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Overview

#® Second order circuits can be characterized by circuit contain two

independent energy storage elements.

#® Second order circuits can be characterized second order differential

The LC circuit.

® The series R — L — C circuit.
# Over damped.
# (ritically damped.
$ Under damped.

The Intuitive Analysis
® Parallel R — L — C circuit.

The State-variable analysis
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Thelnverter Chain

For this inverter driving another,
the parasitic inductance of the wire
and the gate-to-source capacitance

of the MOSFET are shown.

i
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With 2 kQ L oad Resistance
Obser'ved Oquut 2kQ

2K L
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Now, let's try to speed up our
inverter by closing the switch S
to lower the effective
resistance.
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With 50 Q L oad Resistance :
Observed Output -~502

500 L

- B

MWN——Tn

g Cos T

In addition to the speedy rising

time. There are additional
unexpected ringing.
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L C Network )
Fd o w—
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# To understand this, let's analyze the LC network first (instead of RLC).

T (1)

i +
1
v (1) e il

# Node method:

dv d . 1
e hid v, - v=L—=i=— | (v, —v)dt
i=c wmveLy=i=g [e-y
1 dv 1 d’v d*v
Z_J;(v,—v)dt—CE = 00 =Cor LS hv=y,
® v, | are state variables. Unit of LC is Time?
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Method of homogeneous and @ CAPT

par ticular solutions 7 e n o
b Jo.
V(1) ¢T
1

Find the particular solution, v.
Find the homogeneous solution , v,

The total solution is the sum of the particular and homogeneous

solutions , v =vp+ vy,

Use the 1nitial conditions to solve for the remaining constants.
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L C Circuit

°
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Solve: N

av —— (¢

LC dtz +v VI Vf (t) C £ )

‘vxvfith iﬂ“ ut _T_
“v]

v, (6)=Vyu() v

And zero 1nitial state:
v(0)=0 .
0) 7 !

i(0)=0
Zero State Response (ZSR).
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The Particular solution
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v, (1) ’ _

: ] : d 2VP
# Find the particular solution for LC a7 TVp =V,

# Use trial and error : Try vy =K, .

d’K

LC
dt*

+K=V, > 0+K=V, = K=V,= v, =V,
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The Homogeneous Solution

2
dv,

Find the homogeneous solution , vy, for LC 12 +v, ’;MO
Assume solution is of this form : v, = de”
d AeSt st 2 st st
LC—— o +Ae”" =0 = LCAs’e” + 4" =0 = LCs*+1=0
at

Characteristic equation: [LCs”+1=0

/ | |
Root: = s== =Tjw h a, =.,|—
00 ] IC ] o WICIC W, IC

@, 1s the natural frequency.

' . — J Ot —J Wyt
The homogeneous solution , v,: v, = A e’ + A4,e
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The Total solution
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# The total solution is the sum of the particular and homogeneous

solutions:

_ _ J oot —J ot

# Use the initial conditions: v(0)=0V andi(0)=0A
v(0)=0=V,+ A4,e’”° + 4,7/’ =V, + A, + A4,

i(0)=0= CZ—: =CA,jw,e’”’ —CA,jw,e”’ = CA,jw, — CA, jw,

:>A1=A2=—%

| Vo (s
# The total solutionv: |[v=V,— 70 (e’ +e7/™)
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The Total solution

# The total solutionv andi: v=V, -V, cosw,t

i =CV,w, sin w,t

# The output looks sinusoidal.

(1)
A G
Vitoamme- R Lo L i
! i d 3. 2nx
2 ’ i =CV,w, sin w,t

v=V,—=V,cosw,t
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Summary of the M ethod
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» O Write the DE for the circuit by applying the node method.

# @QFind particular solution v, by guessing and trial & error.
# OFind homogeneous solution v, by.

» Assume the solution of the form v,, = 4e”

#® (btain the characteristic equation.

# Solve the characteristic equation for roots s;.

# Form vy by summing the 4¢e*' terms.
# ®@Total solution is v = v, + v, and solving for the remaining constants

by using the 1nitial conditions.
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# The undriven response is also the Zero Input Response (ZIR) of the
circuit.

# With zero input v, = 0.

# And nonzero initial state
v.(0)=V =4+ 47" = V=A4A+4
VC(O)ZV C( ) 1 2 1 2
ic(o):O i(0)=0=C4,jo,-CA,jo, = 4, =4,
V
, A=A, =—
# The Solutions )
v =V cos w,t

i =—CVa,sin wyt
Chapter 12 , EE2210 - Slide 14/59



Undriven LC Network

Vc(o)

ANANAW

v 21/, vmm Vtwm v
ir(0) /\ /\ /\ /\
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The Energy
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# Total energy in the system is a constant, but it sloshes back and forth
between the Capacitor and the inductor.

A Energy

1%
NS0 yr
- N /\N /\ /\ [/
\ / /
WM
1, 1 5, 1 _ .
Note that —Cv,. +—Li,.=—CV
2 2 2
WE
7= = @
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® Now, let's add a resistor to the LC network and anai‘f}?%g the RLC

network. V4
L W .i(t) +
d*v dv v[(t) R _T_
LCF‘l‘RCj‘FV:V] e V(t)
A 4 —
#® Node methodzt e
Node v, : %I(VI—VA)dIZiZVA_V
Nodew: odv_; V4=V pc® oy —y
dt R dt
2 2
Ly Ll vimvapedv
dt R dt L dt
2 2
LCd—;+RCﬂ:v,—vA+vA—v:>LCd—:+RCﬂ+v=vl
dt dt dt dt
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Method of homogeneous and
particular solutions
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v, (1) L R

»

Find the particular solution, v.

Find the homogeneous solution , v,

e o

The total solution is the sum of the particular and homogeneous
solutions , v =vp+ vy,

e

Use the 1nitial conditions to solve for the remaining constants.
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RL C Circuit @ CAPT
Solve: v;;
Wi
d>v Rdv 1 1 v, (2) R M
—t——+—v=—, C
dt Ld LC LC
‘vxvfith iﬂ“ ut
AV
v] (t) = I/Iu(t) I/] 1
And zero 1nitial state:
v(0)=0
i(0)=0 0

Zero State Response (ZSR).
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V4
..
i(?)
v, (1) L R +
' L
2
# Find the particular solution for d7vp +§dvp + 1 —L

Vv, =
a> L dt LCc® LC’

# Use trial and error : Try vy =K, .

‘”f RaR L k=l yso0r0+-k="r=K=V,
i Ld LC LC LC LC

= v, =V,
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dv, N R dv,, N | ;
H

d’ L dt LC

The Homogeneous Solution

# Find the homogeneous solution , v, for

St

#® Assume solution is of this form : v, = A4e

d*Ae” RdAde” 1 ., 4 R, 1
+ + Ae” =0=s"Ade” +—sAe” +—— Ae

2 ra =0
dt L d LC L LC
s +£s+L 0
L LC

# C(Characteristic equation:

s°+205+a =0| where = and f =—

Chapter 12 , EE2210 - Slide 21/59
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The Homogeneous Solution

#® C(Characteristic equation:

s°+205+a@) =0| where o=— and @f =——

[ ~
2

# Root: S1:—06+\/062—(()0

s, =—0—~Jo’ — )

. t t
® The homogeneous solution , v,: Vv, = A& + A,e™
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The Total solution

= CAPT

# The total solution is the sum of the particular and homogeneous

(o) (-afarad )

solutions:
v(t)=v,+v, =V, +Ae + A, e
# Use the initial conditions: v(0)=0V andi(0)=0A

(—OHM )o (—a—m jo

V(O) = V] + Ale + A2€

t

(_OH'MMJF(_O‘_M)‘% =0

0{+w/0(2—a)3 —0{+w/0(2—a)3
Vi and 4)=- Vi .

foa+xw, = 4 =- T
2\/052—(03
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Solutions for Damped 2" Order Ci;"” HitCAPT
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® [et's stare at the total solution for a little bit longer...

—Jat-aw} )t

2
0

v(t) =V, + Ae ™ e( ol ) +A,e™ e (

» There are 3 possible cases: &> w,, &= w,, and &< w,,. underdamped

\" itidallydamped

® The case for o> w, is called overdamped.
W)=V, + Ae ™ + A,e ™

# The case for = w, 1s called critically damped.
W)=V, ~V,te ™

® The case for o < w, is called underdamped.

v(t) =V, + Ae e’ + A e/

where o, =+ @) —a” .
v(t)=V,+Ke " cosw,t+ K, sin @,t

Chapter 12 , EE2210 - Slide 24/59
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Damp:

1. moisture in the air; humidity.

2. Lowness of spirits; depression.

3. A restraint or check; a discouragement.
Transitiveverb

1. To make damp or moist; moisten.

2. To restrain or check; discourage.

3. (Music). To slow or stop the vibrations of (the strings of a keyboard
instrument) with a damper.

4. (Physics) To decrease the amplitude of (an oscillating system).
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Underdamped

Let's look at the underdamped case more closely.
o<W, e ot -
v(t)=V,+K,e " cosw,t+K,e " sin w,t

Use the initial conditions: v(0)=0V andi(0)=0A
V(O): VI -i-K'l =0 = K, ==V,

1(0)= C(— oK .e* cos®,0—w,K,e ™ sinw,t —oK,e ™ sin®,0+ w,K,e™* cos w, O)

i(0)=-CoK, +Ca,K,=0 = K,=2 K =%
a)d a)d

The total solution for underdamped case, & < w,, 1s:

_ o _, .
v(t)=V,-V,e“ cosm,t—V,—e “sinw,t
a)d

Chapter 12 , EE2210 - Slide 26/59



& Center for Advanced Power Tec chnologies
xh“‘ National Tsing Hua University, TATWAN

Under damped w0 CAPT
The total solution for underdamped case, o < w,, 1s:

_ o _, .
v(t)=V,-V,e“ cosm,t—V,—e “sinw,t
a)d

Since the scaled sum of sines (of the same frequency) are also sines,
let's rewrite the total solution as:

©, _ Lo
v(t) =V, -V, —>e ™ cos| w,t—tan™ —
a)d a)d

V()

Chapter 12 , EE2210 - Slide 27/59
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With 50 Q L oad Resistance :
Observed Oufpu‘r ~500

5082 L
MN S1IR - 5 | ' :
5
Cos T v,
O 1 | ﬂ 1 Z
Under smaller R of 50 Q, the V3 ’ H\MS\/V
series RLC circuit become 0 Ve . ¢
underdamped and the ringing i | i
OCCurs. | 1 |
Ve i
0 -t
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Intuitive Analysis {

® The total solution for underdamped case, & < ), 1s:

& Center for Advanced Power Technologies
~.T  National Tsing Hua University, TAIWAN

v(t)=V, - V, cos(a)dt tan” —j
a)d
0

Characteristic equation: s’ + s+ — =
q L LC
2

w, =@, —o’ is the oscillation frequency.

o governs the decay rate. W( l‘)

 ©® o ©

V, 1s the final steady
state value.

# y(0) and i(0) gives the

initial value and slope.

# () is the quality factor

(approximately the number 20

of cycles of ringing)
Chapter 12, EE2210 - Slide 29/59



Intuitive Analysis RL C Circuit

A Y
H.er" /"J
I y
iy Lf._
L [
= i

e L |
. . VA{ -
® The circuit: n
l
R=02Q,L=100puH, v,(¢) L Ry
C=100 uF C vy )
# With input: -
v,(t)=V,u(t) whereV, =1V
“VI
# With mnitial states: Vi
v(0)=0.5V
i(0)=—0.5A .
0

Chapter 12 , EE2210 - Slide 30/59



Intuitive Analysis RL C Circuit
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# [n the steady state, the capacitor behaves like an open circuit.
Therefore, the inductor current vanishes and the input drive appears

across the capacitor.
20

Weo) =1V 2
N
Z(OO):OA 15

v(0)=0.5V

0.5 (P

Chapter 12 , EE2210 - Slide 31/59



Intuitive Analysis RL C Circuit
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# The initial trajectory of the capacitor voltage (1ncreasmg or decreasmg)

starting from its 1nitial value of 0.5 V is:

@:i,( )=— 0.54 — 5000 l
20 dt C 100 uF sec
>
)
= 15 |
1.0 |
0.5 ‘-Q
0.0 | | | | |
0 1 2 3 4 5
t (ms)

Chapter 12 , EE2210 - Slide 32/59



Intuitive AnalysisRLC Circuit

# C(Characteristic equation:

- CAPT
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s’+—s+—=0 1.. s> +20&S‘+6()02 =0
L LC
1
o= 216 rad/sec @, = 1 =10" rad/sec
2L \/ LC
® Since o< w,, We conclude that the system 1s under-damped. The
oscillation frequency is given by
= \/a)j —a® =9950 rad/sec
# Quality factor, O: O =—=3, i.e. the system will ring for

2a
approximately 5 cycles.
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Intuitive Analysis RL C Circuit
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# Knowing the initial trajectory, we can stitch in a sinusoid that decays
over about 5 cycles with the correct initial trajectory.
20 r

0.6 ms

| NN

Ve (V)

1.0

0.5
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Undriven RLC Network
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The undriven response is also the Zero Input Response (ZIR) of the
circuit. For the following circuit, If L =0.04 H and C = 0.01 F, find
v(f) and i, (¢) for the following R =35 Q,4 Q, and 1 Q.

R L
AMN— 00—

¢ i
dv. Rdv., 1
+ ——C+

+ v
C== v gi*@ L dt LC €

=0

Nonzero 1nitial state:

ve(0)=3V
i (0)=0 A
2
The Equations: dd;;c +25R % +2500v,. =0

Chapter 12 , EE2210 - Slide 35/59
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Undriven RLC Networ k
o R L
# C(Characteristic equation: AMN—000 ¢ iL,
s* +25Rs+2500=0 .
2 2 C = _"ve
b —4ac=625R"—-10000 =

®» R=5Q,625R*-10000=5625>0, overdamped
s;,==25and 5, =-100 v .(t)=A4e > + A"

®» R=4Q, 625R*-10000=0, critically damped:
s, =8, =—50 v.(t)= Ae”" + Ate”™"

® R=1Q, 625R*-10000=-9375<0 , underdamped :

=—12.5+ j48.4 v ()= Ke™'*'sin(48.4t + @)

S12

Chapter 12 , EE2210 - Slide 36/59



Undriven RLC Network CAPT
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# Determine the coefficient from Vj\;jif\ /Oéo-\ ¢ il
Initial conditions:
ve(0)=3V C __+-1?C_
i (0)=0 A:iL(O):Cd;tC -
® R=5Q, overdamped

o

A +A4,=3 and -254,-1004, =0 = 4, =4 A4, =-1
vo(t) = fo25t _ o100t
® R=4Q, critically damped:
A =3 and -504,+4,=0 = 4,=3 A4,=150
v (1) =3e7" (1+50¢1)

®» R=1Q, underdamped:
Ksing=3 and -12.5 Ksingp+48.4Ksinp=0 = K =3.1 ¢=75.5°
v.(t)=3.1e"'*'sin(48.4¢ + 75.5°)

Chapter 12 , EE2210 - Slide 37/59
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HH <
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= __‘_LthAd deeThlg

Overdamped

® R=5Q, overdamped

=

£

<
O

()

Ve (t) = 4251 _ o101

Voltage (V)
[
.

[—y
]

dv
L =i.(1)=C—&
() =ic(2) 7

)
th

l-L (t) — _(8—25t . e—lOOl‘) A

Current (4)

0 0.05 0.1 0.15 0.2 0.25
Time (s)

J
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Critically Damped ,

EJI

[

® R=4Q, Critically damped

Voltage (V)
[
th

[
]

v (1)=3e>"(1+50) V 0.

th

=

]
]
]
]
th

i, (H)y=-75te>" A

=
th

Current (A)

0 0.05 0.1 0.15 0.2 0.25
Time (s)

Chapter 12 , EE2210 - Slide 39/59



Under Damped 2]

f
<
® R=1Q, under damped &
5

v.(t)=3.1e"**'sin(48.4t + 75.5°) V 14

i, (t)=—1.55¢"">"'sin(48.4t) A

Chapter 12,

0.25 -
0.2
0.15 -
0.1 -

0.05

Current (A)

-0.05 -

-0.1

EE2210 - Slide 40/59
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=
da

Time (s)

0.08 0.16 0.24 032 04
Time (5)
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Natural Response; RLC In para

® The RLC circuit can be analyzed by KCL:

R dv,
i, =—+I,
dt
A R§ Ly: ¢ + _Ldi o d
ls K) — _ e Rdt " dr’
? dlL+1diL+1-_is

— > I, =
dt© RC dt LC LC

# Foris = 0, the natural response of the circuit can be derived:

i L+, d*, 1 di, 1
- _ ¢ =+ L+—i =
| ¢ d*  RC di | LC

Chapter 12 , EE2210 - Slide 41/59



Natural Response; RLC in par aIIeI%ii CAPT
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Assume i;= Ae”,
7. )
d12L+1 dlL+lzL=
dt RC dt LC

1

52 4e" +LS Ae +—— A4e* =0
RC C
sty 2 1 1
— Ae” (s + s+—)=0
RC LC

1 1, 1 1 1, 1
515y =t () s () -
2RC \2RC’ LC’ 2RC \'2RC’ LC

=+ —0y; —a—+a’ —o;

where o = : , and ®, =1/L
2RC LC

The solution can be expressed as follows:

* — Slt Szt

Chapter 12 , EE2210 - Slide 42/59
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Characteristic equation:

1 1 1 1 1
ST t——s+—=0, 5,5 =——i\/ — ) —— =—at o’ -w;;
RC  LC 72 9RC (2RC) LC 0

U
U

#» Two distinct real roots: & >0; — —5—5 > — L>4RC
® s;and s2 are negative real numbers.
$ = Aiest + Az’

#® j; decays exponentially without any oscillations; over-damped .

1 1
® Doubleroots: o’ =0y > —— = — L=4R°C
R 4R°C LC
» = = —fy = — —
S1=s2=—a="77

$ i, = (Ait + Az)e”*.
# i1 decays at a moderate pace, this is referred to as critically-damped

Chapter 12 , EE2210 - Slide 43/59
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Natural Response; RLC In para

Characteristic equation:

1 1
st + S+ =0, s,,5,= _—+\/(—) _———ai\/az—(ﬂé;

RC LC 2RC 2RC

® Two complex roots: ¢ —»? <0 — L <4RC;
o 4+ 2 2 _ 4o _ 2
s g =s2=—af \a —o, =-a*jo, wheren, =0, -

® jp=e (41 cos(wat) + A2 sin(wdt)).

® [ oscillates within a exponentially-decaying envelope; under-damped.
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. under-damped
; critically-damped

. over-damped
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Zg Cil) ’ ’ 'L Cr::+'f1r:
i =1 u(t)

I P N
=

R L= -
"'Ij'S A 1 L3 o L, 7Y + . _ [
— I |eo=14

C| -
By KCL,
2 2. .
is=v—c+iL+Cdvc LdlL LCd d12L+ 1 dzL+ 1 :
R dt R dt dt’ dt° RC dt LC

Characteristic equation:

1 1 1
s*+ s+ =0, s,,8 ———+\/ — =—05+\/05 — o ;
1 2 (2RC) LC 0

RC LC 2RC
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Step Response; RLC in parallel =

di, 1 di, 1 . i Tu()
> + + lL: =
dt RC dt LC LC LC

Step response at steady state: iz =Is

1 1 )
# Two distinct real roots: @ >, — > — L>4R°C
’ 4R’C* " LC
$ s; and s2 are negative real numbers
$ jr=Aiest + Azt + Is
® Doubleroots: o’=0. — i ~ = L 1-4rC
R 4R°C LC
2L
® i = (Ait + Az)e . + Is
1 1
# Complexroots: o’ -o,<0 — < — L <4R°C;
4R°C- LC

s g =5 =—0t &’ -0, =—at jo, ,where o, =0, —0’.

® L =e (41 cos(wat) + A2 sin(wat))+1Is
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2.0€2; under-damped
L =10H:iL |t=0= 0

C'=1.0F;vc |t=0=0

R= 1< 0.5 critically-damped

L 0.2€2; over-damped
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State-variable M ethod

K

When the circuit states are of primary interest, we can obtain the
equations which govern the state evolution, and hence a more direct
way to determine the states themselves .

Ve

] 1

To find the state equations for the parallel RLC circuit shown above,
first, let’s chose v and i; as State variables.

To analyze this circuit we replace the capacitor by a voltage source
and the inductor by a current source.
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State Equations

the inductor by a current source.
How to find State Equations for v(¢) and 7,(¢)?
Find the corresponding i~ and v, for state v(¢) and i;(¢) and excitations iy

v(?) i () Iy
io=dv/dt| 1R | -1 1
vo=dijdt| 1 0 0

State Equations for finding v(¢) and 7, ().

di—i _Ye
d ¢
L%vava

—0i, +0i,,

dt

di,
| dt

& CAPT

~:~. Nt 1T1ngHuaUn1e

To analyze this circuit, first we replace the capacitor by a Voltage source and

ty TAIWAN

1

(D) ﬁf

_di_

To analyze this circuit we replace the capacitor by a voltage source and the
inductor by a current source
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Summary

# Second Order Circuits have two energy storage elements.
1
# Natural frequency w,. “*~\zc

. R 1
> SeriesRLC: =— and ParalleRLC: or=——
Damping factor a. o e

B DamﬂoA natnral fraaniency [ 2 A2
pPLudlatudial iivyuuldivy w, = \/wO o
# Quality factor. 2=7_

# Natural Response depends on circuit parameters and the initial conditions of
energy storage elements; There are two energy storage elements.
# Over damped, > w, .
# Critically damped, o= w,, .
# Under damped, o< w,, .
# The Intuitive method.

® State-variable method.
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Natural Response; RLC in serie

® The RLC circuit can be analyzed by KVL:

i L ¢ , v, =Ri, +v, +v,
_ rc e +LCd ‘: +v,
+ |+ dt dt
.FS (—? — .?"?C’-

- | - d>v, Rdv, 1 v,
— > +— +—Vc =
- L dt LC LC

® For vs = 0, the natural response of the circuit can be derived:
R L
—MWW— 00— J, iL
2
’ * dzc+§dvc+ivc=0
C == Ve d- L dt LC
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Natural Response; RLC In series

Assume v = Ade”,
dv, Rdv, 1
Lp——tt—y
dt- L dt LC

— s?Ade" +£S Ae” +LA€“ =0
L L

N

— Ae” (s° +£S+L) =0
L LC

= CAPT

& Center for Advanced Power Technologies
o * National Tsing Hua University, TATIWAN

1

S5 \/(—>— e
SRS C’ 2L 2L

) -

LC

=—a++a’ - a—+o’-o,

L

LC

The solution can be expressed as follows:
v.=Ae" + 4,e™

R
where ¢ =—, and o, =
2L
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Natural Response; RLC In ser|

Characteristic equation:
R 1 5 5
Sz‘i‘zS‘FE:O, S1 =——+\/(—) —___ai az_m(z);

# Two distinct real roots: o’ >wo; —

® s;and s2 are negative real numbers.
$ ye=Aiest + Are?,

% . decays exponentially without any oscillations; this is referred to as

over-damped .
® Doubleroots: &’ =w; — = — R*=Z=
R 41> LC C

$51I=802="0=-7F
2L

$ ye = (A1t + Az)e” ™.
# y. decays at a moderate pace, this is referred to as critically-damped
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Characteristic equation:
R 1
s +ZS+E:O’ S158, = ——+\/(—) ——— =—at. o -0 ;

® Two complex roots: @ —w,<0 — R2<F

5,58, =—ai\/m=—aijwd ,where 0, =+ o, —a’
Let
y, = e = 7" (cos(m,t) + jsin(w, 1))
y, =" = 7 (cos(m,t) — jsin(o 1))
Any linear combination of y; and y2 will be a valid solution to the differential

equation.

V. =4 (% (Vi + )+ 4, (]LZ =y =e"(4 cos(@,t) + A4, sin(w,?))

ve oscillates within an exponentially-decaying envelope, this is referred to as
under-damped
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. critically-damped
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Step Response; RLC In series = SRmmmiims
R L |
WW—T00— | iz
_ +
Ug (== Ve
t=0
N

R JQ L -
vs - I/su(t)
W —> t=20

v Ve . _
C - i Jeo=11g
By KVL,
2 2
R 1
vS=RiL+vL+vC=RCde+LCd‘;C+vc+ d‘;"+—dv"+ v, = ’s
dt dt dt- L dt LC LC
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Step Response; RLC In series
d*v, +§dvc N [ Vou(t)

Yy =
d* L dt LC ° LC LC

Step response at steady state: ver =V

® Two distinct real root o’ >0, — R 1 — R? 4L
istinct real r . —;
wo distinct real roots 0 12 IC C
$® s; and s2 are negative real numbers
$ yve=Aiest + At + Vs ,
R 1 4L
# Doubleroots: & =0, — - = R*=—;
R 41> LC C
$ g =5=—q=—-—
2L
® ye=(Ait + Az)e .+ Vs

AL
# Complexroots: o’-w;<0 — R’<—;

s g =5 =—0t &’ -0, =—at jo, ,where o, =0, —0’.

® y.=e “(A1 cos(wat) + A2 sin(wat))+Vs
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Step Response; RLC In series
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