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NDUCTANCE AND CAPACITANCE

* An inductor does permit an instantaneous change in its ter-
minal voltage.

* A capacitor does permit an instantaneous change in its ter-
minal current. '

* An inductor appears as a short circuit in relation to a con-
stant terminal current.

* A capacitor appears as an open circuit in relation to a con-
stant terminal voltage.

Table 7.1 summarizes the mathematical equations, based on the
passive sign convention, that describe the terminal behavior of
the inductor and capacitor.

TABLE 7.1
TERMINAL EQUATIONS FOR IDEAL INDUCTORS AND CAPACITORS*
'INDUCTORS CAPACITORS
L o=1% V) 1 v=lfid‘r+b(t) V)
: dt : CJo 0
1 . . _ ~d /

2. l-—zLUd‘T‘i"l(to) (A) 2. l_cdt (A)
3.p=vi= Ltdt (W) 3.p=vi=Co 7 (W)
4, w=1LLi? )] 4. w=1Cv? : 1))

*The equations in this table are based on the passive sign convention.

PROBLEMS

7.1 Evaluate the integral

jpdt
0

for Example 7.2. Comment on the significance
of the result. :

7.2 The triangular current pulse shown in Fig. P7.2
is applied to a 25-mH inductor.

a) Write the expressions that describe i(¢) in the
four intervals t < 0,0 <¢ < 5 ms,
Sms =t =< 10ms, and ¢ > 10 ms.

b) Derive the expressions for the inductor

voltage, power, and energy. Use the passive
sign convention.

i (mA)
400

. |
o 3 30 t (ms)

FIGURE P7.2 o
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7.3 The voltage at the terminals of the 200-pH in-
ductor in Fig. P7.3(a) is shown in Fig. P7.3(b).
The inductor current i is known to be zero for
t=<0.

a) Derive the expressions for i for ¢ = 0.

b) Sketch i vs. t for 0 < ¢ =< oo,

vs (mV)

Vs 200 uH

(a) (b)
FIGURE P7.3

tims)

7.4 The current in the 2.5-mH inductor in Fig.
P74 is known to be 1 A for ¢+ =< 0. The induc-
tor voltage for ¢ = 0% is given by the expres-
sions

o) =3e*mV,0" =t <2s
oft) = =3e ¥ ImV,2*s =t =<,

Sketch v.(¢) and ir(t) for 0 = ¢t < oo,

—e /L)

25mH

FIGURE P7.4

7.5 a) Find the inductor current in the circuit in
- Fig. P7.5if v = —50sin 250t V, L =
20 mH, and i (47 ms) = —10 A.
b) Sketch v, i, p, and w, versus time. In mak-
ing these sketches, use the format used in

Fig. 7.8. Plot over one complete cycle of the
voltage waveform.

¢) Describe the subintervals in the time interval
between 0 and 47 ms when power is being

absorbed by the inductor. Repeat for the
subintervals when power is being delivered
by the inductor.

FIGURE P75

7.6 The current in a 25-mH inductor is known to
be —10 Afort =0andi =
~[10 cos 400t + 5 sin 400t]e~** A for ¢t = 0.
Assume the passive sign convention.

a) At what instant of time is the voltage across
the inductor maximum?

b) What is the maximum voltage?

7.7 The current in a 50-uH inductor is known to be
ip = 18te ™ Afort = 0.
a) Find the voltage across the inductor for ¢ > 0.
(Assume the passive sign convention.)

b) Find the power (in uW) at the terminals of
the inductor when ¢t = 200 ms.

c) Is the inductor absorbing or delivering power
at 200 ms?

d) Find the energy (in uJ) stored in the induc-
tor at 200 ms.

e) Find the maximum energy (in uJ) stored in
the inductor, and the time (in ms) when it
occurs.
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7.8 The current in and the voltage across a 5-H in-
ductor are known to be zero for ¢ < 0. The
voltage across the inductor is given by the
graph in Fig. P7.8 for ¢t = 0.

a) Derive the expressions for the current as a
function of time in the intervals 0 < ¢ < ls,
Is<t =<35,3s<t =<35s,5 =t =< 6s,
and 6s <t = '

b) For ¢ > 0 what is the current in the inductor
when the voltage is zero?

c) Sketch i vs t for 0 < ¢t =< oo,

v(V)
100

—-100+

FIGURE P7.8

t(s)

7.9 The current in a 4-H inductor is
i=10A,t =0
i = (B;cosd4t + B,sin4r)e ®* A, t = 0.

The voltage across the inductor (passive-sign
convention) is 60 V at z = 0.

Calculate the power at the terminals of the in-
ductor at ¢+ = 1s. State whether the inductor is
absorbing or delivering power.

7.10 The current in a 20-mH inductor is known
to be

i=40mA,t =0
i= Ale—I0,000t + Aze_“o’om'A, t=0.
The voltage across the inductor (passive-sign

convention) is 28 V at ¢t = 0.

a) Find the expression for the voltage across
the inductor for ¢ > 0.

b) Find the time, greater than zero, when the
power at the terminals of the inductor is
Zero.

7.11 Assume in Problem 7.10 that the value of the
voltage across the inductor at ¢ = 0 is —68 V
instead of 28 V.

a) Find the numerical expressions for i and v
fort = 0.

b) Specify the time intervals when the inductor

is storing energy and the time intervals when
the inductor is delivering energy.

¢) Show that the total energy extracted from
the inductor is equal to the total energy
stored.

7.12 Initially there was no energy stored in the 5-H
inductor in the circuit in Fig. P7.12 when it was
placed across ‘:Ee terminals of the voltmeter. At
t = 0 the inductor was switched instantaneously
to position b where it remained for 1.6 s before
returning instantaneously to position a. The
d’Arsonval voltmeter has a full scale reading of

FIGURE P7.12

Voltmeter
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20 V and a sensitivity of 1000 Q/volt. What
will the reading of the voltmeter be at the in-

stant the switch returns to position a if the iner-
tia of the d’Arsonval movement is negligible?

7.13 The voltage across the terminals of a 0.20-uF
capacitor is

v=150V,t =0
v = Alte‘5°°°’ + Aze—SOOOt V, t=0.
The initial current in the capacitor is 250 mA.

Assume the passive sign convention.

a) What is the initial energy stored in the
capacitor?
b) Evaluate the coefficients A, and A,.

¢) What is the expression for the capacitor
current?

7.14 The voltage at the terminals of the capacitor in

Fig. 7.10 is known to be
v=-20V,t =0
v = 100 — 40e~2%%(3 cos 1000t + sin1000¢)V,
t =0.
If C = 0.4 uF:
a) Find the current in the capacitor for ¢t < 0.
b) Find the current in the capacitor for ¢ > 0.

c) Is there an instantaneous change in the volt-
age across the capacitor at ¢ = 0?7

d) Is there an instantaneous change in the cur-
rent in the capacitor at ¢ = 0?

e) How much energy (in wJ) is stored in the
capacitor at t = ©?

7.15 The rectangular-shaped current pulse shown in
Fig. P7.15 is applied to a 0.1-uF capacitor.
The initial voltage on the capacitor is a 15-V
drop in the reference direction of the current.
Assume the passive sign convention. Derive the
expression for the capacitor voltage for each of
the following time intervals:
a)0=t =10 us
b) 10 us =t =20 us
c)20us =t =40 us
d) 40 pus =t =< oo,

FIGURE P7.15

i(mA)

100~

t(us)

7.16 The current pulse shown in Fig. P7.16 is ap-
plied to a 0.25-uF capacitor. The initial voltage

on the capacitor is zero.
a) Find the charge on the capacitor at t =15 us.

i(mA)

400

-

b) Find the voltage on the capacitor at t = 30 us.

¢) How much energy is stored in the capacitor
by the current pulse?

FIGURE P7.16

[2 )

40 50 t(ns)

-300—— ———————
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7.17 The initial voltage on the 5-uF capacitor shown

in Fig. P7.17(a) is 4 V. The capacitor current
has the waveform shown in Fig. P7.17(b).

a) How much energy, in microjoules, is stored
in the capacitor at t = 400 us?

b) Repeat part (a) for ¢+ = 600 us.

5uF
il l E +
(a) aVv
+ v -
i(mA) bt
500
awof-————pF———-—————
250
| ]
0 100 200 300 400 500  t{ps)
-250

(b)
FIGURE P7.17

7.18 A 20-uF capacitor is subjected to a voltage
pulse having a duration of 1 sec. The pulse is
described by the following equations:

v(t) = 302V 0=tr=05s
ve(t) = 30(t — 1>V 05s=t=<10s
v(t) =0 elsewhere.

Sketch the current pulse that exists in the ca-
pacitor during the 1-s interval.

7.19 The expressions for voltage, power, and energy
derived in Example 7.5 involved both integra-
tion and manipulation of algebraic expressions.
As an engineer, you cannot accept such results
on faith alone. That is, you should develop the
habit of asking yourself, “Do these results
make sense in terms of the known behavior of
the circuit they purport to describe?” With
these thoughts in mind, test the expressions of
Example 7.5 by performing the following
checks:

a) Check the expressions to see whether the
voltage is continuous in passing from one
time interval to the next.

b) Check the power expression in each interval
by selecting a time within the interval and
see whether it gives the same result as the
corresponding product of v and i. For exam-
ple, test at 10 and 30 us.

c) Check the energy expression within each in-
terval by selecting a time within the interval
and see whether the energy equation gives
the same result as 3Cv2. Use 10 and 30us as
test points.
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7.20 Assume that the initial energy stored in the in- 2H 10.4H
ductors of Fig. P7.20 is zero. Find the equiva-
lent inductance with respect to the terminals
a, b. 16H 24H

FIGURE P7.20

7.21 The two parallel inductors in Fig. P7.21 are
connected across the terminals of a black box at
t = 0. The resulting voltage v for ¢t = 0 is
known to be 64e™* V. It is also known that
i1(0) = —10A and i,(0) = 5A.
a) Replace the original inductors with an equiv-
alent inductor and find i (¢) for t = 0.

b) Find i;(¢) for t = 0.
c) Find ix(¢) for t = 0.

d) How much energy is delivered to the black
box in the time interval 0 =< ¢t =< ®?

e) How much energy was initially stored in the
- parallel inductors?

f) How much energy is trapped in the ideal in-
ductors?

g) Do your solutions for i, and i, agree with the
answer obtained in part (f)?

iz(t)? '

4H 16H

iﬂt)?

FIGURE P7.21

7.22 The three inductors in the circuit in Fig. P7.22
are connected across the terminals of a black
box at ¢ = 0. The resulting voltage for ¢t = 0 is
known to be

v, = 2000 e7 19V,
If iy(0) = —6A and i»,(0) = 1 A, find
a) io(0);
b) i(2), t = 0;
c) i(t), t =0;
d) ir(z),t = 0;

e) the initial energy stored in the three induc-
tors;

f) the total energy delivered to the black box; and

g) the energy trapped in the ideal inductors.

0 Vb Black
box

q

[ J

FIGURE P7.22
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7.23 For the circuit shown in Fig. P7.22 how many
milliseconds after the switch is opened is the
energy delivered to the black box 80% of the
total amount delivered?

7.24 Derive the equivalent circuit for a series con-
nection of ideal capacitors. Assume that each
capacitor has its own initial voltage. Denote
these initial voltages as v;(to), v2(f), - - . , etc.
(Hint: Sum the voltages across the string of ca-
pacitors, recognizing that the series connection
forces the current in each capacitor to be the
same.)

7.25 Derive the equivalent circuit for a parallel con-
nection of ideal capacitors. Assume that the ini-

capacitors, recognizing that the parallel connec-
tion forces the voltage across each capacitor to

tial voltage across the paralleled capacitors is be the same.)
v (o). (Hint: Sum the currents into the string of

7.26 Find the equivalent capacitance with respect to 5uF 30uF
the terminals a, b for the circuit shown in ' | N \
Fig. P7.26. T 2\5 - + oy -

A
I Al
4 uF 48 uF
FIGURE P7.26
7.27 The four capacitors in the circuit in Fig. P7.27 + Va - i
are connected across the terminals of a black K TT°
box at ¢ = 0. The resulting current i, for t = 0 5uF =0

is known to be

iy = =573 mA.
If 0,(0) = =20 V, v.(0) = —30 V, and
v4(0) = 250V, find for ¢ = 0, (a) vs(t),

(b) va(t), (c) ve(2), (d) va(t), (e) ix(r), and
(£) iaft).

~
[ ]

Black

0.2uF f vd *;: 0.8 uF Vo box
i i
+

FIGURE P7.27

7.28 For the circuit in Fig. P7.27 calculate:
a) the initial energy stored in the capacitors;
b) the final energy stored in the capacitors;
c) the total energy delivered to the black box;

"d) the percentage of the initial energy stored
that is delivered to the black box; and

e) the time, in milliseconds, it takes to deliver
7500 wJ to the black box.
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7.29 The two series-connected capacitors in Fig.
P7.29 are connected to the terminals of a black
box at = 0. The resulting current i(¢) for

t = 0 is known to be 800e™2 uA. M P
a) Replace the original capacitors with an - - tjo
equivalent capacitor and find v,(¢) for ¢ = 0. VIS 24F v

b) Find v(¢) fort = 0.
¢) Find v,(¢) for t = 0.

d) How much energy is delivered to the black -
box in the time interval 0 = ¢t = «? 25V

Al

8 uF vy
e) How much energy was initially stored in the +
series capacitors?

f) How much energy is trapped in the ideal ca-
pacitors?

g) Do the solutions for v; and v, agree with the
answer obtained in part (f)?
FIGURE P7.29

7.30 At t = 0 a series-connected capacitor and in- 5H )(
ductor are placed across the terminals of a black r — N 1
box, as shown in Fig. P7.30. For ¢t = 0 it is - t=0
known that Black

Ve 20 uF Vo box
i, = e % sin 60r A. + I

If v.(0) = =300 V find v, for ¢t = 0.

—=Jy

FIGURE P7.30

7.31 The current in the circuit in Fig. P7.31 is 400
known to be

ip = 5 7272 cos 4000t + sin 4000:] A 5 uF = 1y /D vs 210 mH
fort = 0*. - o

Find v,(0%) and v,(0").
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» The time constant of a capacitive circuit equals the equiv-
alent capacitance times the Thévenin resistance as viewed
from the terminals of the equivalent capacitor.

o The natural response corresponds to finding the currents and
voltages that exist when stored energy is released to a circuit
that contains no independent sources.

 The step response corresponds to finding the currents and
voltages that result from abrupt changes in dc sources con-
nected to the circuit. Stored energy may or may not be
present at the time the abrupt change takes place.

¢+ The solution for either the natural or step response of both
RL and RC circuits involves finding the initial and final
value of the current or voltage of interest and the time con-
stant of the circuit. Equations (8.56) and (8.57) summarize
this approach.

* An unbounded response occurs when the Thévenin resis-
tance is negative, which is possible when the first-order cir-
cuit contains dependent sources.

 Sequential switching in first-order circuits is analyzed by di-
viding the analysis into time intervals corresponding to
specific switch positions. Initial values for a particular inter-
val are determined from the solution corresponding to the
immediately preceding interval.

« The techniques discussed are used to analyze an integrating
amplifier consisting of an ideal op amp, a capacitor in the
negative feedback branch, and a resistor in series with the
signal source.

PROBLEMS

8.1 In the circuit in Fig. P8.1, the voltage and cur-
rent expressions are

v =160e"*V, t = 0*;

i=64¢e"A, =0 L SR
Find (a) R, (b) 7(ms), (c) L, (d) the initial en- ‘
ergy stored in the inductor, and () the time

(ms) it takes to dissipate 60% of the initial
stored energy.

FIGURE P8.1
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8.2 In the circuit shown in Fig. P8.2 the switch
makes contact with position b just before
breaking contact with position a. This is known
as a “make-before-break” switch and is de-
signed so that the switch does not interrupt the
current in an inductive circuit. The interval of
time between “making” and “breaking” is as-
sumed to be negligible. The switch has been in
the a position for a long time. At ¢ = 0 the
switch is thrown from position a to position b.

a) Determine the initial current in the inductor.

b) Determine the time constant of the circuit
fort > 0.

¢) Find i, v;, and v, fort = 0.

d) What percentage of the initial energy stored
in the inductor is dissipated in the 72-(} re-
sistor 15 ms after the switch is thrown from
position a to position b?

24V

FIGURE P8.2

8.3 The switch in the circuit in Fig. P8.3 has been
open for a long time. At ¢ = O the switch is
closed. ‘

a) Determine i,(0*) and i,().
b) Determine i,(t) for ¢ = 0*.
-¢) How many microseconds after the switch has

been closed will the current in the switch
equal 3A?

125V

200 150

FIGURE P83

8.4 The switch in the circuit in Fig. P8.4 has been
closed a long time. At ¢ = 0 it is opened. Find
0,(2) fort = 0*.

FIGURE P8.4

8.5 Assume that-the switch in the circuit in Fig.
P8.4 has been open for two time constants. At
this instant, what percentage of the total energy

stored in the 0.2-H inductor has been dissipated
in the 2-() resistor?
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8.6 The switch in the circuit in Fig. P8.6 has been
in position 1 for a long time. At ¢t = 0, the
switch moves instantaneously to position 2.
Find v,(t) for t = 0*.

72 mH
NV

~
1]
o
7
1
p

+
240V Vo 40Q
= 60

§1on

FIGURE P8.6

8.7 For the circuit of Fig. P8.6, what percentage of
the initial energy stored in the inductor is even-
tually dissipated in the 40-£) resistor?

8.8 In the circuit in Fig. P8.8 the switch has been
closed for a long time before opening at ¢+ = 0.
a) Find the value of L so that v,(¢) equals
0.5 v,(0*) whén ¢t = 1 ms.
b) Find the percentage of the stored energy that

has been dissipated in the 10-{} resistor when
t = 1ms.

30mA 1kQ 00

vo 3¢

FIGURE P8.3

8.9 The switch in the circuit in Fig. P8.9 has been
closed for a long time before opening at ¢ = 0.
Find:

a) i1(07) and i»(07);

b) i1(0+) and i2(0+);

c) i)(t) fort = 0;

d) ix(t) for t = 0*; and

) Explain why i>(07) # i»(0").

av iz* 15kQ

FIGURE P8.9

30 uH

8.10 The switch in the circuit seen in Fig. P8.10 has

been in position 1 for a long time. At ¢t = 0 the

switch moves instantaneously to position 2.
Find the value of R so that 0.10 of the initial
energy stored in the 10-mH inductor is dissi-
pated in R in 10 us.

5A 1000

FIGURE P8.10
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8.11 In the circuit shown in Fig. P8.11 the switch
has been in position a for a long time. At
t = 0, it moves instantaneously from a to b.

a) Find v,(z) for ¢t = 0*.

b) Does it take more than or less than two time
constants to dissipate 98% of the energy
stored in the circuit at ¢+ = 0*? Justify your
answer.

S
Vo 1kQ

O

§60 mH

FIGURE P8.11

8.12 The two switches shown in the circuit in Fig.
P8.12 operate simultaneously. Prior to¢ = 0
each switch has been in its indicated position for
a long time. At ¢ = 0 the two switches move
instantaneously to their new positions. Find

a) v.(t), t =0,
b) i,(t),t = 0.

FIGURE P8.12

8.13 For the circuit seen in Fig. P8.12 find

a) the total energy dissipated in the 7.5-kQ
resistor; and

b) the energy trapped in the ideal inductors.

8.14 The switch in the circuit in Fig. P8.14 has been
closed for a long time before opening at ¢ = 0.
Find o,(¢) forz = 0*.

4A<D 20

Vo

§5me

FIGURE P8.14
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8.15 The switch in Fig. P8.15 has been closed for a

long time before opening at £ = 0. Find
a) i (t),t =0

b) vi(t), t = 0*; and

c) iat), t = 0.

60 n§ fiA

FIGURE P8.15

8.16 What percentage of the total energy dissipated
in the two resistors in the circuit in Fig. P8.15
is supplied by the dependent voltage source?

8.17 The 240-V, 2-Q) source in the circuit in Fig. 20

g

P8.17 is inadvertently short-circuited at its ter-
minals a, b. At the time the fault occurs, the
circuit has been in operation for a long time.
a) What is the initial value of the current i, in
‘the short-circuit connection between termi- 2 4ov<+
nals a, b? -
b) What is the final value of the current i,,?
¢) How many microseconds after the short-
circuit has occurred is the current in the

100

2mH

150

6 mH

X )

short equal to 114 A?
FIGURE P8.17

8.18 In the circuit in Fig. P8.18 the voltage and cur-
rent expressions are

0="72""V, 1 =0 ‘I-—T‘
i=9e"%mA, = 0. n?
Find (a) R, (b) C, (c) 7(ms), (d) the initial en- ‘ _

ergy stored in the capacitor, and (e) how many
milliseconds it takes to dissipate 68% of the ini-
tial energy stored in the capacitor.

FIGURE P8.18
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8.19 The switch in the circuit in Fig. P8.19 has been
in position a for a long time. At ¢ = 0 the .
switch is thrown to position b.

a) Find io(¢) for # = 0. 40mA 2703 3.3k
b) What percentage of the initial energy stored )
in the capacitor is dissipated in the 3-k(}
resistor 500 us after the switch has been

thrown?

FIGURE P8.19

=S

8.20 The switch in the circuit in Fig. P8.20 is closed ‘/00"‘\“
at ¢ = 0 after being open for a long time. O

a) Find i;(07) and i,(07).
b) Find i;(0*) and i»(0*). 200
¢) Explain why i;(07) = i,(0%).

d) Explain why i2(07) # i(0*). w(? B z30
e) Find i,(¢t) fort = 0. - = Q"F/ ‘

f) Find i)(¢) for t = 0*. ®
FIGURE P8.20

o
=]
N
=]

i3
5

8.21 Both switches in the circuit in Fig. P8.21 have t=0 t=0
been closed for a long time. At ¢ = 0, both o )( .
switches open simultaneously.

. . +
a) Find i,(¢) for t = 0*. 25 mA(*) 8k0 vo

0.15 uF 030uF 10k
b) Find v,(t) for t = 0. . . ;
¢) Calculate the energy (in microjoules) trapped -

in the circuit.

'

FIGURE P8.21

8.22 In the circuit shown in Fig. P8.22, switches 1
and 2 operate together—that is, they either t=0
open or close at the same time. The switches 1.8k0 >g
are closed a long time before opening at t = 0.

a) How many millijoules of energy have been
dissipated in the 12-k(} resistor 12 ms after
the switches open?

10 L "
120V ?o“F/\ 12kQ §b8kﬂ

b) How long does it take to dissipate 75% of
the initially stored energy?

FIGURE P8.22
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8.23 The two switches in the circuit seen in Fig.
P8.23 are synchronized. The switches have
been closed for a long time before opening at
t=0.

a) How many microseconds after the switches
are open is the energy dissipated in the
10-k() resistor 20% of the initial energy
stored in the 4.4-H inductor?

b) At the time calculated in part (a), what per-
centage of the total energy stored in the in-
ductor has been dissipated?

FIGURE P8.23

8.24 The switch in the circuit in Fig. P8.24 has been
in position 1 for a long time before moving to
position 2 at t = 0. Find i,(¢) for t = 0*.

FIGURE P8.24

:2 wF

8.25 The switch in the circuit seen in Fig. P8.25 has
been in position x for a long time. At ¢t = 0 the
switch moves instantaneously to position y.

a) Find a so that the time constant for ¢ > 0
is 40 ms.

b) For the « found .in part (a), find vg.

20kQ
A%

X Yy avy

R N W

5mA

t=0
3.6k Ve

T 0.8 uF

FIGURE P8.25

8.26 a) In Problem 8.25 how many microjoules of
energy are generated by the dependent cur-
rent source during the time the capacitor dis-
charges to 0 V?

b) Show that for ¢ = O the total energy stored
and generated in the capacitive circuit equals
the total energy dissipated.
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8.27 The switch in the circuit in Fig. P8.27 has been
in position a for a long time. At ¢ = O the
switch is thrown to position b.

a) Calculate i, v;, and v, for ¢ = 0™.
b) Calculate the energy stored in the capacitor
att = 0.

¢) Calculate the energy trapped in the circuit

" and the total energy dissipated in the 5-kQ
resistor if the switch remains in position b
indefinitely. '

FIGURE P8.27

8.28 At the time the switch is closed in the circuit
shown in Fig. P8.28, the capacitors are charged P
as shown. ' + ;

a) Find v,(¢) for t = 0*. \j , , t
10 12pF 11
b) What percentage of the total energy initially - g +
stored in the three capacitors is dissipated in

the 50-k(} resistor? M
c) Find vy(¢) for ¢ = 0. -

0.4 uF =< 30V 0.2 uF
d) Find () for ¢ = 0. s T K

e) Find the energy (microjoules) trapped in the
ideal capacitors.

FIGURE P8.28

8.29 At the time the switch is closed in the circuit in
Fig. P8.29 the voltage across the paralleled ca-
pacitors is 50 V and the voltage on the 0.25-uF
capacitor is 40 V. 0.25uF X a0

¢ -
a) What percentage of the initial energy stored AN MW
in the three capacitors is dissipated in the 24- +aov - t=0
k() resistor?
b) Repeat part (a) for the 0.4 and 16-k(} resis- 0.21F T sov To.s vk
tors. +

24kQ 16 k2

c) What percentage of the initial energy is
trapped in the capacitors?

FIGURE P8.29
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8.30 After the circuit in Fig. P8.30 has been in op-
eration for a long time a screwdriver was inad-
vertently connected across the terminals a, b.
Assume the resistance of the screwdriver is
negligible.

a) Find the current in the screwdriver at ¢ = 0*
and t = o,

b) Derive the expression for the current in the
screwdriver for ¢t = 0*.

1
[ XY
b

020
300

SACD

1pF

1

100 pwF

05Q

X J

FIGURE P8.30

8.31 The current and voltage at the terminals of the

inductor in the circuit in Fig. 8.16 are
i(t) = (25 — 25¢74%) A,
o(t) = 100e™4* V,

t=0

t =0

a) Specify the numerical values of V;, R, and L.

b) How many milliseconds after the switch has
been closed does the energy stored in the in-

ductor reach 25% of its final value?

8.32 The switch in the circuit shown in Fig. P8.32
has been in position a for a long time. At¢t = 0
the switch moves instantaneously to position b.

a) Find the numerical expression for i,(t) when
t =0.

b) Find the numerical expression for v,(t) for
t=0".

o
=}

60

>
40 vo $200
=

MCD

240V

12

310 mH

FIGURE P8.32

8.33 The switch in the circuit shown in Fig. P8.33
has been closed for a long time before opening
att = 0.
a) Find the numerical expressions for i.(¢) and
0,(t) for t = 0.
b) Find the numerical values of v,(0*) and
v,(0%).

—~—

32V

6A

FIGURE P8.33
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8.34 The switch in the circuit seen in Fig. P8.34 has 7<‘ =0
been closed for a long time. The switch opens 1

at ¢ = 0. Find the numerical expressions for 50
i,(t) and v,(t) when ¢t = 0*. AAA e olt)

10A Sﬂf volt) 16 mH

FIGURE P8.34

8.35 The switch in the circuit shown in Fig. P8.35
has been closed for a long time. The switch
opens at ¢ = 0. For ¢t = 0%, t=0
a) find v,(¢) as a function of I, Ry, R,, and L; 7<
b) verify your expression by using it to find

0,(¢) in the circuit of Fig. P8.34; Ry

c) explain what happens to v,() as R, gets + Vew — +
larger and larger;

d) find v,y as a function of I,, Ry, R;, and L; ‘o R‘f L3 velt

and

e) explain what happens to v, as R, gets larger
and larger. \

FIGURE P8.35

8.36 The switch in the circuit in Fig. P8.36 has been
closed for a long time. A student abruptly
opens the switch and reports to her instructor R >(t=0_
that when the switch opened, an electric arc YW \
with noticeable persistence was established - d'Arsonval
across the switch and at the same time the volt- Vob voltmeter L
meter placed across the coil was damaged. On
the basis of your analysis of the circuit in Prob- o
lem 8.35, can you explain to the student why
this happened?

FIGURE P8.36 -
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8.37 The switch in the circuit in Fig. P8.37 has been
open a long time before closing at ¢+ = 0. Find
i(t) fort = 0.

+
0o <>24ov

160V

FIGURE P8.37

8.38 The “make-before-break” switch in the circuit
of Fig. P8.38 has been in position a for a long
time. At ¢ = 0 the switch moves instanta-
neously to position b. Find
a) 0,(1), t = 0%,

b) ii(t), t = 0, and
¢) it),t = 0.

N

20A 150

*— N\

FIGURE P8.38

8.39 The switch in the circuit in Fig. P8.39 has been
open a long time before closing at ¢+ = 0. Find
v,(t) fort = 0*.

80 mH 200
gaon 2A

v, ¢40mH 10V

FIGURE P8.39

8.40 There is no energy stored in the inductors L,
and L, at the time the switch is opened in the
circuit shown in Fig. P8.40.

a) Derive the expressions for the currents i,(¢)
and i,(¢) for t = 0.

b) Use the expressions derived in part (a) to
find i;(°) and i,().

: 0
I Ry i,(t)‘ ) ‘ Ly

FIGURE P8.40
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8.41 The current and voltage at the terminals of the a) Specify the numerical values of I, R, C,
capacitor in the circuit in Fig. 8.21 are and 7.
i(t) = 25¢ % mA (1 = 0%) b) How many milliseconds after the switch has
’ been closed does the energy stored in the ca-
v(f) = (200 — 200e™°) V. (¢ = 0). pacitor reach 36% of its final value?

8.42 The switch in the circuit shown in Fig. P8.42

has been closed a long time before opening at —=iy(t) 8k
t = 0. For¢t = 0 find: ? ? —Wv—
2) vo(t); 5mA 4§ ialt) { 15kQ io(tw BOkD Yo ="05uF
b) in(e);)in(r); T
d) ix(t); and - + .
e) i1(0%).
FIGURE P8.42

8.43 The switch in the circuit seen in Fig. P8.43 has
been in position a for a long time. At ¢t = 0 the
switch moves instantaneously to position b. For
t = 0" find:

a) v,(t);

b) io(t);

¢) v,(t); and
d) v,(0%).

Py

+

50k 2 vglt) 4mA

FIGURE P8.43

8.44 The switch in the circuit shown in Fig. P8.44
has been closed a long time before opening at
t=0.
i initi j 2kQ 2kQ)
a) What is the initial value of i,()? 250 3 \/2\/*
b) What is the final value of i(¢)? + o

c) What is the time constant of the circuit for 40V 18kQ Volt) —0.8uF
t =07 t=0

d) What is the numerical expression for i,(t) ¢ .
when ¢t = 01? .

€) What is the numerical expression for v,(f)
when t = 0*?

FIGURE P8.44
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8.45 The switch in the circuit seen in Fig. P8.45 has
been in position a for a long time. At ¢ = 0 the
switch moves instantaneously to position b.
Find v,(¢) and i,(z) for t = 0*. '

15 mA

10mAG

FIGURE P8.45

8.46 The switch in the circuit shown in Fig. P8.46
has been in the OFF position for a long time. At
t = 0 the switch moves instantaneously to the
ON position. Find v,(t) for ¢ = 0.

FIGURE P8.46
8.47 Assume that the switch in the circuit of Fig. time before switching instantaneously to the OFF
P8.46 has been in the ON position for a long position at ¢ = 0. Find v,(¢) for ¢t = 0.
8.48 At = 0 the voltage source in the circuit seen e _ - K
in Fig. P8.48 drops instantaneously from 100 to
25 V. At the same instant, the current source L +
reverses direction. Find v,(¢) for ¢t = 0. 100V 20k 10mA 12k 0.05wF =X Vo
FIGURE P8.48
8.49 There is no energy stored in the capacitors C, Ry t=0
and C; at the time the switch is closed in the M .
circuit seen in Fig. P8.49. ¢ o
a) Derive the expressions for v;(¢) and v,(¢) for ¥ -
t =0. : Yol _ .
b) Use the expressions derived in part (a) to C valt
find 0,(>) and v2(%). T

FIGURE P8.49
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8.50 The switch in the circuit of Fig. P8.50 has been
in position a for a long time. At ¢t = 0 it moves

instantaneously to position b. For # = 0" find
-a) v.(t),
b) i(t),
c) vit),
d) vo(2),

e) the energy trapped in the capacitors as t — .

w0

FIGURE P8.50

8.51 The switch in the circuit shown in Fig. P8.51
opens at ¢t = 0 after being closed for a long
time. How many milliseconds after the switch
opens is the energy stored in the capacitor 36%
of its final value?

— iy

120 pA

33k

47 kQ

25ip,

16 kQ2

025 uF

FIGURE P8.51

8.52 The switch in the circuit in Fig. P8.52 has been

“open a long time before closing at ¢+ = 0. Find
0,(t) for t = 0*.

FIGURE P8.52

8.53 The switch in the circuit shown in Fig. P8.53

has been in position a for a long time. At¢ = 0

the switch is moved to position b, where it re-
mains for 800 us. The switch is then moved to
position ¢, where it remains indefinitely.

a) Find i(0*).

b) Find (300 us).
¢) Find i (1 ms).

d) Find v (800~ us).
e) Find v (800* us).

[ 1Y

240V

FIGURE P8.53
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8.54 In the circuit in Fig. P8.54 switch A has been .0 t= 1> —— i)
open and switch B has been closed for a long AWV »
time. At ¢ = 0 switch A closes. One second af-
ter switch A closes switch B opens. Find i.(t)
fort = 0.

p

5V A 20 10 mH

FIGURE P8.54

8.55 The action of the two switches in the circuit
seen in Fig. P8.55 is as follows. For t < 0,
switch 1 is in position a and switch 2 is open.
This state has existed for a long time. Att = 0,
switch 1 moves instantaneously from position a
to position b while switch 2 remains open. Ten
milliseconds after switch 1 operates switch 2
closes, remains closed for 10 ms, and then
opens. Find v,(t) 25 ms after switch 1 moves to
position b.

p

L

FIGURE P8.55

8.56 For the circuit in Fig. P8.55, how many mil- the energy stored in the inductor 4% of its ini-
liseconds after switch 1 moves to position b is tial value?

8.57 The switch in the circuit in Fig. P8.57 has been
in position a for a long time. At ¢ = 0 it moves
instantaneously to position b where it remains
for 5 s before moving instantaneously to posi-
tion c. Find v, for z = 0.
5mA

FIGURE P8.57
8.58 There is no energy stored in the capacitor in the ‘)( > 8kQ
circuit in Fig. P8.58 when switch 1 closes at ' \ » AV
t = 0. Three microseconds later switch 2 =01, -L £=3us
closes. Find v,(¢) fort = 0. ImA ! 240 vo TsnF 12v

FIGURE P8.58
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8.59 The capacitor in the circuit seen in Fig. P8.59
has been charged to 300 V. At ¢ = 0, switch 1
closes, causing the capacitor to discharge into
the resistive network. Switch 2 closes 200 us
‘after switch 1 closes. Find the magnitude and
direction of the current in the second switch
300 us after switch 1 closes.

B

+

300V A

~ 10/3 nF

t=0

30k 60 kQ2

2

t=0+200ps

120 kQ 40kQ

FIGURE P8.59

8.60 In the circuit in Fig. P8.60 switch 1 has been in
position a, and switch 2 has been closed for a
long time. At ¢t = 0, switch 1 moves instanta-
neously to position b. Eight hundred microsec-
onds later switch 2 opens, remains open for
300 ps and then recloses. Find v, 1.5 ms after
switch 1 makes contact with terminal b.

0 + 800 ps
2

7.5

mA 10 kQ

[ X

0+ 1100 us

3k&').§

FIGURE P8.60

8.61 For the circuit in Fig. P8.60 what percentage of
" the initial energy stored in the 0.5-uF capacitor

is dissipated in the 3-k(} resistor?

8.62 The voltage waveform shown in Fig. P8.62(a)
is applied to the circuit of Fig. P8.62(b). The
initial voltage on the capacitor is zero.

a) Calculate v,(z).

b) Make a sketch of v,,(t) Versus ?.

Vs (V)

50

@ °

FIGURE P8.62

t (ms)
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8.63 The voltage waveform shown in Fig. P8.63(a) vs (V)
is applied to the circuit of Fig. P8.63(b). The 100
initial current in the inductor is zero.

a) Calculate v,(t).
b) Make a sketch of v,(¢) versus ¢.

20 kQ2

(a)
FIGURE P8.63

8.64 The current source in the circuit in Fig. is (mA)
P8.64(a) generates the current pulse shown
in Fig. P8.64(b). There is no energy stored at ’ "
t=0.

a) Derive the numerical expressions for v,() . v 25
L is 2k0 ° 250 mH
for the time intervals t < 0,0 <t <75 us,
and 75 us <t < *, -

b) Calculate v,(75~ us) and v,(75* us). ¢ 0 75
¢) Calculate i,(75~ ws) and i,(75% us). @ o)

’ FIGURE P8.64

tus)

8.65 The current source in the circuit in Fig.

P8.65(a) generates the current pulse shown

in Fig. P8.65(b). There is no energy stored

att = 0.

a) Derive the expressions for i,(¢) and v.(¢) for 4k igimA)
the time intervals t < 0; 0 <t < 0.002 s,
and 0.002 s <t < ., ' + 20

b) Calculate i,(07); i,(0*); i,(0.0027); and ‘o 16k9§ vo TN02pF
i,(0.002%).

c) Calculate 0,(07); 0,(0%); 1,(0.0027);
0,(0.002%). (a) (b)

d) Sketch i,(z) versus ¢ for the interval
—1ms <t <4ms.

e) Sketch v,(t) versus ¢ for the interval
~1ms <t <4ms.

0 2 t(ms)

FIGURE P8.65
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8.66 The voltage signal source in the circuit in Fig.
P8.66(a) is generating the signal shown in Fig.
P8.66(b). There is no stored energy at ¢ = 0.

a) Derive the expressions for v,(z) that apply in
the intervals ¢t < 0;0 <t = 4 ms;

4ms <t =8ms;and 8ms =t = o, vslV)

R =200k
AAA

+ @

b) Sketch v, and v; on the same coordinate
axes.

c) Repeat parts (a) and (b) with R reduced to
50 k).

100

t{ms)

0 4 8
Vs 0.025 uF < Vo I
_ -100
(a) - (b)
FIGURE P8.66
8.67 The circuit shown in Fig. P8.67 is used to close ¢) How many milliseconds (after the circuit be-
the switch between a and b for a predetermined tween a and b is interrupted) does it take the
length of time. The electric relay holds its con- capacitor to reach 85% of its final value?
tact arms down so long as the voltage across
. the relay coil exceeds 5 V. When the coil volt-
age equals 5 V, the relay contacts return to
their initial position by a mechanical spring ac-
tion. The switch between a and b is initially Push butten
closed by momentarily pressing the push but- a
ton. Assume that the capacitor is fully charged b e
when the push button is first pushed down. The ]
resistance of the relay coil is 25 kQ, and the in- |
ductance of the coil is negligible. = 34k
a) How long will the switch between a and b q
remain closed? T
. . . . 2 < 25k [ Electric
b) Write the numerical expression for i from the - d D relay 1+
time when the relay contacts first close to the P = 80V
time when the capacitor is completely -
charged. :
FIGURE P8.67

8.68 In the circuit of Fig. P8.68, the lamp starts to
conduct whenever the lamp voltage reaches
15 V. During the time when the lamp conducts,
it can be modeled as a 10-k{) resistor. Once the
lamp conducts, it will continue to conduct until
the lamp voltage drops to 5 V. When the lamp

FIGURE P8.68

800 k2

\—

. /
-~

—_— 25 uF
l —
Lamp\
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is not conducting, it appears as an open circuit.

Assume that the circuit has been in operation
for a long time. Let ¢ = 0 at the instant when
the lamp stops conducting.

a) Derive the expression for the voltage across
the lamp for one full cycle of operation.

b) How many times per minute will the lamp
turn on?

c) The 800-k() resistor is replaced with a vari-
able resistor R. The resistance is adjusted un-
til the lamp “flashes” 12 times per minute.
What is the value of R?

8.69 The capacitor in the circuit shown in Fig. P8.69
is charged to 20 V at the time the switch is
closed. If the capacitor ruptures when its termi-
nal voltage equals or exceeds 20 kV, how long
does it take to rupture the capacitor?

80 kQ

20kQ

FIGURE P8.69

8.70 The inductor current in the circuit in Fig. P8.70
is 25 mA at the instant the switch is opened.
The inductor will malfunction whenever the
magnitude of the inductor current equals or ex-
ceeds 5 A. How long after the switch is opened
“does the inductor malfunction?

2kQ
MV *
+ Ve -

10H }zsmA 2vy 4x0

FIGURE P8.70

8.71 The gap in the circuit seen in Fig. P8.71 will
arc over whenever the voltage across the gap
reaches 36 kV. The initial current in the induc-
tor is zero. The value of B is adjusted so that
the Thévenin resistance with respect to the ter-
minals of the inductor is —3 k(). How many
milliseconds after the switch has been closed
will the gap arc over?

120V 300 mH Gap

6k0 Bis

FIGURE P8.71

8.72 The switch in the circuit in Fig. P8.72 has been
closed for a long time. The maximum voltage
rating of the 1.6 wF capacitor is 14,400 V.
How long after the switch is opened does the
voltage across the capacitor reach the maximum
voltage rating?

4ip 2k 1.6 uF

FIGURE P8.72
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8.73 The energy stored in the capacitor in the circuit 0.5uF

[
shown in Fig. P8.73 is zero at the instant the b
switch is closed. The ideal operational amplifier
reaches saturation in 15 ms. What is the numer-
ical value of R in kilohms?

5V

-10V
Vo 5.1kQ

FIGURE P8.73

8.74 At the instant the switch is closed in the circuit operational amplifier saturates in 40 ms, what is
of Fig. P8.73, the capacitor is charged to 6 V, the value of R?
positive at the left-hand terminal. If the ideal

8.75 There is no energy stored in the capacitor at the
time the switch in the circuit of Fig. P8.75
makes contact with terminal a. The switch re-

" mains at position a for 32 ms and then moves
instantaneously to position b. How many mil-  jov
liseconds after making contact with terminal a
does the op amp saturate?

-15V Vo

FIGURE P8.75

8.76 At the instant the switch of Fig. P8.76 is - eV
closed, the voltage on the capacitor is 56 V. AN
Assume an ideal operational amplifier. How 25pF
many milliseconds after the switch is closed
will the output voltage v, equal zero? .

14V

FIGURE P8.76
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8.77 a) When the switch closes in the circuit seen in

Fig. P8.77, there is no energy stored in the
capacitor. How long does it take to saturate
the op amp?

b) Repeat part (a) with an initial voltage on the
capacitor of 1.0 V, positive at the upper ter-
minal.

FIGURE P8.77

6.8 kQ

8.78 There is no energy stored in the capacitors in R )(

<o

the circuit shown in Fig. P8.78 at the instant *
the two switches close. t=

a) Find v, as a function of v,, vv, R, and C. Va

b) On the basis of the result obtained in part
(a), describe the operation of the circuit.

c) How long will it take to saturate the am-
plifier if v, = 10 mV; v, = 60 mV; R =
40 kQ; C = 25 nF; and Ve = 12 V?

FIGURE P8.78

+ @

Vo

8.79 At the time the double-pole switch in the cir-
cuit shown in Fig. P8.79 is closed, the initial

voltages on the capacitors are 12 and 4 V, as \

shown. Find the numerical expressions for
0,(t), v2(2), and v (¢) that are applicable as long
as the ideal op amp operates in its linear range.

7V

valt)

FIGURE P8.79

4av
: 0.05uF
N ‘ > u

velt)

20V

-20V
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8.80 There is no charge on the capacitor in the cir- °-f;‘F
cuit of Fig. P8.80 when the switch makes con- AN
tact with terminal a. The switch remains at ter- 25K a
minal a for 20 ms and then moves instanta- . 20V
neously to terminal b. The switch then remains
at terminal b. Derive the equations that describe 10V 100k - —e
0,(t) when the op amp operates in its linear b t=20ms 20V ¥
range. Yo
20V
v _V
FIGURE P8.80
8.81 The capacitor in the circuit seen in Fig. P8.81 + ?}’ -
has an initial voltage of 5 V at the instant the A
switch is closed. How many milliseconds after F#F
the switch is closed does the op amp saturate? )
24kQ
)< 3k0 12v
AN——————4
T o
t=0 +
av -12Vv Vo
v
FIGURE P8.81
8.82 The voltage pulse shown in Fig. P8.82(a) is ap- for v,(t) for the time intervals (a) t < 0; (b)
plied to the ideal integrating amplifier shown in 0=t=250ms;(c)250 ms =t =< 500 ms;
Fig. P8.82(b). Derive the numerical expressions and (d) 500 ms = ¢t < o when v,(0) = 0.
0.4 uF
Vg(mv) 1L
I\
200}
25kQ 6V
0 250 500 ¢(ms) o
tdo +
~200 vy -6V Vo
v

(a)

(b)
FIGURE P8.82
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8.83 Repeat Problem 8.82 with a 5-M(Q resistor
placed across the 0.4-uF feedback capacitor.
8.84 a) At the time the switch makes contact with 0-?‘5&':
terminal a in the circuit seen in Fig. P8.84 AN
the charge on the capacitor is zero. The
switch remains at terminal a for 2 ms and 4,‘{,"\'/‘5‘
then moves instantaneously to terminal b. a
How long after the switch makes contact 15Y
with terminal a is the output voltage zero? 2K
b) If the switch remains in contact with termi- Tov —?
nal b, how many milliseconds after making b t=2ms _15V
contact with terminal b does the op amp av Y
saturate? -
v v
FIGURE P8.34

8.85 The voltage source in the circuit in Fig.
P8.85(a) is generating the triangular waveform
shown in Fig. P8.85(b). Assume the energy
stored in the capacitor is zero at ¢ = 0.

a) Derive the numerical expressions for v,(¢) for
the following time intervals: 0 = ¢t < 1 us;
lus=t =3 us;and3 us =t =4 us.

800 pF

1L

I\

1kQ 15V
o
t=0 +
vg -15V Vo
v v

(a)

FIGURE P8.85

b) Sketch the output waveform between 0
and 4 us.

¢) If the triangular input voltage continues to
repeat itself for ¢ > 4 us what would you
expect the output voltage to be? Explain.

Vg‘ V)

(b)

8.86 The circuit shown in Fig. P8.86 is known as an
astable multivibrator and finds wide application
in pulse circuits. The purpose of this problem is

~ to relate the charging and discharging of the ca-
pacitors to the operation of the circuit. The key
to analyzing the circuit is to understand the be-

havior of the ideal transistor switches T; and T.
The circuit is designed so that the switches au-
tomatically alternate between oN and OFF. When
T, is oFF, T is ON and vice versa. Thus in the
analysis of this circuit we assume a switch is ei-
ther oN or oFr. We also assume that the ideal
(continued)
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transistor switch can change its state instanta-
neously. In other words, it can snap from OFF to
ON and vice versa.

When a transistor switch is ON, (1) the base
current i, is greater than zero, (2) the terminal
voltage vy is zero, and (3) the terminal voltage
Uce iS zero. Thus when a transistor switch is ON,
it presents a short circuit between the terminals
b,eandc,e.

When a transistor switch is OFF, (1) the ter-
minal voltage ve. is negative, (2) the base cur-
rent is zero, and (3) there is an open circuit be-
tween the terminals ¢, e. Thus when a transistor
switch is OFF, it presents an open circuit be-
tween the terminal sets b, e and c, e.

Assume that T, has been ON and has just
snapped OFF, while T; has been OFF and has just
snapped ON. You may assume that at this in-
stance C; is charged to the supply voltage Vcc
and the charge on C; is zero. Also assume
C1 = Cz and R1 = Rz = IORL

a) Derive the expression for vy during the in-
terval T is OFF.

_b) Derive the expression for v, during the in-
terval T, is OFF.

c) Find the length of time T is OFF.

d) Find the value of v at the end of the inter-
val that T; is OFF.

e) Derive the expression for iy, during the inter-
val Tz iS OFF.

f) Find the value of iy at the end of the inter-
val that T; is OFF.

g) Sketch v, versus ¢ during the interval T; is
OFF. -

h) Sketch iy, versus ¢ during the interval T is
OFF.

+

) Vee

Cq by

€q

FIGURE P8.86
8.87 The component values in the circuit of Fig. d) Repeat part (b) for T;.
P8.86 are Vec = 10 V; R, = 1 k(); e) At the first instant after T; turns ON, what is
C1 = Cz =1 I'IF, and R1 = R2 = 14.43 k. the value of ibl?
a) How long is T, in?the OFF state during one f) At the instant just before T, turns OFF, what
cycle of operation? is the value of iy;?
b) How long is TZ. in the ON state during one g) What is the value of v, at the instant just
cycle of operation? before T, turns ON?
c) Repeat part (a) for T;.
8.88 Repeat Problem 8.87 with C; = 1 oF and 8.89 An astable multivibrator circuit is to satisfy the

C> = 0.8 nF. All other component values are
unchanged.

following criteria: (1) One transistor switch is to
be oN for 48 us and OFF for 36 us for each cy-

cle; (2) R, =2 kQ, (3) Vee =5V, (4) R,
Ry; and (5) 6R, = R, = 50 R,. What are the
limiting values for the capacitors C; and C,?
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8.90 The circuit shown in Fig. P8.90 is known as a
monostable multivibrator. The adjective
“monostable” is used to describe the fact that
the circuit has one stable state. That is, if left
alone the electronic switch T, will be oN and T;
will be oFF. (The operation of the ideal transis-
tor switch is described in Problem 8.86.) T, can
be turned OFF by momentarily closing the

switch S. After S returns to its open position, T,

will return to its ON state.

a) Show that if T, is oN, T; is OFF and will stay S
OFF.

b) Explain why T is turned oFf when S is mo-
mentarily closed.

e, by

[

c) Show that T, will stay off for RC In 2 s.
FIGURE P8.90

8.91 The parameter values in the circuit in Fig.
P8.90 are Vcc =6 V, R1 =150 kQ, RL =
20 kQ; C = 250 pF; and R = 23,083 Q).

a) Sketch v, versus ¢ assuming that after S is
momentarily closed it remains open until the

circuit has reached its stable state. Assume S
is closed at ¢+ = 0. Sketch v, versus ¢ for
the interval —5 <t < 10 us.

b) Repeat part (a) for iy, versus ¢.
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and
x(t) = xr + (Dit + Dj)e™ (cd),

where xr is the final value of the desired current or voltage
response.

» The unknown coefficients (i.e., the A’s, B’s, and D’s) are
obtained by evaluating the initial value of the desired re-
sponse [x(0)] and the initial value of the first derivative of
the desired response [dx (0)/dt].

The terms overdamped, underdamped, and critically damped
describe the impact of the dissipative element (R) on the
response. The neper frequency or damping factor a reflects the
effect of R. The following characteristics define the three types
of damping.

¢ Overdamped: When « is large compared to the resonant fre-
quency wo, the voltage or current approaches its final value
without oscillation.

* Underdamped: When « is small compared to wo, the re-
sponse oscillates about its final value. The smaller a’s value,
the longer the oscillation persists. If the dissipative element
is removed from the circuit, @ = 0, and the response be-
comes a sustained oscillation.

¢ Critically damped. When a = w, the response is on the
verge of oscillating.

When two integrating amplifiers with ideal op amps are con-
nected in cascade the output voltage of the second integrator is
related to the input voltage of the first integrator by an ordinary,
second-order differential equation. Therefore the techniques de-
veloped may be used to analyze the behavior of the cascaded
integrators.

PROBLEMS .

9.1 The resistance, inductance, and capacitance in
a parallel RLC circuit are 1000 2, 12.5 H,
and 2 uF, respectively.

a) Calculate the roots of the characteristic
equation that describe the voltage response
of the circuit.

b) Will the response be over-, under-, or crit-
ically damped?

c) What value of R will yield a damped fre-
quency of 120 rad/s?

d) What are the roots of the characteristic
equation for the value of R found in part

(c)?
€) What value of R will result in a critically
damped response?




50/101 H,C = 0.08 F, V, =0V, and
Iy = —4 A.

a) Find v(t) fort = 0.

b) Find the first three values of ¢ for which
dv/dt is zero. Let these values of ¢ be de-
noted ¢#;, £, and t3.

c) Show that 3 — ¢t; = T,.

d) Show that t, — t; = T,/2.

e) Calculate v(t), v(z,), and v(zs).

f) Sketch v(¢) versus t for 0 < t < 1.
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9.2 The initial voltage on the 0.1 uF capacitor in 9.3 The circuit elements in the circuit in Fig. 9.1
the circuit shown in Fig. 9.1 is 24 V. The ini- are R = 20kQ), C = 0.02 uF, and L = 50 H.
tial current in the inductor is zero. The The initial inductor current is 1.2 mA and the
voltage response for ¢ = 0 is initial capacitor voltage is zero.
o(f) = —8e™2 4 3271000 a) Calculate the initial current in each branch
of the circuit.
a) Determine the numerical values of R, L, a, b) Find o(¢) for ¢ = 0.
and wo ) Find ir(z) for t = 0
b) Calculate ix(s), iz(t), and ic(f) for ¢ = 0*. © ‘ =
9.4 The natural response for the circuit shown in 9.5 The natural voltage response of the circuit of
Fig. 9.1 is known to be Fig. 9.1 is
v = 3(e71% + 7)) V, t =0. v = 100e~2%%(cos 15,000t — 2 sin 15,000¢) V,
If L = 40/9 H and C = 2.5 uF, find i1(0*) in t=0,
milliamperes. when the capacitor is 0.04 uF. Find (a) R;
(b) L; (c) Vo; (d) Io; and (e) iz (1)
9.6 The initial value of the voltage v in the circuit 9.7 The voltage response for the circuit in Fig. 9.1
in Fig 9.1 is zero and the initial value of the is known to be
capacitor current [i.(0*)] is 15 mA. The ex- _ _ 500
pression for the capacitor current is known to 0(t) = Dit &7 + Dye™, t = 0.
be The initial current in the inductor [Io] is
(1) = Aye ' + A= ¢ = 0* —10 mA and the initial voltage on the capaci-
() 1€ 2¢ tor [Vo] is 8 V. The inductor has an inductance
when R is 200 Q). Find the numerical: of 4 H. ‘
a) value of a, wo, L, C, A1, and A, a) Find the value of R, C, D, and D,.
b) expression for v(¢), t = 0 b) Find i(t) fort = 0*.
c) efpression for ix() = 0
d) expression for i, (f) = 0.
"~ 9.8 In the circuit in Fig. 9.1, R = 125 Q, L = 9.9 a) Find v(¢) for ¢+ = 0 in the circuit in Prob-

lem 9.8 if the 12.5-) resistor is removed
from the circuit.

b) Calculate the frequency of v(¢) in hertz.

¢) Calculate the maximum amplitude of v (¢)
in volts.
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9.10 In the circuit shown in Fig. 9.1 a 12.5-H in-
ductor is shunted by 3.2-nF capacitor, the re-
sistor R is adjusted for critical damping,

Vo = 100 V and I, = 6.4 mA.

a) Calculate the numerical value of R.
b) Calculate v(z) for t = 0.
¢) Find v(¢) when i.(¢) = 0.

d) What percentage of the initially stored en-
ergy remains stored in the circuit at the in-
stant i(¢) is 0?

9.11 The resistor in the circuit in Example 9.4 is
changed to 3200 Q.

a) Find the numerical expression for v (f)
when ¢t = 0.

b) Plot v(¢) versus ¢ for the time interval
0 =t = 7 ms. Compare this response with
that of Example 9.4 (R = 20 kQ)) and Ex-
ample 9.5 (R = 4 k). In particular, com-
pare peak values of v(¢) and the times
when these peak values occur.

9.12 The two switches in the circuit seen in Fig.
P9.12 operate synchronously. When switch 1
is in position a, switch 2 is in position d.
When switch 1 moves to position b, switch 2
moves to position ¢, and vice versa. Switch 1
has been in position a for a long time. At
t = 0 the switches move to their alternate
positions. Find v,(¢) for t = 0.

FIGURE P9.12

9.13 The resistor in the circuit of Fig. P9.12 is in-
creased from 100 to 250 ). Find v,(z) for
t>0.

9.14 The resistor in the circuit of Fig. P9.12 is in-
creased from 100 to 125 €. Find v,(¢) for
t =0.

9.15 The switch in the circuit of Fig. P9.15 has
been in position a for a long time. At ¢ = 0
the switch moves instantaneously to position
b. Find v,(¢) forz = 0.

FIGURE P9.15

9.16 For the circuit in Example 9.6, find forz = 0
(a) v(#); (b) ix(t); and (c) ic(r).

9.17 For the circuit in Example 9.7, find for ¢t = 0
-(a) v(t) and (b) ic(z).

9.18 For the circuit in Example 9.8, find v(¢) for
t=0.
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9.19 The switch in the circuit in Fig. P9.19 has

been open a long time before closing at t = 0.
Find ir(¢t) fort = 0.

+
>9V

)( ' 3k
]
6mA 6kQ it { 62.5H T 25uF
FIGURE P9.19

9.20 The two switches in the circuit in Fig. P9.20

are synchronized. For ¢ < 0 switch 1 is in po-
sition a and switch 2 is open. At ¢t = 0 switch
1 moves to position b and switch 2 closes.
Find v,(¢) for t = 0*.

20
A—
@
] )2ov

FIGURE P9.20

9.21 For the circuit in Fig. P9.20 find i.(¢) for

.t =0.

9.22 Switch 2 in the circuit shown in Fig. P9.22

has been oN for a long time. Atz = 0, switch
1 opens and switch 2 moves instantaneously to
its OFF position. The initial inductor current is
zero. Find i (¢) for t = 0.

0
mA 2.5k 1

FIGURE P9.22

9.23 Switches 1 and 2 in the circuit in Fig. P9.23

operate synchronously. When switch 1 opens,
switch 2 closes and vice versa. Switch 1 has
been closed for a long time. At ¢ = 0, switch
1 opens. '
a) Calculate i(0%).

b) Calculate i (0*)/dt.

c) Find iz(¢) fort = 0.

1GAQ> 2o \!

2Q

0.25F <

FIGURE P9.23
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9.24 Switches 1 and 2 in the circuit shown in Fig.

P9.24 operate synchronously. When switch 1
opens, switch 2 closes and vice versa. Switch
1 has been closed for a long time. Atz = 0,
switch 1,opens. Find

a) v,(0%);

b) dv,(0*)/dt;

c) v,(t) fort = 0.

5H

15 mA 5kQ 1 20 k2

1
il

0.25uF Y0 J20H

FIGURE P9.24
9.25 Switches 1 and 2 in the circuit in Fig. P9.25

operate synchronously. When switch 1 opens, - 5 uF
switch 2 closes and vice versa. Switch 1 has ¢ 2 - |{- R
been closed for a long time. At ¢ = 0, switch '
1 opens. Find Cf oma 0/, 156.25 0 250 mH 20 uF == ¥,
a) 0,(0"); ‘ g
b) dv,(0%)/dt; -
c) v,(t) fort = 0.

FIGURE P9.25

9.26 In the circuit in Fig. 9.8 the initial energy

stored is 11.76 mJ. The initial voltage on the

capacitor is 56 V. The dc current source is de-

livering 7 mA. The circuit elements are R =
10kQ; L = 20 H; and C = 2.5 uF.

a) Find the solution for i (¢) for ¢ = 0.
b) Find the solution for v(z) for t = 0.

¢) Find the maximum value of v (¢).

9.27

The initial energy stored in the 31.25-nF ca-
pacitor in the circuit in Fig. P9.27 is 9 ulJ.
The initial energy stored in the inductor is
zero. The roots of the characteristic equation
that describes the natural behavior of the cur-
rent i are —4000 s™! and —16,000 s™*.

a) Find the numerical values of R and L.

b) Find the numerical values of i(0) and
di(0)/dt immediately after the switch has
been closed.

¢) Find i(¢) fort = 0.
d) How many microseconds after the switch

closes does the current reach its maximum

value?

e) What is the maximum value of i in mil-

liamperes?
f) Find v.(¢) for t = 0.

31.25nF A~ L

FIGURE P9.27
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9.28

The current in the circuit in Fig. 9.3 is known
to be

i = B1e™3 ¢cos 600t + B,e % sin 600z,
t =0.

The capac}tor has a value of 500 uF; the ini-
tial value ‘of the current is zero; and the initial
voltage on the capacitor is 12 V, positive at
the upper terminal. Find the values of R, L,
B, and B,. -

9.29 Find the voltage across the 500-uF capacitor

for the circuit described in Problem 9.28. As-
sume the reference polarity for the capacitor
voltage is positive at the upper terminal.

9.30

In the circuit in Fig. P9.30, the resistor is
adjusted for critical damping. The initial ca-
pacitor voltage is 20 V, and the initial induc-
tor current is 30 mA.

a) Find the numerical value of R.

b) Find the numerical values of i and di/dt
immediately after the switch is closed.

¢) Find vc(f) fort = 0.

FIGURE P9.30

80 mH

9.31

The switch in the circuit in Fig. P9.31 has
been in position a for a long time. At¢ = 0,

the switch moves instantaneously to position b.

a) What is the initial value of v,?
b) What is the initial value of dv./dt?

c) What is the numerical expression for v,(¢)
fort = 0?

FIGURE P9.31

/p 5000Q 7500 Q)

72V Va

'Y

32.5H

9.32 The “make-before-break” switch in the circuit

shown in Fig. P9.32 has been in position a for
a long time. At ¢z = 0 the switch is moved in-
stantaneously to position b. Find i(¢) for

t =0.

240V

FIGURE P9.32

800

§1OH
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9.33 The switch in the circuit shown in Fig. P9.33
has been closed for a long time. The switch
opens at ¢t = 0. Find v,(¢) fort = 0.

5mF ”:V
FIGURE P9.33
9.34 The switch in the circuit shown in Fig. P9.34 woa '=°>&
has been closed for a long time. The switch AN \ »
opens at ¢ = 0. 5000 "5“’
a) Find i (¢t) fort = 0. w0V B
b) Find o,(z) for t = 0. . voltl - A400F
FIGURE P9.34
9.35 The initial energy stored in the circuit in Fig.
P9.35 is zero. Find v,(¢) for t = 0.
FIGURE P9.35

9.36 The two switches in the circuit seen in Fig.
P9.36 operate synchronously. When switch 1
is in position a, switch 2 is closed. When
switch 1 is in position b, switch 2 is open.
Switch 1 has been in position a for a long
time. At ¢ = 0 it moves instantaneously to po-
sition b. Find v.(¢) for ¢t = 0.

FIGURE P9.36
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9.37 The circuit shown in Fig. P9.37 has been in 100 92H -
operation for a long time. At ¢t = 0 the voltage +
suddenly jumps to 400 V. Find v.(¢) for
t =0. 100V BmFT ve (t)

FIGURE P9.37

9.38 The switch in the circuit of Fig. P9.38 b 5kQ

has been in position a for a long time. At !

t = 0 the switch moves instantaneously to Lo t=0

position b. Ve 2 ' i A

2) Find 0,(0*). l +

b) Find dv,(0%)/d:. 80V %‘_5 wF Volt) a0V < -

¢) Find v,(¢t) fort = 0. T _ T
FIGURE P9.38

9.39 The switch in the circuit in Fig. P9.39 has . Lebis .
been open for a long time before closing at +
t = 0. Find v,(¢) fort = 0.

. 50 mA 2800 \4 t=0 Yo 02pF
- 100 mA T
0
N
2000
AN~
FIGURE P9.39
9.40 The switch in the circuit in Fig. P9.40 has 50 5mH 200uF

been closed for a long time before opening at * AN T

t=0. T Ve -

a) Find i,(z) for ¢ = 0. 50

b) Find v,(¢) fort = 0.

FIGURE P9.40

9.41

Assume that the capacitor voltage in the cir-
cuit of Fig. 9.10 is underdamped. Also as-

sume that no energy is stored in the circuit
elements when the switch is closed.

a) Show that dvc/dt = (w3/wa)Ve ™ sin wat.
b) Show that dvc/dt = 0 when t = nm/wa,

wheren=0,1,2,....

c) Let t, = nm/wa and show that
Uc(t") =V - V(_l)ne—amr/md‘

d) Show that

1
a=—In

I,

‘Uc(tl) -V
oc(ts) =V’

where Ty = t3 — t.




(a)

PROBLEMS 367
9.42 The voltage across a 0.1-uF capacitor in the time the voltage exceeds 100 V, it reaches a
circuit of Fig. 9.10 is described as follows. peak of 126.02 V. This second peak occurs
After the switch has been closed for several (37r/7) ms after the switch has been closed. At
seconds, the voltage is constant at 100 V. The the time when the switch is closed, there is no
first time the voltage exceeds 100 V, it reaches energy stored in either the capacitor or the in-
a peak of 163.84 V. This occurs (7/7) ms af- ductor. Find the numerical values of R and L.
ter the switch has been closed. The second (Hint: Work Problem 9.41 first.)
9.43 The switch in the circuit shown in Fig. P9.43 t=0
has been closed for a long time before it is
opened at ¢ = 0. Assume that the circuit para-
meters are such that the response is under- R
damped. € AN N
a) Derive the expression for v,(¢) as a func- ¢
tion of v,, @, wa, C, and R fort = 0.- Vg L Svoit)
b) Derive the expression for the value of ¢ _
when the magnitude of v, is maximum.
FIGURE P9.43
9.44 The circuit parameters in the circuit of Fig. c) What is the maximum value of the inductor
P9.43are R=600Q,L =20mH, C = voltage?
0.08 uF, and v, = —480 V. d) Repeat parts (a), (b), and (c), with R
a) Express v,(¢) numerically for ¢t = 0. reduced to 60 Q.
b) How many microseconds after the switch
opens is the inductor voltage maximum?
9.45 The voltage signal of Fig. P9.45(a) is applied a) Derive the numerical expressions for
to the cascaded integrating amplifiers shown in 0,(t) and v,;(¢) for the time intervals
Fig. P9.45(b). There is no energy stored in 0=t =05s5and0.55 =t =< tq.
the capacitors at the instant the signal is ap- b) Compute the value of fu:.
plied.
0.5 uF
A 0.2 uF
AN I
vg(mV) AN
100 k2 5V
80 400 kQ 125V
+ ._‘+
! _
0 05 10 e sV Vo1 -125V Yo
—40 - -
v v

(b)

FIGURE P9.45
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9.46 The circuit in Fig. P9.45(b) is modified by
adding a 1-MQ resistor in parallel with the
0.5-pF capacitor and a 5-M(Q resistor in par-
allel with the 0.2-uF capacitor. As in Prob-
lem 9.45, there is no energy stored in the ca-

pacitors at the time the signal is applied.
Derive the numerical expressions for v,(f) and
0,1 (t) for the time invervals 0 <t < 0.5 s
and0.5s =t = .

9.47 a) Derive the differential equation that relates
the output voltage to the input voltage for
the circuit shown in Fig. P9.47.

b) Compare the result with Eq. (9.86) when
R,C: = R,C; = RC in Fig. 9.13.

R/2

c) What is the advantage of the circuit shown * ’ e
in Fig. P9.47? vg 2c Vo
.o :
FIGURE P9.47
9.48 We now wish to illustrate how several op-amp x. We can synthesize the coefficients in the
circuits can be interconnected to solve a differ- equations by scaling amplifiers and com-
ential equation. bine the terms required to generate d’x/dt*
a) Derive the differential equation for the by 2 summing amplifier. With these ideas
- spring-mass system shown in Fig. P9.48(a). in mind, analyze the interconnection shown
Assume that the force exerted by the spring in Fig. P9.48(b). In particular, describe the
is directly proportional to the spring dis- purpose qf each sf}aded area in tpe circuit
placement, that the mass is constant, and and describe the signal at Fhe pomt§ labeled
that the frictional force is directly propor- B,C, D, E, anzd F, ?ssummg' the signal at
tional to the velocity of the moving mass. A repretseent; de/ ‘g : zlsocdls;usthheR
. . . . . . parameters K3 Ky, Cy; K2, C2; K3, Ka; Rs,
b) Rewrite the dlfferent‘lal equation dcrgvet% in Rs: and R;, Rs in terms of the coefficients
part (a) so that the highest-order derivative in the differential equation
is expressed as a function of all the other '
terms in the equation. Now assume that a
voltage equal to d*x/dt? is available and by
successive integrations generate dx/dt and
9.49 Assume the underdamped voltage response of 9.50 Show that the results obtained from Problem

the circuit in Fig. 9.1 is written as
o(t) = (A, + Az)e™ cos wat
+ j(A + Aj)e™ sin wat.

The initial value of the inductor current is Io
and the initial value of the capacitor voltage is
Vo. Show that A, is the conjugate of A;.

(Hint: Use the same thought process as out-
lined in the text to find A; and A,.)

9.49, that is the expressions for A; and A; are
consistent with Egs. (9.27) and (9.28) in the
text.
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fit)

e
FIGURE P9
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SINUSOIDAL STEADY-STATE ANALYSIS

Each capacitor appears in the phasor domain as an imped-
ance j(—1/wC) where (—1/wC) is the capacitive reactance.

Kirchhoff’s laws hold for phasor currents and voltages.

The relationship between the phasor current and voltage at
the terminals of an impedance Z is

V=17I,

where the reference direction for I is from the positive to the
negative polarity reference for V (passive sign convention).

The reciprocal of the impedance (Z) is the admittance (Y):
1

7
All the techniques used in dc circuit analysis (series—parallel
and delta-wye simplifications, node voltages, mesh currents,
source transformations, Thévenin/Norton equivalents, and
superposition) may be used to analyze a phasor-domain cir-
cuit.

Phasor-domain currents and voltages may be transferred to
the time domain by means of the inverse phasor transform:

P-YAe®} = Re{Aee7}.

PROBLEMS

10.1 Consider the sinusoidal voltage
v = 100 cos (4007t + 60°) V.
a) What is the maximum amplitude of the
voltage?
b) What is the frequency in hertz?

¢) What is the frequency in radians per
second?

d) What is the phase angle in radians?
¢) What is the phase angle in degrees?
f) What is the period in milliseconds?

g) What is the first time after ¢ = O that v =
100 V?

N h) The sinusoidal function is shifted 5/12 ms
to the left along the time axis. What is the
expression for v(¢)?

i) What is the minimum number of millisec-
onds that the function must be shifted to
the right if the expression for v(¢) is
100 cos 4007t V?

j) What is the minimum number of milli-
seconds that the function must be shifted
to the left if the expression for v(¢) is
100 sin 4007t V?
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10.2 In a single graph, sketch v = 60 cos (wt + ¢)

versus wt for ¢ = —60°, —30°, 0°, +30°,

and 60°.

a) State whether the voltage function is shift-
ing to the right or left as ¢ becomes more
positive.

b) What is the direction of shift if ¢ changes
from 0 to —30°?

10.3 At: = —250 us a sinusoidal voltage is known
to be zero and going positive. The voltage is
next zero at ¢t = 750 us. It is also known that
the voltage is 100 Vatt = 0.

a) What is the frequency of v in hertz?

b) What is the expression for v?

10.4 A sinusoidal current is zero at ¢ = 15 us and
increasing at a rate of 2 X 10°7r A/s. The
maximum amplitude of the current is'10 A.
a) What is the frequency of i in radians per

second? ’

b) What is the expression for i?

10.5 a) Verify that Eq. (10.8) is the solution of Eq.
(10.7). This can be done by substituting
Eq. (10.8) into the left-hand side of Eq.
(10.7) and then noting that it equals the
right-hand side for all values to ¢ > 0. At
t = 0, Eq. (10.8) should reduce to the ini-
tial value of the current.

b) Since the transient component vanishes as
time elapses and since our solution must
satisfy the differential equation for all val-
ues of ¢, the steady-state component, by it-
self, must also satisfy the differential equa-
tion. Verify this observation by showing
that the steady-state component of Eq.
(10.8) satisfies Eq. (10.7). '

10.6 Use the concept of the phasor to combine the
following sinusoidal functions into a single
trigonometric expression:

a) y = 100 cos (500t + 30°)
+ 50 cos (500t — 45°);
b) y = 100 sin (377t + 40°)
— 50 cos (377t + 200°);
c) y = 40 cos (wt + 60°)
+ 80 sin (wt + 135°)
— 100 cos (wt + 270°).

10.7 Show that

to+T

o VirT
[ V2 cos? (wt + ¢)dt = — >
to

10.8 The rms value of the sinusoidal voltage sup-
plied to the convenience outlet of a US home

is 120 V. What is the maximum value of the
voltage at the outlet?
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10.9 A 1000-Hz sinusoidal voltage with a maxi-
mum amplitude of 200 V at ¢ = 0 is applied
across the terminals of an inductor. The maxi-
mum amplitude of the steady-state current in
the inductor is 25 A.

a) What is the frequency of the inductor cur-
rent?

b) What is the phase angle of the voltage?

c) What is the phase angle of the current?

d) What is the inductive reactance of the in-
ductor?

e) What is the inductance of the inductor in
millihenrys?

f) What is the impedance of the inductor?

10.10 A 50-kHz sinusoidal voltage has zero phase

angle and a maximum amplitude of 10 mV.
When this voltage is applied across the ter-
minals of a capacitor, the resulting steady-
state current has a maximum amplitude of
628.32 uA.

a) What is the frequency of the current in ra-
dians per second?

b) What is the phase angle of the current?

c) What is the capacitive reactance of the ca-
pacitor?

d) What is the capacitance of the capacitor in
microfarads?

e) What is the impedance of the capacitor?

10.11 A 10-Q) resistor, a 8-mH inductor, and a
2.5-uF capacitor are connected in series. The
series-connected elements are energized by a

sinusoidal voltage source whose voltage is
240 cos (5000 — 40°) V.

a) Draw the phasor-domain equivalent circuit.

b) Reference the current in the direction of
the voltage rise across the source and find
the phasor current.

¢) Find the steady-state expression for i(f).

10.12 A 20-() resistor and a 1-uF capacitor are con-

nected in parallel. This parallel combination is
also in parallel with the series combination of
a 1-Q) resistor and a 40-uH inductor. These
three parallel branches are driven by a sinu-
soidal current source whose current is

20 cos (50,000t — 20°) A.

a) Draw the phasor-domain equivalent circuit.

b) Reference the voltage across the current
source as a rise in the direction of the
source current and find the phasor voltage.

c) Find the steady-state expression for v(z).

10.13 Find the steady-state expression for i () in the 40 _ 280mH
circuit in Fig. P10.13 if v; = 100 sin 50t mV. VW
iolt)
Vs ~.2.5mF
FIGURE P10.13 L
10.14 The circuit in Fig. P10.14 is operating in the 500 uF
sinusoidal steady state. Find the steady-state I{ 1
expression for v,(t) if v, = 10 cos 100t V. *
vg 150 vo 20.2H

FIGURE P10.14
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10.15 Find the impedance Z,, in the circuit seen in

21.6Q

/38.80 Q

. . a 7YY Y\ °.
Fig. P10.15. Express Z in both polar and
rectangular form. 40 20
j10Q
Zap —=— —8a T [
2040 -j10 nj—
% T
FIGURE P10.15
10.16 Find the admittance Y, in the circuit seen in -n 2-/39
Fig. P10.16. Express Y, in both polar and a — *
rectangular form. Give the value of ¥;;, in 60
millimhos. nzo L
Yap —— gs Q z 100
b —
1360
FIGURE P10.16
10.17 Find Z,; in the circuit shown in Fig. P10.17 2-5;»F Si
when the circuit is operating at a frequency of a 0——| y ot *
20 kradss.
25mH i { g0
be
FIGURE P10.17
10.18 a) For the circuit shown in Fig. P10.18, find se AR .
the frequency (in radians per second) at -
which the impedance Z,;, is purely resistive.
5k0 1~ 0.25 uF

b) Find the value of Z,, at the frequency of
part (a).

FIGURE P10.18
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10.19 a) The source voltage in the circuit in Fig. 2.5uF

P10.19 is v, = 200 cos 500z V. Find the vy |€ ’

values of L such that i, is in phase with v, e

when the circuit is operating in the steady ve ' 20000 L
state.

b) For the values of L found in part (a) find
the steady-state expressions for ;.

FIGURE P10.19

10.20 The circuit shown in Fig. P10.20 is operating c
in the sinusoidal steady state. The capacitor is Vi
adjusted until the current i, is in phase with 5H \
the sinusoidal voltage v,. b

—]

a) Specify the values of capacitance in micro- A
farads if v, = 250 cos 1000z V. vg 12k0

b) Give the steady-state expressions for i,
when C has the values found in part (a).

FIGURE P10.20

10.21 The frequency of the sinusoidal current source
in the circuit in Fig. P10.21 is adjusted until - o
0, is in phase with ;. +

14kQ

2500 | 4 o
Vo T kQ <2nF

5H

ond?

b) If i; = 0.25 cos wt mA [where o is the
frequency found in part (a)] what is the -
steady-state expression for v,? ¢

FIGURE P10.21

a) What is the value of w in radians per sec- ,
®

<

10.22 The frequency of the sinusoidal voltage source
in the circuit in Fig. P10.22 is adjusted until 3.5kQ » 8kQ
the current i, is in phase with v,.

a) Find the frequency in hertz. -
b) Find the steady-state expression for i, [at K 100F
the frequency found in part (a)] if v, =

80 cos wt V.

)

FIGURE P10.22
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10.23 The circuit shown in Fig. P10.23 is operating

in the sinusoidal steady state. Find the value 3000 0 LN
of w if W

i, = 0.10 sin (wt + 173.13°) A

vg 31.25 pF S0

and

v, = 500 cos (wt + 30°) V.
FIGURE P10.23

10.24 Find the steady-state expression for v,(z) in the _ _ 3/& ~ _
circuit shown in Fig. P10.24 if i; = 10 cos 8¢ A. .
60
volt)
2.25H

ig 2590 JT 0.01F

FIGURE P10.24

10.25 The current source in the circuit shown in Fig. _l—
P10.25 is generating a sinusoidal waveform 300
such that i; = 20 cos (40,000t — 73.74°) A. )
Find the steady-state expression for v,(z). ‘o *)
0.25 mH 200

FIGURE P10.25

10.26 The expressions for the steady-state voltage
and current at the terminals of the circuit seen
in Fig. P10.26 are

v, = 240 sin (20007t + 210°) V

and ’ Vg Circuit

i = 12 cos (200077 + 84°) A.

a) What is the impedance seen by the source?

b) By how many microseconds is the current
out of phase with the voltage?

FIGURE P10.26
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10.27 a) Show that at a given frequency w, the cir-
cuits in Fig. P10.27(a) and (b) will have
the same impedance between the terminals
a, bif

R, 1 + w?R3C3
=T e ad G = —
1+ w2R§C2 (0] RzCz

b) Find the values of resistance and capaci-
tance that when connected in series will
have the same impedance at 40 krad/s as
that of a 1-k{) resistor connected in parallel
with a 0.05-uF capacitor.

R,

FIGURE P10.27

¢

.

(a) (b) Ib

>
23 G2

10.28 a) Show that at a given frequency w, the cir-
cuits in Fig. P10.27(a) and (b) will have
the same impedance between the terminals

a, bif
_ 1+ 0?R3C? _ C
k=—rc ™ C 1roma

(Hint: The two circuits will have the same
impedance if they have the same admit-
tance.)

b) Find the values of resistance and capaci-
tance that when connected in parallel will
give the same impedance at 50 krad/s as
that of a 1-k() resistor connected in series
with a capacitance of 40 nF.

10.29 a) Show that at a given frequency w, the cir-
cuits in Fig. P10.29(a) and (b) will have
the same impedance between the terminals
a, bif

w?L3R, R3L,
Mmvoz ™ L mvon
b) Find the values of resistance and induc-
tance that when connected in series will
have the same impedance at 8 krad/s as
that of a 10-k{) resistor connected in paral-
lel with a 2.5-H inductor.

FIGURE P10.29

Ay
R.
L 2%
b
(a) (b)

Ly

10.30 a) Show that at a given frequency w, the cir-
cuits in Fig. P10.29(a) and (b) will have
the same impedance between the terminals
a, bif

=R%+w2L§ and Lz_R§+w2Lf

R
: Rl (l)2L1

(Hint: The two circuits will have the same
impedance if they have the same admit-
tance.)

b) Find the values of resistance and induc-
tance that when connected in parallel will
have the same impedance at 4000 rad/s as a
5-k€) resistor connected in series with a
0.25-H inductor.
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10.31 The phasor current I, in the circuit shown in
Fig. P10.31 is 5/0° A.

a) Find I, L, and V,.

b) If @ = 5 krad/s, write the expressions for
in(1), i(2), and vg(r).

20
WV ) 4

Q

ke 20 120

ha ‘ '14 22.56 24.07°A (D
600

-/35Q T

FIGURE P10.31

10.32 Find I, and Z in the circuit shown in Fig.
P10.32 if V, = 25/0° V and I, = 5/90° A.

O

| <20

10
/3Q
—/5Q
| [
: I\
—
40
- \d

T

FIGURE P10.32

10.33 Find the steady-state expression for v,(¢) in the
circuit seen in Fig. P10.33 by using the tech-
nique of source transformations. The sinu-

20 mH 400
soidal voltage sources are ? T ‘L MW
v = 400 cos (5000 + 36.87°) V vi 1000 vlt) T uF va
. |
v, = 128 sin 5000z V. " '
FIGURE P10.33

10.34 The circuit in Fig. P10.34 is operating in the 2 _ . .

sinusoidal steady state. Find v,(¢) if i(z) = -

3 cos 200 mA.

50 Volt)

o+

6
"WV ‘]
is¢, 20 Tu.s mF 2mH

FIGURE P10.34
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10.35 Use the node-voltage method to find the
steady-state expression for v,(¢) in the circuit
seen in Fig. P10.35if L = 0.5mH, C =
5 uF, v, = 200 cos 40,000z V, and
vgz = 100 cos (40,000t + 36.87°) V.

5Q

ANV 7 4
—
* l
Vo

L
L

FIGURE P10.35

10.36 Use the node-voltage method to find the
steady-state expression for v, in the cir-
cuit seen in Fig. P10.36 if v, =
160 cos 50,000 mV.

6Q
8ip Vo

160 uH

L,
[

@ “

FIGURE P10.36

10.37 Use the node-voltage method to find the
phasor voltage V, in the circuit shown in Fig.
P10.37. Express the voltage in both polar and

- rectangular form.

a0
Ia { =<-i8Q Vo S50
241,

C* 10VZ/+45° A

FIGURE P10.37

10.38 Use the node-voltage method to find V, and I,
in the circuit seen in Fig. P10.38.

161,

50

—j25Q

FIGURE P10.33

10.39 In the circuit shown in Fig. P10.39 v, =
10 sin 10,0007 V and i; = 4 cos 10,000z A.
Use the node voltage method to determine
the steady-state expressions for v; and v,.

100 ig

FIGURE P10.39
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10.40 Use the mesh-current method to find the -j100 2
! - 50 , /200
phasor branch current I in the circuit shown ; 1| ( ~
in Fig. P10.40. + Va -
400/0°V 350
-]
FIGURE P10.40
10.41 Use the mesh-current method to find the
phasor current I, in the circuit shown in Fig.
P10.41. .
RO 120
seea( |

FIGURE P10.41

10.42 Use the mesh-current method to find the

phasor branch currents I, I, and L in the cir-

cuit shown in Fig. P10.42.

+
24o@v<>

f2
%

FIGURE P10.42
10.43 Use the mesh-current method to firid the

branch currents I, I, L., and 1, in the circuit
shown in Fig. P10.43.

I, —

-/50
j5Q v Il /
Ip — 101_\>
1000°v( * N

)50/0° v
+

FIGURE P10.43
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10.44 Use the mesh-current method to find the

steady-state expression for v, in the cir-
cuit seen in Fig. P10.44 if v, equals
800 cos 8000z V. '

FIGURE P10.44

5mH 2.5puF
Y ° { (
300
+
— 7.5
— A

40()§ Vo

10.45 In order to introduce you to a circuit config-

uration that is widely used in residential wir-
ing, we have shown a representation circuit in
Fig. P10.45. In this simplified model, the re-
sistor R; is used to model a 250-V appliance
(such as an electric range), and the resistors R,
and R, to model 125-V appliances (such as a
lamp, toaster, and iron). The branches carry-
ing I; and I, are modeling what electricians
refer to as the “hot” conductors in the circuit,

and V2 lle = 400, Rz = 4009,, and
R3 = SQ

d) Close the neutral branch and repeat part (c).

e) On the basis of your calculations, explain
why the neutral conductor is never fused in
such a manner that it could open while the
“hot” conductors are energized.

=1

and the branch carrying I, is modeling the . O‘w‘/)\{‘b +
neutral conductor. Our purpose in analyzing ’
the circuit is to show the importance of the 125/0°V
neutral conductor in the satisfactory operation
of the circuit. You are to choose the method o~ AN R3$ Vs
for analyzing the circuit. T 0030 1
a) Show that I, is zero if R, = R,. 125/0°V
b) Show that V, = V, if R, = R;.
c) Open the neutral branch and calculate V, -— N h

FIGURE P10.45

10.46 Find the steady-state expressions for the 5uH
branch currents i,, iy, and i in the circuit seen .y
in Fig. P10.46 if v, = 240 sin 10t V and ¢
vy, = 120 cos 10% V. 2uf 50
—————|f ’ A
' +

a
va 50 f
: +

FIGURE P10.46
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10.47 a) For the circuit shown in Fig. P10.47, find
the steady-state expression for v, if
i, = 5cos (8 X 10°) A.

b) By how many microseconds does v, lag i,?

120

iq 0.125 uF 200 25 uH Vo

——

<

FIGURE P10.47
10.48 Find the value of Z in the circuit seen in Fig. (7]
P10.48 if V, = 100 — j50 V, I, = L=
30 + j20 A, and V, = 140 + j30 V. _
200 120 j16Q
q
"
Vg i /50 Vb <-i10Q f lg
FIGURE P10.48
10.49 Find the Thévenin equivalent circuit with re- /800 ~ oo
spect to the terminals a, b for the circuit s
shown in Fig. P10.49.
240/0°V 360
YA
AN ¢ *b

FIGURE P10.49

10.50 Find the Norton equivalent circuit with respect
to the terminals a, b for the circuit shown in
Fig. P10.50.

FIGURE P10.50
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10.51 Find the Thévenin equivalent circuit with re-
spect to the terminals a, b for the circuit
shown in Fig. P10.51.

FIGURE P10.51
10.52 Find the Thévenin equivalent circuit with re- 200 /100 50 0
spect to the terminals a, b of the circuit shown
in Fig. P10.52.
250/0°V
FIGURE P10.52
10.53 Find the Norton equivalent circuit with respect 2000 -j50 Q
to the terminals a, b for the circuit shown in AN K < ®a
Fig. P10.53 when V, = 5/0° V. I,
Vs st 881, 100 V2
* — ob
FIGURE P10.53
10.54 The circuit in Fig. P10.54 is operating in the 1pF 1pF
sinusoidal steady state at a frequency of — |€ )
(500/) Hz. 3
a) Find the Thévenin impedance seen looking 1000 4 g 500 0 99y
into the terminals a, b.
b) Repeat part (a) for the terminals ¢, d. . ézooon
vs 1000 Q
. ob
d

FIGURE P10.54




PROBLEMS

423

10.55

Find the Thévenin impedance seen looking
into the terminals a, b of the circuit in Fig.
P10.55 if the frequency of operation is
(200/7) Hz.

W ok
se—— (——wW
——

ia
1000

b e—

199/p

S

FIGURE P10.55

10.56

The device in Fig. P10.56 is represented in
the phasor domain by a Norton equivalent.
When an inductor having an impedance of
j 100 (1 is connected across the device the
value of Vo is 100/120° mV.

When a capacitor having an impedance of
—j100 Q is connected across the device the
value of o is ~3/210° mA.

Find the Norton current I, and the Norton
impedance Z,.

"

Device

l

FIGURE P10.56

Vo

10.57

The circuit shown in Fig. P10.57 is operating
at a frequency of 10 rad/s. Assume o is real
and lies between —10 and +10, i.e.,
-10=0 = 10.

a) Find the value of o so that the Thévenin
impedance looking into the terminals a, b
is purely resistive.

b) What is the value of the Thévenin
impedance for the o found in part (a)?

¢) Can o be adjusted so that the Thévenin

impedance equals 500 — j500 Q? If so,

what is the value of o?

d) For what values of o will the Thévenin

impedance be inductive?

100 uF
| {

va 1kQ

AN

ava

FIGURE P10.57

10.58 The ideal sinusoidal current sources in the cir-

cuit in Fig. P10.58 are generating the currents

it = 6cos 25t A

and
iz = 5 cos (50t + 30°) A.

Find the steady-state expression for v,(t).

ig }1 H

ig2

V
° <émoa

FIGURE P10.58
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10.59 a) For the circuit shown in Fig. P10.59, com-
pute V; and V,.

b) Construct a phasor diagram showing the re-
lationship between V, V,, and the load

+ -
0 Y Y 2 3 ] ————— — — —
voltage of 240/0° V. oW PO 1
c) Repeat parts (a) and (b), given that the . JI.
load voltage remains at 240/0° V when a A 240 /gv 8Q R =y
capacitive reactance of —5 (1 is connected :
across the load terminals. . -~ & J
FIGURE P10.59
10.60 Show by using a phasor diagram what happens Ay
to the magnitude and phase angle of the +
voltage v, in the circuit in Fig. P10.60 as R, is
varied from zero to infinity. The amplitude vs=Vim cos ut Vo
and phase angle of the source voltage are held ~ ~
constant as R, varies. . Aﬂﬂ, —0
FIGURE P10.60 .

~

10.61 The operational amplifier in the circuit in Fig.
P10.61 is ideal.

a) Find the steady-state expression for v,(z).

b) How large can the amplitude of v, be be-
fore the amplifier saturates?

FIGURE P10.61

vg = 2cos 105tV
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10.62 The operational amplifier in the circuit seen in
Fig. P10.62 is ideal. Find the steady-state ex-
pression for v,(f) when v, = 2 cos 10%¢ V.

5k 20 k2
NN—

Vg —

T—wo pF

FIGURE P10.62

10.63 The operational amplifier in the circuit shown
in Fig. P10.63 is ideal. The voltage of the
ideal sinusoidal source is v, = 6 cos 10°¢ V.

a) How small can C, be before the steady-
state output voltage no longer has a pure
sinusoidal waveform?

b) For the value of C, found in part (a), write
the steady-state expression for v,.

200
. 5Q
-6V
] /;: Co
Y

FIGURE P10.63

1000

10.64 The sinusoidal voltage source in the circuit
shown in Fig. P10.64 is generating the voltage
vy = 4 cos 200z V. If the op amp is ideal,
what is the steady-state expression for v,(¢)?

100 kQ
A%

20 k2 20 kQ
A%

] % 0.25 uF

FIGURE P10.64

v

-0V
vo 233k0
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10.65 The 0.25-u.f capacitor in the circuit seen in
Fig. P10.64 is replaced with a variable capaci-
tor. The capacitor is adjusted until the output
voltage leads the input voltage by 135°.

a) Find the value of C in microfarads.

b) Write the steady-state expression for v,(¢)
when C has the value found in part (a).

10.66 2) Find the input impedance Z,, for the circuit
in Fig. P10.66. Express Z,, as a function of
Z and K where K = (R:2/R)).
b) If Z is a pure capacitive element what is the
capacitance seen looking into the terminals
a, b?

Rz
AN,
‘ :C: : Ry :;:
—\N\—4 )
-]

= Zab

R

FIGURE P10.66

10.67 You may have the opportunity as an engineer-
ing graduate to serve as an expert witness in
lawsuits involving either personal injury or
property damage. As an illustrative example
of the type of problem on which you may be
asked to give an opinion, consider the follow-
ing event.

At the end of a day of fieldwork, a farmer
returns to his farmstead, checks his hog-
confinement building, and finds to his dismay
that the hogs are dead. The problem is traced
to a blown fuse that caused a 240-V fan motor
to stop. The loss of ventilation led to the suf-
focation of the livestock. The interrupted fuse
is located in the main switch that connects the
farmstead to the electrical service.

Before the insurance company settles the
claim, they want to know if the electric circuit
supplying the farmstead functioned properly.
The lawyers for the insurance company are
puzzled because the farmer’s wife, who was in
the house on the day of the accident conva-
lescing from minor surgery, was able to watch
TV during the afternoon. Furthermore, when
she went to the kitchen to start preparing the

evening meal, the electric clock indicated the
correct time.

The lawyers have hired you to explain (1)
why the electric clock in the kitchen and the
television set in the living room continued to
operate after the fuse in the main switch blew
and (2) why the second fuse in the main
switch didn’t blow after the fan motor stalled.

After ascertaining the loads on the three-
wire distribution circuit prior to the interrup-
tion of fuse A, you are able to construct the
circuit model shown in Fig. P10.67. The

Fuse A(100 A)

120/0°
"

4

Momentary
short
circuit
interrupts '
fuse A :
1

120/0°
Y

FIGURE P10.67

3

P—

Fuse B (100 A)
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impedances of the line conductors and the d) Assume the fan motor is equipped with a
neutral conductor are assumed negligible. thermal cutout that is designed to interrupt
a) Calculate the branch currents I, I, Is, L, the motor circuit if the motor current be-

Is, and L prior to the interruption of fuse comes excessive. Would you expfact the
A. thermal cutout to operate? Explain.

b) Calculate the branch currents after the in- e) Explain why fuse B is not interrupted when
terruption of fuse A. Assume the stalled the fan motor stalls.
fan motor behaves as a short circuit.

c) Explain why the clock and television set
were not affected by the momentary short
circuit that interrupted fuse A.
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* The transfer function H(jw) can be used to analyze the fre-
quency response of the circuit because the amplitude and
phase angle of H(jw) determine the amplitude and phase an-
gle of the output signal. (If the poles and zeros of H(s) are
spread out, Bode plots can be used to give a graphic picture
of the amplitude and phase angle characteristics.)

The amplitude of H(jw) is expressed in decibels, a unit first
introduced by engineers concerned with the power loss in
telephone transmission circuits. Decibels relative to 1 milli-
watt (dBm) was also discussed.

PROBLEMS
17.1 There is no energy stored in the circuit seen in A - AQH .
Fig. P17.1 at the time the two sources are en- .
ergized.

. pe 60u(t) V X F
a) Use the principle of superposition to “ Yo A=0.0125
findV,. =~ _

b) Find v, for ¢ > 0.

1.5u(t) A 200
u(t) é

FIGURE P17.1

17.2 Verify that the solution of Egs. (17.19) and
(17.20) for V; yields the same expression as
that given by Eq. (17.18).

17.3 Find the numerical expression for the transfer 50k

function (V,/V)) of each circuit in Fig. P17.3 % °*
and give the numerical value of the poles and
zeros of each transfer function. vi 0.1uF I Yo

(a)

250 mH 40kQ
—— A\

vi 10kQ 0.25F

L.
il

FIGURE P17.3
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17.4 The voltage source in the circuit in Example
17.1 is changed to a unit impulse, that is,
v, = 8(2).
a) How much energy does the impulsive
voltage source store in the capacitor?
b) How much energy does it store in the
inductor?

c) Use the transfer function to find v,(z).

d) Show that the response found in part (c) is
identical with the response generated by

first charging the capacitor to 1000 V and
then releasing the charge to the circuit, as
shown in Fig. P17.4.

1000 0

17.5 a) Find the numerical expression for the trans-
fer function H (s) = V,/V; for the circuit in
Fig. P17.5.

b) Give the numerical value of each pole and
zero of H (s).

17.6 a) Derive the numerical expression of the
transfer function H (s) = V,/V, for the cir-
cuit in Fig. P17.6.

b) Give the numerical value of each pole and
zero of H (s).

17.7 There is no energy stored in the circuit in Fig.
P17.7 at the time the switch is opened. The si-
nusoidal current source is generating the signal
100 cos 10*t mA. The response signal is the
current i,.

a) Find the transfer function I,/1,.
b) Find I,(s).

FIGURE P17.4
80k
FIGURE P17.5 500kQ
0.2 uF
IL
BAY
5k()
0.2 uF
1k , 6V
L_‘| ——————9
+
vg , -6V Vo
R
FIGURE P17.6
. o # i .
ig (=0 5k 200 mH =Z0.1uF
FIGURE P17.7

(continued)
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¢) Describe the nature of the transient compo-
nent of i,(¢) without solving for i,(¢).

d) Describe the nature of the steady-state
component of i,(¢) without solving for i,(¢).

e) Verify the observations made in parts (c)
and (d) by finding i,(z).

17.8 a) Find the transfer function I,/I, as a func-
tion of u for the circuit seen in Fig. P17.8.

b) Find the largest value of u that will pro-
duce a bounded output signal for a bounded
input signal.

¢) Find i, for o = —0.5, 0, 1.0, 1.5, and 2.00
if ip = 10u(r) A.

uva
500 ()

* MWV F 2
¥ .
va 1000 © o ‘ 10H

 FIGURE P17.8

17.9 In the circuit of Fig. P17.9 v, is the output
signal and v, is the input signal. Find the
poles and zeros of the transfer function.

5H

>
?10 Kk

Vg

10H

Vo

25H ~0.0625 uF

Ayl

FIGURE P17.9

17.10 a) Find A(t) * x(t) when h(t) and x(¢) are
the rectangular pulses shown in Fig.
P17.10(a).

b) Repeat part (a) when x (¢) changes to the
rectangular pulse shown in Fig. P17.10(b).

c) Repeat part (a) when h(¢) changes to the
rectangular pulse shown in Fig. P17.10(c).

x(t)

25 e

x(t)

125

10 0 10

h(t)

(b)
FIGURE P17.10

20 ol 1
(c)
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17.11 The voltage impulse response of a circuit is
shown in Fig. P17.11(a). The input signal to
this circuit is the triangular voltage pulse
shown in Fig. P17.11(b).

a) Use the convolution integral to derive the
expressions for the output voltage.

b) Sketch the output voltage over the interval
0to25s.

c) Repeat parts (a) and (b) if the voltage im-
pulse response of a second circuit is as
shown in Fig. P17.11(c).

d) Compare the two output voltages relative to
their being scaled replicas of the input
’ voltage.

h(t) (V)

10

v(t) (V)
50

0 5 tis)
(a)

h(e) (V)

I

0 10 20 t(s)

(c)
FIGURE P17.11.

t(s)

17.12 The voltage impulse response of a circuit is
_shown in Fig. P17.12(a). The input signal to
the circuit is the rectangular voltage pulse
shown in Fig. P17.12(b).

a) Derive the equations for the output voftage.
Note the range of time for which each equa-
tion is applicable.

b) Sketch v, for =2 = ¢ =< 35s.

h(x)} (V)
20

vi(x)

0 10 20 30 As)

(a)
FIGURE P17.12

(b)

17.13 a) Use the convolution integral to find the out-
put voltage of the circuit in Fig. P17.3(a) if
the input voltage is the rectangular pulse
shown in Fig. P17.13.

b) Sketch v,(t) versus ¢ for the time interval
0=t =<15ms.

v; (V)

t (ms)

FIGURE P17.13

17.14 a) Repeat Problem 17.13, given that the resis-
tor in the circuit in Fig. P17.3(a) is reduced
to 5 kQ.

b) Does decreasing the resistor increase or de-
crease the “memory” of the circuit?

¢) Which circuit comes closest to transmitting
a replica of the input voltage?
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17.15 The input voltage in the circuit seen in Fig.

2Q

P17.15 is * M ‘L *
0= S[u(®) —u( — 0.5)] V. vi 01F vo
a) Use the convolution integral to find v,. - T -
b) Sketch v, for0 < ¢ =< 1s. ¢ ' -
FIGURE P17.15
17.16 Use the convolution integral to find v, in the 400 AR _ .
circuit seen in Fig. P17.16 if v; = 75u(t) V. ¢ ' 3
vi 16H Vo
FIGURE P17.16
17.17 The sinusoidal voltage puise shown in Fig. vit) 25H
P17.17(a) is applied to the circuit shown in 20 — )
" Fig. P17.17(b). Use the convolution integral * *
_ to find the value of v, at ¢ = 2.2 s. v 50 Vo
! ol -
0 w4 /2 t(s) '
(a) ' (b)
FIGURE P17.17
17.18 The current source in the circuit shown in Fig. in Fig. P17.18(b). Use the convolution inte-
P17.18(a) is generating the waveform shown gral to find v, at ¢ = 5 ms.
ig (MA)
10
S |
04uF o[ 1 2 a5 |6 tlms)
. 1L . °
LAY + :
ig 5kQ 20k Vo ©
_ -20f-
(a) - {b)

FIGURE P17.18




PROBLEMS 131

17.19 a) Use the convolution integral to find v, in
the circuit in Fig. P17.19(a) if i, is the
pulse shown in Fig. P17.19(b).

b) Use the convolution integral to find i.

¢) Show that your solutions for v, and i, are
consistent by calculating i, at 100~ ms,
100* ms, 200~ ms, and 200" ms.

ig (1A
‘ 50!
. . N .
l 0 100 200 tims)
iy 100 kQ 02 uF Vo
T o
(a) E ) i -
FIGURE P17.19
17.20 a) Find the impulse response of the circuit Fig. P17.20(b), use the convolution integral
shown in Fig. P17.20(a) if v, is the input to find v,.
signal and v, is the output signal. ~ ¢) Does v, have the same waveform as v,?
b) Given that v, has the waveform shown in Why?
vg (V)
4Q 75
¥
K 800 209; v 0 05 10 ts)
-751
(a) (b)
FIGURE P17.20

17.21 a) Find the impulse response of the circuit seen
in Fig. P17.21 if v, is the input signal and
v, is the output signal.
b) Assume that the voltage source has the
waveform shown in Fig. P17.20(b). Use
the convolution integral to find v,.
¢) Sketchv, for0 <t < 2s.

d) Does v, have the same waveform as v,?
Why?

200

Vg TO.ZS F

FIGURE P17.21
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17.22 a) Show that if y(¢) = h(¢) * x(¢) then 17.23 The transfer function for a linear time-invari-

Y(s) = H(s)X (s). ant circuit is ,
b) Use the result given in part (a) to find Hs) = V., 4(s+3)
f@)if ©=y = Freta
F(s) = a . If v, = 40 cos 3¢ V, what is the steady-state
s(s + a) expression for v,?

17.24 The operational amplifier in the circuit seen in R 002uF
' Fig. P17.24 is ideal and is operating within its ' 1€
linear region.
a) Calculate the transfer function V,/V,. ' : Swf:
b) If v, = 800 cos 100f mV, what is the 05
steady-state expression for v,? a0k TPF Vee
+
Vg -Vee
ve S0k
FIGURE P17.24
17.25: The operational amplifier in the circuit seen in 8nF
Fig. P17.25 is ideal. I€
a)‘ Find the transfer function V,/V,.
b) Find v, if v, = 600u(t) mV.
c) Find the steady-state expression for v, if
v, = 2-cos 10,000z V. : :
+
Vo 215k

FIGURE P17.25




PROBLEMS 733

17.26 When an input voltage of 50u(z) V is applied ’ﬁ;‘Make straight-line (uncorrected) amplitude and
to a circuit, the response is known: to be “phase-angle plots for each of the transfer func-
05 = (20 — 5002 — 20625 o V. tions derived in Problem 17.3.

What will the steady-state response be if
vg = 100 cos 50t V?

17.28 Make straight-line amplitude and phase-angle
plots for the voltage transfer function derived
in Problem 17.5.

17.29 a) Derive the numerical expression of the
transfer function 1,/1, for the circuit in Fig.
P17.29.

b) Make a corrected amplitude plot for the
transfer function derived in part (a).

c) At what frequency is the amplitude maxi-

mum? 2500
. . . . N : L
d) What is the maximum amplitude in deci- g /4 1~ 0.05 uF
bels? . 50 mH

) At what frequencies is the amplitude down®
3 dB from the maximum?

f) What is the bandwidth of the circuit?
g) Check your graphical results by calculating

the actual amplitude in decibels at the fre-
“quencies read from the plot. .

FIGURE P17.29
17.30 Use Bode diagrams to describe the behavior of 17\.31‘ Given the following current transfer function:
the circuit in Problem 10.60 as R, is varied v h v 10°
from zero to infinity. H(s) = =2+

V,  s?+ 30005 + 10°°

a) At what frequencies (in radians per second)
is the ratio of V,/V; equal to unity?

b) At what frequency is the ratio maximum?

¢) What is the maximum value of the ratio?
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17.32 The circuit shown in Fig. P17.32 resembles

the interstage coupling network of an am-
plifier.

a) Show that

H(s) = Vo _ (1/R,Cy)s ] ‘
Vi s+ [(I/Rlcl) + (1/R2C2) + (1/R1C2)]S + (I/R1C1R2C2)

b) Find the numerical expression for H (s) if This problem illustrates that when the numerical
R, =40kQ, C, = 0.1 uF, R, = 10k{, values of the circuit parameters are known, it is
and C, = 250 pF. sometimes possible to use different circuit mod-

¢) Give the numerical values of the poles and els in different frequency ranges. Quite fre-
zeros of H (s). quently electronic-amplifier equivalent circuits

can be divided into models that apply to low-,

d) Give an approximate numerical expression mid-, and high-frequency ranges.

for H (s) for values of s much less than the
highest corner frequency, that is, for values
of s close to the lowest corner frequency.

e) Give an approximate numerical expression
for H (s) for values of s much larger than the c
lowest corner frequency.

f) Show that the expression derived in part (d)
is equivalent to the transfer function of the
circuit in Fig. P17.32 when C; is neglected
at low frequencies.

g)-Show that the expression derived in part (e)
is equivalent to the transfer function of the
circuit in Fig. P17.32 when C, is neglected
at high frequencies.

° FIGURE P17.52

17.33 a) Find the resistance seen looking into the

terminals a, b of the circuit in Fig. P17.33. a

b) Find the power loss through the network,
in decibels, when the output power is the v,
power delivered to the 25-) resistor.

FIGURE P17.33
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17.34 The amplitude plot of a transfer function is
shown in Fig. P17.34. What is the numerical
expression for H (s)?

20
H ~~"\
15 // \\
Agg 10
dB \
5 B
—’—
0
-5 ;
05 1 2 5 10 20 50 100 200 500

w (rad/s)

FIGURE P17.34




