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Vision of the Institution

r‘ To develop into a reputed Institution at National and International level in Engineering,
Technology and Management by generation and dissemination of knowledge through

intellectual, cultural and ethical efforts with human values.
o To fosters scientific temper in promoting the world class professional and technical

L expertise. : <

Mission of the Institution

o To create state-of-the-art infrastructure facilities for optimization of knowledge j

acquisition.
e To nurture the students holistically and make them competent t0 excel in the global

scenario.
e To promote R&D and consultancy through strong industry-institute interaction to address

the societal problems.

Name of the Faculty: V-\)Tjo-liﬁa La.ﬁug\m; Designation: Ago e Pxo ¢

Program & Regulation: IE‘TQL 3 R\4 Academic Year: w0~
Course Code: Agg),oH Course Name: Nthoaﬂl( W Credits: 02

Department: FEL Year ) Semester T Section —A

Vision of the Department

e To become a reputed department in the impartation of professional and technical
expertise in the field of Electrical and Electronics Engineering

Mission of the Department

r e Imparting Quality Technical Education by provision of state-of-the-art laboratories.
Preparing the students to think innovatively and find effective solutions to address
engineering and societal problems with a multi-disciplinary approach maintaining

continuous industry interaction
e Encouraging team work and preparing the students for lifelong learning with ethical

responsibility for a successful professional career.
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Program Educational Objectives:

. PEO1: Equip graduates with a sound foundation in mathematics, science and engineering fundamentals,
necessary to build a protective career

PEO2: Graduates will excel in giving solutions to real time problems through technical expertise and
operational skill set in the field of Electrical Engineering

PEO3: Graduates will act with integrity in catering the need based requirements blended with ethics and
professionalism. -

. Program Outcomes (POs)

Engineering Graduates will be able to:
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and an
engineering specialization to the solution of complex engineering problems.
2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering problems
reaching substantiated conclusions using first principles of mathematics, natural sciences, and engineering sciences.
3. Design/development of solutions: Design solutions for complex engineering problems and design system
components or processes that meet the specified needs with appropriate consideration for the public health and
safety, and the cultural, societal, and environmental considerations.
4. Conduct investigations of complex problems: Use research-based knowledge and research methods including
design of experiments, analysis and interpretation of data, and synthesis of the information to provide valid
conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering and IT
‘ tools including prediction and modeling to complex engineering activities with an understanding of the limitations.
6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, health,
safety, legal and cultural issues and the consequent responsibilities relevant to the professional engineering practice.
7. Environment and sustainability: Understand the impact of the professional engineering solutions in societal and
environmental contexts, and demonstrate the knowledge of, and need for sustainable development.
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice.
9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse teams,
and in multidisciplinary settings.
10. Communication: Communicate effectively on complex engineering activities with the engineering community
and with society at large, such as, being able to comprehend and write effective reports and design documentation,
make effective presentations, and give and receive clear instructions.
11. Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage projects
and in multidisciplinary environments.
12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in independent and
life-long learning in the broadest context of technological change.
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Program Specific Outcomes (PSOs)

PSO 1: Apply the fundamentals of Electrical and Electronics Engineering to analyze and synthesize
problems of Electric Circuits, Electronic Circuits, Control Systems, Electrical Machines and Power

Systems.

PSO 2: Apply the appropriate techniques and modern engineering hardware and software tools in
Electrical Engineering to engage in life-long learning and to successfully adapt in multi-disciplinary
environments.
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B.Tech II & 111 Year Revised Academic Calendar for the Academic Year 2020-21

Commencement of Class Work

FIRST SEMEST
iR 17.07.2020
FROM TO DURATION
I Spell of Instructions (Online) 17.07.2020 | 09.10.2020 | 12 WEEKS
Mid -II & End Semester Examinations
CEPReciRiiG Sar e - 14.10.2020 _12.1 1.2020 | 5 WEEKS
Practical Examinations of Previous ;
go i 16.11.2020 | 21.11.2020 | 1 WEEK
Revision of Syllabi of Current :
7
Gomictor 23.11.202 | 05.12.2020 |2 WEEKS
Begeoment Bxainations of 02.12.2020 | 05.12.2020 | 4 DAYS
Previous Semester
T ¥ Fxam nations o1 07.12.2020 | 15.12.2020 | 1 WEEK
Current Semester
Practical Classes of Current Semester 16.12.2020 | 19.12.2020 | 4 DAYS
IT Spell of Instructions (Online) 21.12.2020 | 20.02.2021 |9 WEEKS
Practical Examinations 24.02.2021 | 03.03.2021 | 1| WEEK
II Mid & End Semester Examinations | 05.03.2021 | 22.03.2021 | 2 WEEKS
Betterment Examinations 24.03.2021 | 27.03.2021 |4 DAYS
Commencement of Class Work
SECOND SEMESTER 20.03.2021
I Spell of Instructions 30.03.2021 | 22.05.2021 | 8 WEEKS
1 Mid Examinations 24.05.2021 29.05.2021 | 1 WEEK
I1 Spell of Instructions 31.05.202 1I 24.07.2021 | 8 WEEKS
II Mid Examinations 26.07.2021 | 31.07.2021 |1 WEEK
Practical Examinations 02.08.2021 | 07.08.2021 | 1 WEEK
Betterment Examinations | 09.08.2021 | 12.08.2021 {4 DAYS
End Semester Examinations 13.08.2021 28.08.2021 | 2 WEEKS
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Vidya Jyothi Institute of Technology

(An Autonomous Institution)
(Accredited by NAAC & NBA, Approved by AICTE New Delhi & Permanently Affiliated to
JNTUH)
Aziz Nagar Gate, C.B. Post, Hyderabad-500 075
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

Course Objectives

To introduce the basic concepts of circuit analysis which is the foundation for all of the
Electrical Engineering discipline

To emphasize on the basic analysis of circuits which includes three phase circuits, two port
networks, transient analysis and network topology

Course Outcomes (COs)

CO1

Apply network theorems for the analysis of electrical networks.

CO2

Obtain the transient and steady-state response of electrical circuits.

CO3

Apply graph theory to formulate network equations.

CO4

Analyze two port networks.

COs

Evaluate circuits in the sinusoidal steady-state (Three-phase).
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COs Mapping with POs & PSOs

Course Program Outcomes Program
Outcomes Specific
Qutcomes
1 2 3 4 5 6 7 8 9 [ 10 | 11 | 12 | PSO1 | PSO2
CO1 3 3 2 3 3 - - - - - - 3 1 1
CO2 3 3 2 3 3 - - - - - - 3 1 1
CO3 3 3 2 2 - - - - - - - 3 1 1
CO4 3 3 2 3 3 - - - - - - 3 1 1
CO5 3 3 2 2 3 - - - - - - 3 1 1
Average | 3 | 3 | 2 |26 3 | - | - | - - “« .} o= |3 1 1
Assessment Plan
S.No. | Test/Examination | Units/ Topics COs Proposed Maximum
Covered covered Date Marks
Unit-1,Unit-2
1 Assignment | and Unit- (;1(1)(11 ,(535)32 7.10.2020 5
3(Half)
Unit-1,Unit-2
2 Mid I and Unit- 2{?; ’(%)32 14.12.2020 20
3(Half)
Unit-
3 Assignment I 3(Half),Unit- COa,c04 15.2.2021 5
: and COS5
4 and Unit-3
Unit-
4 Mid TI 3Half)Unit- | €004 | 2032021 20
; and CO5
4 and Unit-5
Direct Assessment Indirect Assessment
(Internal Examination & External (Course End Survey)
Examination)
R-2E A-81L
COM Course%tor D
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DEPARTMENT OF ELECTRICAL&ELECTRONICS ENGINEERING

Academic year: 2020-21
Section: EEE-A

Year& Semester: II B.Tech- I Sem
W. E. F: 18-07-2020

ONLINE CLASSES TIME TABLE

Day/ Hours 9.30 AM to 10.45 AM to 12.00 PM to 02.00 PM to
10.30 AM 11.45 AM 01.00 PM 03.00 PM
MON EMF NA CAFT MC-I
TUE EDC PS-1 EM-I | e
WED NA CAFT EMF | e
THU PS-1 EM-I ERBE | . e
FRI CAFT NA EMF MC-1
. SAT EM-I EDC PS-1 -
Subject Name of the Faculty
CAFT Complex Analysis & Fourier Transforms Mrs.Ch.Sridevi
EDC Electronic Devices & Circuits Mrs.A . Pavithra
PS-1 Power Systems-1 MTr.S.Suresh
NA Network Analysis Mrs.V.Vijaya Lakshmi
EMF Electro Magnetic Fields Mr.B.Sudhakar Reddy
EM-1 Electrical Machines—I Mr.P.Naga Muneendra
MC-I Gender Sensitization Mrs.M.Hepsiba
Class In charge Mrs.V.Vijaya Lakshmi

et

Time Table I/C .Q.D
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Name of the Faculty: V.Vijaya Lakshmi

Course Name

: Network Analysis

Lesson Plan

Year/ Sem:II-1

Vidya Jyothi Institute of Technology

Course Code: A33204

S .No

Lecture Hour

Teaching Aids

Topics to be covered

Books

conditions

required no./Page No.
Unit-I: Network Theorems(Dc¢ & Ac), Mesh And Nodal
Analysis
L1 Online .
1
Class(PpT) _ | ntroduction TB1(62-93)
“2 L2&L3 Online Analysis of Circuits using mesh methods
Class(GJB) TB1(62-93)
3 L4&L5 Online Analysis of Circuits using Nodal methods,
Class(GJB) TB1(62-93)
L6 &L7 Online ; TBI(111-
4 Class(PPT) Norton’s theorem 120)
L8 Online Maximum Power
TB1(127-
5 Class(PPT) | Transfer theorem 13(0)
L9 Online ey TB1(133-
6 Class(PPT) Reciprocity theorem 134)
L10 Online ; . TB1(131-
7 Class(PPT) Millmann’s theorem 132)
L11 Online ; TB1(135-
8 Class(PPT) Compensation theorem 136)
L12 Online TB1(62-
‘9 Class(GJB) Problems 136)
Unit-II: D.C and A.C Transient Analysis
L13 Online : TB1(333-
10 Class(PPT) Introduction 338)
L14 Transient response of series and parallel R-L
Online circuits for D.C excitation- Initial
11 Class(GJB) | conditions- Solution method using differential TB1(339-
equation 345)
L15 Online Transient response of series and parallel R-C
12 Class(GJB circuits for DC Excitation using differential TB1(349-
SR | o tion Tntbial conditians 350)
L16 & L17 Online Transient response of series R-L-C circuits for DC
13 Class(GIB) Excitation using differential equation-Initial TB1(333-

338)
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L18 Transient response of series and parallel R-L
14 Online circuits for D.C excitation- Initial
Class(GJB) | conditions- Solution method using laplace TB1(339-
transforms 345)
15 L19 Online Transient response of series R-C circuits for DC TB1(349-
Class(GJB) | Excitation using laplace transforms 350)
16 L20 & L21 Online Transient response of series R-L-C circuits for DC | TB1(349-
Class(GJB) | Excitation using laplace transforms 350)
L23 ’ Transient response of series and parallel R-L
17 Online circuits for sinusoidal excitation- Initial TB1(346-
Class(GJB) conditions- Solution method using differential 348)
. L24 Online Transient response of series and parallel R-C
18 Class(GJB) circuits for sinusoidal Excitation using differential TB1(350-
equation-Initial conditions 351)
L25 Ovline Transient response of series R-L-C circuits for
19 Class(GIB) sinusoidal Excitation using differential equation- TB1(352-
Initial conditions 353)
L26 Transient response of series and parallel R-L
Online circuits for sinusoidal excitation- Initial
= Class(GJB) | conditions- Solution method using laplace TB1(346-
transforms 348)
21 L27 Online Transient response of series R-C circuits for TB1(350-
Class(GJB) | sinusoidal Excitation using laplace transforms 351)
) L28 Online Transient response of series R-L-C circuits for TB1(352-
Class(GJB) | sinusoidall Excitation using laplace transforms 353)
23 L29 & L30 Online Problatis
Class(GJB)
@ Unit-III: Network Topology
L31 Online : TB1(691-
24 Class(PPT) Introduction 697)
25 L32 Online Network Topology - Definitions, Graph, Tree TB1(691-
Class(PPT) 697)
26 L33 & L34 Online Incidence Matrix, Basic Cut Set Matrices for TB1(698-
Class(PPT) | planar networks 702)
27 ke Lan Cl?szl(;lgT) Basic Tie set Matrices for planar networks TB.; ég)g 8-
28 L37 & L38 Online Loop method for analysis of Networks with TB1(706-
Class(PPT) | Voltage and Current Sources 710)
29 L39 & 140 Online Nodal method for analysis of Networks with TB1(706-
Class(PPT) | Voltage and Current Sources 710)
30 e Clgs‘ilf‘};n Duality & Dual Networks TB,}g)] .
31 L42 & 143 Online Pecilbng TB1(706-
Class(GJB) 710)
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Unit- I'V: Two Port Networks
L44 Online : TB1(566-
32 Class(PPT) Introduction 597)
33 L45 Online Two port network parameters — Z parameters TB1(566-
L46 Online - TB1(566-
34 Class(PPT) Two port network parameters — Y parameters 597)
L47 Online TB1(566-
35 Class(PPT) Two port network parameters ~ABCD parameters 597)
148 Online ; TB1(566-
36 Class(PPT) Two port network parameters —Hybrid parameters 5 é?)
L49 Online : TB1(599-
I 7 Class(PPT) Inter Relations 601)
L50 Online : : TB1(599-
38 Class(PPT) Series connection of two port networks 601)
L31 Online : TB1(599-
39 Class(PPT) Parallel connection of two port networks 601)
L52 Online . TB1(677-
40 Class(PPT) Cascaded connection of two port networks 630)
41 L33 Online Concept of transformed TB1(677-
Class(PPT) | network 680)
4 L54 Online Two port network parameters using transformed TB1(566-
Class(PPT) | variables 597)
L55 Online
43 Class(PPT) Problems
Unit- V: Three Phase Ciruits
L56 Online - TB1(301-
44 Class(PPT) Introduction 302)
i 5 L57 Online Three phase Circuits — Generation of Three Phase TB1(302-
Class(PPT) [ Voltage 303)
46 L58 Online Review of Voltage and Current TB1(307-
Class(PPT) | relations in Star system 330)
47 LS9 Online Review of Voltage and Current TB1(305-
Class(PPT) | relations in Delta system 306)
43 L60 Online Analysis of balanced three phase circuits- TB1(301-
Class(PPT) | Measurement of active and reactive power 330)
49 L61 & L62 Online Analysis of unbalanced three phase circuits- TB1(301-
Class(PPT) | Measurement of active and reactive power , 302)
ulty I/C D
L - Lecture GJB - Google Jam Board
A - Assignment PPT - Power Point Presentation
T - Text Books MD - Model Demo
R - References FV - Field Visit
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Course Delivery Plan & Record of class work
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(Accredited by NAAC & NBA, Approved by AICTE New Delhi & Permanently Affiliated to

Unit-I
Proposed Execution
S 5 Teaching
No Topics To Be Covered Aiddased
DATE HOURS DATE HOURS
20.7.2020 Introduction Online 20-7-
_.1 1 Class(PPT) Toderg. |
22.7.2020&24.7.2020 Analysis of Circuits using Online |99 79022
» 2 | mesh methods Class(GIB) | 5, Tupe 90|+
3 27.7.2020&29.7.2020 5 Analysis of Circuits using Online | n-7.7. 3024
Nodal methods Class(GJB) |25-T-2 007 e
31.7.2020 ; Online
4 1 Norton’s theorem oy
Class(PPT) 27202 |
5 3.8.2020 1 Maximum Power Online Eaie |
Transfer theorem Class(PPT) 25 Jolo
5.8.2020 . . Online
Reciprocity theorem
6 1 e Class(PPT) | 5 & 2020 |
3 10.8.2020 1 Millinann’s theoremn Online |
Class(PPT) | 0§ 2220
12.8.2020 C e i s Online
d | ompensation Class(PPT) |12+ & 2024 |
14.8.2020 Problems Online
9 (Y-&2o
1 Class(GJIB) Lf i

Justification for deviation (if Any)

No M?Jaﬂ
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Unit-II
S No sl s Topics To Be Covered }j‘i;’:ﬁis‘;g Tixecution
DATE | HOURS DATE | HOURS
: Online
1 17.8.2020 1 Introduction Class(GIB) JT-€202p |
Transient response of series and parallel R-
5 19.8.2020 1 L circuits for D.C excitation- Initial Online
e conditions- Solution method using Class(GJB) | 19 € .203lp |
differential equation
_. Transient response of series and parallel R- Online
3 21.8.2020 1 C circuits for DC Excitation using )& 200 |
differential equation-Initial conditions Class(GIB)
Transient response of series R-L-C circuits Online
4 | 24.8.2020 1 for Df] EXC}tf:ltlon using differential Class(GIB) |>U Rlong |
equation-Initial conditions
Transient response of series and parallel R-
5 26.8.2020 1 L circuits for D.C excitation- Initial Online
i conditions- Solution method using laplace | Class(GJB) |26 € ' 2oL [
transforms
Transient response of series R-C circuits Online
s L for DC Excitation using laplace transforms | Class(GJB) [2& 201 |
7 31.8.2020 2 Transient response of series R-L-C circuits Online
" for DC Excitation using laplace transforms | Class(GJB) [X) & 2039 -
Transient response of series and parallel R-
? 2.0.2020 1 L circuits for sinusoidal excitation- Initial Online
o conditions- Solution method using Class(GIB) | 2202 |
differential equation
Transient response of series and parallel R- Online
9 4.9.2020 1 C circuits for sinusoidal Excitation using 92004 )
differential equation-Initial conditions Clas(aIb) 't
Transient response of series R-L-C circuits Online
10 7.9.2020 1 for sn'lusond'a; Excnat.l(.)n using differential Class(GJB) T7-9- 2008 |
equation-Initial conditions
Transient response of series and parallel R- Online
L circuits for sinusoidal excitation- Initial Class(GJB)
i 2:9.2020 1 conditions- Solution method using laplace g49.200 J
transforms
Transient response of series R-C circuits Online
12| 11.9.2020 1 for sinusoidal Excitation using laplace Class(GJB) |l J- 92028 |




Vidya Jyothi Institute of Technology

(An Autonomous Institution)

(Accredited by NAAC & NBA, Approved by AICTE New Delhi & Permanently Affiliated to

JNTUH)

Aziz Nagar Gate, C.B. Post, Hyderabad-500 075
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

Transient response of series R-L-C circuits Online
13 | 14.9.2020 1 for sinusoidall Excitation using laplace Class(GIB) (11,.9.1059
transforms
Online
4 |1692 t-9- 20
1 6.9.2020 Problems Class(GIB) 16+ 202

No

Justification for deviation (if Any)

olevtalion

1
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Unit-I1T
S No Hpo. Topics To Be Covered ::;;l:l:;g Tarenanin
DATE HOURS DATE | HOURS
! Online
1 18.9.2020 1 Introduction Class(PPT) I%9.2020 |
Network Topology - Definitions, Graph, Online o
2 28.9.2020 1 Tree Class(PPT) 28 S0y |
~ | 30.9.2020&5 2 Incidence Matrix, Basic Cut Set Online  |20+9:200®
@ | .102020 Matrices for planar networks Class(PPT) | 5. j00e0p =
4 7.10.2020&9 9 Basic Tie set Matrices for planar Online 7102020
.10.2020 networks Class(PPT) |4 16909 *
5 12.10.2020& 2 Loop method for analysis of Networks Online  |)>+i2- 2o2p
23.11.2020 with Class(PPT) [y2.1)v2028 =
Nodal method for analysis of Networks Oiling
6 25.11.2020 1 with e |
Voltage and Current Sources Clasl FT)
; Online :
7 | 27.11.2020 1 Duality & Dual Networks Class@pT) |2 T11202P /
Online
8 | 30.11.2020 1 Problems Class(GIB) [20"!! 2022 |

Justification for deviation (if Any)

No devialion

CDM
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Unit-IV
. Proposed Execution
| Teaching
No Topics To Be Covered Aidsused
DATE HOURS DATE HOURS
1 | 2122020 1 Introduction Online(PPT) | 5122030 |
Two port network parameters — 7 Online(PPT) |
& 2 | 3.12.2020 1 S 2 jy20 |
Two port network parameters — Y Online(PPT)
3 |21.12.2020 1 p el )2 2020 |
Two port network parameters — Online(PPT)
4 |23.12.2020 1 ABCD patameicrs 522 20% |
Two port network parameters — Online(PPT) | _
5 |25.122020 1 Hybrid parameters 2612202 /
6 [28.12.2020 1 Inter Relations Online(PPT) |2 )2  Jp2a
Series connection of two port Online(PPT)
7 |30.12.2020 1 pERecy Ro'|) ot |
Parallel connection of two port Online(PPT)
8 4.1.2021 1 eivoiks L] 2004 l
Cascaded connection of two port Online(PPT)
9 6.1.2021 1 et b 201 [
Concept of transformed Online(PPT)
I Two port network parameters using | Online(PPT)
| 112020 ] 1 | transformed variables h-1-200| |
12 | 13.1.2020 1 Problems Online(PPT) | 2. (. 000y |

Justification for deviation (if Any)

No Awiaﬂm
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Unit-V
S No Erapoied Topics To Be Covered :le;:l;ls[;g Execntion
DATE HOURS DATE HOURS
: Online o
1 15.1.2021 1 Introduction Class(PPT) |51 202 \
Three phase Circuits — Online
2 18.1.2021 1 Generation of Three Phase Class(PPT) |)g.). 203 |
Voltage
Review of Voltage and Online |5, .jq,
@ . 1232012 1& 2 | iCusent Class(PPT) e G
53 relations in Star system 2220
Review of Voltage and Online
4 2;71 12%12 1& 2 Current ClassPPT) |*< 1:70%) =
i relations in Delta system 27124
Analysis of balanced three Ont
s | 21201 : b Class(PPT) [ 120
&1.2.2021 phase circuits- e:‘:lsurement (p I8
of active and reactive power | ').-)a)j
] 329021 5 Analymls of_ unbalanced three Online 22000
&5.92001 phase_cu‘cmts- Me?zsurement Class(PPT) | =
of active and reactive power 5.2:20)

Justification for deviation (if Any)

No devialiem

Co%;:ﬁty/
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Student List

II-A Section

S.No Roll.No Name of the Student
1 19911A0201 | A Pavani
2 19911A0202 | Ahankari Aditya
3 19911A0203 | Ajmeera Rakesh
4 19911A0205 | Algubelli Sindhu
5 19911A0206 | Annaldas Aravind
6 19911A0207 | Anthamgari Swathi Priya
7 19911A0208 | Badagani Ganesh
8 19911A0209 | Bandela Sumith
9 19911A0210 | Banoth Sravan
10 19911A0211 | Bhooma Rajashekar Goud
11 19911A0212 | Bhukya Bhargav
12 19911A0213 | Bhukya Naveen
13 19911A0214 | Buchalwar Swennik
14 19911A0215 | Chakali Praveen
15 19911A0216 | Chennam Alekhya
16 19911A0217 | Chitikela Chetana
17 19911A0218 | Chittiprolu Anusha
18 19911A0219 | Dara Uday Bhargav
19 19911A0220 | Dasari Srinivas
20 19911A0221 | Devaradeshi Udhay Kiran
21 19911A0222 | Edula Bharath Kumar Goud
22 19911A0223 | Gade Suprathika
23 19911A0224 | Giddalapati Vamsi Ram Reddy
24 19911A0225 | Goli Sai Prashanth
25 19911A0226 | Gone Meghana
26 19911A0227 | Gorla Anjali Raj
2 19911A0228 | Govindreddy Asritha
28 19911A0229 | Guguloth Kalyan
29 19911A0230 | Gugulothu Rahul
30 19911A0231 | Jarpala Nageswari
31 19911A0232 | Jatavath Pavan
32 19911A0233 | Joshi Sai Vivekanand
33 19911A0234 | Kanaveni Akhila
34 19911A0235 | Karike Srinu
35 19911A0236 | Karukuri Sai Ram
36 19911A0237 | Katna Srisailam
37 19911A0238 | Kolluru Maheshwar
38 19911A0239 | Koppera Vijendhar
39 19911A0240 | Kottapeta Sanjeev Kumar Goud
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40 19911A0241 | Kurva Krishna

41 20915A0201 | Boini Ramnesh

42 20915A0202 | Bonike Naveen

43 20915A0203 | Bowreshetty Sai Kiran

44 20915A0204 | D Hemanth Sagar

45 20915A0205 | G Vishnu Vardhan

46 20915A0206 | Gandham Sree Charan Deep
47 20915A0207 | Gumdala Manikanta Goud
48 20915A0208 | Karumuru Hepsibha

49 20915A0209 | Kondoju Aparna

50 20915A0210 | Koppula Akanksha

51 20915A0211 | Kothuri Abhishek

52 20915A0212 | Kummari Yamuna

53 20915A0213 | M Raghavulu
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ASSIGNMENT -1 (AY - 2020-21)

COURSE NAME: Network Analysis Year & Semester: II-1

S.No. Questions COs POs B.L

State Norton’s Theorem and find Norton Equivalent
for the circuit shown

R

Wy
31

® 2

- 1 12,8 2
E=9vV R—:?ﬁﬂ §'RL

v b

State and prove Maximum power transfer Theorem
2 | for both DC and AC excitation. 1 1,2,8,9 3

Switch is moved from position 1 to 2 at t = 0 find the
voltage Vg(t) and V¢(t) for t=0

3 e 2 1,2,8,9 4

s 2
100V ™3 L

T S0V

In the circuit shown in figure, switch S is in
position] for a long time and brought to position 2 at
time t=0.Determine tH& circuit current ,

50

s
4 L Y 2 1,2,89 4

3 @ 3 1,2,8 2

For the following graph find the no.of possible trees.




COURSE NAME: Network Analysis
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ASSIGNMENT —-1I (AY -2020-21)

Year & Semester: I1-1

oLl Questions COs POs B.L
1 3 1,2,8 2
Write down the incidence matrix and cutset
matrices for the circuit shown in the figure
Find the Z parameters for the following networks
from basics.
3
2 o I AN, é & 4 1,2,8,9 3
220 250
e
i {
Derive conditions for reciprocity and symmetry for
3 Z, ABCD parameters 4 1,2.8,9 3
4 Obtain power equation using 2 wattmeter method 5 1,2,8,9 5
for balanced and unbalanced systems.
A three phase balanced delta connected load of
(4+j8)Q2 is connected across a 400V, 3-@ balanced
5 supply. Determine the phase currents and line | 5 1.2.8.9 2
currents.Assume the phase of sequence to be RYB. S
Also calculate the power drawn by load.
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II B.Tech I Semester I Mid Examination, December-2020

Subject Name: Network Analysis BRANCH:EEE
Time: 1 Hour Max Marks:20

Note: This question paper contains six questions. Answer any three questions.

Bloom’s Level:

Remember L1
Understand L2
Apply L3
Analyze L4
Evaluate L5
Create L6

ANSWER ALL THE QUESTIONS Bloom's

Level CcO PO Marks

i | Using nodal analysis find all branch
currents for the following circuit

L4 1 2 ™

OR]

2 | Find Maximum power delivered to the
load by using maximum power
) transfer theorem.

2Q 3Q

A
Wy W L2 1 2 ™

+
IDV:‘:._‘ 120? RQ




In the circuit shown in figure, switch
S is in position 1 for a long time and
brought to position 2 at time
t=0.Determine the circuit current.

g5

B
ks =

L5

™

[OR]

A series RC circuit with R = 100 Q
and C = 25 pF has a sinusoidal
excitation V(t) = 250 Sin 500t. Find
the total current assuming that the
capacitor is initially Uncharged.

L4

™

For the circuit shown draw the graph
and find the no. of possible trees

L4

6M

OR]

For the graph shown write the tieset
matrix.

LS

6M

***VJIT(A)***
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II B.Tech I Semester II Mid Examination, February-2021

Subject Name: Network Analysis BRANCH: EEE
Time: 90 Min Max Marks:20

Bloom’s Level:

Remember L1
Understand 1.2
Apply L3
Analyze L4
Evaluate L5
Create L6

‘ ANSWER ALL THE QUESTIONS B;j’;’l‘l > CO | PO | Marks

Calculate twig voltages using KCL equation for the
network shown

l.a) L4 3 2 6M

[OR]

Draw the dual of the network shown in the figure

b) L3 3 1 6M

Find the Z parameters for the circuit shown in
Figure

40
2(a) *’f_ sim L4 4 2 ™
v

>
::ln Vz

{

- 1o o3

[OR]

Derive expressions for combined network when two two-

port networks connected in cascade L3 4 2 ™

b)




Derive the relation between line and phase currents and

3.a) | line voltage and phase Voltages in delta connection of a L3 ™
3- Phase balanced system
[OR]
Il A e P -
b) oads are 4+j8 , 3+j4, 15+j20 supply is 3 phase 3wire L3 ™M

400v, 50Hz obtain line currents and power delivered

***VJIT(A)***
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Subject Code: A23204
B.Tech II Year II Semester Regular Examination, OCTOBER/NOVEMBER-2020
SUBJECT: Network Analysis BRANCH: EEE
Time: 3 Hours Max. Marks: 75
Note: This question paper contains two parts Part A and PartB
Part A is compulsory which carries 25 Marks.Answer all questions
Part B consists of 5 questions. Answer all the questions.
Bloom's Level:
Remember L1 |Analyze L4
Understand L2 |Evaluate L5
Apply L3 |Create L6
PART-A Bloom's
ANSWER ALL THE QUESTIONS L0 o Lovel | O
1 State Maximum Power Transfer theorem 1 1,12 L2 2M
Discuss and explain on supernode 1 1,12 L2 3M
3 Calculate the timeconstant of simple RL circuit with R=10MQ and
1=10ph 2 1,2,5 L3 2M
4 Review on the significance of initial conditions in a step response of
series RL and RC circuits 2 1,4,5 L2 M
5 [Define a graph,tree with an example 3 1,12 L1 2M
7 |Define the duality and dual elements with examples 3 1,12 Ll 3M
8 | Write a short notes on ABCD parameters 4 132 L1 2M
Derive the condition Tor reciprocity for Z parameters and Y
?  |parameters 4 1,45 L3 M
10 Write the expression ff:'tr a(ftive power and reactive power in a 5 135 L M
balanced three phase circuit
PART-B Bloom's
ANSWER ALL THE QUESTIONS co = Lovel | T
Using the node voltage analysis,compute all the node voltages and
currents in 1/3 Q and 1/5€2 resistances respectively
1L.i).a 1 1,2,3,5 L3 5M
Derive thevenin's theorem condition for DC excitation and verify
b) with an example . 1,23 = M
[OR]
Verify reciprocity theorem for the circuit shown in the figure
20 30
ii.a) 1 12,3 L2 5M




Using Norton's theorem compute the current through 6 resistance
shown in figure

b) 1,235 L3 5M
[OR]
The series RC circuit shown in figure has sinusoidal voltage source
v(t)=100sin(100t+®d) volts.If the switch is closed when
®=90° calculate current assuming zero initial charge
: e soyF |
12.i.a) L 1.2.3:5 L3 5M
Vit
A series RC circuit with R=I00Q2 andC=2SpF has a sinusoidal
b) |excitation V(t)=250Sin500t.Compute the total current assuming that 1235 L3 M
the capacitor is initially uncharged
[OR]
For the circuit shown in the figure determine the currents i, and i,
when the switch is closed at t=0
ii.a) 1,2,3,5 L3 SM
A series RC circuit with R=100Q and L=5mH has a sinuscidal
b) |excitation of V(t)=250*sin500t.Find the total current assuming that j25% L4 5M
the inductor is initially not charged
For the following network obtain (A)basic tiesel matrix and (B)
basic cutset matrix
EEA 1 i
13.i.a) | Gl e 1,2,3 L3 5M
e w"——-ﬂﬂ" =87 5?' 6.0.-
""::.:'gf
b) Dete.rmlr{e the branch currents in terms of link currents using tie-set 123 L3 SM
matrix with an example
[OR]
For the graph shown below find incidence and cutset matrices
ii.a) 1,23 L4 5M
b) dE?(plain graph,orientfad gra}ph,s:,ubgraph,tree,cotree.and] ink with neat 123 L3 N
iagrams for any typical circuit.
, . |The Z parameters of a two port network are Z;;=10ohm,
14.i.a) 1.2.3 L3 M

Z,,=150hm,Z,=Z,,=50hms.Find the h parameters




b)

Find Y parameters for the circuit shown in the figure

1 ﬁ o ;_.!__,__' _ﬁn %

A
wh AAA
VWYY

1,23

L3

M

[OR]

Derive expressions for ABCD parameters of two-port networks
connected in cascade.

1,2,3

L4

10M

15.i.a)

Derive the relation between line and phase currents and Voltages in
delta connection of a 3-phase(balanced) system.

1,23

L3

SM

b)

b) A balanced star-connected load 4+j3per phase isconnected to a
balanced 3- phase 400v supply. The phase current is12A.find
(A) The total active power

(B) Reactive power and'

(C) Total apparent power

(D) Power factor

1,2,3

L4

5M

[OR]

Three identical impedances are star connected across 440V,50Hz
supply.The three line currents are IR=20L-40"1y=20L-

160%1B=20L80%find the values of the elements, total power and the
readings of wattmeter to measure power.

1,2,3

5M

***V‘] lT(A)'k kkkk
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CONTENT BEYOND SYLLABUS

S.No. Date Topics Covered Details Of The Mapping With
Resource Person POs, PSOs
i gampoy | Sucen GBIy | e T ki 3.1
Tellegen’s theorem
Network functions,
Driving Points and = ;
2 10.2.2021 Transfer finctionis —using V.Vijaya Lakshmi 3.1
Transformed (S)Variables
TUTORIAL CLASSES
S.No. Date Period Topics Covered Related COs
2 12.2.2021 1 Problems on transients 2
3 15.2.2021 1 Problems on tieset and cutest 3
o 17.2.2021 1 Problems on Network parameters 4
5 20.2.2021 1 E‘:;);ems on star and delta connected 5
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Faculty Name: V.Vijaya Lakshmi

Course: Network Analysis

Class-Section: II-A

Innovative Method:Google-It Report Writing

Objective of the Method:

Students are expected to Google the content of the topic available in open source. He/ She is
also expected to go through, understand& explore beyond class room. Student will be
reporting the concept understood in writing.

Aim of the method:

1. To maximize the learning experience.
2. To identify and prioritize content
3. To identify gaps in understanding

Implementation/Portrayal of method:

1. Use this opportunity to clear up any misconceptions
2. Student will be in a position to present the report prepared.
3. The report can be used for further reference.

Topic Covered through activity: Norton’s Theorem

Description of the Method: Students were asked to google about Norton theorem statement
& procedure to apply the theorem for a given circuit. They were further asked to prepare a
report accordingly.

Benefits of the method: students understood how to apply Norton’s theorem for a given
circuit. This activity enhances communication and writing skills, it further engages the
students in self learning.
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Name of the Student: G Kalyan
Roll.No: 19911A0229

Year/Sem : II-1
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Outcome:Many students suggest that using the Google it-report writing strategy supported
their ability to effectively explore and integrate thetopic and create flow and linkage
amongst when writing their report.
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Vidya Jyothi Institute of Technology

(An Autonomous Institution)
(Accredited by NAAC & NBA, Approved by AICTE New Delhi & Permanently Affiliated to
JNTUH)
Aziz Nagar Gate, C.B. Post, Hyderabad-500 075
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

BATCH 2019-2023

Course End Survey Analysis

II-I -A Sec(Academic Year 2020 -2021)
Year/Sem:II-I | Substantially Moderate Low Total Attainment
High
Network
Arilysis 44 .4 8.2 0.4 53 2.82
3 2 1 Assessment TOTAL
CO1 44 8 1 2.81 53
CO2 45 8 0 2.84 53
CO3 43 10 0 2.81 53
CO4 48 5 0 2.90 53
CO5 42 10 1 2.75 53
44 .4 8.2 0.4 2.82 53




; Vidya Jyothi Institute of Technology (Autonomous)
(Accredited by NBA, Approved By A.I.C.T.E., New Delhi, Permanently Affiliated to JNTU, Hyderabad)
(Aziz Nagar, C.B.Post, Hyderabad -500075)

Indirect Attainment(IDA) BACTH 2019-23 AY 2020-21

Il EEE-Il sem-A Sec
S.No Roll.No NA
co1 co2 co3 coa COo5

1 19911A0201 3 3 3 3 3
2 19911A0202 3 3 3 3 3
3 19911A0203 3 3 3 3 3
4 19911A0205 3 3 3 3 3
5 19911A0206 3 3 3 3 2
6 19911A0207 3 3 3 3 3
7 19911A0208 3 3 3 3 3
8 19911A0209 3 3 3 3 3
9 19911A0210 3 3 2 3 3
10 19911A0211 3 3 3 3 3
11 19911A0212 3 3 3 3 2
12 19911A0213 3 2 3 2 3
13 19911A0214 3 3 2 3 3
14 19911A0215 3 3 3 3 3
15 19911A0216 2 3 3 3 3
16 19911A0217 3 2 2 3 3
17 19911A0218 3 3 3 2 2
18 19911A0219 3 3 3 3 3
19 19911A0220 3 3 3 3 2
20 19911A0221 3 3 3 2 3
21 19911A0222 2 3 3 3 3
22 19911A0223 3 3 3 3 3
23 19911A0224 3 3 2 3 3
24 19911A0225 3 3 3 3 3
25 19911A0226 3 3 3 3 2
26 19911A0227 3 2 2 3 3
27 19911A0228 2 3 3 3 3
28 19911A0229 3 2 3 3 3
29 19911A0230 3 3 3 2 3
30 19911A0231 3 3 3 3 3
31 19911A0232 2 3 3 3 3
32 19911A0233 3 3 3 3 3
33 19911A0234 3 3 3 3 3
34 18911A0235 3 2 3 3 2
35 19911A0236 2 3 2 3 3
36 19911A0237 3 3 2 3 2
37 19911A0238 3 2 3 3 3
38 19911A0239 3 3 3 3 3
39 19911A0240 3 3 3 2 2
40 19911A0241 3 3 3 3 3
41 20915A0201 3 3 3 3 3
42 20915A0202 1 3 3 3 3
43 20915A0203 3 2 2 3 2




44 20915A0204 2 3 3 3 3
45 20915A0205 3 3 3 3 3
46 20915A0206 3 3 3 3 3
47 20915A0207 3 3 3 3 1
48 20915A0208 3 3 3 3 3
49 20915A0209 3 3 2 3 3
50 20915A0210 3 3 3 3 2
51 20915A0211 3 3 3 3 3
52 20915A0212 2 2 2 3 2
53 20915A0213 3 3 3 3 3
2.83019 | 2.84906 | 2.81132 | 2.90566 | 2.75472

Average=2.82




Vidya Jyothi Institute of Technology

(An Autonomous Institution)
(Accredited by NAAC & NBA, Approved by AICTE New Delhi & Permanently Affiliated to
JNTUH)
Aziz Nagar Gate, C.B. Post, Hyderabad-500 075
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

Batch 2019-2023

COURSE CLOSURE REPORT

S.No Parameters Section A SEC
Course Name Network Analysis
Allotted Faculty V.Vijaya Lakshmi
1 Quality of I/II-mid question papers(As per Blooms Taxonomy
or not) submitted to the exam section
2 No of students registered for the exam 52
3 No of students appeared for the exam 5)
4 No of students passed 45
5 Pass percentage RE- 23/
6 End exam result analysis (pass percentage > 90%) o
7 End exam result analysis (pass percentage 80% to 90%) 2
8 End exam result analysis (pass percentage 70% to 80%) &
9 End exam result analysis (pass percentage 60% to 70%) |k
10 End exam result analysis (pass percentage <60%) 29

Faculty
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Network Topology

Graph of a Network
Concept of Tree and Co-tree
Incidence Matrix
Tie-set
Tie-set Schedule
Cut-set
Cut-set Schedule
Formation of Equilibrium Equations in Matrix Form
Solution of Resistive Networks
Principle of Duality

|. Basic definitions:
Network Topology:
¢ s another method of solving electric circuits
e Is generalized approach
Network:
A combination of two or more network elements is called a network.
Topology:

Topology is a branch of geometry which is concerned with the properties of a
geometrical figure, which are not changed when the figure is physically distorted,
provided that, no parts of the figure are cut open or joined together.

The geometrical properties of a network are independent of the types of
elements and their values.

Every element of the network is represented by a line segment with dots at the
ends irrespective of its nature and value.

Circuit:

If the network has at least one closed path it is a circuit.

Note that every circuit is a network but every network is not a circuit.
Branch:

Representation of each element (component) of a electric network by a line
segment is a branch.

Node:

A point at which two or more elements are joined is a node. End points of the
branches are called nodes.



Graph:

It is collection of branches and nodes in which each branch connects two
nodes.

Graph of a Network:

The diagram that gives network geometry and uses lines with dots at the ends
to represent network element is usually called a graph of a given network. For
example,

5
A——JIN

Fig.2 Graph

Sub-graph:

A sub-graph is a subset of branches and nodes of a graph for example
branches 1, 2, 3 & 4 forms a sub -graph. The sub-graph may be connected or
unconnected. The sub- graph of graph shown in figure 2 is shown in figure 3.

@ 2

© 7

Fig.3 Sub-graph



Connected Graph:

If there exists at least one path from each node to every other node, then graph
is said to be connected. Example,

-~
L

Fig.4 Connected Graph

Un-connected Graph:

If there exists no path from each node to every other node, the graph is said to
be un-connected graph. For example, the network containing a transformer
(inductively coupled parts) its graph could be un-connected.

I3 %

@
S 2 3 “34 5 \@ k |5
| = %

Fig.5 Network @ @

Fig.6 Un-connected Graph

Path (Walk):

A sequence of branches going from one node to other is called path. The node
once considered should not be again considered the same node.

Loop (Closed Path):

Loop may be defined as a connected sub -graph of a graph, which has exactly
two branches of the sub-graph connected to each of its node. o i ’

For example, the branches1, 2 & 3 in figure 7 constitute a loop.

Fig.7 Loop



Planar and Non-planar Graphs:
A planar graph is one where the branches do not cross each other while drawn
on a plain sheet of paper. If they cross, they are non-planar.

©

® ©

Fig.9 Non-planar graph

Fig.8 Planar Graph

Oriented Graph:
The graph whose branches carry an orientation is called an oriented graph

'O » @D s
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T @

Fig.10 Oriented Graph

The current and voltage references for a given branches are selected with a
+ve sign at tail side and —ve sign at head
l+

Tree of a connected graph is defined as any set of branches, which together
connect all the nodes of the graph without forming any loops. The branches of a tree
are called Twigs.

Tree:

Co-tree:

Remaining branches of a graph, which are not in the tree form a co-tree. The
branches of a co-tree are called links or chords.

The tree and co-tree for a given oriented graph shown in figurel1 is shown in
figurel2 and figurel3.
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Fig. 11 Oriented Graph

Z

Fig.12 Trees

Fig.13 Co-trees

Tree | Twigs Links (Chords)
1 2,4&5 1,3&6
2 3,4&5 1,2&6
3 2,5&6 1,3&4




Properties of Tree:
1) It contains all the nodes of the graph.
i1) It contains (n¢-1) branches. Where ‘n¢’ is total number of nodes in the given graph.
ii1) There are no closed paths.
Total number of tree branches, n = (n4-1)
Where n¢ = Total number of nodes
Total number of links, 1 = (b-n)
Where b = Total number of branches in the graph.

Degree of Node:
The number of branches attached to the node is degree of node.

II. Complete Incidence Matrix (Ay):

Incidence matrix gives us the information about the branches, which are
joined to the nodes and the orientation of the branch, which may be towards a node or
away from it.

Nodes of the graph form the rows and branches form the columns. If the
branch is not connected to node, corresponding element in the matrix is given the
value “0’. If a branch is joined, it has two possible orientations. If the orientation is
away from the node, the corresponding matrix element is written as ‘+1°. If it is
towards the node, the corresponding matrix element is written as *-1°.

Example: 1) Obtain complete incidence matrix for the graph shown

Solution:
Branches
Nodes 1 2 3
Aa= 1 1 0 1 -1
2 0 1 -1
3 -1 -1 0 0




10 1 -1
Ag= 0 1 -1 1
1-1 00

Properties of Incidence Matrix:

1) Each column has only two non-zero elements and all other elements are zero.

ii) If all the rows of ‘A’ are added, the sum will be a row whose elements equal
zZero.

If the graph has ‘b’ branches and ‘n¢’ nodes, the complete incidence matrix is of
the order (n¢ x b).

II1. Reduced Incidence Matrix (A):

When one row is eliminated from the complete incidence matrix, the
remaining matrix is called reduced incidence matrix

If the graph has ‘b’ branches and ‘n¢’ nodes, the reduced incidence matrix
is of the order (n¢-1) x b.

Example: 2) Write the complete and reduced incidence matrix for the
given graph shown

. (@ b @)
- -~
rd

V'€

Solution:
Nodes Branches

1 2 3 4 5 6

1 1 1 0 0 0 0

Aa= 2 0 | -1 1 1 0 0

3 0 0 0| -1 0 1

4 -1 0 | -1 0 1 0

5 0 0 0 0 [ -1 [-1




1 1.0 000

0-1 1 100

Complete Incidence Matrix, Aa= 0 0 0-101
-1 0-1 010

0 0 0 0-1-1

1 10 000

. i 0 -1 1100

Reduced Incidence Matrix, 4 — 0 0 0-101
-1 0-1010

Example: 3) Draw the oriented graph of incidence matrix shown below

1 1T0 0000
0-11 1000
A= 0 00-1110
0 00 0O0-11

Solution: The given matrix is a reduced incidence matrix. Obtain the complete
incidence matrix in order to draw the oriented graph.

~
1 1 00000
0 -1 1 1000
Aa= | O 00-1 1 10
0 0 0 O00-11
-10 -10-1 0-1
_
Total number of nodes =n¢ =5 &
Total number of branches =b =7 ® r @ 4 G ¢ )
v -7
®

Oriented Graph



Example: 4) Draw the oriented graph of incidence matrix shown below

1 0 0 0 I-1
-1 1 10 00
Ay = 0-1 0-1 01
00-11-10

Solution:

Total number of nodes = n¢ =4
Total number of branches=b =6

Oriented Graph

Example: 5) Draw the oriented graph of incidence matrix shown below

-1 -1 0 0100
A= 01 10010
0 0-1 1001

Solution: The given matrix is a reduced incidence matrix. Obtain the complete
incidence matrix in order to draw the oriented graph.

10 0

1- 100
Ay = 0110 010
00-1 1 001
10 0 -1 -1-1-1

[

Total number of nodes = n; =4
Total number of branches =b =7

®
Oriented Graph



Example: 6) Show that determinant of the incidence matrix of a closed loop is

Zero.
Proof: let us consider a closed path ABC B
3
Total number of nodes = n¢ =3 2

Total number of branches =b =3

A 1 C
The complete incidence matrix is -1 0 -

Ag= 0 1 1

1-1 0

The determinant of complete incidence matrix of the closed loop is

10 -l
0 1 1| =1(0+1)-0-1(0-1)=-1+1=0
1 -1 0

IV. Number of Possible Trees of a Graph:

For the given network graph, it is possible to write several trees. The number
of possible trees is equal to determinant of [A] [A]t. Where [A] is the reduced
incidence matrix obtained by removing any one row from complete incidence matrix
and [A]t is the transpose of [A].

C Node Branches
A= No 1 2 3 4
4 A 1 0 0 1
B -1 1 1 0
-1 -1 -1
5 c
A 1 B

10
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Node Pair Voltages:

The voltage between any two nodes of a network is known as the node-pair
voltages. In general all branch voltages are node-pair voltages.

Network Variables:

In Loop analysis, the loop currents are unknown parameters. Once, they are
evaluated, all branch currents can be determined in terms of these loop currents.

Similarly, in nodal analysis, the node-pair voltages are the unknown
parameters. Once, they are evaluated, the voltages across any two nodes of the
network can be found. Hence, the node-pair voltages and loop currents are called
network variables.

The network variables are independent variables and all other quantities
depend on these values.

V. Tie-set:

A tie-set is a set of branches contained in a loop such that each loop contains
one link or chord and remainder are tree branches.

Or

The set of branches forming the closed loop in which link or loop current
circulate is called a Tie-set.

Oriented Graph Tree

12



Let the branch currents in the network graph denoted by the symbol ¢j* and
various loop currents by symbol ‘i’.

The orientation of a closed loop will be chosen to be the same as that of its
connecting link.
For the given network graph,
Number of branches, b = 8
Number of nodes, n&= 5

Number of closed loops = [b—(n¢ - 1)]
Where (n¢-1) = Number of tree branches.

VI. Tie-set Schedule:

For a given network tree, a systematic way of indicating the links is through
use of a schedule called Tie-set Schedule
The tie-set schedule for the given network oriented graph is shown below

Link Branches

Current

or 1 2 3 4 5 6 7 8
Number

1 1 0 0 0 -1 0 0 1

2 0 1 0 0 1 -1 0 0

3 0 0 1 0 0 1 -1 0

4 0 0 0 1 0 0 1 -1

13




The tie-set schedule can be written in matrix form is known as Tie-set matrix (B).

1 00 0-1 0 01
B= 010 0 1-1 00
001 00 1-10
000 10 01-1

After writing the schedule, the columns of a schedule or matrix gives branch currents in
terms of link currents. Thus column 1 gives equation for j; in terms of link currents
Le.ji=11 Js=ip-i]
Similarly, jo=1y  je =13-12 (1)
j3=i3 j7=igA3
Ja=l4  jg=i1-ig
The rows of the schedule give KVL equations in terms of coefficients of the
schedule or matrix. i. e. e1-e5 + g =0
eptes—eq =0
e3teg—e7 =0 (2)
e4te7-eg=0

The set of equation (1) can be expressed in the matrix form as

(i) 100 00

in 01 0 0

13 0 0 1 O 1]

i 00 0 1 i (3)
is | = 110 0 is

i6 0-1 10 ig

i7 00-1 1

8 \_1 0 0 -1/

-

In compact form

T

) =610 w

Where

[Ib] = is a column matrix of branch currents of the order (bx1).

T
(B]Z is the transpose of the fundamental tie-set matrix B.

[Il ]: is a column matrix of loop currents or link currents of the order (Ix1).

Where ‘I’ is the number of independent loops.

14



From set of equation (2),

1 00 0 -1001 (e ]

010 01 2100 e
001 0 1-10 e3 0 (5)

000 1 0 01-1 et

€5

€6

c7

- 68 /

In compact form

(B (E) =0 (©)

[EJ = is a column matrix of branch voltages of the order (bx1).

Equations (4) & (6) are the basic equations required to deriving equilibrium
equations on loop current basis

VII. Equilibrium Equations with Loop Currents as Variables:

Consider a general branch of a network as shown in figure

Vg (ib-ig) Zp
O
—— - —>—e®
ib b ib
S
g

Where v, = Total series voltage in the branch

ig = Total current source connected across the

branch z;, = Total impedance of the branch 1, =

Branch current
The voltage current relation for the branch can be written as

ep = Vg T zp (ip-ig) (1)
and i =igtyp (ip-ig) (i1)

15



Where yp, = Total admittance of the branch.

For a network with more number of branches, equation (i) & (i) may be written as

[Eb] = [Vgl + [Zb] (Ib] — [Ig]) (iii)
[Ib] = [Ig] + [Yb] ([Eb] — [Vg)) (iv)
Where

[Ebl, [Vgl, [Ib], & [Ig] are (bx1) matrices of branch voltages, source voltages in

the branches, branch currents and source currents in the branches respectively.

[Zp] & [Yp] are branch impedance and branch admittance matrices of the order (bxb).

We have
[Eb] = [qu] + [Zp] ([Ip] - [Le]) (D
[Ip] =[B] [I] )
[B] [Ep] =0 (3)

Substituting (1) in (3), we get

[B] [Vl + [Bl[Zp] ([Ip] - [1g])= 0

[B1[Zb] [Ip] = [BI[Zp] [1g] — [B] [Vl 4
Substituting (2) in (4)

T
[B1[Zb] [B] [11] = [B] [Zp] [1g] — [B] [Vl (%)
Let [B] [Zp] [Ig] - [B] [Vg] = [ V1]

T
and [B] [Zb] [B] = [Zl] = Loop Impedance matrix

Then equation (5) may be written as
[Z1] (] =[Vi] or
-1

(L] =[Z] [Vl (6)

Equations (5) and (6) represent a set of Equilibrium Equations with loop currents as
independent variables. On solving these equations, loop currents are obtained. Once the
loop currents are known, all the branch currents can be found. If the elements of the
branches are known, then all branch voltages also can be found.

16



Example: 1)

(a) For the given network shown. Draw the graph, select a tree with branches 9, 4, 7,
5, & 8 and write the tie-set matrix. The number inside the brackets indicates
branch numbers.

(b) Using the above tie-set matrix formulate equilibrium equations.

N

AN N\
Q. 'u"\/c @ ) \14 .A\\‘
oS 0 3"—’”(N
—AANAN—
va(zD>

Solution: Total number of branches, b =9;
Total number of nodes nt =6;
Total number of tree branches, n = (ni-1) = (6-1) = 5;
Total number of links, | =(b—n)=(9-5)=4

B2

Oriented Graph

17



1 0 0-10 0 -101
B=01W0O0 -10 1-10
0 0 11100 1 -1
0 0 01 1 1 0 0 O

Rows of above matrix give KVL Equations
el-e4-e7+e=0
e2-ester-es=0
estestestes-e9=0 (D)
estest+es=0

Columns of above matrix give Branch Currents

ji=1i \

j2=12

j3=13

ja=-i1+i3+1i4

j5 = -i2Hi3+ia > (2)
j6 =14

j7 =-11+i2

j8 = -12+13

Jo=11-13 J

18



We have, branch voltage is given by ek= rk jk. Where k=1, 2, 3 ...9.
e1=r1j1
e=r12]2
€3=13j3
€4= T4 J4
e5=15 5 3)
€6= 16 6
e7=17]7
€s=18 J8
€9=19 J9

Substituting equation (2) in (3) and resulting equations are substituting in equation (1)
We get,
911-312 -513-214 = 0
-311+912-513 -2i4 =0
-511-512+1113 +414=0 (4)
-211-212 +413 +614 =0
Set of equations (4) are called Equilibrium Equations. Solutions of these equations
will give the Link currents or Loop currents. Then using these link currents, we can find
out the branch currents

Example: 2)

For the given resistive network, write a tie-set schedule and equilibrium equations on
the current basis. Obtain values of branch current and branch voltages. Given that
Ri=5; R2=5 ; R3=R4=R¢= 10 and R5=2 .

19



Solution:

Total number of branches, b = 6;

Total number of nodes nt = 4;

Total number of tree branches, n = (n-1) = (4-1) = 3;
Total number of links, | =(b—n)=(6-3)=3

Tie-set Schedule:

Link Branches
Currents 1 2 3 4 5 6
i1 1 0 1 0 0 -1
i2 0 1 0 1 0 1
i3 0 0 -1 -1 1 0

The columns of the above schedule give branch currents in terms of link currents

=1

=12

73 = (11-13) (1)
J4=(12-13)

J5=13

j6 = (-11+i2)

20



2

13

The rows of above schedule, give the KVL Equations

eirtes-e6 =0

extestes =0 } 2)
-e3-e4tes =0
We have, branch voltage is given by ek= rk jk. Where k=1, 2, 3 ...6.
e1=r1j1-910 =511 -910
e=r12]2 =512
e3=13 j3 =1011-1013
e4= T4 J4 = 1012-1013 3)
es=r15 j5 =213
ee=16 j6  =-1011+1012

Substituting equation (3) in (2) we get,

25i1 -10i2-10i3=910
~10i1 +25i2-10i3=0 (4) -10i1 -$0i2+22i3=0

The set of equations (4) are called Equilibrium Equations.

25 -10 -10}|11 910

-10 25 -10[|i2 | 5 O
-10 -10  22[|i3 0
1= Al/A =40950/4550 = 90A
Where
25 -10 -10 910 -10 -10
= -10 25 -10[f and Ai=| O 25 -10
-10 -10 22 0 -10 22
25 910 -10
A2/A = 64A; where A2= -10 0 -10
-10 0 22
25 -10 910
A3/A  =T70A; where A3= -10 20 0
-10 -10 0

21



From equation (1), Branch currents in terms of link currents are given by

Jj1=11=90A

J2=12=64A

J3 = (11-13) = (90-70) =20A

J4 = (12-13) = (64-70) = -6A
j5=13=70A

j6 = (-i1+12) = (-90+64) = -26A

From equation (3), Branch Voltages in terms of branch currents or link currents are
given by

e1=r11j1-910 =511 -910 = 460V

e2=12]2 =512 =320V
e3=13]3 =1011-1013 =200V
€4=T14 j4 = 1012-10i3= -60V
e5=15]5 =213 =140V
€6= 16 J6 =-1011+10i2 =-260V

VIII. Cut-set:

Tree branches connect all the nodes in the network graph. Hence, it is possible
to trace the path from one node to any other node by traveling along the tree branch
only. Therefore, potential difference between any two nodes called node-pair voltage
can be expressed in terms of tree branch voltages.

The cut set is a minimal set of branches of the graph, removal of which cuts
the graph into two parts. It separates the nodes of the graph into two groups. The cut-
set consists of only one tree branch and remainders are links. Each branch of the cut-
set has one of its terminal incident at a node in one group and its other end at a node
in the other group and its other end at a node in the other group. The orientation of the
cut-set is same as orientation of tree branch.

The number of cut -sets is equal to number of tree branches [i.e. (nt-1) = n
where n; is total number of nodes in the network graph].

IX. Cut-set schedule:

For a given network tree, a systematic way of indicating the tree
branch voltage through use of a schedule called cut-set schedule
To write the cut-set schedule for network graph,
(1) Consider an oriented network graph
(i1) Write any one possible tree of the network graph
(iii))Assume tree branch voltages as (el, e2...en) independent variables.
(iv) Assume the independent voltage variable is same direction as that of a tree branch
voltage
(v) Mark the cut-sets (recognize) in the network graph.

22



Tree and Cut-sets

The tree branch voltages e, €3, €3, & €4 entered in the first column of the schedule
correspond to 4 branches 1, 2, 3 & 4. In order to fill the first row corresponding to the

tree branch voltages e , by looking into the direction of currents in the branches
connected to the cut-set under consideration. If the direction of current in the cut-set
branch is towards the cut-set node, write ‘+1” in the branch column of concerned cut-
set branch. If the direction of current in the cut-set branch is away from the cut-set
node, write ‘-1’ in that particular cut-set branch column. Write ‘0’ in the branch
columns, which are not in that particular, cut-set.

Cut-set schedule:

Tree Branches
Branch 1 2 3 4 5 6 7 8
Voltages
el 1 0 0 0 1 -1 0 0
€ 0 1 0 0 0 1 -1 0
e3 0 0 1 0 0 0 1 -1
€4 0 0 0 1 -1 0 1

23




The columns of the cut-set schedule give branch voltage equations;

i.e. vi=eq
V2=€2

~

v3=e3
v4=¢€4
vs=(e1-¢4) >
ve=(-e1te)
v7=(-exte3)

vg=(-e3te4)

J

The rows of cut-set schedule give KCL equations;

J11i5716=0
12161770
131i7-18=0
Ja-js +j8=0

The cut-set schedule can be written in matrix form is known as cut-set matrix.
This matrix can be represented by Q.

1 00 01 -1
010 00 1
Q= 001 000
000 1-1 0
From set of equations (1)
~ ™
(v (100 o
val=101 0 0
vil =10 01 O
v4|l =10 0 0 |
vs| =11 0 0 -1
ve| =[-1 1 0 O
vz ={0-1 1 O
- V8_/ = Q 0 -1 _)

In compact form;

Vbl = [Q] " [V1]

—_—_— O

0
-1

1-

0

€l
€2
€3

e

(1)

2



Where

[Vp] = Branch Voltage Column Matrix of order bx1
[VT] = Tree Branch Voltage Column Matrix of order nx1
[Q] = Cut-set Matrix of order nxb

PN
10001-100 i1
010001-10 j2
0010001-1 i3
0001-1001 J4 =0
Js
i6
" 17 -
j8
In compact form;
[Q] [Tp] =0 C))

Where

[Iy] = Branch Current Column Matrix of order
bx1 [Q] = Cut-set Matrix of order nxb

Consider a general branch of a network as shown in figure

Vg (ib‘ig) Zy
*—>— ) —>—e
L RPN
N
g

Where vg = Total series voltage in the branch

ig = Total current source connected across the branch

7y, = Total impedance of the branch 1, = Branch

current

25



The voltage current relation for the branch can be written as

Vb = Vg t Zp (ip-ig) (1
and  1p=1Ig+yp (Vb-Vo) (2)
Where yp, = Total admittance of the branch.
For a network with more number of branches, equation (i) & (i) may be written as

[Vb] = [Vl + [Zb] (Ip] — [Ig]) (3)
[b] =[] + [Yb] ([Ve] - [Vg)) 4)
Where

[Vbl, [Vgl, [Ib], & [Ig] are (bx1) matrices of branch voltages, source voltages in the
branches, branch currents and source currents in the branches respectively.
[Zb] & [Yb] are branch impedance and branch admittance matrices of the order (bxb).

We have
[Vl = [Vgl + [Zp] ([Tp] — [1g])
Vil =[Q1' [V7] 6
[Q] [1p] =0 ©6)

Substituting (4) in (6), we get
[Q] [Ie] + [Q] [Yb] {[Vb] —[Vel} =0

[Q] [Ig] + [Q1 [Yb] [Vb] - [Q] [Yb][V] =0 ()
Substituting (5) in (7), we get

[Q] [Ig] + [Q] [Yb] [Q] ! [VT] - [Q] [Yp][Ve] =0 (8)
Let,

[Q][Yp] [Q] T [Y.] = Cut-set admittance matrix

Equation (8) becomes,

[Ycl [VT] = [Q] [Ybl[ Vel - [Q] [Ig]
Or

V1l =[Y] " {[Q] [Y] [Vel - [Q] [Tg]} ©)

This equation (9) is known as Equilibrium Equation.

The solutions of equation (9) give the tree branch voltages and branch currents can be
find using equation (5) and (4).

26



Example: 1)

For the given resistive network, write a cut-set schedule and obtain equilibrium
equations on the voltage basis. Solve these equations and hence calculate values
of branch voltages and branch currents.

@ 10 -

Solution:

Oriented Graph Tree and Cut-sets
Cut-set Schedule:
Cut-sets or Branches
et N E A R
1 or (eg) -1 0 1 1 0 0
2 or(e)) 1 -1 0 0 1 0
3 or(e3) 0 1 -1 0 0 1

27




Columns of the above schedule give branch voltages in terms of tree branch voltages

vi=-e1tep
V2= -epte3
V3= ¢©1-€3
v4=€1

V5=€2

v6=¢€3

Rows of the above schedule give KCL equations

-J1+tJ3+j4=0

j2-j3+j6=0

(1

Jj1-J2Ti5=0 (2)

We have from given network, (vi+ vg) = jx x rg Where k=1,2,3 ...6.

Branch currents jx = (vk + vg) /g, Hence,
j1=(vi +5)/10=(-e; +ep + 5)/10=-0.1e] + 0.1ep +
0.5 jop=vo/10=(-ep + e3) /10 =-0.1er + 0.1e3
j13=v3/10 =(e1- e3)/10 =0.1e; - 0.1e3
j4=v4/5 =¢e1/5=0.2¢
j5=vs/5=e3/5=0.2¢e)
j6= Ve/S =e3/5=10.2e3
Substituting set of equations (3) in (2), we get
0.4e; —0.1ep —0.1e3=10.5
-0.1e1 +0.4e7 —0.1e3 =-0.5

-0.1e1 —0.1ep +0.4e3 =0
The set of equations (4) are called Equilibrium Equations

04 -0.1 -0.1 €] 0.5
-0.1 04 -0.1 € = -0.5
-0.1 -0.1 O, e3

N\

3)

4

28



0.4 -0.1

-0.1 04
-0.1 -0.1

0.4

-0.1

-0.1

e1=v4=1/ =1V
er=vs=,/ =-1V
e3=vg=3/ =0V

v] =-ejtey =-1-1=-2V
vy =-epte3 =1+ 0=1V
vy =ej-e3 = 1-0=1V

From equation (3),

-0.1

-0.1 | =50
0.4

0.5 -0.1
-0.5 -0.1
0 04

-0.1 0.5
0.4 -0.5
0.1 0

j1= (v1 + 5)/10 = (-2+5)/10 = 0.3A

jo=v2/10=1/10=0.1 A
j3=v3/10=1/10=0.1 A
Jja=v4/5=1/5=02 A
j5=vs/5=1/5=02A
j6=Vve/5=0/5=0A

0.5 -0.1 -0.1

=-05 04 -0.1|=50

50

0

-0.1 0.4

29



Example: 2)

Draw the graph for the network shown in figure below. Write the cut-set
schedule & obtain equilibrium equations and hence calculate values of branch
voltages and branch currents

" M !\_,\/
AN 1 e
g o

"
20k

5
- Z el
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eV <

Solution:

Oriented Graph

Tree and Cut-sets
Cut-set Schedule:

Cut-sets or Branches
Tree branch 1 2 3 4 5 6
Voltages
1 or(e;) 1 -1 0 1 -1
2 or (e2) 0 -1 1 0 -1 1

Columns of the above schedule give branch voltages in terms of tree branch voltages

=

Vi =¢€]

V) =-€1 -€2

V3 =€) >

V4= €] (1)
V5=-€1-¢2

V6= €2 ’

30




Rows of the above schedule give KCL equations

J1-J2+]1435=0 }_ ()
J2+tJ3-j5+j6=0

We have from given network, (vk + vg) = jk X Ik

Branch currents ji = (Vi + vg) /ri. Hence,

i1= (vi +10)/1 = (e;+10)/1 =¢; + 10

= v/l =(-ey -e9)/1 =-e1 — e

3=v3/l=er)/l =ep 3)
j4=v4/2 =e1/2 =0.5¢;

j5= (v5 +40) /2 = [(-e] _ep) + 40]/2 = -0.5¢1-0.5¢ +2Q_

16= Ve/2 = e2/2 =0.5¢y
Substituting set of equations (3) in (2), we get

3eq + 1.5¢5 =10 — @)
1.5e1 +3ep =20
The set of equations (4) are called Equilibrium Eq_ua)t'ons

10]
= [

CI=A|/A where A=
e=06.75=0V,

153
\ /

(- N
13 15 ]
€

313 0 15

=e.75mx=L0 3

15 3 =0

15 0 15

=6.75&ndA:="20 3

&=Ay/A whereA= =45

&= 45/6.75 = 6,667 V.

15 3

The branch voltages are The branch currents are

vi=e1=0V j1=(v1 +10)/1=10 A

vy =-e1-ep=0-6.667=-6.667V  jo=v)/1 =6.667 A

vy =¢e7=6.667V 13=Vv3/1 =6.667 A

vg=e=0V J4=Vv4/2=0A

vs=-e1- e =-0—6.667 =-6.667V js=(v5s+40)/2 =(-6.667 +40)/2 =16.66 A
ve=€7 = 6.667 V J6=Vve/2=333 A
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Example: 3)

For the given network, draw the oriented graph and a tree. Select suitable tree
branch voltages and write the cut-set schedule and also write the equations for

the branch voltages in terms of the tree branch voltages.

Solution: Oriented Graph

For the given network graph,
Number of branches, b =12
Number of nodes, ni= 6

Number of Cut-sets = [n¢ - 1]

Tree and Cut-sets

=[6-1]=5

32



Cut-set Schedule:

Tree Branch Branches

Zfllttszs ol 304|567 (8910|1112
el 1 a1l ol o]l olo]|-1]o]o] o
& I dl ol 1ol ojo]|-t]1]-1]o0
e 0 dl ol o]l tlolola]il-1]0
e 0 dl ol o]l of 1l-1]o]ofo] o
es 0 0] ol o] o] ofa]1i]a]o]

Columns of the above schedule will give branch voltages in terms of tree

branch voltages

V3 =-€1- ) —e3 —€4

Vi =ertey
V) =e3teyq
V4= €1

V5= €2

V6= €3

V7 =¢e4

Vg = -C4 — €5

Vg =-€1-€) - €3 - €5

V10 = €2 te3-es
Vi1 =-€1- €3

V2= €5

XI. Principle of Duality:

Duality: is the mutual relationship.

We come across a number of similarities in analyzing the network on current (Loop)
basis and voltage (Node) basis. The principal quantities (and concepts) involved in
the two methods form pairs. Each of the quantity in such a pair thus plays a dual role.

These quantities (or concepts) forming pair are called dual quantities.

Consider a network containing R, L & C elements connected in series and

excited by a voltage source as shown.

/’Dr

The integro- differential equations for
the circuit is

Ri+L(di/dt) + (1/C) idt=v

(1
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Consider a network containing R, L & C elements connected in parallel and
driven by a current source as shown.

The integro- differential equations for
L the circuit is
s A T ¢
1\ Ze 574 L (1/R) v+ C (dv/dt) + (1/L) vdt=1i 2)
: [ OR
Gv+C(dv/dt)+(1/L) vdt=i 2)

If we observe both the equations, the solutions of these equations are the same.

Therefore, these two networks are called duals

XII. Construction of a Dual of a Network:
Only planar networks without mutual inductances have duals.

S.N. | Quantity or Concept | Dual Quantity or Concept
1 | Current Voltage
2 | Resistance Conductance
3 | Inductance Capacitance
4 | Branch Current Branch Voltage
5 |Mesh Node
6 | Loop Node-Pair
7 | Number of Loops Number of Node-Pairs
8 | Loop Current Node-Pair Voltage
9 | Mesh Current Node Voltage or Node Potential
10 |Link Tree Branch
11 [ Tie-set Cut-set
12 [ Short Circuit Open Circuit
13 | Parallel Path Series Path
14 | Charge (Q) Flux Linkages ( )
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Procedure to draw a Dual Network:

Step 1: In each Loop of a given network place a node and place an extra node called
reference node outside the network.

Step 2: Draw the lines connecting adjacent nodes passing through each element and also

to the reference node by placing the dual of each element in the line passing
through original elements.

Example: 1) Draw the dual of a network for given network shown in figure.

5%

L

XN

The integro- differential equations for the circuit is

Solution:

(‘z

Ri+L(di/dt) + (1/C) idt=v (1)

Dual Network

|2

43
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The integro- differential equations for the circuit is

(1/R) v+ C (dv/dt) + (1/L) vdt=i (2)
OR
Gv+C (dv/dt) + (I/L) vdt=i

Example: 2) Draw the dual of the network shown in figure.

,Mﬂ

Solution:

The integro- differential equations for the network is
Rip +(1/C) 1y-ip) dt=v (1)
L (dip/dt) + (1/C) 1ip-i1)dt=0

(1
2
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4

The integro- differential equations for the network is
Gvy+(1/L) vi-vp)dt=i (1)
C (dv2/dt) + (1/L) wv2-v1)dt=0 (2)

Example: 3) Draw the dual of the network shown in figure.

Solution:
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Example: 4)

For the network shown in figure below, write the node equations. Draw the dual
of this network and write mesh equations for the dual network. Verify whether these
two sets of equations are dual equations

2 Cg =32F
4 Lo €))
Do a ?7 =k
Node Equations:
Atnode (1);
-2t -2t
(Lp) (e —vg)dt+Gor(e —vp)=0 (1)
At node (2);
2
(Ga) (va-e )+ Cy[d(va_v3)/dt] +10=0 2)
At node (3);
(/Lp) v3dt+ Cy[d (v3—vp) /dt]+ Cy [d (v3 —vg) /dt] =0 3)
At node (4);
Gy va+ (/L)) (v4-e ) di+Cp[d(vq_v3)/d]=0 )
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Loop Equations for dual network are

WCy) (7 ~ig) dt+Ry (€ ~ip) =0 (5)
Ry (in-¢°Y)+Lo[d(iy_i3)/df] +10=0 ©6)
(UCy) i3 dt + Lo[d (i3 i) /di]+ Ly [d (i3 — ig) /dt] = 0 )

Ryig+ (1/Cy) (ig-c ) dt+Ly[d(ig_i3)/di] =0 ®)

By looking into two sets of equations, we can say that two sets of equations are
dual equations.

Example: 5) Draw the dual of the network shown below

23N /4'3?

AN ANN———1
S
\oeN , Z b ? 6
' . N |
Solution:
Dual Network
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KVL Equations; KCL Equations;

-100 + 3iq + 4 (i1-ip)=0 100 = (1/3) vy +(1/4) (v1-v2)

7i1 —4i; =100 1) (7/12)vy — (1/4)vo =100 (1)
4(ip-ip ) + 5(i 2-i3) +6ir=0 (1/4)(va-v1) +(1/ 5)(v2-v3) +(1/6)vo=0
-4i; +15i - 5i3 =0 ?2) (-1/4)vy + (9/20)vo — (1/5)v3 =0 2)
-Sip +5i3=0 (-1/5)vy + (1/5)v3=0

-Sip +25=0 Q) (-1/5)vy +1=0 A3)
Since i3 = 5A Since v3 = Sv

By looking into two sets of equations, we can say that two sets of equations dual equations

Example: 6) Draw the dual of the network shown below

';2 Lo
% L

N @ ? R,

P\\ ] QL -

L AN L NNAA—] /
*___-@—————J

Solution:
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| 4“’(_‘ ‘I = h_l
R.
y Z ’

Solution:




Example: 8) Draw the dual of the given oriented graph

Solution:
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Example: 9) Draw the dual of the given oriented graph

Solution:
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Example: 10) Draw the dual of the given oriented graph

10

th

.Y

Solution:
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UNIT - IV

Two port Networks

Introduction:

A two-port network has two pairs of terminals, one pair at the input known as
input port and one pair at the output known as output port as shown in figure: 6.1.
There are four variables V,,V,,[;and [, associated with a two port network. Two of
these variables can be expressed in terms of the other two variables. Thus, there
will be two dependent variables and two independent variables. The number of
possible combinations generated by four variables taken two at a time is 4C,, i.e.,
six. There are six possible sets of equations describing a two-port network.

[ r ! 1,
o— b <—0
+ +
V. Two-port network Vs

o { } O
|

Figure: 6.1 Two-port network

Two-Port Parameters:

Parameter Variables Equation
Express In terms of
Open-Circuit Vi =17l + 750
Impedance
P Vv, L.l Vy = Zaly + Zoal,
Short-Circuit [; =Y1,1V1 + Y1, Vs
: I1 712 Vl 7V2
Admittance [, = Y5, Vi + Y5, V5
Vl = A VZ - B IZ
Transmission V1 V,,1, L =CV,-DI,
1 V, = A'V,- B,
nverse _ ey
Transmission Vaola Vily I = CV;- DLy




Vi = hy1ly + hypVp
Hybrid
y Vi1, L,V I, =hyl + hy,V,
Inverse I, =g,V I
\% : L.V, V.., 1 =811V1 + 81202
Hybrid V2 = 821V1 + 82212

Open-Circuit Impedance Parameters (Z Parameters)

The Z parameters of a two-port network may be defined by expressing two-port
voltages V; and V,in terms of two-port currents I; andl,.

(V1; V2)= f(ll' 12)

Vi =711 + 7451,

Vo, =711 + 710,

In matrix form, we can write Vl] = [le le] [Il]
V, Ly Zyp]ll

(V] =[z][1]

The individual Z parameters for a given network can be defined by setting each of
the port currents equal to zero.

Case 1: When the output port is open-circuited, i.e., Io =0
s
Zyy = 1_1/ I, =0
1

Where Z;, is the driving-point impedance with the output port open-circuited. It is
also called open-circuit input impedance.

Similarly, Zyy = %/I2 =0
1

Where Z,; is the transfer impedance with the output port open-circuited. It is also
called open-circuit forward transfer impedance.

Case 2: When the input port is open-circuited, i.e., I1 =0

\%
Z12:I_21/11:0



Where Z,, is the transfer impedance with the input port open-circuited. It is also
called open-circuit reverse transfer impedance.

Similarly, Zzz - ‘11_22/11 - 0

Where Z,, is the open-circuit driving-point impedance with the input port open-
circuited. It is also called open-circuit output impedance.

As these impedance parameters are measured with either the input or
output port open-circuited, these are called open-circuit impedance parameters.

The equivalent circuit of the two-port network in terms of Z parameters is
shown in figure: 6.3

i Ll in 2
—{

Iz +
V2
: o,
1 i 2

Equivalent circuit of the two-port
network in terms of Z parameter.
Condition for Reciprocity:
If Z,,= Z,; ,the network is said to be reciprocal network.
Condition for Symmetry:
If Z,,=Z,,, the network is said to be symmetrical network.

Short-Circuit Admittance Parameters (Y Parameters)

The Y parameters of a two-port network may be defined by expressing two-port
currents [; and I, in terms of the two-port voltagesV,;and V,.

(11'12) = f(V1:V2)
I =Y, Vi +Y1,V,

[ = Y5, V5 + Y3, V,

| Yii Y] [V-
In matrix form, we can write [ 1] = [ 11 12] [ 1]
12 Y21 Y22 VZ

[1] = [Y1[V]



The individual Y parameters for a given network can be defined by setting each of
the port voltages equal to zero.

Case 1: When the output port is short-circuited, i.e., Vo =0
I
Y1 = V_11/ V,=0

Where Y;, is the driving-point admittance with the output port short-circuited. It
is also called short-circuit input admittance.

Slmllarly, Y21 = ‘11_2/ V2 =0
1

Where Y,; is the transfer admittance with the output port short-circuited. It is also
called short-circuit forward transfer admittance.

Case 2: When the input port is short-circuited, i.e., V1 =0
Yo =2/ v, =0
12 — V2 1=

Where Y;, is the transfer admittance with the input port short-circuited. It is also
called short-circuit reverse transfer admittance.

Similarly,Y,; = £/ V; = 0
2

Where Y,, is the short-circuit driving-point admittance with the input port short-
circuited. It is also called short-circuit output admittance.

As these admittance parameters are measured with either input or output
port short-circuited, these are called short-circuit admittance parameters.

The equivalent circuit of the two-port network in terms of Y parameters is
shown in figure: 6.4

1
S ° =

¥ I; I

Vi YH? yi2Va YaVi | |Yz Va2

o - hd

+oN

ol

-t
~
I\J\ (o]

Equivalent circuit of the two-port
network in terms of Y-parameters



Condition for Reciprocity:

If Y;,=Y,; ,the network is said to be reciprocal network.
Condition for Symmetry:

If Y11= Y,,, the network is said to be symmetrical network.

Transmission Parameters (ABCD Parameters)
The transmission parameters or chain parameters or ABCD parameters serve to
relate the voltage and current at the input port to voltage and current at the output

port.

In equation form,

(V1; 11) = f(Vz; —12)
V1 =A VZ - B IZ
Il = C VZ _D IZ

Here, the negative sign is used with I, and not for parameters B and D. The reason
the current I, carries a negative sign is that in transmission field, the output
current is assumed to be coming out of the output port instead of going into the

port.

_]2

—_—
O— —=0
Linear +
two - port v,
network

oO—| —0

Terminal variables used
to define ABCD parameters

. . Vil 1A BI[V2

In matrix form, we can write [11] = lc D] [_12]
. A Bjy. .. .

Where matrix [ C D] is called transmission matrix.

For a given network, these parameters are determined as follows:

Case 1 When the output port is open-circuited, i.e., [,=0
_Vayy _
A_W/b_o



Where A is the reverse voltage gain with the output port open-circuited.
— I

Similarly, C= V—12/ Ib=0
Where C is the transfer admittance with the output port open-circuited.
Case 2 When the output port is short-circuited, i.e., ,=0

__V —

B=-1 /V, =0
Where B is the transfer impedance with the output port short-circuited.
Similarly, D= —i—l/ V,=0
2

Where D is the reverse current gain with the output port short-circuited.

Condition for Reciprocity:

If AD-BC=1, the network is said to be reciprocal network.
Condition for Symmetry:

If A=D, the network is said to be symmetrical network.

Hybrid Parameters (h Parameters)

The hybrid parameters of a two-port network may be defined by expressing the
voltage of input port V; and current of output port I, in terms of current of input
port [, and voltage of output port V,.

(Vi, L) = £ (I1,V3)

Vi = hy1ly +hyp Vs
I, = hyily + hy, Vs

V. h h I
In matrix form, we can write 1] = [ 1 12] [ 1]
12 h21 h22 VZ

These parameters are particularly important in transistor circuit analysis.

Case 1 When the output port is short-circuited, i.e., V,=0



Vi
hy, = 1t
1="/y,=0

Where h,, is called as short-circuit input impedance.

I
Similarly, h21 == Il/Vz — O

Where h,, is called as short-circuit forward current gain.

Case 2 When the input port is open-circuited, i.e.,[;=0

\
V.
hia ="/, =0

Where h;, is called as open circuit reverse voltage gain.

Iy
Similarly, h,, = "2/11 ~0

Where h,, is called as open-circuit output admittance.
Since h parameters represent dimensionally impedance, admittance, voltage gain
and current gain, these are called hybrid parameters.

The equivalent circuit of the two-port network in terms of hybrid parameters is
shown in figure: 6.6

Equivalent circuit of the two-port
network in terms of h-parameters

Condition for Reciprocity:
If h,; = —h;,, the network is said to be reciprocal network.
Condition for Symmetry:
If h;;hy,—h;hy; =1 (Ah = 1), the network is said to be symmetrical network.

Inter-Relationships between the Parameters:



When it is required to find out two or more parameters of a particular

network then finding each parameter will be tedious. But if we find a particular
parameter then the other parameters can be found if the inter-relationship between
them is known.

1. Z-parameters in terms of other parameters:

b)

Z-parameters in terms of Y-parameters:

We known that
L =Y,V + Y.V,
I =Y, Vi + Y2, V;

Iy Y12|
P _ 1 Y _ _Yooly—Yiplp Yoo  Yip
By Cramer’s rule, V; = % §fz| = Vv, Yova = Ay I Y I,
Y21 Y22
Where AY = Y11Y22 - Y12Y21
Comparing with Vi =721 + 751,
Y,
1= ay
Yio
Zi2 = =5y
Y11 I1|
Also, V, = —YZZY 2
_ Y Yo,
AY 2 AY T
Comparing with V, =7, +Z,,1,
Y11
2 = qy
Y21
L= ~3y

Z-parameters in terms of ABCD parameters:

We know that V,=AV,—-BI,
Il = C VZ _D 12



Rewriting the second equation,

1 D
VZ =Ell +EIZ

Comparing with V, = 7,11 + 75,1,

Also, V; = A[11, + 21, ] - BL,

A
C
A [AD-BC
-ct [ C ]2

Comparing with Vi =711 + 751,
7 - A
1=
AD — BC
12 = C

Z-parameters in terms of A’B’C’D’ parameters:

We know that V, = AV;-B;
[, =CV;- D'y

Rewriting the second equation,

D' 1
Vl :EI:L +EIZ

Comparing with Vi =714 + 74,1,



Also, Vy= A[2L+2L]-B1 =

Comparing with

AD-BC
=

A
] 11 + EIZ
Vo =711 + 70,

AD —B'C
e

7 _A
22 =

d) Z-parameters in terms of Hybrid parameters:

We know that

Rewriting second equation,

Comparing with

Also,

Comparing with

Vi = hyiy +hypV,
I, = hy1ly +hy,V,

V, = — 21 +—
2 1 h22

[
hy, ?

Vo =71 + 710,

h 1
Vi =hyqly + hyy [_ﬁh + Elz]

hi, - hyphyy

—1
hy, 2 hy,

= hllll + Il

h,,h,, —h;,h h
:[ 11122 12 21][ + 1212

hy, ' hy,

Vi =721,1; + 7451,




2. Y-parameters in terms of other parameters:

a) Y-parameters in terms of Z-parameters:

We known that

By Cramer’s rule,

Where

Comparing with

Comparing with

Vi =711 + 7451,
Vo, =711 + 750,

\G, Z12
Vé Z22
Z11 Z12
Z21 Z22

I, =

_ ZyppVi = 11,V
211233 — L1275

Z22 Z12
=22y, — =2V
AZVl AZ 2

AZ = 741245 — 1175754

I =Y,V +Y1,V,

Z22
Yllzﬁ
Z12
Yi, ~ A7
Z11 V1|
Also, I, = ZZlAZVZ
_ZuVa —ZipVs
AZ
ZZl 11
=-2y V.
AZ "t OAZ

Zyq

Y. ~21

21 ) A7
Y, =1
22 = 77

b) Y-parameters in terms of ABCD parameters:



11 - CVZ - DIZ
Rewriting the first equation, [, = — %Vl + sz
Comparing Wlth IZ = Y21V1 + Y22V2
1
Y, = ——
21 B
v = A
22 — B

Also, I, =CV,—D[-2V, +2V,]

D BC — AD
B'! [ B ]VZ

Comparing Wlth Il = Y11V1 + Y12V2

c) Y-parameters in terms of A’B’C’D’ parameters:

We know that V,=A"V,;-B' [}
b=CV,-D'I

Rewriting the first equation, [, = %Vl — %VZ

Comparing with L =Y.1V; +Y,V,
Y. A
11 B!
v 1
12 — B!

Also, 1,=CV;—D [5v, —2v,|



Comparing with

I =Y, Vi + Y3,V

AD —BC

d) Y-parameters in terms of Hybrid parameters:

We know that,

Vi = hy1ly +hypV,
I, = hy1ly +hy,V,

Rewriting the first equation,

Comparing with

1
A].SO, IZ = h21 I:Evl -

Comparing with

1

“hyy

h12

| - =
! h11

v, Vv,

L =Y,V + Y5V,

12y, |+ hy,Vy

hyq

h21

h11

h11h22 - h12h21
h11

v, +|

[, = Y5, V) + Y5, V;

h21
Y,, = —
21 h11
h11h22 h12h21
Y22 - hll

3. ABCD parameters in terms of other parameters:

a) ABCD parameters in terms of Z-parameters:

We know that

Vi =711 + 7450,



Vo =751 + 750,

Rewriting the second equation,

I, =—V, ——1
R
Comparing with, [, = CV, — DI,
1
C=—
Zyq
Z
D=2
734
1 zZ
AISO, V1 = Z11 I:Z_21V2 - Z_le:l + lelz
744 732741
=—V, — I 74,1
7o, 2 71 2+ 244215

Z 241255 — 714,72
_ 11V_[11 22 — L1241 L

T Zy C Zo1

Comparing with, V; = AV, —BI,

Z
A=

Zyq

Zi12>y — 7457
g = f11f22 12421

Zo,

b) ABCD parameters in terms of Y-parameters:

We know that
L =Y, Vi + Y.V,
[ = Y5, V) + Y5, V5

Rewriting the second equation,
V= -2y, 4 L
e Y21 2 Y21 2

Comparing with VvV, = AV, —BI,



B 1
Y21

Y 1
AISO, 11 - Y11 I:—Y_ZVZ + Y_lez] + Y12V2

Y12Y21 - Y11Y22 Y11
= VZ — 12
Y21 Y21

Comparing with, I, = CV, — DI,

c) ABCD parameters in terms of hybrid parameters:

We know that, Vi =hyj 1 + hy, Vs

I = hyqly + hy Vs

Rewriting the second equation, [, = — Bz v, + —

—== I
ha1 hyy 2

Comparing with, [; = CV, — DI,

1 h
AISO, Vl = hll I:h_21 12 - h_ZVZ] + h12V2

h,,h,; —h;,h h
:[12 21 11 22]V2+ 11

—1
hy, hy, °

Comparing with VvV, = AV, —BI,

h;,hy; —hyih
A = a2l 111122




4. Hybrid parameters in terms of other parameters:
a) Hybrid parameters in terms of Z-parameters:

We know that Vi =711 + 7450,
Vo = Zy11h + 750,

Rewriting the second equation, I, = —%11 + ZLVZ
22 22
Comparing Wlth IZ = h2111 + h22V2
Z21
h,, = ——
21 Z22
h 1
22 Z22

VA 1
Also, Vi =711 +7Z4, [_z_zlll + ZVZ]

Zi1Zny — 1457 Z
=[ 11422 12 21]11+£
Zy, Zy,

\&

Comparing Wlth Vl = hllll + h12V2
— Z11Z22 - Z12Z21 — ﬂ

11
ZZZ Z22

b) Hybrid parameters in terms of Y-parameters:

We know that
L =Y, Vi + Y.V,
[ = Y5, V) + Y5, V5

Rewriting the first equation, V; = Yil1 — %Vz

11 11

Comparing with V; = hy;1; + hy,V,

1

hy; = —
11 Y§1

12

hy, = -



1 Y
AISO, 12 = Y21 [Y_llll - Y_iiVZ] + Y22V2

Y. Y —Y;,Y Y.
=[11 22 12 21]V £I1

Yig ‘Y
Comparing with I, = hy;1; + hy,V,
h22 — Y11Y22 - Y12Y21 — A_Y
YZlYll Y11
hy; = Y_11

c) Hybrid parameters in terms of ABCD parameters:

Il = CVZ - DIZ
Rewriting the second equation, I, = —%11 + %Vz
Comparing Wlth IZ = h2111 + h22V2
1
hyy = —=
21 D
ho. = C
22 — D

Also, V; =AV, —B[-11, + 2]

B AD — BC
e [25%

D
Comparing with V; = hy1l; + hy,V,
hy;, = E
D
hy, = AD];BC _ %

Inter-relationship between parameters:



INTER-RELATIONSHIP BETWEEN PARAMETERS

Z y I h
) ) Y22 Yi2 A AT { Ah  hp
, [ n  Z2 Ay Ay e hyy  hy
[ e y21  ¥u 1 D ~hy; 1
21 422 Ay Ay C '€ [ hyp hyp
Z22 Z12 n ¥ D AT 1 —hy
. Az Az [ SRR B B hiy  hy
’ _:L.'_!.I_ E-I_I. l Yo Voo _.l ﬁ hi ﬂ
Az Az T B B L hin hp
1 Az ya22 -1 Ah hyy
T 291 731 Yo o ¥ A 8 ] hy;  hy
I zp Ay -yu C D J hyy -1
Z21 721 Y21 Y21 hoy hoy
A% | ¥ £ Zin B ot hy b
h Zoy 79y Y yn D D [ L 12
z21 1 yn A8y 1 c [ ha;  hao
2 I Yo yu D D - -

Az = 211222 — 212221 AY = Y11¥22 — Yi2¥21. Ah = hyhoe — hyshe . AT = AD - BC

Interconnection of two-port networks:

Interconnection of two-port networks, namely, cascade, parallel, series-
parallel and parallel-series are discussed below and the relation between the input
and output quantities of the combined two-port networks is derived.

Cascade Connection:
Transmission Parameter Representation:

Figure: 6.8.1 shows two-port networks connected in cascade. In the
cascade connection, the output port of the first network becomes the input port of

the second network. Since it is assumed that input and output currents are positive
when they enter the network, we have



V| NI Yz ""'|1 N2 V;

Cascade Connection

Let A;, By, C;, D; be the transmission parameters of the network N; and A,, B,, C,, D, be
the transmission parameters of the network N,.

For the network N,,

)= [z ]

Since V; =V, and I, = —I,, we can write
A ,B,
53 1= 0] [ l ()
Combining equations (i) and (ii),
Vl] _ [AlBl A B2
LI~ C1D1 CzDz

B _ AlBl] [A Bz]

Hence, pl = lc,p, | lc,D,

(iii)

Equation (iii) shows that the resultant ABCD matrix of the cascade connection is the
product of the individual ABCD matrices.

Parallel Connection:



Figure: 6.8.2 shows two-port networks connected in parallel. In the parallel
connection, the two networks have the same input voltages and the same output
voltages.

'
T

+ v, N]. V2+
I, I,
— -—

*V; N2 V2+

Parallel Connection
Let Y,;,Y,,,Y,1,Y,, be the Y-parameters of the network N, and Y;;,Y;,,Y,;,Y,, be the Y-

parameters of the network N,.

For the network N,, Ill,l = lyl'lyl,zl [51]
I Y1 Yor | 1V2

For the networkN,, Ill,,l = lylﬁlyl,,zl [51]
I Y1 Yoo | 1V2

For the combined network, I, =, +I; and I, = I, + I,
Hence, Il] — Ijé + 11: — Yl:l + Yl::1Y1:2 + Yl:z [Vl] — [Yllylz] [Vl]
12 12 + 12 Y21 + Y21Y22 + Y22 V2 Y21Y22 VZ

Thus, the resultant Y-parameter matrix for parallel connected networks is the sum
of Y matrices of each individual two-port networks.

Series Connection:

Figure: 6.8.3 shows two-port networks connected in series. In a series
connection, both the networks carry the same input current. Their output currents
are also equal.



'\_.’2

Series Connection

Let Zy4,Z415,Z51,Z,, be the Z-parameters of the network N; and Z,,,Z;,,Z51,Z, be the
Y-parameters of the network N,.

AA
For the network N,, l l l n 1,2] [11
221222
A
For the network N,, [ l [ 1 1,,2] [11
221222

For the combined network V; =V, +V, and V, =V, + V,

1

Hence, V
2

12 2 B TR AVAPE AP [11 _ Zule] [11]
v+ V| 2+ 2120 + Zop | 2] 122125,

Thus, the ersultant Z-parameters matrix for the series-connected networks is the
sum of Z matrices of each individual two-port network.
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