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INTRODUCTION

 Network analysis

 Voltage-division and current-division principles

 Node-voltage technique

 Mesh-current technique

 Thévenin and Norton equivalents

 Use MATLAB® to solve circuit equations

 Superposition principle
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2.1 RESISTANCES IN SERIES AND PARALLEL

 Series Resistances

 KVL:

 Equivalent Resistance:
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 Parallel Resistances

 KCL:

 Equivalent Resistance
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2.1 RESISTANCES IN SERIES AND PARALLEL
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2.1 RESISTANCES IN SERIES AND PARALLEL



 Exercise
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2.1 RESISTANCES IN SERIES AND PARALLEL



 Conductances in Series and Parallel

 Series

 Parallel

 Series versus Parallel Circuits

 Parallel: Distribute power from single voltage source

 Series
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2.1 RESISTANCES IN SERIES AND PARALLEL



2.2 NETWORK ANALYSIS BY USING SERIES AND

PARALLEL EQUIVALENTS

 Circuit Analysis Using Series/Parallel Equivalents

 1. Locating a combination of series or parallel resistances

 2. Redraw the circuit with the equivalent resistances

 3. Repeat steps 1 and 2 

 4. Solve final equivalent circuit, transfer results back

 5. Check your results for KCL and KVL
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2.2 NETWORK ANALYSIS BY USING SERIES AND

PARALLEL EQUIVALENTS

10



2.2 NETWORK ANALYSIS BY USING SERIES AND

PARALLEL EQUIVALENTS

 Exercise
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2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

 Voltage Division

 Voltage-division principle:

The Voltage fraction that appears across a given resistance in a series circuit is

the ratio of the given resistance to the total series resistance.
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2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

V1 = 1.5 V V2 = 1.5 V V1 = 3 V V1 = 9 V



2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

 Current Division

 Current-division principle:

The fraction of the total current owing in a resistance is the ratio of the other

resistance to the sum of the two resistances.

 Using Conductances:
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2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS
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2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS



2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

 Position Transducers Based on the Voltage-Division Principle
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2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

 Exercise
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2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

 Exercise
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2.4 NODE-VOLTAGE ANALYSIS

 Selecting the Reference Node

 Assigning Node Voltages

 Finding Element Voltages in Terms of the Node Voltages

 Writing KCL Equations in Terms of the Node Voltages
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2.4 NODE-VOLTAGE ANALYSIS

 KCL for nodes 1,2 and 3:
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2.4 NODE-VOLTAGE ANALYSIS

 Exercise

22



2.4 NODE-VOLTAGE ANALYSIS

 Circuit Equations in Standard Form

 For two node voltages:

 For three node voltages:

 Matrix form:
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 A Shortcut to Writing the Matrix Equations

 Diagonal elements: sum of the conductances connected to node

 Off-diagonal terms: negative of the conductance connected between node j and k

 Terms in I matrix: currents pushed into corresponding nodes by current sources

2.4 NODE-VOLTAGE ANALYSIS
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 Exercise

2.4 NODE-VOLTAGE ANALYSIS
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2.4 NODE-VOLTAGE ANALYSIS
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2.4 NODE-VOLTAGE ANALYSIS

 Using MATLAB to Solve Network Equations
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2.4 NODE-VOLTAGE ANALYSIS



2.4 NODE-VOLTAGE ANALYSIS

 Exercise

29



2.4 NODE-VOLTAGE ANALYSIS

 Circuits with Voltage Sources

 Pick reference node at one end of source, one less unknown node voltage

30



2.4 NODE-VOLTAGE ANALYSIS

 Exercise
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2.4 NODE-VOLTAGE ANALYSIS

 Supernode

 Decrease equations order (ignore source current)

 Forming closed surface (Supernode)

 Writing KCL for Supernode
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2.4 NODE-VOLTAGE ANALYSIS

 Supernode

 KCL for Supernde:

 KVL for 10V source:
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2.4 NODE-VOLTAGE ANALYSIS

 Exercise:
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2.4 NODE-VOLTAGE ANALYSIS

 Circuits with controlled sources

 KCLs:

 Substituting:  
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2.4 NODE-VOLTAGE ANALYSIS
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2.4 NODE-VOLTAGE ANALYSIS

 Exercise
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2.4 NODE-VOLTAGE ANALYSIS

 Exercise

38



2.5 MESH-CURRENT ANALYSIS

 For solving currents

 Branch currents

 Mesh currents
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2.5 MESH-CURRENT ANALYSIS

 Normal KVL-KCL:
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2.5 MESH-CURRENT ANALYSIS

 Mesh-Current Method:
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2.5 MESH-CURRENT ANALYSIS

 Example
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2.5 MESH-CURRENT ANALYSIS
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2.5 MESH-CURRENT ANALYSIS
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 Exercise



2.5 MESH-CURRENT ANALYSIS
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2.5 MESH-CURRENT ANALYSIS

 Exercise

 Current flowing through the 10 ohm
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 A Shortcut to Writing the Matrix Equations:   R.I=V

 Diagonal elements: sum of the resistances in mesh

 Off-diagonal terms: negative of the resistance shared between mesh j and k

 Terms in V matrix: mesh voltage sources (+ or -)

2.5 MESH-CURRENT ANALYSIS
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 Exercise

2.5 MESH-CURRENT ANALYSIS
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 Mesh Currents in Circuits Containing Current Sources

2.5 MESH-CURRENT ANALYSIS
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 Supermesh

 Write a KVL equation around the periphery of meshes 1 and 2 combined

2.5 MESH-CURRENT ANALYSIS
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 Exercise

2.5 MESH-CURRENT ANALYSIS
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 Exercise

2.5 MESH-CURRENT ANALYSIS
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 Circuits with Controlled Sources

2.5 MESH-CURRENT ANALYSIS
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 Replace two-terminal circuits containing resistances and sources

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Thévenin Equivalent Circuits

 Open circuit

 Short circuit

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Exercise

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Finding the Thévenin Resistance Directly

 If network contains no dependent sources

 Zero the sources

 Voltage source: Short circuit

 Current source: Open circuit

 Find the Req

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Exercise

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Exercise

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS

63



2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Norton Equivalent Circuit

 Resistance in the Norton equivalent is the same as the Thévenin resistance

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Step-by-Step Thévenin/Norton-Equivalent-Circuit Analysis

 1. Perform two of these:

 a. Determine the open-circuit voltage Vt = Voc.

 b. Determine the short-circuit current In = Isc.

 c. Zero the independent sources and find the Thévenin resistance Rt looking back into the 

terminals. Do not zero dependent sources.

 2. Use the equation Vt = Rt.In to compute the remaining value.

 3. The Thévenin equivalent consists of a voltage source Vt in series with Rt

 4. The Norton equivalent consists of a current source In in parallel with Rt

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Exercise

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Source Transformations

 Replace a voltage source in series with a resistance by a Norton equivalent circuit

2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS

71



2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Exercise



2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Maximum Power Transfer

 When maximum possible power is delivered to the load?



2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS

76

 Maximum Power Transfer



2.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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2.7 SUPERPOSITION PRINCIPLE
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 For a circuit composed of:

 Resistances

 Linear dependent sources

 n  independent sources

 Total response:



2.7 SUPERPOSITION PRINCIPLE
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 Example:



2.7 SUPERPOSITION PRINCIPLE
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2.7 SUPERPOSITION PRINCIPLE
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2.7 SUPERPOSITION PRINCIPLE
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 Exercise



2.8 WHEATSTONE BRIDGE
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 A circuit used to measure unknown resistances

 When detector indicates zero current: bridge is balanced
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