Chapter 16, Solution 1.

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

1 I(s)

1/s — 1/s

s 1
S l+s+ls sTHs+l (s+1/2)2 +(3/3/2)°

i(t) = 2 e"? sin [g tJ

I(s)

NG

i(t) = 1.155¢ " sin (0.866t) A

Chapter 16, Solution 2.
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V=T v, -0 V, -0
+ 2 =0
S 2 44°
S
V, (ds+8) - 185732 L 02 Lugv, +52V, =0
S
V, (352 + 85+ 8) = L0532
S
V. =16 2s+2 025, 0125 0125
s(3s% +8s +8) s 4 8 4 8
St—+j— s+——j—
373 373

vy = (420" (133334]09428)t 5 ~(13333-j0.9428)t ) )y

Vy = 4u(t)—e_4t/3cos gt —ie_4t/3sin ﬁt \Y
3 V2 3

Chapter 16, Solution 3.

5/s 172 § v, § 1/8

Current division leads to:

1
2 B 5 _ 5
1 < 10+16s 16(s+0.625)

Vo(t) = 0.3 125(1 — g 0-625t )u(t) \Y%




Chapter 16, Solution 4.

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

6 S
M —

1/(s+1) 10/s 7= V,(s)

Using voltage division,

V() = 10/s (1}_ 10 (1)
o) = 6+ 10/s\s11) " s 65110 s +1

~ 10 A . Bs+C
C(s+D(2+6s+10) s+1 s2+6s+10

V. (s)

10=A(s*+6s+10)+B(s* +s)+C(s+1)

Equating coefficients :

s>:  0=A+B —— B=-A

s':  0=6A+B+C=5A+C ——> C=-5A

s: 10=10A+C=5A —— A=2,B=-2,C=-10

2 25+10 2 2(s+3) 4

V = — = — —
o) T TS v 65410 s+l (5431 (543711

v (t)=2e" —2e™ cos(t)—4e™ sin(t) V

Chapter 16, Solution 5.
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N 1 1 1 2s B 2s
s+2 1+l+ s+2 s2 +s5+42 (s+2)(s+0.5+j1.3229)(s + 0.5 —j1.3229)
2

2 S
2

S

_ Vs s2

I =
© 7 2 (5+2)(5+0.5+ jl.3229)(s + 0.5 j1.3229)

(-0.5— j1.3229)? (—0.5+ j1.3229)?
1, (15-13229)(-j2.646) (1.5 + jl.3229)(+2.646)
s+2 s+0.5+j1.3229 s+0.5—j1.3229

iy (1) = (e_Zt +0.3779¢ 0%t/ 267113229t | 3779 90° 1/ 24 11.3229t )u(t)A

or

= (e‘2t ~0.7559 sin1.3229t)u(t)A

Chapter 16, Solution 6.

2
M
Iﬁ
5 10/s % S
s+2
Use current division.
s+2 5 5s _ 5(s+1) 5

I = = = —
* 0 10542 2406410 (s+D)? 432 (s+1)% 432
S

i,(t) = 5¢™ " cos3t —%e_t sin 3t




Chapter 16, Solution 7.

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

1/s
1 | |
|
4\/;
L Y —
P2 2s
2 QO
s+1
- —>
V4
L) )
Z=1+l//2s:1+s -1+ 252:28 +252+1
> Tooe 14282 142s
S
V2 1+2s? 252 +1 A

252 +1=A(s? +s+0.5) + B(s? +5)+ C(s +1)

2 2=A+B
S: 0=A+B+C=2+C ——— C=-2
constant : 1=05A+C or 0.5A=3 —— A=6,B=+4
6 4s+2 6 4(s+0.5)

[ = S
s+l (540524075 s+l (s+0.5)2% +0.8662

i (1) =6—4e "' c0s0.866t |u(t) A

x T 52 = 2 = )
Z s+l 25 42s+1 (s+1)(s”+s+0.5) (+D (s +5+0.5)



Chapter 16, Solution 8.

(1+2s) s? +1.55+1
2+32s s(s+1)

(a) z—1+1//(1+2 y=1
S

2
(b)l:%+l+ 11:352+3s1+2
Z S oyt s(s+1)
S
s 26+
3s% +3s+2

Chapter 16, Solution 9.

(a) The s-domain form of the circuit is shown in Fig. (a).

2(s+1/s)  2(s*+1)
2+s+1/s  s?+2s+1

Z,=2](s+1/s)=

®
[y

§2 s% 2
1/sT /\M

=

—~ 2/s

(a) (b)

(b) The s-domain equivalent circuit is shown in Fig. (b).

2(1+2/s) 2(s+2)

20 (1+2)s) = .
10+ 208 == s = 342
1121+ 2)s) = 210
1A+2/s) =77

(55+6j
7 - (55+6) 33+2/  s(5s+6)
in 35+2 (5s+6j_ 35 +75+6
3s+2




Chapter 16, Solution 10.

To find Zm,, consider the circuit below.

2V,

Applying KCL gives

142V, =

But V, =

1

Ly =—=

VX
2+1/s

V. Hence
2+1/s

LAY Y _ (2s+))
2+41/s 2+1/s f 3s

Vx = (@s+])

1 3s

To find V7, consider the circuit below.

1/s

Vy

2V,

Applying KCL gives

2 Vo 4

—+2V, =— —> V=
s+1 2

v



1
But —Vy+2VOog+V0 =0

_ B g _ 4 s+2 =—4(s+2)
Vi = Vy = Vo) 3(s+1)( ] J 3s(s+1)

Chapter 16, Solution 11.

The s-domain form of the circuit is shown below.
4/s S

oM

00—
)

*) 4/(s +2)

Write the mesh equations.

l—(2+ij1 21
S_ S 1 2

m=-211+(s+2) I,

Put equations (1) and (2) into matrix form.
s | [2+4/s -2 0[1,]
L-4/(s+2)J=L 2 s+2JL12J

8P —ds+4 -6

2
A==(s>+2s+4), A =—" A =
s(S s+4), ! s(s+2) ’ 2

12-(s>—4s+4) A Bs+C
= +
(s+2)(s* +2s+4) s+2 s*+2s+4

A]
IIZX:

1/2-(s> —4s+4)=A(s* +2s+4)+ B(s* +2s) + C(s +2)

Equating coefficients :
s’:  1/2=A+B
s': -2=2A+2B+C

(D

)



s%: 2=4A+2C

Solving these equations leadsto A =2, B=-3/2, C=-3

L2 -32s-3
'UsH2 (s+1)7 +(V3)?
2 -3 (s+1) -3 V3

D2 2 s (B 2B )+ (B)

i,(t)=[2e - 1.5¢" cos(1.732t) — 0.866sin(1.732¢)] u(t) A

A, -6 s -3

A s 2(57425+4) (s+1)+(B)

)
[
Il
Il

i,(t)= SR sin(+/3t) = -1.732¢" sin(1.732t) u(t) A
V3

Chapter 16, Solution 12.

We apply nodal analysis to the s-domain form of the circuit below.

S

V,
D000°
10/(s + 1) C*) Ly 4 CD 3/s
10
s+1 ° 3V
Chd =+ 28V,
s s 4
10 10+15s+15
(1+025s+s%)V, =——+15=— =
s+1 s+1
158+ 25 A Bs+C

V. = = +
° (s+1)(s*+0.255+1) s+1 s*+0.25s5+1



_A0
s=-1 — 7

A=(s+1)V

o

15s+25=A(s*+0.255+1)+B(s? +s)+ C(s +1)

Equating coefficients :

s>:  0=A+B —— B=-A

s': 15=025A+B+C=-0.75A+C
s: 25=A+C

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

40  -40 135 1 J3

7 78t 401 40 ST, 155 2 )

V, = + 2 =4 T 2 + T 2
s+1 12 3 7s+1 7 1Y 3 U7 3 1Y 3
S+ | +— S+ | +— s+ | +—
2) T4 2) T4 2) 4

2

2

40 40 V3 ) 1552 ., . (3
Y2 cos V2 sin t

v, ()= 7e“ —7e' + (7)(\/5) e

v, (t) =5.714¢e" — 5.714¢" cos(0.866t) + 25.57 ¢*/* sin(0.866t) V

Chapter 16, Solution 13.

Consider the following circuit.

1/s 2s
|
[e TO— 1,

2 § CT 1/(s +2) 1

Applying KCL at node o,

1 \Y Vv s+1

0 0

= = V
s12 2541 241s 2541




V = 2s+1
T (s+D)(s+2)
\Y 1 A B

Y]

I = = = +
° 2s+1 (s+D(s+2) s+1 s+2

i(®)=(et—e™)ut) A

Chapter 16, Solution 14.

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

1Q 4Q
M AMAN—s
+
5V CD Y o ve(0)
(@) )

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

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

1 vV 4
M M
V} Io
+ 1
15/s C) % 2s 5/s —~ 4/s

(b)
At node o,
V.-15/s V., 5 V,-0
I s s T avas



15 é—[l+i+ > jV
s s 2s 4(s+1)) °

&_4sz+4s+25+2+szV _552+6s+2V
s 4s(s+1) " 4s(s+1) °
40(s+1)

°© T 552 4 63+ 2

vV, 5 4(s+1) 5
I=7+—= 5 +—
2s s s(s°+12s+04) s

5 A Bs+C

P A
° s+s+sz+1.2s+0.4

4(s+1)=A(s? +12s+0.4)+Bs* +Cs

Equating coefficients :

s: 4=04A —— A=10

s': 4=12A+C ——> C=-12A+4=-8
s’:  0=A+B —— B=-A=-10

5 10 10s + 8
L=—+t—-—ZT5

s s s°+12s+04
[ = 15 10(s+0.6) 10(0.2)

° T s (5+0.6)2+02%  (s+0.6)> +0.22

i (t)=[15-10e"%(cos(0.2t)—sin(0.2t))] u(t) A

Chapter 16, Solution 15.

First we need to transform the circuit into the s-domain.

s/4 v 10
0000 —AM
+ VvV, -
A 5
3Vi 5/s T~




v_5
V0_3VX+V0_O+ ° s+2 _

s/4 5/s 10
40V, —120V, + 252V, +sV, — 532 =0=(2s% +s+40)V, —120V, —
S+
5 5
But, V, =V, - — V=V, +
S+2 S+2
We can now solve for V,.
(252 +5+40)| V, +—— |-120v, ——>_—0
s+2 S+2
2
2(s2 +0.55 — 40)V, =108 720
s+2
(s? +20)

V, =5

(s +2)(s +0.5s — 40)

Chapter 16, Solution 16.

We first need to find the initial conditions. For t < 0, the circuit is shown in Fig. (a).
To dc, the capacitor acts like an open circuit and the inductor acts like a short circuit.

20 . Yo _
MA MA
1 e
1F
(j;)sv
Vo2
1H j,
T ——

(@)

5s

S+2



Hence,

-3
i (0)=i,=—=-1A, v, =-1V

v, (0) = -(2)(-1) —Gj =25V

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

2 L Vo
MV MV
1

1/s ~
g ;
n 2.5/s C*)
5/(s + 2) C_) I _ L

vy2 ? <+> -1V

I,
(b)
For mesh 1,
-5 (2 1)1 L2 Ve o
—+(2+— |, -, +—+—>=
s+2 s/' st s 2

1 1 1 5 2.5
24—+l 7|1, = -
S 2 s S+ 2 S
For mesh 2,
(l+ +l)1 lI +1 Y, 2—0
ST T 2 s

lI +(l+ +lj1 —£1
AU

(D

)



Put (1) and (2) in matrix form.

A, 2252 +13 A Bs+C
—Z _ — +
A (5+2)2s*+2s+3) s+2 2s*+2s+3

-28? +13=A(2s* +25s+3)+B(s® +25) + C(s +2)

Equating coefficients :
s’:  -2=2A+B

s': 0=2A+2B+C
s 13=3A+2C

Solving these equations leads to
A=0.7143, B=-3429, C=5429

0.7143 3.4295-5429 0.7143 1.7145s5—2.714

° T s42 25242543  s+2  s+s+l5
0.7143 1.7145(s+0.5)  (3.194)(+/1.25)

°T 512 (54057 +125  (s+05) +1.25

i (t)= [0.7143 e —1.7145¢™ cos(1.25t) + 3.194 ¢ sin(1.25t)] u(t) A




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 I, —gIl -sl, =0

For the supermesh,
1 1
(1+—j11 +(1+s)1, —(—+ st3 =0
S S
But I, =1,-4

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

1 1 1
2+s+— |1, —|s+—|I; =4{1+—
s s s

( 1)1 ( 1)1 -4 2
Als+— |, +|s+—- |, =——-——
s/ ? s/ 3 s s+l

Adding (4) and (5) gives
2
21, =4———
s+1

(1)

2)

3)

(4)

©)



i,(D)=1,()=Q2-e"u(t) A

Chapter 16, Solution 18.

w(®) = 3u(®) — 3u(t1) or Vo= - =3¢
S S S
1Q
AW
N
Vs s /= v, § 20

V0 B Vs

Vv
+sV, +7°=0—>(s+1.5)V0 =V,

3 sy (22 s
Vom g e (e

Vo () =[(2 =2 Hu(t)— (2 -2 Dyt -1y v

Chapter 16, Solution 19.

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

4/(s +2) (D /s 7 (D 2

1/s S




At the supernode,
4/(s+2)-V, \Y%

|
+2=—"+4—+sV
2 s s Yo

2 ) (1 1)\/ 1 v
——+2=|+- |V, +—+
S+2 2 s) ' s Vo

But V, =V, +2I and I=

2(V, +1 V,-2/s sV -2
V:V+(l ) V o /_ 0

o s 1:(s+2)/s_ s+2
Substituting (2) into (1)

2, l_(25+1j|_( s jV 2 1.
s+2+ s U s Ls+2 ° s+2J+S ?

2 1 2(2s+1) r(23+1j ]
2——+ = +s |V,

s+2

s+2 s s(s+2)

25°+9s  2s+9 s’ +4ds+1
s(s+2)  s+2 s+2 °

2s+9 A B
= frd +
° s24+4s+1 s+0.2679 s+3.732

A=2443, B=-0.4434

v _ 2.443 0.4434
° $+0.2679 s+3.732

Therefore,
v, (t) = (2.443e"% — 0.4434e 7 )u(t) V

(1)

2)



Chapter 16, Solution 20.

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

2/s

1
M—( ——

e I N

At the main non-reference node, KCL gives
l/(s+1)-2/s-V, V,  V 1

[y
~~
w»

™

<4—

) 1/s

1+1/s 1 s s
L V, =(s+1)(s+1/ V+—SJrl
S+1 S 0—(5 )(S S) o S
S St (ass2+1fs)V

— —2=(2s4+2+
s+1 S (2s Vs

-2s? —4s—1
Vo: 2

(s+1)(2s” +2s+1)

-s—2s—-0.5 A Bs+C

= f— +
° (s+1)(s’*+s+0.5) s+1 s*+s+0.5

A=G6s+D)V,|_,=1
-s2—=25—0.5=A(s* +5+0.5)+B(s* +s)+ C(s+1)

Equating coefficients :

s’:  -1=A+B —— B=-2
st -2=A+B+C —> C=-1
s?: -0.5=05A+C=05-1=-0.5
1 2541 | 2(s+0.5)

V = — - _
° s+1 s*+s5+05 s+1 (s+0.5+(0.5)*

v, (1) = [e" —2e? cos(t/Z)] u(t) v




Chapter 16, Solution 21.

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

1 S
AT
n __2/5 2 __l/S
10/s <> 1 |
Atnode 1,
10
I A T s’
s ST eyl s 10=(s+ D), + (=1, (1)
1 s 2 2
At node 2,
Vl_—VoZ%HVO — V=G D 2)
s

Substituting (2) into (1) gives
2

10=(s+1)(s* +s/2+ 1)V, +(S7—1)V0 = s(s> + 25 +1.5)V,

10 A Bs+C

* T (P 425+15) 5 s 425415

10 = A(s® +25+1.5)+ Bs* + Cs

57 0=A+B
s 0=24+C
constant : 10=154 —— A=20/3, B=-20/3, C=-40/3
20| 1 s+2 20| 1 s+1 0.7071
V,=— T Y 2 2 - 414 2 2
3ls s +2s+1.5 31s (s+1)"+0.7071 (s+1)"+0.7071

Taking the inverse Laplace tranform finally yields

v, (1) = 20 [1 — ¢ 'c0s0.7071t —1.414e " sin 0.707 1t fu(t) V
© 3




Chapter 16, Solution 22.

The s-domain version of the circuit is shown below.
4s

MY ‘o I £

12 1 2 3/s —
s+1
Atnode 1,
i:ﬁ_{_vl_vz > 12 :VI 1_|_L _&
s+1 1 4s s+1 4s 4s
At node 2,
V-V A/
¥=—2+EV2 e V1=V2 iSZ-|-2$+1
4s 2 3 3

Substituting (2) into (1),

£=Vz isz+2s+1 1+L 1 = isz+ls+§ \%)
s+1 3 4s) 4s 3 3 2

v 9 A N Bs+C
2: =
2 7.9 G+ 2.7 .9
s+1)(s™ +—s+— ST+ —s+—
(s+ D™+, 8) (87 +7 8)
2, 7.9 2
9=A(s +ZS+§)+B(S +s)+C(s+1)
Equating coefficients:
52 0=A+B
S: 0=ZA+B+C=§A+C —> C=—§A
4 4 4
9 3
constant : 9:§A+C:§A —> A=24 B=-24,C=-18

(D

2)



24 24s+18 24 24(s+7/8) N 3

2: — = —
(s+1) (Sz+zs+2) (s+1) (s+z)2+§ (s+z)2+§
4 8 8 64 8 64

Taking the inverse of this produces:
v, (1) = |24e‘t —24e 79873t £65(0.5995t) + 5.004e 0377t 5in(0.5995t) Iu(t)

Similarly,

of 452 1541
3 __ D EstF

(s+l)(sz+1s+z)_(s+l)

V, =
1 62+ 154 d)
4 8

9[%52 +25+1) :D(s2 +%S+%)+E(SZ +s)+F(s+1)

Equating coefficients:

s2: 12=D+E
7 3 3
S: 18=—D+E+For6=—D+F —— F=6—--D
4 4 4
9 3
constant : 9:§D+For 3=§D —> D=8, E=4,F=0
8 4s 8 4(s+7/8) 7/2
V= + = + —
6D (2,760 6D (o Ty 2 Ty 23
4 8 8 64 8 64

Thus,
vi(t) = |8e_t +4e 798758 £65(0.5995t) — 5.838¢ ~0873¢ 5in(0.5995t) Iu(t)

Chapter 16, Solution 23.

The s-domain form of the circuit with the initial conditions is shown below.
A%

|

4/s CT) § R sL Cl -2/s 1~ 1/sC CT) 5C




At the non-reference node,

i+g+5C—X+X+ CV
S S R sL ¥

_ 5s+6/C
~ s2+s/RC+1/LC

1
U RCTI080° 0 TcT g0 X

554480 5(s+4) . (230)(2)
2 485+20 (s+4)+2% (s+4)+2°

v(t) = 5e™ cos(2t)+ 230e* sin(2t) V

\Y 5s+480

“sL 4s(s®+8s+20)

1.25s+120 A Bs+C

= — +
s(s*+8+20) s s*+8+20

A=6, B=-6, C=-46.75

[_6 6544675 6 6(s+4)  (11.375)(2)
s s2+854+20 s (s+4)>2+2> (s+4)+2?

i(t) = 6u(t)—6e™ cos(2t)—11.375¢* sin(2t), t>0




Chapter 16, Solution 24.

At t=0", the circuit is equivalent to that shown below.

‘ +

9A 4Q 50 Vo

4
+5

Vo(0)=5x—(9)=20

For t> 0, we have the Laplace transform of the circuit as shown below after
transforming the current source to a voltage source.

4Q 16Q
Vo
_l’_
36V 10 ——2s 50
Applying KCL gives
36-V, vV, V, .
0410=Yo Yo,y 30¥208 A B 5o B-1238
20 2 5 s(s+0.5) s s+0.5
Thus,

v (D)=[7.2-12.8¢ 793 | u(t)




Chapter 16, Solution 25.

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

6 S |
VW 0000 —
+

~ 9/s

(25)/(s* + 16) CD \%

Applying KVL,

. 4s? +32
C(s2+65+9)(s>+16)

9 2 2 36s” +288
V=-I+—=—+ —
s s s s(s+3)°(s"+16)
2 A B C Ds+E

=24+ + +
s s s+3 (s+3)* s*+16

2/s

36s° +288=A(s* + 68’ +25s% +96s +144) + B(s* +3s’ +16s° + 48s)
+C(s* +168)+D(s* + 68 +9s*) + E(s® + 6s* +9s)

Equating coefficients :
s’: 288=144A
s': 0=96A+48B+16C+9E
s’:  36=25A+16B+9D+6E
s’ 0=6A+3B+C+6D+E
s 0=A+B+D

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

A=2, B=-17984, C=-8.16, D=-02016, E=2.765

(D
)
3)
4
)



V()=—-

4 17984 816 0.2016s

(0.6912)(4)

s s+3  (s+3) s’+16

s> +16

v(t)=4u(t)—1.7984¢> —8.16te™" — 0.2016 cos(4t) + 0.6912sin(4t) V

Chapter 16, Solution 26.

Consider the op-amp circuit below.

=)

At node 0,

But

So,

R,
M\
1/sC
AY
Il
P +
Vs V
Y. -0 O_V°+(o V.)sC
= -V,)s
Rl RZ °

\ =R1(L+SCJ(-VO)

R,

Vo -1
V. sR,C+R,/R,

R, 20

_:_:2’

R, 10

v, -l

V, s+2

V,=3e™ ——> V, =3/(s+5)

R,C=(20x10°)(50%x10°) =1



-3
V°:(s+2)(s+5)

v - 3 __A B
° (s+2)(s+5) s+2 s+5

v, ()= (e* —e)u(t)

Chapter 16, Solution 27.

Consider the following circuit.

S
2s 2s
N
For mesh 1,
10
EZ(I-FZS)II—IZ—SIZ

10
3=+ 291~ (+9)L,

For mesh 2,
0=2+2s)I, -1, -sI,
O0=-(1+s)[,+2(s+ 1)1,

(1) and (2) in matrix form,

[10/s+3)] [ 2s+1 -(s+D) 1, ]
o |7l-s+1 26411,

A=3s*+4s+1

(D

2)



20(s+1
L _206+D

1

s+3
_10(s+1)
27 $+3
Thus

I_ﬁ_ 20(s+1)

A (s+3)(3sE+4s+1)
. A, 10(s+1) 1
20N (s+3)3s?+4s+1) 2

Chapter 16, Solution 28.

Consider the circuit shown below.

«O(n) =gg:(n) "5

For mesh 1,

6
§:(1+2s)11+s12 (1)

For mesh 2,
O0=sl,+(2+9)I,

(-3
L=-1+=]L, )
S

Substituting (2) into (1) gives
-(s*+5s5+2) .

S

2
§=—(1+25)1+§j12+312: 5

-6

or =
s2+5s+2

15



12 -12
s2+5s+2  (s+0.438)(s+4.561)

V, =21, =

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

v - A . B
° " 5+0.438 s+4.561

A—i—291 B= 12 291
4123 777 T .4123 7
V (6 -2.91 N 291
)= 0438 514561

v, (t)= 2.91[e-4.561t _ e0.438t] u(t) v

Chapter 16, Solution 29.

Consider the following circuit.

1 L 1:2

—— A ———

10/(s + 1) CD % ||| % = 4/s

4 ®)@s) 8
s 8+4/s  2s+1

Let Z, =8|
When this is reflected to the primary side,
Z
Z. =1+ n—; n=2

7 1+ 2 _2s+3
n T os+1 2s+1

10 2s+1

L1
° s+1 Z_ s+l 2s+3



[ - 10s+5 A N B
° (s+D(s+1.5) s+1 s+1.5

A=-10, B=20

I()—_10+ 20
°S_s+1 s+1.5

i,()=10[2¢" —eJu(t) A

Chapter 16, Solution 30.

4 12
s+1/3 3s+1

Y(s) = H(s)X(s), X(s) =

12s2 4 8s+4/3

YO = 5512 =3 Gs+1)
vyt 8 s 4 1
(s T39 (s+1/3)2 27 (s+1/3)?
Let G(s)= 5.8

6 =5 i)

Using the time differentiation property,

-8 d -8(-1
g(t) = ? -a(te'tﬂ) = —(?te-t/:; + e.t/3j

9
8 8
t)=—t /3 T L-t/3
g(t) e e
Hence,
4 8 8 4
ty=—u(t)+—te? ——e ——te"?
y(t) 311() 27 S 9e 7 €

4 8 4
y(t) = Eu(t)— ;e't/S +Et e 3




Chapter 16, Solution 31.

x(t)=u(t) ——> X(s) =§

10s
t)=10 2t Y(s)=
¥(=10c0s20) —> Y()=
H(s) = Y(s) 10s’
= X(s) s?+4
Chapter 16, Solution 32.
(@)  Y(s)=H(s)X(s)
__s+3 1
s> +4s+5 s
s+3 A Bs+C

s(s® +4s+5) T s 14545
s+3=A(s*+4s+5)+Bs*+Cs

Equating coefficients :

s 3=5A —— A=3/5

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

35 1 3s+7

0.6 1 3(s+2)+1

YOI =5 54

y(t)=[0.6—0.6¢? cos(t)— 0.2 sin(t)] u(t)




®)  xO=6te™ — X()= 5

s+3 6

YO =HEOXO =G as+s s+2)

6(s+3) A B Cs+D

Y(s)

T (542 (2 +45+5) 542 (s42))  § +ds+5
Equating coefficients :

s: 0=A+C ——> C=-A

s’:  0=6A+B+4C+D=2A+B+D

s': 6=13A+4B+4C+4D=9A +4B+4D
s 18=10A+5B+4D=2A+B

Solving (1), (2), (3), and (4) give
A=6, B=6, C=-6, D=-18

_ 6., 6 65+18
Cs+2 (3+2)?% (s+2)°+1

Y(s)

_ 6., 6 6(s+2) 6
Cs+2 (5+2)% (s+2)°+1 (s+2)*+1

Y(s)

(1)
2)
€)
4

y(t)=[6e +6te? — 6e cos(t)— 6e sin(t)] u(t)

Chapter 16, Solution 33.

_Y(®) _1
HO =) X(s)=,
vty ! 2s 3)(4)

s 2(s+3) (s+2)>+16 (s+2)*+16

s 2s? 125
2(s+3) s*+4s+20 s*+4s+20

H(s)=sY(s)=4+




Chapter 16, Solution 34.

Consider the following circuit.

2 S
MA 0000°

Vv, CD 4 § 10/s 7= Vo(s)

Using nodal analysis,

V.-V, V, V

_ 4]

s12 4 ' 10/s

1 1 1 1
V, = (s+2)(s+—2+z+%jvo =(I+Z(S+2)+E(SZ +2s))V0

V. =i(2s2 +95+30)V
S 20 [0)

Vv 20

o

V. 25 +9s+30

S

Chapter 16, Solution 35.

Consider the following circuit.

I 2/s Vv, s

0 —

\A Cf) T A v, 23

Atnode 1,

\% V.-
21+1= , where 1=
s+3 2/s




_ 3s(s+3)
1352495 +2 ¢

3 3 V - Os v
° T g+3 ' 3s249542 ¢

A 9s
V. 3s2+9s+2

S

H(s) =

Chapter 16, Solution 36.

From the previous problem,

V, 3s

[=———V
352 +95+2 ¢

_ 35> +9s+2

But
u s Og 0

I S -3S2+9S+2V—£
357 +9s5+2 Os 9

VO
H(s) = I =9




Chapter 16, Solution 37.

(a) Consider the circuit shown below.

3 2s
M\ 00600°
+
+ i +
For loop 1,
Vv —(3 +gjl —1
s S 1 S 2
For loop 2,

2. 2
4V 4+ 25+ |1,-=1,=0
S S

2
But, V =(,- IQ(—)
s

8 2 2
So, —(,-L)+|2s+—|,-—1,=0
s s S

-6 6
O=—IL+|—-2s|I,
S s

In matrix form, (1) and (2) become
(v, ] [3+2/s  -2/s T,

S

LO__L—6/S 6/s—2s] 1,

oo e

4V,

(1)

)



. A (6/s=2)
'TOA 18/s—4-6s °
I, 3s-s  s'-3
V., 9/s—2-3 3s2+2s-9
AZ
b ===
\V4 _E(I I)_g(ﬁj
X_s 1 2 _S A

v - 2/sV, (6/s—2s—6/s) _ -4V,

x A A
L _6sv, -3
V, -4V, 2s

Chapter 16, Solution 38.

(a) Consider the following circuit.

v, Ct) 1s 7= 1s 7= 1 § Vo

1 1
V =(1+s+—)vl——vo (1)



At node o,

V, -V,
=sV,+V, =G6+DV,

s
V,=(s>+s+1)V,

Substituting (2) into (1)
V,=(s+1+1/s)s* +s+ 1)V, —1/sV,
V,=(s’ +28* +3s+2)V,

d Ve 1
1(S)_V Cs¥ 4282 +3s+2

S

(b) [[ =V, -V, =(’+28* +3s+2)V, — (s> +s+ 1)V,
[ =(s’+s>+2s+1)V,
Vv 1

H =—2 =
:(8) I, s*+s?+2s+1

© I,=

1
s st +2s+1

1
8+ 2s?+35+2

Chapter 16, Solution 39.

Consider the circuit below.

Va :
- _.
J’_

Vb +

Vv, C*) —W\—— v,

2)



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

1
V =-1 [R+—
° 0( st

V,=V, =V, =—
a b 8 SC
. , R+1/sC RC+1
= = = +
©) . 1/sC >
Chapter 16, Solution 40.
R R/L

v
H = o = =
@ )= “RasL s+RIL

h(t) = %e'Rt/L u(t)

(b) v.(t)=u(t) —> V. (s)=1/s

R/L RIL A B

°TS+R/L * sG+R/L) s s+R/L

V =——
° s s+R/L

v () =u(t)—e™ u(t) = 1—e™")u(t)

Chapter 16, Solution 41.
Y (s)=H(s) X(s)

h(t)=2e'u(t) —— H(s)=£



v.()=5u(t) —— V.(s)=X(s)=5/s

Y=L A, B
VT4 s s+l
A=10, B=-10
ye=10 10
= s s+1

y(t)=10(1-e")u(t)

Chapter 16, Solution 42.

2sY(s)+ Y(s) = X(s)
(2s+1)Y(s) = X(s)

RONETEE'
CX(s) 2s+1 2(s+1/2)

H(s)

h(t) = 0.5e" u(t)

Chapter 16, Solution 43.

u(t) Cf) = 1F

e T m—
1H

First select the inductor current i;. and the capacitor voltage v to be the state
variables.

Applying KVL we get:
—u(t)+i+ve +i'=0; i=ve



Thus,

Al
Ve =1
\l

1 =-ve—i+u(t)

Finally we get,
{Vc ]{ 0 1 }{V?}mu(t); i(ty=[o I]{V_C}r[O]u(t)
i’ -1 -1 1 1 1

Chapter 16, Solution 44.

1H 1/8 F
Ya
D300 1C
+

Su(t) v 220 = 40

First select the inductor current i;. and the capacitor voltage v to be the state

variables.

Applying KCL we get:

. Vg Vv . :
—ip +7X+?C=O; or ve =8ip —4v,

i =4u(t)— v,

v, = Ve +4%C =ve +VTC= ve +4ip —2v,;or v, =0.3333ve +1.3333ip

ve =8ip —1.3333ve —5.333i; =-1.3333v +2.666i]
ip =4u(t)-0.3333vc —1.3333i.

Now we can write the state equations.

V‘C —1.3333  2.666 | vc 0 0.3333
ip -0.3333 —-1.3333] 1. 4 1.3333




Chapter 16, Solution 45.

(1) @ i) = 20 © i)

First select the inductor current ip, (current flowing left to right) and the capacitor voltage
vc (voltage positive on the left and negative on the right) to be the state variables.

Applying KCL we get:

Ve Vo oo ' :
—TC+7°+1L =0or vec =4ip +2v,

I, =Vo =V
Vo =—Vc tVq

Ve =4ip —2ve +2v,

iL =—Vc +V]—Vp

S AR ER T T
Ve 4 -2/ vc 2 0 ||va(t) Ve vy (t)

Chapter 16, Solution 46.

+ < .
vt Ci) 2F = v(D > 40 101}




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

Letting v, = v¢ and applying KCL we get:
. ' Ve . ' . .
-1 +v¢ +T_ls =0or ve =-025vc +1, +14

iL =—=Vc +Vg
Thus,

AL ol o]

Chapter 16, Solution 47.

i(1) i F iH(ry 1H
e [ o=

n() (2 2Q 2 @ 1)

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

Letting 1, = VTC and 1, = ip and applying KVL we get:
Loop 1:

-V +Vc +2(VTC—iLJ=0 or V'C =4iL —2VC +2V1
Loop 2:

2(1L —VTCJ-I-IVL +Vo =0or

17, :_21L+ L 2C 1—V2 =—Vc +V]—V)




. 4iL - 2VC + 2V1
11 = 4

= iL — O.SVC + 0.5V1

o o e A |

vi(t)
Vo (t)

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

This gives our state equations.

kﬂ{—os —14}{2}{?}(0; y(t) =1 OK;}[O]Z(Q

Chapter 16, Solution 49.

1 1

Letx = y(t) and x» =le —Z=y —ZOr'y =Xy +2

Thus,

U
"

Xy =Y —7 =—-6x] —5(x» +Z)+Z' +2z-7 =-6X| —5x, -3z

This now leads to our state equations,

tﬂ B [—06 —15}{;( j{_ﬂzm; y(t) =[1 O]L’:l} [0]z(t)

Chapter 16, Solution 50.

Letx; =y(t), x, = X'l ,and x5 = X'Z.
Thus,
Xg =—6xy —11xp —6x3 +z(t)

We can now write our state equations.

x| [0 1 0Tx] [o X4

Xy =] 0 0 1 |xy|+]0]z(ty y(®)=[l 0 0]x, |+
x3| |-6 -11 —6|x5| |1 X3

[

0]z(t)




Chapter 16, Solution 51.

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

sX(s)—x(0) = AX(s) + B(lj

s
Assume the initial conditions are zero.

(sI-A)X(s) = B( lj

S

w4 Aoy 1 s 4T o
)= 2 S 2(gj_sz+4s+8 2 s+4(2/s)

8 1 -s—4
Y(5)=X(5) =— ==+
S(s“+4s+8) S s +4s+8
1 -s—4 1 —(s+2) -2
=—+ —+

S s+2)2422 s (5422422 (s+2)2 422

y(t) = (1 —e 2t (cos 2t +sin 2t))u(t)

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

X s+2 1 771 171/s 1 s+4  —173/s
S)= -
-2 s+4| |4 0|2/s| §Zi6s+10] 2 s+2|4/s

X = 3s+38 O.8+ -0.8s-1.8

Cs((s+3)2+12) s (s+3)2+12

SR S & R —

+.
s (s+3)2+12  (s+3)% +12

x1(t) =(0.8- 0.8¢ 3! cost +0.6¢ ' sin t)u(t)



4s+14 1.4+ —1.4s-44

Xzz—:—
s((s+3)2+17 8 (s+3)2+1°
1y S+23 S-02 12 .
s (s+3)" +1 (s+3)" +1

X,(t)=(1.4-1 4¢3t cost—0.2¢ >t sin tHu(t)

y1(t) = =2x1(t) = 2x, (t) + 2u(t)
=(-2.4+ 4.4 cost—0.8¢ > sin t)u(t)

v, (1) = x{(t) = 2u(t) = (1.2 = 0.8¢ ! cos t + 0.6¢ ! sin t)u(t)

Chapter 16, Solution 53.

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

Vv \Y% 1 1
“+sCV, +—=|—+sC+— |V

I = =
* R sL R sL.) °
V - I B sRLI,
°_i+sc+i_sL+R+s2RLc
R sL
| v, sLI
° R SLC+sL+R
H(s) I, sL s/RC
S)=—7"= =
I, s’RLC+sL+R s*+s/RC+1/LC
The roots
-1 1 1
Si2

= + -
> 2RC | (2RC)* LC
both lie in the left half plane since R, L, and C are positive quantities.

Thus, the circuit is stable.




Chapter 16, Solution 54.

S Ho(s) = ——

(a) 1(5)_S+1’ 2(S)_S+4
HE =HOLE =75 g

. a B

h)=L"[He)]=L ls+1 s+4]

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.

Chapter 16, Solution 55.

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

Vo _=IsC_ -1 Vo _ =1
V., R  sRC’ V, sRC
g 1
H(S) VS = SZR2C2
t
M= Rec

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

t—o0

Hence, the circuit is unstable.




Chapter 16, Solution 56.

C sL
L|—=—"%=
sLise I " 1+s°LC
sL+—
sC
sL
V. 1+8C _ sL
s N sL s’RLC+sL+R
1+s’LC
b
Vv, _ %Rc
e L1
RC LC
Comparing this with the given transfer function,
1 1
“re> °Tic

1
IfR=1kQ, C=——=500uF
, R it

1
=—=3333H
6C ———

Chapter 16, Solution 57.

The circuit in the s-domain 1s shown below.

R, vV L
1
M\ 0000—
+
Vi F;C RZ;\’x
Ir’ .
Z
1 1/sC)- (R, +sL R, +sL
2oL R,y = LR Ryt

R, +sL+1/sC ~ 1+s’LC+sR,C



V. = R V, = R, Z _y
° R,+sL ' R,+sL R, +Z '

R, +sL
V., R, Z R 1+s’LC+sR,C
V. R,+sL R,+Z R,+sL R, RotsL
' 1+s’LC+sR,C
Vo _ RZ
V, s*R,LC+sR,R,C+R,+R, +sL
R2
vV, R,LC
A R, 1 ) R +R
52 +s[ 24 j+ 2
L RC) RLC
Comparing this with the given transfer function,
s_ R s R 1 b5 Ri*+R,
= :_+ =
R,LC L R,C R,LC
Since R, =4Q and R, =1Q),
1 1
5=—— —— LC=— 1
41L.C 20 M
e-Ll, L 2
L 4cC @)
25 > —> LC :
= = —
41LC 20
Substituting (1) into (2),

1
6:20C+E ——> 80C*-24C+1=0



1 1
WhenC=Z, L="—rr=—.

1
When C=—, L=—+-=1.
20 20C

Therefore, there are two possible solutions.
C=025F L=02H or C=005F L=1H

Chapter 16, Solution 58.

We apply KCL at the noninverting terminal at the op amp.
(Vi =0)Y; =(0-V)(Y, - Y,)
Y3 Vs = _(Yl + Y2 )Vo

Vo _ -YS
V., Y +Y,

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

V. sC,+1/R, s+l/R.C,

S

Comparing this with the given transfer function,

S Lo_1o
Cl - RICI_
If R, =1kQ,

1
C, =C2=W=100uF




Chapter 16, Solution 59.

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

Y4
[ ]
L
Y Y, v,
Vi >_. Vo
Vin Y;
Atnode 1, -
Vi = VDY, =(V, - V)Y, +(V, - V)Y,
V.Y, =Vi(Y,+Y,+Y,))-V, (Y, +Y,) (D)
At node 2,
(Vl _VO)YZ = (Vo _0)Y3
Vl Yz = (Yz +Y3)V0
v Y, +Y, v 5
1~ Y2 0 ( )

Substituting (2) into (1),

Y, +Y
Vi Yy = (Y + Y+ YV =V (Y, +Y)

2
V.YY,=V,(Y,Y,+Y; +Y,Y, +Y, Y, +Y,Y, + Y, Y, - Y, - Y,Y,)

Vo _ Yle
V., Y,Y,+Y, Y, +Y,Y,+Y.Y,

n

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

Let Y, =— Y,=—, Y,=sC,, Y,=sC,



V. 1 sC, sC, |
" + + +s°C,C
R1R2 Rl R2 ; e

1

V, _ RR,C,C,
V., o, (R1+R2j 1
s +s- +
R1R2C2 R1R2C1C2

Choose R, =1k€2, then

. R, +R,
— =10 and ————=100
R1R2C1C2 R1R2C2

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

such solution is
R,=1kQ, C,=50nF, C,=20pF




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);




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);




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);




Chapter 16, Solution 63.

We use the following commands to obtain the unit step as shown below.

num=|[1 2];
den=[1 4 3];
step(num,den);




Chapter 16, Solution 64.

With the following commands, we obtain the response as shown below.

t=0:0.01:5;
x=10*exp(-t);
num=4;

den=[1 5 6];
y=Isim(num,den,x,t);
plot(t,y)

25

1581

05




Chapter 16, Solution 65.

We obtain the response below using the following commands.

t=0:0.01:5;

x=1 + 3*exp(-2*t);
num=[1 0];

den=[1 6 11 6];
y=Isim(num,den,x,t);
plot(t,y)

|:|1B T T T T T T T T T

0.16

014

012

0.1

0.05

0.06

0.04

0.0z




Chapter 16, Solution 66.

We obtain the response below using the following MATLAB commands.

t=0:0.01:5;
x=5*exp(-3*t);
num=1;

den=[1 1 4];
y=Isim(num,den,x,t);
plot(t,y)

0.5

0.4

0.3

0.2

0.1

01

0.2

_|:|3 1 1 1 1 1 1 1 1 1
1] :

Chapter 16, Solution 67.

Using the result of Practice Problem 16.14,
vV -Y)Y,

[

V. YL,Y 4 Y, (Y, +Y,+Y,)




Y,=—, R,=10kQ
1
Y,=Y,, Y,=sC,, C,=IpF
v, -sC, /R, -sC,R,

V.~ 1/R?+sC,(sC, +2/R,) 1+sC,R,(2+sCR,)

<

[

B -sC,R,
V. s)C,C,R?+s-2C,R, +1

1

<

=]

B -5(0.5x10°)(10x10%)
V., s2(0.5x10°)(1x10°)(10x10%)% +s(2)(1x10°)(10x10%) +1

<

. -100s
V., s2+400s+2x10*

Therefore,
a=-100, b= 400, c=2x10*

Chapter 16, Solution 68.

K(s+1)

(a) Let Y(s) = 3

K+l _ . K{A+1/s)

Y(o0) = i -
) =lm=5 =m0
ie. 0.25=K.

s+1

Hence, Y(s) = 4513)

(b) Consider the circuit shown below.

t=0

V=8V Ys




V,=8u(t) ——> V, =8/s

I_VS _ v )V()—ﬁ s+l 2(s+])
7 > SS_4s s+3  s(s+3)
A B
[=—+——
s s+3
A=2/3, B=-4/3

i(t)=%[2—4e'3‘]u(t)A

Chapter 16, Solution 69.

The gyrator is equivalent to two cascaded inverting amplifiers. Let V, be the
voltage at the output of the first op amp.

V—ﬁV—V
I_R i~ Vi
V_-l/sC 1 v
°° R ' SCR '
I_Vo_ Vo

° R sRC

VO

I—sR2C

VO
1° sL, when L =R?*C

V]
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