Chapter 8, Problem 1.

For the circuit in Fig. 8.62, find:
() i(0") and v(07),
(b) di(0" )/ drand av(0” )/ dt,
(©) i(oo)and v(oo).
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Figure 8.62
For Prob. 8.1.
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Chapter 8, Solution 1.

(a) At t = 0-, the circuit has reached steady state so that the equivalent circuit is
shown in Figure (a).

6 Q §6Q
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(@) -

(b)
1(0-) = 12/6 = 2A, v(0-) = 12V
At t = 0+, 1(0+) = 1(0-) = 2A, v(0+) = v(0-) = 12V
(b) For t > 0, we have the equivalent circuit shown in Figure (b).
v = Ldi/dt or di/dt = vi/L
Applying KVL at t = 0+, we obtain,
vp(0+) — v(0+) + 10i(0+) = 0
vp(0+)—12+20 = 0, or v (0+) = -8
Hence, di(0+)/dt = -8/2 = -4 A/s
Similarly, ic = Cdv/dt, or dv/dt = ic/C
ic(0+) = -i(0+) = -2
dv(0+)/dt = -2/0.4 = -5V/s
(c) As t approaches infinity, the circuit reaches steady state.
i(0) = 0A, V() =0V
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Chapter 8, Problem 2.

In the circuit of Fig. 8.63, determine:
@) i,(07), i,(0"), and i.(0"),
(b) di (0" )/dt, di, (0")/dr, and di. (0" )/ dt,
(€) ig(0), i, (c0), and ic(c0).
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t=0
Figure 8.63
For Prob. 8.2.

Chapter 8, Solution 2.
(a) At t = 0-, the equivalent circuit is shown in Figure (a).
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(b)

60|20 = 15 kohms, ir(0-) = 80/(25 + 15) = 2mA.
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By the current division principle,
iL(0-) = 60(2mA)/(60 +20) = 1.5 mA

ve(0-) =0
At t = 0+,
ve(0+) = ve(0-) = 0
iL(0+) = i(0-) = .S mA

80 = ir(0+)(25 +20) + v(0-)

ir(0+) = 80/45k = 1.778 mA
But, iR = ic+iL

1.778 = ic(0+) + 1.5 or ic(0+) = 0.278 mA

(b) vi(0+) = ve(0+) = 0

But, vp = Ldi/dt and di (0+)/dt = v (0+)/L = 0
dig(0+)/dt = 0
Again, 80 = 45ig + vc
0 = 45dig/dt + dv¢/dt
But, dvc(0+)/dt = ic(0+)/C = 0.278 mohms/1 uF = 278 V/s
Hence, dir(0+)/dt = (-1/45)dvc(0+)/dt = -278/45
dir(0+)/dt = -6.1778 A/s
Also, 1r = ic+1iL
dir(0+)/dt = dic(0+)/dt + dip(0+)/dt
-6.1788 = dic(0+)/dt + 0, or dic(0+)/dt = -6.1788 A/s
(c) As t approaches infinity, we have the equivalent circuit in Figure (b).
ir(0) = i (0) = 80/45k = 1.778 mA
ic(0) = Cdv(0)/dt = 0.
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Chapter 8, Problem 3.

Refer to the circuit shown in Fig. 8.64. Calculate:
(@ i,(07), v.(0")and v, (07),
(b) di, (0" )/dt, dv,(0")/dr, and dv, (0" )/ dt,
(¢) i, (20), v, (o0)and v, (o)
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Figure 8.64
For Prob. 8.3.

Chapter 8, Solution 3.

At t = 0, u(t) = 0. Consider the circuit shown in Figure (a). i.(0") = 0, and vg(0") =
0. But, -vg(0) + v¢(0) + 10 = 0, or ve(0) = -10V.

(a) Att=0", since the inductor current and capacitor voltage cannot change abruptly,
the inductor current must still be equal to 0A, the capacitor has a voltage equal to
—10V. Since it is in series with the +10V source, together they represent a direct
short at t = 0". This means that the entire 2A from the current source flows
through the capacitor and not the resistor. Therefore, vg(0")=0V.
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(b) Att=0", v (0+) = 0, therefore Ldi  (0+)/dt = v (0") = 0, thus, di;/dt = 0A/s,
ic(0") = 2 A, this means that dvc(0")/dt = 2/C = 8 V/s. Now for the value of
dvr(07)/dt. Since vg = v + 10, then dvg(0")/dt = dvc(0")/dt+0 = 8 VJs.

40 Q 40 Q
R " R /\/\/\/iL
V +§ Ve ° V +§ A T ve {
Zua - OR
- T e !
10V 10V
(a) (b)

(c) As tapproaches infinity, we end up with the equivalent circuit shown in
Figure (b).

iL(00) = 10(2)/(40 + 10) = 400 mA
ve(oo) = 2[10[40]-10 = 16— 10= 6V

Vr(0) = 2[10]40] = 16 V
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Chapter 8, Problem 4.

In the circuit of Fig. 8.65, find:
(a) v(0+) and i(0+),
(b) av(0" )/ dt and di(0* )/ dt,
(©) v(oo) and i(oo).
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Figure 8.65
For Prob. 8.4.

Chapter 8, Solution 4.
(a) At t = 0,u(-t) = 1 andu(t) = 0 so that the equivalent circuit is shown in
Figure (a).

1(07) = 40/(3+5) = 5A, and v(0") = 51(0") = 25V.

Hence, i(0" = i(0) = 5A
v(0") = v(0) = 25
3Q

(a)
3Q 025H
— MA—0000 - -
1 + v —lc IR 4 A
40V Cf) fl\O'IF 5Q CT)
(b)
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(b)  ic = Cdv/dt or dv(0")/dt = ic(07)/C

For t = 0", 4u(t) = 4 and 4u(-t) = 0. The equivalent circuit is shown in Figure (b).
Since 1 and v cannot change abruptly,

iR = v/5 = 25/5 = 5A, i(0") +4 =ic(0") +ir(0")
5+4 = ic(0") + 5 which leads to ic(0") = 4

dv(0)/dt = 4/0.1 = 40 V/s

Similarly, vi = Ldi/dt which leads to di(0")/dt = v (0)/L
3i(0") + v (0) + v(0") = 0
154+ v (0 +25 = 0 or v(0) = -40
di(0")/dt = -40/0.25 = -160 A/s

(©) As t approaches infinity, we have the equivalent circuit in Figure (c).

30
—\W\—e—o0
i | ia
i‘ §59 CT)
(©

i(0) = -5@)(3+5) = 2.5A

V() = 5(4-2.5) = 1.5V
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Chapter 8, Problem 5.

Refer to the circuit in Fig. 8.66. Determine:
(@) i(0") and v(0"),
(b) di(0" )/ dr and av(0" )/ dt,
(c) i(0) and v(0).
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Figure 8.66
For Prob. 8.5.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 8, Solution 5.
(a) For t < 0, 4u(t) = 0 so that the circuit is not active (all initial conditions = 0).
iL(0-) = 0 and v¢(0-) = 0.

For t = 0+, 4u(t) = 4. Consider the circuit below.

A i 1H

VW

i + £C e -y
4A
CT 4Q vy TO.ZSF 6Q

Since the 4-ohm resistor is in parallel with the capacitor,

i(0+) = ve(0H)/4 = 0/4 = 0A

Also, since the 6-ohm resistor is in series with the inductor,
v(0+) = 6i(0+) = OV.

(b)  di(0+)/dt = d(vr(0+)/R)/dt = (I/R)dvr(0+)/dt = (1/R)dve(0+)/dt

= (1/4)4/0.25 A/s = 4 A/s

v = 6i or dv/dt = 6dir/dt and dv(0+)/dt = 6dir(0+)/dt = 6vi(0+)/L = 0
Therefore dv(0+)/dt = 0 V/s
(©) As t approaches infinity, the circuit is in steady-state.
i(0) = 6(4)/10 = 2.4 A
V() = 6(4-2.4) = 9.6V
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Chapter 8, Problem 6.

In the circuit of Fig. 8.67, find:
(a) v4(0") and v, (0°).
(b) dv,(0")/dt and dv, (0" )/ dt,
(c) vy (o) and v, (o),

R, R
AV
+ Ve ~ i
V,u(t) Cc = v, 2L
Figure 8.67
For Prob. 8.6.
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Chapter 8, Solution 6.

(a)

(b)

(©)

Let i = the inductor current. For t < 0, u(t) = 0 so that
1(0) = 0 and v(0) = 0.

For t > 0, u(t) = 1. Since, v(0+) = v(0-) = 0, and i(0+) = 1(0-) = 0.
vr(0+) = Ri(0+) = 0V

Also, since v(0+) = vg(0+) + v (0+) = 0 = 0+ v (0+) or v (0+) = 0 V.
(1)

Since i(0+) = 0,  ic(0+) = Vg/Rg

But, ic = Cdv/dt which leads to dv(0+)/dt = Vs/(CRs) )
From (1),  dv(0+)/dt = dvp(0+)/dt + dvi (0+)/dt 3)
vk = iR or dvp/dt = Rdi/dt )

But, vy = Ldi/dt, vi(0+) = 0 = Ldi(0+)/dt and di(0+)/dt = 0 (5)
From (4) and (5), dvr(0+)/dt = 0_V/s
From (2) and (3), dvp(0+)/dt = dv(0+)/dt = VJ/(CRy)

As t approaches infinity, the capacitor acts like an open circuit, while the inductor

acts like a short circuit.

VR(OO) = JR/(R+ RY|V;

vi(o) =0V
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Chapter 8, Problem 7.

A series RLC circuithas R =10kQ, L =0.1 mH, and C =10x F. What type of damping
is exhibited by the circuit?

Chapter 8, Solution 7.

3
PO S 1. W

2L~ 2x0.1x10°7°

1 1
a)o = =
JLC  0.1x10°x10x10°¢
——» overdamped

=3.162x10*

a> o,

Chapter 8, Problem 8.

A branch current is described by

2. .
aiv) lgt)+4—dl(t)+10i(t):0
dt dt
Determine: (a) the characteristic equation, (b) the type of damping exhibited by the
circuit, (c) #(¢)given that i(0)=1 and di(0)/dr =2 .

Chapter 8, Solution 8.

(a) The characteristic equationis $°+4s+10=0

(®) s, = w =-24j2.45

This is underdamped case.

(c) i(t)=(Acos2.45t+Bsin2.45t)e™

% = (-2AC0s2.45t — 2Bsin2.45t — 2.45Asin2.45t + 2.45B cos 2.45t)e ™
i(0)=1 =A

di(0)/dt=2=-2A+245B=-2+2.45B or B=1.6327

i(t) = {cos(2.45t) + 1.6327sin(2.45t)}e > A.

Please note that this problem can be checked using MATLAB.
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Chapter 8, Problem 9.

2. .
The current in an RLC circuit is described by % + 10% +25i=0
t

If i(0) =10 and di(0)/dt = 0 find i(¢) for > 0.

Chapter 8, Solution 9.

10+ /10 —
s>+ 10s +25 = 0, thus s;» = 10+ 210 10 = -5, repeated roots.

i(t) = [(A+Bt)e™], i(0) = 10 = A
di/dt = [Be™' +[-5(A + Bt)e™]
di(0)/dt = 0 = B—5A = B—50 or B = 50.

Therefore, i(t) = [(10 + 50t)e™] A

Chapter 8, Problem 10.

The differential equation that describes the voltage in an RLC network is

2
d—2v+5@+4v:0
dt dt

Given that v(0)=0, dv(0)/dr =10 obtain v(¢).
Chapter 8, Solution 10.

_ 54405 _
s?+5s+4 = 0, thus Sip = % = -4, -1.

v(t) = (Ae™+Be"), v(0) = 0 = A+B, or B = -A
dv/dt = (-4Ae™ - Be™)
dv(0)dt = 10 = ~4A-B = -3A or A = —10/3 and B = 10/3.

Therefore, v(t) = (=(10/3)e™* + (10/3)e) V
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Chapter 8, Problem 11.

The natural response of an RLC circuit is described by the differential equation

for which the initial conditions are v(0)=10 and dv(0)/dt = 0 Solve for v(¢)

Chapter 8, Solution 11.

_0444—
s +2s+1 = 0, thus s;» = # = -1, repeated roots.

v(t) = [(A+Bt)e], v(0) = 10 = A
dv/dt = [Be™] + [-(A + Bt)e]
dv(0)/dt =0 =B—-A =B-10 or B = 10.

Therefore, v(t) = [(10 +10t)e"] V

Chapter 8, Problem 12.

If R=20Q,L =0.6H what value of C will make an RLC series circuit:

(a) overdamped,
(b) critically damped,
(c) underdamped?

Chapter 8, Solution 12.
(@  Overdamped when C > 4L/(R%) = 4x0.6/400 = 6x10~, or C > 6 mF

(b) Critically damped when C = 6 mF

(©) Underdamped when C < émF
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Chapter 8, Problem 13.

For the circuit in Fig. 8.68, calculate the value of R needed to have a critically damped
response.

60 Q

R 001F 4y
l =
Figure 8.68
For Prob. 8.13.

Chapter 8, Solution 13.

Let R||60 = R,. For a series RLC circuit,

1 1

- - =5
JLC  Y0.01x4

For critical damping, ®, = o = Ry/(2L) = 5

®o

or R, = 10L = 40 = 60R/(60 + R)

which leadsto R = 120 ohms
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Chapter 8, Problem 14.

The switch in Fig. 8.69 moves from position 4 to position B at # =0 (please note that the
switch must connect to point B before it breaks the connection at 4, a make-before-break
switch). Find v(t)for t>0

B
20V @) 025F j ¥

T v(t)

10 Q

Figure 8.69
For Prob. 8.14.

Chapter 8, Solution 14.

When the switch is in position A, v(0')=0 and i,(0) = % =0.5A. When the switch is in
position B, we have a source-free series RCL circuit.
a=2-19 _y25
2L 2x4

1 1
W, =—F—= =1
LC ‘/lx4

Since « > @, , we have overdamped case.

Sip = —a t4la? —a)(f =-1.25++1.5625-1= —-0.5 and -2

v(t) = Ae '+ Be ™! (1)
v(0)=0=A+B Q)
(0)=C MO) _ s , dvi0)_05_,
dt C
But YW _ pae2t_( 505t
dt
% =2A-0.5B=2 (3)

Solving (2) and (3) gives A=-1.3333 and B = 1.3333

v(t) = =1.3333¢ 7> + 1.3333¢ "' v.
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Chapter 8, Problem 15.

The responses of a series RLC circuit are
v, (t)=30-10e™" +30e™"V
i, (t)=40e™" —60e™" mA

where v, and i, are the capacitor voltage and inductor current, respectively. Determine
the values of R, L, and C.

Chapter 8, Solution 15.

Given that s; = -10 and s, = -20, we recall that

Sj2 = —atq o’ -, = -10,-20

Clearly, si+s; = -2a = -30 or = 15 = R/(2L) or R = 60L (1)
s; = —15+4/15° —®2 = -10 which leads to 15° — m,” = 25

or m, = ~225-25 = /200 =1/4/LC, thus LC = 1/200 2)
Since we have a series RLC circuit, ip = ic = Cdv¢/dt which gives,
i/C = dve/dt = [200e” —300e>"] or iL = 100C[2e>" - 3¢>"]
But, i isalso = 20{[2¢?" —3¢>"]x107} = 100C[2¢" — 3¢>"]
Therefore,  C = (0.02/10%) = 200 pF
L = 1/200C) = 25 H

R = 30L = 750 ohms
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Chapter 8, Problem 16.

Find i(¢) for ¢ > 0 in the circuit of Fig. 8.70.

wn—% ‘m] “
1 mF
30V Ct) 40Q
25H

Figure 8.70
For Prob. 8.16.

Chapter 8, Solution 16.
At t = 0, i(0) = 0, vc(0) = 40x30/50 = 24V

For t > 0, we have a source-free RLC circuit.

o = R/2L) = (40 + 60)/5 = 20 and w, = 20

1 1
vLC V107 x2.5

®, = a leads to critical damping
i(t) = [(A+Bt)e™], i(0) = 0 = A
di/dt = {[Be?™] + [-20(Bt)e™™},
but di(0)/dt = -(1/L)[Ri(0) + vc(0)] = -(1/2.5)[0 + 24]

Hence, B = -9.6 or i(t) = [-9.6te*"] A
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Chapter 8, Problem 17.

In the circuit of Fig. 8.71, the switch instantaneously moves from position 4 to B at 1 =0
Find v(¢) forall >0

t=0
A \: 025H
B
15A L+
CD 4Q 10Q 004F ==v(»

Figure 8.71
For Prob. 8.17.

Chapter 8, Solution 17.

i(0) = Iy =0, v(0) = Vi = 4x15 = 60

di(0)

dt
— l —

®, = Jic = \/1

425

= —%(RIO +Vy) = —4(0 + 60) = —240

1

=10
1

o= R_10_ 20, whichis> o,,.
2L 51

4
s=-0tya’ -0 =-20£+300 =20 £103 = -2.679,~37.32
i(t) = Aje 2679t 4 A e 3732t
1(0)=0=A;+Ay, % =-2.679A; —37.32A, =240

Thisleadsto A} =—-6.928 = —-A,
i(t) = 6.928(e—37~32t _ e—2~679t)

Since, v(t) = é L;i(t)dt + const, and v(0) =60V, we get

V(1) = (64.65¢*°™ — 4,641 V

We note that v(0) = 60.009V and not 60V. This is due to rounding errors since v(t)
must go to zero as time goes to infinity. {In other words, the constant of integration
must be zero.
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Chapter 8, Problem 18.

Find the voltage across the capacitor as a function of time for # > 0 for the circuit in Fig.
8.72. Assume steady-state conditions exist at # =0

20V @) 1Q 0.25H

NIy
e
I
I

Figure 8.72
For Prob. 8.18.

Chapter 8, Solution 18.
When the switch is off, we have a source-free parallel RLC circuit.

L ! =2 a= L =0.5
* o JLc No2sxt 2RC
a<wm, ——  underdamped case o, =@, —a® =/4-0.25 =1.936

I,(0) = i(0) = initial inductor current = 20/5 = 4A

[0

V,(0) = v(0) = initial capacitor voltage =0V

v(t)=e “ (A4, cosw,t+ A, sinw,t) = e (4, cos1.936¢ + A, sin1.936¢)
v(0)=0= A,

dv

= ¢ %3 (—0.5)(4, cos1.936¢ + A, sin1.936¢) + e **“ (—1.936 4, sin1.936¢ +1.936 4, cos1.936¢)
dt

dav(0) __(Vo +RI)) __(O+4) B
dt RC 1
Thus,

—4=-054,+1.9364, —> A, =-2.066

V(t) = —2.066¢ " sin1.936¢
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Chapter 8, Problem 19.
Obtain v(¢) for ¢ > 0 in the circuit of Fig. 8.73.

vi
10Q 1 f(

1F
t=0
120V 4H

Figure 8.73
For Prob. 8.19.

+

Chapter 8, Solution 19.
For t < 0, the equivalent circuit is shown in Figure (a).

10 Q i
M ° <
+ +
+ i 1
120V \ _ v v L C PV
J
() (b)

i(0) = 120/10 = 12, v(0) = 0

For t > 0, we have a series RLC circuit as shown in Figure (b) withR = 0 = a.

W= — = — =05 =0y

i(t) = [Acos0.5t + Bsin0.5t], 1(0) = 12 = A

v = -Ldi/dt, and -v/L = di/dt = 0.5[-12sin0.5t + Bcos0.5t],
which leads to -v(0))L = 0 = B
Hence, i(t) = 12c0s0.5t A and v = 0.5

However, v = -Ldi/dt = -4(0.5)[-12sin0.5t] = 24sin0.5t V
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Chapter 8, Problem 20.

The switch in the circuit of Fig. 8.74 has been closed for a long time but is opened at
t =0 Determine () for > 0.

if) lu
2 20
s AV
12V

4@ 7{
. t=0
zF
I
i

Figure 8.74

For Prob. 8.20.

Chapter 8, Solution 20.
For t < 0, the equivalent circuit is as shown below.
20

_i>_/vv\/7

12

()
N

V
_ c +

v(0) = -12V and i(0) = 12/2 = 6A

For t > 0, we have a series RLC circuit.
o = R/2L) = 2/(2x0.5) = 2

®o = 1/4/LC =1/,/0.5x1/4 = 242

Since a is less than ®,, we have an under-damped response.
0, = W = \/m =2
i(t) = (Acos2t + Bsin2t)e™
1(0)=6=A
di/dt = -2(6cos2t + Bsin2t)e™ + (-2x6sin2t + 2Bcos2t)e ™
di(0)/dt = -12+2B = -(1/L)[Ri(0) + vc(0)] = -2[12-12] = 0

Thus, B = 6 and i(t) = (6¢cos2t + 6sin2t)e>' A
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Chapter 8, Problem 21.

S
)

ps
* Calculate v(¢) for 7 > 0 in the circuit of Fig. 8.75.

15Q
12Q 6Q
A <>,<
1=0 25Q
3H
24V 60 Q N
1
KT 37 F
Figure 8.75

For Prob. 8.21.

* An asterisk indicates a challenging problem.
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Chapter 8, Solution 21.

By combining some resistors, the circuit is equivalent to that shown below.
60||(15 +25) = 24 ohms.

120 =0 6Q ;
Wy W >
—+

24V D § 240

3H

(1/27)F

]

At t = 0-, i(0) = 0, v(0) = 24x24/36 = 16V

For t > 0, we have a series RLC circuit. R = 30ohms, L = 3 H, C = (1/27)F
o = R/Q2L) = 30/6 = 5
o, =1/4LC =1/4/3x1/27 = 3, clearly a > », (overdamped response)
S12 = —ociwlocz—ooi =-5++/5-3> =9 -1

v(t) = [Ae* +Be™], v(0) = 16 = A+B (1)

i = Cdv/dt = C[-Ae" - 9Be™]

i(0) = 0 = C[-A-9B] or A = -9B )
From (1) and (2), B =-2and A = 18.
Hence, v(t) = (18¢* —2¢*)V
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Chapter 8, Problem 22.
Assuming R =2kQ, design a parallel RLC circuit that has the characteristic equation

s +100s +10° =0.
Chapter 8, Solution 22.

Compare the characteristic equation with eq. (8.8), i.e.

52+ES+L=O

L LC
we obtain

R_j00 — =R _2000_ 54,

L 100 100 ——
-6

L:]o6 - C= ]6 :]O =50 nF

LC 10°L 20

Chapter 8, Problem 23.

For the network in Fig. 8.76, what value of C is needed to make the response
underdamped with unity damping factor o =1 ?

10Q 0.5H C = 10mF ==

Figure 8.76
For Prob. 8.23.

Chapter 8, Solution 23.

Let C, = C+0.01. For a parallel RLC circuit,
o = 1/(2RC,), ®, = 1/,/LC,
a = 1 = 1/(2RC,), we then have C, = 1/(2R) = 1/20 = 50 mF
wo = 1/4/0.5x0.5 = 6.32 > « (underdamped)

Co = C+10mF = 50 mF or 40 mF
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Chapter 8, Problem 24.

The switch in Fig. 8.77 moves from position A4 to position B at # = 0 (please note that the
switch must connect to point B before it breaks the connection at 4, a make-before-break

switch). Determine i(¢)for ¢ > 0

A
V?szo

; o
4ACD §ZOQ i10mF 10Q %O.ZSH

]

Figure 8.77
For Prob. 8.24.

Chapter 8, Solution 24.
When the switch is in position A, the inductor acts like a short circuit so
i07)=4
When the switch is in position B, we have a source-free parallel RCL circuit
2RC  2x10x10x10°°
1 1 _ 90

@, = =
VLC \/lﬂ 0x10°3

Since «a < w,, we have an underdamped case.

5., = ~5+~/25-400 = -5 + [19.365
i(t)=e™" (A cos19.365t + A, sin19.365t)

i(0)=4=A
v:Lﬂ S d/(O):v(O):O
dt dt L
% = e (-5A,c0s19.365t — 5A,5iN19.365t —19.365A,5in19.365t +19.365A, cos19.365t)
0-9O _ 54 1193658, — A=A _1033
dt 19.365

i(f)=e™"(4cos19.365t +1.033sin19.365t)
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Chapter 8, Problem 25.

In the circuit of Fig. 8.78, calculate i, (¢) and v, (¢) for >0

2Q 1H Z0)
=0 +
30V 8Q TF == (0
Figure 8.78

For Prob. 8.25.
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Chapter 8, Solution 25.

In the circuit in Fig. 8.76, calculate i,(t) and v,(t) for t>0.

20 ’01?5?0“ io()

t=0, note this is a +

+ ke before break 1

30V <> me 8Q D vt

= switch so the (1/4)F o(t)

inductor current is _
not interrupted.

Figure 8.78 For Problem 8.25.
Att=0", vo(0)=(8/(2 +8)(30)=24
For t > 0, we have a source-free parallel RLC circuit.
oa = 1/2RC) = %

0, = 1///LC =1/,/1x1/4 =2

Since a is less than ®,, we have an under-damped response.

0, =yJ0? —a’ = J4—(1/16) = 1.9843
Vo(t) = (Ajcosmgt + Assinmgt)e™
vo(0) = 30(8/(2+8)) = 24 = A; and i,(t) = C(dv,/dt) = 0 when t = 0.
dvy/dt = -a(Ajcosmat + Assinogt)e™ + (-mgAsinogt + mgArcosmgt)e™
att=0, we get dv,(0)/dt =0 =-0A; + ®4A;
Thus, As = (oa)A; = (1/4)(24)/1.9843 = 3.024

Vo(t) = (24c0s1.9843t + 3.024sin1.9843t)e™* volts.

io(t) = Cdv/dt = 0.25[—24(1.9843)sin1.9843t + 3.024(1.9843)cos1.9843t —
0.25(24c0s1.9843t) — 0.25(3.024sin1.9843t)]e **
= 10.000131c0s1.9843t — 12.095sin1.9843t]e "4 A.
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Chapter 8, Problem 26.
The step response of an RLC circuit is described by

2. .
d—;+2ﬁ+5i=10
dt dt

Given that i(0)=2 and di(0)/dt = 4, solve for i(¢)

Chapter 8, Solution 26.

-2+4/4-20

$?+2s+5 = 0, which leadsto s;» = 5 = -144
i(t) = I+ [(Ajcosdt + Assindt)e™], I, = 10/5 = 2
i(0)=2==2+A,0or A; =0

di/dt = [(Ascosdt)e™] + [(-Assindt)e™] = 4 = 4A,, or A; = 1
i(t) = 2 + sindte A

Chapter 8, Problem 27.
A branch voltage in an RLC circuit is described by

2
d—f+4ﬂ+8v=24
dr’  dt

If the initial conditions are v(0)=0 = dv(0)/dt, find (z).

Chapter 8, Solution 27.

—_ 4+ 416 —
s?+4s+8 = Oleadstos = 4 216 32:—Zij2

v(t) = Vs + (Ajcos2t + A,sin2t)e™
8V =24 means that V=3
v(0)=0=3+ A, leadsto A; =-3
dv/dt = -2(A;cos2t + Azsin2t)e'2t + (-2A;sin2t + 2Azcos2t)e'2t
0=dv(0)/dt=-2A, +2A0or A=A, =-3

v(t) = [3 = 3(cos2t + sin2t)e "] volts
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Chapter 8, Problem 28.

A series RLC circuit is described by
2. . .
L d—zl +R dai +L=2
dt da C

Find the response when L =0.5H,R=4Q,
and C=0.2F. Let i(0)=1,di(0)/dt = 0.

Chapter 8, Solution 28.

The characteristic equation is

L52+Rs+é:0 - %52+4$+O_]2:O — $24+8s5+10=0

5, = —8+v64-40 _ _6.45and -1.5505
' 2

i(t) =g +Ae—6.45’t +Be—1.5505‘[

l =2 >/ 2

= =20
LC 0.5x0.2

But

i(t) = 20+ Ae 045t 4 pe~1-5505¢
i(0)=1=20+A+B or A+B=-19 (1)

di() _ ¢ 4546645t _1 5505¢—1-5505t

dt
di(0) @
but —0=—-6.45A —1.5505B

Solving (1) and (2) gives A=6.013, B=-25.013
Hence,
l(t) =20+ 6,013e_6'45t _25.013e—1.5505t A

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 8, Problem 29.

Solve the following differential equations subject to the specified initial conditions

(a) d*v/dt* +4v =12, v(0)=0, dv(0)/dt =2

(b) d*i/dt* +5 dil dt +4i =8, i(0)= -1, di(0)/dt = 0
(c) d*v/dt* +2 dv/dt+v=3,v(0)=5, dv(0)/dt =1
(d) d’i/dt* =2 di/dt =5i =10, i(0) = 4, di(0)/ dt = -2

Chapter 8, Solution 29.

(a)

(b)

s*+4 = 0 which leadsto s;» = +j2 (an undamped circuit)
v(t) = Vs + Acos2t + Bsin2t
4Vy = 12 or Vi =3
v(0O)=0=3+A or A =-3
dv/dt = -2Asin2t + 2Bcos2t

dv(0)/dt = 2 = 2B or B = 1, therefore v(t) = (3 —3cos2t + sin2t) V

s>+ 5s+4 = 0 which leads to sip = -1,-4
i(t) = (I + Ae* + Be™)
4, = 8 or Iy = 2
1(0) =-1=2+A+B,or A+B =-3 (1)
di/dt = -Ae* - 4Be™

di(0)/dt = 0 = -A—4B, or B = -A/4 )

From (1) and (2) weget A = -4 andB = 1

i(t) = 2—4e'+e*H A
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(©) $+2s+1 =0, sip = -1,-1
v(t) = [Vs+ (A +Bt)e"], Vs = 3.
v(i0)=5=3+A orA =2
dv/dt = [-(A + Bt)e"] + [Be]
dv(0)/dt = -A+B=1o0orB=2+1=3

v(t) = 3+ (2 +30)e'lV

(d)  s*+ 2s+5 =0, s;5 = -1+j2, -1-j2
i(t) = [Is + (Acos2t + Bsin2t)e™], where 5I; = 10 or I = 2
i(0)=4=2+Aor A =2
di/dt = [-(Acos2t + Bsin2t)e™] + [(-2Asin2t + 2Bcos2t)e™]
di(0)/dt = -2 = -A+2B or B = 0

i(t) = [2+ (2cos2t)e’'] A
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Chapter 8, Problem 30.

The step responses of a series RLC circuit are
ve =40-10e —10e "V, t>0

i, (t)=3e™" +6e™ " mA, t>0

(a) Find C. (b) Determine what type of damping is exhibited by the circuit.

Chapter 8, Solution 30.

. . av
(@ if(f)=i(f)=C df" (1)
% = 2000x10e " + 4000x10e %" = 2x10*(e 2" + 2% )
But i (f)= 3[e X" 4 2e7%"x10® (3)

Substituting (2) and (3) into (1), we get
2x10*xC =3x10° —— C=1.5x10" =150 nF

(b) Since s; =-2000 and s; =-4000 are real and negative, it is an overdamped case.
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Chapter 8, Problem 31.
\‘:))

ps
Consider the circuit in Fig. 8.79. Find v, (O+) and v, (O+)

40 Q 10Q
AN

+ +
2u(t) 05H \J2 1F = v¢ 50V

Figure 8.79
For Prob. 8.31.

Chapter 8, Solution 31.

Fort = 0-, we have the equivalent circuit in Figure (a). Fort = 0+, the equivalent
circuit is shown in Figure (b). By KVL,

v(0+) = v(0-) = 40, i(0+) = i(0-) = 1

By KCL, 2 = i(0+)+1i; = 1 +1i; whichleadsto i; = 1. By KVL, -vp +40i; + v(0+)
= 0 which leads to v (0+) = 40x1 +40 = 80

vi(0+) = 80V, vc(0+) = 40V

40 Q 100 il409 100

MW\ MWW\
+

i [

v v 50V VL V7~ s0v

— 0 _]osH

(a) (b)
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Chapter 8, Problem 32.

S
)

PSs
For the circuit in Fig. 8.80, find v(¢) for > 0.

2u(—1) A
S
| H 0.04 F
a11p 1
+ v -
4Q % 2Q
)
N\
50u(t) V
Figure 8.80

For Prob. 8.32.
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Chapter 8, Solution 32.
Fort = 0-, the equivalent circuit is shown below.

2A

0

i(0-) = 0, v(0-) = -2x6 = -12V
For t> 0, we have a series RLC circuit with a step input.

o = RIQL) = 6/2 = 3, @, = 1/4/LC = 1/+0.04

s=-3+/9-25=-3+74
Thus, v(t) = V¢+ [(Acos4t + Bsindt)e™"]
where V¢ = final capacitor voltage = 50 V
v(t) = 50 + [(Acos4t + Bsindt)e™]
v(0) = -12 = 50+ A which gives A = -62
i(0) = 0 = Cdv(0)/dt
dv/dt = [-3(Acos4t + Bsindt)e™'] + [4(-Asindt + Bcosdt)e™]
0 = dv(0)/dt = -3A+4B or B = (3/4)A = -46.5

v(t) = {50 + [(-62cos4t — 46.5sindt)e”™ ]} V
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Chapter 8, Problem 33.

Find v(¢) for # > 0 in the circuit of Fig. 8.81.

< +

3A CD 10Q ——4F 50 G)4u(t)A

Figure 8.81
For Prob. 8.33.
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Chapter 8, Solution 33.

We may transform the current sources to voltage sources. For t = 0, the equivalent
circuit is shown in Figure (a).

100 . . 50

> W
W

1H

+ +
30V C_) v § 5Q  vAR g4F 20V C_)

() (b)

1(0) = 30/15 = 2 A, v(0) = 5x30/15 = 10V
For t > 0, we have a series RLC circuit, shown in (b).
o = R/2L) =5/2 =25

o, =1/+vLC =1/ V4 =05, clearly o > ®, (overdamped response)

Si2 = —atqja’ -0l =-2.5+625-025 = -4.95,-0.0505

V(t) — V5+ [Ale-4.95t +Aze-0.0505t], Vs — 20'

v(0) = 10 = 20+ A;+A; or
Ay =-10—-A, (1)

i(0) = Cdv(0)/dt or dv(0)/dt = 2/4 = 172
Hence, 0.5 = -4.95A; — 0.0505A, )

From (1) and (2), 0.5=-4.95A, +0.505(10 + A;) or
—4.445A, =-0.005

A; = 0.001125, A, = -10.001

v(t) = [20 +0.001125¢*** — 10.001 " V
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Chapter 8, Problem 34.
Calculate i(¢) for ¢ > 0 in the circuit of Fig. 8.82.

+

|
| X
6 F

20u(-1) V C;) % Iy

5Q

Figure 8.82
For Prob. 8.34.

Chapter 8, Solution 34.

Before t = 0, the capacitor acts like an open circuit while the inductor behaves like a short

circuit.
1(0)=0,v(0)=20V

For t > 0, the LC circuit is disconnected from the voltage source as shown below.

Vi
T -

1N .
(1/16)F l !

von B

This is a lossless, source-free, series RLC circuit.

o = R/Q2L) = 0, w,=1/LC = 1/ i6+ =8, s= 48

1
4
Since a is less than ®,, we have an underdamped response. Therefore,
i(t) = Ajcos8t + Apsin8t where i(0) =0 = A,
di(0)/dt = (1/L)v(0) = -(1/L)v(0) = -4x20 = -80
However, di/dt = 8A,cos8t, thus, di(0)/dt =-80 = 8A, which leads to A, =-10

Now we have i(t) = -10sin8t A
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Chapter 8, Problem 35.

Determine v(¢) for 7 > 0 in the circuit of Fig. 8.83.

20
P
t=0
+
8V @) 12V lp==v
IR
1 H

Figure 8.83
For Prob. 8.35.

Chapter 8, Solution 35.
Att = 0-, it(0) = 0, v(0) = vc(0) = 8V

For t > 0, we have a series RLC circuit with a step input.

o =R/2L) = 212 = 1, o= 1/JLC = 1//1/5 = /5

S12 = —atqo’ —o =-1%j2

v(t) = Vi + [(Acos2t + Bsin2t)e™], V, = 12.
v0) = 8 = 12+ A orA = -4, i(0) = Cdv(0)/dt = 0.
But dv/dt = [-(Acos2t + Bsin2t)e™] + [2(-Asin2t + Bcos2t)e ]
0 = dv(0)dt = -A+2B or 2B = A = 4andB = -2

v(t) = {12 — (4cos2t + 2sin2t)e V.
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Chapter 8, Problem 36.

Obtain v(¢) and i(¢) for ¢ > 0 in the circuit of Fig. 8.84.
W su 10

— v(r)

Figure 8.84
For Prob. 8.36.

Chapter 8, Solution 36.
Fort = 0-,3u(t) = 0. Thus, 1(0) = 0, and v(0) = 20 V.
For t > 0, we have the series RLC circuit shown below.

10Q SH 10 Q
W\
+
02F —<
15v 20V DV
2Q

WA O -
@ = RIQL) = 2+5+ 1)/(2x5) = 08

o= 1/+/LC = 1/4/5x0.2 = 1
S| = —o Jol — (of) = —0.8 £ j0.6

v(t) = Vs + [(Acos0.6t + Bsin0.6t)e™ ]
Vi = 15+20 = 35V and v(0) = 20 = 35+ A orA = -15
i(0) = Cdv(0)/dt = 0
But dv/dt = [-0.8(Acos0.6t + Bsin0.6t)e **'] + [0.6(-Asin0.6t + Bcos0.6t)e ']
0 = dv(0)/dt = -0.8A + 0.6B which leads to B = 0.8x(-15)/0.6 = -20

v(t) = {35 — [(15c0s0.6t + 20sin0.6t)e ]} V

i = Cdv/dt = 0.2{[0.8(15c0s0.6t + 20sin0.6t)e™™] + [0.6(15sin0.6t — 20cos0.6t)e™ ]}

i(t) = [(5sin0.6t)e ] A
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Chapter 8, Problem 37.
* For the network in Fig. 8.85, solve for i(¢) for > 0.

|

1
ool—

os]

Figure 8.85
For Prob. 8.37.

* An asterisk indicates a challenging problem.
Chapter 8, Solution 37.

For t = 0-, the equivalent circuit is shown below.

°
+
iy
2 6 < 6
6 Q
M\ v(0)
+ . +
wO()mO
°
18i2*6i1 =0 or i] = 3i2 (1)
30+6(;—1)+10 =0 or i;—1, = 10/3 (2)
From (1) and (2). L =95,1, =53
i(0) = 1i; = 5A

210 — 6, +v(0) = 0

v(0) = 10+ 6x5/3 = 20

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




For t> 0, we have a series RLC circuit.
R = 6]|12 = 4
wo=1/AJLC = 1/,J(1/2)(1/8) = 4
a = R/2L) = (4)/(2x(1/2)) = 4
o = o,, therefore the circuit is critically damped
v(t) = Vs+[(A +Bt)e™], and Vs = 10
v(0) = 20 = 10+ A, or A = 10
ic = Cdv/dt = C[-4(10 + Bt)e™] + C[(B)e™]

To find ic(0) we need to look at the circuit right after the switch is opened. At this time,
the current through the inductor forces that part of the circuit to act like a current source

and the capacitor acts like a voltage source. This produces the circuit shown below.
Clearly, ic(0+) must equal —i;(0) = —5A.

ic(0) = =5 = C(-40 + B) which leadsto 40 = 40+B or B = 0
ic = Cdv/dt = (1/8)[-4(10 + 0t)e™] + (1/8)[(0)e™]
ic(t) = [(1/2)(10)e™]

i(t) = —ic(t) = [5e*1 A
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Chapter 8, Problem 38.

Refer to the circuit in Fig. 8.86. Calculate i(¢) for 7 > 0

2u(—t) A

l i(r) @

3
Jin

10 Q

wi—
ss]
|
I

Figure 8.86
For Prob. 8.38.
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Chapter 8, Solution 38.

2A
. ()
+ _/
i
A\ 4
10 Q2
MA
A% .
I
Y
= 50
- 10 Q2
o MA

1(0) = 2A, 1;(0) = 10(2)/(10+15) = 0.8 A
v(0) = 51;(0) = 4V
For t > 0, we have a source-free series RLC circuit.
R = 5||(10 + 10) = 4 ohms
wo=1/LC = 1/J(1/3)3/4) = 2

o = R/2L) = (4)/(2x(3/4)) = 8/3

S12 = —ot ol — ol = -4431, -0.903

i(H) = [Ae™! 4 B9
i(0)=A+B =2 (1)
di(0)/dt = (1/L)[-Ri1(0) + v(0)] = (4/3)(-4x2 +4) = -16/3 = -5.333
Hence, -5.333 = -4.431A -0.903B (2)
From(1)and (2), A =1 and B = 1.

l(t) — [e-4.431t+ e-0.903tl A
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Chapter 8, Problem 39.

Determine v(¢) for ¢ > 0 in the circuit of Fig. 8.87.

300 05F  025H

+ v -

60u(t) V 200 30u(t) V

Figure 8.87
For Prob. 8.39.
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Chapter 8, Solution 39.

For t = 07, the equivalent circuit is shown in Figure (a). Where 60u(-t) = 60 and
30u(t) = 0.

300 by - 30Q 0.5F  0.25H
M o MV IS

60V § 20Q § 20Q2 30v
(a) (b)

v(0) = (20/50)(60) = 24 and i(0) = 0
For t > 0, the circuit is shown in Figure (b).

R = 20||30 = 12 ohms

wo=1/AJLC = 1/ {J(1/2)(1/4) = 8
o = R/2L) = (12)/(0.5) = 24

Since . > ®,, we have an overdamped response.

S;2 = —otya’ —o = -47.833, -0.167

Thus, v(t) = Vi+[Ae¥ P+ Be ™', Vv, = 30
v(0) =24 = 30+A+B or -6 = A+B (1)
i(0) = Cdv(0)/dt = 0
But, dv(0)/dt = -47.833A—0.167B = 0
B = -286.43A )
From (1) and (2), A = 0.021 and B = -6.021

v(t) = 30 +10.021e™%% — 6,021 V
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Chapter 8, Problem 40.

«“:))

PSS

The switch in the circuit of Fig. 8.88 is moved from position a to b at ¢ = 0. Determine
i(r) for £>0.

0.02F

14Q

. b )12v
W om %a 20

—_—

t=0
6Q

AN
4A

©

Figure 8.88
For Prob. 8.40.
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Chapter 8, Solution 40.
At t = 0-, ve(0) = 0 and i (0) = 1(0) = (6/(6 +2))4 = 3A
For t > 0, we have a series RLC circuit with a step input as shown below.

: T H 0.02 F 140
Ja
——0000" 1C WV

+ vV -
+
12V C_)
24

0, =1/4LC = 1/4/2x0.02 = 5

o = R/2L) = (6+ 14)/(2x2) = 5

Since o = ®,, we have a critically damped response.

v(t) = Vs +[(A+Bt)e™], Vs =24-12 = 12V

v0) =0 =12+A or A = -12

i = Cdv/dt = C{[Be™]+[-5(A + B)e™ ]}

i(0) = 3 = C[-5A +B] = 0.02[60 + B] or B = 90
Thus, i(t) = 0.02{[90e™"] + [-5(-12 + 90t)e™"]}

i(t) = {3-90e™"1 A
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Chapter 8, Problem 41.

* For the network in Fig. 8.89, find i(¢) for £ > 0.
50

20Q 1H

t=0 ‘i
100 V 59§ LF

Figure 8.89
For Prob. 8.41.
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Chapter 8, Solution 41.
Att = 0-, the switch is open. i(0) = 0, and
v(0) = 5x100/(20 +5+5) = 50/3

Fort > 0, we have a series RLC circuit shown in Figure (a). After source
transformation, it becomes that shown in Figure (b).

10 H
T
§2OQ §5910”F——
SA T 20v
a

®,=1/4JLC = 1/41x1/25 =5

o = R/2L) = 4)/(2x1) = 2

S;p = —atqJa’ - = -2 +j4.583

Thus, v(t) = Vi + [(Acosogt + Bsinogt)e™],
where wgq = 4.583 and V, = 20
v(0) = 50/3 = 20+ A or A = -10/3
i(t) = Cdv/dt = C(-2) [(Acoswmqgt + Bsinagt)e™] + Coa[(-Asinogt + Beosmgt)e™]
i(0) = 0 = -2A + o4B
B = 2A/owq = -20/(3x4.583) = -1.455
i(t) = C{[(0cosmdt + (-2B - wgA)sinwgt)]e™}
= (1/25){[(2.91 + 15.2767) sinogt)]e™>"}

i(t) = £0.7275sin(4.583t)e™} A
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Chapter 8, Problem 42.
* Given the network in Fig. 8.90, find v(¢) for 7> 0.

2A
1H
ANV
6Q
— 1
4A 1Q 1=0 3/ 3 F=—v

Figure 8.90
For Prob. 8.42.

Chapter 8, Solution 42.
For t = 0-, we have the equivalent circuit as shown in Figure (a).

i(0) = i(0) = 0, and v(0) = 412 = -8V
4V 50 6Q . 1H

12v
) !

Wy NG +
._ —
(@) (b)

For t > 0, the circuit becomes that shown in Figure (b) after source transformation.

®,=1/4JLC = 1/41x1/25 =5

o = R/2L) = (6)/2) = 3

S120 = —at o’ —w = -3+j4

Thus, v(t) = Vi + [(Acosdt + Bsindt)e™'], Vi = -12
v(0) = -8 = -12+A or A = 4
i = Cdv/dt, or i/C = dv/dt = [-3(Acos4t + Bsindt)e™'] + [4(-Asindt + Bcos4t)e™']
1(0) = -3A+4B or B = 3

v(t) = {-12 + [(4cosdt + 3sindt)e™"]} A
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Chapter 8, Problem 43.

The switch in Fig. 8.91 is opened at # = 0 after the circuit has reached steady state.
Choose R and C such that o =8 Np/s and @, =30 rad/s.

05H 40V

R

c
T
Figure 8.91

For Prob. 8.43.

Chapter 8, Solution 43.

For t>0, we have a source-free series RLC circuit.

azi —>  R=20L=2x8x0.5=8Q

w, =0, -a* =30 —— o, =900 —64 =4/836

1 1 1
o, = > C= = =2.392 mF
© JLC oL 836x0.5
Chapter 8, Problem 44.

A series RLC circuit has the following parameters: R =1kQ, L =1H,and C =10nF.
What type of damping does this circuit exhibit?

Chapter 8, Solution 44.

R 1000

1 1 s
a=—= =500, w,= = =10
2L 2xl VLC  \100x107
0, >0 —> underdamped.
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Chapter 8, Problem 45.

In the circuit of Fig. 8.92, find v(¢) and i(¢) for > 0. Assume v(0)=0V and i(0)=1A.

*i

— 0.5F ng

||

I = +

4u(r) A (D 20

Figure 8.92
For Prob. 8.45.
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Chapter 8, Solution 45.

= 1/ALC = 1/4/1x0.5 = 2
o = I/(2RC) = (1)/(2x2x0.5) = 0.5

Since oo < ®,, we have an underdamped response.

S12 = —oty02—a? = —0.5+j1.3229

Thus, i(t) = I+ [(Acos1.3229t + Bsin1.3229t)e '], I, = 4
i(0)=1=4+Aor A =-3
v = ve = vp = Ldi(0)/dt = 0

di/dt = [1.3229(-Asin1.3229t + Beos1.3229t)e™] +
[-0.5(Acos1.3229t + Bsin1.3229t)e™ "]

di(0)/dt = 0 = 1.3229B - 0.5A or B = 0.5(-3)/1.3229 = —1.1339

Thus, i(t) = {4 —[(3c0s1.3229¢t + 1.1339sin1.3229t)e™*]} A

To find v(t) we use v(t) = vi(t) = Ldi(t)/dt.

From above,
di/dt = [1.3229(-Asin1.3229t + Bcos1.3229t)e '] +

[-0.5(Acos1.323t + Bsin1.323t)e™ "]

Thus,
v(t) = Ldi/dt = [1.323(-Asinl.323t + Bcos1.323t)e™""] +
[-0.5(Acos1.323t + Bsin1.323t)e™™]
= [1.3229(3sin1.3229t — 1.1339cos1.3229t)¢™] +
[(1.5c0s1.3229t + 0.5670sin1.3229t)e "]

v(t) = [(-0cos1.323t + 4.536sin1.323t)e "] V
= [(4.536sin1.323t)e **] V

Please note that the term in front of the cos calculates out to —3.631x10” which is zero for
all practical purposes when considering the rounding errors of the terms used to calculate

1t.
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Chapter 8, Problem 46.

Find i(¢) for ¢ > 0 in the circuit of Fig. 8.93.
i) 8 mH

12u(t) V 5 uF 2kQ

Figure 8.93
For Prob. 8.46.

Chapter 8, Solution 46.

For t = 0-, u(t) = 0, sothat v(0) = 0 and 1(0) = 0.

For t > 0, we have a parallel RLC circuit with a step input, as shown below.

=5F 2 2k0
vV
SmH 6mA

a = 1/2RC) = (1)/(2x2x10° x5x10°) = 50

0o = 1/VLC = 1/48x103x5x10~° = 5,000

Since o < ,, we have an underdamped response.

S12 = —ot4/a’ —(oi = -50=£35,000

Thus, i(t) = I+ [(Acos5,000t + Bsin5,000t)e™"], Iy = 6mA
1(0) =0 =6+A or A = -6mA
v(0) = 0 =Ldi(0)/dt
di/dt = [5,000(-Asin5,000t + Bcos5,000t)e™>"] + [-50(Acos5,000t + Bsin5,000t)e™"]
di(0)/dt = 0 = 5,000B —50A or B = 0.01(-6) = -0.06mA

Thus, i(t) = {6 —[(6c0s5,000t + 0.06sin5,000t)e>""]} mA
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Chapter 8, Problem 47.

Find the output voltage v, (t) in the circuit of Fig. 8.94.

t:Ov

10Q

3A SQ% IH? 10 mF =

Figure 8.94
For Prob. 8.47.

Il
S o+

Chapter 8, Solution 47.
At t = 0-, we obtain, i.(0) = 3x5/(10+5) = 1A
and vo(0) = 0.

For t > 0, the 10-ohm resistor is short-circuited and we have a parallel RLC circuit with
a step input.

a = 1/(2RC) = (1)/(2x5x0.01) = 10
®o = 1/4/LC = 1/4/1x0.01 = 10
Since o = ®,, we have a critically damped response.
sip = -10
Thus, i(t) = L+ [(A+Bte'], I = 3
i(0)=1=3+A or A =-2
vo = Ldi/dt = [Be "]+ [-10(A + Bt)e"]
vo(0) = 0 = B—10A or B = -20

Thus, vo(t) = (200te™") V
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Chapter 8, Problem 48.

Given the circuit in Fig. 8.95, find i(¢) and v(¢) for > 0.

*i(t)
ng

1Q

MWW
ST
los]

1]

— v(r)
2Q -

Figure 8.95
For Prob. 8.48.

Chapter 8, Solution 48.
For t = 0-, we obtain i1(0) = -6/(1 +2) = -2 and v(0) = 2x1 = 2.
For t > 0, the voltage is short-circuited and we have a source-free parallel RLC circuit.
o = 1/2RC) = (1)/(2x1x0.25) = 2

0, = 1/4/LC = 1/4/1x0.25 = 2

Since o = ®,, we have a critically damped response.
Si12 = -2
Thus, i(t) = [(A+Bt)e®], i(0) = -2 = A
v = Ldi/dt = [Be™®]+ [-2(-2 + Bt)e™]
vo(0) =2 =B+4 or B =-2

Thus, i(t) = [(-2-2t)e™] A

and v(t) = [(2+4t)e*|V
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Chapter 8, Problem 49.

Determine i(¢) for # >0 in the circuit of Fig. 8.96.

4Q

12V 5H§ LR == 50 G 3A

Figure 8.96
For Prob. 8.49.
Chapter 8, Solution 49.
For t = 0, 1(0) = 3+12/4 = 6 and v(0) = 0.
For t>0, we have a parallel RLC circuit with a step input.
a = 1/(2RC) = (1)/(2x5x0.05) = 2

o, =1/4LC = 1/45x0.05 = 2

Since o = ®,, we have a critically damped response.
Sip = -2
Thus, ity = L+ [(A+Bte™], I, =3
i(0)=6=3+Aor A=3
v = Ldi/dt or v/L = di/dt = [Be™]+[-2(A + Bt)e™]

v(O)L =0 = di(0)/dt

B-2x3 or B=6

Thus, i(t) = {3+][(3+6t)e™ ]} A
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Chapter 8, Problem 50.
For the circuit in Fig. 8.97, find i(¢) for > 0.

10Q
AWV

i i(7)
30V @) 6u(r) A CD 10 mF —— § 400 % 4H

Figure 8.97
For Prob. 8.50.

Chapter 8, Solution 50.
For t = 0-, 4u(t) = 0, v(0) = 0, and i(0) = 30/10 = 3A.

For t > 0, we have a parallel RLC circuit.

+
A §1096A —~10mF §409 10H
I, =3+6 =9A and R = 10|40 = 8 ohms
o = 1/(2RC) = (1)/(2x8x0.01) = 25/4 = 6.25
®o=1/LC = 1/4/4x0.01 = 5
Since o > ®,, we have a overdamped response.
s12 = —atyJo’ —) = -10,-2.5
Thus, i(t) = I+ [Ae'™+[Be™™], I, = 9

i0)=3=9+A+Bor A+B = -6
di/dt = [-10Ae""] +[-2.5Be™™,
v(0) =0 = Ldi(0)/dt or di(0)/dt = 0 = -10A—2.5B or B = -4A
Thus, A =2 and B = -8

Clearly, i(t) = {9+[2e" +[-8e>5 1 A
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Chapter 8, Problem 51.

Find v(¢) for # >0 in the circuit of Fig. 8.98.

Dt

t=0

I = +
1|
1
aQ

Figure 8.98
For Prob. 8.51.

Chapter 8, Solution 51.
Let i = inductor current and v = capacitor voltage.

At t =0, v(0) = 0 and i1(0) = i,.

For t > 0, we have a parallel, source-free LC circuit (R = ).
o = 1I/2RC) = 0 and ®, = l/x/ﬁ which leads to 81, = * jo,
v = Acosmot + Bsinwet, v(0) = 0 A
ic = Cdv/dt = -1
dv/dt = ®.Bsinw,t = -1/C
dv(0)/dt = w,B = -1,/C therefore B = i,/(®,C)

v(t) = -(i/(®,C))sinw,t V_where o, = 1/+/LC
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Chapter 8, Problem 52.

The step response of a parallel RLC circuit is
v =10+20e"" (cos 4007 — 2 sin 4007)V, ¢>0
when the inductor is 50 mH. Find R and C.

Chapter 8, Solution 52.

o =300=_1 (1)
2RC

/ / 1
2 2 2 2

w, =40, —a" =400 —> o, =v400" -300° =264.575=—— (2)
’ VLC

From (2),
1
C= > — =285.71uF
(264.575)" x50x10 -
From (1),
1 1

R=— = (3500) = 5.833Q
2¢C 2x300

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 8, Problem 53.

After being open for a day, the switch in the circuit of Fig. 8.99 is closed at 7 = 0. Find
the differential equation describing i(¢), # > 0.

t=0
80 Q
oy

120 V — 10 mF 0.25H

Figure 8.99
For Prob. 8.53.

Chapter 8, Solution 53.
At t<0, i(07)=0,v.(07)=120V

For t >0, we have the circuit as shown below.

80 Q
l i
120 ___10mF § 0.25H
120=V _ 9V 120=v+rciir (1)
R dt dt
di
But vV, =v=L— 2
u L at (2)
Substituting (2) into (1) yields
di d_QI di _2

fR —— 120=1 +8Oxlx10x1033f£+80i

120=1 9 4 RCL ar
ar T ar 4df 4

or

(d’i/dt?) + 0.125(di/dt) + 400i = 600
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Chapter 8, Problem 54.

The switch in Fig. 8.100 moves from position 4 to B at ¢ = 0. Determine: (a) i(0+) and
v0"), ®)di(0" )/ dt, (c) i(o0)and v(e0).

50Q
5 v

20Q v=—10mF 20 mH

Figure 8.100
For Prob. 8.54.
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Chapter 8, Solution 54.

(a) When the switch is at A, the circuit has reached steady state. Under this condition,
the circuit is as shown below.

50 Q
1
N |

9A 40 Q3 \

o 40 _ .

i(07) = (9) = 4A, v(0™) = 50i = 50x4 =200 V

50 + 40
v(0*)=v(07)=200 V
i(0")=i(0")=4A
di di(0) v, (0%)

b =L= > =L
® vi=lg ar L

At t=0", the right hand loop becomes,
—200 + 50x4 + v(0") =0 or v.(0") = 0 and (di(0")/dt) = 0.

L _cav . av(0") _i.(0)
< T at T at C

Att=0", and looking at the current flowing out of the node at the top of the circuit,
((200-0)/20) +ic +4=0oric =14 A.
Therefore,
dv(0")/dt =-14/0.01 = -1.4 kV/s.
(a) When the switch is in position B, the circuit reaches steady state. Since it is

source-free, 1 and v decay to zero with time.

i(o0) = 0,v(e0) = 0
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Chapter 8, Problem 55.

For the circuit in Fig. 8.101, find v(¢) for # > 0. Assume that v(O+ ) =4V and i(O*): 2A.
20

0.1F 5

Figure 8.101
For Prob. 8.55.

Chapter 8, Solution 55.
At the top node, writing a KCL equation produces,
i/4+ = Cidv/dt, C; = 0.1

51/4 = Cydv/dt =0.1dv/dt

i = 0.08dv/dt (1)
But, v = —(2i+(1/C2)Iidt), C, =05
or  -dv/dt = 2di/dt+ 2i )

Substituting (1) into (2) gives,
-dv/dt = 0.16d*v/dt* + 0.16dv/dt
0.16d*v/dt* + 0.16dv/dt + dv/dt = 0, or d*v/dt* + 7.25dv/dt = 0
Which leads to s+ 7.25s = 0 = s(s+7.25) or s;» = 0,-7.25
v(t) = A +Be" > (3)
v(0) =4 = A+B 4)
From (1),  i(0) = 2 = 0.08dv(0+)/dt or dv(0+)/dt = 25

But, dv/dt = -7.25Be”’**", which leads to,

dv(0)/dt = -7.25B = 25 or B = -3.448 and A = 4-B = 4+3.448 = 7.448

Thus, v(t) = {7.448 — 3.448¢ 7% V
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Chapter 8, Problem 56.

In the circuit of Fig. 8.102, find i(¢) for > 0.

IS
jas)

20V

Figure 8.102
For Prob. 8.56.
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Chapter 8, Solution 56.
For t < 0, i(0) = 0 and v(0) = 0.

Fort > 0, the circuit is as shown below.

4Q
Wy
. 4.
i i
6Q

AW 8
0.04F
+ -
20\ - lo 0.25H

Applying KVL to the larger loop,

20 +6i, +0.25di,/dt + 25](10 +i)dt = 0 (1)
For the smaller loop, 41+ 25 J-(i +1,)dt = Oor J(i +1,)dt =-0.161 (2)
Taking the derivative, 4di/dt + 2530 +1,) = 0 or i, = —0.16di/dt—1 3)
and diy/dt =0.16d%/dt* — di/dt 4)

From (1), (2), (3), and (4), —20 —0.96di/dt — 61 — 0.04d*//dt* — 0.25di/dt — 4i =0
Which becomes, d%i/dt* + 30.25di/dt + 250i = —500

This leads to, s>+ 30.25s +250 = 0

~30.25+ J(30.25)2 ~1000 .
or sjp = 5 =—-15.125434.608

This is clearly an underdamped response.
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Thus, i(t) = L + ¢ "?'(Acos(4.608t) + A,sin(4.608t))A.

Att=0,1,(0)=0and i(0) =0=1I;+ A, or A; =—I;. Astapproaches infinity, i,(0) =
20/10 = 2A = —i(x) or i(w0)=-2A=I;and A, =2.

In addition, from (3), we get di(0)/dt = —6.251,(0) — 6.251(0) = 0.

di/dt=0—15.125 ¢ "' (A cos(4.608t) + Assin(4.608t)) + ¢ > ''(—A 4.608sin(4.608t)
+ A,4.608c0s(4.608t)). At t=0, di(0)/dt=0=-15.125A, + 4.608A, =—-30.25 + 4.608A,
or A, =30.25/4.608 = 6.565.

This leads to,

i(t) = (-2 + e >®Y2c05(4.608t) + 6.565sin(4.608t)) A
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Chapter 8, Problem 57.

If the switch in Fig. 8.103 has been closed for a long time before # = 0, but is opened at
t =0 determine:

(a) the characteristic equation of the circuit,
(b) i,and v, for >0.

16v (%) 12Q -

Figure 8.103
For Prob. 8.57.

Chapter 8, Solution 57.

(a) Let v = capacitor voltage and i = inductor current. At t = 0-, the switch is
closed and the circuit has reached steady-state.

v(0-) = 16V and i(0-) = 16/8 = 2A
At t = 0+, the switch is open but, v(0+) = 16 and 1(0+) = 2.
We now have a source-free RLC circuit.
R 8+ 12 = 20 0ohms, L = 1H, C = 4mF.
o = R/2L) = (20)/(2x1) = 10

®o = 1///LC = 1//1x(1/36) = 6

Since o > ,, we have a overdamped response.

S12 = —atq o’ -0 = -18,-2

Thus, the characteristic equation is (s + 2)(s + 18) = 0 or s> +20s +36 = 0.
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(b) i(t) = [Ae®+Be'™] and i(0) =2 = A+B (1)

To get di(0)/dt, consider the circuit below at t = 0+.

i
§IZQ 8Q
+

v /~ (1/36)F VL

1H

-v(0) +201(0) + vp(0) = 0, which leads to,
-16 +20x2 + v (0) = 0 or v (0) = -24
Ldi(0)/dt = vi(0) which gives di(0)/dt = vi(0)/L = -24/1 = -24 A/s
Hence -24 = -2A-18B or 12 = A+9B (2)
From (1) and (2), B =125 and A = 0.75

i(t) = [0.7562+ 1.25¢ ™ = -iy(t) or iy(t) = [-0.75¢2 - 1.25¢78) A

v(t) = 8i(t) = [6e> +10e ¥ A
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Chapter 8, Problem 58.

In the circuit of Fig. 8.104, the switch has been in position 1 for a long time but moved to
position 2 at £ =0 Find:

@ (0 ), a0 )/ ar
(b) v(t) for £ >0

O
=0
EO-ZSH 05 _*

Figure 8.104
For Prob. 8.58.

Chapter 8, Solution 58.

(a) Let i =inductor current, v = capacitor voltage i(0) =0, v(0) =4

dv(0) _ [v(0)+ Ri(0)] _ (4+0) __8V/s
dt RC
(b) For ¢ >0, the circuit is a source-free RLC parallel circuit.

1 1 1 1

o= = = 1’ a)) =
2RC  2x0.5x1 ° JLC 0.25x1
o, =\’ —a’ =J4-1=1.732

Thus,
v(t) =e "' (A4, cos1.732t + A, sin1.732¢)
V(O) =4=A
% =—e "4, c0s1.732t —1.732¢ ™" 4, sin1.732¢t —e ™" 4, sin1.732¢ +1.732¢ ™" 4, cos1.732¢
MO _ g 4417324, — 4, =230
dt

W(t) = e (4cos1.732¢ — 2.309sin1.7321) V
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Chapter 8, Problem 59.

The make before break switch in Fig. 8.105 has been in position 1 for 7 <0. At =0, it
is moved instantaneously to position 2. Determine v(z).

v () o

Llg 16 Q

Figure 8.105
For Prob. 8.59.

Chapter 8, Solution 59.

Let 1= inductor current and v = capacitor voltage
v(0) =0, i(0) =40/(4+16) =2A
For t>0, the circuit becomes a source-free series RLC with

a=—= =2, w,= = =2, ,
2L 2x4 VLC 4x1/16

i(t)= Ae™ + Bte™

i(0)=2=A

R 16 _ 1 1

di_ —2Ae™ + Be™® —2Bte™
dt
% =2A+B= —%[Ri(O) -v(0)] —— -2A+B= —%(32—0), B=-4

i(f)=2e —4te™

1 ) o 2wt 64 o !
v=— [—idt+v(0) =32 [e *dt+ 64 [te > 'dt = +16¢ 72" | +=—e ! (<2t-1) |
C 0o 4 0

0 0 0
v=-32te ™ V.
Checking,

v=Ldi/dt+ Ri=4(-4e ' —4e* + 8¢ *) + 16(2¢ > — 4te *') =32t *' V.
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Chapter 8, Problem 60.

Obtain i, and i, for # > 0 in the circuit of Fig. 8.106.
30

LR
4u(r) A (D 20 %1}1 1H

Figure 8.106
For Prob. 8.60.

Chapter 8, Solution 60.
At t = 0-, 4u(t) = 0 sothat 1;(0) = 0 = 1»(0) (1)

Applying nodal analysis,

4 = 0.5diy/dt+1; + 1, (2)
Also, i, = [1diy/dt — 1dip/dt]/3 or 3i, = diy/dt — diy/dt (3)
Taking the derivative of (2), 0 = d?iy/dt + 2di,/dt + 2di,/dt 4)

From (2) and (3),  diy/dt = di)/dt —3i, = di)/dt—3(4 —i; — 0.5di,/dt)
= diy/dt— 12 + 3i; + 1.5di,/dt
Substituting this into (4),
d?i,/dt* + 7di)/dt + 6i; = 24 which gives s+ 7s+6 = 0 = (s+ 1)(s + 6)
Thus, i1(t) = I+ [Ae'+Be®], 61, = 24 or I, = 4
i1(t) = 4+ [Ae'+Be®™] and i;(0) = 4+ [A + B] (5)
i, = 4—1;—0.5diy/dt =i,(t) = 4+ -4-[Ae'+Be®] - [-Ae™ - 6Be™]

= [-0.5A¢" + 2Be™] and i»(0) = 0 = -0.5A +2B (6)

From (5) and (6), A =-32and B = -0.8

i(t) = {4 +[-3.2¢"'—0.8¢°} A

i(t) = [L6e"— 1.6 A
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Chapter 8, Problem 61.
For the circuit in Prob. 8.5, find i and v for > 0.

Chapter 8, Solution 61.
For t > 0, we obtain the natural response by considering the circuit below.

1H .
a 1L,
>
+
§ 4Q ve 7~ 0.25F § 6Q
Atnode a, ve/d +0.25dve/dt +1, = 0 (1)
But, \/on ldlL/dt + 61]_ (2)

Combining (1) and (2),
(1/4)dip/dt + (6/4)iL + 0.25d%IL/dt* + (6/4)di/dt +i. = 0

d%ip/dt + 7dip/dt + 10i, = 0
s+ 7s+10 = 0 = (s+2)(s+5) or ;5 = -2,-5
Thus, ii(t) =iy () +[Ae™ + Be™,
where ip(o0) represents the final inductor current = 4(4)/(4 +6) = 1.6
il(t) = 1.6 +[Ae? +Be™] and i (0) = 1.6 +[A+B] or -1.6 = A+B (3)
di/dt = [-2Ae™? - 5Be™]
and dig(0)/dt = 0 = 2A—-5B or A = -25B (4
From (3) and (4), A = -8/3 and B = 16/15
iL(t) = 1.6+ [-(8/3)e™ + (16/15)e™]

v(t) = 6iL(t) = 19.6 + [-16e + 6.4¢ 5[} V

ve = ldig/dt+ 6i. = [ (16/3)e™ - (16/3)e™] + {9.6 + [-16e™" + 6.4¢7']}
ve = {9.6 + [-(32/3)e™ + 1.0667¢”']}
i(t) = ve/4 = 2.4 +[-2.667e> +0.2667¢”'} A
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Chapter 8, Problem 62.

Find the response v, (¢) for #> 0 in the circuit of Fig. 8.107. Let R=3Q,L =2H,
C=1/18F.

10u() V

Figure 8.107
For Prob. 8.62.
Chapter 8, Solution 62.
This is a parallel RLC circuit as evident when the voltage source is turned off.

o = 1/2RC) = (1)/(2x3x(1/18)) = 3

0, =1/4LC = 1/4/2x1/18 = 3

Since o = ®,, we have a critically damped response.
S;2 = -3
Let v(t) = capacitor voltage
Thus, v(t) = Vs+[(A + Bt)e™"] where Vs = 0
But -100+vg+v =0o0r vg = 10—-v

Therefore vg = 10 — [(A + Bt)e>'] where A and B are determined from initial
conditions.
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Chapter 8, Problem 63.

For the op amp circuit in Fig. 8.108, find the differential equation for i(t).

L

Figure 8.108
For Prob. 8.63.

Chapter 8, Solution 63.

vS—O:Cd(O—vo) . ﬁz_cdvo
R dt R dt
di dv d?i %
\/O = L— > o — L 2 =S
dt df dt RC
Thus,
d%i()  vq
dt? RCL
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Chapter 8, Problem 64.

For the op amp circuit in Fig. 8.109, derive the differential equation relating v, to v, .

05F
It
1

2Q 1Q

'A% t
+
v 1F=—

s

Figure 8.109
For Prob. 8.64.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 8, Solution 64.

Consider the circuit as shown below.

| |O.5 F
N
20 1Q
2
| +
1F —— /_ +
Vs
Vo
Atnode 1,
Vi—Vv, v,-v, 1d
5 L= ‘] 2+§E(v] v,) —— Vv.=3v,=-2v, +—(v,—Vv,) (1)
At node 2,
vi-v, .d dv,
L —2-1—(v,-0 Vi—V, =—= 2
] df( , -0 —— V-V, at (2)
But v, =v_ so that (1) and (2) become
d
v, =3v,-2v, +E(v]—vo) (la)
dv
V,=Vv_+—2 2
1 o C”' ( 8.)
Substituting (2a) into (1a) gives
2
Vi :3vo+3dv° —2v0+dvo +d \/20 _ o
dt df dt
d?*v, ,dv,
Vi=—22+3 +V,
dt dt
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Chapter 8, Problem 65.

Determine the differential equation for the op amp circuit in Fig. 8.110. If vl( i ) =2V
and v,(0")=0V find v, for > 0. Let R=100kQ and C =1uF.

A

Vi

>

O\:F"’é)

Figure 8.110
For Prob. 8.65.
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Chapter 8, Solution 65.
At the input of the first op amp,

(vo—0)/R = Cd(v; —0)/dt (1)
At the input of the second op amp,
(-vi—0)/R = Cdv,/dt (2)

Let us now examine our constraints. Since the input terminals are essentially at ground,
then we have the following,

Vo = -V3 OF V) = -V, 3)

Combining (1), (2), and (3), eliminating v; and v, we get,

d’v, 1 d’v,
dt> _(RZCZJV": e

Which leads to s*— 100 = 0
Clearly this produces roots of —10 and +10.

And, we obtain,
Vo(t) = (Ae'" + Be '™V

At t = 0, vo(0+) = —vo(0+) = 0 = A+B, thus B = -A
This leads to vo(t) = (Ae™" = Ae'™)V. Now we can use v;(0+) = 2V.
From (2), vi = —RCdvy/dt = 0.1dvy/dt = 0.1(10Ae™" + 10Ae™™)
vi(0+) = 2 = 0.1(20A) = 2A or A = 1
Thus, vo(t) = (" —e'")V

It should be noted that this circuit is unstable (clearly one of the poles lies in the right-
half-plane).
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Chapter 8, Problem 66.
Obtain the differential equations for v, (l) in the op amp circuit of Fig. 8.111.

10 pF J‘
60 kQ T 60 kQ > |
+ —0
+
Vg =20 pF Yo
O
Figure 8.111

For Prob. 8.66.
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Chapter 8, Solution 66.

We apply nodal analysis to the circuit as shown below.

V2

10pF]

60 kQ 60 kQ \

Vi \'%) T
7
1L 20pF Vo
Vs I
Atnode 1,
Vs Vo 0pr Dy, )
60k 60k dt
But v, =v,
(v = v)
Vg =2V =V, +6x10 " ————— (1)
dt
At node 2,
Y Y2 _o0pF D (v, 0), v, =v
60K P df( »—0), 2= Vo
vi = vy +12x1076 Yo )

dt
Substituting (2) into (1) gives

6 d2Vo
dt?

d _ _
Vtoj—vo+6x10 7| 1.2x10

Vg = 2(% +1.2x107°

Ve = Vo + 2.4x10°%(dv,/dt) + 7.2x10~(d?v,/dt).
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Chapter 8, Problem 67.

* In the op amp circuit of Fig. 8.112, determine v, (¢) for # > 0. Let v,, = u(t)V,
R =R, =10kQ, C, =C, =100uF.

R, G
Vin O—’\/\/\/\/74{

Figure 8.112
For Prob. 8.67.

* An asterisk indicates a challenging problem.
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Chapter 8, Solution 67.

Atnode 1,
Vin _Vl — Cl d(VI _Vo) +C2 d(Vl _O) (1)
R, dt dt
At node 2, C, dv, =0) _0-v, , Or dv, _ =V, )
dt R, dt C,R,
From (1) and (2),
R,C, dv, dv, v,
U S B — -4y -R,
C,R, dt dt R,
d
Vi=Vi RI—CldL R1C1L+R1 Yo 3)
C,R, dt dt R,
G
|C
N
R,

R | C Wy
vin W\ —2—-
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From (2) and (3),
v, dv, dv, R,C, dv, d’v, R, dv,
+ +R —

n [

- = = 1~1 ;>
C,R, dt dt  C,R, dt dt R, dt
d’v, 1 (1 1 |dv, v, 1 dv,

St —| —+— + =—
dt R,{(C, C,)dt CC,R,R, R,C, dt

But C;C,R;R, = 10* x10™* x10* x10* = 1

(1 1 2 2
_—)— 4 — | = = =
R,(C, C,) R,C, 10*x107*

d*v dv dv

e 4+2—2 4y, =——=n

dt? dt o dt

Which leads tos*+2s+1 = 0 or(s+1)> = 0 and s = -1, -1
Therefore,  vo(t) = [(A +Bt)e™] + V;
As t approaches infinity, the capacitor acts like an open circuit so that
Vi = vo(0) = 0
vin = 10u(t) mV and the fact that the initial voltages across each capacitor is 0
means that v,(0) = 0 which leadsto A = 0.
vo(t) = [Bte']

dv

© = [(B-Bte" 4
” [( )e’] “4)
From (2), dv_(0+) _ Y (0+) _0
dt C,R,
From (1) att = 0+,
1=0_ -C, dv, (04) which leads to dvo @09 ___ 1 _ -1
R, dt dt C,R,

Substituting this into (4) gives B = —1

Thus, v(t) = —te'u(t) V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 8, Problem 68.
(“:))

ps

For the step function v, = u(t), use PSpice to find the response v(t) for 0 <¢ < 65 in the
circuit of Fig. 8.113.

20 1H
AMA—— T
+
Vs 1F == v(?)
Figure 8.113

For Prob. 8.68.
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Chapter 8, Solution 68.

The schematic is as shown below. The unit step is modeled by VPWL as shown. We
insert a voltage marker to display V after simulation. We set Print Step = 25 ms and
final step = 6s in the transient box. The output plot is shown below.

R1 L1
T1=0 V1=0
72=0.001 V2=1
V1

T3=100 V3=1.0 -

o U({L1:2)
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Chapter 8, Problem 69.

Given the source-free circuit in Fig. 8.114, use PSpice to get i(t) for 0 <7< 20s. Take
v(0)=30V and i(0)=2A.

|

*z
+
1Q IOHg 25F =/— v

Figure 8.114
For Prob. 8.69.
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Chapter 8, Solution 69.

The schematic is shown below. The initial values are set as attributes of L1 and C1. We
set Print Step to 25 ms and the Final Time to 20s in the transient box. A current marker

is inserted at the terminal of L1 to automatically display i(t) after simulation. The result

is shown below.

1IC=30
- C1

Time
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Chapter 8, Problem 70.

For the circuit in Fig. 8.115, use PSpice to obtain v(¢)t for 0 < ¢ < 4s. Assume that the
capacitor voltage and inductor current at 7 = 0 are both zero.

6Q 2H
£I1R

24V<t> 3Q§ 04F =

Figure 8.115
For Prob. 8.70.

L
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Chapter 8, Solution 70.

The schematic is shown below.

CR1. k=0 L1 ..
% ' a
R

W= Re=a

After the circuit is saved and simulated, we obtain the capacitor voltage v(t) as shown

below.
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Chapter 8, Problem 71.

Obtain v(t) for 0 <t < 4s in the circuit of Fig. 8.116 using PSpice.

+
13u() A 6 Q v(t) % 20Q 3%u(n) vV

Figure 8.116
For Prob. 8.71.
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Chapter 8, Solution 71.

The schematic is shown below. We use VPWL and IPWL to model the 39 u(t) V and 13
u(t) A respectively. We set Print Step to 25 ms and Final Step to 4s in the Transient
box. A voltage marker is inserted at the terminal of R2 to automatically produce the plot
of v(t) after simulation. The result is shown below.

T1=0 V1=0
LV1 T2=0.01v2=39

@ T3=100 V3=39

C1 ﬁ/® L1 R1
T1=0 11=0 | ’1“:’“’“—”\/\/\/—6
- - 0.4

T2=0.01 12=13 6 b R3 20l R2

T3=100 I3=13®

o U(R2:1)

Time
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Chapter 8, Problem 72.
The switch in Fig. 8.117 has been in position 1 for a long time. At # =0, it is switched to

position 2. Use PSpice to find i(¢) for 0 <¢ < 0.2s.

4kQ | 5 1kQ 100 mH

o[=0 ‘i IR
10V (®)  100uF Tﬁ 2kQ

Figure 8.117
For Prob. 8.72.
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Chapter 8, Solution 72.

When the switch is in position 1, we obtain IC=10 for the capacitor and IC=0 for the
inductor. When the switch is in position 2, the schematic of the circuit is shown below.

IC=10

T00u - L Tt

When the circuit is simulated, we obtain i(t) as shown below.
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Chapter 8, Problem 73.

Rework Prob. 8.25 using PSpice. Plot v, (¢) for 0 <7 < 4s.
Chapter 8, Solution 73.
(a) For t < 0, we have the schematic below. When this is saved and simulated, we

obtain the initial inductor current and capacitor voltage as

i(0) = 3A andv,(0) = 24 V.

3.000A
R1 L1
30.00V G 24 00V
2 1H
+| W1
30 —— 8 R2C1 - 025
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(b) For t > 0, we have the schematic shown below. To display i(t) and v(t), we
insert current and voltage markers as shown. The initial inductor current and capacitor
voltage are also incorporated. In the Transient box, we set Print Step = 25 ms and the
Final Time to 4s. After simulation, we automatically have i,(t) and v,(t) displayed as
shown below.

L1 1C=3
YTV
1H

0.25 IC=24

o I{C2) - W(C2:1)
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Chapter 8, Problem 74.

The dual is constructed as shown in Fig. 8.118(a). The dual is redrawn as shown in Fig.
8.118(b).

05Q 025Q
20 40
A AV
9V 58 Lﬁg 1Q(D)3A
f 10
9A 3V
(a)
+Q 1Q
AN aA%%Y
9A<D é;g éj‘g @w

Figure 8.118
For Prob. 8.74.
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Chapter 8, Solution 74.
The dual is constructed as shown below.

0.5Q 0.25Q

The dual is redrawn as shown below.
1/6 Q 1Q

9A 172 Q 1/4 Q 3V
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Chapter 8, Problem 75.

Obtain the dual of the circuit in Fig. 8.119.

12V 10Q
05F
Ct 24V
40 2H
Figure 8.119

For Prob. 8.75.
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Chapter 8, Solution 75.

The dual circuit is connected as shown in Figure (a). It is redrawn in Figure (b).

0.1Q

W\ e
12V <+> § 100

12A 24A

@ i3 NORO

|C
N
10 pF
(@
0.1Q
WV
| 2F
0O5H T 24A
———
12A

T § 0.25Q

(b)
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Chapter 8, Problem 76.

Find the dual of the circuit in Fig. 8.120.

100 %209 300

4H§ = 1F G 2A

Figure 8.120
For Prob. 8.76.
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Chapter 8, Solution 76.

The dual is obtained from the original circuit as shown in Figure (a). It is redrawn in
Figure (b).

0.1Q 0.05 Q 1/3 Q

W\
§ 100 § 200Q 20A<D§ 30Q

60 AT

§4H inp F ZACTD

I€ &—/ (300
4F

()

0.05 Q

60 A 120 A
1H

§ 0.1Q 000" § 1/30 Q

- 1/4F 2V

(b)
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Chapter 8, Problem 77.

Draw the dual of the circuit in Fig. 8.121.

SA

2Q 3Q
lF %O.ZSH 1Q
12V

Figure 8.121
For Prob. 8.77.
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Chapter 8, Solution 77.

The dual is constructed in Figure (a) and redrawn in Figure (b).

|

~1F §1/4H §19 ?
e e\

+
1H 14 F 1Q 12v <—> CT)
12 A

(@)

A
1

1/4 F § 130 Cl)
12 A
+
5V _)
1H

(b)
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Chapter 8, Problem 78.

An automobile airbag igniter is modeled by the circuit in Fig. 8.122. Determine the time
it takes the voltage across the igniter to reach its first peak after switching from 4 to B.
Let R=3Q,C =1/30F, and L =60 mH.

A B
o

t=0
N Airbag igniter
12V %} T c L Sk

Figure 8.122
For Prob. 8.78.
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Chapter 8, Solution 78.
The voltage across the igniter is vg = v¢ since the circuit is a parallel RLC type.
ve(0) = 12, and i (0) = 0.

o = 1/2RC) = 1/(2x3x1/30) = 5

®, =1/4JLC =1/460x10"x1/30 = 22.36

a < o, produces an underdamped response.

s, =—at o’ -l = -5+j21.794

ve(t) = e '(Acos21.794t + Bsin21.794t) (1)
ve(0) = 12 = A
dvc/dt =—5[(Acos21.794t + Bsin21.794t)e™"]
+21.794[(—Asin21.794t + Bcos21.794t)e™] (2)
dvc(0)/dt = —-5A +21.794B
But, dvc(0)/dt = —[vc(0) + Ri(0)]J/(RC) = —(12 + 0)/(1/10) = —120
Hence, —120 = —5A +21.794B, leads to B (5x12—120)/21.794 = -2.753
At the peak value, dvc(t,)/dt = 0, i.e.,
0 = A+ Btan21.794t, + (A21.794/5)tan21.794t, — 21.794B/5
(B + A21.794/5)tan21.794t, = (21.794B/5) - A
tan21.794t, = [(21.794B/5) — A]/(B + A21.794/5) = —-24/49.55 = —0.484
Therefore, 21.7945t, = |-0.451|

t, = [-0.451//21.794 = 20.68 ms
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Chapter 8, Problem 79.

A load is modeled as a 250-mH inductor in parallel with a 12-Q resistor. A capacitor is
needed to be connected to the load so that the network is critically damped at 60 Hz.
Calculate the size of the capacitor.

Chapter 8, Solution 79.

For critical damping of a parallel RLC circuit,

1 1
a=w > =
? 2RC  LC
Hence,
C- L2 _ 0.25 _ 434,0F
4R 4x144 ——
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Chapter 8, Problem 80.
eod

A mechanical system is modeled by a series RLC circuit. It is desired to produce an
overdamped response with time constants 0.1 ms and 0.5 ms. If a series 50-k Q resistor is
used, find the values of L and C.
Chapter 8, Solution 80.

t; = 1/sy| = 0.1x10 leadstos; = —1000/0.1 = —10,000

ty = 1/sy] = 0.5x10° leadstos; = —2,000
s, =—0—+jo’ —o]

_ 2 2
S, =~ 440" —,

:

s;+s; = 2a = —12,000, therefore o = 6,000 = R/(2L)

L = R/12,000 = 50,000/12,000 = 4.167H

S, =~ /o’ —0) = —2,000
a—Joa’ -2 = 2,000
6,000 - o’ —? = 2,000
Jo? =2 = 4,000

o — > = 16x10°

o’ = o —16x10° = 36x10°— 16x10°

o — 103320 =1/4/LC

C = 1/(20x10°x4.167) = 12 nF
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Chapter 8, Problem 81.
eod

An oscillogram can be adequately modeled by a second-order system in the form of a
parallel RLC circuit. It is desired to give an underdamped voltage across a 200-Q
resistor. If the damping frequency is 4 kHz and the time constant of the envelope is 0.25
s, find the necessary values of L and C.

Chapter 8, Solution 81.

t =1/ = 0.25 leadstoa = 4

But, o 1/(2RC) or, C = 1/(2aR) = 1/(2x4x200) = 625 uF
0, = 0. —a’

o =0} +o’ =(2n4x10°) +16 = (214x10°0° = 1/(LC)

This results in L = 1/(64n°x10°x625x10°) = 2.533 uH
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Chapter 8, Problem 82.

The circuit in Fig. 8.123 is the electrical analog of body functions used in medical
schools to study convulsions. The analog is as follows:

C, = Volume of fluid in a drug

C, = Volume of blood stream in a specified region

R, = Resistance in the passage of the drug from the input to the blood stream
R, = Resistance of the excretion mechanism, such as kidney, etc.

v, = Initial concentration of the drug dosage

v(t) = Percentage of the drug in the blood stream
Find v(¢) for >0 given that C, =0.54F, C, =51 F,Rl =5MQ , and v, = 60u(t)V.

t=0>< Ry
v

+ +
v, == ¢ R, c, = v()

Figure 8.123
For Prob. 8.82.
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Chapter 8, Solution 82.
Fort = 0-, v(0) = 0.

Fort > 0, the circuit is as shown below.

R,

W\

= Ci § R, v =&

N

a

A

Vo

Atnode a,

(Vo — V/IR;] = (V/IRy) + Cyodv/dt
vo = v(1 +Ry/Ry) + R;C; dv/dt
60 = (1+5/2.5)+ (5x10° x5x10)dv/dt
60 = 3v+ 25dv/dt
v(t) = Vi+ [Ae "]
where 3V = 60 yields Vg = 20
v(0) =0 =20+A or A = 20

v(t) = 201 — eV

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 8, Problem 83.
eod

Figure 8.124 shows a typical tunnel-diode oscillator circuit. The diode is modeled as a
nonlinear resistor with i, = f(v, ) i.e., the diode current is a nonlinear function of the

voltage across the diode. Derive the differential equation for the circuit in terms of v and

ip.

| = +

Figure 8.124
For Prob. 8.83.
Chapter 8, Solution 83.
i = ip + Cdv/dt (1)
—v,+iR +Ldi/dt+v = 0 )
Substituting (1) into (2),
vs = Rip + RCdv/dt + Ldip/dt + LCd*v/dt* + v = 0
LCd*v/dt* + RCdv/dt + Rip + Ldip/dt = v,

d’v/dt* + (R/L)dv/dt + (R/LC)ip + (1/C)dip/dt = v/LC
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