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 infroduces 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:

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

High Internal Impedance: Ideal current sources have infinite internal impedance, preventing

voltage changes from affecting current.

Polarity and Direction: The direction of the current source defines the orientation of current flow,

which is critical during mesh current assignments.

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:

1. 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:

/

mesh1 ~ ImeshZ = Isource

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

solution.

Summary of Supermesh Procedure

¢ |dentify the two meshes sharing the current source.

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

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

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

¢ 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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