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
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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.
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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_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




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 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




[ - 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)
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	Chapter 16, Solution 43.
	First select the inductor current iL and the capacitor voltage vC to be the state variables.
	First select the inductor current iL and the capacitor voltage vC to be the state variables.


	Soln1645_50.pdf
	First select the inductor current iL (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.
	First select the inductor current iL (left to right) and the capacitor voltage vC to be the state variables.
	First select the inductor current iL (left to right) and the capacitor voltage vC (+ on the left) to be the state variables.




