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Introduction to Coupled Circuits and Topology

Coupled Circuits:

In coupled circuits, energy is transferred between inductors through mutual inductance.

This concept is fundamental in understanding transformers and inductively coupled
systems.

Topology in Networks:

Network topology refers to the way components are interconnected in an electrical
network.

Topology analysis techniques help in solving complex circuits with multiple components.
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Magnetically Coupled Circuits

Magnetic Coupling:

Magnetically coupled circuits involve two inductive elements (coils or transformers) that
transfer energy between them via a magnetic field.

Mutual Inductance (M) is the measure of the magnetic coupling between inductors.

Mutual Inductance: Mutual inductance occurs when a change in current in one inductor
induces a voltage in the second inductor.

* Formula for Mutual Inductance:

v, — i
ST

Mutual inductance depends on the physical properties of the inductors (e.g., their
geometry, proximity, and orientation).
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The Linear Transformer

Linear Transformer:

*A linear transformer is a passive electrical device that transfers electrical energy between
two or more circuits through electromagnetic induction.

*The transformer consists of primary and secondary windings, typically wound around a
common magnetic core.

*Transformer Operation:

*When an alternating current flows through the primary winding, it creates a magnetic
field that induces a voltage in the secondary winding.
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The Ideal Transformer

Ideal Transformer:

An ideal transformer is a theoretical model that assumes perfect energy transfer between
the primary and secondary coils.

Assumptions:
No losses (i.e., 100% efficiency).
The magnetic coupling between coils is perfect (no flux leakage).

The core has infinite permeability. ¢ T@nsformerRelations

* \oltage ratio:
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VN
¢ Current ratio;
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where Ny and N are the number of turns on the primary and secondary windings,
respectively.
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|deal Transformer — Power Transfer

Power Conservation:

* In an ideal transformer, the power transferred from the primary to the secondary side is
the same, assuming no losses: i .
& P]_ = f]-,g Or 1-“"1.{1 = 1-‘-31-3

Energy Transfer Efficiency:

* The efficiency of an ideal transformer is 100%, with no energy loss in the form of heat,
core losses, or resistance.
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Introduction to Network Topology

Network Topology:

Network topology refers to the arrangement of elements (nodes, branches, and
components) in a circuit.

Understanding the topology of a circuit is essential for simplifying the analysis and
solving complex networks.
Types of Topologies:
Series: Components are connected end-to-end.
Parallel: Components are connected across common nodes.
Mesh: Interconnected loops forming a network.

Date: 23.5.2024 & Time: 12.10 PM (4th Hour) 7



Trees and General Nodal Analysis

Trees in Network Topology:

*A tree is a subgraph of a network that connects all the nodes without forming any closed
loops.

*Trees help in reducing the complexity of solving circuits by avoiding redundancy in node
analysis.

General Nodal Analysis:
*Nodal analysis involves solving for the potentials (voltages) at different nodes in a circuit.

*Nodal Analysis Steps:
eLabel all the nodes.
*Apply Kirchhoff's Current Law (KCL) at each node.
*Solve the resulting system of equations to find the node voltages.
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Links and Loop Analysis

Links in Network Topology:

*A link is a set of branches that form a unique path between two nodes in a circuit.
Links can be used to define the fundamental loop currents in loop analysis.

Loop Analysis (Mesh Analysis):

*Loop analysis uses Kirchhoff’s Voltage Law (KVL) to find the currents in the independent
loops of a circuit.
Loop Analysis Steps:

*Assign loop currents to each independent loop.

*Apply KVL to each loop, summing voltages to zero.

*Solve the system of equations to find the loop currents.
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Applications of Network Topology Analysis

Solving Complex Circuits:

Network topology and analysis techniques like nodal and loop analysis are crucial in solving
complex circuits, especially in electrical engineering.

Application Areas:

Power distribution systems, communication networks, signal processing systems, and
electronic devices.
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Summary of Coupled Circuits and Topology

Coupled Circuits:

*Magnetic coupling between inductors leads to mutual inductance, crucial in transformer
operation and coupled circuit analysis.

Network Topology:

*Understanding network topology and analysis methods (trees, links, loop, and nodal
analysis) simplifies the design and analysis of complex electrical circuits.

*Key Concepts:
*ldeal Transformer: Perfect energy transfer with no losses.

Nodal and Loop Analysis: Techniques for solving electrical circuits by analyzing node
potentials and loop currents.
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