mesh analysis with dependent voltage source

mesh analysis with dependent voltage source is a critical technique used in electrical engineering to
analyze complex circuits involving dependent or controlled sources. This method extends the
fundamental mesh analysis approach by incorporating dependent voltage sources, which are elements
whose voltage depends on a variable elsewhere in the circuit, such as current or voltage in another
branch. Understanding how to handle these sources in mesh analysis is essential for accurate circuit
analysis and design. This article explores the principles of mesh analysis, the characteristics of
dependent voltage sources, and the step-by-step process to solve circuits containing these elements.
Additionally, practical examples and common challenges encountered during the analysis will be
discussed to provide a comprehensive understanding. The following sections will guide readers
through the theoretical background and practical application of mesh analysis with dependent voltage

sources.
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Fundamentals of Mesh Analysis

Mesh analysis is a systematic method used to determine the currents flowing in the loops, or meshes,
of a planar electrical circuit. It is based on Kirchhoff’'s Voltage Law (KVL), which states that the
algebraic sum of all voltages around any closed loop in a circuit must equal zero. This technique
simplifies solving complex circuits by transforming them into a set of simultaneous equations that
represent the voltage drops around each mesh. The primary variables in mesh analysis are the mesh

currents, which are hypothetical currents circulating around each independent loop of the circuit.

Key advantages of mesh analysis include its efficiency in handling multiple loops and its
straightforward application to circuits with only voltage sources and resistors. However, when
dependent sources are introduced, the analysis requires additional considerations to accurately model

their behavior.

Basic Principles of Mesh Current Method

The mesh current method involves the following steps:

¢ |dentify all meshes in the planar circuit.

¢ Assign a mesh current to each loop, usually in a clockwise direction.

* Apply Kirchhoff’s Voltage Law to each mesh to form equations.

e Express voltages in terms of mesh currents and circuit component values.

¢ Solve the simultaneous equations to find the mesh currents.

This process results in a set of linear equations that can be solved using algebraic methods or matrix

operations.



Understanding Dependent Voltage Sources

Dependent voltage sources, also known as controlled voltage sources, are circuit elements where the
voltage output is controlled by a voltage or current elsewhere in the circuit. Unlike independent voltage
sources that maintain a fixed voltage regardless of the circuit conditions, dependent sources vary their

voltage based on a controlling variable.

Dependent voltage sources are categorized into four main types:

Voltage-Controlled Voltage Source (VCVS): Voltage output depends on another voltage in the

circuit.

Current-Controlled Voltage Source (CCVS): Voltage output depends on a current elsewhere in

the circuit.

Voltage-Controlled Current Source (VCCS): Current output depends on a voltage.

Current-Controlled Current Source (CCCS): Current output depends on a current.

For mesh analysis involving dependent voltage sources, the focus is primarily on VCVS and CCVS, as

they provide voltages that affect the mesh equations directly.

Characteristics of Dependent Voltage Sources

Dependent voltage sources are defined by their controlling variables and gain factors. For example, a
CCVS may have a voltage output expressed as V =rl_x, where |_x is the controlling current and ris
the gain or transresistance. Similarly, a VCVS may be represented as V = yV_x, where V_x is the

controlling voltage and u is the gain.

These relationships must be incorporated into the mesh equations to reflect the dependency

accurately, which often involves expressing the controlling variable in terms of mesh currents.



Incorporating Dependent Voltage Sources in Mesh Analysis

When performing mesh analysis with dependent voltage sources, the main challenge is to correctly
incorporate the dependent source's voltage into the KVL equations. This requires expressing the
dependent source voltage in terms of mesh currents, which may involve additional equations or

substitution techniques.

Unlike independent voltage sources, dependent voltage sources cannot be treated as fixed voltage
drops. Instead, their voltages depend on other circuit variables, which must be identified and related to

the mesh currents.

Formulating Equations with Dependent Sources

The process to include dependent voltage sources involves:

1. Identify the controlling variable (voltage or current) and express it in terms of mesh currents.

2. Write the dependent voltage source voltage as a function of the controlling variable using the

gain factor.

3. Incorporate this voltage expression into the KVL equations for the mesh containing the

dependent source.

4. If necessary, write additional constraint equations that relate the controlling variable to mesh

currents.

This approach ensures that all dependencies are accounted for, allowing for a complete and solvable

system of equations.



Step-by-Step Solution Procedure

To effectively analyze circuits using mesh analysis with dependent voltage sources, a structured

procedure is essential. The following steps outline a detailed approach:

1. Identify all meshes: Determine the independent loops in the circuit and assign mesh currents.
2. Label dependent sources: Note the dependent voltage sources and their controlling variables.
3. Express controlling variables: Write the controlling voltage or current in terms of mesh currents.

4. Apply KVL to each mesh: Write voltage equations around each loop, including dependent source

voltages as functions of mesh currents.

5. Form additional equations: If controlling variables are not directly mesh currents, write additional

equations linking them.

6. Solve the system: Use algebraic methods or matrix techniques to solve the simultaneous

equations for mesh currents.

7. Calculate desired quantities: Determine branch currents, voltages, or power as required from the

mesh currents.

Following this procedure ensures a systematic and accurate solution to circuits containing dependent

voltage sources.

Example Problem and Solution

Consider a circuit with two meshes. The first mesh contains a resistor and an independent voltage

source, while the second mesh contains a resistor and a dependent voltage source controlled by the



current in the first mesh. The goal is to find the mesh currents.

Step 1: Assign mesh currents Iﬂand /H clockwise in mesh 1 and mesh 2 respectively.

Step 2: Identify the dependent voltage source voltage as V = klﬂ, where k is the gain constant.
Step 3: Apply KVL to mesh 1:

V- RO - v = 0, substituting v = kill gives VLI - RUT - kil = o.

Step 4: Apply KVL to mesh 2:

-RH/H + V = 0, substituting V = kIU gives -RUIH + klg =0.

Step 5: Solve the simultaneous equations:

1. vl = illrL] + k)

2. R = will

These equations provide the mesh currents IH and lﬂin terms of circuit parameters and source

voltage.

Common Challenges and Tips

Analyzing circuits with dependent voltage sources using mesh analysis often presents challenges that
require careful attention. Common issues include correctly identifying the controlling variables and
expressing them in terms of mesh currents, handling non-planar circuits, and managing complex

dependencies.

Effective strategies to overcome these challenges include:

o Careful labeling: Clearly label all currents and voltages, especially controlling variables.

e Systematic equation writing: Write all KVL and constraint equations systematically to avoid

errors.



e Use of matrix methods: Employ matrix algebra or software tools for solving large systems

efficiently.

¢ Verification: Double-check equations and solutions by substituting back into the original circuit

equations.

» Breaking down complex dependencies: WWhen dependent sources depend on multiple variables,

break the problem into smaller parts.

Adhering to these tips enhances the reliability and accuracy of mesh analysis involving dependent

voltage sources.

Frequently Asked Questions

What is mesh analysis with a dependent voltage source?

Mesh analysis with a dependent voltage source involves applying Kirchhoff's Voltage Law (KVL) to
loops in a circuit that contain voltage sources whose values depend on other circuit variables, such as

currents or voltages elsewhere in the circuit.

How do you handle dependent voltage sources in mesh analysis?

In mesh analysis, dependent voltage sources are treated like independent voltage sources but their
values are expressed as functions of controlling variables (currents or voltages) from other parts of the

circuit. These controlling variables are included as additional unknowns in the system of equations.

What modifications are needed in mesh equations when including
dependent voltage sources?

When including dependent voltage sources, mesh equations must incorporate the controlling variables



and constraints that define the dependent source. This often leads to additional equations or

substitution of the dependent source voltage expressions into the mesh equations.

Can mesh analysis be applied directly if the dependent voltage source
is in the shared branch between two meshes?

If a dependent voltage source is in the shared branch between two meshes, it can complicate the
analysis. One approach is to write a supermesh equation by excluding the branch with the dependent
voltage source and combining the two meshes, then use the dependent source's controlling variable

relation as an additional equation.

What are common types of dependent voltage sources encountered in
mesh analysis?

Common dependent voltage sources include voltage-controlled voltage sources (VCVS) and current-
controlled voltage sources (CCVS). These sources have voltages proportional to another voltage or
current elsewhere in the circuit, and their behavior must be incorporated in mesh equations

accordingly.

Additional Resources

1. Electric Circuits by James W. Nilsson and Susan A. Riedel

This comprehensive textbook covers fundamental concepts of electric circuits, including mesh analysis
techniques involving dependent voltage sources. It provides step-by-step methods to analyze complex
circuits systematically. The book also includes numerous examples and problems to reinforce

understanding of dependent sources within mesh currents.

2. Engineering Circuit Analysis by William H. Hayt Jr. and Jack E. Kemmerly
A classic resource for learning circuit analysis, this book thoroughly explains mesh and nodal analysis
with dependent sources. It emphasizes practical applications and problem-solving strategies essential

for electrical engineering students. Detailed explanations help readers grasp how dependent voltage



sources affect circuit behavior.

3. Fundamentals of Electric Circuits by Charles K. Alexander and Matthew N.O. Sadiku

This text introduces mesh analysis with a focus on circuits containing dependent voltage and current
sources. It offers clear illustrations and examples that show how to handle dependent sources in mesh
equations. The book is well-suited for beginners and intermediate learners aiming to master circuit

analysis techniques.

4. Introduction to Electric Circuits by Richard C. Dorf and James A. Svoboda

This book presents a thorough approach to mesh analysis, including circuits with dependent voltage
sources. It balances theory with practical application, helping readers understand the role of dependent
sources in circuit networks. Numerous solved problems and exercises aid comprehension and skill

development.

5. Electric Circuit Analysis by David E. Johnson, Johnny R. Johnson, John L. Hilburn

Focused on both fundamental and advanced topics, this book covers mesh analysis methods for
circuits with dependent voltage sources in detail. It explains how to formulate and solve mesh
equations in the presence of controlled sources. The text is designed to build analytical skills

necessary for real-world circuit design.

6. Basic Engineering Circuit Analysis by J. David Irwin and R. Mark Nelms

This widely used textbook provides clear instruction on mesh analysis involving dependent voltage
sources. It offers a systematic approach to writing mesh equations and solving for unknown currents.
The book’s practical examples and exercises make it a valuable resource for electrical engineering

coursework.

7. Analysis and Design of Analog Integrated Circuits by Paul R. Gray, Paul J. Hurst, Stephen H. Lewis,
and Robert G. Meyer

Though primarily focused on analog circuit design, this book includes essential concepts of mesh
analysis with dependent voltage sources. It explores how dependent sources are modeled and

analyzed in integrated circuits. This resource is helpful for understanding the application of mesh



analysis in analog circuit contexts.

8. Circuit Analysis: Theory and Practice by Allan H. Robbins and Wilhelm C. Miller

This practical guide covers a broad spectrum of circuit analysis techniques, including mesh analysis
with dependent voltage sources. It provides numerous examples illustrating the impact of dependent
sources on circuit calculations. The text is suited for both students and practicing engineers seeking

applied knowledge.

9. Linear Circuit Analysis by Raymond A. DeCarlo and Pen-Min Lin

This book focuses on linear circuit analysis methods, emphasizing mesh and nodal techniques
involving dependent sources. It presents systematic procedures for handling dependent voltage
sources within mesh frameworks. With detailed explanations and problem sets, it supports mastery of

linear circuit analysis principles.
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