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INTRODUCTION

 Transient and steady-state response concepts

 Solve first-order RC or RL circuits

 First-order circuits time constant.

 Solve RLC circuits in dc steady-state conditions

 Solve second-order circuits

 Second-order system natural frequency and damping ratio
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4.1 FIRST-ORDER RC CIRCUITS

 Discharge of a Capacitance through a Resistance

 Current equation at the top node:
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4.1 FIRST-ORDER RC CIRCUITS

 Discharge of a Capacitance through a Resistance

 Solve for “s”:

 Initial condition for “K”:
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K(RCs+1).e st = 0



4.1 FIRST-ORDER RC CIRCUITS

 Time constant

 Voltage decays to 36.8%

 Applying RC circuits in timing applications
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4.1 FIRST-ORDER RC CIRCUITS

 Charging a Capacitance from a DC Source through a Resistance
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 Charging a Capacitance from a DC Source through a Resistance

 Steady-state (forced) and Transient response

4.1 FIRST-ORDER RC CIRCUITS
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4.2 DC STEADY STATE

 Constant dc sources:

 Capacitance:

 For steady-state conditions with dc sources, capacitances behave as open circuits

 Inductance:

 For steady-state conditions with dc sources, inductances behave as short circuits

 Determining the forced (steady-state) response for RLC circuits with dc sources:

 1. Replace capacitances with open circuits.

 2. Replace inductances with short circuits.

 3. Solve the remaining circuit.

9



4.2 DC STEADY STATE
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4.2 DC STEADY STATE

 Exercise
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4.3 RL CIRCUITS

 For current:

 KVL equation:
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4.3 RL CIRCUITS
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4.3 RL CIRCUITS

 For voltage:
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4.3 RL CIRCUITS

 Prior to t = 0:

 the inductor behaves as a short circuit
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4.3 RL CIRCUITS
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4.3 RL CIRCUITS

 Exercise
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4.3 RL CIRCUITS

 Exercise
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4.3 RL CIRCUITS

 Exercise
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

 Circuits that contain one energy-storage element 

 (either an inductance or a capacitance)

 KVL:

 Linear first-order differential equation
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

 Solution of the Differential Equation

 General solution:   X(t) = Xc(t) + Xp(t)

 Complementary solution Xc(t) (homogeneous equation, natural response)

 Particular solution Xp(t) (forced response)

 Satisfies the differential equation

 May not be consistent with the initial conditions
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

 Example

 Forced response:

 Natural response:
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

 Step-by-Step Solution:

1) Write the circuit differential equation

2) Find a particular solution (forced response)

3) Find the complementary solution (natural response)

4) Add particular and complementary solutions

5) Use initial conditions to find parameters
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

KVL:
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

Find a particular solution:

Guessing at the form of ip(t), possibly including some unknown constants

Equating the coefficients:
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

Obtain homogenous solution:

General solution:

Determine value K  by using initial condition
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

 Exercises
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4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

 Exercises
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4.5 SECOND-ORDER CIRCUITS

 Contain two energy-storage elements

 One inductance and one capacitance

 Either in series or in parallel

 Differential Equation
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4.5 SECOND-ORDER CIRCUITS

 Damping coefficient:

 Undamped resonant frequency:

 Forcing function:
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4.5 SECOND-ORDER CIRCUITS

 Solution of the Second-Order Equation

 General solution:

 Particular solution (Xp(t)) plus complementary solution (Xc(t))

 Particular solution

 Complementary solution

32



4.5 SECOND-ORDER CIRCUITS

 Complementary solution:

 Characteristic equation:

 Damping ratio

 Roots of the characteristic equation:
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4.5 SECOND-ORDER CIRCUITS

 3 Cases:

1) Overdamped case

 Roots are real and distinct

2) Critically damped case 

 Roots are real and equal

3) Underdamped case

 Roots are complex
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4.5 SECOND-ORDER CIRCUITS
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4.5 SECOND-ORDER CIRCUITS

 Only dc source:

Replacing:

o Inductance by a short circuit 

o Capacitance by an open circuit

Leads to particular solution:
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4.5 SECOND-ORDER CIRCUITS

Homogenous solution:
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4.5 SECOND-ORDER CIRCUITS
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4.5 SECOND-ORDER CIRCUITS
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4.5 SECOND-ORDER CIRCUITS
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4.5 SECOND-ORDER CIRCUITS

 Comparison:
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4.5 SECOND-ORDER CIRCUITS

 Normalized Step Response of Second-Order Systems

 Step function
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4.5 SECOND-ORDER CIRCUITS

 Normalized Step Response of Second-Order Systems

 Overshoot

 Ringing
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4.5 SECOND-ORDER CIRCUITS

 Circuits with Parallel L and C

 Writing a KCL equation at the top node:
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4.5 SECOND-ORDER CIRCUITS

 Simplification

 Damping coefficient

 Undamped resonant frequency

 Forcing function
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.9
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.9
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.9

48



4.5 SECOND-ORDER CIRCUITS

 Exercise 4.10
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.10
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.10
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.11
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.11
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4.5 SECOND-ORDER CIRCUITS

 Exercise 4.11
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4.5 SECOND-ORDER CIRCUITS

 Classic ignition for an internal-combustion engine
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