time-Invariant Systems: Differential equation representation convolution Integral. Discrete form of special functions. Discrete convolution and its properties, Realization of LTI system (differential and difference equations).

Unit II.  Fourier Analysis of Continuous Time Signals and Systems: Fourier Series, Fourier Transform and properties, Parseval’s theorem, Frequency response of LTI systems, Sampling Theorem.

Unit III. Fourier Analysis of Discrete Time Signals & Systems: Discrete-Time Fourier series, Discrete-Time Fourier Transform (including DFT) and properties, Frequency response of discrete time LTI systems.

Unit IV. Laplace Transform: Laplace Transform and its inverse: Definition, existence conditions, Region of Convergence and properties, Application of Laplace transform for the analysis of continuous time LTI system (stability etc.) Significance of poles & zeros. Z-Transform: Z-Transform and its inverse: Definition, existence, Region of convergence and properties, Application of Z-Transform for the analysis of Discrete time LTI Systems, Significance of poles and zeros.
Unit V. Sampling: The sampling theorem, reconstruction of signal from its samples, sampling in the frequency domain, sampling of discrete-time signals.
Recommended Books:
1. Signal and systems by Oppenheim AV, Willisky AS and Nawab SH, Pearson
1. Signals and systems by Hwel. P. Hsu, Schaum’s outlines, TME
1. Digital Signal Processing Principles by Proakis JP, Manolaxis, Pearson 
1. Fundamentals of Signals & Systems by Michael J Roberts, McGraw Hill



[bookmark: _Toc143755700]Power System-II: 130512
Course Objectives: 
· To expose the students to the concepts of Load Flow Studies, Symmetrical and Unsymmetrical Faults, Power System Stability, Power System Control, Underground Cables and HVDC Transmission System.
· To enable the students to solve problems related to Load Flow Studies, Fault analysis, Power System Stability, Power System Control and Underground Cables.
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the concepts of single line diagram and per unit system
	Skill Development

	2
	Apply different load flow techniques to solve load flow problem
	Employability

	3
	Perform fault calculations for symmetrical and unsymmetrical faults
	Employability

	4
	Explain the theoretical and practical aspects of Power System Stability and its enhancement
	Skill Development

	5
	Elucidate the automatic generation control reactive power, voltage control, series and shunt compensation
	Skill Development

	6
	Discuss the insulation resistance, capacitance of various types of cables and the need of HVDC transmission
	Employability



Unit I. System Representation and Load Flow Analysis: Single line representation, Per unit system, Network Model formulation, Formulation of YBUS, Formation of static load flow equations, solution of load flow problem by Gauss-Seidel, Newton-Raphson (polar and rectangular) and fast decoupled load flow methods.
Unit II. Symmetrical and unsymmetrical fault: Review of symmetrical components, sequence networks, symmetrical fault analysis, unsymmetrical fault analysis, analysis of open conductor fault, fault calculations for symmetrical and unsymmetrical faults.
Unit III. Power System Stability: Basic concepts of steady state, dynamic and transient stability, power angle equation, synchronizing power coefficient, equal area criterion, critical clearing angle, Swing equation, Concept of multi-machine transient stability studies with classical machine representation, factor affecting stability and methods of its improvement.
Unit IV.\Power System Control: Elementary idea of load-frequency control, automatic generation control, reactive power and voltage control. Series and shunt compensation techniques, tap changing transformers, phase shifting transformers, Induction regulator, Economic limit of VAR control.
Unit V. Underground Cables and HVDC Transmission: Types of cables, Insulation resistance of cable, Electrostatic stress and grading of cables, rating and power factor of cables, Brief history of DC transmission, comparison of HVDC with EHV AC transmission systems, Basic converter circuit used in HVDC system, types of HVDC links.
Recommended Books:
1. Advanced Power System Analysis and Dynamics, L.P. Singh, Wiley Eastern Ltd, 6th Ed. 2017.
2. Modern Power System Analysis, Nagrath & Kothari, TMH Publishers, 4th Ed. 2016.
3. Elements of Power System Analysis, W.D. Stevenson, McGraw-Hill, 4th Ed. 2017.
4. Power system operation and control, A.J. Wood & Woollenberg, 2nd Ed. 2010.
5. HVDC Power Transmission Systems: Technology and System Interactions, K. R. Padiyar, New Age International, 3rd Ed. 2017.


[bookmark: _Toc143755701]Power System-II Lab: 130512
List of Experiments:

1. To study EHV AC Transmission Line Simulation Panel.
2. To measure resistance, inductance and capacitance of EHV AC Transmission Line Simulation Panel. 
3. To study cables, insulators and line supports used in transmission and distribution system
4. To calculate generalized circuit constants for short, medium and long transmission line of EHV AC Transmission Line Simulation Panel. 
5. To simulate L-G, L-L, L-L-G, L-L-L, L-L-L-G faults using MATLAB
6. To write MATLAB code to determine the maximum power without loss of synchronism using equal area criterion
7. To write MATLAB code for determination of the critical clearing angle and critical clearing time.
8. To determine the system stability from the swing curve.
9. To determine stability of the system using MATLAB.
10. A visit and study of 33kV Substation.

Course Outcomes:
At the end of the Laboratory work the students will be able to

CO1 Demonstrate the different components and working of EHV AC transmission of simulation panel.
CO2 Determine transmission line parameters.
CO3 Simulate the different types of faults in transmission lines using MATLAB.
CO4 Identify the different components of substation & their applications 
CO5 Familiar with construction & application of various insulators, cables & line support.
CO6 Prepare a report for presentation.
















[bookmark: _Toc143755702]Electrical Machines-II: 130513
Course Objective: 
· To develop basic concepts about AC machines, their constructional details and working principles and to understand the practical applications and operational issues of three phase transformer and other rotating machines
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Analyze the performance of 3-phase induction and synchronous machines using equivalent circuits & phasor diagrams under different loading conditions.
	Skill Development

	2
	Explain the constructional details and working principle of three phase transformer and synchronous machine. 
	Skill Development

	3
	Develop phasor diagram and determine voltage regulation of an alternator and its steady state performance.
	Skill Development

	4
	Determine time constant, various sequence reactance and equivalent circuit parameters under transient conditions for synchronous machines.
	Skill Development

	5
	Analyze the behavior of synchronous machine connected to infinite bus and parallel operation of alternators.
	Skill Development

	6
	Analyze the performance of 3-phase induction and synchronous machines using equivalent circuits & phasor diagrams under different loading conditions
	Employability



UNIT-I Transformer: Three phase transformers, Special construction features, Single phase Transformers connected as 3 phase bank, Phasor diagram of star/star, Star/delta, Delta/delta, Delta/star, connected 3 phase transformers and their uses, Phase conversion, Three to two phase open delta or V connection, Parallel operation of single phase and three phase Transformers, load sharing, harmonics in transformer, Magnetization current wave form, Tertiary winding.
UNIT-II Induction Motor II: Circle diagram and its experimental determination, cogging and Crawling Losses, Efficiency and Testing I.M, Double cage induction motor, Operation on unbalanced voltages, Speed control, Rotor resistance control, pole changing method, Frequency control, Induction generator, Introduction to Single phase Induction motor.
UNIT-III Synchronous Machine I: Constructional features, Salient pole and cylindrical synchronous machines, Relation between speed, Frequency and no. of poles, excitation, Voltage generation, Generator mode, Interaction between excitation flux and armature EMF, Voltage regulation,  phasor diagram on load, Leakage reactance and synchronous reactance, Steady state parameters of synchronous machines, open circuits, short circuit and zero power factor tests, Determination of voltage regulation by synchronous impedance method, MMF method and Potier triangle method.
UNIT-IV Synchronous Machine II:  Two reaction theory, Slip test, Expression for power developed and power angle curves, Synchronization of alternators Dark and bright lamp method, Synchro scope Parallel operation and load string, Effect of governor characteristics on load sharing, Operation on infinite bus bar.
UNIT-V Synchronous Machine III: Motoring mode, transition from motoring to generating mode, V curves starting, Synchronous condenser, Hunting, damper winding synchronizing torque and power analysis under sudden short circuit, Transient parameters of synchronous machines, Various transient and sub transient reactance, Time constant, Expression of transient and sub transient reactance Analysis of 3 phase short circuit oscillogram and determination of transient parameters from oscillogram, Short circuit ratio.
Recommended Books:
1. Theory of Alternating current Machinery by Alexender S Langsdorf.
2. The performance and design of AC machines by M.G. Say, CBS Publication.
3. Electric machine by Nagrath and Khotari. TMH.
4. Generalized theory of electrical machine by P.S. Bimbhra, Khanna publication
5. Electrical machines by P.S. Bimbhra, Khanna publication
6.  The Performance and Design of AC Commutator Machines by Openshaw Taylor. CBS Publication

[bookmark: _Toc143755703]Electrical Machines-II Lab: 130513
List of Experiments:

1.    To conduct No Load & Blocked Rotor test on 3-Phase squirrel Cage Induction Motor and plot circle diagram.
2.	To conduct Load Test on 3-Ph Sq. Cage Induction Motor and plot performance curve.
3.	To conduct No Load & Blocked Rotor Test on 3-Ph Slip Ring Induction Motor and plot performance curve.
4.	To conduct Load Test on 3-Ph Slip Ring Induction Motor and plot performance curve.
5.	To study the cascaded connection of two 3-Phase Slip Ring induction motor.
6.	To find out OCC and SCC of an Alternator and its regulation using synchronous impedance method.
7.	To find regulation of Alternator using Zero Power Factor (ZPF) method.
8.	To draw V Curves of Synchronous motor.
9.	To perform Synchronization of Alternators.
10.	 (a) Determination of Xd&Xq of an alternator using Slip Test.
(b) Determination of Xd” &Xq” of an alternator (Positive sequence Reactance).
11.	Virtual lab simulation of Conventional Electrical Machines.
Course Outcomes:
At the end of the Laboratory work the students will be able to
CO 1. Demonstrate an understanding of the fundamental control practices associated with AC machines (starting, reversing, braking, plugging, etc.).
CO 2. Use accepted national and international standards (such as NEMA, IE Code) to select appropriate electrical machines to meet specified performance requirements.
CO 3. Conduct testing and experimental procedures on different types of electrical machines. 
CO 4. Develop the ability to work is team and learns professional ethics
CO 5. Prepare an organized written report
[bookmark: _Toc143755704]Power Electronics: 130514
Course Objective: 
· To introduce the students the basic theory of power semiconductor devices and passive components, their practical application in power electronics and 
· To familiarize the operation principle of AC-DC, DC-DC, DC-AC conversion circuits and their applications. Also to provide the basis for further study of power electronics circuits and systems.

Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	List power electronics devices and explain their static/ dynamic characteristics. 
	Skill Development

	2
	Ability to analyze the configuration of AC to DC converter, Dual converter, chopper, cyclo-converter.
	Skill Development

	3
	Classify converters and identify their applications.
	Skill Development

	4
	Develop different model of different converters to calculate their performance parameter
	Skill Development

	5
	Identify the problems/limitations of power electronics devices, converters and suggest solutions.
	Employability


Unit I. Power Semiconductor Devices: Classification of Power electronic switches, Power diodes, Transistors, Power MOSFET, IGBT, Thyristor TRIAC and GTO, Thyristor static and dynamic characteristics, two transistor equivalent model, Turn on and turn off. Firing circuits and protection, Design of snubber circuit, Series and parallel operation.
Unit II. Controlled Rectifiers: Principle of phase-controlled converter operation, Single phase half wave, full wave and semi converters. Three phase half wave, full wave and semi converters and inverters, Power factor improvement, Symmetrical angle control. Pulse width modulation control, Effect of load and source inductance.
Unit III. Chopper: Principles of single quadrant, Two quadrant, four quadrant chopper, Control strategies, Pulse width modulation, Frequency modulation, Thyristor commutation schemes, switched mode power supplies, buck-boost regulators.
Unit IV. AC voltage controller: Principle of Ac phase control, Single and three phase Ac voltage controllers, practical cyclo-converter circuits, Single phase to single phase, three phase to single phase, three phase to three phase out put voltage control circuit, Cyclo-converter, Circulating and Non Circulating type, Dual converters.
Unit V.  Inverter circuits: Principle of operation of voltage source inverter, Single phase and three phase inverters, Voltage control using PWM technique, Forced commutated thyristors, Current source inverters, Series inverter, Inverter applications.
Recommended Books:
1. [bookmark: _Toc143752026]Power Electronics by P.S. Bimbhra, Khanna Publishers, 5th Ed., 2012
2. Power Electronics: Circuits, Devices & Applications by MH Rashid, Pearson, 5th Ed. 2012
3. Power Electronics by Cyril W. Lander , McGraw-Hill; 2nd  Ed.,1987
4. Power Electronics Principles and Applications by Josheph Vidyathil, TMH,2010
5. Bose, B.K., Handbook of Power Electronics, IEEE Publications.


[bookmark: _Toc143755705]Power Electronics Lab: 130514
List of Experiments

1. To observe the performance of SCR using
(i) R-triggering Circuit (Half-wave phase control)
(ii) RC-triggering Circuit (Half-wave phase control and full wave phase control)

2. TRIAC/ SCR Triggering with series transistor-controlled ramp based on UJT/PUT
3. To determine the dv/dt capacity of SCR and design Snubber Circuits.
4. To observe the performance of Half controlled bridge rectifier (semi converter)
(i) With Reactive load.
(ii) With reactive load & freewheeling diode.
5. To observe the performance of fully controlled bridge converter operates underrectification & inverter mode.
6. To study the operation of AC phase controller using R and RL load
7. To observe the performance of MOSFET based Buck Boost converter in open and
closed loop
8. Study of Force Commutation of SCR
(i). Class-A or self-commutation by resonating the load.
(ii). Class-B or self-commutation by LC Circuit.
(iii). Class-C or Complementary commutation.
(iv). Class-D or Auxiliary commutation.
(v). Class-E or External pulse commutation.
9. Realization of Half-wave Rectifier and Full-wave Rectifier with RL, RLE, FD Loadusing MATLAB.
10. Realization of Voltage Source Inverter with three phase Load in MATLAB.
(i). 1800 Conduction Mode
(ii). 1200 Conduction Mode
Course Outcomes:
After completing the LAB course, the students will be able to

CO1 Demonstrate VI characteristics of Semiconductor Devices and Various Firing scheme of 
SCR.
CO2 Demonstrate the performance of various converters AC to DC and DC to AC converter
CO3 Compare the performance of single and three phases VSI Inverter.
CO4 Demonstrate the performance of converters in its different modes of operation.
CO5 Prepare an organized written report.
CO6 Develop the ability to work is team and learns professional ethics.




[bookmark: _Toc143755706]Data Science: 130515
Course Objectives:
· To provide the fundamental knowledge of Data Science.
· To present the basic representation and exploratory data analysis used in Data Science.
· To understand the working of techniques used in Data Science.
· Course outcomes focused on employability/entrepreneurship and skill development
	S No.
	Course Outcome (CO)
	Mapping

	1
	Define different Data Science techniques.
	Skill Development

	2
	Illustrate various tools used for Data Science technique.
	Skill Development

	3
	Apply data visualization techniques to solve real world problems.
	Skill Development

	4
	Build exploratory data analysis for Data Science methods.
	Employability

	5
	Apply Data Science techniques for solving real world problems.
	Employability

	6
	Evaluate the performance of algorithms in data science.
	Employability



Unit 1:Need for data science, benefits and uses, facets of data, data science process, Introduction of basics python tool, Setting working Directory, Creating and saving a script file, File execution, removing variables from environment, clearing environment, Commenting script files, Variable creation, Data types and associated operations, Arithmetic and logical operators.

Unit 2:Control structures, loop, Functions, data structures: Lists, Arrays, Tuples, Dictionary, Sets, NumPy  library, Data Collection: Getting to know your data, Types of Data, Data collection strategies, Data Pre-processing, Feature engineering, Exploratory Data Analytics.

Un it 3: Descriptive Statistics, Mean, Standard Deviation, Skewness and Kurtosis, inferential statistics: hypothesis testing, probability: probability theory, conditional probability, Pandas library, data frame and data frame related operations, Reading files.

Unit 4: Data Cleaning and Preparation, Handling Missing Data, Data Transformations using pandas and sklearn library, Removing Duplicates, Replacing Values, Detecting Outliers. Data visualization on different dataset using matplotlib and seaborn libraries, Scatter plot, Line plot, Bar plot, Histogram, Box plot, Pair plot.

 Unit 5:Supervised learning: Regression, classification, Linear regression, logistic regression, decision tree, tree creation with entropy and information gain, ID3 algorithm, random forest, naïve bayes theorem, K-nearest neighbor and ensemble methods for solving real world problems, Unsupervised learning: Clustering, Reinforcement learning.

Recommended Books:
1. Mastering python for data science, Samir Madhavan
2. Introduction to linear algebra - by Gilbert Strang
3. Applied statistics and probability for engineers – by Douglas Montgomery
4. Pattern Recognition and Machine Learning, Christopher M. Bishop




[bookmark: _Toc143755707]Data Science (Lab): 130515
1. To write a program using arithmetic operators & logical operators each.
2. Write a function using recursion to print a factorial of number.
3. To write a program in python for demonstrating various functions (creating, appending, extending, etc.) of a list and dictionary.
4. To write a program to create one array using two existing NumPy arrays.
5. To write a program for the creation and manipulation of NumPy arrays- Indexing, Slicing, Reshaping, Joining and Splitting.
6. To write a program to create a 10 x 10 array with random values and find the minimum and maximum values.
7. To write a program to create the following data frame and fill in the missing values with last three digits of your enrolment number. Also, perform various operations (like describe, replacing values, removing null values, etc.)

	Name
	Institute
	Height
	Weight

	AAA
	MITS
	6
	75

	BBB
	JEC
	NaN
	80

	CCC
	SATI
	6.5
	NaN

	DDD
	RGPV
	5.9
	NaN



8. To write a program to Import Sample Dataset files (.csv,.xls) to Pandas DataFrame and perform the File Handling operations:
a.     Visualize the first and last 10 records
b.     Get the shape, index and column details
c.     Select/Delete the records (rows)/columns based on conditions.
d.     Perform ranking and sorting operations.
e.     Rename single/multiple columns.
9. To write a program to visualize the following data using Line Plots, Bar Plots, Histograms, Density Plots and Scatter Plots, pie charts etc.
11. To write a linear regression program for the following data set.
12. To write a program to perform different image processing operations on a given image.
13. To write a program to calculate the mean, mode, and median for the ODD and EVEN data series.
14. To write a program to solve second and third-order differential equations with and without initial conditions.
15.  To write a program to identify the different clusters for the given data set.



[bookmark: _Toc143755708]Switchgear and Protection: 130615

Course Objectives: 
· To familiarize the students with the learn standard terms and definitions
· To expose the student to the need for protection and various protective devices, their construction, operating principle, torque equation, characteristics and field of application for different types of equipment to identify reasons for mal operation and their remedies  
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the concepts, theories and features associated with protective relays and circuit breakers
	Skill Development

	2
	Classify relays and circuit breakers based on criteria such as construction, type of supply, working principle, actuating quantities
	Skill Development

	3
	Select relays and circuit breakers for specific equipment and applications
	Employability

	4
	 Design protection schemes for generators, motors, transformers and transmission lines
	Skill Development

	5
	Analyze the behavior and performance of relays under different loading levels and faults
	Skill Development

	6
	Select the protective devices and their locations for protecting power systems against over voltages
	Employability



Unit I. Arc Interruption: Arc properties, Formation and extinction of arc, Restriking and recovery voltage RRRV, different methods and control devices for arc extinction, Current chopping, Interruption of capacitive currents, Resistance switching. Type and classification of circuit breakers. Oil circuit breaker.
Unit II. Air blast and SF6 circuit breakers: Vacuum circuit breakers, duties and rating Maintenance and testing of OCB ‘s. Isolators, HRC fuse. Protective Relays: introduction, Definition of terms associated with protective relaying. Construction and characteristics of electromagnetic relays.
Unit III. Elements of static relays: Comparator, induction, distances and differential relays, microprocessor based relays. Modern trends in power system protection, Auto reclosure, under and over frequency relays and their applications. Digital Protection. Numerical protection Introduction, block diagram of numerical relay, numerical over current protection.
Unit IV. Protection schemes: Protection of generators and transformers, percentage differential relay, Buchholz relay, different protections provided for generator and transformer, transmission line protection using over current relays, distance relays and carrier current protection, protection of motors and bus bars.
Unit V. Protection against Over Voltages: Power System transients, over voltage in transmission lines, fault clearance and lightning and switching surges, ground wire, lightning arrestors, basic impulse insulation level(BIL), insulation coordination, grounding of P.S. current limiting reactors, their uses and location protection against traveling waves.
Recommended Books:
1. Switchgear protection and power systems by Sunil S. Rao, Khanna publication, 13th edition, 2008.
2. Power system protection & Switchgear by Badriram, TMH publication, 2nd edition, 2011.
3. Switchgear and protection by Ravindranath and Chander, Newage publication, 2nd edition, 2012
4. Switchgear and protection by Deshpande , TMH Publication, 2004
5. Digital Protection by L.P. Singh New Age Publication, 2nd edition, 1997.
[bookmark: _Toc143755709]Switch Gear & Protection Lab- 130615
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Operate the Over/Under voltage & over current relays and observe the performance for different settings
	Skill Development

	2
	Analyze the effect of time and current settings on the operating characteristics of an Inverse Definite Minimum Time (IDMT) relay
	Skill Development

	3
	Validate the characteristics of percentage biased differential relay for different bias settings
	Skill Development

	4
	Prepare an organized written report.
	Skill Development

	5
	Develop the ability to work is team and learns professional ethics.
	Skill Development



List of Experiments
1.	To plot the characteristics & analyze the performance of under voltage relay 
2.	To plot the characteristics & analyze the performance of microprocessor based over voltage relay 
3.	To plot the characteristics & analyze the performance of electromechanical over current relay 
4.	To plot the characteristics of percentage biased differential relay (Static) at different biasing
5.	To plot the characteristics of percentage biased differential relay (Electro-mechanical) at different biasing 
6.	To test the over current relay using the relay test bench 
7.	To operate Motor protection simulation panel 
8.	To operate Feeder protection simulation panel  
9.	To simulate distance relay and plot the characteristic by using MATLAB  
10.	To simulate IDMT relay and plot the characteristic using MATLAB
















[bookmark: _Toc143755710]Control Systems: 130616
Course Objective: 
· To familiarize the students with the fundamental concepts of control system problems and their solution possibilities, 
· To expose the students to the mathematical modeling of the various physical systems,the concept of time-domain response (transient and steady-state response) and frequency-domain analysis of the systems, stability analysis of the systems, specifications of controller and compensator design and its implementations.
Course outcomes focused on employability/entrepreneurship and skill development
Course Outcomes:
	S No.
	Course Outcome (CO)
	Mapping

	1
	Develop mathematical models of mechanical, electrical and electromechanical systems
	Skill Development

	2
	Represent the complex system into standard canonical form by signal flow graph and block diagrams reduction rules 
	Skill Development

	3
	Compute the time and frequency-domain responses of first and second-order systems to standard inputs. 
	Skill Development

	4
	Formulate control engineering problems in state-variable form
	Skill Development

	5
	Evaluate the stability of a closed-loop control system in time-domain as well as in frequency-domain
	Skill Development

	6
	Predict  the nature of response for the given input
	Skill Development


Unit-I  Modeling of Physical Systems: Translational & Rotational Transfer Function of Electrical and Mechanical systems. Feedback characteristics of control systems, Open loop and closed loop systems, effect of feedback sensitivity to parameter variations, Block diagram representation and reduction techniques, Signal flow graphs, Mason’s rule. Control systems and its components, error sensing devices: Potentiometers, Tacho generators and Synchros, A.C. & D.C. servomotor.
           Unit-II  Time Response Analysis:Transient Response Analysis: Transient and steady-state response analysis for first and second order systems and their qualitative analysis; error analysis and error constants., Derivative and Integral error compensation, P, PI, PD, PID Controller.
Unit-III Frequency Response Analysis: Frequency domain specifications of second order system, Polar plot, Bode plots, M Circles, N Circles. Compensator Design: Lead, lag and lag-lead compensation using frequency response methods.
Unit-IV  State Variable Analysis: Concept of state, state variables and state models, state equations and state transition matrix, relationship between transfer function and state equations, control system with state variable feedback, controllability & observability.
Unit-V Stability: Stability, Absolute and relative stability, Routh Hurwitz stability criteria, Root Locus Analysis: Development of root loci, effects of pole/zero on loci, Nyquist plot & Nyquist stability criterion
Recommended Books:
1. Control System Engineering by I.J. Nagrath and M. Gopal, New Age International Publication.
2. Control Systems by U. A. Bakkshi, Technical Publication, Pune.
3. Linear Control Systems by B. S. Manke, Khanna Publishers
4. Automatic Control System by S.C. Gupta, New Age International Publication.
5. Control System Engineering by Norman Wiley Publication.
6. Automatic Control System by B.C. Kuo, Oxford University Press & Pearson Education.
7. Modern Control Engineering by K. Ogata, Pearson Education, Asia.

[bookmark: _Toc143755711]Artificial Intelligence & Machine Learning: 130617
[bookmark: _Toc143752034]Course Objectives:
· To provide the fundamental knowledge of Artificial Intelligence, Neural Network and Machine Learning.
· To present the basic representation and reasoning paradigms used in AI &ML.
· To understand the working of techniques used in AI &ML.
	S No.
	Course Outcome (CO)
	Mapping

	1
	Define basic concepts of Artificial Intelligence & Machine Learning.
	Skill Development

	2
	Illustrate various techniques for search and processing.
	Skill Development

	3
	Identify various types of machine learning problems and techniques.
	Skill Development

	4
	Analysis various techniques in Artificial Intelligence, ANN & Machine Learning.
	Skill Development

	5
	Apply AI and ML techniques to solve real world problems.
	Skill Development

	6
	Build AI enabled intelligent systems for solving real world problems.
	Skill Development



[bookmark: _Toc143752035]Unit – I: Introducing Artificial Intelligence: Definition, Goals of AI, Task of AI, Computation, Psychology and Cognitive Science. Perception, Understanding, and Action. Artificial intelligence vs machine learning vs deep learning and other related fields. Applications of Artificial intelligence and Machine Learning in the real world.
[bookmark: _Toc143752036]Unit – II: Problem, Problem Space and Search: Production System, Blind Search: BFS & DFS, Heuristic Search, Hill Climbing, Best First Search
Introduction to Neural Networks: History, Biological Neuron, Artificial Neural Network, Neural Network Architectures, Classification, & Clustering
[bookmark: _Toc143752037]Unit – III: Introduction to Machine Learning: Traditional Programming vs Machine learning. Key Elements of Machine Learning: Representation, process (Data Collection, Data Preparation, Model selection, Model Training, Model Evaluation and Prediction), Evaluation and Optimization. Typesof Learning: Supervised, Unsupervised and reinforcement learning. Regression vs classification problems.
[bookmark: _Toc143752038]Unit – IV: Supervised Machine Learning: Linear regression: implementation, applications & performance parameters. Decision tree classifier, terminology, classification vs regression trees, tree creation with Gini index and information gain, IDE3 algorithms, applications and performance parameters. Random forest classifier. Case study on regression and classification for solving real world problems.
[bookmark: _Toc143752039]Unit –V: Unsupervised Machine Learning: Introduction, types: Partitioning, density based, DBSCAN, distribution model-based, hierarchical, Agglomerative and Divisive, Common Distance measures, K-means clustering algorithm. Case study on clustering for solving real world problems.
[bookmark: _Toc143752040]RECOMMENDED BOOKS:
1. Artificial Intelligence: A Modern Approach by Stuart J. Russell and Peter Norvig, PrenticeHall.
2. Artificial Intelligence: Elaine Rich, Kevin Knight, Mc-GrawHill.
3. Introduction to AI & Expert System: Dan W. Patterson,PHI.
4. Pattern Recognition and Machine Learning, Christopher M.Bishop
5. Introduction to Machine Learning using Python: Sarah Guido
6. Machine Learning in Action: Peter Harrington


[bookmark: _Toc143755712]Energy Conservation &Management: 910104


Course Objectives: 

To familiarize the students to the concepts of Energy Audit, various terminology, rules and regulations, policy, energy economics, energy tariff, analysis techniques and energy conservation.
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain the basic concepts of Energy Audit & its various terminologies, rules and regulations, policy and how to write reports.
	Skill Development

	2
	Discuss the conventional and non-conventional energy technologies 
	Skill Development

	3
	Describe different energy auditing methods and the implementation procedures
	Employability

	4
	Identify present scenario of energy utilization, management and corresponding ACT of regulatory commission 
	Employability

	5
	Apply energy tariff and power factor improvements to achieve energy efficient systems
	Employability



Unit I: Energy Scenario: Classification of Energy, Indian energy scenario, energy needs of growing economy, long term energy scenario, energy conservation and its importance, Energy conservation Act 2001 and its features, Schemes of Bureau of Energy Efficiency (BEE) including Designated consumers, Electricity Acts, National action plan on climate change.

Unit II: Energy Sources & conservation: Conventional &Non-Conventional sources of energy, Renewable &non-renewable source of energy, Various methods of energy Conservation, Generation of Electrical Energy using non-conventional Sources.

Unit III: Energy Audit: Introduction, Energy Audit- Need, Scope, Methodology, Types of Energy Audit, Energy Flow Diagram, Baseline data for energy audit, Instruments for energy auditing. Sankey Diagram, Questionnaire for energy audit, Preparations & presentations of energy audit reports, Functions of Energy Auditor

Unit IV: Energy Management: Definition and objective of energy management, General Principles of energy Management, Energy Management Approach, Energy supply side Management, Management of energy distribution, Functions of energy management team.

Unit V: Energy Economics: Introduction, Parameters for energy economics, Energy Tariff, Economic Analysis Technique- Simple payback period, Discounted Cash Flow Method or Time Audited Technique (Net present value NPV, Present value index method PI, Internal rate of return Method IRR), Return on Investment (ROI).

Recommended Books:
1. Energy Management by W. R. Murphy, G. A. Mckay, Butterworth, 2nd ed., 2009.
2. Energy Management Principles by C.B. Smith, Pergamon Press, 2nd ed., 2015.
3. Electrical Energy Conservation & Utilization by S.C. Tripati, McGraw Hill Edu. India, 1st ed., 1980. 
4. Non-Conventional Energy Resources by N. K. Bansal, Laxmi Publication, 1st ed., 2014.
5. Energy Management Hand book by W.C. Turner, John Wikey& Sons, 6th ed., 2006.
6. Energy Conservation guide book by Pattrick, Prentice Hall, 1st ed. 1993.



[bookmark: _Toc143755713]Biomedical Instrumentation: 910105
Course Objectives: 
· The objective of this course is to introduce student to basic biomedical engineering technology and introduce different biological signals, their acquisition, measurements and related constraints.
	S No.
	Course Outcome (CO)
	Mapping

	1
	Identify bio systems and medical systems from an engineering perspective
	Skill Development

	2
	Describe the techniques to acquiring and recording the physiological activity of the human body through cell potential
	Skill Development

	3
	Analyze ECG, EEG, EMG signals for abnormality detection
	Employability

	4
	Familiarize with the patient safety issues related to biomedical instrumentation
	Employability

	5
	Describe different ultrasonic scanning & medical imaging systems.
	Skill Development


UNIT – I: Bio-Potential Signals and Electrodes
Bio-signals and their characteristics, Organization of cell, Nernst equation of membrane, Resting and Action potentials. Bio-amplifiers, characteristics of medical instruments, problems encountered with measurements from living systems. Bio-potential electrodes – Body surface recording electrodes, Internal electrodes, micro electrodes.Bio-chemical transducers – reference electrode, the pH electrodes, Blood gas electrodes.
UNIT – II:Cardiovascular Instrumentation
Heart and cardiovascular system, Heart electrical activity, blood pressure and heart sounds. Cardiovascular measurements electro cardiography – electrocardiogram, ECG Amplifier, Electrodes and leads, ECG recorder principles. Types of ECG recorders. Principles of blood pressure and blood flow measurement.
UNIT – III:Neurological Instrumentation
 Neuronal communication, electro encephalogram (EEG), EEG Measurements EEG electrode-placement system, interpretation of EEG, EEG system Block diagram, preamplifiers and amplifiers. EMG block diagram and Stimulators
UNIT – IV:Equipment for Critical Care
 Therapeutic equipment – Pacemaker, Defibrillator, Shortwave diathermy, Hemodialysis machine. Respiratory Instrumentation – Mechanism of respiration, Spirometry, Ventilators.Elements of intensive care, Monitoring, Electrical safety of patients & medical equipment, physiological effects of electric current, shock hazards from equipment. Introduction to Telemedicine.
UNIT – V:Non-invasive Diagnostic Instrumentation
Ultrasonic Waves and Ultrasonic Vibrations , Propagation, Acoustic Intensity, Applications, Super Imposition, Potential Health Hazard, Measurement of Velocity, Ultrasonic Scanning techniques for bone fracture detection, Applications, Comparison between X-rays and ultrasonic scanning, Applications, Ultrasonic Cleaning, Principle of Medical Imaging, computed Radiography, Computed Tomography (CT), Magnetic Resonance Imaging (MRI), Nuclear Medicine, Single Photon Emission Computed Tomography (SPECT), Positron Emission Tomography (PET).
Reference Books
1. R. S. Khandpur, Biomedical Instrumentation Technology and Applications, McGraw-Hill Professional, 2004.
2. Leslie Cromwell, Fred. J. Weibell and Erich. A. Pfeiffer, “Biomedical Instrumentation and Measurements”, 2nd Edition, PHI, 2003. 
3. John G. Webster, Medical Instrumentation: Application and Design, 3rd edition, John Wiley & Sons, New York, 1998. 
4. Raja Rao, C, Guha, S.K, Principles of Medical Electronics and Biomedical Instrumentation, Orient Longman Publishers (2000) 
5. Raghbir Singh, Biomedical Instrumentation: Technology and Applications, McGraw-Hill Education, 1st ed., 2004.
[bookmark: _Toc143755714]Industrial Automation: 910106

Course Objective:
· To familiarize the students with the Industrial aspects of automation, planning and model making
· To provide the understanding of the control of a different PLCs and their applications in various low ,medium and high power drives
	S No.
	Course Outcome (CO)
	Mapping

	1
	Analyse architecture of industrial automation system 
	Skill Development

	2
	Select appropriate sensors
	Skill Development

	3
	Acquire PLC knowledge
	Employability

	4
	Acquire the knowledge of PID control technique 
	Employability

	5
	Develop small application using PLC & transducer, 
	Skill Development

	6
	Compare AC and DC drives for particular applications
	Skill Development


Unit I: Introduction: Overview of industry environment, Different type of switches & their operation, Architecture of industrial automation system, Relay and contactor logic, AC and DC relays and their role for load control. Review of starters: Power and Auxiliary contactors and their usage for load control. Overview of standards (BIS, ISO) & star and delta starters and their rating.
Unit II: Sensors: Temperature& speed Measurement, Humidity,Pressure, Force and Torque Sensors, Motion Sensing(speed sensor), proximity sensor, Signal Conditioning, Data Acquisition Systems, Characteristics of Sensors and control logic, control using potential free output sensors, linear potentiometer timer hardware architecture, Controlling industrial system using timers and counters (case study)
Unit III: Industrial Drives: AC & DC Drive basics, Electrical specifications and hardware architecture .AC drive and AC motor specification matching (sizing of drive),Load characteristics and its types, Servo Drives Stepper motor drive and VFD(Variable frequency drives) drives.AC drive power wiring and Interfacing input and output signals. Energy Savings with Variable Speed & multi motor Drives. Braking motoring and regenerative operation of drives Selection of power, motor and signal cables for AC drive application. Heat management of Drives, Drives protection 
Unit IV: Programmable Logic Controllers: Programmable controllers, Programmable logic controllers, Analog/Digital input and output modules, PLC programming, Ladder diagram, Sequential flow chart, PLC Communication and networking, PLC selection, , Advantage of using PLC for Industrial automation, Application of PLC to process control industries.Different types of Network Communication Protocol, DH-485, Ethernet, Device Net, Control Net, Modbus, Profibus Proprietary Protocol, open Protocol.
Unit V: Automatic Control: Introduction to P-I-D Control, manual and auto PID Control Tuning, Feed forward Control Ratio Control, Time Delay Systems and Inverse Response Systems, PWM control in drives. 
Recommended Books:
1. Lingefeng Wang, Kay Chen Tan,"Modern Industrial Automation and Software Design" John Wiley & Sons Inc. 
2. K. L.S. Sharma, “Overview of Industrial Process Automation”, Elsevier 
3. KokKiong“Drives and Control for Industrial Automation”, Springer
4. John Webb, “Programmable Logic Controllers Principles & Applications”, PHI
5. John G. Webster,“The Measurement, Instrumentation and Sensors Handbook”, CRC Press.

[bookmark: _Toc143755715]Solar PV System: Design& Economics: 910107

Course Objective: To impart the industry-oriented knowledge of solar photovoltaic (PV) systems to the students and develop their understanding for economic &planning of PV plant.
	S No.
	Course Outcome (CO)
	Mapping

	1
	Recognize the principles and the performance characteristics of solar photovoltaic systems.
	Skill Development

	2
	Derive the electrical equivalent circuits of solar PV system. 
	Skill Development

	3
	Differentiate the different types of solar PV based power plants.
	Employability

	4
	Apply the knowledge of solar PV technology for finding its impact on associated electrical appliances. 
	Employability

	5
	Apply the energy & economic analysis for Solar PV system planning 
	Skill Development



Unit I: Solar PV technology: Basics& performance parameters
Introduction to solar energy scenario, Solar cell material selection and working, concept of fill factor and I-V Curve, Solarmodules and its types, Series and parallel connections of solar modules,Solar PV array, Solar PV performance parameters as per IEC 61724 standards: array yield, reference yield, final yield, performance ratio, array capture loss, system loss, cell temperature losses, PV module efficiency, system efficiency, inverter efficiency, capacity factor.  
Unit II: Solar PV power plant: Components, design& types
Solar PV power plant components & their size selection as per load requirements: DC/ AC cables, junction box, solar converter, charge controller and battery system; concept of MPPT;Single line diagram representation and working of different types of solar plants: Grid connected PVplant, offgrid PVplant, Building integrated PV plant and their Comparison; net metering and gross metering.
Unit III: Solar PV power quality and its impact on transformer performance
Power and power quality parameters produced by solar PV plant: measurement, analysis &Instruments used; impact of solar plant on power/ distribution transformer performance: effect on transformer sizing (IEEE C57.91-1995), impact of harmonics on transformer performance (IEEE C57.110-2018), Hot spot temperature & ageing of transformer, impact on OLTC operationand single/ three phase transformer.
Unit IV:  Energy metrics of solar PV system
Embodied energy: material production energy, system installation energy, maintenance energy, administration energy; hourly energy production curve, matching of energy production with load curve, energy gap; seasonal variation of energy production & concept of clear days; Energy payback time (EPBT), Electricity production factor (EPF), Life cycle conversion efficiency (LCCE). 
Unit V: Economics of solarPV systems
Basic terminology of economics: capital cost, cost of operation, cost of maintenance & replacement, incremental cost (property)- tax; Concept of benefit, cost &Cash flow diagram; Time value of money, Salvage value;Profit cost analysis, Simple &discounted payback period; Net present value; Internal rate of return (IRR); Unit cost analysis of solar PV plant&Levelized cost of electricity (LCOE).
Recommended Books:
1. Renewal Energy Resources byJohn Twidell and Tony Weir, BSP Publications, 3rd Edition, 2015.
2. Solar Photovoltaics; Fundamentals, Technologies and Applications by C.S. Solanki, PHI Learning, 
3rd Revised Edition, 2015.
3. Financial Evaluation of Renewable Energy Technologies byT.C.Kandpal and H.P. Garg, Macmillan publishers India limited, 1stEdition, 2003.
4. Solar Energy: Fundamental, Economic and Energy Analysis by S.K. Rajput, NITRA publication, 1st Edition, 2017.
5. IEEE standards: IEEE C57.110-2018&IEEE C57.91-1995.

[bookmark: _Toc143755716]Utilization of Electrical Energy: 130717
Course Objective:
· To provides an introduction to the principles of electrical drives and their applications in daily life.
· To deals with the fundamentals of illumination and its classification.
· To provides knowledge on electrical traction systems
	S No.
	Course Outcome (CO)
	Mapping

	1
	Explain operating principles and characteristics of traction motors with respect to speed, temperature, loading condition
	Skill Development

	2
	Describe different types of heating and welding techniques
	Skill Development

	3
	Explain basic principles of illumination and its measurement 
	Skill Development

	4
	Explain basic principle of electric traction including speed–time curves of different traction services
	Skill Development

	5
	Describe braking, acceleration and other related parameters of traction system, including demand side management.
	Skill Development



Unit – I Electric Drives
Type of electric drives, choice of motor, starting and running characteristics, speed control, temperature rise, particular applications of electric drives, types of industrial loads, continuous, intermittent and variable loads, load equalization.
Unit-II Electric Heating & Electric Welding
Advantages and methods of electric heating, resistance heating, induction heating, and dielectric heating. Electric welding, resistance and arc welding, electric welding equipment, comparison between A.C. and D.C. Welding.
Unit – III Illumination
Introduction, terms used in illumination, laws of illumination, polar curves, photometry, integrating sphere, sources of light. Discharge lamps, MV and SV lamps comparison between tungsten filament lamps and fluorescent tubes, Basic principles of light control, Types and design of lighting and flood lighting.
Unit –IV Electric Traction – I
System of electric traction and track electrification. Review of existing electric traction systems in India. Special features of traction motor, methods of electric braking – plugging, rheostatic braking and regenerative braking. Mechanics of train movement. Speed-time curves for different services – trapezoidal and quadrilateral speed time curves.
Unit – V Electric Traction – II
Calculations of tractive effort, power, specific energy consumption for given run, effect of varying acceleration and braking retardation, adhesive weight and braking retardation adhesive weight and coefficient of adhesion.
REFERENCE BOOKS:
1. Utilization of Electrical Energy - by E. Opens haw Taylor, University Press.
2. Art & Science of Utilization of Electrical Energy - by Par tab, Dhanpat Ravi & Sons.
3. Utilization of Electrical Power including Electric drives and Electric traction – by N.V.
Suryanarayana, New Age International (P) Limited, Publishers, 1996.
4. Generation, Distribution and Utilization of Electrical Energy - by C.L. Wadhwa New Age
International (P) Limited, Publishers, 1997


[bookmark: _Toc143755717]Electrical Vehicles:130718
Course Objectives: To impart knowledge on areas like how to choose a suitable drive scheme in developing electric vehicles depending on resources to develop basic schemes, design proper energy storage systems and usage of various protocols of communication under the umbrella of electrical vehicles. 

	S No.
	Course Outcome (CO)
	Mapping

	1
	Interpret the environmental importance of electric vehicles and their role in society.
	Skill Development

	2
	Define electric drive train topologies and propulsion mechanisms used in EVs
	Skill Development

	3
	Design energy storage and management strategies for V2G and G2V concepts.
	Skill Development

	4
	Analyze dynamics of EVs for constant and variable tractive efforts and charging.
	Skill Development

	5
	Select different components and sizes of EVs.
	Skill Development

	6
	Design basic modeling of vehicle dynamics in simulink.
	Skill Development



Unit I: Background of EVs
History of hybrid and electric vehicles, social and environmental importance of hybrid and electric vehicles. Advantages & Disadvantages of EVs, Electric Revolution, Types of EVs (Plug-in EVs, ground vehicles, air borne, sea borne, Hybrid EVs, on-and-off road EVs), and Conventional Vehicles: Basics of vehicle performance, vehicle power source characterization, transmission characteristics.

Unit II:Electric Drive-Trains& Propulsion 
Basic concept of electric traction, introduction to various electric drive-train topologies, power flow control in electric drive-train topologies, Tractive effort, Configuration and control of DC Motor drives, Configuration and control of Induction Motor drives.

Unit III:Energy Storage & Management
Introduction to Energy Storage Requirements in Hybrid and Electric Vehicles,Battery based energy storage and its analysis, Fuel cell-based energy storage and its efficiency analysis, Battery Management System,Classification of different energy management strategies Comparison of different energy management strategies Implementation issues of energy strategies. Vehicle to grid (V2G) and Grid to Vehicle (G2V) fundamentals.

Unit IV Vehicle Dynamics &charging
Electric Vehicle Dynamics: Acceleration, Braking, Suspension &Ride Comfort; 
Electric Vehicle charging: Introduction, Slow/ fast chargers, Swapping, Standardization, On board chargers, Public Chargers, Bulk chargers.

Unit V Sizing & Selection
Matching the electric machine and the internal combustion engine (ICE), Sizing the propulsion motor, sizing the power electronics, selecting the energy storage technology, Communications. 
Recommended Books:
1. Iqbal Hussein, Electric and Hybrid Vehicles: Design Fundamentals, CRC Press, 2003.
2. James Larminie, John Lowry, Electric Vehicle Technology Explained, Wiley, 2003.
3. Mehrdad Ehsani, YimiGao, Sebastian E. Gay, Ali Emadi, Modern Electric, Hybrid Electric and      fuel Cell Vehicles: Fundamentals, Theory and Design, CRC Press, 2005.
[bookmark: _Toc143755718]Electrical Drives: 130719
Course Objectives:
· To provide an overview of complete electrical drive systems to students, including the mechanical parts, electrical machines, and power converters and control.
· To expose the students to the basic and advanced speed control techniques using power electronic converters that are used in industry.
· To familiarize the students with the concepts behind four quadrants operation of electricdrivesandslip power recovery schemes in induction motors.

	S No.
	Course Outcome (CO)
	Mapping

	1
	Describe various components of a drive system along with modes of operation, control needs and identify stable/unstable regions
	Skill Development

	2
	Explain various drives & loads, their characteristics and control methods under various operating 
	Skill Development

	3
	Explain performance analysis & control of dc drives
	Skill Development

	4
	Explain performance analysis & control of ac drives
	Skill Development

	5
	Describe working static converters for speed control of different types of drives
	Skill Development

	6
	Explain the functioning of solar, battery powered and traction drives and explain energy conservation methods
	Skill Development



Unit I. Basic Concepts: Elements of drive system, Requirements of electric drives. Ratings and selection of drives, Group and individual drives, constant power and constant torque drive. Dynamics of Electric drive convention and multi quadrant operation. Transient and steady state stability of Electrical drive. Control of Electrical drive, modes of operation, speed control and drive classification, closed loop control of drive.

Unit II. DC Drives: DC motor drives, DC motor and their performance, starting, braking, transient analysis and control, Ward Leonard drives, Thyristorised controlled DC drives, chopper controlled DC drives.

Unit III. Induction Motor Drives: Three phase induction motors Drives, starting, braking, transient operation, Variable frequency control from voltage and current source, rotor resistance control, static Scherbius and Kramer drives, introduction to vector control.

Unit IV. Synchronous Motor Drives: Synchronous motor drives, synchronous motor operation from fixed frequency supply, synchronous variable speed drives, self-controlled synchronous motor drives, brushless DC motor, stepper motor and switched reluctance motor drives.

Unit V. Special Drives: Solar and battery powered drives, solar powered electrical vehicles and boat, Traction Drives nature of traction load, conventional DC and AC Traction drives, Energy conservation in electric drives, Servo drives.
Recommended Books:
1. Fundamentals of Electrical Drives by G.K. Dubey, CRC Press, 2ndEd.2007
2. A first course in Electric Drives by S.K. Pillai, New Age International, 2ndEd.2007
3. Power Electronics and AC Drives by B.K. Bose, IEEE Press, Newjersey,2001
Electrical Drives Concept & Application by Vedam Subrahmanyam, TataMcgrawHill, 2ndEd.2011
[bookmark: _Toc143755719]Applications of Electrical Equipment &Motors:910205
Course Objectives: To impart knowledge on electrical appliances and their applications, safety on electrical equipment, electric motors, traction system considering economic and technology up gradation.
	S No.
	Course Outcome (CO)
	Mapping

	1
	Describe various types of electrical equipment and their suitable applications.
	Skill Development

	2
	Describe the various schemes of AC, DC drives, traction schemes and different braking systems
	Skill Development

	3
	Explain the basics of lighting and illumination and its parameters and able to design Illumination systems for various applications.
	Skill Development

	4
	Gain knowledge of the various types of arc furnaces, electrical welding, various types of heating.
	Skill Development

	5
	Apply the electrical energy applications for traction and understand the power electronics technology in efficient utilization of electrical power.
	Skill Development

	6
	Identify the knowledge for research opportunities in field of electric traction & utilization of Electric energy
	Skill Development


Unit I. Safe Working on Electrical Equipment: - Authorized Person, procedure for shutdown, testing devices for electricity, special shutdown precautions in substations and Power House, safety measures on LV & HV electrical equipment
Unit II. Utility of electrical equipment: Electrical motors, transformers, cables, and generators, motor control centers, medium voltage distribution panels, power control centers, Motor used in Electric vehicle, Electrical wiring components and accessories, Modern Appliances: Troubleshooting and Maintenance, Electrical Safety: Standards and Regulations
Unit III. Substation Equipment: Bus bar: Temperature rise test, rated short time current test, HV test, Power frequency voltage with stand test, Earthling Equipment, Isolator testing equipment, switch gear equipment: relay, CT,PT
Unit IV. Electric Motors Drives: Introduction, Individual and group drive, Factor affecting selection of motor, Types of loads, Revised study of speed torque characteristics of DC and AC motor, Transient Characteristics, size and rating of motors, continuous & intermittent rating, Temperature rise calculation, Load Equalization, Motor enclosures
UnitV.Electric Traction Equipment: Introduction, requirements of an ideal traction system, supply systems for track-electrification, Comparison and application of different systems, Train Movement: speed time and speed distance curves, average and schedule speed, Mechanics of train movement: energy consumption Tractive effort, Factor affecting specific energy consumption, Coefficient of adhesion, Types of motors used for electric traction, current collection systems
Recommended Books:
1. Art and Science of Utilization of Electrical Energy by H. Pratab, Dhanpat Rai and Company, 2ndEd., 2007.
2. Electric Power Utilization by N.N. Hanock, Wheeler publishing, 1stEd.,1967.
3. Utilization of Electric energy by E.OpenshawTaylor,OrientLongman,1stEd.,1961.
4. Generation Distribution and Utilization of Electrical Energy by C.L. Wadhwa, New Age publications, 1stEd.,1989.
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