ECE 2100
Circuit Analysis

Lesson 37

Chapter 8: Second Order Circuits
Discuss Exam 2
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1-4: On Exam 1, Basis for work
5: Operational Amplifiers

6: Capacitors and Inductor

[/ -8: Later

9: Sinusoids and Phasors

10: Sinusoidal Steady State

11: AC Power Analysis
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Practice"-Exam Topics

Sinusoid and Phasor Basics
Impedance concept

Operational Amplifiers

RLC AC circuit concepts

AC power transfer and load matching
Circuit Theorems in AC circuit analysis



Exam Prep

A Text - Chapter summaries
A Text i Chapter review questions
A HW i Topics covered

A Class Notes i comments and
examples
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One short answers
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8.1 Examples of Second
Order RLC circuitsi(1)

What is a 2nd order circuit?

A second -order circuit is characterized by a second -

order differential equation . It consists of resistors
and the equivalent of  two energy storage elements
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RLC Series RLC Parallel RL T-config RC Pi-config




8.2 Finding dnitial
and Final Values

Finding Initial
and Final Values of

v(0),i(0), dv(0)/ dt,
di(0) dt, v (D)




8.2 Finding dnitial
and Final Values

Key Points for Finding Initial and Final Values:

1. Polarity of v(t) and i(t) using passive sign
convention (see Figs. 6.3 & 6.23)

2. Capacitor voltage Is always continuous so
v(O*)=v(0 -)forswitchatt=20

3. Inductor current is always continuous Sso
1I(0*)=1(0 -)forswitchatt=20




8.2 Finding dnitial
and Final Values

Example 8.1: The switch in Fig. 8.2 has been
closed for a long time. It is opened att = 0.
Find: (@) v(0O *),1(0 *), (b) dv(0*)/dt,
d©0*)/dt, (c) v(b), I ( D)
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8.2 Finding dnitial
and Final Values

Example 8.2: In the circuit of Fig. 8.5,
calculate: (a) 1,(0%), vc(0*), vg(0*), (b)
di (0*)/dt, dv(0*)/ dt, dvr(0*)/dt,(c) I1( D) ,
Vel D) vir( D)
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8.3 Source -Free Series
RLC Circults<(1)

A The solution of the source  -free
g e series RLC circuit is called as the
¢ 4 natural response  of the circuit.

A The circuitis excited by the energy
initially stored in the capacitor and

iInductor.
The 2nd d2i+Rdi+ i B
order of d’[z Ldt LC

expression

How to derive and how to solve? L



8.3 Source -Free Series
RLC Circults«(2)

Method Is illustrated

on pp. 320 -324 of
textbook (review)
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8.3 Source -Free Series
RLC Circults«(3)

There are three possible solutions for the following
2nd order differential equation:

dii Rdi i
+ b=
dt* Ldt LC

=3 d- + 2« di +wii=0 h R d -
=> B — = r =— an = |—
a2 dt ° TEE AT “=c

General 2nd order Form

The types of solutions for i(t) depend

on the relative values of o and .
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2nd order differential equation:
+2aﬂ+a)§i =0 /\

1. If o> o, over -damped case i

i(t)=Ae™ + A™ where s,=—a*{a’-a,

2. If a = o, critical damped case / i

it)=(A +At)eg® where s,=—«

3. If o < w,, under -damped case \

i(t)=e (B, coso,t+ B, Sina,t) where o, =Jof —a?”"

8.3 Source ~-Free Series
RLC Circuits«(4)

There are three possible solutions for the following

dt 0

(b)




8.3 Source -Free Series
RLC Circults«(5)

Example 1

|l f R = 10 n, L
C=2mFin Fig. 8.8, find B
U, 4B, ands,. 0

What type of natural
response will the circuit

have?

A Practice Problem 8.3



8.3 Source -Free Series
RLC Circults«(6)

Example 2 5 F
The circuit shown below A— ,:()g—“—
has reached steady state |
att=0 -. 50\/ ‘1(0 §SQ
% 1 H
If the make -before -break

switch moves to position b
att = 0, calculate i(t) for

t> 0.

A Practice Problem 8.4. Please refer to lecture or textbook for more
detailed elaboration.

Answer : i(t) = e'25 [5c0s1.6583t | _7.538sin1.6583t] A .




8.4 Source -Free Parallel
RLC Circults<(1)

Let

v(0) =V,
Apply KCL to the top node:

Taking the derivative with
respect to t and dividing by C

The 2nd
order of
expression
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