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Chapter 4 - Transients
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Chapter 4 -

INTRODUCTION

Transient and steady-state response concepts

Solve first-order RC or RL circuits

First-order circuits time constant.

Solve RLCcircuits in dc steady-state conditions

Solve second-order circuits

Second-order system natural frequency and damping ratio
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Chapter 4 - Transients

4.1  FIRST-ORDER RC CIRCUITS

o Discharge of a Capacitance through a Resistance
< Current equation at the top node: r=0

Jdve(t)  velr) n ‘
C o + R =0

<" R
dve(t) C T~ 1l ‘.
== RC +ve(t) =0 /‘ ‘
dr
|
|
Capacitance charged to V
. o st i
ve(t) = Ke priorto ¢t =10
= RCKse™ + Ke™ = ()
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Chapter 4 - Transients

4.1  FIRST-ORDER RC CIRCUITS

o Discharge of a Capacitance through a Resistance

RCKse™ + Ke" =0 == K(RCs+1).e5 =0 )i

< Solve for “s”: + ‘
-1

— == ve(t) = Ke RC C 7~ uli) R

"= RC -
/ \

.« . .« . |
< Initial condition for “K”’: |

ve(04) = V; Capacitance charged to V,
priorto f =1(
== vo(0+)=V;= Ke’ = K

= yo(f) = Ve /RC
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Chapter 4 - Transients

4.1  FIRST-ORDER RC CIRCUITS

o Time constant e

ve(l) = V;'E_IIRC Vi

r = RC R

0368V, -———~<—

< Voltage decays to 36.8%
< Applying RC circuits in timing applications

e o
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Chapter 4 - Transients

4.1  FIRST-ORDER RC CIRCUITS

0 Charging a Capacitance from a DC Source through a Resistance

dve(t) — vel(r) — Vs
C =0 — AN —
a ’ . 0 R
dv(t = +
= rRc2D | ey =v, SN L
Vi ) C ~T~ up(1)
velO+) = ve(0—=) =0 l'"%.-Tf

vell) = Ky + Kgf’*ﬂ

(1 + RCs)K»e™ + K1 = V4

—1 - 1
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Chapter 4 - Transients

4.1 FIRST-ORDER RC CIRCUITS
o Charging a Capacitance from a DC Source through a Resistance
ve(04) = 0=V + Kz’ = Vi + Ko

‘ Kz — —V_,;
0.632V,

== ve(t) = Vs — Ve /RC

T=RC = ye(f)=Vs;— Ve VT

0 Steady-state (forced) and Transient response
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4.2 DC STEADY STATE

Constant dc sources:
itance: o Ldvel(l)
Capacitance: ic(t) = C 2
(

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

dip(t)
dt

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

Inductance: vi(t) = L

Determining the forced (steady-state) response for AL C circuits with dc sources:
1. Replace capacitances with open circuits.
2. Replace inductances with short circuits.
3. Solve the remaining circuit.
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4.2 DC STEADY STATE

Chapter 4 - Transients

I

SEHICE NN Steady-State DC Analysis

=1H
R =50 —= +
] I
+ o _1_ -
I F o
I.[} 1|'|I' -R___F/Jl I.[} .U.F Ll !'.l.' -
‘ &

dfféwf)

LA |

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS °

R =50
WV
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Chapter 4 - Transients

4.2 DC STEADY STATE

0 EXxercise

L=2mH
' +—0000M—
+
,.'-,-H"-. -1 C . -I-R:
2A T ) % K 1=0 TauF ’ﬂl:-zﬁsz
[ | - Ve =30V,i=2A
r=10 I3
5Q =
A —AM—e— T
-
. I | .
N .= | "
wov () :'zl-:mu = <2100
"k.,\__ A - =
. s h=2Abh=1A1r=1A.

e o
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Chapter 4 - Transients

4.3 RL CIRCUITS

SR WAl RL Transient Analysis

o For current: (1) =10 fort < 0 f=0

R=350£

< KVL equation: Wy +
Ri(t) + Lg =V, V.=100V Gx} ) L=01H

i(1) = K1 + Kse®

== RK|+ (RK> + sLK>)e" =V

K = E:z
N o = (f) =2+ Kye 'RIL
L

5=
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Chapter 4 - Transients

4.3 RL CIRCUITS

SR WAl RL Transient Analysis

i(f) =2 + Kye 'RIL
i(0H)=0=24+Kye'=2+ K, == K= -2

- —I/T L
=) [([) =2 —2e fort= 0 r:E
i(r) (A)
22—
!
.
2 0632 1--—+4£
vl
/!
/ |
|
| | | .
t=7=2ms 2t 3T
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Chapter 4 - Transients

4.3 RL CIRCUITS

SR WAl RL Transient Analysis

o For voltage:

=252

“‘M +

vir) =0 fort < 0 V. =100V C_’) G:} (1) L=01H

v(t) = 100 — 50i(1) forr= 0

() (V)
100

= V(1) = 100e7 "

| | ;
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vt A9-2A Jol Jluwosi — Y G0 Floo (w0 — S0 awdien 0SS
d ] bl




Chapter 4 - Transients

4.3 RL CIRCUITS

SEJEEEEE RL Transient Analysis

o Priorto £=0: R x
< the inductor behaves as a short circuit ‘ Vv i) wL +
v(t) =10 fort <= 0 vV, £+_j' vi1) i“ R,
| V | T .
i(t) = — forr < 0
Ry
. L
i(t) = Ke U7 fort = 0 = —
R

: Vs —0
o+) = R = Ke =K
1
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Chapter 4 - Transients

4.3 RL CIRCUITS

SEJEEEEE RL Transient Analysis

V
(1) = —e /7 fort > 0

Ry
I
di(r) A1)
vit) = L——
dt
=10 fortr < 0 ¢
LV
= Sel/T fort= 0
er
Lv,
=N gl Jlunosd =1 30 (Gloo (090 = SlSo (curiigo oasLiils

dfféwf)




4.3

0 EXxercise

v, 1
R

=

=

v(0+)=20=K ==

&)

dfféwf)

jv(x)dx+0 2 EAC

dv(f} !-?
dt

RL CIRCUITS

v(#)=0

v(t)=Kexp(-t/7)
r=L/R=02s

Chapter 4 - Transients

{5‘, Epd1) + lfrji’?

. _ _" "of
Ar=0 100 wt) 2H

D S

v(t)=20exp(-t/7) iy =v/R=2exp(-t/7)

= /()= %Iv(x)dx =%[— 20rexp(-x/1)] =2-2exp(-t/1)
0] 0
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Chapter 4 - Transients

4.3 RL CIRCUITS

r=10

0 Exercise
f{ﬂ-):lA ‘ 1(0+):1A r;;n _Il.'.ll.l

yYw

1000 €2 lﬂl']' ;1 e'{f}l( *
di(r) , 200/(+)=100 100V BT
dt
== /(t)=K +K, exp(-t/7) _
r=1/200=5ms

/(=) = K, =100/200=05 A

(0+)=1=K +K, == K,=05 == /(#)=10 Afort <O
=0.5+0.5exp(-*/7)fort>0

e o

dfféwf)




Chapter 4 - Transients

4.3 RL CIRCUITS
=10

0 EXxercise
‘ Aaa Ads

yYw

100 O 100 O ””1«

(1)
LLIRAY I H

f(]") =10 Afort<0 — I-'"(]") =/ df(f')
=05+05exp(-t/7)fort>0 dat
=0 Vfort<0

=-100exp(-t/7) fort>0.

e o

dfféwf)




Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

o Circuits that contain one energy-storage element

v (either an inductance or a capacitance)
Circuit
’ composed I
< KVL: di(r) : of resistances
L dr + Ri(1) = vi(1) and sources
L di(t velt
R ;r} HiD = {;?] y
J MW
dx(r) L -
— xif) = jir A
Tar M) = A ) 'am_:_,.f: ./ :'m\ L

forcing function

v Linear first-order differential equation
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Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

2 Solution of the Differential Equation

dx(t)
dt

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

v" Complementary solution Xc(?) (homogeneous equation, natural response)

+ x(1) = f(1)

T

dx.(r)
T + x:(t) =10
r ell)
v" Particular solution Xp(t) (forced response) dx p'[ )
Satisfies the differential equation T — + _!:p{ [) = ﬂfj

May not be consistent with the initial conditions

@ -2 Jol Jlaod =Y G 1 (Sloo (30 — S0 ( wadigo 001 e
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Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

o Example d,x{ t)

o + x(1) = f(1) f(t) = 10 cos(200¢)
< Forced response:
d ,
J‘"’;( \fx))= fr) == X) = A cos(2000) + Bsin(200)
< Natural response:
dx (1 _
; Xe(1) fx (=0 = dx.(t)/dt _ -1
{1’.!‘ I{-(I} T
—I —I/T -
— lﬂ[Ir_'“]] = —+4cC — IC{” — E{ f/r+c) = €€ e
T

= x.(t)= Ke /"

@. 22-9A sl Jhuous — ) B9 5loo 990 — SeilSo  cawetigpo 88N @
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Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES
Step-by-Step Solution:
Write the circuit differential equation
Find a particular solution (forced response)
Find the complementary solution (natural response)
Add particular and complementary solutions

Use initial conditions to find parameters

V:W'S, 29-9A Jof Jluows — ) G2 hoo (w30 — Selo ok 645N
=" S



Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

S M Transient Analysis of an RC Circuit with a Sinusoidal Source
r=1()

R=5k0)
H W
.+.
4 gin(? + /_\Y L N
2 sinf 200k) C_[) i) | uF T Uel1)
p(0)=1V

t dilt 1
Ri(t) + é— f i) dr + ve(0) —2sin(2000) = 0 === R ;I} - Ei{r) = 400 cos(200r)
]

KVL:

di(t
RC% + i(f) = 400 C cos(200r)
di(t
=) 5Xx mﬂﬁ + i(t) = 400 x 107° cos(200¢)

dt

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS @
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Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

S M Transient Analysis of an RC Circuit with a Sinusoidal Source

Find a particular solution:

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

di(t . :
RC% +i(f) = 400C cos(200f) === ip(1) = Acos(200¢) + Bsin(2001)

=) Asin(200r) 4+ Bcos(200r) + A cos(200f) + Bsin(2001) = 400 x 10~° cos(2001)

Equating the coefficients:
~A+B=0 A=200x 107% =200 A
B+ A=400x 107° B =200x 107% = 200 A

m=p iy(1) = 200cos(200r) + 200sin(200r) wA

== (1) = 200v/2cos(200¢ — 45°)
@ A=A Jol Jlaoss =) @ (Floo (30 = S (cwviien 0uSlld

dfféwf)




Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES

S M Transient Analysis of an RC Circuit with a Sinusoidal Source

Obtain homogenous solution:
di(t . _ _
RC%JFI'“}:U = i(f) = Ke "/R¢ = Ke™'/"
General solution:  i(r) = 200 cos(200¢) + 200sin(200f) + Ke /8¢ A

Determine value K by using initial condition

vr(0+) —1
200 uA
R 5000 #
=  i(0+)= —200=200+ K uA  ==p K = —400 uA

ve(O+) =1 vgr(0+) = -1 V. == i(0+) =

== i(¢) = 200 cos(200¢) + 200sin(200¢) — 400e /R ;A

@ WA sl s = ) 2 il 39 — Sl i 01l @

dfféwf)




Chapter 4 - Transients

4.4  RCAND RL CIRCUITS WITH GENERAL SOURCES

S M Transient Analysis of an RC Circuit with a Sinusoidal Source

Current 400 ir) 400
() Particular solution or forced response (A)
300 300
200 200
100 100
0 0
100 =100
=200 =200
=300 . =300
Complementary solution or natural response
—400 —400
0 20 40 60 80 0 20 40 60 80
t(ms) t (ms)

&)

dfféwf)
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Chapter 4 - Transients

4.4 RC AND RL CIRCUITS WITH GENERAL SOURCES
0 Exercises r=0 R =5 kO
|—){ WA—
+
2 cos(200r) f:; +j| ./Tm I:; == v

&)

dfféwf)

re(0y =0

i(1) = —200sin(200¢) + 200 cos(200¢) + 200e~"/RC A

T=R(C = 5ms
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4.4

0 EXxercises

dfféwf)

Chapter 4 - Transients

RC AND RL CIRCUITS WITH GENERAL SOURCES

R=1 ML)
VY
J +
."'l-.. -I.- x‘. /).- C
10e~ [ 7 1 [ i) —— )
xT; \ 2 uF
ve(0)=5V

i(t) = 20e~" —15e~"/% yA.
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

o Contain two energy-storage elements ,rﬁm
v" One inductance and one capacitance v
v Either in series or in parallel _\ _
v (1) i | <R
erential Eauat o S
o Differential Equation ~ + -
di(t 1 [ |
.-L£ + Ri(t) + —,f ()dt + ve(0) = vi(r)
dt C Jo
d?i(t) di(t)y 1 dvs(r)
=) L + R + —i(f) = —
dr? dt C @) dt

d*i(t) = Rdi(1) 1_( 1 dvs(1)

2 T a Tc"T T4

e o

JWW’)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

L
, IO
d=i(t R di(t 1 1 dvslt W
g]+_:{}+ 1:‘(1):—’: s(f) )
dt L drt LC L dr \
v (1) iy | SItR
. - L R - v + ““/
< Damping coefficient: o= — l(
2L I8
1
< Undamped resonant frequency: wp = Jic
. . 1 dvi(r)
< Forcing function:  f(1) = ——2
g fi=+=—

d?i(1) di(1)
2
7

+ Wdi(t) = f(1)

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

2 Solution of the Second-Order Equation

1 x(t 1x(t
‘dﬂ]+2ufj—rj+mﬁxm=fm

< General solution:
v Particular solution (Xp(t)) plus complementary solution (Xc(?))

X(r) = xpl(t) + x.(1)

< Particular solution ,
d _ITP(I} n 5 r.i_‘:f,-.(f}

- o + wixp(t) = f(1)

< Complementary solution )
ad=x.(1) ) dxe(1)

dt? T dt

ZS A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510 @
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

o Complementary solution: d%x.(1) dx.(1) 5
2o — + wixe(t) =0
dr? * dt 0Xell)
xq(1) = Ke".
= 5°Ke" + 2asKe” + wiKe™ = 0
= (5°+ 205+ w7)Ke” =0 = 5°+ 205+ wfj=0
< Characteristic equation: o
v Damping rati ¢ = —
amping ratio wo
< Roots of the characteristic equation: P
52 = —a — /0 — W}
@ A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

< 3 Cases:
1) Overdamped case (¢ > 1)

- xe(t) = Kie®'' + Kqe'™
Roots are real and distinct

2) Critically damped case

Roots are real and equal x(1) = K1e®' + Kote™

3) Underdamped case

Roots are complex 5= —a+ J@n — /1
_ J
§2 = —d — Jwp
Wy = mﬁ — @? natural frequency

= Xc(1) = Kie “ cos(wnt) + Kre ™ sin(wnt)

&)

"zt 9929 sl Jlos — V iy (oo (3930 — Setilin  cmrckidpo oSl @
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

Solve for ve(r) if R = 300, 200, and 100 £2. ‘)?“ L R
| T (e m N
10 mH
e ~
Hr) = C, _ -|-\". . [
(1) I V.=10V [x:;'l i(t) | up AT ve®
di(t
LYY 4 Rit) + vey = v,
dt i(0=0  ©:0)=0
d?ve(t) Ldve(1)
= LC— 5=+ RC— = +vc(t) = Vs
d*ve(t)  Rdve(t) 1 Vs
=) — vel(t) = —
a2 "L a TP Ie

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS e
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

L R
< Only dc source: . e —— AN
+
Replacing: ,l- /’ 10-mtd
.. Vo=10V ( ) i(t) C=z e

- Inductance by a short circuit "¢ =/ L 7> €

- Capacitance by an open circuit
Leads to particular solution: i0)=0  vs(0)=0

= ve)=V=10V J

L/:A/:"! A2-9A Jol Jluwod — ¥ Gy Slao (30 — SilSo  cwcigeo 6uSCilS
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

Homogenous solution:

1

Case I (R = 300 Q) wpy = —— = 10*
VLC
R
o= —=15x 10*
2L
= a/wy= 1.5 ¢ > 1 overdamped
— [ — 2 _ 2
51 o+ /o Wy o= —o — ﬂﬂ_wﬂ
= —1.5x 10" — /(1.5 x 10%)2 — (10%)2 = —0.3820x 10*

= -2.618x 10?

== () = 10+ K" + Kye'™ m) [0+ K1+ K;=0

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS e
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

i(0)=0 mmy in=cP® o  dvc0) _

df df 0
=) 51K+ 502K=0
Voltage 15
™) » ve =10V
Ky = 1.708 Do)
— 5
K, = —11.708 o
|

0

== V() = 104+ 1.708¢%" — 11.708¢%"

=10

0 0.2 0.4 0.6 0.8 1.0
@ =

i 29-0A Jol Jluod = ) 353 oo (g9 38 — SeilSlo  cuskigen 65l
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

Case I (R = 200 ) _ KR _ o
YT

(= afay =1 critically damped case.

) §1=5= —tx+\/a3—m§: —a=-10*
Woltage 15

m=) Vo(f) =104 Klf"m 4+ KEIES'I V) ve =10V

10

initial conditions ve(0) =0 dve(0)/de = 0 5

10+ K, =0 Ky =-10 !
1K1+ Ko=10 K> = —10° -

0 0.2 0.4 (.6 (L% 1.0

@ n
L./,.._.‘ ﬂﬂ—ﬂ/\dg‘dw—\éﬁ@@g»)o—&g&owWOMb
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

Case III (R = 100 £2) o = i:SDDU
2

¢ = a/wp = 0.5 underdamped

— 2 2
=) o =, o5 — o= 8660
. 0 Voltage 15
vedt) =10V

.
m=) ve(f) = 10+ Kie™ cos(wnt) + Kze™® sin(wnt)

5

10+ K =0 Ky = —10
L —
—aKi + oKy =0 K, = —5.774

—5.774e ™™ sin(ew, )

=5
~10e ™ coslw, 1)

=) ve(f) = 10 — 10e ™ cos(w,t) — 5.774e " sin( w,t) o

0.2 0.4 0.6 0.8 1.0

@ n
i 29-0A Jol Jluod = ) 353 oo (g9 38 — SeilSlo  cuskigen 65l
d EJ pJ




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

SENLICE S Analysis of a Second-Order Circuit with a DC Source

_ vel(n) 15
« Comparison: (V)

R=100%0Q

10

R=3001%0

0
0 0.2 0.4 0.6 (.8 1.0

@ -
A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510 o
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

o Normalized Step Response of Second-Order Systems
< Step function

(0 t < () l
=10

()

.

t=0 () = Au(r)

vit) = Aul(t) ){

+ RLC
A CD (r) circuit ;

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

o Normalized Step Response of Second-Order Systems
d?x(1) dx(t)

2
1 2u + wrx(t) = Aul(it)
dt? dt 0
) 2.0
A Overshoot
undamped resonant frequency wy £=01 I
_ _ i 15 - +—— Ringing
damping ratio { = a/wy. ‘ f
1.0
< Qvershoot
< Ringing
0.5
{=3
0

() 5 10 15 20 25 30
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

2 Circuits with Parallel Land C

v(r)
L
Circuit
of .
resistances L =<C i, C) R<" L ——
and 9
sources l, if(1)

: —r

< Writing a KCL equation at the top node:

i U NN SO /, (1) dt + i1(0) = in(0)
—y — (1 — in(
i R L ), T IE = i
@ 904 Jsl Jlaasd — ) 52 oo 0y — Kl _sikitn 5SS

JWW’)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

<+ Simplificati dv(t)y 1 1L [f o .
» Simplification 4 + — [ () dt + i7.(0) = in(1)
dt R L J
A2 1dvn 1 diy(1)
, — + —v(1) =
dr? i R dt LH ] dt
d*v(1) I dv(r) | 1 di, (1)
‘ NiE) = —
iz ke a VT
: .. |
v" Damping coefficient e
P “T2RC 1
v" Undamped resonant frequency wo = JLC
_ _ 1 diy(t)
v F f = —
orcing function /(1) = =— d?v(1) L dv(r) + wv(t) = f(0)
= o wpv(t) =
dr? di 0

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.9

if(t) l -

R=25Q. L=1mH C=0.1 uF

0.1 A<A> f(mo R L C =< u(t)

o, =—_ =1 S10° a=—t_ —2x10° =% -2
JLC V103 <1077 2RC @,
_v(0+)

At 7= 0+, the KCL equation 0.1

ot /,(0+) + Cv'(0+)

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.9

v(0+)=v(0-)=0
1 (04)=/,(0-)=0

== V' (0+)=10° V/s

parficular solution == steady-state conditions = V,(f)=0

homogeneous solution == circuit is overdamped ({ > 1)

s, =—0 -\ —wi =-373.2x10°

= s, =—a++o’ — o) =-26.79x10°

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.9

== V(1) =K, exp(s,f)+K, exp(s,7)

initial conditions

v(0+)=0=K,+K, v(0+)=10° =Ks, +K,s,
= K =-2.887 and K, = 2.887

== v(t)=2.887[exp(s,t)—exp(s,)]
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.10

if(t) l -

R=5082 L=1mH C=0.1 uF

0.1 A<A> f(zzo R L Cc A=< vt

1 1 5 1 5 o
@, = = =10 o=———-=10 =—=1
o JLC 1077 %107 2RC 2 W,
~v(0+4)

At 7= 0+, the KCL equation 0.1

+7,(04) + ¢v'(0+)

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.10

v(0+)=v(0-)=0
1 (04)=/,(0-)=0

== V' (0+)=10° V/s

parficular solution == steady-state conditions = V,(f)=0

homogeneous solution

_ (22 _ 105 _ [ 2 7 _ 105
= 5 =-0—\a -w; =-10" s, =-a+,a -w; =-10

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.10

== V(7)=K exp(s,’)+K1exp(s)

initial conditions

v(0+)=0=K, v/ (0+)=10°=K,s, + K,
= £ =10°
== y(+)=10°exp(-10°1)

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.11

i7(1) l -

R=250Q L=1mH C=0.1 uF

0.1 A<A> F;:o R L C =< u(t)

1 1 5 1 4 o
e JLC {1073 %1077 “Torc T : o8
At 7= 0+, the KCL equation 0.1= V(2+) +7,(04) + ¢v'(0+)

e o

dfféwf)




Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.11

v(0+)=v(0-)=0
1 (04)=/,(0-)=0

== V' (0+)=10° V/s

parficular solution == steady-state conditions = V,(f)=0

homogeneous solution

= 0, = x,.""(ué —o® =97.98 x10°
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

0 Exercise 4.11

== V(7)=K exp(—at)cos(w,t)+ K, exp(—at)sin(w,t)

initial conditions

v(0+)=0=K, v'(0+) =10° = —aK, + w, K,
— K, =10.21

== v(1)=10.21exp(-2x10%+)sin(97.98 x10°+) V
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Chapter 4 - Transients

4.5  SECOND-ORDER CIRCUITS

o Classic ignition for an internal-combustion engine

Distributor
"Col" R
— ’ ~
a & f ‘\fﬂ- 4\ ."'. 1
vew | y | - Spark
+ - X . . plug
R
— Primary E
2V — _ a Secondary —
—— .
n = r -
Condenser” ~—T~ 7< "Points"
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