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COURSE DESCRIPTION

Program Electrical & Electronics Engineering, Electrical Engineering, Electrical Engineering &
Electric Vehicles Technology

Course Title Electric Circuits and Systems

Course Code 2032 Semester II

Type of Course Theory Contact Hours 60

Teaching Scheme
(L: T:P:R) 4:0:0:0 Credits 4

CIE Marks 40 ESE Marks 60

Introduction

This course gives a basic idea about electric circuits, laws and network theorems which enables the students to solve an electric circuit. The
course also focuses on the essentials of AC series and parallel electric circuits and builds a strong foundation in the behaviour of an ac
circuit for different loads. Students will learn to calculate key parameters such as impedance, current, voltage, power, and power factor in
alternating current systems. The course provides basic information about three phase systems, the method of generation and
interconnections.The course also enables the students to determine various parameters in a three phase balanced system in different
configurations.

Course Objectives

1 To familiarize with the basic laws and theorems to solve electric circuits

2 To provide with the basic knowledge of AC series and parallel circuits

3 To impart the fundamentals of three phase ac systems and the different types of interconnections.

Course Pre-requisite

Topic Course code Course Title Semester

Representation of vectors- conversions between various forms 1002 Fundamentals of Engineering Mathematics I

Fundamentals of electrical systems- Basic parameters in AC
systems 1031 Basic Electrical & Electronics Engineering I

Course Outcome

CO Course Outcome Blooms Taxonomy
Level

CO1 Solve an electric circuit using basic laws and network theorems Apply

CO2 Apply the basic knowledge of AC series circuits to find various parameters with different loads Apply

CO3 Apply the concept of resonance in ac circuits and various methods to solve ac parallel circuits Apply

CO4 Apply the basic principles of three phase ac systems to calculate the parameters with different
interconnections Apply

CO-PO mapping

COURSE ARTICULATION MATRIX

Course Outcomes
PROGRAM OUTCOMES

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11

CO1 3 3 - - - - - - - - -

CO2 3 3 - - - - - - - - -

CO3 3 3 - - - - - - - - -

CO4 3 3 - - - - - - - - -

Total 12 12 - - - - - - - - -

Correlation Level 3 3 - - - - - - - - -

Legends: 1 - Low; 2 - Medium; 3 - High; No Correlation - “-”

Teaching and Assessment Scheme
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Teaching Scheme/Week Self-learning
(SS)/Week

Total
Hours/Semester

Credits
C

Examination Scheme

Theory Practical
Total

L T P S CIE ESE Total CIE ESE Total

4 0 0 0 6 60 4 40 60 100 0 0 0 100

L: Lecture (One unit is of one-hour duration with one credit), T: Tutorial (One unit is of one-hour duration with one credit), P: Practical (One
unit is of one-hour duration with 0.5 credit), S: Project (One unit is of one-hour duration with 0.5 credit) SS: Self-Learning, CIE: Continuous
Internal Evaluation, ESE: End Semester Examination

Syllabus – Major Topics

Module Title Major Topics
Instructional

Hours

L T

Module I Electric Circuits &
Network Theorems

Electric Circuits: Types of electric circuits- Basic terms in electric circuits – Kirchhoff’s
laws- Mesh analysis and Nodal analysis – problems with maximum 3 loops
Network theorems: Superposition theorem- Thevenin’s theorem - Norton’s theorem -
Maximum power transfer theorem – statements- problems (circuits with maximum three
loops only)- Star-Delta transformation (Derivation not required) – conversion from star to
delta and vice versa- simple problems (DC circuits)

3.5 11.5

Module II Phasor Algebra &
AC series Circuits

Phasor Algebra: Significance of j operator-mathematical representation of phasors -
rectangular form- polar form- conversion - problems- Addition, subtraction,
multiplication and division of phasors –simple problems
Series AC circuits: AC circuit containing pure R, L, C elements - phasor diagrams-
derivation of power- problems - AC through RL, RC, and RLC circuits – phasor diagram
and impedance triangle - power factor - derivation - active power - reactive power -
apparent power - problems

10 5

Module III Resonance &
Parallel AC circuits

Resonance in R-L-C series circuits: Resonance- definition - Derivation of resonant
frequency - Q factor - definition - problems – bandwidth – definition- expression for BW in
terms of resonant frequency and Q factor (derivation not required)
Parallel AC circuits: Admittance - Conductance - Susceptance - definitions - units -
solution of parallel circuits using admittance method and vector algebra -
problems(simple problems with two parallel branches) - Resonance in parallel circuits –
expression for resonant frequency (derivation not required) - Comparison of series and
parallel resonant circuits- applications of resonant circuits

7 8

Module IV Three-Phase AC
systems

Three phase AC systems: Generation of three phase ac voltages - principle of operation -
working -voltage equations- phasor diagram - waveforms -phase sequence - advantages
of three-phase systems
Three-phase Interconnections – star - delta - relation between phase and line quantities
(vector diagram and derivation needed) – balanced three-phase star-connected and
delta-connected systems- problems- compare star and delta connections
Three-phase powers - active, reactive, and apparent powers in balanced star and delta
systems. (derivation needed) - problems.

9.5 5.5

Detailed Syllabus

Subtopic Student Learning Outcome
Mode of
delivery

(L/T)
Mapped

CO Taxonomy Level Instructional
Hours

Module I

Electric Circuits Identify the different types of electric circuits L CO1 Remember 0.5

Electric Circuits Define the basic terms in an electric circuit L CO1 Remember 0.5

Electric Circuits Explain Kirchoff’s laws L CO1 Understand 0.5

Electric Circuits Solve electric circuit using kirchoff’s laws T CO1 Apply 2.5

Network theorems State superposition theorem L CO1 Remember 0.5

Network theorems Compute the various parameters using
superposition theorem T CO1 Apply 2

Network theorems State Thevenin's theorem L CO1 Remember 0.5

Network theorems Compute the various parameters using Thevenin’s
theorem T CO1 Apply 2

Network theorems State Norton’s theorem L CO1 Remember 0.5

Network theorems Solve an electric circuit using Norton’s theorem T CO1 Apply 2

Network theorems State Maximum power transfer theorem L CO1 Remember 0.5
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Network theorems Compute the various parameters using maximum
power transfer theorem T CO1 Apply 2

Network theorems
Convert star network to delta and vice versa and
solve a simple dc circuit using star delta
transformation

T CO1 Apply 1

Module II

Phasor Algebra Explain the significance of j operator L CO2 Understand 0.5

Phasor Algebra Recall the Mathematical representation of phasors
in rectangular and polar forms L CO2 Remember 0.5

Phasor Algebra Convert polar form to rectangular form and vice
versa T CO2 Understand 0.5

Phasor Algebra
Apply the phasor algebra to perform the basic
operations like addition, subtraction, multiplication
& division

T CO2 Apply 1.5

Series AC circuits Explain the effect of AC applied to a circuit with
pure R, L, C with phasor diagram and waveforms L CO2 Understand 2

Series AC circuits Derive the expressions for power consumed in an
ac circuit with pure R, L and C L CO2 Apply 2

Series AC circuits Solve an ac circuit with pure R, L and C elements T CO2 Apply 1

Series AC circuits Explain the effect of AC in an RL, RC and RLC
circuit with help of phasor diagram L CO2 Understand 2

Series AC circuits
Draw the phasor diagram, impedance triangle and
power triangle and hence arrive at the expression
for power factor

L CO2 Apply 2

Series AC circuits Define active power, reactive power, apparent
power, and power factor L CO2 Remember 1

Series AC circuits Solve an AC circuit with RL RC, and RLC elements
and compute powers and power factor T CO2 Apply 2

Module III

Resonance in R-L-C series
circuit

Define resonance and resonant frequency in series
ac circuits L CO3 Remember 0.5

Resonance in R-L-C series
circuit

Derive the depression for resonant frequency in a
series AC circuit L CO3 Apply 1

Resonance in R-L-C series
circuit Define Q factor of a coil L CO3 Remember 0.5

Resonance in R-L-C series
circuit

Compute the resonant frequency and Q factor of a
coil from the given parameters T CO3 Apply 2

Resonance in R-L-C series
circuit Define Bandwidth L CO3 Remember 0.5

Resonance in R-L-C series
circuit

Write the expression for BW in terms of resonant
frequency and Q factor L CO3 Remember 0.5

Parallel AC circuits Define admittance, susceptance and conductance
with the units L CO3 Remember 0.5

Parallel AC circuits Explain admittance method and vector method to
solve a parallel circuit L CO3 Understand 1

Parallel AC circuits Compute the parameters of a parallel AC circuit(2
branches) using admittance method T CO3 Apply 3

Parallel AC circuits Compute the parameters of a parallel AC circuit ( 2
branches) using vector algebra T CO3 Apply 3

Parallel AC circuits Define resonance in parallel circuit and write the
expression for resonant frequency L CO3 Remember 1.5

Parallel AC circuits Compare series and parallel resonant circuits L CO3 Understand 0.5

Parallel AC circuits List a few applications of resonant circuits L CO3 Remember 0.5

Module IV

Three phase AC systems Explain the principle of generating three-phase
alternating voltages L CO4 Understand 0.5

Three phase AC systems Describe the working of a three-phase generator
with waveforms and phasor diagram L CO4 Understand 2
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Three phase AC systems List the advantages of 3 phase system over single
phase system L CO4 Remember 0.5

Three phase AC systems Explain the concept of phase sequence L CO4 Understand 0.5

Three-phase
interconnections List the types of three-phase interconnections L CO4 Remember 0.5

Three-phase
interconnections

Derive the relation between line values and phase
values of voltage and current in a three-phase
star-connected system using phasor diagram

L CO4 Apply 2

Three-phase
interconnections

Derive the relation between line values and phase
values of voltage and current in a three-phase
delta-connected system using phasor diagram

L CO4 Apply 2

Three-phase
interconnections

Solve a three-phase balanced star and delta-
connected networks to find different parameters T CO4 Apply 3

Three-phase
interconnections Compare star and delta-connected systems L CO4 Understand 0.5

Three phase Power
Derive the expression for active power, reactive
power, and apparent power in a three-phase
system

L CO4 Apply 1

Three phase Power
Compute active power, reactive power, and
apparent power in a three-phase star and delta-
connected system

T CO4 Apply 2.5

Suggested Student Activities for Self-Learning

Week Self-Learning description Hours

Module I

1 Recall the preliminary concepts of matrix, Cramer's rule to find unknown variables(max 3 unknown).
Solve a circuit using Mesh analysis using the above concepts 6

2 State superposition theorem. Identify the major limitations of superposition theorem.
Solve a circuit using superposition theorem and verify it using Kirchhoff's laws 6

3 Compare Thevenin's and Norton's theorem.
Solve a circuit using both methods studied above. 6

4
Identify the practical applications of maximum power transfer theorem.
Convert star network to delta network and vice versa.
Compute the different circuit parameters by reducing a given DC circuit using the concepts of series, parallel reduction and
star delta transformation

6

Module II

5
Convert polar to rectangular form and vice versa.
Use phasor algebra to perform the mathematical operations in different forms.
Recall the basic terms in AC systems

6

6
Explain the effect of AC through a pure capacitor.
Draw the phasor diagram and waveforms for the above circuit.
Tabulate the effects of AC through pure R, pure L, and pure C.

6

7
Draw the phasor diagram when AC is applied to RL and RC circuit.
Derive the power equation in an RL circuit fed from single phase ac supply.
Solve an AC series circuit containing combinations of R, L and C elements.

6

8
Discuss the significance of active power and reactive power in ac systems.
(a)Calculate active power, reactive power in an electric circuit from the given information.
(b)Examine the changes with variation in the power factor.
Explain the significance of the term power factor. Read the electricity bill of your home and see the value of power factor

6

Module III

9
Define resonance and write the application of resonance.
Draw the phasor diagram of RLC series circuit at resonance.
Sketch the current and impedance characteristics at various frequencies in a series RLC circuit.

6

10 Compute admittance, Y from the given impedance, Z.
Calculate the current and voltages in each branch of a parallel circuit using admittance concept. 6

11 Identify another methods to solve a parallel circuit.
Compare the solutions obtained using vector method and admittance method in a parallel circuit. 6

12 Compare series resonance and parallel resonance.
Derive the expression for resonant frequency in parallel circuits with the help of a phasor diagram. 6

Module IV
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13
Identify the major features in the construction of a three phase ac generator.
Compare the voltage waveforms of a three-phase generator for positive and negative phase sequences using phasor
diagrams.

6

14 Compare the parameters in a balanced three phase star and delta connected systems(numerical approach).
Compare star and delta connected systems. 6

15 Determine the power consumed in a three phase system when the loads are star connected and delta connected.
Discuss the significance of reactive power. 6

Total Self-Learning hours 90

Learning Resources

TEXT BOOK

Sl.
No. Title Author Publication

1 A Text Book of Electrical Technology Vol-I, S. Chand & Co.
Ramnagar, New Delhi, ISBN: 9788121924405 Theraja, B. L.: Theraja, A. K S. Chand & Co. Ramnagar,

New Delhi

2 Principles of Electrical Engineering V K Mehta, Rohit Mehta S Chand & Company Ltd

3 Basic Electrical Engineering V Mittle, Arvind Mittle McGraw Hill Education, Noida

REFERENCE

Sl.
No. Title Author Publication

1 Fundamentals of Electrical Network B.R Gupta; Vandana Singhal S. Chand and Co., New Delhi

2 Circuit Theory(Analysis And Synthesis) Dr Abhijit Chakarbarti Dhanpat Rai & Co (Pvt Ltd)

3 Basic Electrical Engineering S.K. Sahdev Pearson India Education
Services Pvt. Ltd.

WEB RESOURCES

Sl.
No. URL Modules Covered

1 www.swayam.gov.in All

2 www.electrical4u.com All

3 Virtual labs: https://www.vlab.co.in I & II

4 NPTEL channel: www.youtube.com/channel/UC640y4UvDAlya_WOj5U4pfA I & II

5 https://nptel.ac.in/courses/117106108 II

6 https://nptel.ac.in/courses/108105159 I & II

7 https://nptel.ac.in/courses/108102097 I, II & II

8 https://nptel.ac.in/courses/108105053 II, III & IV

9 https://www.youtube.com/watch?v=8AfdmidxbNI IV

Assessment Methodology – Theory

Mode Attendance

CA1 CA2 CA3 CA4 CA5 CA6 ESE

Self-learning
activities

(Module 1)

Self-learning
activities

(Module 2)

Self-learning
activities

(Module 3)

Self-learning
activities

(Module 4)

Series
Exam

(2 modules)

Series
Exam

(2 modules)

Written
Exam

(theory)

Duration 2 hours 2 hours 2.5 hours

Exam mark 15 15 15 15 50 50 60

Converted to 20 20

Marks 5 15 20 60

Total 40

Tentative
schedule

End of
semester By 4th week By 7th week By 11th week By 14th week 8th week 15th week End of

semester

Series Examination Pattern- Theory
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Time Module Part A Marks Part B Marks Part C
(With choice) Marks Total

2 hours

Any one module 2 1 3 3 2 7 25

Any one module 2 1 3 3 2 7 25

Number 4 6 4 50

End Semester Examination Pattern of Question Paper - Theory

Duration Module

TYPE OF QUESTIONS

Part A
(2 Questions from each module)

Part B
2 out of 3 questions from each module)

Part C
(1 set questions with choice from each module)

Total Marks
No. of Questions Marks

(1 mark each) No. of Questions Marks
(3 marks each) No. of Questions Marks

(7 marks each)

2.5 hours

1 2 2 3 6 1 set 7 15

2 2 2 3 6 1 set 7 15

3 2 2 3 6 1 set 7 15

4 2 2 3 6 1 set 7 15

8 8 12 24 4 sets 28 60


