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INTRODUCTION

 Identify sinusoidal signal properties

 Analyze steady-state ac circuits (using phasors and complex impedances)

 Power of steady-state ac circuits

 Thévenin and Norton equivalent circuits

 Determine load impedances for maximum power transfer

 Introduction to three-phase power distribution

 Analyze balanced three-phase circuits
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 Sinusoidal voltage
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 For uniformity:

 express sinusoidal functions by using the cosine function
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 Root-Mean-Square Values (RMS)

 Applying a periodic voltage v(t) with period T to a resistance R

 Power

 Energy (in one T)

 Average power
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 Root-Mean-Square Values (RMS)

 root-mean-square (rms) value of the periodic voltage v(t)

 rms value is also called the effective value
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 Root-Mean-Square Values (RMS)

 Similarly for current:
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 RMS Value of a Sinusoid
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 RMS Value of a Sinusoid
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

11



5.1 SINUSOIDAL CURRENTS AND VOLTAGES
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 RMS Values of Nonsinusoidal Voltages or Currents
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 RMS Values of Nonsinusoidal Voltages or Currents
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5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 RMS Values of Nonsinusoidal Voltages or Currents

15



5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 Exercise

 First tmax after t = 0 s :

16



5.1 SINUSOIDAL CURRENTS AND VOLTAGES

 Exercise

 Exercise

 rms value: 110V 

 Frequency: 60Hz

 Peak voltage at t = 5ms
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5.2 PHASORS

 Vector representation of sinusoidal signals in complex-number plane

 Convenient method for ac circuits:

 For example: KVL leads to

 Put into form: 

 Using standard trigonometric identities…
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5.2 PHASORS

 Phasor Definition

 For sinusoidal voltages:
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5.2 PHASORS

 Phasor Definition

 For sinusoidal currents:
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5.2 PHASORS

 Adding Sinusoids Using Phasors
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5.2 PHASORS

 Adding Sinusoids Using Phasors
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5.2 PHASORS

 Adding Sinusoids Using Phasors

 Streamlined Procedure for Adding Sinusoids

 Write the phasor for each term

 Add the phasors by using complex-number arithmetic
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5.2 PHASORS
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5.2 PHASORS

 Exercise
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5.2 PHASORS

 Phasors as Rotating Vectors
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5.2 PHASORS

 Phase Relationships
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5.2 PHASORS

 Exercise
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5.3 COMPLEX IMPEDANCES

 Solve sinusoidal steady-state circuit problems using Phasors

 Use complex arithmetic

 Inductance
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5.3 COMPLEX IMPEDANCES

 Inductance

 Phasor diagram

 Current lags voltage by 90 degrees for a pure inductance
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5.3 COMPLEX IMPEDANCES

 Inductance
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5.3 COMPLEX IMPEDANCES

 Inductance

 Ohm’s law in Phasor form

 For an inductance, the impedance is an imaginary number

 For a resistance, the impedance is a real number

 Impedances that are pure imaginary are also called reactances
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5.3 COMPLEX IMPEDANCES

 Capacitance
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5.3 COMPLEX IMPEDANCES

 Capacitance

 Current leads voltage by 90 degrees for a pure capacitance
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5.3 COMPLEX IMPEDANCES

 Resistance

 Current and voltage are in phase for a pure resistance
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5.3 COMPLEX IMPEDANCES

 Exercise
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5.3 COMPLEX IMPEDANCES

 Exercise
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5.3 COMPLEX IMPEDANCES

 Exercise
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES

 Kirchhoff’s Laws in Phasor Form

 KVL equation:

 Similarly for KCL

 Procedure for steady-state analysis of circuits with sinusoidal sources:

 Replace time descriptions with corresponding phasors

 Replace inductances and capacitances by their complex impedances

 Analyze the circuit by using any of previous techniques with complex arithmetic
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES

 Node-Voltage Analysis
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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 Exercise



5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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 Exercise



5.4 CIRCUIT ANALYSIS WITH PHASORS AND  

COMPLEX IMPEDANCES
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 Mesh-Current Analysis



5.5 POWER IN AC CIRCUITS
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 Power delivered to a general load



5.5 POWER IN AC CIRCUITS
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 Current, Voltage, and Power for a Resistive Load



5.5 POWER IN AC CIRCUITS
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 Current, Voltage, and Power for a Inductive Load

Reactive Power



5.5 POWER IN AC CIRCUITS
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 Current, Voltage, and Power for a Capacitive Load

Reactive Power



5.5 POWER IN AC CIRCUITS
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 Power Calculations for a General RLC Load



5.5 POWER IN AC CIRCUITS
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 Power Calculations for a General RLC Load



5.5 POWER IN AC CIRCUITS
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 Power Factor



5.5 POWER IN AC CIRCUITS
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 Reactive Power

 units are usually given as Volt Amperes Reactive (VARs)

 Apparent Power

 units are volt-amperes (VA)

 Power Triangle



5.5 POWER IN AC CIRCUITS
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5.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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 Valid for only steady-state operation

 Same as before (with Complex Impedance)



5.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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5.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS
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5.6 THÉVENIN AND NORTON EQUIVALENT CIRCUITS

67



5.7 BALANCED THREE-PHASE CIRCUITS
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 Balanced three-phase source

 three equal-amplitude ac voltages having

phases that are 120 degrees apart

 wye connected (Y connected)



5.7 BALANCED THREE-PHASE CIRCUITS
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 Phasor Notation



5.7 BALANCED THREE-PHASE CIRCUITS
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 Wye-Wye Connection



5.7 BALANCED THREE-PHASE CIRCUITS
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 Delta-Delta Connection
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