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=e *fort>0andv.(0)=1V.

Problem 8.1: In the circuit of Figure 1 the source voltage is vs(t)

L ue(t) _

Figure 1: Circuit for Problem 8.1.

(a) Write the differential equation whose solution is the equilibrium solution for v.(t).
(b) Write the differential equation whose solution is the equilibrium solution for v,(t) and

determine the value of v,.(0).

Solution:
(a) We can begin with a statement of KVL.

vr (t) + ve(t) = vs(t).

We know, however, that

ve(t) = 2i.(t)
= 2i.(t)
1 dv.(t)
- 9.2
dt
Therefore,
2 dv.(t) .
3Tt ve(t) = vs(t)
o do.(t) 3 3 3
Ve 2 _9 _ 2 -2
o 211@(75) = 2vs(t) € t>0.

(b) Since v.(t) = vs(t) — v,(t), we can substitute into the solution of part (a).

dvs(t)  dv.(t)

3 3
i i vs(t) — zv,(t) = Zvs(t).
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Substituting for the known input and simplifying gives

dv.(t) 3 ; dvs(t) ge2t

Att=0
US(O) = 17vc(0) =1= ’UT(O) =

Problem 8.2: Determine v,,¢(t) for ¢ > 0 for the circuit in Figure 2 if v,,:(0) = 0.
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Figure 2: Circuit for Problem 8.2.

Solution: We begin by redrawing the circuit in the Laplace domain and replacing
the parallel resistor and capacitor by their equivalent impedance.
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We can now determine V,,:(s) by using a voltage divider.

1
Voals) = 22— 3
ou - 1 - 5
24 2 ° s(s+ %)
A B
= — + 5
S s+
1
5 2
A=lim 2+ ==
3_>OS+Z 5
1
5 2
T
B—thS =

Therefore,




Problem 8.3: For the circuit shown in Figure 3.
(a) Find v, () for t > 0 if i,(0) = 0.
(b) Find v,(t) for t > 0 if 4,(0) = 5.
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Figure 3: Circuit for Problem 8.3.

Solution:
(a) At t =0 the inductor looks like an open circuit.

15
0r(0) = 3 -10=6

At t = oo the inductor looks like a short circuit.

vp(00) = 0.
We turn off the source to determine the time constant
L 3 1
T = = - = —,
R, 6 2

Therefore,
v, (t) = 6e 2 ¢ > 0.

(b) We can incorporate a current source to handle the initial condition. This changes

the circuit to
10
NN

iz(t)

10u(t) 3 15§;(t) Q su(t)

The time constant is the same as before. The value at ¢t = oo is also the same
as before. Att =0

Therefore,
v(t) = —24e7 t > 0.

Problem 8.4: For the circuit in Figure 4, let i5(¢t) = 1 for ¢ > 0 and assume that at ¢ = 0 the
current through the inductor is zero and that the voltage drop across the capacitor terminals
is 1 volt.



(a) Redraw the circuit in the Laplace domain.
(b) Determine V' (s), the Laplace transform of the resistor voltage.

(c) Determine v(¢) for ¢ > 0.

is(t) §3 8 — =

Figure 4: Circuit for Problem 8.4.

Solution:

(a) We replace the inductor and capacitor by impedances and insert a voltage source
to realize the initial voltage on the capacitor.
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(b) Let 1, I(s), and I5(s) be mesh currents in the three meshes. Then, if we write
KVL equations over the two rightmost meshes, we get

1] + 31,(s) + 8s[I,(s) — Iz(s)] =0

s113(s) — La(s)] + = Ts(s) = — .

3[1,(s)

We can rewrite these as
3
[8s + 6], (s) — 8sls(s) = B
24 1
—8s1y(s) + [8s + ?]Ig(s) =3

If we add the two equations together we get

24 1

from which )
s

T =—-1, —

5(9) = ~SLa(s) + 5

If we substitute this result into the first equation, we get
4 3
=S _+_ 2
Iy(s) = —2>—2
s(s? +4s+3)
Finally,

4s + 2
V6) =300 = g )
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Problem 8.5: In the circuit in Figure 5 solve for v(t) for t > 0. Assume that the circuit is at initial
rest.
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Figure 5: Circuit for Problem 8.5.

Solution: Clearly
V(s) = si(s)

and we can determine I;(s) by using a current divider. Therefore,

V(s) :S<s+§+§> <341r1> - (S+1)(3T2)(s+3)'

Performing a partial fraction expansion gives

-3 + 12 + -9
s+1 s+2 s+3

Vi(s) =

and
v(t) = (=3e " + 122" — 9e %) u(t).

The response is zero for ¢ < 0 because the input is zero in that range.

Problem 8.6: In the circuit below, v.(0) = 8V and 4,(0) = 4A. Find i,(¢) for ¢t > 0.
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Figure 6: Circuit for Problem 8.6.
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Figure 7: Circuit redrawn in the
Laplace domain.

Solution: In the Laplace domain the circuit can be drawn as shown in Figure 7 Let
us attack this circuit using the mesh method. Let the mesh current in the left mesh
be I(s), in the center mesh it is the variable of interest I;(s), and in the right mesh
we use %. Then the two KCL equations are
12 8 1
——+1 -+ —[I(s) =1 =0
= 1(5) + =+ L 11(3) — 1)
1 8 4
SHe(s) = 1(8)] = — + Le(s) + s[Ie(s) = -] = 0.
These can be simplified to

I(s)[s+1] —I;(s) =4
—I(s) + [s* + s+ 1]Is(s) = 45 + 8.

Solving for I;(s)

4> +3s+3) 6 —1—j -1+

I = = — A
e(s) (s2 +25+2)s s+s+1—j s+1+4+j

Therefore, for t > 0

i(t) = 6+ V2e 33/ teit 4 \[2ei3T /et~ it

= 6+ 2v2e tcos(t — %Tﬂ-)




