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Chapter 8 g
Natural and Step Response of RLC Circuits

It's when we have resistor, inductor and capacitor (RLC) in the same
circuit, either they are connected in series on parallel, and this is called
second order differential equation

1 - parallel RLC circuits

 J

We have two cases 4 l_ I l ey ’
Cr~ VO L l[() R ()

1.1 - natural response _ -
Lo (in/ e DE appy KcL o

IR + 1L +1lc = 0O

:mportont bo find/ bhe inibiod Concdikions

oIk

fesonank 1%‘?“9"07 N eper frcquency 6 = o = - W
(-&) = | : = ‘ : E
____________ e 11 RRC g ol 4 -W

_______________________

@ if > W', Lk Solukions ere feal ofistinck
VL) = Ae” 4+ At = Over Domped

@ |‘: °<1= Wl, Lhe Solvkions ere Necd Similor~
Ve = Ake™" . A, e~ = Criticad Domped

I‘: °<1< UJ&, Lhe Solvkions e CompPley
let W = J w?> - x>
V(e = e (B Cos wut + B, 6in Wa L) =3 (Unger DomPecl
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Comie L o e
c(o ) =\xV , iLo*) = 30mw 02 uF=<Vs 50 mH ll', 200 Q v
Fine/ V(b 7 -
Chep 1 - Fndd & owd 52

X = 1/2ARC =) e = |/ 2%200 ¥ O-L %10 = & = l.a.s*loq
w=1/{Lc =5 wW=1/{Sox0.2%ic® = w= lo"

6

2 2 Y
6y = —x - {xX"_w => 51 = -1:2s%10 - F5p9p =3 5 = - 20000
Sy = = 4+ 9\’2- w? =) Sg = —lolsxloq + #5600 =% S, = - 5,000
-20000 k£ -Sooo bt
V-(L') = Al e + Are @ @ —e-_- CD

SlLep 2 - [inc! Lhe initiel Conc/ikions
i hove V(') , 6o | have bo Caed ‘(o*) [irel Oerivebive

__________________

iCCO"\ = - \L —\P\ _—_>i¢: 30;”0-3 _ 12
=> ic.(,o*') = -9Qo mA 200

. —aex16” =y OV =-YSokV

—

Jt 0-2% \o° ot

Gkep 3 - Finc! Lhe finsk lenivebive of eg. L ben [iad A, , Ay
V—\u“ = - 20000 A, Q-_ZOOOOL - Sooco A2 e-sooolz ——-

0PPY be initied Cont/itions Lo get 2 equekions
12 = A + Aa S Colve. A, = -4
-Yso K = - 20000A, - Speoo Aa Az =z 26

20000k - Sooo

hence_ - VitkY= 26 _ Y e

\ 4

\

STUDENTS-HUB.com


https://students-hub.com

1.2 - step response
X(t) = Xn(t) + XF(t) o Xn(t):natural response.

o Xf(t):stepresponse
¥ if(t) = current source , V£(t) = voltage source

Examae. 1

Tre inticd Stored energy = O I ey /(J‘ﬁn;l 25m;/1\)l R
Rzb2sL , T :=29mA T
Find 1LCE)

Step L - Sowe normul a5 nekured
o = 1/2Re =5 o= \/3.12s%16° => o= 32 *lo
W= I1/{Lc =y Wz \/2.5%10° =5c0zY0¥l[o"

Since W2 we aPpPly = Wd = \/w*- x*
Wol = L6 %169 — |.oau X167 =3 Wo/= 24 ¥lo

3 -l
In(l'-)=e,°< (p.Cps we k +Bp.9h\u)dl=)
- 2000 &

= e ( B, Cos 2Yooo bk + Ba. Gin 24poo k)

[ - (o] &
S i) =AY 4 € 0%%°F (B Cos 2Mecok 4 By Sin 2upoo k)

¥ Note 1/ b lod Cont/'kiong eve found for Lhe [racd eqvelion

Since bha inibiod Shored energy 20 =) I(o*) = V(o) =0

Vio*) = Lei gy ok - VO -0 o

JE o/t L L ot

Slep 2 - ek be [ingl Clerevolive of (k) blea %olwe when k=0
Y +B| 0 =) B|:—2‘-‘(———-®}p|:—2q
‘320009| + 24000 Bz =0 -————@ (3“ -3A

. -3%2000k
() = 24 + e (-24 Cos 2uoeol — 32 sin 24000 k)
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2 - Series RLC circuits R

L
We have two cases A M
Iy +
2.1 - step response D b
LO C{I\(/b\a DE GPPM \,(VL_ T~ _(J
VR +VL +Ve =0

mportont bofind/ bhe inibiol Concdibions

IR +\_f|'u=)c/5 + LT - Vo)
: C c/k :
=== = A e

Same as paraflel Same as parallel
. fesonond ffe‘?‘/@"cyi N eper frcquencyi 5, = - - oW
| JLc o AL 16, = —x 4 X -W

__________________________________________________________________

Same as parallel

@ \F °<2> UJL, Lhe Solvkions erne Neal e/isliack
Vi) = A + At = Over Domped

|F °<1= UJ'L/ L}‘d Solvukions eve Necd Similor~
V(L) = Ake ™" | A, &~ = Criticed Dompedl

if e<’< UU'L, Lha Solukions e CompPley
let W = Jw?* - x*
V(e) = e,.o<k (p. Cos Wyl « Bz Sin Wo k) =3 Ungler DO«MOE.CI

At s dlllgd’
pRE) IR D)

> L ,7 e -8, -
b piall ~ & IR (Ge)
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EXQMD,C 1 l)< ’ 100 mH

Ve(o™) = loo V + \ |
Cine/ i(L) 100VZ<01uF o, ) 35600
3

o = R/2L = & = S6o ) 2% 100 %10 © => o = 2800

W= 1/Jtc = W= | /Ji16f =s w = 10000
L = Jw => W= qu-\6x|o" => wd = 4600

- - 280k
Ity = e 0% (P de00t o B sin 9600 L)

inikicd COﬁc/.'éu'ang -
tla Circuit Wos ofoned => 1(07) = O
Ves Ldi  _—y o - Velo?) - loo =y - looco A

ek ot L 6015 oL

abf/e\;egv&f.te_ I(k) 2- 280
(7" x _aboo b 5in 9600 k) +(pl Co5 9600 % - 2800 e 03),
-28c0 k& Fiest Pk -2860 k
+ ((e w 9600 P, Cos 9600 E ) 4 ( P, i aboo ¥ -2800 e ))
Second Pt

Solve When £ =0 §-
Lrom Lie firsk euakion => B, = 0
from b Seco equotion g
(1 ¥ 0 )+(By-280) + (1%aseol)+( %1 )=i000
- 2800 P, + 96003, = 1000
- 2800 ¥o + Qbeof, = \0OO
G6oo P =000 =5 B, = |00O =) lgz - O.loy
9 600

. -2800 E
ItE) = @ % 0.104 &y Qboo t
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2.2 - step response
X(t) = Xn(t) + XF(t) o Xn(t):natural response

o Xf(t):step response
¥ if(t) = current source , V£(t) = voltage source

)< Y'Y Y\
EXQMOIC, 2 ‘ - 01H 22,/(\)/\’9
No onergy 5 skoree b C, L Y 0.4 uF == v,
Find/ V(L)
o< = R/2L = = 280/ ax0.1 = = = \Yoo
W= |1/Jtc = w=1|/Juxisf =y w = Sooo
o = Jwr x? => wd/= \/Z.'bk- 166 =>wd= YBoo
- Yoo &
Valk) = e (Pa Cos Y8oO L + 9:. Sin ngOl-,)

VIO™) = O 9Since bre (alticd Sbored eneryy = O
(oY= =CV _s OV _p
i o/t

Alker 99\%(,\3 Lre el uukions => (3, = -u&
.= -1Y

Vek) = VE(EY +  Va(t)

-lYoo &

Vie)= Y8 + e (-48 cos uSooL _ 1y oin UBooL)
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