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Problem Set #8—Solutions

Problem 8.1: For the circuit shown in Figure 1.

(a) Find v, () for t > 0 if i,(0) = 0.
(b) Find v,(¢) for ¢ > 0 if i¢(0) = 5.
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Figure 1: Circuit for Problem 8.1.

Solution:
(a) At t =0 the inductor looks like an open circuit.
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v, (0)
At t = oo the inductor looks like a short circuit.
vy (00) = 0.

We turn off the source to determine the time constant

L 3 1
T = = - = —.

Ry 6 2

Therefore,
vp(t) = 6e 2 ¢t >0.

(b) We can incorporate a current source to handle the initial condition. This changes
the circuit to
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The time constant is the same as before. The value at ¢t = oo is also the same

as before. Att =0
vr(0) =6 — 30 = —24.

Therefore,

Problem 8.2: Use the inspection technique to determine the current i(¢) in the circuit in Figure 2.

w0 () =0

Figure 2: Circuit to be solved by inspection in Problem 8.2.

Solution: At ¢ = 0 the capacitor looks like a short circuit. In this case the upper
resistors are in parallel and have an equivalent resistance of 2/3Q. The two lower
resistors are also in parallel with an effective resistance of 6/5Q2. Therefore, the
voltage across the 3Q resistor is (by a voltage divider)
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and i(0) = &1 = 3 volts.
At t = oo the capacitor looks like an open circuit. By a voltage divider, the
voltage across the 3Q resistor is 3/4 volt and the current is 1/4 amp.

i(o00) = 7 Amp

When the voltage source is turned off the circuit reduces to
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Therefore, 7 = RC = % and
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Problem 8.3: The circuit in Figure 3 is at initial rest and vs(t) = u(t).
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(a) Determine v,y (0).
(b) Determine v, (00).

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

Figure 3: Circuit for Problem 8.3.

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

Vout (00) = =.

¢ e time constant 7 = R.,C = 3, since when the voltage source is turned off,

The ti tant R.,C = 3, si hen th ltag is t d off
the capacitor is connected in parallel with two 6{2 resistors. Therefore,

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



Figure 4: Circuits for Problem 6.9.

Problem 8.4: For each of the networks in Figure 4, determine the equivalent impedance. Express
your answers as ratios of polynomials in s.

Solution:

(
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(¢) Ze(s) = R—%& = mi

(d) Za(s) = £

(€) Ze(s)=Ls+ & = LCéerl

() Zp(s) = o = L

(8) Zy(s) = R+ Ls + & = LCRCs1
(h) Zn(s) = §+Li:+cs = RICALTITR
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Figure 5: Networks for Problem 8.5.

Problem 8.5: For each of the networks in Figure 5 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) Hols) = 755

(b) Hy(s) = & - R+és+Ls = LCSZ+LIS%C'5+1
(c) He(s) =1

(D) Hals) = o5 s = mos

(&) He(s) = mortiiays B = mritoem






