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Problem Set #8—Solutions

Problem 8.1: Determine v,,(t) for ¢ > 0 for the circuit in Figure 1 if v,,:(0) = 0.
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Figure 1: Circuit for Problem 8.1.

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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Therefore,



Problem 8.2: (a) For the circuit in Figure 2, determine v.(t) if i5(¢t) = 1 for ¢ > 0 under the
assumption that v.(0) = 0.

(b) Repeat for v.(0) = 1.
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Figure 2: Circuit for Problem 8.2.

Solution: As an alternative to setting up and solving a set of equations to determine
V.(s), we can simplify the circuit by replacing the current source and resistors by
their Thevenin equivalent. First, we redraw the circuit to give it a more familiar
appearance
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After combining the parallel resistors this becomes

is(t) §6 g

Now we can replace the current source in parallel with a resistor with a resistor in
series with a voltage source. This gives
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Finally, this becomes
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Converting to the Laplace domain and applying a voltage divider
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Therefore,
ve(t) = 6(1 —e2%), ¢t >0.

Problem 8.3: In the circuit below solve for v(t) for ¢ > 0 if v.(0) = 0 and i¢(0) = 0, where v.(t) is
the voltage drop across the capacitor and i,(t) is the current through the inductor.
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Solution: Clearly
Vi(s) = sli(s)

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

Vi(s) :S<s+§+%> <511L1> - (s+1)(sis2)(5+3)-

Performing a partial fraction expansion gives
-3 12 -9
Vv =
() s+1+s+2+s+3

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



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

Problem 8.4: Consider the first-order circuit below

30
NV
10 20
A% A%
3u(t) (+ 0.5 +v(t)

(a) Find v(0).
(b) Find v(00).
(¢) Find v(t) for ¢t > 0.

Solution:

(a) At ¢t = 0 the inductor looks like an open circuit. The voltage drop across the
inductor is the same as the voltage drop across the 20 Ohm resistor. Using a
voltage divider, this is seen to be 2 Volts.

v(0) =2V

(b) At t = oo, the inductor becomes a short circuit. The voltage drop across it is
then zero.
v(o0) = 0.

(c) To get the Thevenin resistance, we turn off the voltage source, replacing it by
a short circuit. The inductor is then seen to be connected in parallel with the
10 Ohm resistor and also with the 20 Ohm resistor. (The 30 Ohm resistor is
shorted out.) Therefore
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and
v(t) = 27403 ¢ > 0.




Problem 8.5: The circuit in Figure 3 is at initial rest, i.e. the capacitor voltage is zero at t = 0,
and vs(t) =1 for ¢ > 0.

(a) Determine vyy¢(0).
(b) Determine v, (00).

(c) Determine v,y (t) for all .

3
NN
+
vs(t) —_—1 6 gvout(t)
3 ) Fi 3: Circuit for Probl 8.5
/\N\/ lgure N Ircul or roblem o.9.
Solution:

(a) At t =0 the capacitor looks like a short circuit. Therefore,
Vout (0) = 0
(b) At t = oo the capacitor looks like an open circuit. Therefore, by a voltge divider

1

Vot (00) = 7
(c) The time constant 7 = R.,C = 3, since when the voltage source is turned off,
the capacitor is connected in parallel with two 6{2 resistors. Therefore,

Vout (t) = % (1 - e*t/3) u(t).




