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Problem 9.1: In the circuit below, v.(0) = 8V and 4,(0) = 4A. Find i,(¢) for ¢t > 0.
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Figure 1: Circuit for Problem 9.1.

Solution: First we draw the circuit in the Laplace domain
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We will attack this problem using the mesh method. Let I(s) be a clockwise mesh
current in the left mesh, I;(s) be a clockwise mesh current in the center mesh, and
% be a clockwise mesh current in the right mesh. Since the basic network has only
two meshes, we write KVL equations for the left and center meshes of the complete

circuit. These are:

—1—82 +I(s) + % + %(I(s) —Ii(s))=0
1 8 4
E(Ig(s) —I(s)) — " + Ip(s) + s(Le(s) — 5) =0.

Simplifying, these become

(s+1)I(s)—ILi(s) =4
—I(s)+ (s* + s+ 1)Ii(s) = 4s + 8.



After some algebra, we solve for I;(s)

4(s>+3s+3 6 —1—3j -1+
I[(8)2¥:—+ L L
s(s24+2s+2) s s+1—j s+1+47j

Therefore,

3
ie(t) = 6+ 2v2e~t cos(t — Zﬂ-), t>0.

Problem 9.2: The first-order circuit in Figure 2 has a constant input for ¢ > 0.

Figure 2: First-order circuit for Prob-
lem 9.2.

(a) Find i(0).
(b) Find i(o0).
(c¢) Find i(¢) for ¢t > 0.

Solution:

(a) At ¢t = 0 the capacitor looks like a short circuit. Since there is a short circuit
across the vertical 3() resistor
i(0) = 0.

(b) At t = oo the capacitor looks like an open circuit. At this point there is a 3
resistor connected in parallel with an effective 6€) resistor connected in parallel
with the current source. Therefore,

. 2 8

(c) Turning off the current source and looking at the equivalent resistance seen from
the terminals of the capacitor, we have

Ry = 69|30 = 20.

Therefore,
T=RyC =(2)(04) =04
and g
i(t) = 5(1 —e 25 t>0.



Problem 9.3: Two capacitors with capacitance C; and Cs, respectively, are connected in parallel.
Show that the parallel connection behaves like a single capacitor and determine the impedance
of the parallel connection in terms of C; and C.

Solution: The effective admittance of two elements connected in parallel is the sum
of their admittances. For two capacitors conected in parallel we have

5/6(1(8) = 018 + 028 = (Cl + CQ)S

This looks like a capacitor with an effective capacitance of

Ceq =C1 4+ Cs
and an impedance of
1
Ze =
Q(S) (Cl +02)S

Problem 9.4: For each of the networks in Figure 3, determine the equivalent impedance. Express
your answers as ratios of polynomials in s.
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Solution:

(a) Za(s) = R+ Ls

(b) Zy(s) = R+ g = Bt

(¢) Ze(s) = 725 = mley

(d) Za(s) = RR+LLSS

(€) Ze(s) = Ls + & = LGt

() Zy(s) = 7o = LG5

(g) Zy(s) =R+ Ls+ é = 7L032E§CS+1
(0) Zn(s) = T5t5e; = mowsrrn

Problem 9.5: For each of the networks in Figure 4 determine the Laplace domain formula that
relates the indicated output variable to the source variable. Your answers should be expressed
in terms of the Laplace transforms of the source variables and the Laplace domain variable s.

Solution:
(a) Ha(s) = ngr
b) Hy(s) = &5 - 7722

_ Ls
Cs " R¥&+Ls ~ LCs+RCs+1
1

Cis R1+C;ls ~ RiCis+1

(S) — Lis . — RL;s
€ ~ R+(Li+Lo)s T (Li+L2)s+R

Hu(s) = o5 - i = e
H
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Figure 4: Networks for Problem 9.5.



