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CIRCUITS
s-domain solutions
EXAMPLE 3
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Find a symbolic expression for V(s) in terms of not more than Ry, Ry, L, C,
and constants.

Lln: To find the Laplace transformed circuit
elements, we First Find nittial conditions
for L and C- LLCO"3 and v, (0-).

For a lonq time before +=0, vi(&)= &V.

For this DC input, the ocireuit wul reach
an eguilibrium with constant currents and
voltages, Thus, derivatives di, /dt and

Ave /d+  egual =zero.  This, in turn, means
v, =0 and Llg =0. So L=wire and C:open,
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EXAMPLE 3 (CONT.)

The op-amp has neq ative Feed back -that
acts to keep Vo = vy,. Thus, we have
oV at +the inputsof +the op-amp.

T+ we consider a vo ltage PﬂSSLhﬂ -l:brouﬂh
“:he L[-V souyce ) L = ere. ) C: oPe_n ) th

across the op-amp inputs =oV drop, we
have

Ve (07) = WV,
Since C =open, we also have

LL(O_3 = OA.

Now we Laplace *ransform *he input
Vo\.“;ﬂ\ﬂt o obtain a model For +the s-domain.

LId-tu)d =L 43 -Lihu@)d
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'Tkus, V‘L(S)= ov which (s wire.

b\sLmj a parallel current source for inrtial
¢onditions on the L, we have 0/8 = OA = open.

Thus, we may leave out +this source.

Using a series voltage source Ffor nitial
conditions on C, we would have uv/s. Since
we have a virtual referente at v., however,
C is effectively in parallel with K and C.



[CO7GEPTUAL _TOOLS_ |

By: Neil E. Cotter LAPLACE TRANSFORM

CIRCUITS
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Thus, we use a parallel current source
for initial conditions on ¢. The value
oF +the <current source is Cy. (o) = C-4V.
The direction of current s chosen +*o
place charge instantly on C that will
yie_\o\ bV at +time o0% across ¢. ( Note

'{:ll\q{:) in the time-domain, C-uv corresponds
to C-4v-sE).)

S—-domain. model
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To solve +his op-amp circuit, we ochserve
that Vv, = oV and Vo=V, =oV.

Since no current flows ints the op-amp,
we also have Tg Flowing toward the
= wnput Ffrom the Lleft is the same as
current T¢ -Flomi,hﬂ in R,. We write
e%uo\'ﬁlons for Iy and J[:c M5£n7 v_ =0V
Then we set Iy = I; and solve for V,(s).

We observe +that s is the current Howlng Lh
R, and sl and we use a current divider egh.
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Is: - CV¢(0~) ‘/SC
i/a¢ + R llsL
= — C Ve (o~ ) \

\+ s¢- R,lsk

= — Cyel07) |+ R,/sL

l+ Ry + sR,C
SL

= — Cv.(07) sL+ Ry
sL+ R, +s%R,LC

1[3'—‘- —)Zvc(o“7 |, 5+ R\/L
RZ 8%+ 1L s+
Ri¢ c
or Ly = ~ &V s+ R, /L
Ry 8%+ L g+ \
' R\C LC

For T¢, we have

IC_; = ov—V,(s) = ‘\/.:(S)
R Rz

Eﬁuqklnﬂ Ly and I and solvlhf? for V,(s)
yie\.o\s

Vo(s)z- —Rz]r—s
V,(a) = 4V- Rz s+ R,/L

Ry 8%+l _s+ 1\
RC LC




