current source in mesh analysis

current source in mesh analysis plays a critical role in circuit theory,
particularly when analyzing electrical networks using mesh analysis
techniques. Mesh analysis, also known as loop analysis, is a systematic
method used to determine the currents flowing in planar circuits. When a
current source is present in a mesh, it introduces unique considerations that
affect how the mesh equations are formulated and solved. Understanding the
behavior of current sources within mesh analysis helps in accurately solving
complex circuits and enhances the efficiency of electrical engineering
problem-solving. This article explores the fundamentals of current sources,
the principles of mesh analysis, and the specific methods used to handle
current sources during mesh current calculations. Additionally, practical
examples and step-by-step procedures are discussed to provide a comprehensive
understanding of the topic.
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Basics of Current Sources

A current source is an electrical component or device that delivers or
absorbs a fixed current regardless of the voltage across its terminals.
Unlike voltage sources, which maintain a constant voltage, current sources
enforce a set amount of current flow in a circuit branch. There are two
primary types of current sources: independent and dependent. Independent
current sources maintain a constant current value irrespective of other
circuit variables, while dependent current sources vary their output current
based on a controlling voltage or current elsewhere in the circuit.

Current sources are fundamental in modeling and analyzing circuits because
they represent real-world devices such as transistors operating in certain
configurations, current regulators, or active devices designed to supply a
fixed current. Their behavior significantly influences mesh currents,
especially when they appear within or between loops in a planar circuit.



Characteristics of Current Sources

Current sources have several distinct characteristics that impact circuit
analysis:

e Constant Current Output: The output current is fixed and independent of
load voltage.

e High Internal Impedance: Ideal current sources have infinite internal
impedance, preventing voltage changes from affecting current.

e Polarity and Direction: The direction of the current source defines the
orientation of current flow, which is critical during mesh current
assignments.

e Dependent Nature: Dependent current sources produce current controlled
by another circuit variable, adding complexity to analysis.

Overview of Mesh Analysis

Mesh analysis is a systematic technique used to calculate the currents
flowing in the loops of a planar electrical circuit. It simplifies circuit
analysis by applying Kirchhoff’s Voltage Law (KVL) around independent loops
and solving the resulting simultaneous equations. This method reduces the
number of equations needed compared to nodal analysis in many cases,
especially when the circuit contains numerous voltage sources.

The mesh currents are hypothetical currents circulating around each mesh of
the circuit. By assigning these mesh currents and expressing all branch
currents in terms of mesh currents, the circuit equations can be formed and
solved efficiently. The key steps in mesh analysis include identifying
meshes, assigning mesh currents, applying KVL, and solving the system of
linear equations.

Steps in Mesh Analysis

The standard procedure for performing mesh analysis is as follows:

=

. Identify all the meshes (independent loops) in the planar circuit.

2. Assign mesh currents to each loop, usually in the clockwise direction
for consistency.

3. Apply Kirchhoff’s Voltage Law around each mesh to write the voltage sum
equations.

4. Express branch voltages in terms of mesh currents using Ohm’s Law.



5. Solve the simultaneous equations to find mesh currents.

6. Determine branch currents and voltages as required from the mesh
currents.

Handling Current Sources in Mesh Analysis

When a current source is included in a mesh, it affects the straightforward
application of mesh analysis because the current through the source is fixed
and cannot be expressed directly as a function of mesh currents. This
situation requires special handling to correctly incorporate the current
source into the mesh equations without violating circuit constraints.

Two primary scenarios arise when dealing with current sources in mesh
analysis: when the current source lies on the perimeter of a single mesh and
when it is shared between two meshes.

Current Source in a Single Mesh

If the current source exists only in one mesh and does not connect two
meshes, the mesh current corresponding to that loop is directly equal to the
current source value. This simplifies the analysis because the mesh current
becomes a known quantity rather than an unknown variable. Consequently, this
mesh current can be substituted into other mesh equations, reducing the
number of unknowns.

Current Source Shared by Two Meshes

A more complex case occurs when a current source lies between two meshes. In
this scenario, the mesh currents on either side of the current source differ
by the magnitude of the current source due to the fixed current constraint
imposed by the source. To handle this, the concept of a supermesh is
introduced, which excludes the current source branch and combines the two
meshes into one larger loop.

Supermesh Concept in Mesh Analysis

The supermesh technique is essential when a current source is common to two
adjacent meshes. This method allows the elimination of the current source
branch from the mesh equations, simplifying the problem while maintaining the
necessary constraints.



Forming a Supermesh

A supermesh is formed by bypassing the current source and merging the two
meshes that share the current source into a single larger mesh. The voltage
drops around this supermesh are summed excluding the current source branch.
This approach reduces the number of mesh equations by one but requires an
additional constraint equation that relates the mesh currents to the current
source.

Constraint Equation for Current Source

Alongside the supermesh equation, a constraint equation is written to express
the relationship between the two mesh currents connected by the current
source. Typically, this constraint takes the form:

I - Imeshz =1

meshl source

where I,.,; and I,., are the mesh currents on either side of the current
source and I, . 1is the current source magnitude. This equation ensures the
fixed current imposed by the source is maintained in the solution.

Summary of Supermesh Procedure

e Identify the two meshes sharing the current source.

e Remove the current source branch and combine the two meshes into a
supermesh.

e Write the KVL equation around the supermesh, excluding the current
source branch.

e Write the constraint equation relating the two mesh currents to the
current source magnitude.

e Solve the resulting system of equations to find the mesh currents.

Practical Examples Involving Current Sources

Understanding theoretical concepts is greatly enhanced by working through
practical examples where current sources appear in mesh analysis problems.
These examples demonstrate the application of the principles explained above
and provide clarity on handling different configurations.



Example 1: Single Mesh with Independent Current
Source

Consider a simple circuit containing one mesh with an independent current
source and several resistors. Since the current source imposes a fixed
current, the mesh current is known immediately. The voltages across various
elements can then be calculated using Ohm’s Law, eliminating the need for
additional mesh equations.

Example 2: Two Meshes Sharing a Current Source

In this case, two loops share a current source. The supermesh technique is
applied by excluding the current source branch and combining the loops into a
supermesh. The KVL equation is written for the supermesh, and a constraint
equation relates the mesh currents. Solving these equations yields the
individual mesh currents and branch voltages.

Example 3: Circuit with Dependent Current Source

Dependent current sources introduce additional complexity because their
output depends on other circuit variables. In mesh analysis, the dependent
source is modeled using controlling variables expressed in terms of mesh
currents. The current source constraint and supermesh approach remain
applicable but require careful substitution of the dependent current source
expression.

Frequently Asked Questions

What is a current source in mesh analysis?

A current source is an electrical component that provides a constant current
regardless of the voltage across it. In mesh analysis, it is used to define
the current flowing through a particular branch of the circuit.

How do you handle a current source in mesh analysis?

In mesh analysis, a current source is typically handled by creating a
supermesh if the current source lies between two meshes. This involves
excluding the current source branch and combining the two meshes around it to
form a supermesh.

What is a supermesh in the context of current



sources?

A supermesh is formed in mesh analysis when a current source lies between two
meshes. The supermesh excludes the branch with the current source and
combines the adjacent meshes into one larger mesh, allowing the application
of Kirchhoff's Voltage Law (KVL) around the supermesh.

Can you apply Kirchhoff’s Voltage Law (KVL) directly
on a mesh containing a current source?

No, you cannot directly apply KVL in a mesh containing an independent current
source because the voltage across the current source is not known. Instead,
you use the current source constraint and form a supermesh if necessary.

How do dependent current sources affect mesh
analysis?

Dependent current sources introduce additional equations relating current to
voltage or other circuit variables. In mesh analysis, they are handled
similarly to independent sources, often requiring the formation of
supermeshes and incorporating their controlling variables into the equations.

What is the difference between handling independent
and dependent current sources in mesh analysis?

Both types of current sources may require forming supermeshes, but dependent
current sources involve additional relationships linking currents or
voltages, which must be included as constraints in the mesh equations,
whereas independent current sources provide fixed current values.

Is it possible to convert a current source to a
voltage source for mesh analysis?

Yes, using source transformation, a current source in parallel with a
resistor can be converted into an equivalent voltage source in series with
the resistor, which can simplify mesh analysis since voltage sources are
easier to handle with KVL.

Why is mesh analysis preferred over nodal analysis
when dealing with current sources?

Mesh analysis can be more straightforward when circuits have many current
sources because it naturally incorporates current constraints and can
simplify handling of current sources via supermeshes, whereas nodal analysis
may require additional steps to account for current source constraints.



Additional Resources

1. Electric Circuits: Theory and Analysis

This book provides a comprehensive introduction to electric circuits, with a
dedicated section on mesh analysis and current sources. It explains the
fundamental concepts of mesh currents and how current sources affect circuit
equations. Practical examples and problem sets help reinforce the theory,
making it ideal for engineering students.

2. Fundamentals of Electrical Engineering: Circuit Analysis

Focusing on the basics of circuit analysis, this textbook covers mesh and
nodal analysis techniques extensively. It gives detailed treatment on
handling current sources in mesh analysis, including supermesh concepts. The
clear explanations and step-by-step methods assist readers in mastering
circuit problem-solving.

3. Network Analysis and Synthesis

This classic text delves into advanced methods of network analysis,
emphasizing mesh and nodal techniques with various source types. Current
sources in mesh analysis are treated with practical approaches and
mathematical rigor. The book is well-suited for both students and practicing
engineers seeking deeper understanding.

4. Electric Circuits and Systems: Principles and Applications

Offering a practical approach, this book explains mesh analysis with current
sources through real-world circuit examples. It includes sections on modeling
current sources and using supermesh analysis to simplify complex circuits.
The applied focus helps readers connect theory to engineering practice.

5. Circuit Analysis: Theory and Practice

Designed for both undergraduate students and professionals, this book covers
essential circuit analysis tools including mesh analysis involving current
sources. It provides detailed procedures and illustrative examples that
clarify the impact of current sources on mesh currents. The practice problems
enhance comprehension and application skills.

6. Electrical Circuit Analysis

This text presents a thorough treatment of electrical circuits, with chapters
dedicated to mesh analysis and the treatment of current sources. It discusses
techniques such as supermesh and source transformations to handle current
sources effectively. The book balances theory with practical exercises for
effective learning.

7. Introduction to Electric Circuits

A beginner-friendly introduction, this book covers the fundamentals of mesh
analysis and how to incorporate current sources into mesh equations. It
explains the concept of supermesh in an accessible manner, supported by
numerous worked examples. The clear writing style makes it suitable for
students new to circuit analysis.

8. Applied Circuit Analysis



This book emphasizes practical circuit analysis methods, including mesh
analysis with independent and dependent current sources. It details the steps
for dealing with current sources that lie on mesh boundaries using supermesh
techniques. The examples and exercises focus on real circuit scenarios to aid
understanding.

9. Advanced Engineering Circuit Analysis

Targeting advanced students and engineers, this book covers sophisticated
circuit analysis techniques, including handling current sources in mesh
analysis. It provides mathematical insights and comprehensive methods such as
supermesh and source transformation. The rigorous approach prepares readers
for complex circuit challenges.
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current source in mesh analysis: Electrical Circuits. Nodal and Mesh Analysis Bachiller Soler,
A, Cano Gonzalez, R, Gonzdalez Cagigal, M, 2021-11-22 This book is focused on the systematic
analysis of electric circuits using nodal and mesh equations. In the first chapter, a brief study is
presented on the number of equations and unknowns generally involved in the resolution of an
electric circuit. The second chapter describes the method based on node-voltage equations, while
the third chapter is focused on the mesh-current equations. Each chapter includes a section with the
theoretical concepts required to successfully approach all the proposed problems, which are solved
in detail. This work supposes an important pedagogical effort, including more than 150 illustrations
which facilitate the overall understanding and make the reading more entertaining

current source in mesh analysis: The Electrical Engineering Handbook Wai Kai Chen,
2004-11-16 The Electrical Engineer's Handbook is an invaluable reference source for all practicing
electrical engineers and students. Encompassing 79 chapters, this book is intended to enlighten and
refresh knowledge of the practicing engineer or to help educate engineering students. This text will
most likely be the engineer's first choice in looking for a solution; extensive, complete references to
other sources are provided throughout. No other book has the breadth and depth of coverage
available here. This is a must-have for all practitioners and students! The Electrical Engineer's
Handbook provides the most up-to-date information in: Circuits and Networks, Electric Power
Systems, Electronics, Computer-Aided Design and Optimization, VLSI Systems, Signal Processing,
Digital Systems and Computer Engineering, Digital Communication and Communication Networks,
Electromagnetics and Control and Systems.About the Editor-in-Chief...Wai-Kai Chen is Professor and
Head Emeritus of the Department of Electrical Engineering and Computer Science at the University
of Illinois at Chicago. He has extensive experience in education and industry and is very active
professionally in the fields of circuits and systems. He was Editor-in-Chief of the IEEE Transactions
on Circuits and Systems, Series I and II, President of the IEEE Circuits and Systems Society and is
the Founding Editor and Editor-in-Chief of the Journal of Circuits, Systems and Computers. He is the
recipient of the Golden Jubilee Medal, the Education Award, and the Meritorious Service Award
from the IEEE Circuits and Systems Society, and the Third Millennium Medal from the IEEE.
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Professor Chen is a fellow of the IEEE and the American Association for the Advancement of
Science.* 77 chapters encompass the entire field of electrical engineering.* THOUSANDS of
valuable figures, tables, formulas, and definitions.* Extensive bibliographic references.
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current source in mesh analysis: Electric Circuits and Networks K. S. Suresh Kumar, K. S..
Suresh Kumar, 2008-08-05 Electric Circuits and Networks is designed to serve as a textbook for a
two-semester undergraduate course on basic electric circuits and networks. The book builds on the
subject from its basic principles. Spread over seventeen chapters, the book can be taught with
varying degree of emphasis on its six subsections based on the course requirement. Written in a
student-friendly manner, its narrative style places adequate stress on the principles that govern the
behaviour of electric circuits and networks.

current source in mesh analysis: Basic Engineering Circuit Analysis J. David Irwin, Robert M.
Nelms, 2010-11-01 Maintaining its accessible approach to circuit analysis, the tenth edition includes
even more features to engage and motivate engineers. Exciting chapter openers and accompanying
photos are included to enhance visual learning. The book introduces figures with color-coding to
significantly improve comprehension. New problems and expanded application examples in PSPICE,
MATLAB, and LabView are included. New quizzes are also added to help engineers reinforce the key
concepts.

current source in mesh analysis: Electrical Circuits K. C. A. Smith, R. E. Alley, 1992-01-16
Relevant applications to electronics, telecommunications and power systems are included in a
comprehensive introduction to the theory of electronic circuits for physical science students.

current source in mesh analysis: CUET PG Electrical, Power & Energy Engg. - Question Bank
(2400 MCQs Chapterwise) Mocktime Publication, 2400 MCQs CUET PG Question Bank Electrical,
Power & Energy Engg. CUEG PG Previous Papers, CUET PG Syllabus, CUET PG Exam Pattern

current source in mesh analysis: Introduction to Electrical Circuit Analysis Ozgur Ergul,
2017-05-03 A concise and original presentation of the fundamentals for ‘new to the subject’
electrical engineers This book has been written for students on electrical engineering courses who
don’t necessarily possess prior knowledge of electrical circuits. Based on the author’s own teaching
experience, it covers the analysis of simple electrical circuits consisting of a few essential
components using fundamental and well-known methods and techniques. Although the above
content has been included in other circuit analysis books, this one aims at teaching young engineers
not only from electrical and electronics engineering, but also from other areas, such as mechanical
engineering, aerospace engineering, mining engineering, and chemical engineering, with unique
pedagogical features such as a puzzle-like approach and negative-case examples (such as the unique
“When Things Go Wrong...” section at the end of each chapter). Believing that the traditional texts in
this area can be overwhelming for beginners, the author approaches his subject by providing
numerous examples for the student to solve and practice before learning more complicated
components and circuits. These exercises and problems will provide instructors with in-class
activities and tutorials, thus establishing this book as the perfect complement to the more traditional
texts. All examples and problems contain detailed analysis of various circuits, and are solved using a
‘recipe’ approach, providing a code that motivates students to decode and apply to real-life
engineering scenarios Covers the basic topics of resistors, voltage and current sources, capacitors
and inductors, Ohm’s and Kirchhoff’s Laws, nodal and mesh analysis, black-box approach, and
Thevenin/Norton equivalent circuits for both DC and AC cases in transient and steady states Aims to
stimulate interest and discussion in the basics, before moving on to more modern circuits with
higher-level components Includes more than 130 solved examples and 120 detailed exercises with
supplementary solutions Accompanying website to provide supplementary materials
www.wiley.com/go/ergul4412

current source in mesh analysis: Essentials of Advanced Circuit Analysis Djafar K. Mynbaev,
2024-03-12 ESSENTIALS OF ADVANCED CIRCUIT ANALYSIS Comprehensive textbook answering
questions regarding the Advanced Circuit Analysis subject, including its theory, experiment, and role



in modern and future technology Essentials of Advanced Circuit Analysis focuses on fundamentals
with the balance of a systems theoretical approach and current technological issues. The book aims
to achieve harmony between simplicity, engineering practicality, and perceptivity in the material
presentation. Each chapter presents its material on various levels of technological and mathematical
difficulty, broadening the potential readership and making the book suitable for both engineering
and engineering technology curricula. Essentials of Advanced Circuit Analysis is an instrument that
will introduce our readers to real-life engineering problems—why they crop up and how they are
solved. The text explains the need for a specific task, shows the possible approaches to meeting the
challenge, discusses the proper method to pursue, finds the solution to the problem, and reviews the
solution's correctness, the options of its obtaining, and the limitations of the methods and the
results. Essentials of Advanced Circuit Analysis covers sample topics such as: Traditional circuit
analysis's methods and techniques, concentrating on the advanced circuit analysis in the time
domain and frequency domain Application of differential equations for finding circuits’ transient
responses in the time domain, and classical solution (integration) of circuit’s differential equation,
including the use of the convolution integral Laplace and Fourier transforms as the main modern
methods of advanced circuit analysis in the frequency domain Essentials of Advanced Circuit
Analysis is an ideal textbook and can be assigned for electronics, signals and systems, control
theory, and spectral analysis courses. It’s also valuable to industrial engineers who want to brush up
on a specific advanced circuit analysis topic.

current source in mesh analysis: Circuit Analysis and Feedback Amplifier Theory
Wai-Kai Chen, 2018-10-03 Culled from the pages of CRC's highly successful, best-selling The
Circuits and Filters Handbook, Second Edition, Circuit Analysis and Feedback Amplifier Theory
presents a sharply focused, comprehensive review of the fundamental theory behind professional
applications of circuits and feedback amplifiers. It supplies a concise, convenient reference to the
key concepts, models, and equations necessary to analyze, design, and predict the behavior of
large-scale circuits and feedback amplifiers, illustrated by frequent examples. Edited by a
distinguished authority, this book emphasizes the theoretical concepts underlying the processes,
behavior, and operation of these devices. It includes guidance on the design of multiple-loop
feedback amplifiers. More than 350 figures and tables illustrate the concepts, and where necessary,
the theories, principles, and mathematics of some subjects are reviewed. Expert contributors discuss
analysis in the time and frequency domains, symbolic analysis, state-variable techniques, feedback
amplifier configurations, general feedback theory, and network functions and feedback, among many
other topics. Circuit Analysis and Feedback Amplifier Theory builds a strong theoretical foundation
for the design and analysis of advanced circuits and feedback amplifiers while serving as a handy
reference for experienced engineers, making it a must-have for both beginners and seasoned
experts.

current source in mesh analysis: Circuits Fawwaz Tayssir Ulaby, Michel M. Maharbiz, 2010

current source in mesh analysis: 2025-26 RRB JE Electronics & Allied Engineering Study
Material 496 995 E. YCT Expert Team , 2025-26 RRB JE Electronics & Allied Engineering Study
Material 496 995 E. This book contains 10 topics of Electronics Engineering and Computer Science.

current source in mesh analysis: Basic Circuit Analysis Dr.Ramya K, Prof.Dhamarai Selvi
K.V, Prof.Raghavendra R.M, 2025-09-06 Authors: Dr.Ramya K, Associate Professor, Department of
Electrical and Electronics Engineering, Sri Sairam College of Engineering, Bengaluru, Karnataka,
India. Prof.Dhamarai Selvi K.V, Assistant Professor, Department of Electrical and Electronics
Engineering, Sri Sairam College of Engineering, Bengaluru, Karnataka, India. Prof.Raghavendra
R.M, Assistant Professor, Department of Electrical and Electronics Engineering, Sri Sairam College
of Engineering, Bengaluru, Karnataka, India.
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current source in mesh analysis: Basic Electrical and Electronics Engineering-I (For ASTU
Assam) Bandyopadhyay, Jyoti Prasad, Books in this series have been specially designed to meet the
requirements of a large spectrum of engineering students of ASTU-those who find learning concepts



difficult and want to study through solved examples, and those who wish to study the traditional
way. A large number of solved examples are the backbone of this series and are aimed at instilling
confidence in the students to take on the examinations.Basic Electrical and Electronics
Engineering-I has been specially designed to serve as a textbook for an introductory course on basic
electrical and electronics engineering. It meets the requirements of a large spectrum of 1st semester
undergraduate students of all branches of engineering. The book has been developed with an eye on
the interpretation of concepts and application of theories. The language has been kept very simple
so that students are able to assimilate the subject matter with ease. A large number of solved
examples have also been provided for self-assessment.Key Featurese Complete coverage of all the
modules of the syllabi of ASTU and also useful for GATE and other graduate level exams®
Comprehensive and lucid presentation of the basic conceptse Over 200 worked-out examples
including conceptual guidelinese Over 380 multiple choice questions with answerse A large number
of short questions and answers

current source in mesh analysis: Modern Analog Filter Analysis and Design R. Raut, M.
N. S. Swamy, 2011-09-22 Starting from the fundamentals, the present book describes methods of
designing analog electronic filters and illustrates these methods by providing numerical and circuit
simulation programs. The subject matters comprise many concepts and techniques that are not
available in other text books on the market. To name a few - principle of transposition and its
application in directly realizing current mode filters from well known voltage mode filters; an insight
into the technological aspect of integrated circuit components used to implement an integrated
circuit filter; a careful blending of basic theory, numerical verification (using MATLAB) and
illustration of the actual circuit behaviour using circuit simulation program (SPICE); illustration of
few design cases using CMOS and BiCMOS technological processes.

current source in mesh analysis: NETWORK ANALYSIS AND SYNTHESIS KUMAR, A.
ANAND, 2019-01-01 This comprehensive test on Network Analysis and Synthesis is designed for
undergraduate students of Electronics and Communication Engineering, Electrical and Electronics
Engineering, Electronics and Instrumentation Engineering, Electronics and Computer Engineering
and Biomedical Engineering. The book will also be useful to AMIE and IETE students. Written with
student-centered, pedagogically driven approach, the text provides a self-centered introduction to
the theory of network analysis and synthesis. Striking a balance between theory and practice, it
covers topics ranging from circuit elements and Kirchhoff’s laws, network theorems, loop and node
analysis of dc and ac circuits, resonance, transients, coupled circuits, three-phase circuits, graph
theory, Fourier and Laplace analysis, Filters, attenuators and equalizers to network synthesis. All
the solved and unsolved problems in this book are designed to illustrate the topics in a clear way.
KEY FEATURES [J Numerous worked-out examples in each chapter. [J Short questions with answers
help students to prepare for examinations. [] Objective type questions, Fill in the blanks, Review
questions and Unsolved problems at the end of each chapter to test the level of understanding of the
subject. [] Additional examples are available at: www.phindia.com/anand kumar network analysis

current source in mesh analysis: Basic Engineering Circuit Analysis Mr. Rohit Manglik,
2024-07-06 EduGorilla Publication is a trusted name in the education sector, committed to
empowering learners with high-quality study materials and resources. Specializing in competitive
exams and academic support, EduGorilla provides comprehensive and well-structured content
tailored to meet the needs of students across various streams and levels.

current source in mesh analysis: Electric Circuits And Networks (For Gtu) Kumar K. S.
Suresh, 2010-09

current source in mesh analysis: GATE Notes - Electrical Engineering Mocktime Publication,
GATE Notes - Electrical Engineering (Gate Exam Pattern, Gate syllabus, Gate Previous Papers, Gate
Questions)
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