13

The Laplace Transform in Circuit

Analysis
Assessment Problems
11  Cls+ (1/RC)s + (1/LC)
AP 131 [a] ¥ = = + — +5C = -
L _ 10° = 80,000; % =25 x 10°

RC ~ (500)(0.025)

2 1079(s? 2 108
Therefore v = 22X 107(s” + 80,0005 + 25 x 10%)
S

[b] 212 = —40,000 £ /16 x 105 — 25 x 105 = —40,000 % 530,000 rad/s
—2z1 = —40,000 — 530,000 rad/s
—2z9 = —40,000 + 530,000 rad/s

p1 = 0 rad/s

1 4%x107s
AP 13.2 [a] Z = 2000 + — = 2000
2] Ty T 2 1 80,0005 1 25 x 10°

~2000(s% +10%s +25 x 105)  2000(s + 50,000)?
~ s2480,000s + 25 x 108 52 4 80,000s + 25 x 108

[b] —2 = —z = —50,000 rad/s

—p1 = —40,000 — 530,000 rad/s
—p2 = —40,000 4 530,000 rad/s

13-1
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13-2 CHAPTER 13. The Laplace Transform in Circuit Analysis

AP 133 [a] Att=0", 0.2v; = (0.8)vy; wv1 =4ve; wv1 +ve =100V

Therefore v1(07) =80V = v1(07);  v2(07) = 20V = vy(0T)

10k ‘ +
+ S5x10/= T
I:I.ZIu,E‘ T V) Vl
100v(* - 80/s( T
|+ T £ 5k()
0.8uFT ¥, 1.25%100s T
W
20/s(; :
B (80/s) + (20/s) _20x 1077
~ 5000 + [(5 x 106)/s] + (1.25 x 106/s) s+ 1250
V_@_5><106 20x 1073 80
177 s s+1250 | s+ 1250
20 125x 106 (20 x 1073\ 20
27 s s+1250 | s+ 1250

[b] i = 20e™ "y (t) mA; vy = 8020y (t) V

vy = 20e 1%y (t) V

AP 134 [a]
R{) sL{)
A T
—1 + v -
Vdé/SC T1l/sC()
1— Vie/s B Vie/L
 R+sL+(1/sC)  s2+(R/L)s+ (1/LC)
Ve R 1
= 40; — =12 — =1
L 0 L ’ LC 0
40 K K7
_ — +
(s 4+ 0.6 —50.8)(s+ 0.6 +50.8) s+0.6—750.8 s+0.64 0.8
40 4 o * o
K1:T6:—]25:25/—90; K} =25/90°
JL.
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Problems 13-3

[b] i = 50e~%% cos(0.8¢ — 90°) = [50e~"% sin 0.8t]u(t) A
160s
(s +0.6 — j0.8)(s + 0.6 + j0.8)
K N K
s+0.6 —350.8 s+0.6+30.8

~160(—0.6 + j0.8)
N 71.6

[c] V =sLI=

K

= 100/36.87°

[d] v(t) = [200e™ "% cos (0.8t + 36.87°)|u(t) V
AP 13.5 [a]

Ry
+ +
5/s(1) /50T v v, 230 (315/s

The two node voltage equations are

Vi—V; 5 Vo Vo—=Vi  Vo—(15
! 2 Vis=- and —=4+ -2 Ly 2 ( /s):
S S 3 S 15
Solving for V; and V4 yields
B 5(s + 3) B 2.5(s% +6)
YT s(s2+ 255+ 1) 27 s(s2+25s+1)
[b] The partial fraction expansions of V; and V5 are
15 50/3 5/3 15 125/6 25/3
Vi=—-— d Vo=——
! S s+05 s+2 an 2 S s+05 s+2
It follows that
50 5
vi(t) = [15 - 36_0"% + ge_zt] u(t)V and
125 25
vs(t) = [15 _ 22008t —e—%] w(t)V
6 3
50 5
0f)=15——+-=-=0
[c] v1(07) 3 + 3
125 25

[d] vi(c0) =15V, va(00) =15V
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13-4 CHAPTER 13. The Laplace Transform in Circuit Analysis

AP 136 [a]
2/s
so |22
ol ul
+
20/ v, v,
L ;
With no load across terminals a — bV, = 20/s:
1720 20
— [——VTh S + [1.2(—) —Vm!l =0
21ls s
20 2.4
therefore Vi, = %
2/z
0 | %Y a0 | o
&'\M—
+
v i
M i
v
V, =5Ip and Zp, = —
It
Solving for I gives
Vi — 51
Ip = w 4+ Vg — 6Ip
Therefore
) 2.8
1417 = Vips + 5slp + 2Vp; therefore Zt, = %
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Problems 13-5

[b]
27
1 Z, [
Vo, O
™ %S 9!
?
Virn 20(8 + 2.4)

1

T Zm+2+s s(s+3)(s+6)

di
AP 13.7 [a] iy = 1.25¢7" — 1.25¢*; therefore % = —1.25¢" +3.75¢ ™
Therefore 2 =0 when
dt
1.25¢7" =3.75e7% or e* =3, t = 0.5(In3) = 549.31 ms

ig(max) = 1.25[e %% — ¢ 730549 — 48113 mA
[b] From Egs. 13.68 and 13.69, we have
A=12(s* +4s+3) =12(s + 1)(s +3) and N; =60(s + 2)

Ny 5(s 4+ 2)
Therefore [ = — = ———F———
A (s 1)(s+3)
A partial fraction expansion leads to the expression
_ 25 25
s+1 s+3

Therefore we get

I

i1 = 2.5[e™" + e Mu(t) A

[c] % = —2.5[e™" + 3¢ w = —2.89A/s
[d] When i, is at its peak value,

L

Therefore Lo (%) =0 and iy =— (%) (%)
[e] iz(max) = w = 481.13mA  (checks)
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13-6 CHAPTER 13. The Laplace Transform in Circuit Analysis

AP 13.8 [a] The s-domain circuit with the voltage source acting alone is

20
4y

n +
20/5() 1-25s§ V' T20/s

w
Vi—(20/s) V' Vs
=0
2 125 T 0
, 200 ~100/3 100/3

(542 (s+8) s+2  s+8

1
v = ﬂ[e‘zt — e Mu(t) V

3
[b] With the current source acting alone,
2 (1
iy
+
1.25s§ V" T20/s (F)5/s

v
v V! Vs 5
S

2 125 20
, 100 50/3  50/3
(s+2)(s+8) s+2 s5+8
50
" _ 3[6_% _ 6—8t]u(t) Vv
[c] v="0"+v" = [50e”% — 50e ¥ u(t) V
Vo | Vos Vo 10(s + 2)
AP 13. RCLGU o heref Yo () = T
3.9 [a] s—|—2+10 P therefore ], (s) 251 10
[b] —z1 = —2 rad/s; —p1 = —14 j3 rad/s; —pe = —1— j3 rad/s
AP 13.10 [a]
0(s+2) 1 K, K, K

T P 2s+10 s s s+1—j3 s+i1+4J3
K,=2 K =5/3/—126.87; K =5/3/126.87°

v, = [24 (10/3)e " cos(3t — 126.87°)|u(t) V
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Problems

10(s + 2) K N K3
$24+25+10  s+1—353 s+1+743

[b] Vo=
Ky =5.27/— 18.43°; K; =5.27/18.43°
v, = [10.54e " cos(3t — 18.43°)|u(t) V

AP 13.11 [a]
H(s) = L{n(t)} = L{v,(t)}

v,(t) = 10,000 cos fe~ " cos 240t — 10,000 sin fe "% sin 240t
= 9600~ cos 240t — 2800e "% sin 240t

9600(s + 70) 2800(240)
Therefore H(s) = -
erefore H{s) = 70y 4 (24002 ~ (s 1 702 + (240)2
B 96005
2 + 140s + 62,500
1 9600
b ‘/’0 — H . —_ =
[b] Vu(s) (s) s s2+ 140s + 62,500
B K, N Ki
s+70 — 5240 ' s+ 70 + j240
9600
K, =2—=—420=20/—90°
T =
Therefore

v,(t) = [40e™ ™ cos(240t — 90°)]u(t) V = [40e"" sin 240t]u(t) V

AP 13.12 From Assessment Problem 13.9:

10(s + 2)
H(s) = ————
() s2+2s+ 10
. 10(2 + j4)
Therefi H(j4) = ————— =4.47/ — 63.43°
erefore (74) 10— 16 + /8 /

Thus,

v, = (10)(4.47) cos(4t — 63.43°) = 44.7 cos(4t — 63.43°) V

AP 13.13 [a]
Let R; =10kQ, R, =50kQ, C =400pF, R,C =2x10""°
V, R,
then Vi =V1p=—2"=-__
o R R T (1/s0)

13-7
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13-8 CHAPTER 13. The Laplace Transform in Circuit Analysis

ViV, iV,
Ry Ry

therefore V, =2V, =V}

Also =0

. RQOS—l

Now solving for V,/V,, we get H(s) = RCsT1
2

i1
It follows that H(550,000) = ‘7+—1 — j1 = 1/90°
j —

Therefore v, = 10 cos(50,000t 4+ 90°) V

R,Cs—1
[b] Replacing Ry by R, gives us H(s) = &07::%—1
Therefore
‘ j20 x 10°R, — 1 Ry + §50,000

H(750,000) = =

(750.000) = 30 % 105k, +1 — R, — j50.000
Thus,
50,000

}’2 = tan 60° = 1.7321, R, = 28,867.51¢)
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Problems 13-9

Problems

1t 1\ /V 1 Voo
P 131 = T vdr + Io; therefore [ = (—) (—) +2= 42

0- L S S sL S
1 Vo 1
P132 V=V, :CV(—>:—; Zmh = —
Th b o\ 50 5 Th = 5
— L1 —1
P13.3 I, =In=——2=—2;  Zy=sL
sL S

Therefore, the Norton equivalent is the same as the circuit in Fig. 13.4.

P134 [a] Z= R+ sL+ % _ Lt (R/Lis + (1/LC)]

[s* + 32,0005 + 4 x 10°]

s
[b] s12 = —16,000 = 512,000 rad/s
Zeros at —16,000 + 712,000 rad/s and —16,000 — 512,000 rad/s

Pole at 0.
2
P135 [a] ¥ = L4 L 450 = S+ U/RC)s+ (1/LO)
R sL s
g1 _ s/C _ 16 x 10%s

Y 2+ (1/RC)s + (L/LC)  s2+2 x 1055 + 64 x 1010

[b] zero at z; =0
poles at —p; = —400 krad/s and —p, = —1600 krad/s

P 13.6 |[a]
iR
i % E sL
T1l/=C
_ (R+1/sC)(sL)  (Rs)(s+1/RC)
 R+sL+(1/sC)  s2+(R/L)s+ (1/LC)
R 1 1 5
f:500; ﬁ:&); ﬁ:40><10

200s(s + 80)

7 —
s2 +500s + 40 x 103
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13-10 CHAPTER 13. The Laplace Transform in Circuit Analysis

2005(s 4 80)

b| Z =
[b] (s + 100)(s + 400)
21 =0; —2z9 = —80 rad/s
—p; = —100 rad/s; —pg = —400 I‘ad/S
1 s 1 s2+s+1
P 13.7 (1 —> 12( —> 1=—|1
||S+s H s—|—1+3 H s(s+1) l
s2+s+1
o os(s+1) . sP4s+1 05(s*+s+1)
_32+s+1+1 252 4+ 25+ 1 s24+s5+0.5
s(s+1)
—z1 = —0.5 + 70.866 rad/s; —29 = —0.5 — j0.866 rad/s
—p1 = —0.5 + j0.5 rad/s; —po = —0.5 — j0.5 rad/s

P 13.8 Transform the Y-connection of the two resistors and the capacitor into the
equivalent delta-connection:

Ele E,le
+ 0 10 +
1/s 1)
v, I —_—> v
si) =10
b b
where

(1/5)(1) + (1)(A/s) + (D(1L)

%= (i/s) =542
Zy=Zc= Lot (1)1(1/5) +(1)A) _ s+2
Then

Zab = Zall(sl| Ze) + (511 20)] = Zall2(s]| Z0)

s[(s+2)/s] _ s(s+2)
s+[(s+2)/s] s2+s+2

s|| 2, =
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Problems 13-11

2s(s + 2)?
25(s +2) s+ 542
Za = 2 —=
b=(s+ )Hs2+s+2 25(s +2)
S‘|‘2 S . 5
5%+ 5+ 2
2s(s + 2)? _2s(s+2)  2s

(s+2)(s2+s5+2)+2s(s+2) s2+3s+2 s+1

Zero at 0; pole at —1 rad/s.

P 13.9

YT T

Wiy
1400 0.005z0

+ @

5
90/s rex10/s0 v

L

(90/5)(8 x 10°/s)
140 + 0.005s + (8 x 103/s)

144 x 108
s(s? +28,000s + 16 x 107)

144 x 108
s(s -+ 8000)(s + 20,000)
K K> K
s T 58000 T 5+20,000

‘/0:

144 x 108
K = - =
Y716 x 107 %
144 x 108
Ky = x — 150
(—8000)(12,000)
144 x 108
Ky = x 10 — 60

(—12,000)(—20,000)

90 150 . 60
s s+8000 s+ 20,000

‘/0:

vo(t) = [90 — 150e 7399  60e 2000y (¢) V
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13-12 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.10 With a non-zero initial Voltage on the capacitor, the s-domain circuit becomes:

+

Wiy
1400 0. UUSSQ

= @107/ ()
s0/5 é}

150/

| :

Vo, —90/s (V, —150/s)s

0
0.005s + 140 8 x 106
200 s ]_ 150 18,000
°|s+28,000  8x10°| 8x105  s(s+ 28,000)

150(s% + 28,000s + 96 x 10°

VO =
s(s + 8000) (s + 20,000)
K Ky K
-5 " s + 8000 + s + 20,000
144 x 108
K = —— =
1= 60 % 108 0
150(s® + 28,000s + 96 x 10°
K, — 100" + 28,0005 + 96 x — 100
s(s + 20,000) s=—8000
150(s® + 28,000s + 96 x 10°
K, = (5% + 28,0005 + 96 x 40
s(s -+ 8000) s=—20,000
90 100 40
VO =

S T SrR000 s+ 20,000
v,(t) = [90 + 100e %% — 40e 2000y (¢) V

P 13.11 [a] For t > 0:

= (3 ﬂ gu.f.s
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Problems 13-13

75/s
(3200/s) + 100 + 0.5s

B 75
~0.582 + 100s + 3200

[b] I, =

B 150 B 150
(8242005 + 6400) (s 4 40)(s + 160)
K, N K,
s+40 s+ 160
150

s+ 160

150
s + 40

[e] 1o =

K =

=1.25
s=—40

=—1.25
s=—160

1.5 1.25
 s+40 s+ 160

o

io(t) = (1.25e 1% — 1.25¢ 1)y (t) A

20
P 13.12 »(07) = —— =5mA
I
[u}
—1)—0—'v\/\/j
1/sC 4+ E
o
80/s(2)
W
[u}
E sL
&
_ 80/s+Lp  sC(80/s+ Lp)
° R+sL+1/sC  s2LC + RsC + 1
B 80/L + sp 20,000 + s(0.1)
824+ sR/L+1/LC 524 200,000s + 1010
_ 0.1(s+200,000) K N K>
52 4200,000s + 1010 (s + 100,000)2 s + 100,000
K = 10,000; K, =0.1

io(t) = [10,000te™ 19009 4 0.1e 7199994 (1) A
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13-14 CHAPTER 13. The Laplace Transform in Circuit Analysis

(800 -+ 0.0045)(0.1s + 20,000)

bl V,=(R+sL)I,— Lp= —4x10™*
[b] (F+sL) P 5% + 200,000 + 1010 %

80(s + 150,000) K K>

(5 +100,000)2 _ (s +100,0002 ' 5+ 100,000

K =4x10° K,=280
’Uo(t) — [4 X 106t6—100,000t + 806—100,000t]u(t)A

P 13.13 [a] For t < 0:
800 1000

g . (yz27sv
100v(? 24000 % v {07}

T 0T

VC—100+ V. +1/(1,—275_
80 240 100
( 1 1 1 ) ~ 100 275

0

80 240 * 100
Ve=150V

150 —275
1(07) = =55

100) = =0 100

=—1.25A

For ¢t > 0:

200}
+

15D/SC T

Vo ﬂ ()275/=

12,500 1
S Q=

0.016=f] 20mv
e

150

S

275 12,500 150
0=—""+420] + 2T+ — —20x 1073 +0.016s]

S S S
12,500
S

78125+ 1.25s
52412505 + 781,250

12,500
S

[b] V, = I+

125
+ 0.0165) == 4+20x1073

I(Q(H—
s
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Problems 13-15

12,500 7812.5 4 1.25 150
Vo=— < oo >+—

s s? +1250s + 781,250 s

1502 4 203,125s + 214,843,750
~ s(s2 +1250s + 781,250)

K n K, n Ky
S s+ 625 — 7625 54 625 + 7625

[e] Vo=

1508 4 203,125s + 214,843,750

K = 275
! s2 + 12505 + 781,250

s=0

1, _ 1508 +203,1255 + 214,843,750
2T s(s + 625 + j625)

v,(t) = [2755 4 160.08¢~ %% cos(625¢ + 141.34°)]u(t) V

= 80.04/141.34°
s=—625+;625

P 13.14 [a] For t < 0:

_. ._
- wvilTy 4
40002
A A
1K€ \L
+
360V (1) v, £4k0 i(07)

4000|1000
- 360) = 240V
U= 700 + 40001000 0%

o 240

ve(07) = —vy = =240V

For t =07
.
e +
2 1amH v
1k § 240V T 5, 25nF g
+ D.zam\l' -
Py

s-domain circuit:

%IL

RE 1/sCT Yol ng o/ st v,
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13-16 CHAPTER 13. The Laplace Transform in Circuit Analysis

where

R =1k, C =6.25nF; v =—240V;

L =16mH; and p=—024A
Vo Vo p
b] -2 + V,sC — REA——
[]R+VSC 70+SL . 0
Vo Vs + (p/7C)]
824 (1/RC)s + (1/LC)
p —0.24
P = 160,000
7C (—240)(6.25 x 1079) ’
L _ ! = 160,000
RC ~ (1000)(6.25 x 10-9)
I 1 1

LC ~ (16 x 10-3)(6.25 x 10-9)

—240(s + 160,000)
s2 4+ 160,000s + 1010

o0 =

Vo, p V. 0.24
i = — — - = -/~
le] 1o sL s 0.016s * S
—15,000(s + 160,000) 0.24 B 0.24(s 4+ 97,500)

~ s(s+160,000s + 1019) ' s (s2+ 160,000s + 10'0)

—240(s + 160,000)
2 + 160,000s + 1010
K, N K
s+ 80,000 — j60,000 ' s + 80,000 + j60,000

_ —240(s + 160,000)
5+ 80,000 + 560,000 |s=—80,000-+60,000

[d] Vo=

1 = 200/126.87°

v,(t) = [400e 8209 cos(60,000t + 126.87°)|u(t) V

0.24(s + 97,500)
s2 4+ 160,000s + 1010

K, . K
s+ 80,000 — 60,000 s + 80,000 + 560,000
0.24(s + 97,500)

K, = - =0.125/ — 16.26°
YT s 80,000 + 760,000 |s=—-80,000+60,000 L

le] I =

iL(t) = [0.5e3"%%% cos(60,000t — 16.26°)]u(t) A
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Problems 13-17

P 13.15 [a] For t < 0:

2400 iy¢—
-._
N a00 800
A\ Wiy
£640
v407) £ 320 |
40 v
_ . J/iL|:D‘:u
. )
40 40
i, (07) = 0.25A

T 32480320 +64 160

_30
400

ve(07) = 80(—0.05) + 32(—0.25) + 40 = 28V

(—0.25) = —0.05 A

i

For ¢t > 0:
960
Al
400
40,000 |
40,000
ED.ZS
/12
28 () ) 0.05v
=)

28
[b] (160 + 0.2s + 40,000/s)I = 0.05 + —
S

~0.25(s 4 560)
52+ 800s + 200,000

K . K
5 +400 — 5200 s + 400 + j200

2
K= 5(s + 560) — 0.16/ — 38.66°

5+ 400 4 7200 |s=—400+;200

[c] io(t) = 0.32e7%% cos(200t — 38.66° )u(t) A
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13-18 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.16 P+ — 0

+
sma (1) 21000 \L?mm v (072 2kN

i(07)
w

0,(07) = (100]|500(2000)(0.005) = 0.4V

in(07) = ”05(80_) — 0.8mA

Fort >0:

| =T

[
50 =18 q

0.8x107°G)  2kNsv

o

50002 - 0. 4/58

Vot 08x10% Vo Vo= (04/s)
500 + s 2000 106 /5

1 1 s 0.8 x 10-3
v, ( —) _04x106 - 22X
500 +s 2000 " 106 % 500 +

=0

0.4(s — 1500)
s2 + 1000s + 125 x 10*

o0 =

K N K
s+ 500 — 71000 ' s + 500 + 1000

0.4(s — 1500
K, = 0Als = 1500) — 0.447/63.43°
s 4+ 500 + 51000 [s=—500+;51000

v,(t) = [0.894e°%% cos (1000t + 63.43°)]u(t) V
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Problems 13-19

P 13.17 [a]

Wiy
LT
1/sC sL

i W

ol

1/sC

I
e Ly

m %

sL(1,/sC) 1,/C

T R+sL+(1/sC) 2+ (R/L)s + (1/LC)

Vo

0.06
— =60

Nlm Q™
Il
E: -
o o
S
—

1
; — = 4000
’ LC
60

52 4 140s + 4000

60s
52 + 140s + 4000

N

[b] sV, =
lir% sV, =0; S 0e(00) =0
lim sV, = 0; S ,(07) =0

]V, = 60 1 N —1
? (s+40)(s+100) s+40 s+ 100

Vy = [6_40t _ 6—100t]u(t) \V4

I V. 0.06 240
P1318 Ic =2 — 2 = -
“T s L s s(s? + 140s + 4000)

~0.06 0.06+ 0.1 0.04
s s s+40 s+ 100

ic(t) = [100e™" — 40e1°%)u(t) mA
Check:

ic(0%) = 60mA (ok); ic(00) = 0 (ok)
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13-20 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.19 [a]
zoof} 2000
A W\/—‘
+
z00/s(’ Tll v Eu. 45932 Tlo%/sll
200 10°
200'&1 + 048(]1 — Ig) = — 200]2 + —Ig + 048(]2 — Il) =0
S S
Solving the second equation for I;:
52 4 500s + 25 x 10*
I = - I
S
Substituting into the first equation and solving for I:
2 4 500s + 25 x 10* 200
(045 +200) 2RI Z XD gy 2 20
S S
0.5s
I = —
52 4 500s + 125,000
I s” +500s + 25 x 10 0.5s
e 52 52 + 500s + 125,000
_0.5(s2 +500s + 25 x 10)
~ 5(s% 4 500s + 125,000)
P 0.5(s2 + 500s + 25 x 10%) 0.5s
T 2T (s +500s + 125,000) s+ 5005 + 125,000
B 250(s 4 500)
~ 5(s2 4 500s + 125,000)
K n Ky n K3
T s s+250— 4250 s+ 250 + 5250
Ki=1;, K,=05/—180°=—05
io(t) = [1 — 1e7*°" cos 250t]u(t) A
100(s + 500 K K
[b] V, = 0.4sI, = (s + 500) ! !

5+ 5005 + 125,000 51 250 — j250 s + 250 + j250
K, =70.71/ — 45°

V(1) = 141.42¢7 %% cos(250t — 45°)u(t) V
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Problems
[c] At ¢ =0T the circuit is
200f! 2001}

vy .

o
zoov (2 UéDJr}
—T igo")
0,(07) = 100V = 141.42 cos(—45°); I,(0F) =0

Both values agree with our solutions for v, and ,.
At t = oo the circuit is

20000 2000
200V (2 (e
— || if=) T
vo(00) = 0; io(00) =1A

Both values agree with our solutions for v, and ,.

P 13.20 [a]
125x10%s 0
v -
1,_;1 VZ
A, A,
25002 25002
325/ S006 0.62520
ID
v
Vi—325/s Vi Vi—-Vs 0
250 500 250
Va N Vo — Vi (Vo —325/s)s .
0.625s 250 125 x 104
Thus,
650
5{/’1 — QV2 -
S

—5000sV; + (52 + 50005 4 2 x 105)V; = 3255

STUDENTS-HUB.com
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13-22 CHAPTER 13. The Laplace Transform in Circuit Analysis

) -2

A= = 5(s -+ 1000)(s + 2000)

—5000s s + 5000s + 2 x 10°

5 650/s
N, = = 1625(s + 2000)
—5000s 325s
Ny 1625(s + 2000) 325
‘/'2 = — = —
A 5(s+1000)(s +2000) s+ 1000
3% 325 325000
" s 541000  s(s+ 1000)
Va 5200 0.52 0.52

I, = — -
0.625s  s(s+ 1000) s s+ 1000
[b] w,(t) = (325 — 32519 (t) V
io(t) = (520 — 520 1) (t) mA

[c] At ¢ =07 the circuit is

- + -
+ w0} -
axy oy
2500} 2504) .
3zsv(; 5000 % \L .
TiéD )

v,(07) = 0; i,(07) =0 Checks

At t = oo the circuit is

+v(e=) -
A W,
2500} 2508)
3z5v(® c000 2 "\L
Py igw)
325

o(00) =325V iy(c0) =
Uo(00) o(%0) = S50+ (500]1250)
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Problems 13-23

P 13.21 [a]
Ay
1006}
oy
0.5=(! 2500/ =]
30/5(F Lo,
30/ Zs00 I, (D)375/s
2500
0=0.5s(I4 —30/s) + ——(I; — I3) + 1001,
S
=375 2500
S = ?(12—11)4—50(]2—30/5)
or
(s* +200s + 5000)1; — 50001, = 30s
=501 + (s + 50)I, = 22.5
52 4 200s + 5000) —5000
A = ( ) = s(s + 100)(s + 150)
—50 (s +50)
30s  —5000 )
N, = = 30(s” + 50s + 3750)
22.5 (s + 50)
Ny 30(s* 4 50s + 3750)
Il = — =
A s(s+ 100)(s + 150)
(s* +200s + 5000) 30s )
Ny = = 22.55" + 6000s + 112,500
—50 22.5
Ny 22.5s% + 6000s + 112,500
12 = — =
A s(s+ 100)(s + 150)
30(s? + 50s + 3750
b] sh = (5° 4 50s + )

(5 + 100)(s + 150)
sllrélo sl = i1(0%) = 30 A; lin%sll =i1(00) =T.5A
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13-24 CHAPTER 13. The Laplace Transform in Circuit Analysis

;. _ 2255 + 6000s + 112,500
S =
? (s + 100)(s + 150)

lim sl = i5(0%) = 22.5 A; lir% sly =is(00) =T7.5A

§—00

30(s* +50s +3750) K, Ko K

el = T 00+ 150) ~ s T 5100 T 53150

K, =1.5; Ky = —52.5; K3 =175
i1(t) = [7.5 — 52.5e 0% 4 75150 () A

[ _ 2255 +6000s + 112500 _ Ky K Ky
27 s(s+100)(s+150) s | s+100 s+ 150

K, =75  Ky=525  K3=-375

in(t) = [7.5 + 52.5e 710 — 37.5¢ 2%y (t) A

P 13.22 [a]

6250/ | L0.4s02 4

250/s (%) 500QEV v @Dasys

Vi Vi-250/s  Vi-V,

=0
50 6250/ s 0.4s
=25 V,—-Vi V,—250/s
=0
s + 0.4s + 150
Simplfying,

(s> + 1255 + 15,625)V; — 15,625V, = 250s

—375V; + (s + 375)V, = 4000

52 4 1255 + 15,625) —15,625
A= ( ) = s(s + 250)*

—375 (s + 375)

(s + 1255 + 15,625) 250s , ;
N, = = 40005 + 593,750s + 625 x 10

—375 4000
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Problems 13-25

N,  4000s® 4+ 593,750s + 625 x 10°  K; N K, N K
A s(s + 250)2 s (s4+250)2  s+250

‘/0:

K; =1000; Ky = —656,250

4 2 2 10°
Ky — 25i 000s* + 593,750s + 625 x 10 3000
ds § s=—250

v — 1000 656,250 N 3000
s (s +250)2 " s+ 250

[b] w,(t) = [1 — 656.25te™ 2% + 3¢~ 2%y (t) kV

[c] At t=0":
1500
Ay
- 3750V +
+
250v () 50 Q% 0 gsa

v,(07) = 250 + 3750 = 4kV (checks)

At t = oo:
1500
A
+
250v (%) s0Q2 vyl ) (T 2sa
V,(00) v,(00) — 250
-2+ —————=0
50 * 150
3v,(00) — 3750 + v,(00) — 250 = 0; S 4w,(o0) = 4000

vo(00) = 1kV(checks)
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13-26 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.23
£ 500 155107y, N
2Dxlﬂ_3C + € Yo ESQ
=3
vo21p?
T 0 _
20 x 1073 V.
= ° 15 x 1073V, + =2
s 50 4+ 10%/s o ¢+t s
10*/s 10%V,
V¢ pr— o) pr—
50 + 10 /s 50s + 104
20 x107% Vs L0, W
s ~ 50s 4+ 10*  50s 4+ 10 s
s + 200 K K,

V, =
s2+200s + 10 (s + 100)2 100
K1 == 100, K2 =1

0,1
(s +100)2 ' s+ 100

o

v,(t) = [100te ™10 + e 1)y (t) V

P 13.24 ’Uc(o_) = ’Uc(0+) =0

v
+
0.05 6
=M 1kaz 1000z ——2=ERa I
0.31,

0.05_ Vo Vo | Vs 03V,
s 1000 ' 100 ' 5x 106 100

250 x 10°
20X (5000 + 50,000 + s — 15,000)V,
S
- 250 x 103 o K1 i K2
? s(s+40,000) s s+ 40,000
625 6.25
s s 4 40,000

v,(t) = [6.25 — 6.25e 4000y (1) V
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P 13.25 [a]
250
20 0 s
éIfb LoV, - oz,
35/s( v
0.av,| -
v
V, — 35/s V, — 81,
——— 4+ 04VA+ ———F— =0
FOAA Y T 050/)
V, — 81, 35/s) =V,
Va=|—2—"2 |s I, = (35/5) = Vo
s+ (250/s) 2
Solving for V,, yields:
_29.4s% +56s +1750  29.45° + 565 + 1750
7 s(s24+2s+50) s(s+1—47)(s+1+47)
K K» K3
Vo=— : :
S +S—|—1—]7+$—|—1—|—]7
29.45% 4 56s + 1750
K, = =35
' s2+25+50 s
- 29.45% + 56s + 1750
T S5 14T e
= —2.8+50.6 = 2.86/167.91°
V() = [35 + 5.73¢™" cos(Tt + 167.91°)]u(t) V
[b] Att=0% v, =35+ 5.73cos(167.91°) = 29.4V
20}
M . *—
1s " + Va ~ Bi¢.
35v J v, M
a '4v& -
Yo =35 L 0dva=0: v, — 35+ 0.80s =0

2
Vo = va + 8iy = va + 8(0.4va) = 4.2V

Yo _ 35, . 0(07) = 29.4 V(checks)

Vo + (0.8)4 5=

STUDENTS-HUB.com
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13-28 CHAPTER 13. The Laplace Transform in Circuit Analysis
At t = oo, the circuit is
20
e
iq:. + v, - .
+ & Elqj

35v S v,
0. 4‘-’;_-, -

va=0, =0 v, = 35 V(checks)

P 13.26 [a]

ey P B W

100 4 ‘ 2080 4
600/ s(; vﬁ 10/50) v Z 1400

v
V¢ V¢—(600/S)+V¢—V;_O
10/s 10 20s
Vo VoVo Vg
2 _0

140 + 20s 4
Simplfying,

(2s* + 25 + 1)V, — V, = 1200

(355 — T)Vs + (s +T)V, =0

252+ 25+ 1
355 — 7

1 )
= 25(s” + 8s +25)

s+ 7

252 + 25 + 1 1200
355 — 7

9 =

Vo= %=

= —42,000s + 8400
0

Ny —21,000s +4200  —4200(5s — 1)

s(s? + 8s + 25)

 5(s? +8s+25)

[b] v,(07) = sllrglo sV, =0

4200

Vo(00) = lim sV, = —— = 168

s—0

STUDENTS-HUB.com
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Problems

[c] At ¢ =0T the circuit is

13-29

——® -
i @ 1
100 +
600V (° 1400 2 v (0" ) =0
ichecks)
At t = oo the circuit is
Vel 4
é
| R
soov Y 1400 TV, ()
Vo600 Vo Ve
10 140 4
Vi, =168V = V,(00) (checks)
) v, = Yo 2L000s 44200 K, KK
A s(s2+85+25) s s+4—353 s+4+73
4200
K=—=1
1 o5 68
—21,000(—4 + 53 4200
K, = —21000(=4+j3) + — 84+ j3612 = 3612.98/91.33°

(—4+73)(46)
v,(t) = [168 + 7225.95¢ ™ cos(3t + 91.33°)|u(t) V

Check:  v,(07) =0V; Vo(00) = 168V
P 13.27 [a]
201,
+ -
Ay
P -\’n\’h\‘_
75510 750
50/50) T /F:EV :MJDLJH;§/ £50)

201, + 255(1, — 1) + 25(1, — I;) = 0
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13-30 CHAPTER 13. The Laplace Transform in Circuit Analysis

50
25s(1y — 1,) + =14+ 511 + 25(I — I,) = 0
S

100 100
Iy— 1, = —; S L =1 — —
¢ 1 3 ) 1 ¢ s
Simplifying,
(—=bs —1)I, + (5s +5)I, = —500/s

(55> + 65 + 10) 14 + (—5s* — 5s)1, = 600

—bs —1 95+ 95 )
A= = —25(s° +3s + 2)
552 4+ 65 + 10 —5s% — bs

—5s—1 —500/s 500
Ny = /5| _ — 27 (2 — 4.85 — 10)
552465+ 10 600 s

Ny 20s% — 965 — 200
A s(s+1)(s+2)

[b] i,(0%) = lim s/, =20 A

I, =

—200
io(00) = l;i_I%SIO =5 = —100 A

[c] At ¢ =0T the circuit is

____________

U "
o 250
N @mng/_r\l/ 250
®

20]¢—|—511:0, I¢—11:100
201, +5(15 — 100) = 0; 2514 = 500

Iy = I,(0") = 20 A(checks)
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Problems 13-31

At t + oo the circuit is

___________

I,(00) = —100 A (checks)
2052 — 965 — 200 B é K, K3

dl I, = =
4] s(s+1)(s+2) s +s+1 s+ 2
—200 20 496 — 200
K= 27 = 100, Ky=—"" "7 _g4
(1)(2) (=1)()
80 4 192 — 200
K3 = = 36
E Y
—1 4
I = 00 8 36

s +s+1+s—|—2
io(t) = (—100 + 84e~" + 36 *)u(t) A
io(00) = —100 A (checks)

io(0%) = —100 + 84 + 36 = 20 A(checks)
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13-32

CHAPTER 13. The Laplace Transform in Circuit Analysis

200

“

24
P 13.28 [a] iL(07) =i, (0%) = 5= 8A  directed upward
+
§5.625S £ 8/s £50) Vs Dﬂ
It
gl
. 251,
Vo 10 /gl = § 200
_ I,
20(10/s) 2517(10/s)
Vi = 251, — | Iy =
4 et l20 + (10/5)1 720+ (10/s)
Vi, 2504200 45
Ir 7 20s+10  2s+1
Vo Vo2l Vo _8
5 45 5.625s s
9s + (25 +1)s + 8]V, _ 8
45s s
V,[25% + 10s + 8] = 360
360 180
7 2824+ 10s+8 s2+5s+4
180 K Ko
b ‘/; - =
[b] (s+1)(s+4) s—|—1+3—|—4
180 180
K= —=60; Ky=-— =—60
1 3 3 2 —3
60 60
° s+1 s+4
v,(t) = [60e™" — 60e *]u(t) V
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Problems 13-33

P 13.29 [a] For t < 0:

1']|J.F T 1']|.LE‘ =
— +
+
l6pFE 7 v T Z4pF 40uF T v,
10
= 450) =90V
2= 15540
3
l_SDQ:: g1.25x10‘35ﬁ
360/302)
z5x10d L F +
= . £ 250
90/5() '

25(450/5)

b] Vi =
[b] 11 (125,000/s) + 25+ 1.25 x 10-3s

9 x 109 9 x 10°

s2 4+ 20,000s + 108 (s + 10,000)2

v1(t) = (9 x 10510000 () V

] Vs = 90 (25,000/5)(450/s)
7 s (125,000/s) + 1.25 x 10735 + 25

~90(s -+ 20,000)
524 20,000s + 108

900,000 N 90
~ (s410,000)2 " s+ 10,000

v2(t) = [9 x 10°te ™00 4 90e 100y () V
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13-34 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.30 [a]
50kid
i
s 107
VT3S
20/s(2 —
21052 " il_ﬂ?
[ Vz l =
107 20 x 10'2/s?
b] Z.q = 50, —
[b] Zeq = 50,000 + 3 12 x 106 /s
107 20 x 10'2
= 50,000 + — + ————
%0, +35+12><1065
~100,000s + 107
B 2s
I - 20/s 0.4 x107°
YT Ze s+ 100
107 4000/3
Vi=—] ="/
"T85 T s(s 4 100)
107 0.4 x 107* 2000/3
Vo= =

6s  s+100  s(s—+ 100)
[c] i1(t) = 0.4e 1%y (t) mA

40/3  40/3 B oo

Vie = o s ) = (40/3)(1 - e Mt V
B 20/3 20/3 . B 100t

Vo= =5 - s wlt) = (0/3)(1 - 17 Mu(n) V

[d] i1(0%) = 0.4mA

20

i1(0%) = = 107 = 0.44 mA (checks)

01(07) =0;  5(07) = 0(checks)

v1(00) = 40/3V;  wa(00) = 20/3V(checks)
v1(00) 4 va(00) = 20V (checks)

(0.3 x 107%) vy (00) = 4 uC

(0.6 x 107%)v5(00) = 4 uC(checks)
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P 13.31 |[a]

STUDENTS-HUB.com

10/3 1)
+\I.Ifa— —Ta
/_IX/
Y o0
ﬁ %Q + {_,Ir _

+
5/5(1 9/s vI 150 I, F 100
10 10
?Il ?(Il —Ig) —l—lO(Il —9/5) =0
10

10
?(12—9/8)+ (Ig—]l)—l—l()Ig:O

s
Simplifying,
(S—|—2)Il—12:9

9
—Il—l— (S—|—2)Ig = g

+2) -1
A= (s+2) =5 +4s+3=(s+1)(s+3)
-1 (s+2)
9 -1 2
N, = :W:9(5+1)2
9/s (s +2) s s
s M9 (s+ 1) _9(s+1)
YTA T s s+ D(s+3)| s(s+3)
s+2) 9 18
2 = ( ) =—(s+1)
-1 9/s s
N, 18(s + 1) 18
L= 22— _

A s(s+1)(s+3)  s(s+3)

P (CE S VO B
T T s(s+3) s s+3

9 9 9s+1) 6 6
s s s(s+3) s s+3

Problems
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13-36 CHAPTER 13. The Laplace Transform in Circuit Analysis

[b] ia(t) = 3(1 + 2 )u(t) A
in(t) = 6(1 — e *u(t) A
10 10 /3 6

A v=h=3 (54 533)

30+ 60 _@+@_ 20
s2  s(s+3) 2 s s+3

10 10 7/6 6 3 6
W=—(U©L-1))=—|-— — (=
b 5(2 ) S [(s s+3> (s+s+3>]
9[3 12 ]_30 40 40

s ls s+3 52 s s+ 3
10 10 /9 6 6
s(/s 2) s \s s s+3
30 @ 20

2 s s+3

[d] va(t) = [30t + 20 — 20e*"Ju(t) V
vp(t) = [30t — 40 + 40e > |u(t) V
ve(t) = [30t 4 20 — 20e > u(t) V

[e] Calculating the time when the capacitor voltage drop first reaches 1000 V:
30t 4 20 — 20e~*" = 1000 or 30t — 40 + 40e~*" = 1000

Note that in either of these expressions the exponential tem is negligible
when compared to the other terms. Thus,

30t +20 = 1000 or 30t — 40 = 1000

Thus,
980 1040
t m 32.67s or t 20 34.67s

Therefore, the breakdown will occur at t = 32.67 s.

P 13.32 [a] The s-domain equivalent circuit is

sL{)
1 2
AN
v, C 2RO
I — Vo _ V/L V_Vm(wcosgb—l—ssingb)
" R+sL s+ (R/L) 97 2 1 o2
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Problems 13-37

Ko K K
I = + — + 4
s+ R/L  s—jw s+ jw

Vin(wL cos @ — Rsin ¢)
R2 + 212 ’

 Vin/o —90° — f(w)
VR + w22
where tan #(w) = wL/R. Therefore, we have

i(t) Vin(wL cos ¢ — Rsin gb)e_(R/L)t N Vi sinjwt + ¢ — 0(w)]

Ky = K

T VT oL
: Vin :
[b] Zss(t) = m sm[wt + ¢ — 9((4))]
- el
V, o
Vi — 90° Vin
Theref = —F—— = —f(w) —90°
ererore R2 T szz/e(w) \/m/QS ((.U)
: Vin :
Therefore 1ss — \/ﬁ Sln[wt + ¢ — 9((41)]

[e] The transient component vanishes when

L
wLcos¢p = Rsing or tangb:% or ¢=0(w)

P 13.33 ve = 12 x 10°te ™"V, C =5 uF; therefore

ic=C (ﬁ’—f) = 6e "% (1 — 5000t) A

tc >0 when 1>5000t or ic>0 when 0<t<200pus
and ¢ <0 when ¢ > 200 us

tc =0 when 1-—5000t =0, or t=200pus

d0c _ 19 s 10750001 _ 50001]
dt
d
ic =0 when % =0
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13-38 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.34 [a]

Il + P,

25
(5+75)

800s  200s
45 4+ 200 s+ 50

200s 25 B 5000s
(s+75)2|  (s+50)(s + 75)2

200(|4s =

s+ 50

o

V, 25s

I,=—2 =
200  (s+50)(s+ 75)?

Vo 1250
P 4s T (s +50)(s + 75)2

K L K, . K3
s+50  (s+75)?2 s+75
5000s
(s +75)*
5000s
(s +50)

_1[50005]
~ ds Ls+50

[b] Vo=

1=

= —400

s=—50

) — — 15,000

s=—75

=400
—75

Ks

s=—T75

5000 50005
s+50  (s+50)2] _
Vo(t) = [—400e 5% 4 15,000t~ 4 400" |u(t) V

K . K, . K
Cs+50  (s+75)2  s+75
25s
(s +75)2

25s
— =175
(s 4+ 50) ls=—75

_i[ 255 ] [ 25 255
~ds ls+50l——75  [s4+50 (s+50)2] _

o

K = = -2

s=—50

9 =

=2
~75

Ks

io(t) = [—2e7% 4 T5te™ ™ 4 2 u(t) V

K Ky e

I, —
LTSE50 s mE Tsts
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Problems 13-39

1250
1= 759 =2
(s 4+ 75)? ls=—s50
1250
- = —50
27 (54 50) ls=—1s
d [ 1250 1250
PR A
ds Ls+50]s—_75 (s+50)%|,_ .«

in(t) = [2e7°% — 50te™"" — 27 u(t) V

P 13.35
1000f) 100002 a I
s 1 Wiyl L ‘
a0/s(: 1050 50/ (T
o
10s 40 400 40

V = — .« — = =
™7 90s +1000 s 10s + 1000 s+ 100

10,000s  2000(s + 50)
10s + 1000 s+ 100

Z7n = 1000 4 1000[10s = 1000 +

4 T E‘ I
v C 5 J_
_ 51075 Ql
4
I
40/(s 4 100) 40s

I - =
(5 % 10°) /s + 2000(s + 50)/(s + 100) _ 200052 + 600,000 + 5 x 107

0.02s B K, N K
s2 4+ 300s + 25,000 s+ 150 — 550 s+ 150 + ;50

02
K= 0V — 31.62 x 1073 /71.57°
s+ 150 + 750 ls=—150+450

i(t) = 63.25¢ % cos(50t + 71.57°)u(t) mA
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13-40 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 1336 [a] 0.125=02
L
2O f—\ﬂ\.la?ssg u.zsﬂ £ 16000
Il Z ™ I2
150
= = (100 + 0.18755)I; + 0.125s15
S
0 = 0.125s1; + (200 4 0.25s)I;
0.1875s + 100  0.125s
A= = 0.03125(s + 400)(s + 1600)
0.125s  0.25s + 200
150/s  0.125s 37.5(s + 800)
1= =
0 0.25s 4+ 200 5
;N 1200(s +800)
"TOA T s(s +400) (s + 1600)
1200(s + 800)
bl sI, =
b 51y = 727100) (s + 1600)
lir%sll =i1(c0) = 1.5A
SILI& SIl = 21(0) =0
K, K, K
I =21
e} ="+ 7100 T 57 1600

i1(t) = (1.5 — e 9% — 0.5e710%) (1) A
P 13.37 [a] From the solution to Problem 13.36 we have

0.1875s + 100 150/s

N, = = —18.75
0.125s 0
s N —600 _ K K
7 A (s+400)(s + 1600)  s+400 s+ 1600
—600 —600
= =05 K= =05
" 1200 05 27 1200

in(t) = (—0.5e710% + 0.5 7199y () A
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Problems 13-41

[b] Reversing the dot on the 250 mH coil will reverse the sign of M, thus the

circuit becomes
0.125=£]

£l £a
1-'5‘-.?‘-\, m 4’5‘\""?
L ]
f—‘\_\\
120 ™ u.1a?55f2§ =
Il

The two simulanteous equations are

150
— = (100 4 0.1875s)I; — 0.125s1,
s

0 = —0.125s1; + (0.25s + 200)15

When these equations are compared to those derived in Problem 13.36
we see the only difference is the algebraic sign of the 0.125s term. Thus
reversing the dot will have no effect on I; and will reverse the sign of I5.
Hence,

io(t) = (0.5e740% — 0.5 160%)q(¢) A
1., 1., .
P 13.38 [a] W = §L121 + §L222 + M’ll’lg

W = 0.16(300)? + 0.36(200)* + 0.24(200)(300) = 43.2kJ

. diy dis
bl 240i; + 0.322% — 02422 — ¢
[b] 240, +0.32- dt
) dis diy
540y + 0.7222 _ 0242 — g
t2 U dt

Laplace transform the equations to get

24011 + 0.32(sI; — 300) — 0.24(sl5 + 200) = 0
54015 + 0.72(sIy + 200) — 0.24(sI; — 300) = 0

In standard form,

(0.325 + 240)1; — 0.24sI, = 144

—0.24s11 + (0.72s + 540)I, = —216
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13-42 CHAPTER 13. The Laplace Transform in Circuit Analysis

0.32s +240 —0.24s
A= — 0.1728(s + 500)(s + 1500)
—0.24s  0.72s + 540

144 —0.24s
N; = = 51.84(s + 1500)
—216 0.72s + 540

0.32s + 240 144
N, = = —103.68(s + 1500)
—0.24s —216

M 51.84(s + 1500) 300

A 0.1728(s + 500)(s + 1500) s + 500

I =

I Ny —103.68(s + 1500) —200
2= o = =

A 0.1728(s 4 500)(s 4 1500) s + 500

[c] i1(t) = 300e """ u(t) A; ig(t) = —200e "% (t) A
6_1000t

—1000

e}

= 21,600]
0

[d] Waion = / (9 x 10171999 (2401 df = 216 x 10°
0

—1000t

e}

= 21,600]
0

W00 = / (4 x 10%e~1900%) (540) dt = 216 x 10°
0

W24OQ + W54OQ = 43.2 kJ

1 1
[e] W = SLoid + 5 Lai} + Mivia = 14,400 4 14,400 — 14,400 = 14.4kJ

With the dot reversed the s-domain equations are

(0.32 + 240)1, + 0.24s1, = 48
0.2451; + (0.725 + 540) I, = —72
As before, A =0.1728(s + 500)(s 4+ 1500). Now,

48 —0.24s
N; = — 51.84(s + 500)
—720.725 + 540

0.32s + 240 48
N, = — —34.56(s + 500)
0.24s  —T2

N300 Np =200

I

- . [h=—"~2=__ """
A s+ 1500 7 A s+ 1500
i1(t) = 300e %% (t) A; ig(t) = —200e 1%y (1) A

Wasgo — / (9 x 10309 (240) dt = 7200 ]
0
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Waaon = / (4 x 10%e300%)(540) dt = 7200 J
0

W12OQ + W27OQ = 14.4 kJ

P 13.39 For t < 0:
50
4.‘\,1\‘,1\

——18R
90w

Fort > 07

18R £3H
200z

Problems 13-43

Note that because of the dot locations on the coils, the sign of the mutual
inductance is negative! (See Example C.1 in Appendix C.)

Li—M=3+1=4H;

Ly—M=2+1=3H

18 x 4 =172, 18 x3 =54
I e W P e T Ve
Ly h—y
A 4=02 54V 3z
-1l=0
200% \L
L 100
v
V=12 V +1/4—54_0
45+20  —s+10 3s

V( 1 N 1 +1>_ 72
4s+20 —s+10  3s/) 4s+20 3s
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13-44 CHAPTER 13. The Laplace Transform in Circuit Analysis

v 3s(—s + 10) 4 3s(4s 4 20) + (45 +20)(—s +10) | 72(3s) — 54(4s + 20)
3s(—s -+ 10)(4s + 20) B 3s(4s + 20)

[72(3s) — 54(4s + 20)](—s + 10)

V=
552 4+ 110s + 200

V —108 —-1.2 1.2

s+ 10 (5+2(s+20) s+2 st20

o =

io(t) = 1.2[e7 % — e u(t) A

P 13.40 The s-domain equivalent circuit is

I A
mg 402 + 0.8=C2
= 0.830 .
48
: v, £ 200
20 b, %3
9.6v(,)
Vi—48/s Vi1 +9.6 174

=0
1+ (100/s) 085 ' 08s+20

—1200
52+ 10s + 125

1=

20 —30,000
= —-—-V= ‘ ‘
0.8s + 20 (s +25)(s+5—710)(s + 5+ j10)

o

K, N K, L Ky
s+25 s+5—310 s+5-+7510

30,000
= ~ 60
52 4105 + 125 |s=—25
—30,000
Ky = : , = 67.08/63.43°
27 (5 +25)(s + 5+ 510) ls=—sj10 d

v,(t) = [—60e™%" 4 134.16e " cos(10t + 63.43°)]u(t) V
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Problems 13-45

P 13.41 [a] s-domain equivalent circuit is

o L2
1200 650 1820 36V
-350
%@ W r) £3600
T Ow
: 20
Note: i2(07) = 0= -2 A

24
[b] — = (120 +3s)]; +3sl2+ 6
s

0= —6+3sl; + (360 + 15s) 5 + 36
In standard form,

(s +40)1; + sls = (8/s) — 2

sl + (5s + 120)1; = —10

s+ 40 s
s bs+120

= 4(s + 20)(s + 60)

(8/s)—2 s
—10 554120

—200(s — 4.8)

N, =
S

;oM —50(s —4.8)
"TUOA T s(s+20)(s + 60)
—50(s — 4.8)

(s +20)(s + 60)

SILI& SIl = 21(0+) = OA

[C] SIl =

(—50)(—4.8) B
(20)(60)
Kl K2 Kg
[l b=+ 750 T 560

lir%sll = 21(00) =

240  —50(—20) +240

Ki=—=02 K=
' 1200 ’ ? (—20)(40)

_ —50(—60) + 240
Ky = (—60)(—40)

i1(t) = [0.2 — 1.55¢ 2% 4+ 1.35e % (t) A

—1.55

=1.35
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13-46 CHAPTER 13. The Laplace Transform in Circuit Analysis

Y Vs
P13.42 A= TP =y Ve - V2

Yio Yoo

- Yir [(Vy/R1) ++C — (p/9)]
Yo (Ig —7C)

2= A

Substitution and simplification lead directly to Eq. 13.90.

P 13.43 [a] Voltage source acting alone:

Pt 0.5 °
+
400/ (2 32000/s==vDl £500
< *
Vo1 — 400 \Z \Z
1 /S i 018 i 01 —0
40 32,000 80+ 0.4s

32 x 10%(s + 200)
s(s +400)(s + 600)

01 —

A, P A
40107 0.453
+
32000/5 TV 6/s(f) =800
v
A P AN
400 0.4s 800 é}
+
32000/ 5 = 480/s
o2
\ 4

E—I— %25 i %2 —480/8 .
40 32,000 0.4s-+80

38.4 x 10°

V pu—
%7 s(s +400)(s + 600)

32 x 10%(s 4+ 200) + 38.4 x 105 32 x 10*(s + 320)
Vo=Vor + Vo = =
s(s 4+ 400)(s + 600) s(s 4 400)(s + 600)

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 13-47

K, K, K
b] V, ==L
[b] s +s+400+s+600
(32 x 10%)(320) 32 x 10%(—80)
K, = = 426.67; K, = = 320;
! (400)(600) ’ 27 (=400)(200) ’
32 x 10%(—280
_ 32X A0=280) 67

> (=600)(—200)
v,(t) = [426.67 + 320 %" — 746.67e " u(t) V

Z
P 13.44 [a] V, = —7{”1/9

~2000(1.6 x 105/s) 1.6 x 10°
772000 + 1.6 x 106/s s+ 800

106 800(s + 400)

Z; = 800 -
* 3.125s S
5000
Vo=
—107
V, =
s(s +400)(s + 800)
K, Ko K;
b] V, = —*
[b] s +s+400+s+800
—107
Ki=——— =-3125
"7 (400)(800)
—107
Ky=——— =625
27 (=400)(400)
—107
K; = 0 — —31.25

(—800)(—400)
V,(t) = (—31.25 + 62.5¢ 0% — 31.25¢ 80y (¢) V
[c] —31.25 + 62.5¢~ 1% — 31.25¢ 0% = —10
62.5¢ 40 _ 31,2578 = 21.25

Let z = e 4%9%% Then

62.52 — 31.252% = 21.25; or 22 — 2x +0.68 = 0
Solving,
x = 0.4343

e 100t — 0.4343; J. ty=21ms
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13-48 CHAPTER 13. The Laplace Transform in Circuit Analysis

m
[d] v, = mtu(t); Ve = o

—2000m
V, =
s(s +400)(s + 800)

—2000m  —2000m
(400)(800) 32 x 10*

~ —2000m
32 x 104

K =

—10 m = 1600V /s

Thus, m must be less than or equal to 1600 V /s to avoid saturation.

P 13.45
50x107s
it
2k() S0x107s 10k{)
R
0.016/=s Va UD

v L4
Vi — 0.016/s N Vas N (Va—=Vo)s
2000 50 x 106~ 50 x 106

“

0-V)s , (0-V))

=0
50 x 106 10,000

—5000V,
V, = ——°

a
S

—5000V;,
s

0.016
(2s 4 25,000) — sV, = 25,000 ( )

S

—4000
(s + 5000 — 510,000)(s + 5000 + 510,000)

o

—400
K = — j0.02 = 0.02/90°
L= 510,000 7 [90°

v,(t) = 40e """ cos (10,000t + 90°) = —40e " sin (10,000t )u(t) mV
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Problems 13-49

P 13.46 [a]
100/=00
A
. 50)
n 5
200 - T
;\g /—SV
" 2
106!
a0/s( 16/5 S0/s Ty
h 4 i v h 4
_ 50/s 50 Vv
P 5450/s 7 5s+50 %
Vo —40/s  V, =V, V,=V,
=0
0 5 100/s
1 1 S 1 S 2
3+ iw) o) =
P 20+5+100 5+100 s

s+25/ 50 \16 2 1 s s+ 20
=SV (rt—=) =V,
100 (5s—|—50> s s (5+100> ( 100 )
100 [16(s+25) 2]_ —40s + 2000
=

10(s + 10)(s) s s+ 10)(s + 20)

5420

o

_K1_|_ K, . Ks
s s+10 0 s+20

v,(t) = [10 — 24e 1% + 14" u(t) V
[b] 10 — 24z + 142> =5
142° =24z +5=10
=0 or 0.242691

e 1% =0.242691 ..t =141.60ms

P 13.47 [a] Let v, be the voltage across the 0.5 uF capacitor, positive at the upper
terminal.
Let vy, be the voltage across the 100 kS resistor, positive at the upper
terminal.
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13-50 CHAPTER 13. The Laplace Transform in Circuit Analysis

Also note
106 2 x 108 106 4 % 108 0.5
0.5s S 0.25s S S

sV, Vo — (0.5/s) N Vo
sx 105 200,000 ' 200,000
5
sV, +10V, — — +10V, =0
s

0
s(s + 20)

0-Va , (0=W)s

a

=0
200,000 4 x 106
20 —100
Vi=-2V =
b s s2(s + 20)
Voo -0 (h-Vs

100,000 4 x 106 4 x 106
40V, + sV + sV, = sV,

2 2 —1 —200
v — (s + O)Vb; ‘/0:2< 00)2
s

s3 s3
[b] v,(t) = —100t*u(t) V
[c] —100t* = —4;  t=0.25 = 200ms

1/sCc 1 1/RC

R+1/sC  RsC+1 s+1/RC

There are no zeros, and a single pole at —1/RC rad/sec.
R R/L

R+sL s+ R/L

There are no zeros, and a single pole at —R/L rad/sec.

P 13.48 |[a]

[b]

[c] There are several possible solutions. One is
R=10Q; L=10mH;  C =100uF
B RsC B s
R+1/sC  RsC+1 s+1/RC
There is a single zero at 0 rad/sec, and a single pole at —1/RC' rad/sec.
sL B S
R+sL s+ R/L
There is a single zero at 0 rad/sec, and a single pole at —R/L rad/sec.

P 13.49 |[a]

[b]

[c] There are several possible solutions. One is

R=100Q; L=10mH, C=1uF
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Problems 13-51

R B (R/L)s
1/sC +sL+R  s2+(R/L)s+1/LC
There is a single zero at 0 rad/sec, and two poles:

pr = —(R/2L) +\/(R/2L)2 — (1/LC);  p» = —(R/2L) —\/(R/2L)? — (1/LC)

[b] There are several possible solutions. One is

P 13.50 [a]

R=250Q; L=10mH; C=1uF

These component values yield the following poles:

—p1 = —5000 rad/sec and  — py = —20,000 rad/sec
[c] There are several possible solutions. One is

R=200Q; L=10mH; C=1uF

These component values yield the following poles:

—p1 = —10,000 rad/sec and  — ps = —10,000 rad/sec
[d] There are several possible solutions. One is

R=120Q; L=10mH; C=1uF

These component values yield the following poles:

—p1 = —6000 + 78000 rad/sec and  — ps = —6000 — 58000 rad/sec

P 13.51 [a]
L
; g 5
4000 2:10 o
Vi + VD .
1000 25000
&
100 2500V
— V=1,
500 T 2500 1 (2 x 106/5s)
sV;
0.2V; — =V,
s + 800
v, —0.8(s — 200)
22— H(s) = —~° =7/
v = A0 = =500

[b] —z1 =200rad/s

—p1 = —800rad/s
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13-52 CHAPTER 13. The Laplace Transform in Circuit Analysis

v, 1/sC 1
352 &l 5= 5o/ T Ros 11
(1/RC) 25
)= Sr /RO ~ 515 h rad/s
[b] Vo R _ RCs S
Vi R+1/sC  RCs+1 s+ (1/RC)
s
= m; 21 =0, —p; =—25rad/s
[c] E . sL 5 B S
Vi R+sL s+ R/L  s+2000
21 =0; —p1 = —2000rad/s
v, R R/L 2000
@) 32 - -

Vi R+sL s+ (R/L) s+ 2000
—p1 = —2000rad/s

[e]

L Ay »
+ 8000 i
v, 2000Q% 0-0555% v
1 [n}

. .
Vo Vo VoV

+ =0

0.05s 200 * 800
sV, 4+ 4sV, + 16,000V, = sV;

V, 0.2s
H = — = —
()= = S5 3200
21 =0; —p; = —3200rad/s

P 13.53 [a] Let Ry =250kQ); Ry =125kQ; Cy =1.6nF; and C;=0.4nF. Then
(R2+1/502)1/50f . (S—l—l/RgCg)

7 = —
1 1 Co+C
(Rz—l_ﬁ_l—ﬁ) CfS (S‘l‘ C;CfPfg)
1 2.5 x 10°
Cy

1 62.5 x 107
= = 5000 rad
R,Cy 125 x 10° rad/s
Co+Cp 2 x 1079

- = 25,000 rad
CoCrRy  (0.64 x 10718)(125 x 103) ,000rad/s
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Problems 13-53

2.5 x 10%(s + 5000)

f s(s + 25,000)
Z. =Ry =250 x 10> Q
 —Zy  —104
H(s) Vo _ =25 _ —10%(s 4 5000)
v, 7 s(s 4 25,000)

[b] —z1 = —5000rad/s

—p1=0;

—po = —25,000rad/s

31,250 250(s + 125)

P 13.54 [a] Z; =250 +

2 10%
2 = 5 x 10
S
Z
H(s)z—f{”z

[b] Zero at z; = 0;

110,000 =

S

25 x 10*
s+ 25

—25 x 10"/(s +25) —1000s
250(s +125)/s (s +25)(s + 125)

Poles at —p; = —25 rad/s and —py = —125 rad/s

P 13.55 [a]
=}
5};10 o
. soonc
5x10°, M
1000C2 = v
L I R ce
+ + —,
W W “Ver v
o a u}
v v v -
%—%+ sVa (%—%ﬁ_o
1000 5 x 106 5% 106
5000V, — 5000V, + 2sV, — sV, =0
(5000 + 2s)V;, — sV, = 5000V
(0-Vis 0=V,
5 x 106 5000
-1
—sV, — 1000V, = 0; Vi, — OOOVO

S

—1000
s

(2s 4 5000) ( ) Vo — sV, = 5000V,
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13-54 CHAPTER 13. The Laplace Transform in Circuit Analysis

1000V, (2s + 5000) + s*V, = —5000sV,,
V,(s% 420005 + 5 x 10%) = —5000sV
Vv, —5000s

V,  s2+2000s + 5 x 106
s19 = —1000 & V106 — 5 x 106 = —1000 4 ;2000

Vo —5000s
V, (54 1000 — j2000)(s -+ 1000 + 52000)
[b] 2 = 0; —p1 = —1000 + §2000; —po = —1000 — 52000
P 13.56 [a]
-
Ig( 5000E v Es L2000
‘ 3
E _|_ E _|_ ﬁ — ]
50 s 2000 7
2000s
= : d  L,=5x10""V,
2+ 40s+2000 ¢ ™ e
I, 52
H = — =
(5) =1, = 55 205 + 2000
0.025 2)(0.025
b] I, = o o I,= __(5)(0.0255)
s2 + 40,000 (5 + 20 — 540)(s 4+ 20 + j40)(s2 + 40,000)
0.025s3

Lo = 20 = 720) (5 7 20 + ja0)(s + j200) (s — j200)
[c] Damped sinusoid of the form

Me 2" cos(40t + 6,)
[d] Steady-state sinusoid of the form

N cos(200t + 65)
Kl Kik K2 K;

Io == ‘ ‘ ‘ ;
le] 5 +20—j40 | 5+ 20+ 40 " 5—j200 s+ 5200
0.025(—20 + j40)? s
K = — 719.77 % 1075/ — 97.94°
17 (780)(—20 — j160)(—20 + j240) x 107/
0.025(;200)?
K, — (7200) — 12.88 x 1073/11.89°

(7400)(20 + §160)(20 + 5240)
io(t) = [1.44e2% cos(40t — 97.94°) + 25.76 cos(200¢ + 11.89°)] mA
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P 13.57 [a]
810} MV,
A e +
+ |
1.(D zkDzv, }I/ 05
2000(1, — I,) + 80001, + (I, — 1,)(2000) + 251, = 0
1000(1 — )
’ 54100005 —p) Y
1000(1 —
H(s) = 000(1 — p)
s+ 1000(5 — p)
[b] <5
[c]
w| H(s) I,
—3 | 4000/ (s 4 8000) | 20,000/s(s + 8000)
0 | 1000/(s + 5000) | 5000/s(s + 5000)
4 | —3000/(s + 1000) | —15,000/s(s + 1000)
5 | —4000/s —20,000/ s
6 | —5000/(s — 1000) | —25,000/s(s — 1000)
n= =3
2.5 2.5
I="—-_———__. o = [2.5 — 2.5 78900 (¢) A
s Grso) el e ult)
w=0:
1 1
I == . =1 — =50006),, (4} A
s sts00 s o eu®)
w=4:
—15 15
I, = — : o = [—15 + 1571990 (¢) A
s " stio00 e~ [T1hA 1T u(t)
=5
—20,000
I, = iy = —20,000¢ u(t) A
S
u = 6:
25 25
IOZ—— . '0:2 1 — 1000t A
s “s-1000 = BlUmeTu)
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13-56 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.58

- 2 6
V0 r} e 18210
I

va = 255]1 — 355]2

16 x 10°
0= —35sI; + (505 +10,000 + L) I,
S

25s —35s

A= = 25(s -+ 2000)(s + 8000)

—35s 50s + 10,000 + 16 x 10°/s

25s 'V,
N, = — 355V,
—35s 0
j & B 355V,
27 A 25(s + 2000)(s + 8000)
I 1.4
H(s) = = = >

V, (s 2000)(s + 8000)

21 =0; —p1 = —2000 rad/s;

STUDENTS-HUB.com
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Problems 13-57

V. 1
P 13.59 H(s) = — = h(t) =e™"
()=y=737 HhD=e
For 0<¢t<1:
b
— A
=]
O A
vit-al
(t-13 10 t A

Vo = e rdh=(e—1e'V
i—1
V. s 1
P 13.60 H(s) = — = =1-— h(t)=06(t) —e*
(== =l-—g k=0 -

vo= [ [6(A) —eMdA=[1+e[=e"V
0

For 1<t < o0:
¢ ¢

Vo = (—eMdr=e*| =(1-ee?V

t—1 t—1
P 13.61 [a] From Problem 13.52(a)

25
H —
)= 7%

h(\) = 25e~25A
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13-58 CHAPTER 13. The Laplace Transform in Circuit Analysis

0<t<40ms:
t

Vo = / 10(25)e 2 dA = 10(1 — e ) V
0

40ms < t < oo
t

v, = 10(25)e Y dA = 10(e — 1)e 'V
t—0.04

[b]
7 v, (t)
| (M)
: |
.l
5 |
) ]
L
1] T T T T t (S) T

1] 0.02 0.04 0.06 0.08 0.1
250
P 13.62 H(s) = h()\) = 250e 20

[a] H(s) 51250 () e

0<t<40ms:

t
Vo = / 10(250)e= 2 dx = 10(1 — e~ 2%) v
0

40ms < t < oo
t

Vo = 10(250)e= 2% @\ = 10(e'® — 1)e 2"V
t—0.04
12 - v, (t)
10 - (V)
3
6
a
2
t(s)
0 I ' ! ' T
o 0.02 0.04 0.06 0.08 01

[b] decrease
[c] The circuit with R = 200 2.
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Problems 13-59

P 13.63 [a] 0 << 40:

104200

hit-A)

(t—40) 0t

y(#) = /Ot(l())(l)(dA) — 100 | = 101

0

40 <t < 80:
()
A
0 40
L1 BLE=A
A
O (c—40) t

y(t) = /t 0@ = 107 | = 10(30 — 1)

—40 t—40
t>80:  y(t)=0
[b] 0 <t < 10:
10l
M
1] an
h{t-A)
4
A
[t=10) 0 ¢
t t
y(t) :/ 40dN = 40\ | = 401
0 0
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13-60 CHAPTER 13. The Laplace Transform in Circuit Analysis

10 <t < 40:
1020
A
0 40
RN
A

o (c-10) t

t t
y(t) :/t A0dA =40\ | =400

—10 t—10

40 <t < 50:
ERAEY
A
0 40
oy HER
A
] [t—lD]‘lIU T

40 40
y(t) = / A0dA = 40X | = 40(50 — ¢)

t—10 t—10
t>50: y(t)=0

[c] The expressions are
t t
0<t<1:  y(t) :/ 400 d\ = 400\ | = 400t
0 0
t t
1<t<40:  y(t)= [ 400d\=400)| =400
t—1 t—1
40 40
0<t<4l:  yt)= [ 400dr =400\ | =400(41 — 1)
t—1 t—1

41 <t < oo: y(t) =0
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Problems 13-61

\
T T T I I T T I
10 20 30 40 50 60 70 80

[e] Yes, note that h(t) is approaching 400(t), therefore y(¢) must approach
40x(t), i.e.

oo = | "Bt — Na(A) dA — / "405(t — Na(A) dA

— 40x(t)

This can be seen in the plot, e.g., in part (c), y(t) = 40x(t).

P 13.64 [a]
x( )
25
A
il 10
h(t-A)
25
A
{t-10) 0 r
y(t) =0 t<0
t
0<t<10:  y(t) :/ 625 d\ = 625¢
0
10
0<t<20:  yt) = / 625 dA\ = 625(10 — £ + 10) = 625(20 — ¢)
t—10
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13-62 CHAPTER 13. The Laplace Transform in Circuit Analysis

[b]
(A
12 .5
A
0 20
ho{t-p0
25
A
{(t-10} 0 t
y(t) =0 t<0
t
0<t<10:  y(t) :/ 312.5d\ = 312.5¢
0
10
10<t<20:  y(t)= [ 312.5d\ = 3125
0
10
20 <t<30:  yt)= / 312.5d\ = 312.5(30 — ¢)
t—20
30 <t<oo: y(t) =0
i)
3125 - . .
1 | —t
10 20 30
[c]
o5t 2(A)
A
1] 10
h (-0
25
A
[L—1] ot
y(t) =0 t<0
t
0<t<1: y(t):/ 625 d\ = 625t
0
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Problems 13-63

1
1<t<10: y(t):/625d>\:625
0
1
10<t<11: y(t):/ 625d\ = 625(11 — t)
t—10
11<t<oo: y(t) =0
¥ ()

P 13.65 [a] —1 <t < 4:

t+1 t+1
voz/ 10AdA =5)2 | =524 10t+5V
0 0
4 <t<09:
t+1 t+1
Vy = 10Nd\ =5X%| =50t —75V
t—4 t—4
9 <t <14:
10 t+1
v, = 10 Ad)\ + 10 10 d\
t—4 10
10 t+1
= H\? 4100\ | = —5t? + 140t — 480V
t—4 10
14 <t <19:
t+1
v, = 100 d\ =500V
t—4
19 <t < 24:

20 t+2
Vo = / 100AdA + [ 10(30 — \) dA
t—4 20

20 t+1

—5\?

t+2
= 100\ +300A

t—2

20 20

= —5t2 4+ 190t — 1305V

24 <t <29:
t+1 t+1 t+1
v, = 10 (30 — A)d\ =300\ | —5\?
t—4 t—4 t—4
= 1575 — 50t V
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13-64 CHAPTER 13. The Laplace Transform in Circuit Analysis

29 < t < 34:
30 30 30
vo,=10 [ (30 —A)d\ =300\ | —5\°
t—4 t—4 t—2
= 5t2 — 340t + 5780V
Summary:
Vo, =10 —oo<t< -1
Vo =5t + 10t +5V —1<t<4
v, = 50t — 75V 4<t<9
vy = —bt? + 140t — 480V 9<t<14
v, = 500V 14<t<19
vy = —bt? + 190t — 1305V 19<t<24
v, = 1575 — 50t V 24 <t <29
v, = 5t — 340t 4+ 5780V 20<t<34
v, =0 34 <t<oo
[b]

B0yt v

00 4

400 H

300 4

200 4

100 4

ti{s)
a T T
-2 2 B 10 14 18 22 2B 30 34
2
P 13.66 [a] h(\) = 5A 0<A<5H
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Problems 13-65

h{x)
2 -
Adlsd
[ 1
a 5 10
Ui(t_)\;'
10
Als)
a T
0<t<h:
‘9
vozlo/ ZNd)\ = 28
05
5<t< 10
59 ‘ 9
vozlo/ —Ad/\+10/ (4——/\> d\
0o b 5 5
4)\2 5 t 4)\2 t
A T O
0 5 5
= —100 + 40t — 2t*
10 <t < o0:
59 10 9
vozlo/ —Ad/\+10/ (4——>\> )
0o b 5 5
4)\2 5 10 4)\2 10

+40\

0
= 50 + 200 — 150 = 100

5 5

v, = 262V 0<t<5
v, = 40t — 100 — 262V 5<t<10
v, = 100V 1W0<t< 0
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13-66 CHAPTER 13. The Laplace Transform in Circuit Analysis

[b]
. tll{s)
0 2 4 B g 10 12
[c] Area = —(10)(2) =10 —(4)h=10 so h=5
5
M) =N 0=A<2
5
h(\) = (10—§>\> 2< <4
h{A)
5 _|
Als)
[ T
o 2 4
PAREEN
10
A=)
a t
0<t<2:
t5
0y = 10/ 2 XNd\ = 12.5¢2
0o 2
2 <t<4:
25 ’ 5
v, = 10/ —Ad/\+10/ (10——/\> )
0o 2 2 2
25N P2 t252 |t

+100A
0

2

2

= —100 + 100t — 12.5¢2
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Problems

4 <t <o0:
2 5 1 5
vozlo/ —Ad/\+10/ (10——/\> )
0o 2 2 2
25a7 2 4 9p)2 4

+100A

0
= 50 + 200 — 150 = 100

2 2

v, = 12.5t2V 0<t<2
v, = 100t — 100 — 12.5¢2V 2<t<4
v, = 100V 4 <t< o0

[d] The waveform in part (c) is closer to replicating the input waveform

13-67

because in part (c) h()) is closer to being an ideal impulse response.

That is, the area was preserved as the base was shortened.

P 13.67 [a]
lD~\h(M
108
] A
10 Vi'[t—?\}'
0 t A

t
_ —4\
vo—/o 10(10e=) dA

—4X
= 100——-
4

t
= —25[e™1 — 1]
0

= 25(1 —e )V, 0<t<o0
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13-68 CHAPTER 13. The Laplace Transform in Circuit Analysis

[b]
10 h{t)
10(1-24)
. t
u] 0.5=
10| VAE-A
A
u} it
0<t<0.5:
t t
v, = / 100(1 — 2A) dA = 100(A — A2) | = 100¢(1 — ¢)
0 0
0.5 <t < o0:
0.5 0.5
Vo = / 100(1 — 2)\) dx = 1000\ — A2) | =25
0 0
[c]
25
20
E 15
£ 1o p
5
]
] 0.25 05 0.7 1
ts)
— partia] - - partib)
16s 0.8s 2 1.6
P 13.68 H(s) = — :0.8(1— >:0.8—
() = x5 1165~ 512 5+ 2 5+ 2

h(X) = 0.85()\) — 1.6e~ 2 u(\)

Vo = /t 75(0.85()) — L.6e 2] dA = /t 606(X) d — 120 /t e~ d\
°Jo ' ' 0 0

6—2A
=60 — 120——
—2

t
=60+ 60(e > — 1)
0

= 60e 2 u(t) V
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Problems 13-69

Vo Vos V(s + 50)
P 13. I, =2 _
369 [a] 10° T 5108 5x10°

_ ()_5><106
N S_s—|—50

Vo
Ig

h(X) =5 x 10% 7 u(\)

5x106~\h(}\)
8] A
Lt
50 at hA
{t-0.1) ] t A
—1 _5p
0<t<0.1s:

—50X |t

t
v, = / (50 x 107%)(5 x 10%)e~5 dx = 250° | =501 -V
0 - 0
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13-70 CHAPTER 13. The Laplace Transform in Circuit Analysis

0.1s<t<0.2s:

5x106—\h(}\)
0 A
ig{t-A)pa
504
(t-0.2)
{t-0.1) t A
-50

t—0.1
Vo = / (=50 x 1076)(5 x 108 ~50% dA)
0

t
(50 % 1079)(5 x 10°e 4 d)

t—0.1

=50\ 1t—0.1 6—50)\

250
0 * —50

t

= —250

t—0.1

=5 [e‘50(t—0~1) _ 1} _5 [e‘50t _ 6—50(15—0.1)}
Vy = [106_50(t_0'1) — Be—50t _ 5] vV
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Problems 13-71

0.2s <t < oo:
g | h{x}
510 N
0 A
1-Apun
E04
(t-0.2)
t-01 t A
—-50

t

t—0.1
Vo = / — 250e%% d\ + / 250e 50 d\

t-0.2 t-0.1
t—0.1 t
= |5e 502 _5e—50X
t-0.2 t-0.1
V, = [106—50(15—0.1) — He—50(t—02) _ 56_50t] \V
b 1, = Vo5 _ 5 5x10,
T 5x106 5x106  s+50
L s 50
2 _H _ _q__9°Yv
Iy 5) s+ 50 s+ 50

B(N) = 8(A) — 50e
0<t<0.1s:
t
io = [ (50 % 10°9)[5(3) — 50e~] dA
0

—50X ¢t

—50 o

=50 x 107 —25 x 1073

=50 x 1076 + 50 x 107%[e75% — 1] = 50~ A
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13-72 CHAPTER 13. The Laplace Transform in Circuit Analysis

0.1s<t<0.2s:
T hnir)
A
— 504
=]
=50
igtt-Aun
504
{(t-0.2)
{t-0.1 t A
-50

- t—0.1 B . B son
i (=50 x 1076)[5(\) — 5067504 d)
0

t
+ / (50 x 10-5)(—50e=5%) dA

t—0.1
=50\ t—0.1 —50\ |t

—2.5x 1073

=-50x 1076 4+25x%x 1073
— 0 =50 [¢—0.1

= —50 x 1076 — 50 x 10690001 4 50 x 106
+50 x 10766750 — 50 x 10~6e50t=0-D)
— 506_50t _ 1006_50(t_0'1) ,UA
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Problems 13-73

0.2s <t < o0

Bty h(n)
A
50 —50h
-50-
iglt-2lpn
504
(t-0.2)
t-0.10 £t A
_50_

- t—0.1 B v 5o
i / (=50 x 1075)(—50e50") dx

t—0.2

t
+ / (50 x 10-5)(—50e=5%) dA

t—0.1
— 506_50t _ 1006_50(t_0'1) + 506_50(t_0'2) ,uA

[c] At t=0.1":

4.97

ookn = g = 49-66 pA

v, = 5(1 —e™®) = 4.97V;

1o = 50 — 49.66 = 0.34 uA
From the solution for 7, we have
i0(0.17) = 50e™® = 0.34 uA  (checks)
At t=0.1%:

0,(0.17) = 0,(0.17) =4.97V

iooka = 49.66 A

i0(0.17) = — (50 + 49.66) = —99.66 ©LA
From the solution for 7, we have
i5(0.17) = 50e™® — 100 = 99.66 uA  (checks)
At t=02":
v, =10e™® — 570 — 5 = —4.93V
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13-74 CHAPTER 13. The Laplace Transform in Circuit Analysis
To0ka = 49-33 HA

io = —b0 4 49.33 = —0.67 A

From the solution for i,,
1,(0.27) = 50e 1 — 100e™® = —0.67 uA  (checks)
At t=0.2":

06(0.27) = 1,(0.27) = —4.93V; —49.33 pA

Yooka =

io = 0+49.33 = 49.33 nA

From the solution for i,,
i5(0.2%) = 5071 — 100e® + 50 = 49.33 A (checks)

v, 1/LC
PI3.70 [a] H(s) =y = 57 (R/L)s + (1/LC)
100 100

s2 4205+ 100 (s + 10)2

h(\) = 100 e u(\)

h{d)

wilt-M

0<t<0.5:

t
vy = 500 / Ae10% g\
0

6—10)\
= 500 (—10A — 1)
100

)

= 5[1 — e 14(10¢ + 1)]
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Problems 13-75

0.5 <t <o0:

t
0o = 500 / Ae—100 )
t—0.5

6—10)\
= 500 —10A—1
{ 100 ¢ )

t
t—0.5

= 5e 10e5(10t — 4) — 10t — 1]

[b]
6 v, (V)
5 4
_.11 4
3 .
2 4
1 4
" 0 05 1t (=)
16
P 1371 [a) Vo= 5 Vi
v, 4
H(s) = 22 - =
)= 1=
h(\) = 0.85(A)
[b]
h ()
0.84 (A
A
75 Uét_}\}
t-1 t-0.5 h
L —75
t
0<t<05s:  vy= / 750.85(\)] dA = 60V
0
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13-76 CHAPTER 13. The Laplace Transform in Circuit Analysis

0.5s <t <1.0s:
v {t-A)

75—

=75

t—0.5
Vo = / —75[0.85(\)] dA = —60V
0

ls<t<oo: Vo =0
[c]
80 it
1
] 0. 5 t(3)
—-60
Yes, because the circuit has no memory.
P 13.72 [a]
502
R
4
v, S v, 2200

5 T
(55 + 5)V, = 4V,
V. 0.8
H(s) = 22 — - — 0.8
(s) ARPURE h(A) = 0.8¢ " u(N)

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 13-77

[b]
&
0 M
vg(t—P\)
75
{(t-1)
{(t-0.5) t A
-5
0<t<0.5s;
6—)\ t
/ 75(0.8¢) d\ = 60°—
-1 1o

v, = 60 — 60e "V, 0<t<0.5s

0.5s<t<1s:
Vg(t—}x)

75—

[t-1)

t—0.5
Vo = / (—75)(0.8¢ ) dA + 5(0.8¢72) dA
0 t—0. 5
Y
= 60—

t—0.5 6—)\

+60——-
0 —

t

t—0.5

= 120e= (=05 — 60e~t — 60V, 0.5s<t<ls

1s <t < o0;
t—0.5
Vo = / (=75)(0.8¢ ) dA + 5(0.8¢) dA
t—1 t— 05
- t-0.5 6—/\ t
= —60— +60—
—1 t—1 —1 t—0.5

= 120e~ =05 — ge= =1 — 60et V, 1s<t< oo
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13-78

[c]

CHAPTER 13. The Laplace Transform in Circuit Analysis

05

[d] No, the circuit has memory because of the capacitive storage element.

P 13.73
5x10°0 2'5XIDSQ
Wiy {1
5x10§gC) 20x10°0Q £
__ 5 x 10%1, (20 x 109
7 25 x 103 +2.5 x 106/s
v, 4000s
R — H pr—
1, ~ 1) = 00
100 4% 10°
H{(s) = 4000 |1 — — -
(s) [ n 100] s+ 100

h(t) = 40005(t) — 4 x 10°e 100

1073
Uo::‘/g (=20 x 1073)[40005(\) — 4 x 105e~100A] g\

5x1073
_I_/
10-3

(10 x 1073)[—4 x 10°e7199%] )

5x10~3
6—100>\ d)\

10—3
— —80 + 8000 / ¢~ 100X 7\ — 4000 /
0

103

= —80 —80(e7 %t — 1) +40(e™> — 7 01)
= 40e 9% — 120e70! = —84.32V
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Uploaded By: Jibreel Bornat



Problems 13-79

Alternate:

4x1073 6x1073
I, = / (10 x 10~3)e~* di + (=20 x 1073)e~* dt

0 4x10-3
_ [E _ @ —4x103s + @e—ﬁxloe’s] % 1073
S S S
V, = [H(s) = —0_[] - 3e=110"%s 4 go-bx10%y
e s+ 100

40 1206—4><10*3s 806—6><10’3s

=530 s+t10 s—l—lOO]

Vo(t) = 40e~ 1000 — 120~ 100(t=4x107%) (4 _ 4 5 1073)
+80e~100(t=6x10"%) (4 — 6 x 10~3)

Uo(5 x 1073) = 40e7%° — 120~ %! 4 80(0) = —84.32V  (checks)

P 13.74 v; = 25 sin 10\ [u(A) — u(A — 7/10)]

32
s+ 32

H(s) =
h(\) = 32e73%A

h(t _ )\) — 326—32(t—)\) — 326—32t632)\
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13-80 CHAPTER 13. The Laplace Transform in Circuit Analysis

vy (V)
254
Als)
T T
/20 /10
h{t-34)
324
A=)
[

t

0y = 800e—32 / 32\ gin 10) d\
0

32X

m(32 sin 10)\ — 10cos 10)\

= 80032 [

J

_ 800e~%
1124
800

= @[32 sin 10t — 10 cos 10t + 10e 3%

[€324(32sin 10t — 10 cos 10t) + 10]

06(0.075) = 10.96 V
P 13.75 [a] Y(s) = /0 T y(t)etdt
Y (s) :/:Oe—st [/:Oh(A)a:(t—)\) dA| d
_ / :O / :Oe‘Sth(A):v(t — ) dAdt

_ / “hin / Testa(t — A) dt dX
0 0
But z(t—A)=0 when t<A.
Therefore Y (s) = / e / T et — \) dt dA
0 A

Let u=t—X du=dt; u=0whent=X\; u=o00 whent=o0.
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Problems 13-81

Y(s) = / "N / :O ~s(3) () s dA

_/ —s’\/ ez (u) dud\

— / Y~ X (s)dA = H(s) X(s)

Note on  z(t — \) =0, t< A

We are using one-sided Laplace transforms; therefore h(t) and z(t) are

assumed zero for ¢ < 0.
®{t)

®(t-A)

t —aA t
f(t) :/ (1)&)\e_a/\d)\_a[ (—ar—1)
’ 0
— %[e—at(—at — 1) — 1(—1)] = %[1 —emat _ ate‘“t]
1 1
= [z -z -]ty
Check
F(s)= a _ ﬁ K K,
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13-82 CHAPTER 13. The Laplace Transform in Circuit Analysis

a ds \ s/ s=—q a
— l —at __ 1 —at]
f(t) = " t -e u(t)
-7
P 13.76 [a] H(s) = —Z
Zi
(1/Cy) B 107

=S¥ (1/R;Cy) ~ s+ 5000
Ri[s+ (1/R;C;)] ~ 200(s + 2000)

S S
Hs) —50,000s
S) =
(s + 2000)(s + 5000)

—50,000(53000)
(2000 + 53000)(5000 + §3000)

Vo(t) = 7.135 cos (3000t — 177.27°) V

Z; =

[b] H(j3000) = — 7.135/— 177.27°

P 13.77 [a]
125}(106Q
=]
RO 25k 02
—.'\,fv\, ’\l’\‘l\.
T es
h 4
B0 +
iy
-av 15k VD
v,
0.01s0 -
w w
0.01s S
V, = V., = V.
P80 40.01s 7 s+8000 7
V=1,
Vo Vo=V,

+ (V= V)8 x 1075 =0

5000 © 25,000
V4V =V, + (V= V,)2x107*s =0

6V, +2x 1074V, =V, + 2 x 107*sV,
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Problems 13-83

2 x 107V, (s + 30,000) = 2 x 10~*V,(s + 5000)
~ 5+30,000 (s+30,000> ( sV, )

o0 =

s+5000  \ s+5000 / \s+ 8000
H(s) = Vo _ s(s + 30,000)
V,  (s+5000)(s + 8000)
0.6

[b] vg = 0.6u(t); Vy = s

0.6(s + 30,000) K K>

? " (s +5000)(s 4+ 8000) s+ 5000 T 8000
0.6(25,000 0.6(22,000
_ 0.6(25,000) 5 K — (22,000)

- _5. ) — 44
3000 —3000
V() = (5™ — 44678000y (¢) V
[c] V; = 2cos 10,000t V
110,000(30,000 + 710,000
H(juw) = —210.00030.000 £ j10.000) 5 51/ 5540

(5000 + 710,000)(8000 + ;j10,000)
vy = 4.42 cos(10,000¢ — 6.34°) V

25(8 + j20)
—400 + j1200 + 150

P 13.78 H(j20) = =0.44/ — 33.57°

Vo(t) = 4.4 cos(20t — 33.57°) V

125(400 + 500)

= 0.6157 x 1072/163.96°
(4500)(10% — 5002 + 5105) [163.96°

P 13.79 H(j500) =

io(t) = 49.3 cos(500¢ + 163.96°) mA

50 20 30(s + 3000)

P 13.80 V, = - =
s+8000 s+5000 (s + 5000)(s + 8000)

Vo= H, = 1) (5)
B s(s + 3000)
H(s) = 555000105 + 5000)
H(j6000) = —JO000NB000 +56000) ) oo 456 oo

(5000 + ;6000)(8000 + j6000)

Uo(t) = 61.84 cos (6000t + 66.37°) V
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13-84 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.81 Original charge on Cy; ¢ = VoCy

The charge transferred to Cy; ¢ = VoC, =

The charge remaining on C1; ¢ =q1 — @2 =

q2 VoCh
Theref Vo= ==
erefore V5 5 N

and V;

VoC1Cs
O+ O,

_ 4

C1+ Cy
WG
O O+

P 13.82 [a] After making a source transformation, the circuit is as shown. The
impulse current will pass through the capacitive branch since it appears

as a short circuit to the impulsive current,

£ 25000

Git) 1 L
—(wnn 4 £ 1k0

% S0mH

+ 6 (0710
Therefore  v,(0%) = 10 / dt = 1000V

1000

Therefore we = (0.5)Cv? = 0.5]

[b] i.(07) = 0; therefore wy, =0J
V. V.
(1076 ° °_ —1073
[e] Vo107 + 5200055 T 1000

Therefore
1000(s + 5000)
52 4+ 6000s + 25 x 106

K K

‘/0:

+

5+ 3000 — 74000
K = 559.02/ — 26.57°;

v, = [1118.03¢ 2% cos(4000t — 26.57°)]u(t) V

STUDENTS-HUB.com

* s+ 3000 + 74000
K7 = 559.02/26.57°
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Problems 13-85

[d] The s-domain circuit is

+
£2500
£ 1k0) 107507 Yo D17
0.05s0)
Vos Vo Vo 10-3

10° T 250 +0.055 1000

Note that this equation is identical to that derived in part [c], therefore
the solution for V, will be the same.

P 13.83 [a]
10000 0.08s2
-\N\t A
+
20V 0.3259§ .
V, = 20 0.32
° 77000 + 0.4s 07
. 16s 40,000
s+ 2500 s+ 2500

v,(t) = 163(t) — 40,000e 2% (¢) V

[b] At ¢t = 0 the voltage impulse establishes a current in the inductors; thus

10° " 206(t) dt = 50 A
' N ) dt =
i) = 100 Jp 2000
It follows that since i,(07) = 0,
dir,
—(0) = 500(t
"L (0) = s05(1)

0,(0) = (0.32)(508(t)) = 165(¢)

This agrees with our solution.
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13-86 CHAPTER 13. The Laplace Transform in Circuit Analysis

At t = 07 our circuit is

10000  80mH
R —A Ny T
SN 3z0mES Y,
iL

i(t) =50e"/TA,  t>07F
T=L/R=04ms
ir(t) =50e %A ¢t >0
diy,

v,(t) = 0.32% = —40,000e 20V, t>0"

which agrees with our solution.

P 13.84 [a] The s-domain circuit is

T
+
sL,r ¥V R o/s(D) \L L,
T
2
| A V4
The node-voltage equation is sy + R s, = g
pR L1L2
Therefore V = ———— where L. =
s + (R/Le) L1 + L2
Therefore v = pRe~B/E)ty (1) V
Vv Vv +(R/L K K
m =Ly Vo pst(BL)) Ko Ky
R sLy s[s+ (R/L.)] s s+ (R/Le)
pLy pLo
K = N =
"L+ Ly 'L+ L
. P —(R/Le)t
Th h = Li+ L t)A
us we have 4 T —|—L2[ 1+ Lee Ju(t)
\% R/L K K.
e L R K Ky
sLy  s[s+(R/Le)] s s+ (R/Le)
pLa —pLy
YL+ Ly T L+ Ly
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Problems 13-87

pLa _(R/L.
=1L [1 — e~ (B/Lety(t)

[d] )\(t) = Ll’él + Lg’ég = le

Therefore o

P 13.85 [a] As R — oo, v(t) — pL.0(t) since the area under the impulse generating
function is pL..

L
i1(t) — Llp—l—ngu(t)A as R — oo

L
io(t) — Llp—l—ngu(t)A as R — oo

[b] The s-domain circuit is

L, E ; pis (1) J/%Lz

Iz
%4 Vv 1% pL1L2
— +— =L therefore V= = pL.
sLi  sLy s cretore Ly + Lo
Therefore wv(t) = pL.o(t)
Vv ,0L1 ) (1>
I e I e e —
YT L <L1 + L,/ \s
. . le
Theref = o = t)A
erefore i, =19 I +L2u( )
P13.86 [a] 2 — — LG BHx107
‘ "T s+ 1/RiC; s+20x 104
g LG 625 1010
T s+ 1/R.Cy s+ 12,500
1% —1
Zs 7
Vols +12,500)  Vo(s+20 x 10%) 10 (s + 20 x 10%)
6.25 x 1010 25 x 1010 5 25 x 1010
~2(s+200,000) Ky L
7 s(s+50,000) s s+ 50,000
2(2
e, 2(200.000) _
50,000
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13-88 CHAPTER 13. The Laplace Transform in Circuit Analysis

2(150,000
K2 — ( Y ) — _6
—50,000

v, = [8 — 62000y () V

Vo 2(s + 200,000)(s 4 12,500)
Zy  s(s+ 50,000)6.25 x 1010

b] o=

162,500s + 25 x 108]

— 32 %1072 [1
% [ (s + 50,000)

=32 x 10712 1+£+L
s s+50,000
K, = 50,000; K, = 112,500
io = 326(t) 4+ [1.6 x 10° + 3.6 x 10%e 770y () pA

[c] When (4 =64pF

~156.25 x 10°
LT s 412,500
Vo(s +12,500) | Vo(s +12,500) _ 10 (s +12,500)
625 x 108 156.25 x 108 s 156.25 x 108
40
Vo 4+ 4Vp = —
S
8
Vo=-
S
v, = 8u(t) V
Vo 8 (s+ 12,500) b [ 12,500]
Ip=—2=22""2""0 198 x 1072 |1 4+ =
0= T s 6.25 x 1010 . L

io(t) = 1285(t) + 1.6 x 10%u(t) pA

1

P 13.87 Let a = —
COUT RO T ROy
Then Z ! d Z !

en Zy = ——— an = 5

T Ci(s+a) 27 Cy(s +a)
Vo Vo 10/s
Zy 7y 7

VoCa(s+a) + VoCi(s+a) = (10/s)C1 (s + a)
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10 C,
Vo_?(a+02>

Ch
Thus, v, is the input scaled by the factor .
P Y C1+Cy

P 13.88 [a] For t < O:

+ \l/ll il/lz
SACT v 20.8k024K0 =, o

Req = 0.8kQ|4kQ|16kQ = 0.64kQ; v = 5(640) = 3200V

3200 3200
1(07) = 220 —0.8A; ia(07) = 25 —02A
w07) = Jpop ~ 084 l07) = 7555 =0

[b] For ¢>0:

i iy =0

8(Aiy) = 2(Aiy)
2'1(0_) + A’ll + 22(0_) + A’lg = 0; therefore A’Ll = —02A
Aiy=—08A: 4 (0")=08-02=06A

[c] i5(07) =0.2A
[d] i5(0") =0.2—0.8=—0.6A

[e] The s-domain equivalent circuit for ¢ > 0 is

+
4k s £ 16k0
D.EIEIE!SQE . ED.DDZSD
Il I2
0.0064(;) (,)0.0004

B 0.006 B 0.6
©0.01s 4+ 20,000 s+ 2 x 106

I

i () = 0.6e7 210y (t) A

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



13-90

[£] ia(t) = —ir(t) = —0.6e 21y (t) A

CHAPTER 13. The Laplace Transform in Circuit Analysis

—0.0016(s + 6.5 x 10°)

[g] V = —0.0064 + (0.008s + 4000)/; =
7200
— 16x103— — =
6> 107 = 5 108

v(t) = [<1.6 x 10736(¢)] — [7200e=2*1% ()] V

s+ 2 x 106

P 13.89 [a]
0.5s0 0.5s0
+
30n
ZDVC:D 0.5502 g T VD
Il IZ
20 = SIl — 0.55]2
3
0= —-0.5s1 + (s—l— —) Iy
s
S —0.5s ) ) )
A= =s"+3—0.255" =0.75(s" + 4)
—0.5s (s +3/s)
20 —0.5s 60  20s>+60 20(s®+3
Ny = _gps 4 0 _ 20560 2067 +3)
0 (s+3/s) s s s
poN_ 200243 80 s*+3
PTOA T s(075)(s2+4) 3 s(s2+4)
K K K;
s s—J2 s+j2
80 /3 80| —4+3 10
Ko=—>(2)=2 K == = e
73 (4) ’ T3 [(j2)(j4)] 3 I
20
ih = [204— Ecoth] u(t) A
0
[b] Ny = — 10s
—0.55 0
LN 10s _4_0( s )_ K K}
TN T 075(s244) 3 \244) s—j2  s+42
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40 (52\ 20
B = — —_ = — OO
173 <j4> 3 o

4
g = [EO Ccos Qt] u(t) A

3 3N 40 /s A0 K, K
V :—I pr— _ —_— pr— pr—
le] Vo= <1 (s) 3 (52+4> 24 s—j2 sy

40
K, = — = —3510 = 10/90°
74 -

v, = 20 cos(2t — 90°) = 20sin 2¢

v, = [20sin 2tju(t) V

[d] Let us begin by noting ¢; jumps from 0 to (80/3) A between 0~ and 0"

STUDENTS-HUB.com

and in this same interval 75 jumps from 0 to (40/3) A. Therefore in the
derivatives of i; and iy there will be impulses of (80/3)d(¢) and
(40/3)0(t), respectively. Thus

di; 80 40
— = — — —sin2t A
o 35(t) 5 Sin tA/s
dios 40 80
— = — — —sin2t A
o 35(t) 5 Sin tA/s
From the circuit diagram we have
diy disy
206(t) = 1— — 0.5—
(*) dt dt
80 40 206(t) 40
= Eé(t) - Esin% - % + Esin%
= 204(t)

Thus our solutions for i; and i3 are in agreement with known circuit
behavior.

Let us also note the impulsive voltage will impart energy into the circuit.
Since there is no resistance in the circuit, the energy will not dissipate.
Thus the fact that i1, i2, and v, exist for all time is consistent with
known circuit behavior.

Also note that although i; has a dc component, i3 does not. This follows
from known transformer behavior.

Finally we note the flux linkage prior to the appearance of the impulsive
voltage is zero. Now since v = d\/dt, the impulsive voltage source must
be matched to an instantaneous change in flux linkage at ¢t = 0" of 20.
For the given polarity dots and reference directions of i; and i, we have

AO0T) = Ly31(0%) + Miy (07) — Laia(07) — Miy(0T)
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13-92 CHAPTER 13. The Laplace Transform in Circuit Analysis

w012 05(2) 1 () -0s(%)

120 60
=3~ 3= 20 (checks)
ib,, . * 124/
Llc——-:, M q———:’Lz

P 13.90 [a] For ¢t <0, 0.5v1 = 2uvs; therefore vy = 4v,
v1 + ve = 100; therefore v;(07) =80V
[b] v2(07) =20V
[c] v3(07) =0V
[d] For ¢>0:

~100/s
©3.125/s

i(t) = 326(t) A

x 1076 =32 x 1076

&
2x10. L 7 S
()
= I
Ul
50/2() N e
& + hE T 1.ESD
E D - _
25
VZ
20/5(2)
106 ot
[e] v1(0T) = —o5 /) 32 107%6(t) dt +80 = —64 +80 = 16 V
. 0—
106 ot
[f] 02(07) = —— [ 32x107°6(t)dt +20 = =16 +20 = 4V
0.625 x 10° 20
[g] Vi= —2 """ 32x107° = =

v3(t) = 20u(t) V; v3(07) =20V
Check:  v1(07) 4+ v2(07) = v3(0T)
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Problems 13-93

P 13.91 [a]

50k 4x1075 Q2

I e
50,000 +5x 106/s s

500,000 10

o

50,000s + 5 x 106 s+ 100
v, = 10e 1%y (t) V

[b] At ¢t = 0 the current in the 1 uF capacitor is 106(t) pA
o+

0o (0F) = 106/ 10 x 10755(¢) dt = 10V

After the impulsive current has charged the 1 uF capacitor to 10 V it
discharges through the 50 k{2 resistor.

CiC; 025
C,+Cy 1.2

C. = =0.2uF

7 = (50,000)(0.2 x 107%) = 1072

1
— =100 (checks)
-

Note — after the impulsive current passes the circuit becomes
50k + 40V —

Il

0.25uF o

1uF = 10V ¥,

The solution for v, in this circuit is also
v, = 10e 1%y (t) V

P 13.92 [a] The circuit parameters are

12

1202 1207 1207 288
a= o =120 ~ 280 X,=— =22Q
R = 100 By = 1500 = 8 350 7
The branch currents are
120/0° 120/0° 35 35
I = [ =10/0° A(rms) I, [ — = E/_ 90° A(rms)

~j1440/35 12
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13-94 CHAPTER 13. The Laplace Transform in Circuit Analysis

120/0°
Is = %/l = 15/0° A(rms)

35
L=0+Ip+1; =25 —j 0 = 25.17/ = 6.65° A(rms)
Therefore,

19 = (%) \/§cos(wt —90°) A and i, = 25.17V2 cos(wt — 6.65°) A

Thus,
i2(07) =4(0T) =0A  and  i,(07) = i,(0F) = 25V/2A

[b] Begin by using the s-domain circuit in Fig. 13.60 to solve for V}
symbolically. Write a single node voltage equation:

Vo—(Vo+ L) Vo Vo
= —0
sLy * R, * sL,
v (Ba/LoVy + LR,
O 4 [Ra(La + L¢)]/LaLy

where L, = 1/1207 H, L, = 12/357 H, R, = 129, and IyR, = 300v/2 V.
Thus,

_ 14407(122.92v/2s — 30007v/2) N 300v/2
07 (s + 1475m)(s% + 14,40072) ' s+ 14757

Kk K K +300¢§
s+ 14751 s —j120m s+ j120m s+ 14757

The coefficients are

K;=-121.18V2V K, =61.03v2/6.85°V K} = 61.03v2/—6.85°
Note that K+ 300v/2 = 178.82/2 V. Thus, the inverse transform of V is
vy = 178.82v/2e 71475 1 122 06v/2 cos(120mt + 6.85°) V

Initially,

vo(07) = 178.82v/2 4 122.06v/2 cos 6.85° = 300v/2 V

Note that at t = 0T the initial value of iy, which is 25_\/5 A, exists in the
12 resistor R,. Thus, the initial value of V; is (25v/2)(12) = 300v/2 V.

[c] The phasor domain equivalent circuit has a j1 2 inductive impedance in
series with the parallel combination of a 122 resistive impedance and a
j1440/35 Q) inductive impedance (remember that w = 1207 rad/s). Note
that V, = 120/0° + (25.17/ — 6.65°)(j1) = 125.43/11.50° V(rms). The
node voltage equation in the phasor domain circuit is

Vo —125.43/11.50° Vo 35V
0 ‘ / + _0 + 0 -0
i1 12 " 1440
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V, = 122.06/6.85° V(rms)

Therefore, vy = 122.06v/2 cos(1207t + 6.85°) V, agreeing with the
steady-state component of the result in part (b).

[d] A plot of vy, generated in Excel, is shown below.
500
400 4
300
200 -

100 1
0 t(ms\)\

Vo (V)

0 25 75 10 7125 15 175 20
-100 +

=200 -

P 13.93 [a] At t = 0" the phasor domain equivalent circuit is

310
i T ‘
o 11440
v, 120,/~90 v £ 120 N £ 80
- - I, I, I,
—j120
I = ‘12 — 410 = 10/ — 90°A (rms)
~j120(35) 35 35
L= 20 2% %9 gpep
27 71440 12 = o A80°A (1ms)
—j120
I = ‘78 — —j15=15/— 90°A (rms)

35
I =T +Tp+ Iy = — 5 — j25 = 25.17/ = 96.65°A (rms)

ip, = 25.17V/2 cos(1207t — 96.65°) A
ir(07) =i,(07) = —2.92v2A
.35 .

iy = E\/5 cos(1207t + 180°)A

35

2 =-2.92v2A
12 V2

i(07) = ip(0%) =

Vg :Vo‘l'leL
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13-96

35
—j120 + 25 — j=
7120 +25 = j o

= 25 — j122.92 = 125.43/

Vy

CHAPTER 13. The Laplace Transform in Circuit Analysis

— 78.50°V (rms)
= 125.43v/2 cos(120mt — 78.50°)V

= 125.43/2[cos 1207t cos 78.50° + sin 1207t sin 78.50°]
= 25v/2 cos 1207t + 122.921/2sin 1207t

25V/25 4 122.92¢/2(120m)

v
g 52 4 (1207)2

s-domain circuit:

sLy Lely
+ I +
gL,
vg VD §Ra LaIE
where
12
Ll:LH; L,=—H; R, =120
1207 35m
in(0) = —2.92v2A;  iy(0) = —2.92v/2A
The node voltage equation is
0— Vo — (Vg +1i0(0)Ly) n Vo n Vo +12(0) L,
sl R, sLg
Solving for V, yields
v VRJL Rui(0) ~ ia(0)
? [5 + Ra(Ll + La)/LaLl] [5 + Ra(Ll + La)/LlLa]
R,
— = 1440
L :

RoLi+ L)) 12 + 22)

LiLe  (32)(507)

357/ \ 1207

ir,(0) —i2(0)

= 14757

—2.92v/2 +2.92V/2 =0

Vo 14407[25+/25 + 122.92v/2(1207)]

o }? + 14757)[s2 + (1207)?]
) K.

2

2

s+ 14757 *
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s — 7120w +

s+ 7120w
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Problems 13-97

K, = —14.55v/2 Ky = 61.03v/2/ — 83.15°

V(1) = —14.55v/2e M7 4 122.06v/2 cos(1207t — 83.15°)V
Check:

06(0) = (—14.55 4 14.55)v/2 = 0

[b]

2000
= 180
& o0
T A0
£ 0 25 5 75 10 125 15 17.5 20
g A0 ' ' ' '
2 -0
£ 80

-200

t (ms)
PSpice schematic
W
L1 RZ vo TOPEM =0
1 2 Ay 1U2}§ 2
2 6526mH 0.0001
[
_ W L2

VAMPL = 177380441V (0 £ R 09 13asmy £ R3

FREQ = 60Hz 12 k3

TD = -0.532248ms ‘

0
PSpice output file
B ) D'?/lS/Dl 07:40:45 EEE R EEEEREEEEEE) Pspice Lite (Mﬁr ZDDD) EEE R EEEEREREEEREEE R

** Profile: "SCHEMATICl-tran® [ C:i‘shortecircuitshsolutions'p? 76-SCHEMATICl-tran.sim ]

* ok ko

CIRCUIT DESCRIFTION

R R R R R R )
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13-98 CHAPTER 13. The Laplace Transform in Circuit Analysis

** Creating circuit file "p? 76-YCHEMATICl-tran.sim.cic”
#*+ WARNING: THIS AUTCMATICALLY GENERATED FILE MAY EE OVERWRITTEN BY SUESEQUENT SIMULATIONS

*Libraries:

* Logal Libraries

* From [PSPICE NETLIST] section of C:%“Program Files%OrcadliteWP3pice\Pdpice.ini file:
.1lik "nom.lib"

*inalysis directives:

.TRAN 0 Z0ms O

PROEBE W(*) T(*) W(*)] D(*) NOISE(*)
LINC " hpP_ TA-SCHEMATICL.net"”

Fr+* TNCLUDING p% 7T6-3CHEMATICl.net ****
¥ zource PR 76

7l NOO&37 0

F3IN 0 177.38%9441V é0Hz -0.5332248ms 0 0

L_L1 NOOA37 NO1311 2. 6526émH Io=0

L_LZ 0 vo 109.1348mH Tc=0

A R1 o vo 12

L RZ VO NO1311 0.0001

A R3 0 wois52 2

L ue VO NO1953 8w tOpen PARAMS: topen=0 ttran=lu Rolosed=0.01

+ FRopen=lMeqg

#*** REJUMING p% 76-3CHEMATICLl-tran.sim.clr ****
.END
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Problems

13-99

. . . . .
‘ --+|- 1 ! 1 r-+--- P --1-- r#-- -
i : i . v
R : P ! ! o
P i P . :
i i i i i A
R : P ! ! -
P i P . :
P : N . !
)l - b ol &, o -t ke -l b -
AREERE : Lawemnd ! :
T : i : '
P i P . :
P : N . !
P i P . :
. e !
- ; - ! :
A i i . :
P : N . !
HE H HE . :
Voo : P :

wlas Fl LY L) e, ke Y wha
dusnnasd : fenemad / .
HE H HE : :
P i P : : a
L H H— : g o
n 1 n n 1 1 1 ™
P : P . !
SR <A 4 s [t SR s | -
FL : : . '
= H H | | |
H—— H H I S —e - e
g i ’ i
i ol H | '
i e o
"N ' i E
e

.

-

7 1]

4ge

Vol tage| ¥o

RSN RS SRRy SR S Ry pp——— RS S S —" N ——— R ——
T

i i H
RS S SRR SR IR SPPUPU NUPUPEPN PRI RSN SNPUPN SPPRP SPRP R
T T ¥
i i '

o U{u0)

208y

1oy
-1l

-1@8l

[c] In Problem 13.92, the line-to-neutral voltage spikes at 300y/2 V. Here the

line-to-neutral voltage has no spike. Thus the amount of voltage

disturbance depends on what part of the cycle the sinusoidal steady-state
voltage is switched.
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13-100 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.94 [a] First find V, before Ry, is disconnected. The phasor domain circuit is

I

n
v 1:2E|é°v§Ra gjxa ER
{

rms

120/6°  120/60°  120/6°
L= + + —
R Rb ]Xa

120/6°
= — (R, + Rp) X, = JR.R
Since X; = 12 we have
120/6°
V,=120/6° — R, R (R, + Rp) X,
. O/iJrRaRbXa[ b+ J(Ra + Ry) Xo]
144
R, =124, Ry = 8¢€); Xa:—OQ
35
vV, = 120/03(1475 + 7300)
97 71400 J

2
= %/9_0(59 +j12) = 125.43/(6 + 11.50)°

vy = 125.43v/2 cos(1207t 4 6 4 11.50°)V

Let 8 =6+ 11.50°. Then
vy = 125.43v/2(cos 1207t cos B — sin 1207t sin )V

Therefore

Vo 125.43/2(s cos 3 — 1207 sin 3)
v 52 + (1207)2

The s-domain circuit becomes

R a

where p; = i (0%) and py = i5(07).
The s-domain node voltage equation is
Vo = (Vy,+ p1L Vo Vot p2la

( g T P1 l) i i P2 _

0
sl R, sLq
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Problems 13-101

Solving for V,, yields

VyRa/Li+ (p1 — p2)Ra

Lo+L)R,
[s 4 Letlilfie]

‘/0:

Substituting the numerical values

1 12
L, =——H; L,=—H; R, =124, Ry = 8¢€);
YT 1200 357 ’
gives
V; _ 144077"/9 + 12(p1 — pg)

(s + 14757)

Now determine the values of p; and ps.

p1=14.(07) and  py =iy(07)

120/6° ‘
LS RRX, (R + Rp) Xy — jR.Ry)
120/6°  [(20)(1440)
06(1440/35) | 35

= 25.17/(6 — 6.65)°A(rms)

ip = 25.17v/2cos(120mt + 0 — 6.65°)A
iL(07) = p1 = 25.17v/2cos(6 — 6.65°)A
pL= 25v/2 cos 6 + 2.92v/2 sin HA

120/6° 35

2=mzﬁ/w—90)o

35
ig = E\/icos(mom + 0 —90°)A

35 -
p2 = i5(07) = E\/isme = 2.92/2sin AA

P1 = P2 = 25\/§COSQ
(p1 — p2)Ra = 300v/2 cos @

14407 300v/2 cos 6

Vy= ——.
s+ 14757 gt s+ 14757

14407 [125.43v/2(s cos 3 — 1207 sin 3) 300v/2 cos

s+ 14757 s% + 14,40072 s+ 14757
K14 300v2cosf K K
s+ 1475w s — 4120 s+ j1207
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13-102 CHAPTER 13. The Laplace Transform in Circuit Analysis

Now

(14407)(125.43+/2)[— 14757 cos 3 — 1207 sin 3]
1475272 + 14,40072

K, =

—1440(125.43+/2)[1475 cos 3 + 120 sin 3]
14752 4 14,000

Since 3 = 6 + 11.50°, K; reduces to
K, = —121.18v/2cos 6 + 14.55v/2 sin 6

From the partial fraction expansion f_or V, we see v,(t) will go directly
into steady state when K; = —300v/2cos 6. Tt follow that

14.55v/25in § = —178.82v/2 cos §
or tanf = —12.29
Therefore, 0 = —85.35°

[b] When 0 = —85.35°, § = —73.85°

14407 (125.43v/2)[— 1207 sin(—73.85°) + 51207 cos(—73.85°)
B (14757 + j1207)(52407)

2

720v/2(120.48 + ;34.88)
N —120 + 51475

= 61.03v/2/ — 78.50°
v, = 122.06v/2 cos(1207t — 78.50°)V ¢ >0
= 172.61 cos(120mt — 78.50°) V. t >0

[c] vor =169.71cos(120mt — 85.35°)V ¢t <0

oz = 172.61 cos(120mt — 78.50°)V ¢ >0
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PSpice schematic

FARAMETERS:
Rb= 12
Y
L1 57 Ve TOPEN = 0
1 2 A 1u2 2
2.6526mH 0.0001
[2
_ \1 L2
VAMPL = 177 389441V () 2RI {00 13a8mHy = & R3
FREQ = 60Hz {Rb} ¢
TD = -0.747577ms '

0

FSpice output file

** Creating cireuit file "p% 77-3CHEMATICl-tran.sim.cir”
** WARNING: THIR AUTOMATICALLY GENERATED FILE MAY BE OVERWRITTEN BY SUBSEQUENT SIMULATIONS

*Libraries:

* Local Libraries

* From [P3PICE NETLIST] section of C:%Program Files%Orcadlite\P8pice\FPdpice.ini file:
.1ib "nom.lik"

*Analysis directives:

LTRAM 0 Z0ms 0O

. 3TEPF PARAM BRb LIST 4.8 12

PROBE V(*) I(*) W(*) D{*) NOISE(*)
LINC ".Wp% 77-8CHEMATICL.net"

FEE+ TNCLUDING pQ_TT—SCHEMATICl.net A
* source F3_T77

Vvl NO0&37 0

+3IN 0 177.385%441v 60Hz -0.747577ms 0 0O

L_L1 NO0&37 NO1311 Z.65ZémH IC=0

L_LZ 0 vo 10%9.1348mH IC=0

F_R1 0 vo {Rb}

F_RZ VO NO1311 0.0001

F_R3 0 NOo1%5% &8

X Uz VO NO195% 8w _tOpen PARAME: tOpen=0 ttran=lu Rclosed=0.01

+ Ropern=1Meqg
.PARAM Rb=1Z

*+++ REIUMING p% 77-SCHEMATICl-tran.sim.cir **++*
. END
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