Chapter 16, Problem 1.

Determine i(t) in the circuit of Fig. 16.35 by means of the Laplace transform.

1Q i
—

u(t) = 1F

1H

Figure 16.35
For Prob. 16.1.

Chapter 16, Solution 1.

Consider the s-domain form of the circuit which is shown below.

1 I(s)
——\WAN——

1/s Cf) = 1/s

4/6666\—
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i(t) = 1.155¢™" sin (0.866t) A
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Chapter 16, Problem 2.

Find v, in the circuit shown in Fig. 16.36 given v .= 4u(t)V.
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Figure 16.36
For Prob. 16.2.
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Chapter 16, Solution 2.
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b

MW\
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V, (4s+8) - 105432 L (52 a9y 452y, =0
S

V, (352 +85+8) = 1832
v, =16 2s+2 1025 —0.12?/_ N —0.12?/_
S
S(3s“ +85+8) s+ﬂ+j—8 s+ﬂ—j—8
373 3 '3
Vy = (4 2p-(13333+09428)t 5o ~(13333-j0.9428)t s

Vy = 4u(t)—e_4”3cos ﬂt —ie_‘”/g’sin &t \
3 J2 3
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Chapter 16, Problem 3.

Find i(t) for t > O for the circuit in Fig. 16.37. Assume i, = 4u(t) + 26 (f)mA. (Hint: Can
we use superposition to help solve this problem?)
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l'SG) §ZQ %O.QH

Figure 16.37
For Prob. 16.3.
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Chapter 16, Solution 3.

In the s-domain, the circuit becomes that shown below.

1

i 2 § 0.2s

We transform the current source to a voltage source and obtain the circuit shown below.

2

1
VA VANEEEEYA V4 N

v
S § 0.2s

84
s 7 20s+40 A B

T3402s s(s+15) s  s+15

_40_8 o _-15x20+40 _52
15 3’ 15 3
8/3 52/3
=—+

s+15

S
i(t) = [% +5—32e15t } u(t)
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Chapter 16, Problem 4.

The capacitor in the circuit of Fig. 16.38 is initially uncharged. Find v, (t) for t > 0.

i 4i
» 2Q
AW -~
+
58(nV v, =——1F 1Q

Figure 16.38
For Prob. 16.4.

Chapter 16, Solution 4.

The circuit in the s-domain is shown below.

41

5[5V, S8, s V= 12.5
2 s+5/2

v, (1) =12.5e** V
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Chapter 16, Problem 5.
Ifi (t)=e ™ u(t) Ainthe circuit shown in Fig. 16.39, find the value of i ,(t).

fﬂ)
i (1)

1H 2Q T 05F
Figure 16.39

For Prob. 16.5.

Chapter 16, Solution 5.

V= 1 1 2s 3 2s
s+201 1 s+2(s?24542) (s+2)(s+0.5+ j1.3229)(s+0.5- j1.3229)
s 2

N »

Vs 52

| =2
7 2 " (s+2)(s+0.5+ j1.3229)(s + 0.5 — j1.3229)
(~0.5— j1.3229)2 (~0.5+ j1.3229)°
_ 1 (15-13229)(-j2.646) _(1.5+ [1.3229)(+]2.646)
5+2 $+0.5+ j1.3229 5+0.5— j1.3229
io(t) = (e_2t +0.377990%e "t/ 2713229t | () 3779¢%0% 1/ 2413229t )u(t)A

or

= (e—2t —0.7559sin 1.3229t)u(t)A

or io(t) = [e‘m —isin(gtjlu(t)A

J7
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Chapter 16, Problem 6.

Find v(t), t > 0 in the circuit of Fig. 16.40. Letv =20 V.

t=0

+

s 100 mF T v (1) 10Q

Figure 16.40
For Prob. 16.6.

Chapter 16, Solution 6.

For t<0, v(0)=vs=20V
For t>0, the circuit in the s-domain is as shown below.

s O v

100mF =0.1F —» %:—
10+1% s+1
20

V=10l =——
s+1

v(t) = 20e"u(t)
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Chapter 16, Problem 7.

Find v, (t), for all t > 0, in the circuit of Fig. 16.41.

2u(t) V @) 1H 05F ::\j_;, CD u(t) A

Figure 16.41
For Prob. 16.7.
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Chapter 16, Solution 7.

The circuit in the s-domain is shown below. Please note, i (0) = 0 and v,(0) = 0 because
both sources were equal to zero for all t<0.

1 1
AN Vo
2/s S 2Is —
§ 1/s
At node 1
2/s7V, M, WiV, ,  2_v@2+1/s)-V, (1)
1 S 1 S
At node O,
u-ﬁ-l_ Vo :—V —> V,=(@+s/2)V,-1/s 2
1 s 2/s 2
Substituting (2) into (1) gives
2/s=(2+1/s)(1+s/2)vo—%(ZWL%)—V0
(4s+1) A Bs+C
° s(s?+15s+1) s s*+1.5s+1
4s+1= A(s’* +1.5s+1)+ Bs* +Cs
We equate coefficients.
$ 0=A+Bor B=-A
S: 4=15A+C
constant: 1=A B=-1 C=4-15A=25
325, £
£
1 —s+25 1 s+3/4 N
° s $"+155+1 s 2 2
(s+3/4)* + i (s+3/4)* + 1
4 4
J J

v(t) =u(t)—e"* cosTt +4.9135¢*sin Tt
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Chapter 16, Problem 8.

If v,(0) = -1V,obtain v, (t) in the circuit of Fig. 16.42.
1Q

3u(t) = 05F 4u(r)

Figure 16.42
For Prob. 16.8.
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Chapter 16, Solution 8.

1 1 2
-F — —==
2 sC s
We analyze the circuit in the s-domain as shown below. We apply nodal analysis.

1 1
AMA Vo
— 2
3 S 4
S S
+
-1
T s
SV, v, Sy, 14-s
S 4 S 48 =0 > V, =
1 2 1 s(s+4)
s
v A, B
S S+4
A—E=7/2, B=E=—9/2
\ 12912
S s+4
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Chapter 16, Problem 9.
Find the input impedance Z , (s) of each of the circuits in Fig. 16.43.

1Q
1H

1H — 05F
20 0.5

1F
o] o

(a) (b)

Figure 16.43
For Prob. 16.9.

Chapter 16, Solution 9.

@) The s-domain form of the circuit is shown in Fig. (a).
2(s+1s)  2(s*+1)

Zip =2[(s+1/s) = 2+s+1s s +2s+1

. 1

. M
S
§ 2 S % 2 ™ 2/s
I/ST
1
(a) (b)

(b)  The s-domain equivalent circuit is shown in Fig. (b).
2(1+2/s) 2(s+2)

21| (L+2/s) = _

10+2/9 =3 05 = as+2
5S+6

142 L+ 2/s) =

£200+ 2 =

(5s+6
S.

. _5”(53+6j_ 35+2)_ s (55 +6)
=M 3s+2/) (53+6j_3s2+7s+6

" 3s+2
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Chapter 16, Problem 10.

Use Thevenin’s theorem to determine v, (t), t > 0 in the circuit of Fig. 16.44.

1Q

10e™2u(f) V 0.25F 7

Figure 16.44
For Prob. 16.10.

Chapter 16, Solution 10.

IH —— 1s andi.(0) =0 (the sources is zero for all t<0).

%F - % _4 and vc(0) = 0 (again, there are no source
sC s

contributions for all t<0).

To find Z+,, consider the circuit below.

1 S
Y'Y
|
Zh
2

S+2

Z. =1/l(s+2)=——
T (s+2) <3

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.




To find V1, consider the circuit below.

1 S
Y'Y
|+
10 Vi 2
S+ 2 >
s+2.10 10

VTh = L =
S+3 s+2 s+3
The Thevenin equivalent circuit is shown below

Zh
+
4s —L—  V,
Vi —_
4 4 9 g
« - —=3
Vo = : Vin = =0 0 =2 0 = \/é :

ﬂ+ZTh ﬂ+ﬁ s+3 s°+6s+12 (5+3)3+(\@)2
S s s+3

v, (t) = 23.094e " sin/3t
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Chapter 16, Problem 11.

Solve for the mesh currents in the circuit of Fig. 16.45. You may leave your results in the
s-domain.

10u(t) V

Figure 16.45
For Prob. 16.11.
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Chapter 16, Solution 11.
In the s-domain, the circuit is as shown below.

10 4
NV NV

k5
AN
I
T

|
2§1s

10 S 1
— =1+, -=sl 1
S ( 4)1 2" (1)
—%sl1+lz(4+%s):0 (2)
In matrix form,
107 |1+ L
el I {h}
0 -=s 4+§s '
A==>s2 17544
10 1
A =S 45 :@Jr%
0 4124 °
4
1+E 10 5
A, = 4 s _E
-=s 0
40 25
| Al S 2 50s +160
l:—: =

A 02552 +2.255+4 (s +95+16)

Ay 2.5 10

A 02552 +2255+4 s2+9s+16
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Chapter 16, Problem 12.

Find v (t) in the circuit of Fig. 16.46.

+
10e™u(t) V 2F T vo(D) 4Q 3u(t) A

Figure 16.46
For Prob. 16.12.
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Chapter 16, Solution 12.
We apply nodal analysis to the s-domain form of the circuit below.

S

Vo
0000°
10/(s + 1) 7 1/(29) § 4 CD 3/s
10
v,
St 2oy,
S S 4
(1+0.255 4 §?) V. = 0 g5 20F18+1S
| ° s+l T s+l
155+ 25 A Bs+C

V: =
© T (5+1)(s?+0.255+1)  S+1 s?+0.255+1

40

A=06+)V,|_, = 2

155+ 25 = A(s? +0.255s +1) + B(s® +s) + C(s+1)

Equating coefficients :

s?: 0=A+B —— B=-A

st 15=0.256A+B+C=-0.75A+C
s: 25=A+C

A=40/7, B=-40/7, C=135/7

4 -40 135 1 V3
v_ 1 . 7°"7 41 4 °% {155;} 2
°_s+1( 1)2 3 7 s+l 7( 1)2 3 \7 @( 1Y 3

s+2 +4 s+2 +4 s+2 +4

v, (t) = 470e'1 _470e-t/2 COS(§IJ+%€M sin[gtj

v, (t) = 5.714¢" —5.714 ¢ cos(0.866t) + 25.57 ¢ sin(0.866t) V
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Chapter 16, Problem 13.
Determine i, (t) in the circuit of Fig. 16.47.

IF 2H

\ 2113
gﬁ l"
2Q #e%(:)zx 1Q

Figure 16.47
For Prob. 16.13.

Chapter 16, Solution 13.

Consider the following circuit.

1/s 2s

| Vo

€ TO— 1,
2 § 1/(s +2) 1

Applying KCL at node o,
1 V, V, s+1
s+2 2541 2+1s T 2541 °
2s+1

° T (s+1)(s+2)

V, 1 A B

0

I: = =
° 25+1 (s+1)(s+2) s+l+s+2

A=1, B=-1

1 1

°© 7541 s+42

i,(t)= (et —e™)u(t) A
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Chapter 16, Problem 14.
* Determine i, (t) in the network shown in Fig. 16.48.

1Q 4Q
i0¢
1
54+ 10u(r) V §2H TZF

Figure 16.48
For Prob. 16.14.

* An asterisk indicates a challenging problem.

Chapter 16, Solution 14.

We first find the initial conditions from the circuit in Fig. (a).

1Q 4 Q
AN AMN—
+
SV \ i, ve(0)
(a) )

i (0)=5A, v (0)=0V

We now incorporate these conditions in the s-domain circuit as shown in Fig.(b).

1 v 4
AN AN
V} Io
15/s C’) % 2s S/s == 4fs

(b)
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At node o,
V,-15/s V, 5 V,-0

1 +23+s+4+4/s_

I
s s U 25 4(+1))°

E_4sz+4s+23+2+s2 _5sz+6s+2
s 4s(s+1) ° 4s(s+1) °
40(s+1)

°© T Bs2 4 Bs+2

[ Ve 5 46+n 5

° 25 s s(s*+1.2s+0.4) s
5 A Bs+C

o= ST s Y7 4+1.25404

4(s+1)=A(s*+1.2s+0.4)+Bs* +Cs

Equating coefficients :

s: 4=04A —— A=10

st 4=12A+C —— C=-12A+4=-8
s’ 0=A+B —— B=-A=-10

5,10 105+8
° s s $2+1.25+0.4
5 10(s+0.6) 10(0.2)

°7 s (s+0.6)2+0.22 (5+0.6)2+0.22

i (t) = [15-10e%(cos(0.2t) - sin(0.2t))] u(t) A
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Chapter 16, Problem 15.
Find V, (s) in the circuit shown in Fig. 16.49.

0.25H 10Q
S11) AMA—
Ve
v, F 02F = 5e2tu(nV

Figure 16.49
For Prob. 16.15.

Chapter 16, Solution 15.
First we need to transform the circuit into the s-domain.

s/4 v 10
D000 —AM
+ Vi -
X 5/s 1~ S+ 2
5
Vo—-3Vy V,-0 YoToi5
0 X+ 0 + S+ :0
s/4 5/s 10
2 5s 2 5s
40V, —120Vy + 257V, +SVy ———=0=(28" +s+40)V, —120V, ———
S+2 S+2
5 5
But, V, =V, —— > V, =V, +—
X ° s+2 ° X 542

We can now solve for V.

ST +s+ +— |- - =
(252 +5+40)( V, +—— |-120v, - > 0
S+2 S+2

2
2(s2 +0.55— 40)Vy =108 720
S+2
(s? +20)
(s +2)(s® +0.5s — 40)

Vy =-5
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Chapter 16, Problem 16.

* Find i, (t) for t > 0 in the circuit of Fig. 16.50.

Figure 16.50
For Prob. 16.16.

* An asterisk indicates a challenging problem.
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Chapter 16, Solution 16.

We first need to find the initial conditions. For t <0, the circuit is shown in Fig. (a).

20 L Vo _
Wy WA
| 1o
1F
3V
Vo/2
1H j,
(a)

To dc, the capacitor acts like an open circuit and the inductor acts like a short circuit.
Hence,

-3
iL(0)=i, = =-1A, v, =-1V

v, (0) = -(2)(-1) —(Elj =25V

We now incorporate the initial conditions for t > 0 as shown in Fig. (b).

2 L Vo
Wy Wy
1

=
7]
\|
J
0000/
7]

"
5/(s +2) C_’) . <_> L
V2 < CI) -1V

I,
(b)
For mesh 1,
-5 ( 1) 1 25V,
— 245, -S4+ =2 =0
s+ZJr +s ! sz+s+2
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But, V, =1 =1,

1 1 1 5 2.5
(2+Ej'l+(5_§j'2:s+_2_T @)
For mesh 2,
(l+s+1j 1I +1 ﬁ E—0
s)? st 2 s
1I +(£+s+l)l —E 1 (2
st \2 s) % s
Put (1) and (2) in matrix form.
1 1 1 5 25
2ol LTS
s 2 s || |_|s+2 sl
11 1{ J_ 25
—  —+s+- L —-1
S 2 S S
A=25+2+— A, = ﬂ+ >
B ’ 27" s s(s+2)
A, -2s2+13 A Bs+C

A T (5+2)(2°+25+3) s+2 257 +25+3
-25% +13=A(2s2 +25s+3)+B(s? +2s) + C(s + 2)

Equating coefficients :
s’ -2=2A+B

st 0=2A+2B+C
s 13=3A+2C

Solving these equations leads to
A=0.7143, B=-3429, C=5.429

07143 3.4295-5429 0.7143 1.7145s-2.714

°7 s+2  2s2+42s+3  s+2  s’+s+15
07143 1.7145(s+0.5)  (3.194)(+v1.25)

°T 542  (5405)7+1.25  (5+05)?+1.25

i,(t)= [0.7143 e —1.7145¢" cos(1.25t) + 3.194 ¢ sin(1.25t)] u(t) A
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Chapter 16, Problem 17.

Calculate i,(t) for t > 0 in the network of Fig. 16.51.

2e”u(t) V
JARY

N\
IF i 1H

1Q 4u(t) A 1Q

Figure 16.51
For Prob. 16.17.

Chapter 16, Solution 17.

We apply mesh analysis to the s-domain form of the circuit as shown below.
2/(s+1)

For mesh 3,
2 1 1
m+ S+g |3—g|1—8|2=0 (1)

For the supermesh,

(1+3I1+(1+S)I2—G+3)I3:O 2)
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Adding (1) and (2) we get, 11 + 1, =-2/(s+1)

But -—li+1,=4/s

Adding (3) and (4) we get, I, =(2/s) — 1/(s+1)
Substituting (5) into (4) yields, 1, =—(2/s) — (1/(s+1))
Substituting (5) and (6) into (1) we get,

2 1 S s? +1 2
—+ —2+——+ I3 =——
2 s(s+1) s+1

2 15-05j 1.5+05j
——+ +

I —
8 S S+ ] S—]

Substituting (3) into (1) and (2) leads to

1 1 2(-s? +25+2)
-ls+=|lo+|s+—|l3 =
S

S 52(s+1)

(2+S+Ej|2 —(s+ljl3 =—4(S+1)
S S g2

We can now solve for I,.

©)

(4)
(5)
(6)

lo = Ip — I3 = (4/) — (1/(s+1)) + ((=1.5+0.5))/(s+j)) + ((=1.5-0.5)/(s—j))

or

io() = [4— e+ 1.5811e7157 + 1.5811e/ ¢ u(t)A

This is a challenging problem. | did check it with using a Thevenin equivalent circuit and

got the same exact answer.
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Chapter 16, Problem 18.
(a) Find the Laplace transform of the voltage shown in Fig. 16.52(a). (b) Using that value
of v (t) in the circuit shown in Fig. 16.52(b), find the value of v, (t).

v (1) 4
3V

v(t) 1F 5 v, (1) 2Q

(b)

Figure 16.52
For Prob. 16.18.

Chapter 16, Solution 18.

B 3 e® 3 s
Vs(t) = 3u(t) - 3u(t-1) or Vo= ————=—(1-e"")
s s s
1Q
MNA
+
Vs s =V, §2§2

%+sv0 +%:O — (s+1.5)V, =V,

3 qey_[2__2 Jq_es
Vo_s(s+1.5)(1 ) (s s+1.5](1 e

Vo (1) =[(2-2e71Yu(t) - (2 - 225Dyt -V
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Chapter 16, Problem 19.

In the circuit of Fig. 16.53, leti(0) = 1 A, v,(0) and v, = 4e > u(t) V. Find v, (t) for t > 0.

Figure 16.53
For Prob. 16.19.
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Chapter 16, Solution 19.

We incorporate the initial conditions in the s-domain circuit as shown below.

) 21
/ V1 Vo \‘,
AW C 3
Iy 7 )
4/(s + 2) C_’) /s = CT) 2
1/s s
At the supernode,
(4/(S+2))_V1+2:ﬁ+l+svo
2 S s
2 11 1
—S+2+2: E-l—g V1+E+SVO (1)
V, +1
But V,=V,+21 and I= S
VERY 2(V,+1) v V,-2/s sV, -2 )
0o T Vit L (s+2)/s  s+2

Substituting (2) into (1)

L+2_1: E L Vo_i +SVO
S+ 2 S 2s S+2 S+2

i+2—£+1= 1 +5 |V,
S+ 2 S S 2

2s+4+2 25+6
(s+2) Cs+2
. 2+6 A B
0_(s+2)(s+1/2)_s+1/2+s+2

=(s+1/2)V,

A=(-1+6)/(-05+2)=3.333, B=(-4+6)/(-2+1/2) =-1.3333
_ 3.333  1.3333

© s+1/2  s+2
Therefore,
v, () =_(3.333¢"2 — 1.3333¢™u(t) V
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Chapter 16, Problem 20.

Find v, (t) in the circuit of Fig. 16.54 if v, (0) = 2 VV and i(0) = 1A.

+ Vx — 1

eu(t) A G) 1Q 1Q 1H ta

Figure 16.54
For Prob. 16.20.
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Chapter 16, Solution 20.

We incorporate the initial conditions and transform the current source to a voltage source
as shown.

2/s

o (- —
(s +1) C) =1 gs

At the main non-reference node, KCL gives
Ys+)-2/s-V, V, V, 1
=—4—

()

) 1/s

1+1/s 175 s
S 9V = (s+D)A+Ys)V, + 3L
s+1 S
S s+1
2 2= (25+2+1s)V
P (2s+2+1s)V,

~ -2s% —4s-1
° (s+D(2s2 +2s5+1)
-s—25-0.5 A Bs+C

° 7 (s+1)(s? +5+0.5) s+1 57 +5+05

A=G+)V,| =1

-52-25-05=A(s* +s+0.5) +B(s? +s)+ C(s+1)

Equating coefficients :
s’ -1=A+B —— B=-2
st -2=A+B+C — C=-1
s -05=05A+C=05-1=-05

V - 1 25+1 1 2(s+0.5)
° s+1 s?+s+05 s+1 (s+0.52%+(0.5)?

v, (1) =[e* = 2 cos(t/2)] u(t) V
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Chapter 16, Problem 21.

Find the voltage v, (t) in the circuit of Fig. 16.55 by means of the Laplace transform.

1Q 1H
211X
+
10u(r) A 05F =/ 2Q IF ==V

Figure 16.55
For Prob. 16.21.
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Chapter 16, Solution 21.

The s-domain version of the circuit is shown below.

1 S
AV N N
N s 2 | s
10/s <> BB B
At node 1,
10
YA 2
V, -V
S _V1i7Vo +£Vo ——  10=(s+1V, + (S——l)Vo )
1 S 2 2
At node 2,
Ve Voo V, =V, (s ) @
S

Substituting (2) into (1) gives
2

10= (s +1)(s% +s/2+ 1)V, + (‘%—1)vo = s(s? + 25 +1.5)V,

10 A Bs+C

° T 5(s?+25+15) s st+2s+15

10 = A(s® +2s+1.5) + Bs* +Cs

s%: 0=A+B
S: 0=2A+C
constant : 10=15A —— A=20/3, B=-20/3, C=-40/3

v _@F_ S+2 }_Q 1 s+1 1414 0.7071
° 3ls s?+2s+15] 3|s (s+1)?+0.7071* ~  (s+1)?+0.7071°
Taking the inverse Laplace tranform finally yields

Vo (t) =22 ﬁ— ™' c0s0.7071t —1.414e ' sin 0.7071t [u(t) V
° 3
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Chapter 16, Problem 22.

Find the node voltages v, and v, in the circuit of Fig. 16.56 using the Laplace transform

technique. Assume that i | = 12e ™' u(t) A and that all initial conditions are zero.

4H

Vi V2

i (D) 1 §29 -

Figure 16.56
For Prob. 16.22.

wol—

Chapter 16, Solution 22.
The s-domain version of the circuit is shown below.
4s

AN Vi NI £

1 2 3/s —
s+1
At node 1,
£:ﬁ+V1—V2 > 12 :Vl 1+i _ﬁ
s+1 1 4s s+1 4s 4s
At node 2,
M=V V2 Sy v = Es2 st
4s 2 3 3

Substituting (2) into (1),
£=V2 ﬂ32+25+1 1+i 1 = ﬂ32+Zs+E Vo
s+1 3 4s ) 4s 3 3 2

v = 9 A Bs+C

7.9,
S+1)(2+-5+>
(s+1)(s"+ 5+ )

9=A(s2 +%s+§)+8(s2 +5)+C(s+1)

(1)

(2)
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Equating coefficients:

2 0=A+B
S: O=ZA+B+C=§A+C —> C=—E
4 4 4
constant : 9:%A+C=§A ——> A=24 B=-24,C=-18
Y 24 24s+18 24 24(s+718) N 3
2: — — —
(5+1) (32+ZS+9) (s+1) (s+z)2+§ (s+z)2+§
4 8 8 64 8 64

Taking the inverse of this produces:

Vo (t) = |24e—t — 2479875 £05(0.5995t) + 5.004e 0875 5in(0.5995t) L(t)

Similarly,

9ﬂ32+23+1
3 D N Es+F

7.9
S+1)(S2+-5+-
(s +D(" +s+2)

Vi =

9(%52 +2s +1j = D(s2 +£s+%) + E(s2 +35)+F(s+1)

Equating coefficients:

2 12=D+E
7 3 3
S: 18=-D+E+For6=—D+F —— F=6--D
4 4 4
constant : 9:%D+For 3=§D ——> D=8, E=4,F=0
8 4s 8 4(s+718) 712
Vi=o 7 9. (s+1 7, 23 . 1., 23
(s+1) (32+—s+—) (s+1) (s+—)2+— (s+—)2+—
4 8 8 64 8 64

Thus,
vy (t) =[Be " + 4670875t ¢05(0.5995t) — 5.838e 087 sin(0.5995t) L(t)
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Chapter 16, Problem 23.

Consider the parallel RLC circuit of Fig. 16.57. Find v(t) and i(t) given that v(0) = 5 and
i(0)=-2A.

-
| = +

du(r) A 10Q 4H wF =

Figure 16.57
For Prob. 16.23.
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Chapter 16, Solution 23.

The s-domain form of the circuit with the initial conditions

is shown below.

I

§ R sL <l -2/s

o (D

=

~ 1/sC CT) 5C

At the non-reference node,
g+§+5C:%+SXL+SCV
6+5sC CV(, s 1)

s s \S +RC+E
_ 5s+6/C
~ s’+s/RC+1/LC

11
— - _-20

But LC ™ 4/80

 55+480  5(s+4)
Cs2485+20 (s+4)*+22

(230)(2)
(s+4)* + 22

v(t) = (5e ™ cos(2t) + 230 sin(2t))u(t) V

V 5s+480

I=_=
sL  4s(s® +8s + 20)

12554120 A Bs+C

T S(s2+85+20) s T 185+ 20

A=6, B=-6, C=-46.75
6 65+4675 6  6(s+4)  (11.375)(2)
s s2485+20 s (S+4)?+22 (s+4)?+2?

i(t) = (6—6e* cos(2t) —11.375e * sin(2t))u(t), t

>0
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Chapter 16, Problem 24.

The switch in Fig. 16.58 moves from position 1 to position 2 at t =0. Find v(t), for all t >
0.

1

IS+

12VC:) %0251{ 10 mF =

Figure 16.58
For Prob. 16.24.

Chapter 16, Solution 24.

When the switch is position 1, v(0)=12, and i, (0) = 0. When the switch is in position 2,
we have the circuit as shown below.

sl4
Y'Y
+ —_—
—— 100/s
v
+ 12/s
10mF =0.01F —— i:@
sC S
_ 12/s _ 248 | V:sLI:ilz 2125
s/4+100/s s°+400 4 s +400

v(t)=12cos20t, t>0

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 16, Problem 25.

For the RLC circuit shown in Fig. 16.59, find the complete response if v(0) = 2 V when
the switch is closed.

2 cos 4tV

Figure 16.59
For Prob. 16.25.

Chapter 16, Solution 25.

For t > 0, the circuit in the s-domain is shown below.

6 S I
MW\ 0000 —>
+

1 9/s

OL

(2s)/(s* + 16) Vv
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Applying KVL,
-2
—S+(6+s+gjl+g=0
S S

3 -32
(32 +6S + 9)(32 +16)

9. 2 2 —288
V=—Il4+—=—+ P
S S S s(s+3)°(s° +16)
2 A B C Ds+E
=—+—+ + +
s s s+3 (s+3)® s°+16

-288 = A(s* + 65 + 2552 + 965 +144) + B(s* + 3> + 1652 + 48s)
+C(s® +16s) + D (s* + 6s° +9s?) + E (s* + 6s% + 9s)

Equating coefficients :

$O: 288 =144A (1)
s':  0=96A+48B+16C+9E )
s2: 0=25A+16B+9D +6E (3)
s 0=6A+3B+C+6D+E 4)
s 0=A+B+D (5)

Solving equations (1), (2), (3), (4) and (5) gives

A=-2, B=2202, C=384, D=-0202, E=2766

2202 384 02025 (0.6915)(4)

V(s) =
s+3  (s+3)° s?+16 s%+16

v(t) = {2.202¢> + 3.84te™ — 0.202cos(4t) + 0.6915sin(4t) u(t) V
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Chapter 16, Problem 26.

For the op amp circuit in Fig. 16.60, find v, (t) for t > 0. Take v, = 3e ™ u(t) V.

10kQ
—AW—

50 uF

]
I

j}& v,
VS
O

Figure 16.60
For Prob. 16.26.
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Chapter 16, Solution 26.
Consider the op-amp circuit below.

1/sC

A
/

Rl 0

+ o

=<
<

=]

At node 0,

V.-0 0-V

. = S +(0-V.)sC

Rl R2 +( O)S
1

vsle[—+scj(-vo)
RZ

V. -1

0

V, sR,C+R,/R,

But %:%:2’ R,C = (20x10%)(50x10°) =1
vV, -1
So, VS:S-I-_Z
V,=3e" —— V,=3/(s+5)
-3
Vo= 12)5+5)
3 A B

o = (s+2)(s+5) Ts+2 545

v, (t) = (e —e) u(t)
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Chapter 16, Problem 27.

Find I, (s) and I, (s) in the circuit of Fig. 16.61.

10e () V 1Q 1Q

Figure 16.61
For Prob. 16.27.
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Chapter 16, Solution 27.
Consider the following circuit.

S

2s 2s
0000° /—\. 0000°
I

10
m=(1+28)|1—|2—8|2

For mesh 1,

10

m=(1+ 25) I, —(@+9)I, 1)
For mesh 2,

0=(2+2s)1,—-1,-sl,

O0=-1+s)l,+2(s+1)I, 2

(1) and (2) in matrix form,

[10/s+3)] [ 2s+1 -G+ 1, ]
o J7l-s+1 26+,

A=3s*+4s+1
20(s+1)
A =—"—
! s+3
10(s+1)
Ay=—">
2 s5+3
Thus
A 20(s+1)

Il: =

Dy
A (s+3)(3s*+4s+1)

A 10(s +1) |

-2 1
A (s+3)3s*+4s+1) 2

I,
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Chapter 16, Problem 28.

For the circuit in Fig. 16.62, find v, (t) for t > 0.

1H
2
° +
6u(r) 2H IH 2Q =V

Figure 16.62
For Prob. 16.28.
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Chapter 16, Solution 28.

Consider the circuit shown below.

1
MA
e +
6/s @ 2s S V, § 2
For mesh 1,

§:(1+2$)I1+sl2 (1)

For mesh 2,
O=sl,+(2+9)I,

l, = -(1+ zjlz (2)

S

Substituting (2) into (1) gives

6 2 -(s*+55+2)
g:-(1+2s)(1+§j|2+s|2 ==\
2 5?2 4+55+2

-12 -12
V. =2

I: =
° 2 s24+55+2 (s+0.438)(s+4.561)

Since the roots of s> +5s+2=0 are -0.438 and -4.561,
A B

Vo=5+0438 " s+ 4561

A=t _ 501 B—— 2 _591
4123 7T C-4.123 7
-2.91 2.91

Vol$) =5 0438t s+ 4561

v, () = 2.91[e-4.561t _ e0.438t] u(t) v
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Chapter 16, Problem 29.
For the ideal transformer circuit in Fig. 16.63, determine i, (t).

1Q _fo

10e™u(t) V H == 0.25F 8 Q

Figure 16.63
For Prob. 16.29.

Chapter 16, Solution 29.
Consider the following circuit.

1 L 1:2

10/(s + 1) % ||| % = 4 § 8

4 _(8)4/s) 8
s 8+4/s 2s+1

Let Z =8|

When this is reflected to the primary side,
ZL
Z, =1+?, n=2

2 2s+3
Zn =1+ 2s+1  25+1

10 110 2541

° s+1 Z, s+1 2s+3
10s+5 A B

° T (s+1)(5+15) s+1 s+15

A=-10, B =20
10 20
)= 1 15

i) (t)=10[2¢"% e~ Ju(t) A
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Chapter 16, Problem 30.

The transfer function of a system is

2

S
H(s) =
©) 3s+1

Find the output when the system has an input of 4e "3 u(t).

Chapter 16, Solution 30.

2
Y (s) = H(s) X(s), X(s) = S+4]7/3 - 3:—!—1
125> 4 8s+4/3
YO = as+12 T3 @s11)
o 2 8 s 4 1
©=379 13 27 541y
-8 S
Let G(s):g-m

Using the time differentiation property,
-8 d, | -861 j
- . By | T tat/3 -t/3
g(t) 9 OIt(te ) 9 3te +e

8 8
g(t)=ste®——e¥®

27 9
Hence,
4 8 8 4
)=_u(t)+te®——e——te
y() =3uO+; 9 27

4 8 4
t - — t—_ -t/3 _t -t/3
y() = Ju(t)—g e+ te
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Chapter 16, Problem 31.

When the input to a system is a unit step function, the response is 10 cos 2tu(t). Obtain
the transfer function of the system.

Chapter 16, Solution 31.

x()=u(t) —> X(s):%

10
y(t)=10cos(2t) —— Y(S)=52 +S4
Y(s) 10s?
H(s) :m: s?+4

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 16, Problem 32.

A circuit is known to have its transfer function as

S+3

HE) = 5
©) s?+4s+5

Find its output when:

(@) the input is a unit step function
(b) the input is 6te * u(t).

Chapter 16, Solution 32.

@  Y(s)=H(s)X(s)

__s+3 1
s’ +4s+5 s
S+3 A Bs+C

:s(sz +4s+5) TS s244545
s+3=A(s?+4s+5)+Bs?+Cs

Equating coefficients :

s 3=5A —— A=3/5

st 1=4A+C —— C=1-4A=-7/5
s?: 0=A+B —— B=-A=-3/5

RN I S
s 5 s?+4s+5
06 1 3 2)+1

Y(s):___u

s 5 (s+2)%+1

y(t) =[0.6—0.6e cos(t)— 0.2e™ sin(t)] u(t)
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6

(b) x(t)=6te®* —— X(s)=

(s+2)?
3 6
Y(8)=H()X(s) = s? iZs+5 (s+2)?
6(s+3) A B Cs+D

Y = =
) (s+2)%(s®* +4s+5) s+2+(s+2)2 TS 14545

Equating coefficients :

s: 0=A+C —— C=-A (1)
s’ 0=6A+B+4C+D=2A+B+D 2)
st 6=13A+4B+4C+4D=9A+4B+4D (3)
s°: 18=10A+5B+4D=2A+B 4)
Solving (1), (2), (3), and (4) gives
A=6, B=6, C=-6, D=-18

6 6 6s+18
Y(S)=s+2+(s+2)2_(s+2)2+1

6 6 6(s+2 6

s+2+(s+2)2 C(5+2)2+1 (s+2)%+1

y(t) = [6e +6te? — 6e cos(t)— 6e sin(t)] u(t)
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Chapter 16, Problem 33.

When a unit step is applied to a system at t = 0 its response is
y(t) = {4 + %e“ —e ?(2co0s4t + 3sin 4t)} u(t)

What is the transfer function of the system?

Chapter 16, Solution 33.

Y(s) 1
H(S Zm, X(S)Zg

4 1 25 3)(4)
YO =5t 2619 (5427416 (5+2) +16

H(s) =sY(s)= 4+ s 223(s+2) —— 12s
2(s+3) s%+4s5+20 s%+4s5+20
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Chapter 16, Problem 34.

For the circuit in Fig. 16.64, find H(s) = V,(S)/V(s). Assume zero initial conditions.

2Q 1H

4Q 0.1F =

IS+

Figure 16.64
For Prob. 16.34.

Chapter 16, Solution 34.
Consider the following circuit.

2 )
M 0060

V, C_’) 4 § 10/s 7= V,(s)

Vo

Using nodal analysis,
Vs — Vo Vo Vo
—_—mmm— + —
S+2 4 10/s

1 1 s 1 1
V. =(s 2[———)V:(1—32 —(s? Zs)v
s =+ Gt Ve T I A+ T+ 29V,

S

V. =i(2s2 +95+30)V
20 o

Vv, 20

V. 2s?+9s+30

S
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Chapter 16, Problem 35.
Obtain the transfer function H(s) = V ,/V  for the circuit of Fig. 16.65.

i 05F

1H
1 N

+

VV#D #>2i 303y,

Figure 16.65
For Prob. 16.35.

Chapter 16, Solution 35.
Consider the following circuit.

I 2/s s

v, CD Da vy, =3

At node 1,

V, V.-V,
214+1=—2 here |=———-
* s+3’ where 2/s

Vs_Vl V1
3- =
2/s s+3
V, 3s 3s
s+3 2VS_ 2V1
1 3sj 3s
(s+3+2 Vi=5 Vs
_ 3s(s+3)
1732 4+0s5+2 ¢
3 9s
°=s+3V1=332+95+2Vs
V 9
H(S) = 2=~

V, 3s’+9s+2
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Chapter 16, Problem 36.

The transfer function of a certain circuit is
5 3 6
+

H(s) = -
s+1 s+2 s+4

Find the impulse response of the circuit.

Chapter 16, Solution 36.

Taking the inverse Laplace transform of each term gives

h(t)=(5e" —3e* +6e ™ )u(t)
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Chapter 16, Problem 37.

For the circuit in Fig. 16.66, find:
(@ 1,/V, o) 1,/Vv,

h 2H

= 05F 4y,

Figure 16.66
For Prob. 16.37.

Chapter 16, Solution 37.

@ Consider the circuit shown below.

3 2s
MV 0000°
+
Vs @ V, T~ 2/s @ < 4V,
For loop 1,
2 2
VS:(3+EJ|1—§|2 1)
For loop 2,
2 2
4VX+[23+—jI2——I1:0
S S
2
But, VX=(I1—I2)(EJ
8 2 2
So, §(|1—|2)+(25+§j|2—§|1=0
-6 6
0=?|1+[§—28j|2 (2)
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In matrix form, (1) and (2) become

(v, T [3+2/s -2/s T1,]
LO_ZL-G/S 6/s—2s 1,

I

A=—-06s-4
S

6 6
A= E—ZS V,, A2=§VS

A (6/s—2s)

e O )
' A 18/s-4-6s °

1, 3s-s  s*-3
V, 9/s-2-3 3s+2s-9
A
b l,=—2
(b) 2=
2 2(A, - A
V, =—(,-I :—1—2)
X S(l 2) S( A
v - 2/sV, (6/s—2s-6/s) -4V,
o A A
1, 6/svy -3
V, -4V, 2s
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Chapter 16, Problem 38.

Refer to the network in Fig. 16.67. Find the following transfer functions:
(@) H,(s) =V, (s)/V,(9)

(b) H, () =V, (s)/1(s)

(©) Hs(s) = 1,(s)/1(s)

(d) H, () = 1,(s)/V(s)

Loe om
A1
+
Vg 1F == 1F = 1Q =y,

Figure 16.67
For Prob. 16.38.
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Chapter 16, Solution 38.

(a)

(b)

(©)

(d)

Consider the following circuit.

1
Is Vl S Vo Io
D300° >
+
Vi 1/s ~ 1/s ~ 1 § Vo
At node 1,
V.-V, V,-V,
1 VT
1 1
V, =|1+s+— |V, --V, (1)
S S
At node o,
Vl_vo
T = sVe+ Vo =41V,
V,=(s*+s+1)V, (2)

Substituting (2) into (1)
V, =(s+1+1s)(s* +s+)V, -1sV,
V, = (s°+25% +3s+ 2)V,

H(s)—v°— !
DUV 8P +282 + 35+ 2

.=V, -V, =(*+25* +3s+2)V, — (s> +s+1)V,
I, =(*+s*+25+1)V,

H.(9) V, 1
S)=—"=
? I, s*+s?+2s+1

VO
|, =—>

1

IV, 1

H3(S):I_:I_:HZ(S):S3+SZ+ZS+1
H I, VvV, H 1
4(S)_VS_VS - l(S)_s3+2s2+3s+2
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Chapter 16, Problem 39.
Calculate the gain H(s) = V,/V in the op amp circuit of Fig. 16.68.

>
o el

C

T 5

+ O

Figure 16.68
For Prob. 16.39.

Chapter 16, Solution 39.

Consider the circuit below.

V, C’) —\WA— v,
— 1/sC

Since no current enters the op amp, |, flows through both R and C.

V, =-I (R+ij
o~ o SC

V, R+lsC
H(S)_Vs_ UsC =sRC+1
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Chapter 16, Problem 40.

Refer to the RL circuit in Fig. 16.69. Find:

(a) the impulse response h(t) of the circuit.
(b) the unit step response of the circuit.

000

Vg e Vo

Figure 16.69
For Prob. 16.40.

Chapter 16, Solution 40.

V, R RL
@ HO=y =Ris Ts+RIL

S

h(t) = %e'R‘/L u(t)

)  v.()=ul®) —> V,()=Ys

R/L RL A B

= = e _+_—
° s+R/L ° s(s+R/L) s s+R/L

V. ==—
° s s+R/L

v, () = u(t)—e™*u(t) = 1 —e™ )u(t)
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Chapter 16, Problem 41.

A parallel RL circuit has R =4Q and L = 1 H. The input to the circuitisi,(t) =2e™
u(t)A. Find the inductor current i (t) for all t > 0 and assume that i, (0) = -2 A.

Chapter 16, Solution 41.

Consider the circuit as shown below.

Vo

§ 4 -2
Is s —

V, V, 2
lj=—2+2——
4 s s
But Iszi1
S+
i=vo(1+1j_g Vo(s+4 _ 2 +g= 4s+2
s+1 4 s) s 4s s+1 s s(s+1)
8(2s+1)

° " (5+1)(s+4)

V

0 —

8(2s+1) _A B C
s s(s+D(s+4) s s+l s+4

_ 80 _, g 82+ g5 88D 4y
(D(4) -D(2) (=4(=3)
V,_2 8/3 -14/3

? s s+1 s+4

] 8 14 8 + 14 _

i ()= 2+-e'—Ze* |ut) = [2+2e e 4tjutA
() ( 3 3 j (t) ( 3 3 (t)

1 )

IL

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 16, Problem 42.

A circuit has a transfer function

H(s) = s+4 :
(s+1)(s+2)

Find the impulse response.

Chapter 16, Solution 42.

s+4 A B C
H(s)= > = + + >
(s+D(s+2)° s+1 s+2 (s+2)
S+4=A(5+2)>+B(s+1)(s+2)+C(s+1) = A(s* + 25+ 4) + B(s* +3s+2) + C(s +1)

We equate coefficients.

s 0=A+B or B=-A

s: 1=4A+3B+C=B+C
constant: 4=4A+2B+C =2A+C
Solving these gives A=3, B=-3, C=-2

3 3 2
H(s) = - - >
s+1 s+2 (s+2)

h(t) = (3e™' —3e ' —2te *")u(t)
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Chapter 16, Problem 43.

Develop the state equations for Prob. 16.1.

Chapter 16, Solution 43.

1Q i(t)
W

u(t) <+> — 1F

i ——

1H

First select the inductor current i, and the capacitor voltage vc to be the state variables.
Applying KVVL we get:

—u(t)+i+ve +i'=0; i=vc
Thus,

VC:i

i =-vc—i+u(t)

Finally we get,

¢ Ao e of b
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Chapter 16, Problem 44.

Develop the state equations for Prob. 16.2.

Chapter 16, Solution 44.
1H 1/8 F

Q[ i€

+

4u(t) Vy § 2Q § 4Q

First select the inductor current i_ and the capacitor voltage vc to be the state variables.

Applying KCL we get:

—iL LY Ve o or Ve =8i| —4vy
2 8
i =4u(t)—v,
Vi v, : :
Vy =V¢ +4?C:VC +7C:vc +4i —2vy; or vy =0.3333vc +1.3333i

ve =8| —1.3333vc —5.333i; =-1.3333v( + 2.666i
i, =4u(t)—0.3333v —1.3333i

Now we can write the state equations.
' -1.3333 2.666 |V 0 0.3333| v
Ve | e T ug: Vy = C
i —0.3333 -1.3333] i 4 1.3333 | i
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Chapter 16, Problem 45.
Develop the state equations for the circuit shown in Fig. 16.70.

4 1H

vi(t) @) () 220 vo(0)

Figure 16.70
For Prob. 16.45.

Chapter 16, Solution 45.

I H

+

v (1) @ 5 220 Ct) (1)

First select the inductor current i_ (current flowing left to right) and the capacitor voltage
V¢ (voltage positive on the left and negative on the right) to be the state variables.

Applying KCL we get:
—V—C+V—°+i|_ =0or V|C =4i +2v,
4 2
ilL =Vo—V2

Vo =-Vc +V;

VIC =4i|_ —ZVC +2V1

I =-Vc +V1—-Vo

i {o —1}{&}{1 —1}?1(0}\/0(0:[0 _1]{&}[1 O][vl(t)}
Ve 4 -2 Ve 2 0 Vz(t) Ve Vz(t)
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Chapter 16, Problem 46.

Develop the state equations for the circuit shown in Fig. 16.71.

+
v, (1) 2F == v (1) 4Q CD ig(n)

Figure 16.71
For Prob. 16.46.

Chapter 16, Solution 46.

1 H

R
A1

+ - )
1) C*_D 2F A~ w6 :-}‘ 46 i)

First select the inductor current i_ (left to right) and the capacitor voltage v to be the
state variables.

Letting v, = vc and applying KCL we get:

, © Vg oo - .
-1l +V¢ +TC_IS =0o0r vg =-0.25ve +i +ig

i|_ =-Vc +Vqg

e Al L ol ool o ol
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Chapter 16, Problem 47.

Develop the state equations for the circuit shown in Fig. 16.72.

i)(t)

—

v(1) @) 20 vy(t)

i) 1H
—

=4 &

Figure 16.72
For Prob. 16.47.
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Chapter 16, Solution 47.

Ly
i 4 it} 1H

— |/ — B e

Mal

u) @ 20 GEL

First select the inductor current i, (left to right) and the capacitor voltage vc (+ on the
left) to be the state variables.

Letting iy = VTC and i; = i and applying KVL we get:
Loop 1:

Ve . - :
—-Vi+Vg +2 Tc—lL =0orvg =4 —2vc+2v;

Loop 2:

.V X
2 ||_—TC +i +Vvy=0o0r

4 —2ve +2v;
2

i|_ =—2i|_+ —Vop ==V +V1—Vy

4i|_ —ZVC +2V1
I1 = 4

i | [0 -1ic] 1 -1[va® 7. [ii®] 2 -057[i ] [05 O] vy(t)
ve _{4 —2} Ve J{z O}{vz(t)}’[iz(t)}_{l 0 }vc J{o onz(t)}

=i —0.5v¢c +0.5vq
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Chapter 16, Problem 48.
Develop the state equations for the following differential equation.

d2y(t) N Ady(t)
dt? dt

+3y() = (1)

Chapter 16, Solution 48.
Let x; = y(t). Thus, x'l = y' =X, and x'2 =y"=-3x1 —4x9 + (1)

This gives our state equations.

{:ﬂ:[—ors _14}{:2}[2}20); y(t)=[1 0{:2}[0]2@)

Chapter 16, Problem 49.

* Develop the state equations for the following differential equation.

dzy(t) 5dy(t) _dz(t)
i dt oy = =4~ 20

* An asterisk indicates a challenging problem.
Chapter 16, Solution 49.
Letx; = y(t) and X, :xll—z :y' —zor y' =Xy +12
Thus,
x'2 =y"-7 = —6Xx1 —5(X» +2)+Z +22-27 =—6X1 —5%y -3z

This now leads to our state equations,

kj ) [—06 —15}{:2}{_13}2(0; y(t) =[t O]{:jﬂO]z(t)
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Chapter 16, Problem 50.

* Develop the state equations for the following differential equation.

+6y(t) = z(t)

d’y(t) , 6d’y(t) , Lidy(t)
dt? dt? dt

* An asterisk indicates a challenging problem.

Chapter 16, Solution 50.

Let xy = y(t), Xo = x'1, and x3 = x'2 :
Thus,

x; =—6X1 —11x, —6X3 +Z(t)

We can now write our state equations.

x| [0 1 0T7x] [0

X1

Xo =] 0 0 1 [xy|+[0]z(t);y(t)=[L 0 0]x, |+[0]z(t)

X3| |-6 -11 —6|x3| |1

X3
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Chapter 16, Problem 51.

* Given the following state equation, solve for y(t):

NEEE
y()=[1 0]x

* An asterisk indicates a challenging problem.

Chapter 16, Solution 51.

We transform the state equations into the s-domain and solve using Laplace transforms.

S

sX(s) = x(0) = AX(s) + B(lj

Assume the initial conditions are zero.

S

(sl = A)X(s) = B(lj

-1
4 —41770 4 0
X(s) = S+ (lj:; S
2 s 2\s) s24+4s+8|2 s+4](2/s)
8 1 -s-4
V() = X1(5) =— =2+
S(s“+4s+8) S s“+4s+8
1 -s-4 1 —(s+2) -2

S (s+2)2+22_S (s+2)2+22 (s+2)2+22

y(t) = (1— et (cos 2t +sin 2t))u(t)
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Chapter 16, Problem 52.
* Given the following state equation, solve for y, (t).

: -2 -1 1 11| u(t)
X = X+
2 -4 4 0]]2u(t)
-2 =2 2 0[] u()
y= X+
1 -0 0 -1||2u(t)
* An asterisk indicates a challenging problem.

Chapter 16, Solution 52.
Assume that the initial conditions are zero. Using Laplace transforms we get,

xo_[t2 1 1o1Tus] 1 [s+4 -L173/s
| -2 s+4| |4 0|2/s| s2i6s+10| 2 s+2]4s

. __ 3+8 08 -08-18
1= 2 2y s | 2 12
s((s+3)° +1) (s+3)° +1

08 g s¥3 o 1

: +.
S (s+3)2 +12 (s+3)2 +12

x1(t) = (0.8-0.8¢ 3 cost + 0.6e L sin t)u(t)

X = 4s +14 14 -14s-44
Z_ﬁ_?Jrﬁ
s((s+3)° +1 (s+3)°+1
_14 . s+23 ~~0.2 12 >
S (s+3)°+1 (s+3)° +1

Xo(t)=(1.4 ~1.4e73 cost —0.2e 3t sin t)u(t)

y1(t) = —2x1(t) — 2% (t) + 2u(t)
=(-2.4+ 4.4 cost—0.8e " sin t)u(t)

Yo (t) = Xq (t) — 2u(t) = (-1.2— 0.8 ' cos t + 0.6e ' sin t)u(t)
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Chapter 16, Problem 53.

Show that the parallel RLC circuit shown in Fig. 16.73 is stable.

ylo
L

Figure 16.73
For Prob. 16.53.

Chapter 16, Solution 53.

If V, is the voltage across R, applying KCL at the non-reference node gives

V, VvV, (1 1
|, =—+sCV, +—=|=+sC+—1V,

R sL \R sL/ °
v - I, ~ SRLI,
°‘1+Sc+i‘sL+R+szR|_c

R L
| Vv, sL1,
° R $’RLC+sL+R

| sL s/RC

H(s)=-° /

1, s’RLC+sL+R _ s?+s/RC+1/LC

The roots
o - -1 N 11
27 2RC T\ (2RC)? LC
both lie in the left half plane since R, L, and C are positive quantities.

Thus, the circuit is stable.
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Chapter 16, Problem 54.

A system is formed by cascading two systems as shown in Fig. 16.74. Given that the
impulse response of the systems are

h, (t)=3e " u(t), h, (t)=e™*u(t)

(a) Obtain the impulse response of the overall system.
(b) Check if the overall system is stable.

e e e il

Figure 16.74
For Prob. 16.54.

Chapter 16, Solution 54.

(a) Hl(S)Zs—il' Hz(s):si
3
H(s) = H,(s)H,(s) = m
h(t)=L*[HE)= L{ﬁ*%}

A=1, B=-1

h(t) = (e* —e™*)u(t)

(b) Since the poles of H(s) all lie in the left half s-plane, the system is stable.
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Chapter 16, Problem 55.

Determine whether the op amp circuit in Fig. 16.75 is stable.

<
0|§+£

Figure 16.75
For Prob. 16.55.

Chapter 16, Solution 55.

Let V., be the voltage at the output of the first op amp.

V, -IsC -1 v, -1
V., R sRC’ V, sRC
1
H(s)=—2=
(S) Vs SZRZCZ
t
"= Recz

lim h(t) =, i.e. the output is unbounded.

t—oo

Hence, the circuit is unstable.
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Chapter 16, Problem 56.

It is desired to realize the transfer function

V,(s) _ 25

V,(s) s°+2s+6

using the circuit in Fig. 16.76. Choose R = 1 kQ and find L and C.

Figure 16.76
For Prob. 16.56.

Chapter 16, Solution 56.

1
SL-E sL
Lisc=""1 "15sc
sL+—
sC
sL
ﬁ: 1+8°LC  _ sL
R4 sL s’RLC+sL+R
1+s?LC
1
V,__ °Rc
V. e, 11
RC LC
Comparing this with the given transfer function,
1 1
2_RC’ 6_LC

1
If R=1KQ, C=——=500uF
2R H

1
L=—x= 3H
6C 333.3
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Chapter 16, Problem 57.

ed

Design an op amp circuit, using Fig. 16.77, that will realize the following transfer
function:

Vo(s) _  s+1,000

V. (s) 2(s+4,000)
Choose C,=10 uF; determine R,, R,, and C,

C2
]
I
C, R,
; ﬂ .
= —0V,

R,

Figure 16.77
For Prob. 16.57.
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Chapter 16, Solution 57.

The circuit is transformed in the s-domain as shown below.
1/SC2

Vi
VA NS N — Vo
Rl +
1
Rli
Let =R/~ - % __R
sC, R i 1+sR,C
'sC,
1 chl: R
Z, =Rl =2 =T
sC, R, +i 1+sR,C,
sC,
This is an inverting amplifier.
RZ
S+ S+
H(s)—V/ 2: 1+sRC __R RG RC, |_-C RC,
RiRCo| sy Colss
1+sR1C R,C, R,C,
Comparing this with
H(s)=_w
2(s+4000)
we obtain:
&:1/2 —— C,=2C, =20uF
2
L =1000 —— R, = : a3 - - =100Q
RC, 1000C, 10°x10x10
! 4000 —5 R=—t -1 ___ 1so
R,C, 4000C, 4x10°x20x10
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Chapter 16, Problem 58.

Realize the transfer function

Vo(s) _ s

V,(s) ~ 5+10

using the circuit in Fig. 16.78. LetY, =sC,, Y, =1/R,, Y, =sC,. Choose R, = 1kQ
and determine C, and C, .

Y

Y,

Figure 16.78
For Prob. 16.58.

Chapter 16, Solution 58.

We apply KCL at the noninverting terminal at the op amp.
(Vs -0) Y3 = (O_Vo)(Y1 - Yz)
YV, =- (Yl +Y, )Vo

Vo - Y3

V.Y, 1Y,

Let Y,=sC,, Y,=1R,, Y;=sC,
Y/ -sC,  -sC,/C,

0

V, sC,+VR, s+1R,.C,

S

Comparing this with the given transfer function,

Sy L 10
Cl_ ’ I:\)IC:l_
If R, =1kQ,

1
C1=C2=W=100uF
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Chapter 16, Problem 59.

Synthesize the transfer function

Vo(s) _ 10°
V., (s) s®+100s+10°

using the topology of Fig. 16.79. LetY, =1/R,, Y, =1/R,,Y, =sC,,Y, sC,. Choose

R, = 1kQ and determine C,,C,,andR,.

Figure 16.79
For Prob. 16.59.

Chapter 16, Solution 59.

Consider the circuit shown below. We notice that V, =V, and V, =V, =V,.

_.VO

Yy
[ ]
L |
Yi Y V,
[ ] [ ] .
L | L | -
Vi >
Vin Y3
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At node 1,
(Vin _Vl)Yl = (Vl _Vo)Yz + (Vl _Vo)Y4
Vin Y1:V1(Y1+Y2+Y4)_Vo (Y2+Y4) (1)

At node 2,

(Vl _Vo)Yz = (Vo - O)Ya

V1 Yz = (Yz + Y3)V0
Y,+Y,
Y, V, (2)
Substituting (2) into (1),
Y,+Y,

YZ

VY. Y, =V (Y,Y, + Y2+ Y, Y, +Y,Y, + Y, Y, + Y,Y, - Y2 -Y,Y,)
Vo Y1Y2
V. Y, +Y. Y, +Y,Y, +Y,Y,

V, =

Vin Yl =

'(Y1+Y2 +Y4)Vo _Vo (Yz +Y4)

in

Y, and Y, must be resistive, while Y, and Y, must be capacitive.

Let Yl:Ril’ YZ:RLZ’ Y, =sC,, Y, =sC,
1
v, RR,
V,, 1 sC, sC,
RRR, + R, + R, s°C,C,
1
Vo RlRZClCZ
Vi (R1+R2j 1
S®+s- +
RlRZCZ R1R2C1C2

Choose R, =1kQ, then

1 R, +R
—=10° and ———*%
R.R,C,C, R.R,C,

=100
We have three equations and four unknowns. Thus, there is a family of solutions. One
such solution is

R,=1kQ, C,=50nF, C,=20pF
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Chapter 16, Problem 60.

Obtain the transfer function of the op amp circuit in Fig. 16.80 in the form of
V,(s) _ as
V.(s) s®+bs+c

where a, b, and c are constants. Determine the constants.

10 kQ

1 uF

0.59F | 10ka i

——ww—>
T e
v

Figure 16.80
For Prob. 16.67.
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Chapter 16, Solution 60.

With the following MATLAB codes, the Bode plots are generated as shown below.

num=[1 1];
den=[156];
bode(num,den);

Bode Diagram

Magnitude (dE)

-850 L TR T R R R A | L L I R A A |
43 T — T T T — T T

Pha=ze (deq)

ook f A f A A f S s ==

10 10 10 10
Freguency (radizec)
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Chapter 16, Problem 61.

A certain network has an input admittance Y(s). The admittance has a pole at s =-3, a
zeroats=-1,and Y() =0.25S.

(@) Find Y(s).
(b) An 8-V battery is connected to the network via a switch. If the switch is closed at t =
0, find the current i(t) through Y(s) using the Laplace transform.

Chapter 16, Solution 61.

We use the following codes to obtain the Bode plots below.

num=|[1 4];
den=[16 11 6];
bode(num,den);
Bode Diagram
0 T u u L T
. 20t .
g
E anf .
g B0 | u
-20 1 1 T T N | 1 L Lol 1 | Lo

43

Phaze (deg)
[dn]
(]

-133

-150

Freqguency (radfzec)
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Chapter 16, Problem 62.

ed
A gyrator is a device for simulating an inductor in a network. A basic gyrator circuit is
shown in Fig. 16.81. By finding V, (s)/1 ,(s), show that the inductance produced by the

gyrator isL = CR?.

R

Figure 16.81
For Prob. 16.69.

Chapter 16, Solution 62.

The following codes are used to obtain the Bode plots below.
num=[1 1];

den=[10.5 1];

bode(num,den);

Bode Diagratm

hagnitude (dB)

Phaze (deq)

435 L , , L , . L
10 10” 10

Freguency (radfzec)

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.




