|CO97@EPTUAL TOOLS

By: Neil E. Cotter LAPLACE TRANSFORM
CIRCUITS
s-domain solutions
EXAMPLE 2
EX:
L=3H
AN/ o+
R;=15Q

vg1(t) = 40e2 u(t) V @p
V() =30V C_r)

R, =
00 é Vo(®)

a)  Write the Laplace transform, Vg1(s), of vg1(?).
b)  Draw the s-domain equivalent circuit, including sources Vgi(s) and Vg(s),
components, initial conditions for L, and terminals for V4(s). Note that the

30V source is on for all time.
¢)  Write an expression for Vy(s). You may write parallel impedances using

the Il operator without having to simplify them.
d)  Apply the initial value theorem to find lim v, (7).

t—0*

Soln: a) Frem a +table of Laplace +transtorms we have

(iva

Note-

\(Jc)"g = L {%e—&u(t)'v}: 4o vy

St+2

we aﬂpend units of V +to sur answer,
qH:l’\ouﬂh our expression has units

V- gec OLU‘Lhy to inteqration over time
when we take the Laplace transforin.
3 has unitd of 1/%e¢ and the 2 in the
Aenominator has units of 1/se¢ in e 2t

Thus, our answer should —technicqlt)z be YOV .
S+ 2/2%ec
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EXAMPLE 2 (CONT.)
k:) We Hirst Find the ntial conditions For +the L
At =0, +the L acts \ike a wire, and only
the v

qu Source has a nonzero value.

+=0" circuit model-

- R, is \o)/Pc\sseO\
LL(O;)/H by L
Lo 75,
R,=155
%oV Yo % ¥
< -0 ~

Our cirents sumplifies’ 1,(07) = 30v =30V

Rz lof
1, (07) = 3A

A(—l:houﬁk we  may model the invtial <conditions
on L as a series

VoH-,age soliree or a
quo\(LeL

current source, a pamllel current
source is convenient owing to the R in

qurqllel with L.
L07)/s=3/2 A
L |

4___(2753’)__‘.

From part (a) we have Ci%‘(t)iz 4o V.

——————

S+2
For 1:'32(4:), we have Ciirﬁz(-t)i =L 330V3.

We +treat 320V as 30V u(t). Thus, »@?152(-!:)?.: 30V,
S
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EXAMPLE 2 (CONT.)

S-domain  model:

1 (07)/8
- sk=3s
R,=5%
t—N\——p——0 +
V.. (s)=4oV (t
L Re=
. on @
Vo (38)= 30V
92 5

¢) We May Use suFerFos‘LtLon ‘s fFind V,(s).
We have two circuits:

circutt T: aiwrentk IL:
( (07)/8 = 3A
—9—
8L=3s 3L=3s
R =15a Ri=I50
1—-—'\/\/\——-—————-3 -—«/\/\—J—-———i
Vp(s)="tov(+
2 R2= Re=
® ve 3 W) [ RES V6
\[5‘205):,3_'1’
s — —
] O
cdiret T is V-dwider ciraut T 13 solved by ohms (aw

wWe write down VotCS) and 'V:,.[(S) by ‘msFeC'l:Lon-.
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Vo (8] =(‘_*_0_‘i + 3_o_v) Ra
St2 3/ RaR ISk
U () = 1) R |R 5L
8

Vo (s) = VO'I(‘S) +V°I_(S§ (we sum the V's)

or V(g) = (Le_o_v + 3_0\/) R= +1,007) R, | R, |IsL
$t2 S / R+ RyfIsL s

We  may siMP(i-F/ the express‘iOh to a ratio
of polynomials. We A?Ln é/ :Findiﬂj an
expression for R sL.

we write R||sL as SLRl;”_I_ = SLR =3sR
| sk SL+R  s+R/L

Note: we are using the Wentity \_n‘_o_=._..‘ .
a a+ b

Thus, Rl R [sL = SL-R,lIR= wixere RiIR==lox])i5a

sL+ RilIR= vo=52-2|3
’ B i =5'_b_j).=6-5)_
n = S RlllRZ 5
s+ R \R=
L
" = S0
SRS
3H
Rz//R,”S‘L = 8-60
S+ 2
Now we substibute R lIsL = SR, in the It term.

S+ R,/
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EXAMPLE 2 (CONT.)
R, = Ra = R,(8+R,/L)
R.+ R, Il sL R.+ sk, R, (8+R,/L)+ 3R,
' S+R,/L
) = R, 4+ R, /L
[ .
i = lo = S+ 15R/34H
o+ s+ es/3H4
Rz_ = 2. S+'5
Ry+ R,llsL S a2

Plugging in values, we find V,(s):

Vo(s\=<_“£0_y + 3ov)5 $+5 +3A-62-3

st2 8 1% sz 8 &2
V, (s) =(4ovs +30(s+2) [(2/5)(4+5)+18Vs (3+2)
s(s+2)*

2 2
28- 8 4+ 83 4+ 120 + \8 8 +368 V
s(2+2)2

Hl

V.(s) = 46 8+ 1208 + 120V
g (3+2)*

d) By “the initial value theorem Llim v (+) = Uim sV, (s).
ot S»co
We only use +the k‘lghest power of S in the
numarator and denominator as +these
Aominate as $- w.
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lim v,(t) = lim & -46g v = 46 V

4+ ~»ot S» o /ﬂ/ s,2

Note: We may also apply +the initial value
theorem to the unsimplified V,(s).

We observe that Um RHSL-—-R)(OD = R.

S-»00

Lim sV, (8) = im g/ 4oV + 3o_v> Re +21,(07) R,IR,
S-sco S»00 s+3 F /R+R2 T
2

i.r:)nore 2 since 2.<€<g-»os

" = 7ov-Re + L (07)R,IR,

H

"

7oV- 1o +3A- 652
10+15.52

= 28V + |18V

Um wk) = w6y v
t-ot :



