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

vg1(t) = 4062 u(t) V @)

vga(H=30V (t)

Rh=
00 é Vo(t)

a)  Write the Laplace transform, Vgi(s), of vg1(9).

b)  Draw the s-domain equivalent circuit, including sources Vgi(s) and Vga(s),
components, initial conditions for L, and terminals for V(s). Note that the

30 V 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,(%).

t—0%

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

L, ()3 = Lisoe " ueVi= ko v

Nete-

St2

we aFPe_nal units of V +o sur answer,
qlthauﬁh our expresston has units

V- gec owlhg to 'Ln'he_jrq'ﬁon over time
when we “qke +the Laplace transform.
S has unitd of /e and the 2 in +the
Aenominator has units of 1/2ec in e 20

Thus, our answer should 'technicqll)r be YOV __ |
S+ 2/%ed
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b) We first Find the initial conditions For +he L.
At +£=07, +the L acts like a wire, and only
the v

qz Source  has a nonzero valde.

+=0" circuit model:

— R, is bypassed — |
Ll.(";)/,,/ L; L s L,(07)
t—NV\—d—0 + : o+
R,=I5sL <
30V 2= 4y 3oV Re= 45
oo % oa
- -0 -~ -0 —

Our cirenits simplifies’ 1, (07) = 3oy = 30V
Rz loD

L, (07) = 34

Althowgh  we may model the initial eonditions
on L as a s_eries VoH-,age source or a
parallel current source, a pamllel current
Source (s convenient owtng to the R in
qurqtlet with L.

L 0)/s=3/2 A

From part (@) we have ,Civbl(t)? = 4o V.
S+2

For 13, (t), we have i, ()3 = LE30VT,

We +treat 20V as 3ova(t). Thus, &152(%: 30V.
3
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s-domain model:
i (07)/s

si=33

R,=I52

—0 +

N\

Vv, ‘(s)r:ﬂ +
S4+2

R1=
5t o

[«)

c.) We may use suFerFos‘LtLon ‘o find V,(s).

We haye two circuits:
circurt I | Arentt I
[(6)a = 3A
WO
8L=3s sLx38
(AN .n...JEZiUl__T
R| = |50 Ry=I5n
+
Y, (s)=oy(+)
+2 R2= Ro=
F ve 3 ) | REs v
\[32(9)=3_§V ) ]
© —0

arewt T is V-Awider

We write down V,

cirewt T 13 Solved by ohms (aw

T_(S) and 'V:)I(S) by lnsFection:
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Ve (8 _—_(5-_9_\/_ A+ 2_,_o_v) R~
S+2 S R+ R‘_u sl

Vg (8) = 1,667, Ry || R sk
S

Vo(ﬂ = VQT_(S\ “'VO]L(S\ (we sum the V's)

or V() (__ __) Re  +i0) RJR [l
st2 8 [ R+ R sL s '

We may simP(i{/v the ex,oress;con to a ratio
of polynomials. We bejiﬂ .é/v féﬂdiﬂ? an
expression for R”SL.

we write R|sL a3 sLRl_l_”_t_ = sLR =3gR
B T SRy
Note: we are uging +the identity VL =_1 |
° ” 3 7 a n’o a+ b

Thus, R U R [ sL = sL-R,IR- where RJIR>=l02lli55

sL+ R/IR= o =59-2||3
" =5-60=60
" = S qulRZ 5
s+ R \R=
L
u = S-S0
2+ 6N
Y
R2lIR sk = 8-60
842
Now we substitute R,lIsL = SR, in the ISt +erm.

S+ R,/L
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R+ = Ra = R-z_(S-\— R\/L)
R.+ R, Il sL R.+ SRy R, (8+R,/L)+ SR,
S+R,/L
¥ = R, S+ R, /L
KL+K2 S+ R!“Rz
L
4 = 10 = S+ I15R/34
wHIs 2 s+ 6x/3H
Rz_ = 2. $+‘5
Ro+ R, llsL S s+2

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

V{,(s\=(m+ 3ov)5 $45 +3A-62-3

st2 8 [° sz B S+2
V() =[4ovs +30(s+2) J(2/5)($+5) +18Vs (3+2)
g(s+2Y*

2 2
= 28 9 + 843 &+ 120 + 18 8 + 363 V
s(8+2)?

V.(s) = 46 87+ 1208 + 120 Vv
s(s+2)*

d) By -the initial value theorem Llim (8= Uim 8V (3).
+-)0+ S>on
We or\\y wse +he h‘ughesl: power of S in the
humurator and denominator as -+these
Aominate as $- o,
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Lim v, () = lim ,s’-‘%{v = 46 Vv

-L»o'*‘ S0 /8/ S/z

Note: wWe may also qf’f’L)’ the initial value
theorem to the unsLmIpIhCied Vv, (s).

We observe “that Um RRSL= R‘vw = R.J

S~>00

LimsV,(s) = tim #/4ov + 32_1/) Rz +2,(07)R,IR,
S~ o0 S+o0 LT & Rﬁ'Rz /3
N

ijnore 2 sinde 2<< 900

" = 70V-Rz + {_(07) R, R,
Ri+R2

" = 7oV-loR AY3A 65
0+1552

= 28V + BV

Um w) = %6y vV
+- 0+t



