340 CHAPTER 7

FIRST- AND SECOND-ORDER CiRcyy;,

0BJECTIVE 7—4 SECOND-ORDER CIRCUIT RESPONSES
(Sects. 7-5, 76, 71-7, 7-8)

Given one or more responses of a second-order RLC circuit:
(a) Find the circuit parameters or other responses.

(b) . Design a circuit to produce a given response.

See Examples 7-16, 7-22 and Exercises 7-15, 7-16, 7-18

7-5] In a series RLC circuit the step response across the
4-wF capacitor is '

velt) = 14 — e~ [14cos(350r) + 2sin(3501)] V. £=10

(a) Find R and L.
(b) Find i (¢)fort=0.

7-52 In a parallel RLC circuit the zero-input response in the
100-mH inductor is

i(f) = 506740 — 40 mA =0

(a) Find Rand C.
(b) Find v((t) fort = 0.

7-53 In a parallel RLC circuit the state variable responses are
ve(t) = e 1(5cos(300r) + 15sin(3005)] V. =0
in(f) = 20 — 25¢7%cos(300) mA  t=0
Find R, L, and C.

7-54 The zero-input response of a series RLC circuit with

R =80Qis
ve(t) = 267 cos (1000¢) — 4e™sin(1000) V. =0
If the initial conditions remain the same, what is the zero-
input response when R = 40 O?
7-55 In a parallel RLC circuit the inductor current is ob-
served to be

i(t) = 10e ¥ cos(20r)mA  t=0

Find vo(t) when v(0) = —10V.
7-56 - D Design a parallel RLC circuit whose natural response
has the form
VL(t) = K1€_20001 + K2€—3000r Vv t=0

7-57 <)) Design a series RLC circuit with { = 0.6 and
wg = 4 krad/s. What is the form of the natural response of
v(t) for your design?

7-58 ) Design a series RLC circuit with { =1 and
@, = 10 krad/s. What is the form of the natural response
of v¢(t) for your design?

7-59 The step response of a series RLC circuit is
Vc(t) = VA - 2VA€“200t + VAe—SOOIV t > 0

where V, is the amplitude of the input. What are the damp-
ing ratio and undamped natural frequency of the circuit?

7-60 What range of damping ratios is available in the cirgy
in Figure P7-60?
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FIGURE P7-60
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7-61 i Reverse Step Response
The first-order RC circuit in Figure P7-61 is driven by,
reverse step function input vg(t) = Vau(—t). Derive ay
expression for ic(¢) that is valid for £ = 0.
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FIGURE P7-61
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7—62)\“ ‘A First-Order OP AMP Circuit Step Response

S

“Find the zero-state response of the OP AMP output volt-
age in Figure P7-62 when the input is vg(t) = V auft).
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FIGURE P7-62

7-63 <P RC Circuit Design
Design the first-order RC circuit in Figure P7-63 so &0
input vg(f) = 10u(r) V produces a zero-state responst
vo(t) = 10 — 5% V.

e

IN'
=



GRATING PROBLEMS

341

—o
+
1st order
vs(®) Cj) RC vo(t)
circuit
I

FIGURE P7-613

. Sample Hold Circuit

gure P7-64 is a simplified diagram of a sample hold cir-
it. When the switch is in position A, the circuit is in the
mple mode and the capacitor voltage must charge to at
st 99% of the source voltage V, in less than 1 ps. When
e switch is moved to position B, the circuit is in the hold
ode and the capacitor must retain at least 99% of V4 for at
st 1 ms. Select a capacitance that meets these constraints.

Sample Hold
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Y & c :c(t) 2 50 MQ
T B
FIGURE P7-814 |
Response k A* Supercapacitor

percapacitors have very large capacitance (typically
m 0.1 to 50 F), small sizes, and very long charge holding
es, making them useful in nonbattery backup power
plications. The charge holding quality of a supercapaci-
is measured using the circuit in Figure P7-65. The
itch is closed for a long time (say, 24 hours) and the ca-
citor is charged to 5 V. The switch is then opened and
e capacitor allowed to self-discharge through any leakage
istance for 24 hours. Suppose that after 24 hours the volt-
e across a 0.47-F supercapacitor is 4.5 V. What is the
uivalent leakage resistance in parallel with the capacitor?
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FIGURE P7-865

7-66 p Obtaining a Critically Damped Response
The voltage across a 500-() resistor in a series RLC circuit
is vg(t) = 10e™in (3500¢) V. How much additional resis-
ance is needed for the response to be critically damped?

‘A Combined First- and Second-Order Response

““The switch in Figure P7-67 has been in position A for a long
time and is moved to position B at ¢ = 0 and then to position
Cwhent = 10 ms. For 0 < ¢ < 10 ms the capacitor voltage
is a charging exponential vc(f) = 10(1 — ¢™1%) V. For
t > 10ms the capacitor voltage is a sinusoid v(f) =
6.321cos[1000(t — 0.1)] V. -

(a) Suppose the resistance is reduced to 1k{ and the
switching sequence repeated. Will the amplitude of
the sinusoid increase, decrease, or stay the same? Will
the frequency of the sinusoid increase, decrease, or
stay the same?

(b) Suppose the inductance is reduced to 100 mH and the
switching sequence repeated. Will the amplitude of
the sinusoid increase, decrease, or stay the same?
Will the frequency of the sinusoid increase, decrease,
or stay the same? '
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FIGURE P7-67

68 A Second-Order RC Circuit
Find the second-order differential equation relating v, and
is in Figure P7-68.
Hint: Write node-voltage equations.
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FIGURE P7-638

7-69 D Lightning Pulser Design
The circuit in Figure P7-69 is a simplified diagram of a
pulser that delivers simulated lightning transients to the
test article at the output interface. Closing the switch must
produce a short-circuit current of the form igc(t) =
Ipe*cos(Bt), with a = 100 krad/s, B = 200 krad/s, and
I, = 2 kA. Select the values of L, C, and V.
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Use the phasors in Problem 8-3 and the additive prop-
fy to find the sinusoidal waveforms 2v,(z) + v,(¢) and
1) + 3iy(0).

The phasor representation of a sinusoid with
~95rad/s is V = 15 + j10V. Use the phasor deriva-
¢ property to find the time derivative of the sinusoid.

Convert the following phasors into sinusoids:
V, =20+ j25V, = 10rad/s
V,=(8— j3)5V, o=20rad/s
4 :
=12 - j5+ <A, o=300rad/s
J
3+ j8
L=2""
Use phasors to find the sinusoid v,(f), where

A, o= 50rad/s

+ 20 vy(¢) and vy(¢) = 10 cos(250t + 90°)

Given the sinusoids

vi(t) = 50cos(wt — 45°) and vy(t) = 25sin(wt)

T voltage
phasor ci

the additive property of phasors to find v,(¢) such that
+ Vy + V3 = 0.

Use phasors to find the sinusoid v,(¢), where

”%t(ﬁ + 250v,(2) = 50v,(t)

and wy(t) = 5cos(100¢)
Given a sinusoid vy(f) whose phasor is V,;=
+ j4'V, use phasor methods to find the voltage v,(t)
tleads v4(¢) by 90° and has an amplitude of 10 V.

CTIVE 8—2 EQUIVALENT IMPEDANCE
8-2, 8-3)

linear circuit, use series and parallel equivalence to
he equivalent impedance at a specified pair of terminals.
ixamples 8-5, 8-6, 8-9, 8-10, 8-12 and Exercises 8-8,
8-11

Il Find the equivalent impedance Z in Figure P8-11 when
= 1000 rad/s. Express the result in both polar and rec-
tangular form.,
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FIGURE P8 -11

8-12 Find the equivalent impedance Z in Figure P8-12.
Express the result in both polar and rectangular form.
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FIGURE P8 —12

8-13 Find the equivalent impedance Z in Figure P8-13 when
o = 10 krad/s. Express the result in both polar and rectan-
gular form.
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FIGURE P8-13

8-14 Find the equivalent impedance Z in Figure P8-14.
Express the result in both polar and rectangular form.
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FIGURE P8 -14§

8-15 The circuit in Figure P8-14 is operating in the sinu-

soidal steady state with w = 3 krad/s. How would the
element impedances change if the steady-state frequency
is reduced to 1 krad/s? What is the equivalent impedance
Z at this new frequency?
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7 The circuit in Figure P8-27 is operating in the sinu-
qidal steady state. Find the steady-state response v,(¢).
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cos 2500t A
FIGURE P8 -27
) cos(2500¢) mA

of a 1-k{) resist
-state current
tate current

§ The circuit in Figure P8-28 is operating in the sinusoidal
teady state. Find the steady-state phasor response V,.
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% The circuit in Figure P8-29 is operating in the sinu-
oidal steady state. Use superposition to find the phasor
esponse I.

i(t) throug
gV, Ic, and In.
ating in the sin
 response Vy(

150 500 I,

sea(})ses —(—1509 C) 50,90° v

— [GURE P8 -219

vy()

The circuit in Figure P8-30 is operating in the sinu-
idal steady state. Use superposition to find the
Sponse v,(¢). Note: The sources do not have the same
€quency.
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FIGURE PB-32D0

(j 10 cos 1000t V. ==1 4F v<(0)

O

8-31 The circuit in Figure P8-31 is operating in the sinu-
soidal steady state. Use superposition to find the response
vy(t). Note: The sources do not have the same frequency.
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FIGURE

P8-381

8-32 The circuit in Figure P8-32 is operating in the sinu-
soidal steady state. Find the phasor response V,.
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FIGURE P8 -32

8-33 The circuit in Figure P8-33 is operating in the sinu-
soidal steady state. Use the unit output method to find the
phasor response V,.
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FIGURE P8 -133
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RN
~200Q =100 © % 2000 ==—j500

1kQ 4 uF
. I
i1(1) ,le(t) i(7)
2 mH —~100 cos 104 V
ting in the
Jse node-y URE P8 -44

vi(t).

Use mesh-current to find the phasor currents I, and I
Figure P8—45.
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FIGURE P8 -145

USe mesh-current analysis to solve Problem 8-42.
ind the phasor current I, in Figure P8-47.
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FIGURE P8 -47

8-48 Find the phasor outputs Vo, and I, in Figure P8-48
when p. = 10 and the phasor inputis Iy = 1 + jO mA.
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FIGURE P8 -1438

8-49 Find the phasor responses Iy and V, in Figure P8-49
when Vg =1+ jOV.
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FIGURE P8 -48

8-30 The OP AMP circuit in Figure P8-50 is operating in
the sinusoidal steady state with o = 100 krad/s. Find the
phasor input Vg when the phasor output is
Vo=10+ jOV.



