mesh analysis with dependent current source

mesh analysis with dependent current source is a critical technique in electrical engineering
used to analyze complex circuits involving dependent sources. This method extends traditional mesh
analysis by incorporating dependent current sources, which depend on circuit variables such as
voltage or current elsewhere in the circuit. Understanding how to apply mesh analysis in the
presence of dependent current sources is essential for accurately determining mesh currents,
voltages, and overall circuit behavior. This article provides a detailed exploration of mesh analysis
with dependent current sources, including fundamental concepts, step-by-step procedures, example
problems, and common challenges encountered during analysis. The content is designed to enhance
comprehension and facilitate the practical application of this advanced circuit analysis method. The
following sections cover the basics, detailed methodologies, and tips for handling dependent sources
effectively.
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Fundamentals of Mesh Analysis

Mesh analysis is a systematic technique used to solve planar electrical circuits by writing Kirchhoff’s
Voltage Law (KVL) equations for each mesh. A mesh is a loop in a circuit that does not contain any
other loops within it. The primary goal is to find the mesh currents circulating around these loops,
which then allows the calculation of other circuit parameters such as branch currents and voltages.
Mesh analysis simplifies circuit solving by reducing the number of equations compared to node
voltage analysis, especially in circuits with many components but fewer meshes.

Key assumptions for mesh analysis include:

e Planar circuits with clearly defined meshes

e Linear components such as resistors, independent voltage/current sources, and dependent
sources

e Use of KVL to write voltage equations for each mesh

Basic mesh analysis handles independent sources easily; however, introducing dependent current



sources requires modifications to the typical approach, as these sources create constraints between
mesh currents.

Understanding Dependent Current Sources

Dependent current sources are active circuit elements whose current output depends on a
controlling variable elsewhere in the circuit. These controlling variables are typically voltages or
currents and can be located in different parts of the circuit. Dependent sources are classified into
four types:

¢ Voltage-Controlled Current Source (VCCS): Current depends on a voltage.
¢ Current-Controlled Current Source (CCCS): Current depends on another current.
¢ Voltage-Controlled Voltage Source (VCVS): Voltage depends on a voltage.

e Current-Controlled Voltage Source (CCVS): Voltage depends on a current.

In the context of mesh analysis, dependent current sources often present special challenges because
their values cannot be directly assigned but must be expressed in terms of mesh currents or node
voltages. This dependency requires careful formulation of equations or the use of additional
constraints to solve the circuit correctly.

Incorporating Dependent Current Sources into Mesh
Analysis

In mesh analysis with dependent current sources, the presence of these sources modifies the
standard procedure. Unlike independent current sources, dependent current sources link mesh
currents through their controlling variables. There are several methods to incorporate them
effectively:

¢ Supermesh Technique: When a current source (independent or dependent) lies between two
meshes, a supermesh is formed by excluding the branch containing the current source and
writing KVL around the combined loops.

¢ Additional Constraint Equations: Since the current source value depends on another circuit
variable, additional equations expressing these dependencies are necessary.

¢ Expressing Dependent Source Currents in Terms of Mesh Currents: This involves
substituting the controlling variables with mesh currents or mesh voltage expressions.

Proper application of these methods ensures that the dependent current source constraints are
respected while maintaining the solvability of the mesh equations.



Step-by-Step Procedure for Mesh Analysis with
Dependent Current Sources

Applying mesh analysis to circuits with dependent current sources follows a systematic approach.
The steps below outline the process:

1. Identify All Meshes: Label each mesh with a mesh current variable.

2. Locate Dependent Current Sources: Determine their controlling variables and whether
they lie inside a mesh or between meshes.

3. Form Supermeshes: For meshes connected by a current source (dependent or independent),
form a supermesh by excluding the branch with the current source and write KVL around the
combined loop.

4. Write KVL Equations: For each mesh or supermesh, write KVL equations expressing
voltages in terms of mesh currents and components.

5. Write Constraint Equations: Express the dependent current source in terms of mesh
currents or voltages, forming additional equations as needed.

6. Solve the System of Equations: Use algebraic methods or matrix techniques to solve for
mesh currents.

7. Calculate Desired Parameters: Once mesh currents are known, compute branch currents,
voltages, or power as required.

This structured approach ensures that all circuit elements, including dependent current sources, are
accounted for correctly.

Example Problems and Solutions

Example problems help illustrate how to apply mesh analysis with dependent current sources
effectively. Consider a circuit with two meshes, where one mesh contains a voltage source and
resistors, and the other mesh contains a dependent current source whose current depends on the
voltage across a resistor in the first mesh.

Steps to solve such a problem include:

e Assign mesh currents I1 and I2 to the two meshes.
e Identify the controlling voltage for the dependent current source in terms of I1.
e Form a supermesh if the dependent current source lies between the two meshes.

e Write KVL for the supermesh, incorporating voltage drops across resistors and independent
sources.



e Write the constraint equation relating 12 (mesh current with the dependent current source) to
the controlling voltage.

¢ Solve the simultaneous equations for I1 and 12.

Applying these steps provides a clear solution pathway, and the approach can be generalized to
more complex circuits with multiple dependent sources.

Common Challenges and Troubleshooting

Mesh analysis with dependent current sources can present several challenges that require careful
attention:

¢ Identifying the Correct Controlling Variable: Misidentifying the controlling voltage or
current can lead to incorrect constraint equations.

e Forming Supermeshes Incorrectly: Failing to properly exclude branches with current
sources can cause errors in KVL formulation.

e Handling Multiple Dependent Sources: Circuits with several dependent sources require
careful bookkeeping to maintain clarity in equations.

¢ Solving Complex Equation Systems: Dependent sources frequently increase the number of
variables and equations, necessitating systematic algebraic or matrix solutions.

Addressing these issues involves thorough circuit analysis, double-checking assumptions, and
methodical equation setup, which ultimately ensure accurate results.

Frequently Asked Questions

What is mesh analysis with a dependent current source?

Mesh analysis with a dependent current source is a circuit analysis technique where mesh currents
are calculated in electrical circuits containing dependent (controlled) current sources whose values
depend on voltages or currents elsewhere in the circuit.

How do you handle dependent current sources in mesh
analysis?

In mesh analysis, dependent current sources are handled by expressing the controlling variable
(voltage or current) in terms of mesh currents, and then writing equations that incorporate these
dependencies to solve for the mesh currents.



Can mesh analysis be applied directly when a dependent
current source is present in a mesh?

If a dependent current source lies on a mesh branch, it may impose a constraint on the mesh
current, requiring the use of supermesh analysis or additional equations to properly account for the
dependent source in the mesh equations.

What is a supermesh in the context of dependent current
sources?

A supermesh occurs when a current source (dependent or independent) lies on a shared branch
between two meshes. The supermesh is formed by excluding the branch with the current source and
writing mesh equations around the combined meshes, then applying the current source constraint
separately.

How do you write mesh equations when a dependent current
source is involved?

You write mesh equations by applying Kirchhoff's Voltage Law (KVL) around each mesh, expressing
all voltages in terms of mesh currents, and including the controlling variables of the dependent
current source as functions of mesh currents, along with any constraint equations.

What are common types of dependent current sources used in
mesh analysis?

Common dependent current sources include current sources controlled by voltage (VCIS) and
current sources controlled by current (CCIS), often represented as a current source with a gain
multiplied by a controlling voltage or current elsewhere in the circuit.

Why is it important to express controlling variables in terms of
mesh currents?

Expressing controlling variables in terms of mesh currents allows all circuit equations to be written
consistently in terms of mesh currents, enabling the use of linear algebra techniques to solve the
system of equations for unknown mesh currents.

What challenges arise when performing mesh analysis on
circuits with dependent current sources?

Challenges include correctly identifying controlling variables, forming accurate constraint equations,
handling supermeshes when current sources are present, and ensuring all dependencies are
correctly incorporated to avoid incorrect solutions.

Is mesh analysis always the best method for circuits with



dependent current sources?

While mesh analysis can be used for circuits with dependent current sources, sometimes nodal
analysis or other methods might be simpler, especially if the circuit contains many dependent
sources or complex interdependencies.

Additional Resources

1. Electric Circuits: Theory and Analysis with Dependent Sources

This book offers a comprehensive approach to electric circuit analysis, emphasizing mesh analysis
techniques involving dependent current sources. It provides detailed explanations on how to handle
controlled sources within mesh equations. The text includes numerous examples and practice
problems to reinforce the concepts. Ideal for undergraduate electrical engineering students.

2. Fundamentals of Circuit Analysis: Dependent Sources and Mesh Methods

Focused on the fundamentals of circuit analysis, this book covers both mesh and nodal analysis
methods with a special focus on dependent sources. It explains the mathematical modeling of
dependent current sources and their impact on circuit behavior. The book also includes step-by-step
procedures and illustrative problems to aid learning.

3. Advanced Mesh Analysis Techniques in Electrical Circuits

This advanced textbook delves into complex mesh analysis scenarios, particularly those involving
dependent current and voltage sources. It discusses practical applications in real-world circuit
design and troubleshooting. Readers can expect rigorous theoretical foundations combined with
practical examples.

4. Electrical Engineering Circuit Analysis with Dependent Sources

Designed for engineering students, this book introduces mesh analysis by incorporating dependent
current sources early in the curriculum. It explains the physical significance of these sources and
their representation in circuit diagrams. The book also provides solved examples and exercises to
enhance problem-solving skills.

5. Mesh and Nodal Analysis: Incorporating Dependent Current Sources

This resource emphasizes the integration of dependent current sources within mesh and nodal
analysis frameworks. It details the formulation of simultaneous equations and the use of matrix
methods for solving circuits. The book is suitable for both students and practicing engineers looking
to deepen their understanding.

6. Practical Circuit Analysis: Mesh Methods with Controlled Sources

A practical guide for engineers, this book focuses on applying mesh analysis to circuits containing
controlled current sources. It bridges theory and practice by presenting real-life circuit examples,
simulation techniques, and troubleshooting tips. The text is accessible to readers with basic circuit
knowledge.

7. Circuit Theory and Dependent Source Analysis

This comprehensive text covers the theory behind dependent sources and their role in circuit
analysis, including mesh methods. It explains how dependent current sources affect circuit
parameters and system responses. The book contains numerous diagrams, examples, and end-of-
chapter problems.



8. Introduction to Electrical Networks: Mesh Analysis with Dependent Sources

Targeted at beginners, this book introduces electrical networks with a focus on mesh analysis
involving dependent current sources. It breaks down complex concepts into simple, digestible
sections with illustrative examples. The book also includes practical exercises to build confidence in
circuit analysis.

9. Controlled Sources in Mesh Circuit Analysis: Theory and Applications

This title explores the theoretical underpinnings and practical applications of controlled (dependent)
sources in mesh circuit analysis. It covers various types of dependent current sources and their
mathematical modeling. The book is geared toward advanced students and professionals seeking in-
depth knowledge.
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