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1. 2995 wJeudusdunis Second Order Differential Equation

o/

55n1519euaun1s Second Order Differential Equation unua9asiniil 2 5851
1.1 4vuv35as9 (Direct Method)

1.2 uvvlgianszya (Operator Method)

A298192933 Second Order Differential Equation
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2. N5 YeUENNTS Differential Equation wuu25n39(Direct Method)

W/ 1

A2087199 1
KCL : dv v

d4n13 Second Order Differential Equation

d2i+ Ldi 1. i
dtZ RC dt LC LC ......... (3)
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: | = ﬂ (2)
R U 2 a
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]UN13 Second Order Differential Equation dz;’ 4 R dv n 1 V = V_S ,,,,,,,,, (3)
dt L dt LC LC




Junsulunindsuaunisayiusduduaesingisngg

A5
E' =i &t 5 =i A -.;-:q [ i e £ =
WUN 1 WiFwls x, war x, IneffulsvaiRels A uANATANANLUTEA WaT/vTe
syuaruE g
AUR 2 dx
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AMNADE1N 2

d .
KVL : LE?+M+V:% ......... (1)
—c % )
] — v . 2
“ o dt .
d“v dv
LC—+RC—+v=y
dt dt
unua1ly (1)
2
-1¥+de+]'V=Xi ......... (3) <
dt? Ldt LC LC

NYUNURNITINETIUFNN TS

Juii 1
=X, V=X
— Uit 2
L3y RX, + X, = Vg
{
~ gl 3 ]
X2
, =C—=
dt
i 4
d2X2 EdXZ 1 _V_S
dt? L dt LC ° LC




3. N5 WsuENNs wuulyaanseiin (Operator Method)

L

. q . q LE

Y o . dl - - ™
lowannis Mesh analysis L, —1 R(i, —i,)= A
R(L, —i. )4 L di, 0 e (1)
I, —i, )+L, —==
0T T dt _
Y, Py, d d 2 1
4 differentiate A28 S - operator 1ne/ly S= =~ = _ J‘ dt
dt dt* s
velagunis anuUasaunIsacla
L,si, +Ri, —Ri, =, (Lis+R)I, —Ri, =vq
S ) _ _ >... (3)
-Ri, + L,si, + Ri, =0 (2 -Ri, +(sL, +R)i, =0 )

~/



?"ngjng Cramer’s Rule |
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£

Vs

(2s+1)

(L;s+R)i,

-Ri, +(sL, +R)i, =0

L, =1H,L, =2H,R=10

(s+1)i, —i, =V
—1,+(2s+1Di, =0

1T s+ D251 -1 Q(s)

1=

1,

_ Vg(2s+1) )

25 +3s

Vs

2s°+3s

j

(s+1) -1 1, Vv
I A O (5)
-1 (1+2s)] | 1, 0
_P() 252, +3si,=V_ +25v, |
...... (7)
251, +3si,=V,
8d1n15 Second Order Differential Equation
2. -
... (6) A7 qdly OV
dt dt ° dt
d 2i dl > ...... (8)
2—2+43—2=V,
dt dt
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UUN 1 WIFIWLUT x, NFIBINITANFDL
'&; 'd o & I s I'l.r s s
UUN 2 AruanmMIayRusuinannis lugdiaudsisasns x, uazdqudsansa x,
4y o =) | -;?: o o -‘24' o
UYUN 3 FeuanmMIauiusanuilaannirluglaessuls x, uazAaulivseanis x,
o o 5 as a o = o = Y
UUN 4 lHanTen s = dfdr uas l/:s = jdr unuluannisludun 2 uazdun 3 azlias
== =,
MINIAUINA928NT 13194 X, ua x,
d = 7] a a Ll 1 1 s a
UUN 5 linnresnsuweiiAney x, Wulsidureunasdng uasianaeyii
P(s) o o e
X, _L2s) e P(s) uaz O(s) Wlulnaluiaawed s
Q(s)
A z o .
AUN 6 FeuFasann Tludun 5 idlugd O(s)x, = P(s)
= - = A v
UUN 7 utlassanszinviaunn luannsudun 6 naudlueyiug neh s = d/dr uaz

s? =d*fdr’ azlfannnsey RS uA UAfIANRRINTg
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A8 3 IMFUNTBYNUSAMITUNTZUATUIDIT9ES
20 | H

AN
1’¢ /ID I H /)gm

L

ams o d
WN  1YeUaNNIT Mesh Current UNUAT dt =3
5i di, di, o
Loop 1: g g s > (2+8)i—si, =V
: di, . di
Loop 2: _ . .
oop _d—t1+3|2+2d—t2_0 > —si,+(3+29)i,=0
Z P 0 . Z P i — SVS _ SVS
9ng) Cramer Rule widmey i, eclamr L (2+5)(3+25)—5%  S2+75+6
o/ 1 v 2 T d 2i2 diz -
dnaunisludazly (8™ +7S+6)1, =SV o e 6i, = SV,

2" Order Diff. Eq.
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A28 4 IWNFUNITOYNUS K2

o Y . | C)
81915V v 112935919819 R

v, ( ™ I mE

AY

A% 1Peuaun1s Node Voltage KCL :

d 1 mH
] — =3 i
LU~ l
; NFTIUA
Ve e @ Y bi+Csv=s
| dt ) Rl
. di _ .
UAZUTIAY v AD R|+|—a=V ——>  —v+Ri+Lsi=0
unuar RLLRC  pygewmmmay V=— (s +1000)vy
s* +1001s +1001x10°°
Inaunslvsazla (s* +1001s +1001x10%)v = (s +1000)v,
d°v dv dv,

el +1OOlE +1001x10°v = it +1000v, 2" Order Diff. Eq.
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4. MIINIAINBVANNITOYNUSIUAUARI(Solution 2™ diff equation)

(f:"l;'
d.f”

pr = f(" In circuits language:
il >natural response

Complete solution: ;‘-h +x, =X, + M forced response

Homogeneous solution:

d=x dx -
7 +alE+an:0 f(H=0

%58 Natural Response ¢

Aansal litaudunm

5
Characteristic Equation:  a»rs™ + a5 + ag =0

2
-t \ij“ — dagas ) 2
Roots: §)1 2 = = = - +.4 X7— @y
- 2ay

where @ =

13



AINAVANNTTILUY Homogeneous Solution %38 Natural Response

alz >4dagas s = 54 (realroots)

1.05809570 8Ny

)

2.n58d1510691A4 ai =dagay sy =sy3=-a
3.nsedN MUY a4 <3y 5 5 =—at jog
Complex j= -1 Wy = ’rug—az

(complex conjugate roots)

¢ a
Recall: & = A and Wy = ‘0
2.*:1_1_ ﬂ'.g

Homogeneous Solution

40 + 450"

Alf?slr + Azfﬁ'szf

e[ 4 cos(wgf) + A sin(wy )]

Note: The constants 4; and 4>

are determined by using the

initial conditions x(0) and dx(0)

in the general solution x(f) = xj, + x

14



/ 1 dl A =
ADYNNN 5 1wafnwe natural response U89 v(t)

Study the natural response v(f) of o—
the following circuit. l j J_
Ig CT) R L T C

v 1% dv
KCL at top node: E+Eivdr+i(0)+(j’;:;:s ==
. rid -
0 ay
Dif ferentiating we get C d:” + Tﬁdﬁ
|- 2 : dt

\L ﬁ:—_jf _|ag

LNUAT — =S5
dt
| 1

. . .
Characteristic Equation: (s~ +—s+—=10

f12 = = -
12 2a7 2RC

—rqi\,rqz—im{}ag 1 i\X[ 1 ]3_ 1

15



NIAIN 5.1 sInvessdun sl S;# S,

Characteristic Equation: ng + lg; + i =0

_ali\}fllz—flﬂgﬂg 1 i\!( 1 )2_ 1

51,2 = = ARC T

2a, 2RC IC

.
y 1V 1 | 1[I
(/8 (_ERCJ "¢ ” R{E\E >"R<%\g

Slt

+ Aye™ Pvae® @1 A A, wilaan initial condition

()= Ae
ke
51 = $
(overdamped response)
Y v
Response @::Zﬁ)mg‘l]

| | |
0
V e Workbench demo
Ks) Run file: ovrdmp

16



NIV

R=2/3W initial condition
L=1H L R ==C  o=10v
C=1/2F fl i(0)=2 A
' ‘”Z Py 2 _ ° - S = _1
unuAIlaaunis S°4+35s+2=0 ~Amavus 1
S, =—2
Homogeneous Solution : V, (t) = Aleslt + Azeszt

—t —2t
v, (t)=Ae +Age
1A A, A, #1laan initial condition

. _ -0 -2(0)
1. Initial condition v(0) = 10 V tila t=0 Vi (O) — Aie + Aze
A1 + A2 =10 ... (1)

9INWITAINITNTIUAUNITIA KCL C—+_+i=0

17



A1 A LA, #1lA?1n initial condition

1. Initial condition v(0) = 10 Vtﬁa t=0

V(0) = Ae ™ + Ae

A+A =10 ... (1)
dv(0) |
2. Initial condition i t=0
dt dv VINFUNITVYDIINIT
271 homogeneous solution L dv v
dt C at +— R +1=0 ... (3)
dv,(t) _ d(Ae™ +Ae™) .
v, (1) =S, Aieslt +5, Azeszt 218115 (2) =(3)
dt .
dv, (0) v(0) 1(0)
dv_(0) g o —L L =S A +S,A =
22 =5 Ae™ +5,Ae% dt RC C
dt : 2 UNUA7 A —2A, =
—-A-2A=—FF—FF ... (4)
dv_ (0
()_ A FSA (2) }/ y
dt INFNNIT (1) Uaz (4) A1 A, Uag A
A=-14 A = 24
A1May homogeneous solution |V, (t) = —14e7" + 247

18



Asali 5.2 snveaun1seaeuyny  S;=S,

Characteristic Equation: ng + lg; ] i =0

_ali\}ﬂlz_'d-ﬂ{}ﬂz 1 i\/( 1 )2_ 1

2= 2a, ~2rc \\2rC) T IC
2
[ L ] N P e
y RC) ~ IC e
Lo

| 5t 5. A1 A,,A, nlAvn initial condition
V()= Ae’" + Ajte™?

v

51 =452
(crifically damped response

Response @32&5’61‘”\731/

19



Natural Response s, =s,

Sum of 2 exponentials

(0993 ININEBIIANYIINY AT I9lnA AN IAUAE
ugdiaulusuduinosdauiuaseaadda asi A, asdasgniUae

ifusteis o(t) s

X, = g(t)e™
g(t)=A + At —> a polynomial

20



/ 1

192814 L
R=1W initial condition
L=1H L R ==C v(0)=5V
C=1/4F i} i(0)= -6 A
unwerozlaaums S +4s+4=0 Amaus S, =S, =—2

Homogeneous Solution:  V_(t) = Azeslt n Aiteslt

v (t)=Ae ™ + Ate™

1A A, A, w1laain initial condition
1. Initial condition v(0) = 5 Vifia t=0 V,(0) = Aze—Z(O) 4 Ai(O)e_Z(O)
A =5 (1)

. . dv. v .
1N INISFINISUTEUFUNI5H KCL C E + E +1=0

21



1A A, A, 91laaIn initial condition

dv(0)
dt

971 homogeneous solution

éi/é? t=0
dv,
dt
~d(Ate™ +Ae™)

dt
dv, (t) ot
=-2Ate ™ + Ae”
ot A Ae™

dv (0)

2. Initial condition

dv, (1)
dt

2A2e—2t

=A—2A

AM8Y homogeneous solution

INFUNTITYIIINDT
C ﬂ+ Y 4i=0
dt R
av(0) __v(@) i@ .. (3)

dt RC C

INaUN15 (2) =(3)
dv. (0) _v(0) i(0)
dt =AT2A = RC C

U9NUAI > _b_,

A-2A=—"Q-""=4
Yt

VINANNIT (1) 4ae (4) IR A, Uas A,

A=14 A =5

v (t) =14te™

+ 5%

= (14t +5)e™

22



nsaia 5.3 sInvasaun15NTy Complex number

1

Characteristic Equation: ng + Eg; ] % =0

S, =—a ¥ o,

S, =—a * j\Jof —a

o
2RC

—a) =t \/(113 — dagan 3

.
ool

HOE e [4 cos(mw 1) + A7 sin(wy1)

51,2

|
<— 0
LC

I'Rbl

2

)

A1A, A, #1990 initial condition

1
2RC

. 2 2
@, —\/a)o —a

@, = Damped resonant frequency

o = Damping Coefficient

V(1)
Y o I . f
Response azlanasy (complex conjugate roots)
: (underdamped resporise)
0 l D o . L
23



Natural Response S, =—at jo,

Vn _ Ale—ateja)dt 4 Aze—ate—ja)dt

_ e—at(Aieja)dt 4 Aze—ja)dt)

+ joot

e’ =coswt * Jsinwt

unuAluaunisazla

v. =e “(Acosm,t+ jASsinat+ A coswt— jA sinw,t

=e “[(A +A)cosast+ j(A - A)sinayt]

B 5

v (t) =e (B, cosw,t + B, sin w,t)
Vi (0) = B - 1)




¥1A1 B,,B, #1lAa1n initial condition

1. Initial condition v(0) s t=0

dv(0)
dt

971 homogeneous solution

ifa t=0
dv,
dt
dv,(t) de (B, cosw,t+ B, sin w,t)
dt dt

av, (1)
dt

2. Initial condition

—e [(w, B, — aB,) cos w,t — (w, B, + aB,) sin w,t)]

dv, (0)
dt

= w,B, —aB,;

v, (1) =

e (B, cosw,t + B, sin w,t)

B,=v.(0) ... (1)
PINAUNITYBIINIT
C av Y=o
dt R
q :
v _ v 19 3
dt RC C
218315 (2) =(3)
dv,(0) — B, 0B, = v(0) 1(0)
dt RC C
0,8, —aB, =29 10— @
RC C

28117 (1) uag (4) $1A1MaU homogeneous solution

v (t) =e (B, cosw,t + B, sin w,t)

25



/ 1

VYN

R=25/3W v
initial condition
L=01H .
L R FC Lom=10v
C=1mF ‘l i(0)=-0.6 A
Characteristic Equation: C52 + %J; 4 l — ()
Jj:—ali\}nlz—dagng __ 1 " { 1 )z_i Slzz—aij(()d
1,2 2a, orC \\2rC) IC !
unuaalagunls  s°+120s+100=0
0 1 h
iy s azﬁzfi()
s, =—60+ J80
o == —10* - -
° LC s, =—60— 80
w, =& —a’ =80rad /sec

26



1A B, ,B, #1lAaIn initial condition

1. Initial condition v(0) iia t=0  V,(t) =€ " (B, cosw,t + B, sin w,t)

B,=v, (0)=10 ... (1)
2. Initial condition dV(O) tfl"a t=0
dt , dv VINAUNITVIIINDT
211 homogeneous solution n
dt cv. v g
dv,(t) de (B, cosw,t+B,sinw,t) TR
dt dt dv(0) _ v(0) i(0) (3)
v | T S
# =€ [(a)d B, —aBl) Cosa)dt—(a)d B, -I-CZBZ)SII’] a)’t)]ﬂ']ﬁﬂﬂﬁ']ﬁ' (2) =(3)
dv_(0) — B, B, = v(0) 1(0)
v (0 dt RC C
Vv .
&E ) @yB,—aB, ... (2) B, = o8 _v0O _10 - (4)
w; @RC  @,C

91nauN15 (1) 4ag (4) 11AIMeY homogeneous solution ~ B, =7.5-15+7.5=0

v_(t) =10e™" cos80t

27



10

v_(t) =10e™" cos80t

20 40 60 80 00 120

Period and frequency of the damped oscillation

;2
Wy
f, = . Hz

T

28



nsaiNinasinn Oscillation tiia R =00 (0pen circuit)

Special Case 1
R — o (e, circuit ispure LC): e =0 and @g= g = \1C
‘)‘1':: )= e [.—-11 cos(mgf) + A sm(mdf)]

= [.-11 cos(@gf) + 4> Si]l(fﬂgf)]

v ()

S T
(Ocillator)
2
0 I =—=27gLC
T

v.(t)=10e" cos80t = 10cos 80t

5|
"l

Run file: oscl cad4

| |
ﬁ'Eq’I.{E}j[_‘_‘t': f = F (]_‘uut 1’1'5 or Hz-) Workbench demo

29



5. NaﬂaUﬁumﬂ'izél:u(Force Response)

nsalis1inIsUauusIauTensuanseuUIY1143995 RLC

Wa1sa4181n15 Diff Equation 2 Order
d’x _ dx
—+a,—+ax=f(t
TR ®

NanaUaANBINIINTENUTIIUINRTAD X

unuA1 X asluauns diff eq. aun1sazdaatuasy

d°x, dx;
i +a1 +axf—f(t)

£ a [~f 1 ‘#' _
arousunwmdumne  T() =K 0000 ausinisnse AUTIAINTUAITY

a'n’]auauwmz/ummw f(t) Aed wanavauadin1snse mmﬁmm')mmu

30



n15%1A7 particular solution %59 force response

particular solution (x) sedlAyuagny ft) sTulumun15199719819

Particular Solution

nsaii 1 daulw DC K B

aa Kt
nsain 2 Jaulw Ramp L
, < Bl
nsadi 3 Jauln Exponential (i) a=s and a= s, Be
(il a=s or a= sy, (§]% $2) Bre—
(7i1) a=s51= 57 B~
nselil 4 Jou Sin s158 Cos K sin(at) or [ K cos(mf)] By sm(at)+ B, cos(wr)
o K, B AaAnei
Aaog1aYy  a1ay input ft) =K
particular solution x,=B

UAIATIYINIAT X, faly
31



>4 1 dl Y = (- JI i
ADYNMN 6 IMINANBUAUBINTEAUVBIN LA LUAIVNEI i (D) Wa t > 0

L_.

™

N1AUA LA
is ult) R L -—C
® | =87 AR=60,C=—F, L=7H
i} 42
= Ground
dv v
WM ke C—+—+I=Iy ... (1)
dt R >
, y di -
‘e -L— ... 2
dt
wnuarly (1) dii Ldi .
—+——+i=l
dt© R dt
8d1n15 Second Order Differential Equation
di 1 di 1. i
S (3)

~+ +—1
dt® RCdt LC LC



dii 1.di 1. g

+ + | = ——

dtz RC dt LC LC ......... (3)
2. -

w199l (3) d—zl +7 3 Gi—age ... (4)
dt dt

* %wamauaua\m75n53é’u(Force Response %39 Particular Solution) I = Be™
2 -2t 2t
unuA luauns (4) d :2 +7 dBde +6Be ™ =487
t t

4Be™ +7(-2Be™) +6Be™ =48
(4-14+6)Be™ =48~
B=-12
" WamaUauaIN1snIEAU(Force Response)

i, =-12e* ANS

33



AWYINN 7 qemmanesuauasnszduvasnszualudumieai i e t > 0

L.'

™

A1AUA I
is u(t) L -—C _ 1
- =1, A ,R=6Q,C=—F,L=7H
i} 42
= Ground
3891 dii 1 .di 1. g
7 T T l=—= .. (1)
dt= RCdt LC LC
2:
unuere9qlu (1) d +/ ﬂ +61=61, ... 2)
dt2 ' dt
* NINANDUAUDINITNTS m!(Force Response %358 Particular Solution) I, =B
QO
2
snuAr lugunis (2) d’B ;4B 45— 61, |
dt2 dt I-S = ID A R l I
B=1, o
. NARDUAUDINITNTY m!(Force Response) L iwWSyuadiau short cct 1o
f 0 ANS

34



o% 1 = = o = o, i
MDY 8 3 a8 7l 6 JMMandUHURINTTAUYBINTEUETUAIWTN (1) Wa t > 0

L.‘

ANVUA A

€ R=6Q,C=—~F, L=7H
42

i}

o . _ a6t
dle 1 =38
nsel s, %38 s, LWINAU exponent input
AN dun19 Second Order Differential Equation
dii 1 di 1. i

= Ground

e =S 1
d? "RCdt LC LC @
L d i d .. ..
unua11991u (1) +7—+6i =60, e (2)
dt>  dt

v & . . - —6t
* nuanavauan1inssgu(Force Response vsa Particular Solution) I, =Be

unurluaunis (2)  36Be™™ —42Be™® +6Be* #18e™®

—6t M v 0 !
0=18e aunsidululsiladedaenmmnaugusuul

35



muanIAmausUuuylnsidy

i =Bte™

unuarluaunis (2)

B(—6e™ —6e ™ +36te®)+7B(e ™ —6te™) +6Bte™® =18

18
. B=——
¥%117A1 B . 5

wamauauaamsnszé’u(Force Response)

36



6. nanaUEURENYIAl (Complete Response)

NIININanBUANNINY SNl 1IN sUBULTIAUNTaN sEUaNn s UY U995 RLC

Wa154183n15 Diff Equation 2 Order

2

d°x _ dx v=Zelv _ L ‘*'E_
—dt2 +aia+a0X= f(t) 3 'f_"'" "’1.,‘
§R
HanaUauaIayYIaiAe X=X, +X; '6F,
d2v dv
= C—+RC—+v=y(t)
1NV UAUNTT dt? dt

2
damuali R=5Q , L=1H, C=1/6 F Vs(t)=§e

Amuals nitial condition V(0) =10V a¢ i(0)=—-1/3 A
unuaIadluaunis diff eq. aunisashaaiuasa

d’v _dv
——+5—4+06Vv=0V.(t
dt>  dt s ()

37



1. WIAINandUAUaIsTINYIA (Natural Response)

$°+55+6=0 dmeus S, =—2,S,=
v, (t) = Ae™ + Ae™
A1may V,(t)=Ae " +Ae™ (1)
2. MIANANBUFUBINTEAY (Force Response) Vv, (t) = Be™

, . dv _dv
unuaraslugunIs diff eq. aunIs 15" 4+ 6v =6V, (t)

dt>  dt
Be" +5(—Be ') +6(Be™) =4e™
B=2

fmou V. (t)=2e" .. (2)

3.Namauauaozmyszzf (Complete Response ) Ao V=V, +V;

vit) = Ae " +Ae T +2e" .. (3)

38



1A A, A, 91laaIn initial condition

o ~2(0 -3(0 0
1. Initial condition v(0) = 10 V iiia t=0 V(0) = Ae ©r Ae © +2e° =10

INAUNIT (3) A+A =8 ... (4)
2. Initial condition i(0) = -1/3 Aiia t=0
91N997 i(t)=C av() (0)=C dVCE’:) )
(o) __,
dt
amauns (3) digf: AV(t) _ d( Ae”' +Ae™ +2e) __9
dt dt
“2A -3A =0 . (5)

INFUNIT (4) Uag (5) MA1 A, , A, A =24, A =-16

Namauzmamyymf (Complete Response ) A

v(t)=24e?' —16e " +2e"  Ans

39



A2089N 9

6 e 3uln Vv (f) "0 ‘u’("')

Bv

‘ i

VIR

6

-

x10V =6V

V(O_):4+6

v(0")=v(0)=v(0")=6V

299594787 _t > 0+

r=0 4 L1 a a%ﬁ’]

N INANDUAUBIANYTAIVIUIIAY v(Y) Wi t > 0

Yunaudl 1. w1 initial condition

Initial condition ﬁ’wm t =0-

4 Q
!
mv@ 6 Q :
| |
1I(07)= 10V =1A
40+6.0

i(0")=i(0)=i(0")=1A

dv . V-V,
10 Ca+|+ A =0
'““'.l“ —
1H1;-1far KClL Cdv(O )+i(0+)+v(0 )—6:()
T dt 4
6Q
1dv(0") 6-6 dv(0™)
— +1+——=0
4 dt 4 » dt

=4
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TR 2. WIAUATS diff equation AAA

' I
WIFUNI5DINNISIAD t > 0 L l q
- » Vs=6 ¢V —) V=4 F
KVL wyum/msgi/?mx/a 60
di
— S =0 ... 1 o
V+dt+6| 0 (1) WIS t > 0

KCL (Teuaunisilug a
v—v, . 1dv
+1+

=0 .. 2
4 4 dt @

\Wguaun1s uuuldhianser (Operator Method)

9INaUNI15 (1) —V+SI+61=0

vmaums @ Vi 1o,V
4

mgrvagld  _ (STONs  mmh (s2175410W=(s+6)v,

s*+7s+10
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(s +7s+10)v=(S+6)v,

[WguaunI5 diff. equation

2
d ;/+7 OIV+10v:d$+6vS
dt dt dt
2
% +7 % +10v=-18e"" +36e™"
2
((Jljt;/ 7 (;\t/ 10y =186~ e (3)

YUY 3. WIAINDUNANDUANDI5TINYIA (Natural response)

9INaUN13(3) 1984 Characteristic equation UassIn s

s?+7s+10=0  Root: s,=-2,5,=-5

Natural response vV, = Ale‘” + Aze_St ......... (4)
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Tupauil 4. MIAIMBUNanaUaNaINTEAY (Force response)

VNFUNII3) v, —pe 3

-3
Force response V; = Be t

unuaIadluauns diff eq.

9Be ™' —21Be ™' +10Be™' =18e™' or B=-9

Force response Vf - _ge ......... (5)

YUpIUY 5. mﬂ"mauwzmauzwamyymf (Complete response)

v(t)=v +v, = Ae ' +Ae™-9e t>0

V(t ) — Ale_Zt 4 Aze_5t_ge—3t t>0 e (6)
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WA A, A, #1laa1n initial condition

9MNEUNT5 (6) V(t)=Ae™ +Ae™-9e™ >0
1. Initial condition v(0) = 6V i V(O ) =0 = A1 + A2-9

t=0 N
2. Initial condition dV(O )
dt
dv(0)

i —4=-2Ae"-5A€" +27¢°

snaun1sluy A+A =15
2A +5A =31

—_4 o t=0

aelamnay A = ﬂ A, = E
o 4 3 3
AINBURaNaUAUaIaNY A (Complete response)

v(t)= AayLosiggs >0
3 3
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A29819299F  RLC Circuit Response to a Square Wave Input

Use Workbench to determine the 100 Q
solution for the inductor current.
Assume zero initial energy in the " ©
capacitor and inductor (i.e., zero '
initial conditions).

iln

20
I'=4us

Vs V
frequencv=1/T = 250KH=
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Final Example: RLC Circuit Response to a Square Wave Input

a Description

=i

The voltage across the veny small
resistor Is-proportional to the curren

In the inductor.

& Dcilloscops
0 ot
'S
| S e I . .
0 v T ; . E

CCHANMEL | CHANNEL B ,
[100 reis/ 4 Dty {10 WD 3}
Y pos |0.00 |'¥: POS [0.00 =l
Ac @l & ‘mg}- il

Run file:

F9-13-1
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Final Example: RLC Circuit Response to a Square Wave Input

ﬂ Usoillezcope x|
' ey
Al :/f\w :/J"\__
Vi YR van B
o 2
T [ 4Fc0002-08 T2 | 4.72800=-08 T2-T4 | =7e000e-07
WAt | zz0474e-01 Mg | 1.53299e-01 MWAE—MAL |-3.7175te-02.
WE1 | zo0zazero VB2 | 2004z8e+01 VE2-MEL | 538400003
T TRidaes CHANNEL ® | cAAnNEL B | REBUSE |
4. 00usdiv ; ]-:n:a:;: B! (100 mviOw ._*.1 10 W Ok il
% pos (000 | LEVEL [oo0 |9 pos [oao ¥ pog [o.oo | REVERSE]
B ek Aoe| DN s ElExT! | scla @Bl 00 | sclolEE 0 e
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= v
WUUNN®A
1. awnaumsayiuseusuassduiuaeastugd P 8.1 Taaldigms

20 1 mH

v, <+> 100Q ——10 uF

sU7 P 8.1

2. awnaumsayiuseuAuasIduiLaeasiugy P 8.2 Tagldagsansyyin

i

10 Q2

— 10 uF

()

N

VNV
2
o
\|

51U P 8.2 49



L E 2 &
AWNANNIANANEDILHALPINTRIANNIUAWELas gL P 8.3

100 mH
P W
40 Q ey % mF
sUN P 83

AMu29as RLC Aananlugy P 8.4 e v(0) =2V uarainded ludumisdnosandy

] =T tJ [] = &
NAMUIUNBLAZLIANNGT 1 =0 AIWALAZAUNIINIDILTAU v(7)

%F

L

——o "V o

t=0
+
— (1) %Q 1H

s1UN P 84
b 50



5. AMmiU9as RLC Awmanalugy P 8.5 aaunduseiu v (r) A 1> 0 annidneasedlu

v - -
ANNEAIAEIBNGT F=0

10 Q =

)

20V 1H

10 }QF;

l"”-|-

sUN P 85
6. aindlueas RLC Aauanalugyl P 8.6 agludwnistaseasniunatnnuieuazidana

¢ =0 agwnAuardaunsvaesussdu v(r) fvua C=1/4F

t=0

st) 10

VH

C A

:}(r)

sUM P 8.6

et
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7. dwmiuaeas RLC Avkanslugl P 8.7 aamiAnanauauedn
(W) v, =021V (A) v, ="V
7 Q 0.1H
_p‘\f\/\/_ﬁf"v‘v’"u_

vu(f)v <+> 833.3 IF -

sedu v, (1) We (n) v, =2V

()

517 P 8.7

8. #1m§Un933 RL Askanalusyl P 8.8 aawnAnszua (1) way ip(r) aunfdnneasagluaniay

v = -
ANFLNBIAT =0

2kQ 3 kQ2

12-6u(r) v

s P88
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9. A151U2937 RLC Asnamdlugl P 8.9 2audnusesl v(f) uaznszua i(r) 4wl 1> 0

1582 20 my

100u(z) Vv

sUN P 8.9
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