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Problem 6.1: This problem concerns the following circuit.
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(a) Find v,(t) for t > 0if i,(0) = 0.
(b) Find v,(t) for t > 0 if i¢(0) = 5
Solution:
(a) At t =0 the inductor looks like an open circuit.
15
r = — .10 =
vr(0) = 5210 =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 = = o = —.

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

Therefore,

Problem 6.2: For the circuit below, determine the current i(t) “by inspection”

utt) (& 0
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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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s = T volts.
:+3 14

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(o0) = 7 amp

When the voltage source is turned off the circuit reduces to

)|
11
—
1l
—_
\|
11




Therefore, 7 = RC' = 1L and

Problem 6.3:

(a) For the circuit above, determine the system function H(s) that relates the output i(t) to
the input i,(t), i.e. find

1(s)
H =
(s) .0
(b) Determine i(t) for all values of ¢ if i5(t) = u(t). Assume that the circuit is at initial rest
for t < 0.
Solution:
(a)
H(s) = 50 5s+ 2 305+ B0 4150 82+ 55+ 6
6+ 578 27 s ST
(b)
1 3 A B c
I = - " — = —
() s s24+55+6 s+s+2+s+3
A=tim— 2 -1
5=0 (s+3)(s+2) 2
3
B=lim — =—
o s(s+3) 2
C= lim —> =
s——3 s(s + 2)
Therefore,

i(t) = (% - ge*‘” + e3t> u(t)




Problem 6.4:
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Vout () /Vin(s) for the above circuit.

Find the system function H(s)

Solution: Let the node potentials at the two nodes connected to the inputs of the
opamp be E(s). (They are the same.) Then we get for KCL equations

1

Cis[E(s) = Vin(s)] + R_z[E(S) — Vou(s)] = 0

1
R_l[E(S) — Vin(8)] + C2sE(s) =0
From the second equation

1
E(s) = me(s)-

From the first
[1+ C1Ras|E(s) — RaC15Vin(s) = Vour(s)

LEGRs o vs| Vin(s) = Viwi(s)

1 + 02R18
From this
H(S) _ Vout(S) _ 1-— 0102R1R282 _ 1—-10"%s2
B Vm(s) B 1+ CsRys T 141073s

Problem 6.5: The driving-point impedance (or the equivalent impedance) of a two-terminal net-
work is the ratio of the Laplace transform of its terminal voltage to the Laplace transform
of the current entering the positive terminal. For each of the networks below, determine the

driving-point impedance. Express your answers as ratios of polynomials in s.
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Solution:
a) Zu(s) =R+ Ls
b) Zy(s) = R+ g = Bt

(
(
— _CTs  _ _R
(¢) Ze(s) = R+ ~ RCs+1
(d) Za(s) = 7515
_ 1 LCs®+1
() Ze(s) = Ls + & = “45
L 2
() Zy(s) = oo = Lot
2
(8) Zy(s) = R+ Ls + g5 = Lot
— 1 _ RLs
(h) Zn(s) = ITT1+Cs — RLCs>+LstR

Problem 6.6: For each of the networks below determine the system function relating the indicated
output variable to the excitation (input). Your answers should be expressed as ratios of
polynomials in s.
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Solution:
(a) Ha(s) = 72
(b) Hy(s) = & - 25 = tovsaosT
(c) He(s) =1
(d) Ha(s) = &5 - le% = mitT
(e) He(s) = R-‘r(LLll-iS-LQ)S R= (Llle;l)Ss‘f‘R




