|COCEPTUAL _TOOLS By: Neil E. Cotter LAPLACE TRANSFORM
CIRCUITS
t-domain waveforms
ExXAMPLE4
+
L

ans :

dolh:

R=
Lyt = 'S“&)ACP + i\'m v <¢> 04vg S5

C=
V;X T 0.2F
Find Vo('b). Vu (07) = 2y, é,_(o‘) = 5A -How'u\g down
-5 ~5¢
Uo(t)= ~ 5lete v 20326 V

We  “transform +the circuit to +the s-domain b),
1 taking the Laplace transform of ij['/:),
2) taking " " g “ L and C, and
3) inc/ud[n7 sources for initial <condition (n L andC.

R +
+
(s)=154( % ve(0T) o4Vi(s) 8 sbL L,
& 'S'CP VRS ) & E
|
_ 5 -

At  this point, we may use Node - vo(tages
cdrrent meshes, Thevewin eguivalents, or any
other method Lhat we would apply when
So(w'nj a problem /‘m/a(zx/'nj /'M/;edqnc‘cs'.

Sulpc:rpos[ﬁion /s particularly usefal since
we may Find the response of The circuit
to each source, including those For initial
concd rtions.

Since we have a o{efendem‘: source, we First
define 'V/és in terms of peode Vo[-éaye(s).
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We reaprange the branch <on£ai.nln3

+ [N
% R The VOH:Q33 acress R and L S
+ $C
&) L
O(Vl',@) sC V,(s) = ve(07). We use +his
ve(o) B
- - 3 voltage n the Vol-que divider
formula +o Find -the veltage
across SLC- H
Z(s):[%(s)—zrd(o')] /s
8 R+ /3¢
Adding Vo (s) 4o w07 qives Vg(s):
)
'V};(s) = V, () Ys¢ + v.(o7) (‘VSC 4+ |
R+ !/s¢ s R+'/5¢

or Vg(s) = V,(s) ____ + vi(o7) sRC
{+gRC S I+ s RC

At this poeint, we observe that we may represent
the dependendent current soarce as two carrent
Sodrces  that sam +to fmduc'e current 0.4V (s)-

VEIKD 04V,0s) = V() <L> 0.4%08) Ol %(0‘) sRc
1+sRC "3 (I+sRe I+3R¢)

The \eftmost of the +wo sources is eﬁuivqlent
to an mpedance, 2= V/T:

Z = VO(S) = |+3RC
0.+ Ve (8) 0.t

[+sRC
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Because we already have Hfour carrent sources
in parallel, it is convenient +o convert +the
branch containing the C From jts Thevenin
form 2o a Norton epuivalent Form,

R

i - v (67)/s
1 L

v-d (0-) R+ _\....

e (07) 3¢ —[—sc
s - .

We may combine the current source Srom this
Norton eg aivalent with e indepent source
From  the eﬁu/m/en-é circuit For HYe defendenf

SoYrce .
v (0~ )/s o4 v (0~) sRe
R+ L S(H— $RC

vo(o)fpe - onsc. R]

Il

3 [_ I+ sR¢

Comloinlnj all of +the akove results and putting
current sources together, we have a Fipal model:

R

s 1
|+sRC _]_sc
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Now we have V‘;(s)=ITo-1;(S)'Z’TatCS)'

We calculate Z i uséng +he ﬁl/awi.n_g
[a{en-é[-é)« for (mpedances written as
z,(s) = 6‘.(5‘)/11&[5) where b;(3) anol a;(s)

are Po/ynomia(s in 9:

2l Do = 06| o] ] me
a,(s) Il a,(s) ay ()

b, (5)-byls) ... ~by(s)

|
a,8)b, (8 by (5)... by 5)

{
a,(s)by(3)... by&)

ose l
J ” oy ()b, &)... by (5)

= b(s) b,(s)... bN(S)
a,(8)by (5)... by (s)+ 0, (5)b,(s) by (5)... b ()
*oxa (8)b(s)... by (8)
Note: This identity is based on conoluctance
and the observation that, eq.,

lele = =

In our vcage, we Aave Z, = R+.1L = [+3KRC
sC sc
Z=z2, = [+3RC o
o4
1

Using the identity, 7 llz,l2y =(1tsRC)sL _
2ot 8C(1+sRC)sL +0.4 (1+sRe)sLH{1+$RC)
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After cancellation of 1+38RC :

2oy < (I-:SRC)SL
3L + 0.4 sk +(1+sRe)

Thus, we have

V)= I6)z, () =(£5A +0,0) + vulo”) sC(l-o.s*R))
3 3 I+sRc

- (+sRC) gL
s*Lld+ 0.43L + I+gRC

= I15A- L(1+s RC)
a*lC +0.4sl+ | +3RC

=i (0~) L(+SRc)
s*LC+0.4 sL+ 1 +8RC

+.(0~) ¢ (1~0.4R) 8L
$*LC+0.4sL 4] +8RC

Note: we retawn +the +erms Jor each originq(
source and (nitial condition.

Now we divide the numerators and Aenostinators
by Lc¢ 4o ge t odenominators with the coefrecent
of s° egua L 4o qgnit .

V.(s) = 15A (Q+sRe)/¢
324 (0.4/c +R/IL) S + 1/LC
- { (67) (1+sRe)/
s°+ (0.4 e+ R/L)S+ 1 /LC
+ ve(0~) (1-0.4R)S
s*+ (044 R/L)S + 1 /LC
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We find roots of tie

s*+(ou/c+r/L) s+ 1/0¢

denominators :

= s%(0.4/0.2+ 16/0.2) 8 + £.2)0:2)

= %+ g +25 = (3+5)

Other numerical values we need:
l+ sRe = 1+ 8 (16)0.2) = |+8-8/25
l-o4 R = | ~04(l.6) = 9/25

We hnow use partial Sractions.
(U+sRC)/c = l+3.8/25 =5K. +5K,

s"+(o,'+ /¢+R/L)S+ V/LC

+5)" (02) (g+5)°

3+5
where K\ =Q@F§ﬁ\+s-e/zs) = |-4o0/25 = - 3/5
G+sT |4 o5
Ky= d Q+s8/25) = 8
ds $==5 25
For the w.(o™) term:
(i~ o0.48) 8 =(1/25) 3 = Ka + Ky
SH(0.4/¢+R/L)$HI/AC  ($+8)%  (545)7 345
‘where Ky = &,S‘lﬁ (9/25)s = -9/5
(S-\’S))/z s=-5
Ky = d (9/25)3 = q/25

As

L:*S



|CO77@EPTUAL TOOLS

By: Neil E. Cotter LAPLACE TRANSFORM
CIRCUITS

t-domain waveforms

EXAMPLE 4 (CONT.)

Using L (07)=5A and v,(07) =12V we have
a partial fraction expression for V,(s) :

V,(s) = |5A~[-—3 +_eis__]
(3+5)*  &+5

—SA[ -3 + 8/5
(s+5)° 845

+ |2V [ -9/5 1+ 9/25
($+5)z 45 J

- -5t ~| ~5t
We use a@'?' z:-te— and £ 51 {=e

(3+5)* 45
o Find v, (£):

- ~5t ~5t
v,(t) = ~45te  + 2u4e

-5t -5t
+ |Ste — Be

-5t -5t
- 2l.6te + 4.,32e 1%



