13

The Laplace Transform in Circuit
Analysis

Assessment Problems

2
AP I3 [a] V= L 4 L o= Gl (/RC)s + (1/LC)
R sL s
1 106 .
RC = (300)(0.025) _ 000 pa =

25 x 1079(s? 4 80,000s + 25 x 10%)
S

Therefore Y =

[b] —z19 = —40,000 + V16 x 108 — 25 x 108 = —40,000 + 730,000 rad/s
—2z; = —40,000 — 730,000 rad/s

—2z9 = —40,000 + 730,000 rad/s

—py = Orad/s
1 4% 1075
AP 13.2 [a] Z = 2000 + — = 2000
[a] Ty 80,0005 + 25 x 10°
~2000(s + 10°s + 25 x 10%) 2000(s + 50,000)2

52 + 80,000s + 25 x 108 52 +80,000s + 25 x 108
[b] —2; = —25 = —50,000 rad/s

—p1 = —40,000 — 730,000 rad/s

—po = —40,000 + 730,000 rad/s
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13-2 CHAPTER 13. The Laplace Transform in Circuit Analysis

AP 133 [a] Att =07, 0.2v; =0.8vy; v =4v9; v +vy =100V

Therefore  v1(07) =80V =v;(07); 15(07) =20V = v,(0")

1%9 s | +
+ S5x10/s T
D.ZI,u,E' T V) Vl
100w - 80/s(; T
+ m £ 5k}
0.8uF T v, 1.25%107s T
VZ
20/s(2
B (80/s) + (20/s) . 20%x 1077
~ 5000 + [(5 x 106)/s] + (1.25 x 106/s) s+ 1250
v 80 5x10° (20x107%) 80
17 s s s+1250 | s+ 1250
. 20 1.25x10° (20 x 1073) 20
27 s s+1250 ) s4 1250

[b] i = 20e 2"y (t) mA; v = 80e %y (t) vV
vy = 20e 1%y () V

AP 13.4 [a]

v /s T1l/scl)

‘/dc/s ‘/dc/L

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

Ve R 1
= 40; — =12 — =1.0
L ’ L ’

0
24125 +1




Problems

40 K K:

[b] 1= =

(s +0.6—70.8)(s+0.6+50.8) s+0.6—50.8 t +0.6+ 0.8

40
K1:T6:—j25:25(—900; K} =25/90°
Jl.

i = 50e "% cos(0.8¢ — 90°) = [50e"% sin 0.8t]u(t) A

160 160
[e] V =sLI= LA B ,
s24+12s+1 (s40.6 —30.8)(s+ 0.6+ j0.8)
KK
~ 5+06—30.8 s+0.6+30.8
160(—0.6 + j0.8
K, = (=06 +508) _ 100/36.87°

j1.6
[d] v(t) = [200e "% cos(0.8¢ + 36.87°)]u(t) V
AP 13.5 [a] 50} 150

i

5/s8(1) 1/s0T v v, 230 (i15/s

1 2

The two node voltage equations are

Vi—V; 5 Voo Vo=V Vo—(15
L 21 Vs=- and —4 2 142 ( /S):O
S S 3 s 15
Solving for V; and V; yields
5(s +3) 2.5(s* 4 6)

1 — 2 —

s(s2+25s+1)
[b] The partial fraction expansions of V; and V; are
_E_ 50/3 n 5/3 15 B 125/6 25/3

s(s?+2.5s+ 1)

V; d V,=—
! S s+05 s+2 an 2 S s+05 s+2
It follows that
50 5
n(t) = {15 - et Be-ﬂ W)V and
125 25
vo(t) = {15 — e 0ty e_ﬂ u(t)V
6 3
50 5
0N =15——+4+-=0
[c] v1(07) 3 + 3
125 25
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13-4 CHAPTER 13. The Laplace Transform in Circuit Analysis

[d] vi(c0) =15V, vg(00) = 15V
AP 13.6 [a]

/el
50 | ° ‘E:':i 111
— LT A —n——e
- +
z0/s) ; .
||
- »
With no load across terminals a—b, V, = 20/s:
1720 20
T2 e [12(2) v <o
21s S
20(s +2.4)
therefi Vih = ———-+-
erefore Vi (5 +2)
2/5 1)
0 |52 a0 | L
el »
+
v i1
M i
V, =5 and Zp — 2
It
Solving for I gives
Vi — 51
Ip = (TQT)S + Vp — 61p
Therefore
5 2.8
141y = Vips — 5slp + 2V therefore Zty = (812)
s
[b] . 20
Gy, [
Vi, G
™ gs iy

3

Vrn 20(8 + 24)

7= —
Zm+2+s  s(s+3)(s+6)




Problems

di
AP 13.7 [a] iy = 1.25¢ " — 1.25¢ 73 therefore ﬁ = —1.25¢7t + 3.75¢ %

Therefore (i;; = (0 when

1.25¢7" = 3.75¢™*" or €* =3, t = 0.5(In3) = 549.31 ms
ip(max) = 1.25[e™ 0% — ¢=3(0-549)] — 48] 13 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 +2)
Therefore [ = —= —+—-—-"—
A (s+1)(s+3)

A partial fraction expansion leads to the expression

I - 2.5 N 2.5
P41 543
Therefore we get

i1 = 250"+ e Mu(t) A

diy _ _ di1(0.54931)

— = —25[" 3 ——— 2 = —289A
[c] o S5le”" + 3e; o 89A/s
[d] When i, is at its peak value,

dis
— =0
dt
diz _ . M le
Therefore Lo (dt) =0 and iy =— (12) (dt)
. —2(—2.89)
[e] i2(max) = — 5 - 481.13mA  (Checks)

AP 13.8 [a] The s-domain circuit with the voltage source acting alone is
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13-6 CHAPTER 13. The Laplace Transform in Circuit Analysis

, 200 100/3  100/3
(s+2)(s+8) s+2 s+8
100

v = ?[6_% —e Mu(t) Vv

[b] With the current source acting alone,

V// + V// + V//S B 5

2 1.25s 20 s
v 100 ~50/3  50/3
(s+2)(s+8) s+2 s5+8
50
U” — ?[G_Qt o e_St]u(t) AV

[c] v =0 +" =[50e*" — 50e ¥ |u(t) V

Vs V,s v, 10(s +2)
AP 13.9 =1, theref =H(s) = ——"—"—
lal 5t = erefore - = H(s) = 5 s 10
[b] —z; = —2rad/s; —p1 = —1 4 j3 rad/s; —py = —1 — j3 rad/s
10(s+2) 1 K, K, K;

AP 13.10 Vo=m—"77—"7"—" —= ; -
Lal s24+2s+10 s s s+1—]3+s+1+33

Ko=2  Ki=(5/3)/—12687  KI=(5/3)/126.87°
v, = [2+ (10/3)e " cos(3t — 126.87°)]u(t) V

10(s + 2) N.C N K
s2425+10 = s+1—33 s+1443

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

[b] V, =

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

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



Problems

9600(s +70)  2800(240)
(s +70)2 + (240)2 (s + 70) + (240)2
96005
s2 + 140s + 62,500

1 9600
=H —
[b] Vo(s) (5) s 52+ 140s + 62,500

K . K
s+70 — 7240 ' s+ 70 + j240

Therefore H(s) =

9600
Ky = 20 — —j20 = 20/ — 90°
T

Therefore
Uo(t) = [40e™ 7% 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) = 53—
s?+2s+10
, 10(2 + j4)
Therefore H(j4) = ——— 97/ _ 447/ 63.43°
erefore - H(j4) = 15 — 16+ 8

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

AP 13.13 [a] Let R; =10k, R, =50k, C =400pF, R,C =2x107°

V,Rs
th Vi=Vo=—2—=
T T R T (1/50)
i—=V, W-1,
Al g =0
SO 7 + 7

therefore V, =2V, -V

RyCs—1
Now solving for V,/V,, we get H(s) = RZC’:;—l
) —1
It follows that }{QﬁﬂLOOO)::Zfliizzjlzz 1/90°
J

Therefore v, = 10 cos(50,000¢ + 90°) V
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13-8 CHAPTER 13. The Laplace Transform in Circuit Analysis

R,.Cs—1
b] Replacing R, by R, gi H(s) = ———
[b] Replacing R, by R, gives us (s) R.Os 11
Therefore
, 720 x 10°°R, —1 R, + 50,000
H(4550,000) = =
(750,000) 720 x 105R, + 1 R, — j50,000
Thus,
50,000

R tan 60° = 1.7321, R, = 28,867.51(Q



Problems

Problems

P 13.1

P13.2

P13.3

P134

P 13.5

P 13.6

— L1 — 1
Iscab:IN: SLOZTO; ZNZSL

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

1t 1\ /V 1 Vo
1= 7 vdt + Iy; therefore [ = <> <> + =2 + =2

U L S szsiL s
1 Vo 1
VTh—V;ml)—C"/O(SC)_S7 ZTh_E
1 L[s? L 1/L
[a] Z=R+sL+— = (s> + (R/ 23+(/ %)

B 0.0025[s? + 16 x 107s + 101°]
N S
[b] Zeros at —62.5 rad/s and —1.6 x 10°® rad/s

Pole at 0.
2
vty l oo Gl /RO +(1/LO)]
R sL s
z-1_ s/C _ 4% 10%

Y  $24+(1/RC)s+ (1/LC)  s?>+2000s + 64 x 104

[b] zeroat —z; =0
poles at —p; = —400 rad/s and —ps = —1600 rad/s

[a]

iR

g — T1/sC
§ sL

_ (R+ sL)(1/sC) _ (1/C)(s+ R/L)
R+sL+(1/sC) s>+ (R/L)s+ (1/LC)
R 250 1 1
L0081 6T 0805 x106) 2 10°

~2x105(s + 3125)
© $2 431255 + 25 x 106
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13-10 CHAPTER 13. The Laplace Transform in Circuit Analysis

2 x 10%(s + 3125)
(5 + 1562.5 — j4749.6)(s + 1562.5 + j4749.6)

[b] Z =

—z1 = —3125rad/s; —p; = —1562.5 4 74749.6 rad/s

—py = —1562.5 — §4749.6 rad/s

P 13.7 Transform the Y-connection of the two resistors and the capacitor into the equivalent

delta-connection:
*

+ /_\/ ;19
0
/_\/ ) lf’ﬁﬂlh

where

7. = (1/5)(1) + (1)(1/s) + (1)(1)

= 2
/s s+

2= 7, = WD+ (1>1<1/s> L)1) s ‘2

Then

Zab = Zal|[(s]1Ze) + (5] Z)] = Zal|2(s]| Z0)

s+ 2 s(s+2)
s||Zy = = —
s+ (s+2)/s s2+s+2
2s(s +2) 2s(s +2)?
Zab:<8+2)” 2 = 2
S2+s+2  (s+2)(s2+s+2)+2s(s+2)
25(s+2)  2s

T 2+35+2 s+1

One zero at the origin (0 rad/s); one pole at —1 rad/s.

16 16 4s 4(s* +4s + 16)
P138 7, =— 4=— =
! 3+8” s  s+4 s(s+4)

4(s® + 45 +16)  16(s> + 45 + 16)

Zy = 4 _
b= 4] s(s+ 4) 852 + 325 + 64




Problems 13-11

2(s2 4+ 45+ 16)  2(s+ 2+ j3.46)(s + 2 — j3.46)

s24+4s+8  (s+2+52)(s+2—352)

Zeros at —2 + j3.46 rad/s and —2 — 53.46 rad/s; poles at —2 + 72 rad/s and —2 — 52

rad/s.
P 139 [a] Fort > 0:
so0ov
ey
+
5 -5 ‘JD
16:;10 9.375x10 (1) §2-5S

16x10° 50000

% C— Vor2.53

b] V, = 2.5s (—150)

(16 x 10) /s 4 5000 + 2.55

B —150s

82420008 + 64 x 104

B —150s

(s +400)(s + 1600)
K, N K,

s+400 s+ 1600

B —150s

T 54+ 1600

—150s
= —200
s+ 400 |s=—1600

Vo 50 200
° s4400 s+ 1600

Vo(t) = (50e~40% — 200e 1)y (¢) V

S

[e] V, =

=50

s=—400

2




13-12 CHAPTER 13. The Laplace Transform in Circuit Analysis

P 13.10 [a] Fort < O:

—i »—
- vilt) o+
Ay
N 200
allz SA(T) v, 2800 i(07)

1

1 1 1
= -+ — + — = 0.1875; e =5.330Q
R 8+80+20 0.1875; R, =5.33

v = (9)(5.33) = 48V

48
iL(07) = 55 = 24A

ve(07) = —v; = —48V

Fort =0T:
Jr +
_ i
L G .4mH
ognE 4BV T6.25uF g e
* 2.4;&:1' —
*
s-domain circuit:
%IL
+
RE 1/s0F Yot SLE o/ s(F v,
where

R = 20; C = 6.25 uF,; v = —48V;
L = 6.4mH; and p=—24A

Vo Vo p
[b] E_{—‘/OSC_’YC_FST_E_O

V- Vs + (p/70)]
°~ 2+ (1/RC)s + (1/LC)
p —24

4O = (“18)(6.25 x 108y 200




Problems
1 1
— — 8000
RC  (20)(6.25 x 10-°)
1 1
o — 25 x 10°
LC (6.4 x 10-3)(6.25 x 10~°)
B —48(s + 8000)
° §248000s + 25 x 106
Vo p Vo 2.4
L = — — - = -
el fv =7 =5 = 0o06as T s
B —7500(s + 8000) 24 2.4(s + 4875)
~ 5(s2+8000s +25 x 106) s (524 8000s + 25 x 106)
—48(s + 8000)
d VvV, =
[d] 52 4+ 8000s + 25 x 106
K, K:

s + 4000 — 53000 * s + 4000 + 53000

—48(s + 8000)
_ , — 40/126.87°
s 44000 + 73000 |s=—4000+;3000

1

Vo(t) = [80e ™49 cos(3000¢ + 126.87°)u(t) V
2.4(s + 4875)
52 + 8000s + 25 x 106

K K
5 +4000 — 53000 s+ 4000 + 53000

el I, =

2.4(s +4875) 195/ — 16.96°

" s +4000 + 73000 |s=—4000+43000
i, (t) = [2.5e 719 cos(3000¢ — 16.26°)]u(t) A

P 13.11 Fort < 0:

ey
+
500V (% \Lézm v (072 1000
if07)

h 4

,(07) =500  v,(07)  w,(07)
) * 25 + 100

=0
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13-14 CHAPTER 13. The Laplace Transform in Circuit Analysis

250,(07) = 10,000 .. 1,(07) =400V
: Uo(07 400
ir,(07) = é5 ) =25 = 16 A
Fort > 0 :
— 1,
25sD§ %D

400(0)  1000%v,

25Q§ — -}400;’5

Vo+400 , Vo | V,— (400/5)
25+ 255 100 100/s

1 1 400
Vo( + +3>:4

25+ 255 100 ' 100 25+ 255
. 400(s — 3)
242545
;Yoo (400/s)  —20s — 20
7 100/s  s24+2s5+5
K, K;

_s+1—j2+s+1+j2

—20 1

S+1+42 lem1pjp

io(t) = [—20e™" cos 2t]u(t) A



P 13.12 [a] Fort < 0O:

1E||J.F T 1D|.LF e
+
+
lapfF T . T Z4pF 40pF T v,
2 —
10
Vo = 450) =90V
2 10+4o( )
Fort > O:
5
]-_SDQ:: 1.25X1D_SSD
360/s5(2)
25x1t|3Q: + +
= Z 250
Wy Wy
90/s( )
25(450/s

(125,000/s) + 25 + 1.25 x 10-3s
9 x 10 9 x 106

52 +20,000s + 108 (s + 10,000)2

vi(t) = (9 x 105190y (t) V

[c] Vi, = 920 (25,000/5)(450/s)
7 s (125,000/s) + 1.25 x 10~3s + 25

_90(s + 20,000)
~ $2420,000s 4 108

900,000 n 90
(s +10,000)2 " s+ 10,000

v(t) = [9 % 10°te 100000 1 90e 10000y (1) v

Problems
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13-16 CHAPTER 13. The Laplace Transform in Circuit Analysis

30 i
P 13.13 [a] Fort < O: pol Al
7 1m 100
A . A
% £80)
. a0
vc{D ) .
100
_ ¢ 107
® !
~100 ~100
L (07) = — — _5A
w0 = o048 ~ 20
10
L= —(5) =1A
=550
ve(07) = 10(1) + 4(5) — 100 = =70V
Fort > 0: 1202
Ay
+
a0
m:: §
b=}
T
EZS
v “?
70 4 (D1ov
5
70
[b] (20 + 25+ 100/s)I = 10 + —
S
I 5(s+7)
~ $24+10s + 50
100 70
Vo= —1— =
S S
_ —T0s2—200s _ —70(s + 20/7)
5(s2 4105 +50) 52+ 10s + 50
KK
st5—45  st5445
—70(s 4+ 20/7
K, = (s +20/7) — 38.1/— 156.8°

$+9+75  le=—s4y5
[c] vo(t) = 76.2e~ cos(5t — 156.8°)u(t) V



Problems

24
P13.14 [a] i (07) =i, (0") = 3= SA directed upward
+

E5.6255 EE £50) Vg [Zﬂ

I

= A

+ 25T,

VT 10 /500 = §ZUQ

_ ”

20(10/s) 2517(10/s) ( 200 )

Vo = 251 _— = I
Tl 905 (10/s) | T T 20+ (10/s)  \10+20s) "

VT:Z:

250 +200 45

Ir
Vo Vo(2s+1)
=+

20s + 10 25+ 1

Vo 8

) 45

5625s s

9s + (25 +1)s + 8]V, 8

45s

S

V,[25® + 10s + 8] = 360

B 360 180
2824+ 10s+8 s245s5+4
180 K, Ky
b ‘/; = e
[b] (s+1)(s+4) s+1+s+4
180 180
Ki=-— =60, Ky=-—=-60
1 3 ) 2 —3
~ 60 60
" s+1 s+4
vo(t) = [60e™" — 60e*]u(t) V
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13-18 CHAPTER 13. The Laplace Transform in Circuit Analysis

P13.15 [a] 250,
20l =) s
I, LtV - o1,
35/5(” U v, M
0.4v,| -
v
—— + 04V, —— =0
3 AT T 250/9)
V, — 81, (35/s) — V,
Va=|—2 2 g [= T e
A ls+(250/s)]s’ ¢ 2
Solving for V, yields:

29.4s% 4+ 565+ 1750 29.4s% + 565 + 1750
7 s(s2425+50) s(s+1—47)(s+1+357)

K K> K

Vo= — : :
S+S+1—]7+S+1+]7
29.45% + 565 + 1750
K, = =35
! s2 + 25 + 50 =0
o 29.45% + 565 + 1750
2 s(s+ 1+ 47) s=—1+4j7

= —2.8+4350.6 = 2.86/167.91°
v,(t) = [35 + 5.73¢ " cos(7t + 167.91°)]u(t) V

[b] Att =0t v, =35+ 5.73cos(167.91°) = 29.4V

i + & 81

Uy — 3D
2

Vo = VA + 8iy = va + 8(0.4va) = 4.20a

+ 0.4va = 0; Vo — 30+ 0.8vua =0

Vo

1= 35; "o 1,(0%) = 29.4 V(Checks)

v, + (0.8)



Problems 13-19

At t = o0, the circuit is

2
L'y . *e
1® n + v& - E‘i@
35v S v,
D'qv.ﬁ -
oA =0, i,=0 . v, = 35 V(Checks)
P 13.16 [a] Fort < 0:
4000 5oot
"-"v.": l APy
L7 {17,857
sovi() 12000% w 07 f T
T LT e—

%—m+_m +%—£ﬂ5_0
400 1200 500

V<1_%1 +1>_50+1W5
°\400 " 1200 " 500/ ~ 400 = 500
V.=75V
75— 1375
L (07) = 27200 51954
1(07) 500
Fort > 0:
s
1008
+
75/5(2 T
c | W é/? (2)137.5/s
5x10
XS—Q::_
0.01sf) 1.25mv
YT T U
5x10° 75
bl V, = "1+
S
137.5 5x10° 75
0=— $1007 + 221 2 195 x 1073 4 0.01s]
S S S
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62.5
+ 0.01s> =" 4+125%x 1073
S

5x 10°
s

6250 + 0.125s
52+ 10%s + 5 x 107

5% 10° ( 6250 + 0.125s ) 75
a s2 4+ 10%s+ 5 x 107 s

B 75s% + 812,500s + 6875 x 106
 s(s24+10%s + 5 x 107)

Ks . K;
s+ 5000 — 75000 s+ 5000 + 55000

_ 75s* 4+ 812,500s + 6875 x 10°
N s2+10%s+ 5 x 107

K, _ 795"+ 8125005 + 6875 x 10°
2T s(s 4 5000 + 55000)

Vo(t) = [137.5 + 80.04e "% cos(5000t + 141.34°)|u(t) V

1 <1OO +

I =

Vo

S

K
[e] V,=— +
S

=137.5

s=0

K

= 40.02/141.34°

s=—5000+35000

P 13.17
£ 2000 3.75%10°Y, 4
sx10°7R + J v, gu.uqsn
3
Vg = dx10°
i XTQ _
5% 1073 1% v,
= 2 3.75 x 107V, 2
s 20044 x 1005 >0 T 0.045
o Ax10%s 4109,
® 720044 x105/s ° 200s + 4 x 106
5x107% V,s L 15,000V, 25V,
s 200s+4 x 105 = 200s + 4 x 106 s
s -+ 20,000 K K,

? 52420,000s + 108 (s + 10,000)2 i 10,000
K, = 10,000; K, =1

~ 10,000 N 1
’ (5410,000)2 s+ 10,000

V,(t) = [10,000te 100008 4 1000011 (3) v



Problems

P 13.18 v,(07) =v,(07) =0

T 5,
S0 - 0L R
AT kG aT Z5() =T, T‘

0.06 Vo, 'V, Vo Vo
— 21

—91—° -0
1000 T 25 1000 © 107/s
20 s 0.05
Vo (1000 * 107) T s
500,000 2.5 2.5

o

s(s4200,000) s s+ 200,000
v,(t) = [2.5 — 2.5 20000y (1) Vv

20

P 13.19 [a] Z'O(O_) = m = 5mA
ID
I—— &
1/sC 23 +
Oro
20/=(2
s v
E L
L
20/s + Lp

" R+sL+1/sC

B 20/L+sp 40+ s(0.005)
2+ sR/L+1/LC 524 8000s + 16 x 106

0.00255(s + 8000)
52+ 8000s + 16 x 106

V,=—Lp+sLl,=—0.0025 +

~—40,000
(s +4000)2

v,(t) = —40,000te % (t) V
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13-22 CHAPTER 13. The Laplace Transform in Circuit Analysis

0.005(s -+ 8000)
[b] I, =
52+ 8000s + 16 x 106

Ky . Ky
(s +4000)2 s+ 4000

Ky =20 Ky = 0.005

io(t) = [20te™ 0% 4 0.005e 0 |u(t) A
P 13.20

11200 0.8si +

240/s (C F5x10 /5 0 v

5% 10%/s <240>

° 7 1120+ 0.85+5 x 106/s \ s

B 12 x 108
~ 5(0.852 + 11205 + 5 x 106)

15 x 108
s(s? + 14005 + 625 x 10%)

K, N K, N K3
s s4700— 42400 s+ 700 + 52400

Ky = 240; Ky =125/163.74°

v,(t) = [240 + 250e™ "% cos (2400t + 163.74°)|u(t) V

P 13.21

i

11200 0.8sf  +

— &
240/5 (: v, 500 O 14.4x10

V, —240/s V,s
1120 +0.8s 5 x 106

+144x10%=0



1 S 240/s 6
V, = —14.4 x 10
(1120-+(l88 +_5 X 106> 0.8s + 1120

_ —T72s%—100,800s + 15 x 10°
? 5(s% 4 1400s + 625 x 10%)

240 N 162.5/163.74° N 162.5/— 163.74°
s 54700 — 352400 s+ 700 + 52400

Vo(t) = [240 + 325¢~ 7% cos(2400t + 163.74°)|u(t) V

P 13.22 [a]
ey
I R
—UCT SLE 1/sC =
= v
P '\f'\f'\a'
sL o
LIUC 1/sC= v
_ (1/5(7)(L]§> _ ]é/(j
° R+sL+(1/sC) s2+ (R/L)s+ (1/LC)
I, 15
o= 22 150
C 0.1
R 1
L 7 LC 0
150
Vo= s247s+ 10
150s
bl sVo = G 7s v 10
lim sV, = 0; S 0p(00) =0
s—0
lim sV, = 0; o 0,(07) =0
Edee]
150 50 —50
‘/YD p— f—
Lc] (s +2)(s+5) s—|—2+s+5

v, = [50e™ — 50" |u(t) V

Problems

13-23
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1 Vo I

P1323 [, =-2— =9 _ 50V,
T s T 1/sC s °
1—13 15s ) {—10+25}
L s T s+ 2)(s+5) s ls+2  s+5

ir(t) = [15 + 10e™ — 25¢ " |u(t) A
Check:

i(0Y)=0 (0k);  ir(co) =15 (ok)

P 13.24 [a]
2.5k0
W
—1, 100,000
‘-fl: 5
25/s(; .
25,000
‘Jz" E—
25/s 0.01
[b] I, = / =
2500 + (125,000/s) s+ 50
~(100,000/s)(25/s) 1000
"7 2500 + (125,000/s)  s(s + 50)
(25,000/5)(25/5) 250

V pr— p—
272500 4 (125,000/s)  s(s + 50)

[e] i1 (t) = 10e " u(t) mA

20 20
= — — — 2 _ 2 —50t
Vi s T 5150 v1(t) = (20 — 20e™ " )u(t) V
) )
== t) = (5—="5e"""u(t)V
Va P va(t) = (5 — be """ )u(t)

[d] i1(07) = 10mA

25
i1(0+) = W =10 mA(CheCkS)

v1(07) = 0; v2(07) = 0(Checks)

v1(00) =20V; v9(00) = 5 V(Checks)



P 13.25

Problems

v1(00) + v9(00) = 25 V(Checks)
(10 x 107%)v;(00) = 200 uC
(40 x 107%)vy(00) = 200 puC(Checks)

[a]

1) +

50 F
(s+25}2C EES v, 2100

500s  100s
5s+ 100 s+ 20

~100s 50 B 5000s
7 5420 |(s+25)2| (s 20)(s+ 25)2
V, 50s

IO = — =
100 (s+20)(s+ 25)2

Ve 1000
"7 Bs T (s +20)(s +25)2

Ky Ko K3
b] V, =
[b] s+20 (51252 s+

5000s
(s +25)?
50008

9 = ———

(s +20)

— {50005} [ 5000 5000s
° 7 ds Ls+20 s+20  (s+20)2] _

100||55 =

| = — —4000

s=—20

= 25,000
s=—25

= = 4000
s=—25 —-25

Vo(t) = [—4000e 2% + 25,000te 2" + 4000e™ > u(t) V
K, K, K
I, =
s+ 20 * (s +25)2 * s+ 25
_ 90s
(s + 25)2

90s
—_— = 250
(54 20) ls=—25

_d[503} [ 50 50
ST ds ls+20)eas 5420 (s+20)2) _

= —40

s=—20

K

9 =

=40
—25

13-25
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P 13.26

CHAPTER 13. The Laplace Transform in Circuit Analysis

io(t) = [—40e2% + 250te 2" + 40e > |u(t) V

R N T <
s+20  (s+25)? s+25
L (sl—i?OQ(i)S)Q =20 0
2 = @1—?—050) S:_%: —200
=k js [81—?—050}5:—25 B [_(Slf(;%)Q] s o5 =

ir(t) = [40e72% — 200te " — 40~ *"|u(t) V

10 v 10}
A ey

lﬂ/SC J E 50 ) =1/
Il I IZ

10
= (S + 1)[1 — 5[2
S

1
OZ—S[1+(S+1+)[Q
S

In standard form,
s(s+ 1)1 — %1, = 10

—s°I, + (32 +s+1)IL=0

s(s+1) —s?

A= = 25(s* + 5+ 0.5)

-5 (s+s+1)

10 —5° 5
= =10(s"+s+1)
0 (s*+s+1)
s(s+1) 10
= ( ) = 105>
—s2 0




Problems

N N.

Ilel; IQZKQ; Iy=1, -1,
[_Nl—Ng_ 5(8"‘1)
A s(s2+s5+0.5)
K, Ky K3

s 5105-j05 541054405

Ky =——=10
705

5(—0.5+ j0.5 + 1)
(—0.5 + 50.5)(51)

Ky = =5/—180°

io(t) = [10 — 10e "% cos 0.5t]u(t) A

P 13.27 [a]

6/s £ 50 1. (2)75/s

5
(I, — I,) + 101,

S

0=2.5s(l, —6/s) +

-7

S

5
= g(]g — Il) + 5(]2 — 6/8)
or
(s* +4s 4+ 2)I, — 21, = 6s

L+ (s+1)[5=-9

A = (5 +ds+2) -2 =s(s+2)(s+3)
—1 (s+1)

13-27
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6s —2

N, = =6(s* +s—3)
-9 (s+1)
/ M 6(s*+5-3)
"TOA T s(s+2)(s+3)
(s +4s+2) 6s )
Ny = = —95% — 305 — 18
—1 -9
I Ny —9s* —30s — 18
T A s(s+2)(s+3)
6(s>+s—3)
bl s = — %
[b] sh (s+2)(s+3)

. . +\ . . . _
lim sy =4 (07) = 6 A; lg%sll—zl(oo)— 3A

—9s% — 30s — 18
(s +2)(s+3)

S]Q =

lim sl = i5(07) = —9A; lir% sly = is(0c0) = —3A
s—

§—00

6(82+S—3) _& K2 Kg

[c][1:3(5+2)(5+3)_5 s+2 s+3
_6(=3) .. _6(4—-2-3)
et T Rrrmm 7Y
g, 60-3-3)

i1(t) = [-3 + 3¢ + 6e u(t) A

952 -30s-18 K, K, _ K

I, = =
7 s(s+2)(s+3) s +s+2 s+3
—18 —36 + 60 — 18
K1:7:—3; KQZ :—3
6 (=2)(1)
—81+90— 18
Kg - i - —3

(=3)(=1)
in(t) = [-3 — 3e™* — 3e Hu(t) A



Problems

45/5 Q
P 13.28 [a] |
IZ
Ay Ay
10 10
54/ 0.3630
112 10 132
Lo
4
o4 =2 —1,— I
5
45
O:—Il+ <2+>]2—I3
s
2 —1 -1
1.08(s +5)(s + 25
A=| -1 (25+45)/s -1 = ( s)( )
-1 -1 (0.36s + 2)
2 (54/s) -1
162
No=|-1 0 —1 = ?(0.125 +1)
-1 0 (0.36s+2)
2 —1 (54/s)
162
N3y=|-1(2s+45)/s 0 |= ?(s+ 15)
-1 -1 0
[ Ny 150(0.12s +1)
T A (s+5)(s+25)
45 6750(0.12s + 1)
‘/;) = —1ly =
s s(s+5)(s+25)
I Ny 150(s+15)
TA T s(s+5)(s+25)  °
Ky | K K
b] V, = —
[b] s + s+5 * s+ 25
6750 6750(—0.6 + 1

125 (—5)(20)

13-29



CHAPTER 13. The Laplace Transform in Circuit Analysis

_6750(—3+1)

b= onyc20) — 7

v,(t) = [54 — 27e™ ™ — 27e " (t) V
K, K, K

b=t st i
150(15) _150(10)
e Y T e T
150(—10)
= oy~

io(t) = [18 — 157" — 3e~*"u(t) A

[c] Att = 0T the circuit is

54V () 10 J/io

Both v, and 7, are zero, which agrees with our solutions in part (a).
Att = oo the circuit is

+ 54v —
Ay Aty L ]
10 10
A T | |
T " 182

Our solutions predict v,(00) = 54 V and i,(00) = 18 A.
Also observe from the circuit at £ = 0" that the voltage across the inductor is
54 V. Our solution predicts

diy(0F
vr(0F) = 0.36252]) = 0.36(75 + 75) = 54V

Att = 07 the current in the capacitive branch is (1/2)(54/1.5) = 18 A. From
our solution we have

150(0.12 + 1/s)
(1+5/s)(1+25/s)

sl = and  lim sl = i5(0%) = 150(0.12) = 18A



P 13.29 [a]

Problems

0.05v,
%
D.D—EE(:Q

STV

Ml
5007 T5° 20507

120/s(? j Vo T 250/50) 7 27000

Il + Iz

120 250
0 5001 — 0.05V) + 2 (1 — L)
S S
120 250 250 250
2 501, - 25 () (I — 1)+ 221 - 22,
S S S S

250
0=""(I — Iy) + 20s(I5 — 0.05V},) + 7001,
S

250 250
0="2(I, — I;) + 20s {12 —0.05 () (I — 11)} V) + 7001,
S S

Simplifying,
(505 + 875)1; — 8751, = 120
250(s — 1)1} + (205* 4 4505 + 250) 1, = 0

(505 + 875) 875 ,
A= = 1000s(s” + 40s + 625)

250(s — 1) (20s% + 4505 + 250)

120 —875 )
Ny = = 1200(2s? + 455 + 25)

0 (20s% + 4505 + 250)

(50s + 875) 120

N, = — —30,000(s — 1)
250(s —1) 0
I N1 1.2(25* + 455 +25)
"TUA T s(s2 4 40s + 625)
N. —30(s — 1
I, = Vg (s )

A s(s? + 40s + 625)

250
]o - ]2 - OO5V¢ - ]2 - 005 |:(_[2 - Il>:|
S

—2.45(s + 35)

I— I =
71T 5(s? + 40s + 625)

13-31
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250 —600(s + 35)
— (2= h) = —
s s(s? 4+ 40s + 625)
_ =30(s—1) 30(s+35) 1080
7 5(s2+40s+625)  s(s2 +40s+625)  s(s2 +40s + 625)
[b] sI, — 1080

(52 1 40s + 625)
io(07) = lim sI, =0

S—0Q
. . 1080
ip(00) = £1_I>% sl, = E = 1728 mA
[c] Att = 0T the circuit is
1o
s —
5ar}
120w v, 7000
+
i0(0") = 0 (Checks)
At t = oo the circuit is
0.05%, -
— =
Ty
" |
safl |
10y Y 7 27000
t i
Ia
|

120 = 50(i, — 1) 4 700i

= 50(i5 — 0.05v4) + 7007, = 7507, — 2.5v,

v = —700i, 120 = 7504, + 1750, = 25004,
120

= 2 _4SmA

2 = 5500 m

vy = =700z, = —33.60 V

io(00) = 48 x 107% — 0.05(—33.60) = 48 x 10~ 4 1.68 = 1728 mA (Checks)



Problems

1080 K K> K

dl I, — _ M | ,
] Lo = o a0s 1 625) ~ s | s420— 415 5420+ 415

1080
K= —" —1.72
17625 728

1080
= 1.44/126.87°
(—20 + 515)(530) A26.87°

io(t) = [1728 + 2880e 2" cos(15t + 126.87°)]u(t) mA

B&ZZ

Check:  i,(07) = 0mA; io(00) = 1728 mA

P 13.30 [a] 300
A

ngSQ + 450 +
50/5(5) 1002V v @s/s

1

v

Vi Vi=50/s Vi-V,
TO+ 25/s * 4s =0

;5+V0—V1 +Vo—50/8 _
s 4s 30

Simplifying,

(45® 4+ 10s + 25)V; — 25V, = 200s

0

—15V; + (25 + 15)V, = 400

45?2 +10s +25) —25
A= ( ) = 8s(s + 5)*

~15 (25 + 15)

(4% + 10s + 25) 200s )
N, = = 200(852 + 355 + 50)

’ _15 400

oo No 02355 50) Ky K Ky
VN 8s(s +5)2 s (s+5)?2 s+5

25(200 — 175 + 50
K== =50 Ky = ( - =50 _ 375

13-33

Ky =25—
3 ds S 52

d [852 +35s+50] e [3(163—1—35) — (8% + 355 + 50)
s=—5

s=—5



13-34 CHAPTER 13. The Laplace Transform in Circuit Analysis

= —5(—45) — 75 = 150

50 375 150
Vo=—-— +
s (s+5)? s+5

[b] v,(t) = [50 — 375te™" + 150e ™ |u(t) V

[e] Att =07
300
A
— 150V +
+
stV (5 1002 w0 Mg

v,(0%) = 50 4 150 = 200 V(Checks)

Att = oo:
3002
My
+
50V (5 1002 V() (P
Vo(00) v,(00) — 50
-5+ —2——=0
10 T
30o(00) — 150 + v,(00) — 50 = 0; U dwg(oo) = 200

v,(00) = 50 V(Checks)



Problems 13-35

P 13.31 [a]

10/s ()

Y
Y o0

m ||

7 100 cv
+
5/3(1 o/s vI 1050 I, £ 100

10 10

?Il—f— (Il—lg)+10<ll—9/8) =0

B
10 10
;45—9m»+;%b—lﬁ+1m§=0
Simplifying,

(S+2)[1—[2:9

9
—]1+(S+2)12: g

s+2) —1

A= ( ) =s+4s+3=(s+1)(s+3)
-1 (s+2)
9 -1 241 9

le :w:,(erl)?
9/s (s+2) 5 5

1—N1_9[ (s +1)* 1_
TOA T s s+ ) (s+3)] s(s+3)

(s+2) 9| 18

Ny = =—(s+1)
-1 9/s 5
]_&_ 18(s+1) 18
T A s(s+1)(s+3)  s(s+3)
9 9 9s+1) 6 6
L=>-1="- =--
s s s(s+3) s s+3

Os+1) 3
Cs(s+3) s s+3
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[b] i.(t) = 6(1 — e *"u(t) A

in(t) = 3(1 + 2 *Hu(t) A
10 10 /3 6
Vo=—h=—|-
Le] P S <s+s—|—3>
30 60 30 20 20

?—I_s(s—l—?;) 52+? s+3

B 2[5 ()

s s s+3 s s+3

s_s—|—3

10[3 12 }_30 40 40
s

10 10 /9 6 6
Vo= 0fs—I)=— (C- 2+ )

S

30 20 20

s2 * S s+ 3
[d] va(t) = [30t + 20 — 20e*u(t) V

vp(t) = [30t — 40 + 40e > Ju(t) V
ve(t) = [30t + 20 — 20e*Ju(t) V
[e] Calculating the time when the capacitor voltage drop first reaches 1000 V:

30t 4+ 20 — 2073 = 1000 or 30t — 40 + 40e~3" = 1000

Note that in either of these expressions the exponential term over time
becomes is negligible when compared to the other terms. Thus,

30t + 20 = 1000 or 30t — 40 = 1000

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

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



P 13.32 [a]

Problems

2501 255 (]

50z /_1\/ G 1uuf§_1\¢,/ =505 ()
1

201, + 25s(I, — I) + 25(I, — I,) = 0

50
fl(b + 5[1 + 25([1 — ]0) + 25S(I¢ - Io) =0
S

100 100

Simplifying,
(—25s —5)1, + (255 +25)1, = —2500/s

(50/s + 255 + 30)15 4 (—255 — 25)I, = 3000/ s

—5(bs+ 1) 25(s+ 1)

= = —625(s + 1)(1 + 2/s)
;(532 + 65+ 10) —25(s + 1)
—5(5s+1)  —2500/s @ 48510
Ny =5 — 12,500 0
(5s* + 65+ 10) 3000/s s

S

I Ny 20(s* — 4.85 — 10)
A s(s+1D)(s+2)

[b] io(0") = lim s, = 20 A

—200
io(00) = lim 51, = —= = ~100A

s—0
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[c] Att = 0T the circuit is

IéD+}
201,
+ —
"y E —
25101 !
59//"23“ N
z ! f%ﬂDA N
ui]

201, + 5(1, — 100) = 0; 2514 = 500
Iy = I,(0") = 20 A(Checks)

At t = oo the circuit is

(=]
_
35 (1
i
S 5 I
E"r'!‘: () 100a -
A
B |

I,(0c0) = —100 A(Checks)
20(s> — 485 —10) K, K, _ K

[l £, = s(s+1)(s+2) s  s+1 s+2
200 20(1 + 4.8 — 10)
K= 27— 100; K= — 84
e ’ =0
20(4 + 9.6 — 10)
K3 = = 36
’ (=2)(=1)
I = —100 84 36

S Jrs+1+s+2



Problems

io(t) = (—100 + 84e~" + 36~ )u(t) A
io(00) = —100 A(Checks)
io(07) = —100 + 84 + 36 = 20 A(Checks)

P 13.33 ve =12 x 105%e "V, C = 5 uF; therefore

d
ic =C (;’f) = 6e79%%(1 — 5000t) A

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

tc =0 when 1—5000t =0, or t=200pus

d
2 _ 192 % 105591 — 5000¢]
dt
d
ic =0 when —;C =0

P 13.34 [a] The s-domain equivalent circuit is

sL{)
1 e 2
%I
VgC R0
Ve VL V_Vm(wcos¢—|-ssind))
- R+sL s+ (R/L) v s2 + w?
Ko K K

8+R/L+s—jw+s+jw

Vin(wL cos ¢ — Rsin ¢)

Vo= 90° — O(w)
T VR

where tan f(w) = wL/R. Therefore, we have

o Vim(wLcosg — Rsing) gy, | Vinsinwt + ¢ — 0(w)]
O=""grer ¢ T Jpi.oD
Vin

bl i) = s

sinwt + ¢ — O(w)]
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Vin(wLcosd — Rsing) _ppy,

le] ¢ = R2 + w?L2 c
\Y
dlI=—2 V,=V,/o—90°
Vi — 90° v,
Therefi I= — = —90° -4
erefore T+ 220w IESRI R /9 (w)
Therefore iz, = __Vm sinfwt + ¢ — O(w)]
R+ W2L2

[e] The transient component vanishes when

wlLcos¢p = Rsing or tan¢:% or ¢=~0(w)

R
P 13.35
10000 10000 .

s Myl & ‘
a0/s( EIUSD 5x10/s T

&

o]

10s 40 400 40
VTh 1A 1nnn

T 10s+1000 s 10s+1000 s+ 100

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

Z1n, = 1000 4 1000]|10s = 1000 +

I

.

VoG Ex10/s ﬂ

a
Th P

b

40/(s + 100) 40s

(5 x 105)/s + 2000(s + 50)/(s + 100) _ 200052 + 600,000s + 5 x 107

B 0.02s B K, N K
5243005 425,000 s+ 150 — 550 s+ 150 + 550

0.02s

K=—" =31.62 x 1073 /71.57°
L7 + 150 + 750 [s=—150+;50 15T

i(t) = 63.25¢ % cos (50t + 71.57°)u(t) mA



Problems

P 13.36 I[a] "

10062 25202 30=s0 4nQ N
180 -
—{S i) W 1086 1600 v,
I I,

1

1
180 = (100 + 15s)I; + 10515
s

0 = 10sl; + (20s + 200) 1

15s +100  10s
A= =200(s + 5)(s + 20)
10s  20s 4 200

155 + 100 180/

N, = = —1800
10s 0
N, —9
L=-2=
A (s+5)(s+20)
V, = 1600, — 40
© T (s +5)(s +20)
—1440s
b] sV, =
bl sVo = 5y + 20)

lim sV, = v,(c0) =0V
s—0

lim sV, =v,(0") =0V

S§—00

—96 96

el Vo= 75+ g

Vo(t) = [—96e~"" + 96 M u(t) V

P 13.37 " P R
1oog: . 5352 10ag: 406
180 K Sl
T[::I 1 IDEQE lllfﬂ]';' Vo
I I -

1
S

0 = —10s; + (20s 4 200) 1,

13-41
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155 +100 —10s
A= = 200(s + 5)(s + 20)
—10s  20s + 200

15s + 100 180/s
Ny = = 1800
—10s 0

N, 9
A (s+5)(s+20)

1440 96 96
V, = 1601, = = -
T (s+5)(s+20) s+5 s+20

v,(t) = [96e" — 96e 2% |u(t) V

1 1
P13.38 [a] W = §L1ﬁ + 5L2z‘§ + Miyiy
W = 4(15)% + 9(100) + 150(6) = 27007

_ diq diy
b] 120 8§— —6 =0
[b] 1+ gt gt
. dis diy

Laplace transform the equations to get
12017 + 8(sI; — 15) — 6(sly + 10) =0
27015 + 18(sly + 10) — 6(sl; —15) =0
In standard form,

(8s + 120)1; — 6sI, = 180

—6s1; + (185 4 270) [, = —270

8s + 120 —6s
A = = 108(s + 10)(s + 30)
—6s 18s+ 270
180 —6s
Ny = = 1620(s + 30)
—270 18s + 270
8s 4+ 120 180
Ny = = —1080(s + 30)

—6s =270




Problems 1343

;oM 1620 +30) 15
"TOA T 108(s +10)(s+30) s+ 10

P —1080(s + 30) ~10
2 = = =

A 108(s +10)(s +30) s+ 10

[c] 41(t) = 15e %u(t) A; in(t) = —10e™u(t) A

—20t 00

[d] Wign = / (225¢72°%)(120) dt = 27,000 = 13507
0 - 0
0o —20t 00
Waroa = / (100e~2°%)(270) dt = 27,000 = 13507
0 - 0
ngog + W270Q =2700]J (ChCCkS)
1 1
[e] W = §L1i§ + §L2i§ + Miyia = 900 + 900 — 900 = 9007J

With the dot reversed the s-domain equations are

(8 + 120)1; + 6515 = 60
651 + (18s + 270)I, = —90

As before, A = 108(s + 10)(s + 30). Now,

60  6s
Ny = — 1620(s + 10)
—90 185+ 270
8s+120 60
N, = — —1080(s + 10)
6s  —90
N 15 Ny  —10

I =

- . I, = —
A s+30° TA T s+30
i1(t) = 15e " u(t) A; in(t) = —10e *u(t) A

Waroo = / (100e=5%)(270) dt = 4507
0

Wison = / (225¢59)(120) dt = 4507
0

ngog + ngg =9001J (Checks)
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P 13.39 [a] s-domain equivalent circuit is

- O
12002 fs 0 1850 36V
-350Q ’_1
24 - 3600
T ,_1 I, :
I
' Oev
20
Note: (07) = ——=-2A
ote io(01) 10

24
[b] == = (120 + 3s)I; + 35, + 6
S

0=—6+3sl; + (360 + 15s)15 + 36
In standard form,
(s +40)1; + sly = (8/s) — 2

sl + (5s + 120) I = —10

s+ 40 S
A= — 4(s + 20)(s + 60)
s 955+ 120
(8/s) =2 s —200(s — 4.8)
Ny = S
—~10 55+ 120 s
Ny —50(s — 4.8)
L ===

A s(s+20)(s + 60)

—50(s — 4.8)
(5 + 20)(s + 60)

[e] shy =
: — (0 —
lim sI; =4,(07) =0A

(—50)(—4.8)

ll_t}é sl =i1(00) = (20)(60) =0.2A
K, K, Ky
d 1, ==
Wl =t 0t 6o
240 —50(—20) + 240
Ki=—"=02 K= =155
" 1200 ’ ? (—20)(40)



Problems 1345

 —50(—60) + 240

K3 = (—60)(—40) =1.35

i1(t) = [0.2 — 1.55¢ 2% + 1.35¢ " u(t) A

P13.40 Fort < 0:

50
A,
——>18n
gov()
Fort > 07:
VTR
182 £3H 2H W\
200 182
§ »

£ 100

18x4=72,  18x3=54

[ an pn ! .'d_\\l [ an pn !

o
T2 4382 547 2al2
. E-lsﬂ' e
200 1 \[ . 1
I, 1 z
o E109

20]1 -T2 + 48[1 + S(]Q - [1) + 10([1 - [2) =0
54+ 3sl+10(I, — 1) + s(I; — I,) =0

In standard form,

(3s + 30) 1 + (s — 10)], = 72
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(3s +30) (s — 10)

= =5(s+ 2)(s + 20)
(s —10) (2s+ 10)

72 (s —10)
N, = = 90s + 1260

54 (25 + 10)

(35 + 30) 72
Ny = = 90s + 2340

(s —10) 54

N, N —1080

L=5L—I,=——-"2=

A A 5(s+2)(s+20)

—216 12 12
(s+2)(s+20) s+2 s+20

io(t) = [12e7% 4 12 2% u(t) A

P 13.41 The s-domain equivalent circuit is

1 A, 5
0.8
%Q 402 + =
.5 0.8s0 i
g@) v, W, £ 200
9.6V, -
Vi—48/s V1496 Vi 0

4+ (100/s) = 0.8s ' 08s+20

—1200
52 +10s + 125

1=

20 —30,000
Vo= ——=V1= : .
0.85 4 20 (s+25)(s+5—j10)(s + 5 + 510)

K n K n K3
s+25 s+5—3510 s+4+5+710




Problems

~—30,000 w0
P 824105+ 125 [om a5
—30,000
Ky = ; ‘ = 67.08/63.43°
27 (54 25)(s 454 710) ls=51j10

V,(t) = [~60e™ " 4 134.16e " cos(10t + 63.43°)]u(t) V

P 13.42 [a] Voltage source acting alone:

Myl
100 10=
+

60/ s 80/s Tv z 200

ol

v

%1—60/8+%18+ Vo .
10 80 20+ 10s
480(s + 2)
s(s +4)(s +6)

ol —

Current source acting alone:

AN T A

100 105

80/s =y 1.5/s(1) =200

s
100} N 10s 200
| 320/

80z TV

v

V02+V023 ‘/;2—30/5_0
10 80 = 10(s+2)

240
s(s +4)(s + 6)
480(s+2) +240  480(s + 2.5)

Vo="Vo1 + Va = s(s+ 4)(s + 6) - s(s+4)(s+6)

Vo =

13-47
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K, K, K
bl V,=—
[b] s +s—|—4 s+6
480)(2.5
K, - (8025

(4)(6)

_ 480(~1.5)

ey

Vo(t) = [50 + 90~ — 140e”u(t) V

Vi, Y,
P1343 A=| " | =V Ve — Y2
Y19 Yoo
| Yu [(Ve/Ra) +9C = (p/5)]
L —
le (Ig - '70)
Ny
2=x

= 90;

Substitution and simplification lead directly to Eq. 13.90.

=]

P 13.44
1/s
A
0.80 1/s 1.250
A { | =
i
a.8/s(" Va v
v v v v
Va—48/s Vo Va1V,
+ =0
0.8 1/s 1/s
0—-Ve 0=V,
=0
1/s 1.25
V5
Ya= 1o

Va(2s +1.25) — sV, =6/s

K3

_ 480(-3.5)

(=6)(=2)

—140



Problems

(25 + 1.25)
A fCah D
255 T8 =0/
(12552 + 25 + 1.25
Ve 1.255 1 = 0/s

Vo ~75 B —6
° 12582 +25+1.25 2+ 1.6s+1

B K . Ky
- 54+08—-30.6 s+08+30.6

Klz_—6 = 5/90°

5+ 0.8+ 70.6 [s=—0.8+j0.6

v,(t) = 10e™"% cos(0.6t + 90°)u(t) V = —10e " sin(0.6t)u(t) V

Z
P1345 [a] V,=-"1v,

Z
107 1010 1010 107
Z; = = 1000 = /s _ -
S 107/s 4+ 1000  1000s + 107 s+ 104
2 x 10° 400 2 x 10% 400
7z, = 2220 oo = 2T B s000)
s s
20,000
v =29
o —07/(s 410 20,000 5% 108
° = (400/5)(s + 5000) 52 s(s + 5000)(s + 10,000)
K Ky K
b] V, = —
Lb] s +S—|—5000+8+10,000
_ 108
K, — 5 x 10 _ 10
(5 + 5000)(s + 10,000) |s—g
_ 8
Ky = 5 x 10 _ 90
s(s+10,000) |s=—s5000
— 108
P ST I
s(s +5000) |s=—10,000

V,(t) = [=10 + 20e 70 — 10100y (¢) V

1349
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[e] —10 + 20e 209" — 10e 10000 — _5
Let x = 75900 Then

102 — 202 +5=0

Solving,
z = 0.292893
e P00 — (0.292893 .. t, = 245.6 us
m
[d] v, = mtu(t); V, = 2
—107s m
Vo = :
400(s + 5000)(s + 10,000) s>
B —25,000m
s(s 4 5000)(s + 10,000)
—25,000m
K, = ’ =-5x 107"
1= (5000)(10,000) e
—5=—-5x10"m " m =10,000V/s
P 13.46 [a]
1007 =f)
e
50
e 1Irt'l 51"
z05) " -
___.-"
;E‘I': - - .L—E-*.-' ' x
v ] a0t
ans(t)  16/s AlrE Ty
w s 4 v
50/s 50

=T Vy=—"_1V,
P 5450/s 7 5s+50 7

%—%ﬁ+%—% Vo= Vo _

20 5 100/s

1 1 S 1 S 2
V(a5 100) Y (G o) =

s+25< 50 )16 2—V<1+ s)_v<s—|—20>
100 \hs+50/ s s °\5p e

100 100



Problems

100 [ 16(s+25) 2| —40s+2000
° s+20|10(s+10)(s) s| s(s+10)(s+ 20)
K| K K

S +s—|—10+5+20

Vo(t) = [10 — 2471 4 14e 2" u(t) V

[b] 10 — 24e7 1% + 14¢72% = 5
Let z = e 10 Then

10 — 24z + 1422 =5
1422 — 242 +5=10
r = 0.242691

e 1% =0.242691 .. t,=141.60ms
P 13.47 Let v,; equal the output voltage of the first op amp. Then

—Z
Vo, = flV:q where Z; =25 x 10°Q
Zal

25,000(20 x 10%/s)
25,000 + (20 x 104/s)

Za1 = 25,000 +

~25,000(s + 16)

(s +8) &

_ —(s+8)
T (s+16) ¢
Also,

—7Z 2 x 108
V, = L Vor where Zjpy = x
Z A2

2 and Z 45 = 25,0002

Vo

S S

_ 8000, 8000 [—(s+8)) |,
(s +16)

~8000(s + 8)
~ s(s+16) 7

_16x107®

vy(t) = 16u(t)mv; ..V
s

13-51
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C128(s+8) Ky K K
© s2(s+16) s s s+16

128(8)
K, = =064
! 16 0
d[s+8
Ky = 128— =4
2 SdS |:S“[‘ ]_6:|s:O
128(—
256

v,(t) = [64t + 4 — de " u(t) V

The op amp will saturate when v, = 46 V. Hence, saturation will occur when
64t +4—4e ' =6 or 16t —0.5=e "

This equation can be solved by trial and error. First note that ¢ > 0.5/16 or
t > 31.25 ms.

Try 40 ms:

0.64 — 0.5 =0.14; e %01 =0.53

Try 50 ms:

0.80 — 0.5 = 0.30; e 080 =0.45

Try 60 ms:

0.96 — 0.5 =0.46; e "% =0.38

Further trial and error gives

teat = 56.5ms

P 13.48 [a] Let v, be the voltage across the 0.5 uF capacitor, positive at the upper terminal.
Let v, be the voltage across the 100 k2 resistor, positive at the upper terminal.

Also note
106 2 x 108 106 4 x 10 0.5
0.5s S 0.25s S S

Vo Va—(05/s) Vo _
2 x 106 200,000 200,000




SVa—l-lOVa—?—f—lOV;:O
s
5

Vo= — 2

s(s +20)
0-V.  (0-Vi)s
200,000 4 x 106
20 —100
s s2(s 4 20)
W (h-0s  (h-Vo)s

=0

‘/b:_

100,000 ' 4 x 106 1x106
40V, + sV + sV, = sV,
2 _ _
Vo (s+20)vb; Vo 2( 100) _—200
s 83 83

[b] v,(t) = —100t%u(t) V
[c] —100¢* = —4; t=0.2s = 200 ms

V, 1/sC
P 13.49 —_ ==
L2l Vi R+1/sC
(1/RC) 200
H(s) = = ; —p; = —200rad/
) = S (/Rre) ~ st 200 b racss
Vo R RC's s
[b] -2 = - -
Vi R+1/sC RCs+1 s+ (1/RC)
S
S—FTOO, Z1 = 0, —pP1 = —200rad/s
[c] E . sL S B S
Vi R+sL s+ R/L  s+8000
z1 = 0; —p; = —8000rad/s
V, R R/L 8000
[d] L

Vi R+sL s+ (R/L) s+8000
—p1 = —8000rad/s

[e]
L Ay *
+ 40k0 v
f
4x10 1
v, 10kQE — O v,
. .
Vos Vo Vo—Vi _

0

4 x 106 + 10,000 + 40,000

Problems

13-53
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sV, + 400V, 4 100V, = 100V;

Vo 100
Vi s+500

—p; = —500rad/s

P 13.50 [a] Let Ry = 250k§); Ry =125k); (5, =1.6nF; and Cy = 0.4nF. Then
(R2+1/SCQ)1/SCf B (S+1/RQCQ)

7 = —
1 1 Co+C
<R2 + sCa + @) Crs (S + C22Cf1{2)
1 2.5 x 10°
Cy
1 62.5 x 107

= = 5000 rad/
RoCy 125 x 10 rads
Co+Cp 2% 1079

o = 25,000 rad/
CyCrRy — (0.64 x 10-18)(125 x 103) ,000 rad/s

2.5 x 10%(s + 5000)
~ s(s+25,000)

Zy

Z: = Ry = 250 x 10°Q

Hs) V, —Z; —10(s+ 5000)
S) = — = =
V,  Z s(s + 25,000)

[b] —z; = —5000rad/s

—p1 = 0; —py = —25,000 rad/s

P 13.51 &
3.51 [a] 5:;109

Va—Vg+ sVa (Va—Vo)s_o
1000 5 x 106 5x 106

5000V, — 5000V, + 2sV, — sV, =0




Problems 13-55

(5000 + 25)V, — sV, = 5000V,

(0-Va)s 0=V,

=0
5 x 106 * 5000

—sV, — 1000V, =0; .. Va =

—1000
s

(25 + 5000) ( ) V, — sV, = 5000V,

1000V,,(2s + 5000) + s*V,, = —5000sV,

V,(s% +2000s + 5 x 10%) = —5000sV,
vV, —5000s

V, 524 2000s+ 5 x 106
s1.2 = —1000 £ v/108 — 5 x 106 = —1000 % 2000

Vo —5000s
V, (s + 1000 — j2000)(s + 1000 + 72000)
[b] 2 =0;  —p; = —1000 + j2000;  —p, = —1000 — j2000

100 1
P13.52 [a] Z — 1000 4 22X 100 _ 1000(s +5000)

S S
40 x 108 40 x 106
Zp=— 40,000 = s+ 1000
Z;  —40 x 10°/(s +1000) 40,0005

H(s)=—

Z;  1000(s +5000)/s (s 1000)(s 4 5000)
[b] Zero at s = 0; Poles at —p; = —1000 rad/s and —py = —5000 rad/s
P 13.53 [a]

+

BDkQ ZDxlEI

W -
1
+ +
0.2V, ZDkQ v, iSDDkQ

Vi
500,000 + [(20 x 106)/s]

02V, =V, +V,

S
(500,000) = —= Vi

a:
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s
Vo=02V, — ——V;
s + 40

Vo 02(s+40)—s —08s+8 —0.8(s—10)
Vi s+ 40 o s+40 s+40

[b] —z; = 10rad/s

—p1 = —40rad/s
P 13.54
Elﬁsﬂ 10kD)
1 DaCe .
B !
™, :[2 + g
vy 1 Ezasn v %n
I
) )

‘/g = 255[1 — 358[2

I

16 x 10
0= —35sl; + (503 410,000 + X)

25s —35s
A = = 25(s + 2000)(s + 8000)
—35s  50s + 10,000 + 16 x 10%/s

25s 'V,
Ny = = 355V,
—355 0
- & B 355V,
7 A " 25(s + 2000)(s + 8000)
o 16x30° 224 % 10°V,
7 s 7 (54 2000)(s + 8000)
g 22.4 x 10°
H(s) = 22 = <10
V, (s +2000)(s + 8000)

—p1 = —2000 rad/s; —p2 = —8000 rad/s



Problems 13-57

P 13.55 [a] 2T

I, 5k v, %uizs L1

Vo n Vo
5000 ~ 0.2s

+V,(107")s = I,

10 x 10%s
o — '[g
52 4+ 2000s + 50 x 106
I 0.1s Vs
I 24108 10 x 106

82

s2 + 20005 + 50 x 106
(s2)(0.15)
(s + 1000 — j7000)(s 4 1000 -+ 57000)(s2 + 108)

H(s) =

[b] 1, =

0.1s®
I, =
(s 4+ 1000 — 57000)(s + 1000 + j7000)(s + j10%)(s — 710%)

[c] Damped sinusoid of the form
Me ™19 cos(7000¢ + 6;)
[d] Steady-state sinusoid of the form
N cos(10*t + 6,)
Ky K7 Ky K3
: + . + . + :
s+ 1000 — 57000 = s+ 1000 + 57000 s — 710* s+ j10%

. 0.1(—1000 + 57000)?
"7 (j14,000)(—1000 — 53000)(—1000 + §17,000)

le] I, =

= 46.90 x 107%/— 140.54°

0.1(j10%)?

= 92.85 x 1072 /21.80°
(520,000)(1000 + §3000)(1000 + 517,000) % 21.80°

Ky =

io(t) = [93.8¢ 71 cos (7000t — 140.54°) + 185.7 cos(10*t + 21.80°)] mA

Test:
i0(0) = 93.8 cos(—140.54°) + 185.7 cos(21.80°) mA = 100 mA
gLy L b1 24
Y 5000 32000  —71000 10,000
10,000
= = 1856.95/— 68.2° 2

2+ 45
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V, =1,Z = (0.10°)(1856.95/ — 68.2°) = 185.695/ — 68.2° V

V,
L= —°  —185.7/21.80° mA
—71000 m

ioss = 185.7 cos(10* + 21.80°) mA (Checks)

P 13.56 [a]
gkl MV,
Wiy +
. |
1.0 20z, El/ 050
2000(1, — 1,) + 80001, + (I, — 1,)(2000) 4 251, = 0
1000(1 — p)
’ " 54+1000(5 — )¢
1 1-—
H(s) — 10000 1)
s+ 1000(5 — p)
[b] © <5
[c]
p| H(s) 1,

—3 | 4000/(s +8000) | 20,000/s(s + 8000)
0 | 1000/(s 4 5000) | 5000/s(s -+ 5000)

4 | —3000/(s + 1000) | —15,000/s(s + 1000)
5
6

—4000/s —20,000/ s
—5000/(s — 1000) | —25,000/s(s — 1000)
= —3:
2.5 2.5
Ih="—————; i, =[25— 25" "u(t) A
s “Grsoony ol e ul®)
w=0:
1 1
10:7_ . '0:1_ —5000t tA
s Tstooop o= lmeul)
=4
~15 15
I, = : o = [—15 + 15e 719 (¢) A
e T M N )
=9
~—20,000

S o= 20,000t u(t) A



= 6:
25 25
J == - . | — 95[] — 1000t A
= s e =25[1— e u()
V, 1
P13.57 H =2 = h(t)=e?
()=3r=1p  h=e
For 0<t<1:
1 {ney
—A
e
0 A
vit-A)
(t-13'0 t A

Vo = e rdh=(e—1)e 'V
t—1
1% s 1
P 1 . H = _° = — - - — _ t
3.58 H(s) Al Y h(t)=0(t) —e

Problems
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P 13.59 [a]

2( A )
25
A
a 10
h(t-})
25
A
(t-10) 0 t
t<0 y(t) =0
t
0<t<10: y(t):/625d>\:625t
0
10
10<t<20:  y(t)= / 625 d\ = 625(10 — ¢ + 10) = 625(20 — 1)
t—10
20<t<o0: y(t) =0
vit)
6250—f-------
I T
0 10 20
[b]
(M)
12.5
A
a 20
h(t-})
25
A
(t—10) 0 t
t<0: y(t)=0

t
0<t<10:  y(t)= / 312.5d) = 312.5¢
0



[c]

t
10 < t < 20 y(t) = / 312.5d) = 3125
t—10
20
0<t<30:  yt) = / 312.5d\ = 312.5(30 — )
t—10
30<t<oo: y(t) =0
L)
3125 - -omoog .
| i —t
10 20 =0
e | H(A
A
a 10
h(t- )
25
A
{t-1] 0 t
t<0 y(t) =0
t
0<t<1: y(t):/625d)\:625t
0
t
1<t<10: y(t) = 625 d\ = 625
t—1
10
10<t<11 y(t) = [ 625d\ = 625(11 — ¢)
t—1
11<t<oo: y(t) =0
L)
625 -

\

1
10 11

Problems
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P 13.60 [a] 0 <t <40:

10=)
N
0 40
h(t-a
T
N
[t—40] ot

y(t) = /Ot(lo)(l)(d/\) — 10 ;: 10¢

40 <t < 80:
1)
A
0 an
LICSN,
A
0 (t-40) t

y(t) :/t40 (10)(1)(dN) = 102 | = 10(80 — 1)

—40 t—40



Problems

[b] 0 <t <10:
10=)
A
0 40
hi{t-A)
3
A
(t-1010 ¢
t t
y(t) = / 40 d\ = 40\ | = 40t
JO 0
10 <t < 40:
10 420A)
A
0 40
4 BOE-N)
A

0 (t-101 t

t t
y(t) = / 40d\ =40\ | =400
t

—10 t—10

13-63
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40 <t < 50:
INRRACY
A
a a1
4| BLER)
A
] (t-10) 4|c| t
40 40
y(t) = / 40d\ =40\ | =40(50 — 1)
t—10 t—10
t>50:  y(t)=0
[c] The expressions are
t t
0<t<1: y(t):/400d)\:400/\ — 400t
0 0
t t
1<t<40:  y@)= [ 400d\=400A| =400
t—1 -1
40 40
0<t<4l:  yt)= [ 400dX =400A| =400(41—1t)
t—1 -1
41 <t <oo: y(t) =0
[d]
¥ it
400 - — oo -
b
200 _u(c,j Al Wll‘x al
[/ | S
EChI " £

10 Z0 30 40 S50 e0 70O 8O0

[e] Yes, note that h(t) is approaching 406(t), therefore y(¢) must approach 40z(t),
i.e.

y(t) = /Oth(t ~ N\ dx — /Ot 406(t — N)z(\) dA

— 40z(t)

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



P 13.61

[a] —1<t<4:

t+1 t+1

voz/ 10MdA =5)2 | =524 10645V
0 0

4 <t <09
t+1 t+1

Vp = 10AdA =5)%| =50t—"75V
t—4 t—4

9<t<14:

t+1

10
UO:10/ AdA+10 [ 10dx
t—4 10

10 t+1

= H\? +100)\ | = —5t2 + 140t — 480V
t—4 10
14 <t<19:
t+1
v, = 100 d\ =500V
t—4
19 <t < 24:
20 t+1
Vy = 100 d)\ + 10(30 — \) dX
t—4 20
20 t+1 t+1
= 100\ + 300\ — 5\?
t—4 20 20
= —5¢2 + 190t — 1305V
24 < t < 20:
t+1 t+1 t+1
v, = 10 (30 = A\)dA =300\ | —5\?
t—4 t—4 t—4
= 1575 — 50t V
29 < t < 34:
30 30 30
v, =10 [ (30 —A)d\=300\| — 5\
t—4 t—4 t—4
= 5t2 — 340t + 5780V
Summary:
v, =0 —oco<t<—1
Vo =52+ 10t + 5V —1<t<4
v, =50t — 75V 4<t<9

vy = —5Ht2 4+ 140t — 480V 9<t<14

Problems
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v, = 500V 14<t<19
v, = —5t2 + 190t — 1305V 19<t<24
v, = 1575 — 50t V 24 <t <29
v, = 5t% — 340t + 5780V 20 <t <34
v, =0V 34 <t<oo
[b]
B0 vty ()
A00 4
400 4
300 4
200 4
100 4
t{s)
D T T
-2 2 4] 10 14 18 22 26 30 34

2
h(\) = (4—5)\> 5<A<10
n(h)
2
ALS)
I T
] 5 10
v t-A)
10
ALS)
] t

0<t <5

£
00210/ “ad) = 212
0D



Problems

5<t<10:
59 t, 9
vozm/ f)\d)\+10/ (4—)\) X
0 b 5 5
5 t 4/\2t

4\?
= — | +40A
0

= —100 + 40t — 2¢?

5

5

10 <t < o0
59 10 9
vo:m/ f)\d/\+10/ (4—>\> )
0D 5 5
4)\2 5 10 4)\2 10

+ 40\
0

= 50 + 200 — 150 = 100

5 5

Summary:
v, = 22V 0<t<5
v, = 40t — 100 — 2t2V 5<t<10
v, = 100V 10<t< 0
[b]
120 TV, (W)
100
B0
B0
40
20
0 . t'I{S]'
0 2 4 B 8 10 12
1
[c] Area = —(10)(2) = 10 5(4)h =10 so h=5
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h{A)
5 |
NG,
[ 1
u} 2 4
v t-A)
10
NG,
a t
0<t<2:
t5
vo:m/ 2 Nd\ = 12.5¢2
0o 2
2<t<4:
25 ¢ 5
vozl()/ —)\d)\+10/ (10—)\> )
0o 2 2 2
2 )\2 2 t 2 /\2 t
_ 2 + 100N\ | — o
0 2 2
= —100 + 100t — 12.5¢2
4 <t < oo
25 1 5
v0:10/ f)\d)\+10/ (10—>\> )
0o 2 2 2
25)2 |2 4 95)\2 4
= + 100N\ | —
2 o 2 2
= 50 4+ 200 — 150 = 100
v, = 12.5t2V 0<t<?2
v, = 100t — 100 — 12.5¢2V 2<t<4
v, = 100V 4<t< o

[d] The waveform in part (c) is closer to replicating the input waveform 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 13.63 [a]
10—

Problems

10 AR

0 £

t
vO:/ 10(10e=) dx
0

6—4A
= 100——-
4

t

0

=25(1 —e M)V,

[b]
10 hit)

10(1-24)

= —25[e~* — 1]

0<t< 0

10 Vét_h}

0.5=

o =

0<t<0.5:

t
Vo = / 100(1 — 20) dA = 100(A — A?)
0

0.5 <t < o0

0.5
vy = / 100(1 — 2) dA = 100(A — A?)
0

t
= 100¢(1 — ¢)
0

0.5
=25
0
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[c]

25

20

a 025 0.5 075 1

P 13.64 [a] From Problem 13.49(a)

200
H —
(5) = 500

h()\) = 200e 200

0<t<5ms:
t

vy = / 20(200)e= 2 dA = 20(1 — =2 v
0

5ms < t < oo
t

Vv, = 20(200)e 2" d) = 20(e! — 1)e™ 2"V

t—5x10—3

[b]

20 7 v, (‘J)

t{ms)

2
P 13.65 [a] H(S) = S—i_o20(())00 h(A) — 2000672000/\



Problems

0<t<5ms:
t

vy = / 20(2000)e~200% g\ = 20(1 — =200 v
0

5ms <t < o0
t

Vv, = 20(2000)e 290" g\ = 20(e'? — 1)e 200V

t—5x10-3

20 T, g

13-71

t({ms)

[b] decrease
[e] The circuit with R = 5k(.

£+ Vs Vo(s+50)
10> 5x 106 5 x 106

V. 5 x 106
0= H(s)= >
I s+ 50

P13.66 [a] I, =

h(\) = 5 x 10% 7y (\)

g | hia)
510 -
0 A
10t La
0 ] H
{t-0.1) ] t L
-50
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0<t<01s:
t —50\ |t
v, = / (50 x 107%)(5 x 10°)e=5 g = 250
0 —50 lo
=5(1—e%)V
0.1s<t<0.2s:
g | R(n)
5x10 N
0 \
150t=Aipa
504
(t-0.2)
{(t-0.1) t A
=50

t—0.1
vy = / (=50 x 1075)(5 x 1059 dA)
0

t

n / (50 % 1076)(5 x 105504 dA)
t—0.1

t

6750)\ t—0.1 6750/\

250
0 * —50

= —250

t—0.1

—5 [6750@70.1) _ 1} _5 {675015 B 6750(1570.1)}
Vo = [10e7200-0) — 550t _ 5] v



Problems
0.2s <t < o0o:
5x105—\h(?‘:'
0 A
1t=Aun
50-
(0.2
-0y 0t A
-50
t—0.1 t
vo= [ 250 da+ [ 250eax
t—0.2 t—0.1
t—0.1
— 56—50>\ _ 56—50)\

t—0.2 t—0.1
V = [106_50(t_0'1) _ 56_50(t_0'2) _ 56_50t] \Y4
Summary:
v, =5(1—-e)V  0<t<0.1s
vy = [10e700-0D _ 50750 _ 51y 01s <t <02s
Vo = [10e720¢0-D _ 5=500-0.2) _ 5,-5001y 025 <t < oo

b] I, — Vos s 5x10°,
5x 106 5 x 106 s+50
1, 50

I, s+ 90 s+ 90

h(\) = 6(\) — 50e 5"

0<t<0.1s:
t

iy = / (50 % 1076)[3(\) — 50659 dx
0

6750)\

=50 x 1079 — |50 x 50 x 10~¢
X l x 50 x 5

=50 x 1070+ 50 x 107%[e°% — 1]

t

0

|

— 50e~5% pA
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0.1s<t<02s:
5(t]"} hl:?\:l
A
_5q S0h
-50-
14it-Alpa
50 4
(t-0.2)
(t-0.1 t© kY
-50

L =0l -6 — E(o—50A
iy (=50 x 107%)[6(X) — 50e™™] dA
0

t
[ (50 % 10°0)(~50e~ ) dA

t—0.1

—50A |t—0.1 —50X |t

— 2500 x 1076
- 0 —50 li—0.1

= —50 x 1075 4+ 2500 x 1076

= =50 x 1076 — 50 x 1076[e=20=0-1) _ 1] 4 50 x 10~ 6[e=7% — ¢=50(t=0.1)]
— 506—50t . 1006—50(t—0.1) /vLA



Problems

0.2s <t < o0:
St h{A)
A
/e 0 50h
-50-
1t=Aun
504
(t-0.23
t-0.1) £t A
=50

t—0.1
iy = / (=50 x 1075)(—50e59) dx

t—0.2

t
[ (50 % 1079)(=50675%) dA

t—0.1
= 50750 — 100e 5000 4 50e~500=02) A
Summary:
io=50e " A 0<t<0.1s
io = 50e % — 10072001 4 A 015 <t <0.2s
io = 50e7°% — 100e 00D 4 5070002 A 025 <t < 00

[c] At t=0.1":
4.97

13-75

v, =5(1—e°) =4.97V; 100k = 0—1 = 49.66 pA; iy = 50 A

1o = 50 —49.66 = 0.34 nA

From the solution for i, we have i,(0.17) = 50> = 0.34 uA (Checks)

At t=0.1":

0o(0.11) = 0,(0.17) = 4.97 uV;  irookq = 49.66 uA; iy = —50 uA

i0(0.17) = —(50 + 49.66) = —99.66 A

From the solution for i, we have

i5(0.17) = 50e™° — 100 = —99.66 uA  (Checks)
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At t=0.2":

v, = 10e™® — 5e 1 — 5 = —4.93 uV

1100k = —49.33 A 1g = —50 pA

ip =14 — i100k0 = —D0 + 49.33 = —0.67 pA

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

0(0.2) = i(0.27) = —4.93V;  iiguq = —49.334A; iy =0

io = ig - ilOOkQ =49.33 ,uA

From the solution for i,,
i5(0.2%) = 50e719 — 10075 + 50 = 49.33 uA(Checks)

Vo 3 2

P13.67 H(s)=-2 -

V. 54255 s+2

h()\) = 272, h(t — \) = 2e7207N) = 9722

z; T =ms; f= 1 Hz

2 T

v;(A) = (20sin 2X) [u(N) — u(A — 7/2)]

(m/2)s <t < oo:
w/2 /2

vy = / (2¢~2¢2)(205in 2)) d) = 40e 2 / 2 sin 2) dA
0 0

2\ rﬂ

= 40e* l€8(2 sin 2\ — 2 cos 2) = 10e *[e"(sinm — cos ) — 1(0 — 1)]

0
=10e (™ +1) = 10(e"™ + 1)e *V

v,(2.2) = 241.41e™** =2.96V



Problems 13-77

vy [
20+
L RED
i
iZ
hit-hh
e
A=)

16

P 13. ==
3.68 [a] Vo=V,
v, 4

H(s)=-2 ==

(s) V5

=75

t
0<t<05s: 1@2/7WMNMMA:mA
0
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0.5s<t<1.0s:

75—

=75

t—0.5
vy = / —75[0.86(\)] dA = —60 A
0

Is<t<oo: v, =0
[c]
&0 ol
1
u h. 5 t (=)
—60
Yes, because the circuit has no memory.
P 13.69 [a]
5C2
e
4 =
v. O SOT v, 2200

5 y T
(5s+5)V, =4V,
1% 0.8
H(s) = -2 = h(\) = (N
(s) ARl (A) = 08¢ u(N)



Problems

[b]
&
8] A
TylE= Al
75
(-1}
rt-0.5) t A
- -T75
0<t<0.5s;

t e—)\ t
Vo = / 75(0.8¢7) dA = 60—
; -

0

v, = 60 — 60e"V, 0<t<05s

0.50s<t<1s:
vg(t—}x)

75—

(=11

[t-0.5) iy

=75

v, = /.t_0'5(—75)(0.8eA)d)\+ / " 75(0.8¢Y) dA

0 t—0.5

-
— 60—
~1

t—0.5 -\t
1605

0 —1

t—0.5

= 120e~ =05 _ 60e~t — 60V, 0.5s<t<1s
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15 <t< oo
t— 05
- / _75)(0.8¢7) dA + / 75(0.8¢) dA
t—0.5
—A t=0.5 —A |t
= 60— |  +60°—
- t—1 - t—0.5

= 120e~#=05 — 60e~(t=1) — 60e~t V, s <t<oo
[c]

30 Ve (V)

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

P 13.70
5
soong 22E
A, {}
50001, ZDX103Q§ v
B 20 x 103 (50001}
? 5000 4 25 x 105/s + 20 x 103 g
v, 4000
F=HE) = e
I, s+ 100
100 4% 10°
H(s) = 4000 [1— }:4000—
(5) s+ 100 s+ 100

h()\) = 40005(A) — 400,000e 194 (\)



Problems 13-81

1073
vy = / (=20 x 10-3)[40008()) — 400,000¢~1904] d\
0

5x1073
+ / (10 x 107%)[—400,000e~109] 4

10-3

5%x1073

103
— 80+ 8000 / e~ 100A g\ _ / 4000e—100X 7
0

10-3

= —80 — 80(e™ %! — 1) +40(e™5 — 701)
V(5 x 1073) = 40e7%° — 120e7 %1 = 24.26 — 108.58 = —84.32V

Alternate solution (not using the convolution integral):

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

0 4x10—3
—st 14x10~3 —st 16x1073
— 103 — 90 x 1073
—S 1o —S l4x10-3
1 —4x1073s —6x1073s _ _—4x103s
:10><10—3l—6 +920x 1073 ¢
S S S
_ 10 x 1073 B 30 x 1073 6_4“0735 n 20 x 1073 6_6X10738
S S S

40 1206—4x1045-+'806—6x1035
s+ 100 s+ 100 s+ 100

V, = I,H(s) =

Now use the operational transform £7'{e " F(s)} = f(t — a)u(t — a):
0y = 40610 — 120~ 100EX107) (4 5 1073)

+ 80e100(t=6x10"), (4 — 6 % 107%) V
v,(5 x 107°%) = 40e7%® — 120e™ ! + 80(0) = —84.32 V (Checks)

Vv, 1/LC
PI3T1 [al Hs) =, = 57 (R/L)s + (1/LC)
B 100 100

T 24205+ 100 (s+10)?

h(\) = 100Ae™ P u(N)
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h [
/_\?I
T =
v (3]
5
A
1] 0.5

0<t<0.5:

t
v, = 500 / Ae—10% g\
0

6—10)\
= 500 —10A—1
{ 100 ¢ )

= 5[1 — e (10t 4 1)]

0.5 <t <o0:

t
Vs = 500 / Ae—10X 2\
t—0.5

6710)\
- C(—10A—1
500{100( 0A—1)

t
t—0.5

= 5e101[e5 (10t — 4) — 10t — 1]

[b] 6 1%, (V)




Problems
16s 0.8s 2 1.6
P13.72 H = = =08(1— =08 —
()= 0T as 1165 5712 ( s+2> s+ 2

h(\) = 0.86(\) — 1.6 2 u()\)

t t t
v, = / 75(0.85()) — 1.6e~2 d) = / 606()) dX — 120 / e~ d\
0 0 0

—2X

(&
=60 —120———
60 0 5

t

=60+ 60(e* — 1)
0

= 60e *u(t)V
P13.73 [a] Y(s) = / Ty(t)e dt
0

Y (s) :/me—st [/mh(k)x(t—)\) | dt

0 0

. /:O/:OeSth(/\)x(t —\)dAdt
— / Zoh()\) / :Oe—stx(t — ) dtdA
But z(t—A)=0 when t<A\
Therefore Y (s) = /Zoh(/\)/ioe_St:v(t — \)dtd\

Let u=t—X;, du=dt; uvu=0, t=X wu=o00, t=o

Y(s) = / Zoh()\) / Zoe_s(“JrA)x(u) du d\
= /Zoh()\)e”‘/zoesum(u) du d\

- / Zoh()\)e‘S)‘X(s) d\ = H(s) X(s)

We are using one-sided Laplace transforms; therefore h(t) and X (t) are
assumed zero for ¢ < 0.
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a 1 a

[b] F(s) = i s e H(s)X(s)
h(t) = u(t), x(t) = at e "u(t)
x{t) —at
ate
hit)=ult)
/ \ t
0

1 t
= —le®(—at—1)—1(—-1)| = -1 — —at __ t—at
e (—at 1) = 1(-1)] = 21 - e — ate™]
11,
— | Z,a t—at:l t
i e~ u(t)
Check:
F(S): a :KO K1 KQ

s(s+a)? s +(s+a)2+s+a

1 d 1
K():*; Klz—l, KQZ(&> = ——
a ds \ 8/ s=—q a

£(t) = {1 et — ieat} u(®)

a

P 13.74 [a] The s-domain circuit is

I, N
5L, g o/s (1 RE V \L%Lz
I
_ 2
v
Vv v
The node-voltage equation is 5L + = + L = g
PR Ly Ly
Therefore V = ————~ where L.=
s+ (R/Le) Ly+ Ly

Therefore v = pRe™B/L)ty(t) v



Problems

V V R/L K K
bl 1= 24 L AL Ko R
R sLy s[s+ (R/L.)] s s+ (R/L)
le ,OLZ
Ko=-"1 . K =
" L+ L ' L+ L
. p —(R/L
Th h = Ly + Lye™ By (t) A
us we have i, L1+L2[ 1+ Loe Ju(t)
V R/L K K
[e] I, = _ (pR/L>) e .
sLy  s[s+ (R/L.)] s s+ (R/Le)
L —pL
Ky = PLa : y = PLa
L1—|—L2 L1+L2

. pLy —(R/L
Theref = 1 — e (RILMy (¢
erefore i I L2[ e Ju(t)

[d] )\(t) = Llil + LQiQ = le

P 13.75 [a] As R — o0, v(t) — pL.d(t) since the area under the impulse generating
function is pL..

pLy

as R — o
L+ Ly

. pLy
t — R
22()—>L1+L2 as — 00
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[b] The s-domain circuit is

e

\% %4 1% IOLlLQ
2 2 =P therefore V= -
sy * sLy s’ eretore Ly + Ly

Therefore v(t) = pL.o(t)

] = I = pu— —_
! 2 SL2 <L1 + Lg S

. . PLl
Theref =1y = t)A
erefore 1 = iy I T Lzu( )

A(3+ 53
P13.76 H(j3) = —95er;4]+)41 = 0.42/8.13°

Vo(t) = 16.97 cos(3t + 8.13°) V

_Zf
g WG 10
7 s+ (1/RsCy) — s+ 1000

Ri[s + (1/R:C3)] _ 10,000(s + 400)

P13.77 [a] H(s) =

Zi ==
S S
—10%s
H —
(%) = 5 200)(s + 1000)
—10%(i4
0°(7400) — 6.565/— 156.8°

[b] H(j400) = (400 + j400)(1000 + ;400)

V(1) = 13.13 cos(400t — 156.8°) V



Problems

P13.78 [a] ]
125=10

A
-6V 15kQEV,

i, A

P80 +0.01s ¢ 548000 7

Vn + Vn - V;)

5000 25,000

SV + V= Vo + (V, = V,)2x 1075 =0
6V, +2x 107%sV,, =V, +2 x 10745V,
2 x 107*V,,(s + 30,000) = 2 x 10™*V, (s + 5000)

0.01s v S

+ (Vu—=V,)8x 10795 =0

v, =V,

_ s +30000 (s+30,000) ( sV, )
7 s3+5000 7 \'s+5000 / \'s+ 8000
V,  s(s+30,000)

H(s) = ¥ = 5 5000)(s + 8000)

0.6
[b] v, = 0.6u(t); Vy = Y

0.6(s + 30,000) K, K,

* " (s-+5000)(s +8000) s+ 5000 T T 8000

0.6(25,000 0.6(22,000
Kl = 7( ) ) = = 7( ’ ) - _44
3000 —3000

v,(t) = (520 — 447800y (+) V

K

Y

[e] V, = 2c0s10,000t V

. 10,000(30,000 + j10,000) .
H(jw) = —2.21/— 6.34
() = 5000 + 710,000)(8000 & j10,000) (=634

Vo = 4.42 cos(10,000¢ — 6.34°) V
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P13.79 V, — 50 B 20 _ 30(s 4 3000)
s +8000 s+ 5000 (s 5000)(s + 8000)
30
Vo= HEs)V, = H(s) ()
S
H(s) = s(s + 3000)
(s 4+ 5000)(s + 8000)
. (76000)(3000 + 76000)
H(56000) = =0.52/66.37°
(76000) = 75500 + 76000) (8000 + 76000) £66.37°
Uo(t) = 61.84 cos (6000t + 66.37°) V
P 13.80 Original charge on C}; ¢ = V('
VoCh Oy
The charge transferred to Co; =VC, =
rge ir 2, Q2 0 Ci + Cy
The charge remaining on C; ¢, = q; — ¢y = VOCIQ
q2 VoCh q{ VoCh
Therefore V5 = — = and V| = —= =
2T 0y O+ Gy YT O+ G
1/Cy 25 x 1010
P 13.81 71 = =
[a] ! S—I—l/RlCl S‘I—ZO X 104
. 1/)¢; 6.25x 10"
T s+ 1/RyCy s+ 12500
V,  V,—10/s
R A
Zo + Z1
Vo(s +12,500) | Vo(s 420 x 10*) 10 (s +20 x 10%)
6.25 x 1010 25 x 10100 s 25 x 1010
B 2(s + 200,000) B ﬁ N K,
n s(s + 50,000) s s + 50,000
2(2
K, — (200,000) _ g
50,000
2(150,000
K, 2050000)
—50,000

v, = [8 — 67000y (1) V



Vo 2(s + 200,000)(s + 12,500)

bl Iy = =
bl fo=7 s(s + 50,000)6.25 x 1010

8
39 1012 [1+ 162,500s + 25 x 10 ]

s(s 4+ 50,000)

Ky K,
O 1) B A VR -
3210 [ M +s—|—50,000]

K =50,000; Ky =112500
io = 320(t) + [1.6 x 10% 4 3.6 x 10% %0 (¢) pA
[c] When () = 64pF

~156.25 x 108
LT s 112,500
Vo(s + 12,500) . Vols +12,500) 10 (s + 12,500)
625 x 108 156.25 x 108 s 156.25 x 108
4
Vot avp = 2

‘/():

8
s
v, = 8u(t)V

Y 8 H12500) o0 g2 [1 +

s_Vo_8 12,500]
07 Z, 5 6.25 x 1010

S
io(t) = 1288(t) + 1.6 x 10~ %u(t) pA

1

1
P13.82 Leta— _
T RO T RaChy

1 1
Then 7/, = ——— and 2y =

Ci(s+a) Co(s +a)

V,  V,  10/s

77T o

V,Ca(s + a) + V,Ci(s + a) = (10/s)C1(s + a)

0 G )
_S Cl+02

Thus, v, is the input scaled by the factor

Vo

Cy
Ch+Cy

Problems
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P 13.83 [a] For t <0, 0.5v; = 2uvy; therefore v, = 4vy
vy + v9 = 100; therefore v;(07) =80V

[b] v2(07) =20V
[e] v5(07) =0V

[d] For ¢ > 0:
100/s
I= 107°=32x10"°
51255 <1V =92 10

i(t) = 326(t) uA

210 L Y|
5 I
Vl
80/s(”
oL
6 + 3 l.ﬁSQ
105 = _
Zs
W
20/s(; :
106 o+
[e] v1(0T) = ~05 32 x 10790 (¢) dt + 80 = —64 + 80 = 16 V
. (O
106 ot
[f] v2(0F) = - ), 32X 107% () dt +20 = —16 +20 =4V
o
0.625 x 108

20
_8

vs(t) = 20u(t) V; v3(0F) =20V
Check:  v;(07) + vo(0%) = v3(0™)

[g] Va= 32 x 1076

P 13.84 [a] For ¢ <O0:

+ \l/ll 5/12
SR v £0.8k0E 4k ‘ Lex0
Req = 0.8kQ4kQ|16kQ = 0.64kQ; v = 5(640) = 3200V

3200 3200
0(07) = g500 =084 2(07) = 7555

=0.2A




Problems

[b] For ¢ > 0:
i1+ 13 =0
8(Aiy) = 2(Ady)
i1(07) + Aiy +i5(07) + Ady = 0; therefore Ai; = —0.2A
Ais = —08A;  i(0")=08-02=0.6A
[e] i2(07) = 0.2A
[d] i»(0")=02-08=—-06A

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

+
4kf] 16k

u.uuasﬂE v En.nnzsﬂ

1 1\[

0. 004807 : zr:-jn.nn 1z

B 0.006 B 0.6
~0.01s 420,000 s+ 2 x 106

I

i (t) = 0.6~ 21y (1) A

[f] ia(t) = —i1(t) = —0.6e" 21y () A
—0.0016(s + 6.5 x 109)
s+ 2 x 106

[g] V = —0.0064 + (0.008s + 4000); =

7200
s+ 2 x 106

v(t) = [-1.6 x 10_35(t)] — [72006—2x106tu(t)] v

=—-1.6x 103 —

P 13.85 [a] 500 1x107=Q
"y I
+
D.E(L 10?’5@2‘!0
0.5 109

V, = L
50,000 +5 x 106/s s

13-91
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500,000 10

50,0005 + 5 x 106 s+ 100

v, = 10e 1My (1) V

[b] Att = 0 the current in the 1 uF capacitor is 106(¢) pA
ot

(07 = 106/ 10 x 10-%6(t) dt = 10V

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

GG, 025
T Ci+0Cy, 125

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

=0.2uF

1
— = 100 (Checks)
-

Note — after the impulsive current passes the circuit becomes

50k + 40V —
W | + +
0.25uF

1pF == 10v Y5

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

P 13.86 [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,

£2500

5(12}' : j-vaF et VD
g0 £ 1k

g S50mH

1000

+ 6 [77]0)
Therefore v,(07) = 10 / dt = 1000V



Therefore we = (0.5)Cv? = 0.5]

[b] ir,(0%) = 0; therefore wy, = 0J
Vo Vo

V(1076 =103
(el Vo(1075)s + e 0.05s T 1000
Therefore
~1000(s + 5000)
° 24+ 6000s + 25 x 106
K, K

s 4 3000 — 74000 * s + 3000 + 54000

K7 =559.02/—26.57°; K7} = 559.02/26.57°
v, = [1118.03e 2% cos(4000t — 26.57°)]u(t) V

[d] The s-domain circuit is

+
£ 2500
£ 1k 107507 Yo D1p7
E 0.05s0)
Vos Vo Vo

1073

105 T 250 1 0.05s | 1000

Problems 13-93

Note that this equation is identical to that derived in part [c], therefore the

solution for V,, will be the same.

P13.87 fal 0.550 0.550

Q EQ::
ZDVC> 0.53 = VD
I1 I

2

20 = 8[1 - 0.58[2

3
0= —0.5811 + <S + S) ]2



13-94 CHAPTER 13. The Laplace Transform in Circuit Analysis

s —0.5s 5 5 5
A= =5 +3—0.255" =0.75(s" + 4)
—0.5s (s +3/s)

20 —0.5s 50 60  20s*+60  20(s*+3)

1= = S—i——

0 (s+3/s) s s s

. 20(s2 + 3) 80 s2+3
1= = = :

A s(0.75)(s2+4) 3 s(s244)
K& KK

S s—j2+s+j2

80 /3 80[—4+37 10
Ko:<):20; Klzgl +1:00

3 \4 ERIBRDINE

20
i = {20 + 3 cos Qt] u(t) A

s 20
[b] Ny = = 10s
—0.55 0
N, 105 40/ s K K
h=R =2 () st
A 075(s2+4) 3 \s2+4) s—j2 " s+j2
40 (52) 20
Ki=— (L) ==y
! 3<j4> g0
40
iy = E(COS 2t)u(t) A
3 3\ 40 S 40 K, Ky
Lel Vo P s/) 3 \s?+4 s2+4  s—352 s+72
40
Ky = = = =j10 = 1090°
J

v, = 20 cos(2t — 90°) = 20sin 2¢
Vo = [20sin 2t|u(t) V

[d] Let us begin by noting 7; jumps from 0 to (80/3) A between 0~ and 0" and in
this same interval i jumps from 0 to (40/3) A. Therefore in the derivatives of
i1 and 75 there will be impulses of (80/3)d(¢) and (40/3)4d(t), respectively.

Thus
di 80 40
% = S0(t) - 5 sin2tAfs



P 13.88 [a]

Problems 13-95

di 40 80
ﬁ = S0(t) — 5 sin2tA/s
From the circuit diagram we have
diy diy
206(t) =1— — 0.5—
(*) dt dt
80 40 200(t) 40
:?5(t)—§sin2t— 3( ) +§Sin2t
= 204(t)

Thus our solutions for ¢; and 75 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, 29, and v,, exist for all time is consistent with known circuit behavior.
Also note that although 7, has a dc component, i, 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 ¢ = 0" of 20.

For the given polarity dots and reference directions of 7; and i, we have

AO0T) = Ly (07) + My (0%) — Lain(07) — Miy(0T)

80 80 40 40
V0 =1 () 405 () 1 (1) o5 ()
(0%) 3 * 3 3 3
120 60
=5 "3 = 20 (Checks)
ib, * . 12_;,
LfC.___} M C:_—_}Lz
2xllj;5’SQ
— :
10x10 ° (F 10k0E v, 5x10/500F y
iy h =10"°
10* (2 x 10%)/s)] + [(5 x 10%)/s]
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Vi sVi _5
—— =10
104 + 25 x 104

25V + sV =25

2.5
s+ 25

sVi 5x 100\ 1
V(’_<25><104>< s >_5V1

0.5
‘/o = m, Vo = O.5€725tU(t) \Y

1=

[b] v,(07) = 0.5V

1 6 +
v,(07) = 2% 10 x 107°§(x) dx = 0.5V (Checks)
(5)(20)
= — 4.F
¢ 25 a
\ B B 1100

7= RC,= (10 10°)(4 x 107°) =4 x 107%s5;  — === =25 (Checks)

T

Yes, the impulsive current establishes an instantaneous charge on each
capacitor. After the impulsive current vanishes the capacitors discharge

exponentially to zero volts.

P 13.89 [a] The circuit parameters are

1202 1202 1202 1440

— — 120 —
R = 1505 B = 1300

The branch currents are

=80 Xa =

I, = 12?2E = 10/0° A(rms) I, = % 35
I; = 12%@ = 15/0° A(rms)

I =1L+, +1I3 =25 — ji)g = 25.17/—6.65° A(rms)
Therefore,

350 35

{ —90° A(rms)

35
o = () \/§cos(wt —90°) A and i = 25.17\/5008(&)15 —6.65°) A

12
Thus,

i5(07) =i(0Y) =0A  and i (07) =i (07) = 25v2A
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[b] Begin by using the s-domain circuit in Fig. 13.60 to solve for Vj; symbolically.
Write a single node voltage equation:
Vo — (Vy + Ll \% Ve
0= Vot Lelo) Vo Vo
SL[ Ra SLa

(Ro/Le)Vy + IhR,
S+ [Ra(La + Lg)]/LaLg

=0

%:

where L, = 1/1207 H, L, = 12/357 H, R, = 12, and I R, = 3002 V.
Also,

35
V, = Vo + I (j) = 120 + (25 - j12> j =122.92 + 255 V(rms)

vy(t) = 122.92v/2 cos wt — 25V 2sinwt V, with w = 1207 rad/s.

Thus,

v 14407m(122.92v/2s — 3000mv/2) ~ 300v/2
O (54 1475m)(s% + 14,40072) | s+ 14757

K, N K, N K 300v/2
s+ 14751 s —j120m | s+ j120m s+ 14757

The coefficients are

K, = —121.18V2V K, =61.03v/2/6.85°V  Kj; = 61.03v2/— 6.85°
Note that K7 + 300v/2 = 178.821/2 V. Thus, the inverse transform of Vo is

vo = 178.82v/2¢7 1475 1 122.061/2 cos(1207t + 6.85°) V

Initially,

o(01) = 178.82v/2 + 122.06v/2 cos 6.85° = 300v/2 V

Note that at ¢ = 0% the initial value of 7,, which is 25v/2 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 12 2 resistive impedance and a j1440/35 2
inductive impedance (remember that w = 1207 rad/s). Note that
V, =120/0° 4 (25.17/—6.65°)(51) = 125.43/11.50° V(rms). The node
voltage equation in the phasor domain circuit is

Vo — 125.43/11.50° N Vo N 35Vo _
51 12 51440

Vo = 122.06/6.85° V(rms)

Therefore, vy = 122.06v/2 cos(1207t 4 6.85°) V, agreeing with the
steady-state component of the result in part (b).
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[d] A plot of vy, generated in Excel, is shown below.

500

400 *\

300 \

200 \
100

Vo (V)

D T T T T I T T

0 2.5 7.5 10 7125 15 175
-100

2

-200

-300
t(ms)

P 13.90 [a] Att = 0~ the phasor domain equivalent circuit is

510
+ —>1
° 11440
v, 120 /4290 v 120 E =0 £ 80
- - I, I, 1
—j120
I = ‘712 — —j10 = 10/— 90°A (rms)
—j120(35) 35
L= 22 180°A
2T a0 T 12 Q (rms)
—j120
L = ]8 — —j15 = 15/— 90°A (rms)

35
IL = 11 + IQ + Ig = —E - j25 = 2517/ — 96.65°A (I'l’l’lS)

iy = 25.17v/2 cos(120mt — 96.65°)A
i(07) =i (0F) = —2.92v2A




35
ig = E\/5 cos(120t 4 180°)A

3

i5(07) = iy(07) = 5

2 = —2.92/2A

Vg - VO +]11L

35
— 120425 — j2°
vV, 7120 4 25 ]12

= 25 — j122.92
vy = 25v/2 cos 1207t + 122.92+/2 sin 1207t

_25V/2s + 122.92¢/2(1207)
B s2 4 (1207)2

Yy

Use a variation of the s-domain circuit in Fig.13.60, where

_ oy La:1—2H; R, =120
1207 357

ir(0) = —=2.92v2A;  iy(0) = —2.922A

Ly

The node voltage equation is

V, —(V, +i5(0)L Vo Vo+1i2(0)L,
(Vo +1(0)Ly) | Vo | Vo+ia(0)

0=
SL[ Ra SLa

Solving for V,, yields
V- VoRa/Lu Ra[ir(0) = i(0)]

© [S -+ Ra(Ll + La)/LaLl} [S + Ra(Ll -+ La)/LlLa]
R,
— = 1440
L "

WL+ L) 12(— 4 22
BullatLa) _ (113(“ +135ﬂ> = 14757

Ly La (55:) (3207

in(0) —i(0) = —2.92v/2 +2.92v/2 =0

v 14407[25+/25 + 122.92v/2(1207)]
o ﬁ? + 14757)[s2 + (1207)2]
_ 1 + KQ + 2
s+ 14757 s— 7120w s+ 51207

K, = —14.55v/2 K, = 61.03v/2/— 83.15°

Problems

() = —14.55v/2e 1757 1+ 192.06v/2 cos(120mt — 83.15°)V

Check:
0o(0) = (—14.55 4 14.55)v2 = 0

13-99
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[b]
2007
1507
1004

501

501
-100¢
1501
200l

line-to-neutral valtage ()




Problems 13-101

PSpice schematic

Yo
L1 R2 o TOPEMN =0
1 2 A 1u2 i
2 6526mH 0.0001
[
_ 41 L2

VAMPL = 177389441V (0 £ R1 i09.1348mH £ R3
FREQ = 60Hz 12 8

TD = -0.532248ms '

u]
PSpice output file

LR D'?fleDl 07:40:45 dEEE L FrEE b L Pspice Lite (Mar ZDDD) R R R R R

** Profile: "ECHEMATICl-tran®™ [ C:shorteircuitsisolutionshp? 76-3CHEMATICl-tran.sim ]

EEEE CIRCUIT DESCEIPTION

EE R R R R R R R R R R R R R R LR EEEEE R R R R R R R

** Creating cireuit file "pS% 76-3CHEMATIC1-tran. sim.cic”
#* WARNING: THIS AUTOMATICALLY SENERATED FILE MAY BE OVERWRITTEN EY 3UBSEQUENT SIMULATIONS

*Libraries:

* Local Libraries

* Frowm [PSPICE NETLIST] section of C:%Program Files\OrcadlLite PSpice P3pice.ini file:
.1ik "nom.lib"

*analysis directives:

LTRAN 0O Z0ms 0

LBROBE WV{*) I(*) W(*) D(*) HNOISE(*)
LINC ".%pS%_ 76- ICHEMATICL.net"

#+*F% TNCLUDING p9_76—SCHEMATICl.nEt FEEE
* source P9 76

vovl NOO&37 0

+EIN O 177.389441v é0H=z -0.532Z48ms 0 O

L Ll NOO&37 NO1311 Z2.65ZémH IC=0

L_LZ 0 vo 109.1348mH Ic=0

iRl 0 vo 12

i _RZ vo NO1311 0.0001

i R3 0 No1%59 8

i uz VO NO133% Sw_tOpen PARAME: tOpen=0 ttrarn=lu Rclosed=0.01

+ PRopen=l1Meqg

%%+ PRIUMING p% 76-SCHEMATICl-tran.sim.cir **+*
. END
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Problems 13-103

[c] In Prob. 13.89 the line-to-neutral voltage spikes at 300v/2 V. In part (a) 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.

P 1391 [a] First find V, before R, is disconnected. The phasor domain circuit is

.-IL +
- oo : 2
?g(:) 1Z0/—By =R, é]xi =R
[Cm=3

120(—00 120{—90 120/ —6°
Rb an

120(— f° .
= R RbX [(Ra—l—Rb) a—]RaRb]

Since X; = 12 we have

120/ —
V, =120/ — 6° + == O I RuRy+ j(Ra + Ry)X,]
R.Ry X,

R, =120Q; R, = 8 X, = Sty
35
120/ — 6° .
— (14
v, v (1475 + 5300)
25 )
= 5= 0°(59 4 j12) = 125.43/(—6 + 11.50)°

vy = 125.43v/2 cos(120mt — 6 + 11.50°)V

Let 3 = —6 + 11.50°. Then
v, = 125.43v/2(cos 1207t cos 3 — sin 1207t sin §)V

Therefore

~ 125.43v/2(s cos  — 120 sin 3)
v s? + (1207)?
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The s-domain circuit becomes

VUC ch Ra C_ La .-Oz

where p; =i, (07) and py = i5(07).
The s-domain node voltage equation is

Vo, —(V, + p1 L Vo o VotpaLl,
(g Pll)+ —i—i:

— 0
SL[ Ra SL&
Solving for V, yields
V. — ‘/gRa/Ll + (pl - p2)Ra
o (La+Li)Ra
[S + TLZL]
Substituting the numerical values
1 12
L= ——H,; L, = —H; R, =12,
1207 3bm

14407V, + 12(p1 — p2)
(s + 14757)

Now determine the values of p; and p-.

pr=1i,(07) and py =1iy(07)

120/ — 6° .
I =5+ Xa —JR.
L RaRbXa [(Ra + Rb) jR Rb]
| 120/—6 [(20040)
T 06(1440/35) | 35 J

= 25.17/(—0 — 6.65)°A(rms)

iy = 25.17v/2 cos(1207t — 6 — 6.65°)A
ir(0Y) = p1 = 25.17v2 cos(—60 — 6.65°)A
p1 = 25v/2cos 0 — 2.92v/2sin HA

_ 120& o % (_9_90)0

* 7 j(1440/35) 12

Ry, = 8€);
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35
ig = E\/§cos(120mf — 6 —90°)A
- 35 = . .
pa = iy(0%) = —ﬁ\/isme = —2.92V/2sin A

p1 — p2 = 25V2cos b
(p1 — p2)Ra = 300V/2 cos @

14407 300v/2 cos 6

V,=— . IV erTR Y
s+ 14757 gt s+ 14757

14407 [125.43v/2(s cos 8 — 1207 sin 3) N 300v/2 cos @
s+ 14757 s% + 14,4007 s+ 14757

~ Kj+300v2cosf Lo K
N s+ 14757 s — 71200 s+ 71207

Now

(14407)(125.43v/2)[—14757 cos 3 — 1207 sin f]
1475272 + 14,4007

—1440(125.43+/2)[1475 cos 3 + 120 sin (]
14752 + 14,400

Since 7 = —6 + 11.50°, K; reduces to
K, = —121.18V2cos 0 — 14.55/2sin 0

From the partial fraction expansion for V, we see v,(¢) will go directly into
steady state when K| = —3004/2 cos 6. Tt follow that

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

[b] When 0 = 85.35°, = —73.85°

K _ 14407(125.43+/2)[—1207 sin(—73.85°) + j1207 cos(—73.85°)
> (14757 + j1207) (j2407)

_ 720v/2(120.48 4 534.88)
N —120 + 71475

= 61.03v/2/— 78.50°
vy = 122.061/2 cos(1207t — 78.50°)V ¢ > 0

= 172.61 cos(1207t — 78.50°)V ¢t >0




13-106 CHAPTER 13. The Laplace Transform in Circuit Analysis

[c] ver = 169.71 cos(1207t — 85.35°)V t<0

Vo = 172.61 cos(1207t — 78.50°)V t>0

200+
150+
1004
S0
|:|.
sl
-100¢

-1807
=200+

line-to-neutral walt
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PSpice schematic

PARAMETERS:
Rb=12
W
L1 RZ 0o TOPEN =0
1 2 A, 1L|2 2z
2 B526mH 0.0001
[
_ 31 L2
VAMPL = 177 389441 (0 Z R1 foo 1348mH = R3
FREQ = 60Hz {Rb} 8
TD = -0 747577ms i

a

PSpice output file

** Creating circult file "p% 77-3CHEMATICl-tran. sim.circ”
** WARNING: THIZ AUTOMATICALLY GENERATED FILE MAY BE OVERWRITTEN BY SUBIEQUENT SIMULATIONS

*Libraries:

* Local Libraries

* From [PSPICE NETLIST] section of C:%\Program Files‘\OrcadLite\P8piceiFP8pice.ini file:
.1lib "nom.lik"

*Analysis directives:

LTRAN O Z0ms 0O

. 3TEP PARAM Rb LIST 4.8 12

LEROBE Wi*) T(*) W(*) D(*)] NOISE(*)
LINC ".M\pS_77-8CHEMATICL.net"

+E+F THNCLUDING pg_?T—SCHEMATICl.net FEEE
* source P9 7Y

v vl NOOB37 O

+3IN 0 177.382441v 60H=z -0.747577ms 0 O

L L1 NOOB37 NWO1311 Z.65ZémH IC=0

L LZ 0 vo 109.1348mH IC=0

F_R1 0 vo {Rb}

F._RZ Vo NO1311 0.0001

PR3 0 mo1253% 8

X U2 Vo NO1259 8w tOpen PARAMI: tOpen=0 ttran=lu Rclosed=0.01

+ Ropen=1Meg
.PARAM Rb=1Z

*++* REAUMING p% 77-8CHEMATICl-tran. sim.oir **%%
. BEND
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