Inductance and Capacitance

Drill Exercises

DE7.1

DE7.2

(2]

(b]
[c]

[d]

(b]
(c]

di

v= L5 = _9e=200t | go—800t

dt
v(0¥)=-24+8=6V

v=0 when 8e

-800t = 26—200t

t

or

>0t

t = (In4)/600 = 2.31 ms

p = vi = 50e7190%" — 10e™40% — 4019 W

Let z = 500

=145, z=11.05, t=

6

pis maximuﬁ at t = 616.58 us

Pmax =

00

— =0 when €!2°%_125650%+16=0

and solve the quadratic z?—12.5z+16=0
_In145

_In11.05 _

=616.58us, t= =4ms

600

506—0.61658 _ 108—0.4(0.61658) _ 4oe~l.6(0.61658) =4926W

imax = 5[e~0-2(231) _ ¢=0.8(231)] _ 9 36 A
Wmax = (1/2)(2 x 1073)(2.36)? = 5.58 mJ
W is max when i is max, i is max when di/dt is zero.

When di/dt = 0, v = 0, therefore ¢t = 2.31 ms.

dv

i = C— =50 x 10~%d[e~2%%%% 5in 40,000¢]

dt

= [2¢0s40,000t — sin 40,000¢]e~20%%* A, i(0%) =2A

i (-”— ms) = —455.94mA,

w= (%) Cv? =519.70 uJ

(

228

 ms
80

) =4550V, p=vi=—-20.79W
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DE73 [a] v:(é)/t idz + v(07)

t
=2x 106/ 2 cos 50,000z dz = 80sin 50,000t V

[b]  p(t) = vi = [160 cos 50,000¢] sin 50,000t
= 805in 100,000t W,  p(max) = 80W

[c]  Wmax) = (%) Cv2,,, = 0.25(80) = 1600 uJ = 1.6 mJ

DE74 [a] Leq=——+=4H
[b] i(0*)=-2+4=2A, down

1
[c] i= 0.25/ (—40e%)dz +2 =2¢5* A
o+
11
[d] 41 =02] (—40e75")dz—2=1.6e"%-3.6A
ot

t
iy = 0.05/ (—40e7%")dz + 4= 04" + 3.6 A
o+
i1+ia=1
1
DE7.5 v, =0.5x 106/ 240 x 10~%¢~19% g — 10 = —12¢1%" 4 2V

o+

t
vy = 0.125 x 106/ 9240 x 1078197 dz — 5 = =3¢~ 10t — 2V
o+

n(e) =2V,  wmleo)=-2V, W=+ S(6)(4) = 20,3

Problems

P7.1 p=vi=40t[e % — 10te™ 2% — e~ 2%
[e =] oo
W= / pdz = / 40z[e™ %" — 102e%%% — e72%%]dz = 0.2]
0 0

This is energy stored in the inductor at ¢t = co.

P7.2 [a] i=0, t<o0
. 400 x 10-3
z_Wt—SOtA’ 0§t_<_5ms
i(t) = 0.8 — 80t A, 5ms <t < 10ms

i(t) =0, 10ms<t< o0
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am ot ar | er tims)

lo /
N\y& o
—/0 T

e 4T r s Cms)

wi{I)
/.O 9
e ar qrr er gT  tims
[e] Absorbing power: 27 — 47rms Delivering power: 0 — 2xms

6x — 87 ms 47 — 6rms
P76 [a] v=L—

v=—25x 10-3-‘%[10 cos 400t + 5 sin 400t]e 200

= —25 x 1073 { ~200e~2°°*[10 cos 400t + 5 sin 400¢]
+e720%[_4000 sin 400t + 2000 cos 400¢] }
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[b]

P7.7 [a]

(b]

[c]
[d]
[e]

P7.8 [a]

v =—25 x 10~3e7209{_1000 sin 400¢ — 4000 sin 400¢}
= —25 x 10737200 {_5000 sin 400t}
= 125¢~2%% 5in 400t V

ijl—’t’ = 125{e~ 2% . 400 cos 400t — 200 ~2°*" sin 400¢ }
v
= 25,000e~2°°*{2 cos 400t — sin 400t} <
d
:1% =0 when 2cos400t = sin400¢

. tan400t = 2, 400t = 1.11, t=27Tms
v(2.77ms) = 125¢~%%%sin 1.11 = 64.27V
diy,

v = L—* =50 x 10~5[18]{e~1% — 10te~ 1%}

=900 x 10~%~1%%(1 — 10¢) = 900e~'%(1 — 10t) uV

i(200ms) = 18(0.2)(e~?) = 487.21mA

(200 ms) = 900e~2(1 — 2) = —121.80 uV

p(200 ms) = vi = —59,342.67 x 107° = —59.34 yW
Delivering

w= %Liz; w(200 ms) = %(50 x 107%)(0.48721%) = 5.93 pJ

Energy stored is maximum when i is maximum.

fla’tﬁ = 18 [t(—10)e™ % + e71%] = 18e7'%(1 - 10¢)
diy,
—‘F = 0, =0.1s

ip(max) = 18(0.1)e™! = 662.18 mA
w(max) = %(50 x 107%)(0.66218)% = 10.96 puJ

v = —100¢, 0<t<1s

1 z? |

i== [ —100zdz+0=(-20)% | +0=-10¢2
5 0 2 0

i=-10t%, 0<t<l1s

i(1)=-10A

v=—200+100tV, 1s<t<3s
1 t t
i= g/ (—200+100:z:)dz—10=20/(—2+::)da:—10
1 1

i=10t2—-40t +20A, 1s<t<3s
i(3) =90—-120+20 = —-10A
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P7.9

[b]

v=100V, 3s<t<5s

t
i:%/ 100dz — 10 = 20(t — 3) — 10
3

i=20t—-T0A, 3s<t<bs
i(5) =100—-70=30A
v = 600— 100t V, 5s<t<6s

t
i:%/ (600 — 100) dz + 30
5
t :c2 t
i=20/(6—z)dz+30=120(t—5)—20—§— +30
5 5
= 120t — 600 — 10t2 + 250 + 30
i=120t—10t> —320A, 5s<t<6s
i(65) = 720 — 360 — 320 = 40 A
i=40A4A, 6s<t< oo
v=0 at t=2s and t=6s
i(2) = 10(4) — 40(2) + 20 = —20A

i(6) =40A
[e]
[
L
(4)
q0 + e m— ——
L7
3o T /
/
2 =+ J
/
o T /
S— : 7 = '
N/ 2 3,/ 4 s e #ts)
-0 L o \ /.
. d
—-20 T S~~~

i(0)=B; =10A
di
d_: = —0.5e~%%*(B, cos 4t + By sin4t) %% 4 (=4 B, sin 4t + 4B, cos 4t)

o
3%(0) = —0.5B; +4B,

L
43-:-(0) = v(0) = 60 = —2B, + 16B,
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. 16B3=60+2(10)=80; B;=5
. i=(10cos4t + 5sindt)e™ %% A, t>0
. v=4[-0.5e"%%(10 cos 4t + 5 sin 4t) + e~ " (—40sin 4t + 20 cos 4t)]
= (60 cos4t — 170sin 4t)e™ 5 V
Joi(1) =-6.26 A, v(1) =54.25V, p(1) = —339.57TW (delivering)
di

P710 [a] v=20x 10-35 = 20 x 10~3[—10,0004;¢ 19000 _ 40,000A4,¢ 4700

= _200A1e-10,000t _ 800A2e-40,000t
v(0) = —2004, — 8004, = 28
.. 2004, + 8004, = —28
50A; 4+ 20045 = -7

Also i(0)=40x 1073 = A; + A,
50 200

'.A=|1 1|=50—200=—150
Nl=|40x—zo-3 2(1)0|=‘7‘8='15
N2=|510 s0x10-3|=2+7=9

A= _Lllé’—(;:m: 100 x 1073 A
A2=%50=—0.06=-60x10'3A

. v=-200 x 100 x 1073¢=1%0%* — 800(—60 x 1072)e~ 40"
v = —20e” 10000 4 48740V, >0

[b] From part [a] we have
i = 100e7100008 _ 60e=400%% mA, >0

Now note ¢ cannot equal zero for t > 0, i.e.,
i=0 requires 100e™1%%%% = §0e4%0%%

or €300 =06 or t=-17.03pus

From our solution for v we see that v will equal zero when
48e—10.000¢ _ 9(,=10,000t . 30,000t _ 9 4
St =29.18 us

Therefore the power at the terminals is zero when ¢ = 29.18 us.

P7.11 [a] From the solution to Problem 7.10 we can write | A1+ A =40x1073

and — 200A4; — 8004, = —68 or | 504; + 2004, =17 |
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(b]

1 1
A'|50 200|‘150
40x10"3 1
Ny = 17 200{=8—17= -9
|1 40x10°3| _ 3
N2_|50 17 |=17-2=15
. N _ N -
..A1=XI=—-60x103A, A2=K2=100x103A

Therefore i = (—60e19:000¢ 4 1004020 A, £ >0

v= L‘-‘j% = 20 x 1073[600 x 10310090t _ 4000 x 103e~40:00%*] x 10-3

v = l2e—10,000t _ 806—40,000lv’ t —>. 0

Note that i = 0 when
60e—10:000t _ 100—40,000¢

60 3’
Therefore i is positive for 0 < ¢ < 17.03 us, and i is negative for 17.03 us <
t < oo.

Note that v = 0 when
12¢~10,000t _ g(,~40,000t

30,000t _ 100 _5 t=17.03 us

g0 80 _ 20, 6304

12-3°
Therefore v is negative for 0 <t < 63.24 us, and v is positive for 63.24 us < t <
0. See the following sketches of i and v. From the sketches we conclude

e energy is being delivered by the inductor between 0 and 17.03 us and be-
tween 63.24 us and infinity.

e the inductor is storing energy between 17.03 us and 63.24 us.
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U Ldel o srmg — e cllvarng —
W) | e enerdy J ey

[¢] The energy stored at t =0 is
w(0) = %L[i(O)F = %(20 x1073)(40 x 1073)2 = 16 x 10~ = 16 uJ

The energy for t > 0 is

00
w:/ pdt
0

p = vi = 650000t _ g=80,000t _  79,-20,000tyy

o] oo - 00
w=/ 66—50,000tdt_/ 8¢ —80,000t dt—/ 0.72¢=20,000t 3,
0 0 0
Ge—5%10% |®  go=8x10% 1 (5o, —2x10%
T TEx10f |,  —8x104 |, T —2x10% |,
=(1.2-1-0.36)x107*=-0.16 x 10™*J = —16 uJ

00

Therefore 16 uJ is extracted from the inductor, hence the energy extracted
equals the energy stored.
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P7.12

P7.13

P7.14

0<t<16s
t

iL = %/ 3x10°3dz+0=0.6x 1073¢
0

i (1.6) = (0.6)(1.6) x 1072 = 0.96 mA
Umeter(1.65) = (0.96 x 1072)(20 x 10%) = 19.2V

[a] w(0)= %C[v(O)]’ = %(0.2) x 107%(150)? = 2250 x 10~ = 2.25mJ

[b] v= (Alt + Az)e_soom
0(0) =A;, =150V
dv

= = —5000e™0%(Ast + Ag) + 7% (4y)

= (—50004,¢ — 50004, + A;)e5000

dv
2?(0) = A; — 50004,

. dv oy _ ~dv(0)
1-C:17, i(0)=C I
. dv(0) _ i(0) _ 250 x 10-3

— 3
it - C ~ 0a2xio-s - 120x10
". 1.25 x 108 = A; — 5000(150)

A; =1.25x10% + 75 x 10 = 2.0 x 106§

[c] v=(2x 108 4 150)e—5000"
dv
dt
i= % [(0.4t + 30 x 1075)e=5000%]

= (0.4t + 30 x 107%)(—5000)e 5000 4 ¢=3000¢(( 4)

= (—2000¢ — 150 x 1073 4 0.4)e~3000¢

= (0.25 — 2000t)e~3%%% A,  ¢t>0

i=C3 =02x 10-6%(2 x 10%¢ 4 150)¢ =500

[a] z=C£=0, t<o0

[b] i=(0.4x107°)(—40) {(—2000e~2%°*)(3 cos 1000t + sin 1000¢)
+€72900%(—3000 sin 1000¢ + 1000 cos 1000t) }
= —16 x 1073~ 290%{_§ cos 1000t — 2sin 1000¢ — 3 sin 1000¢ + cos 1000t}

i = 80e~29%%[cos 1000¢ + sin 1000t)mA, ¢ >0
[¢c] v(0)=100-40(1)(3) = -20V

Sov==20V for t<0

v=-20V when t=0
.". No instantaneous change in v at ¢t = 0.

pe
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P7.15

P7.16

(d]

[e]

[a]

(b]

[c]

[d]

[a]

(b]

i=0, t<0
i = 80mA, t=0%
". The current jumps instantaneously from 0 to 80 mA at ¢ = 0.

v(o0) =100V
w(oo) = %(0.4)(10-‘5)(100)2 = 2000 pJ

t

t
v= é/ —50 x 1073 dz + 15 = (107)(-=50 x 10~3)z | +15
0 0

v=-50x10%+15, 0<t<10ps
v(10 ps) = —50 x 10*(10 x 1076) +15=-5+15=10V

t t
v=107/ 0.1dz+10=10%z +10 =105 - 10+ 10
10x10-¢ 10x10—¢

v = 106¢, 10us <t <20pus
v(20 ps) = 10(20 x 107%) =20V

t
v =107 / 0.16 dz + 20 = 107(0.16)[t — 20 x 1075] + 20
20x10-¢

= 1.6 x 105 — 32+ 20
v=16x105%-12, 20us<t<40us
v(40 ps) = 64 — 12 = 52V
v(t) = 52, O0pus<t< oo

5x10~° 15x10~°
q=/ 8x104zdz+/ 0.4dz
0 5

x10-¢
5x10~°
+0.4(15 x 1076 — 5 x 107°)

2
— 4Z”
=8x10 2

0
=4 x 10%(25 x 1071?) + 0.4(10 x 10%)

g=10"¢+4x10"¢ =5uC

5x10"¢ 20x10~°
v=4x106/ 8x10":cd:n+4x106/ 0.4dz
0 5

x10-¢

30x10~°¢

+4x 108 / (10%z — 0.5) dz
20%10-9

5x10~° 20x10-°

+0.4z

30x10~°
20%10-6

2
=4 x 106{8x 104%-

0 5x10-6
30x10~¢
—0.5z

20x10-6

2
1042
+1043
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v =4x10°{4 x 10*(25 x 107%) + 0.4(15 x 10~°)
+5000(900 x 1012 — 400 x 10~!2) — 0.5(10 x 10~%)}

=4x10°{107° 46 x 107% 4+ 2.5 x 107 — 5 x 10~}

=4x10%{4.5x 1075} = 18V
v(30us) = 18V
v(50 ps) = 4 x 10° {107° + 6 x 107° 4 5000(2500 x 1072 — 400 x 107'?)

—0.5(30 x 107%)}
=4x10%{7x 107%+10.5x 107% — 15 x 10~}

v(50us) = 10V

w= %Cvz = %(0.25 x 10-6)(10)? = 12.5 x 10~°J

w=12.5uJ
108 100x10~¢ 300x10~¢
P7.17 [a] v(400pus) = ——{ / 500 x 103 dz + / —250 x 10™3dz
5 0 100x10-¢
400%10~°
+/ 400 x 1073 dz} -4
300x10-¢
3
= l—g— {500(100 x 10~%) — 250(200 x 10~°) + 400(100 x 10~°)}
3
= 150—{5x 1072-5x107244x 1072} —4=8-4=4V
w= -;-(5 x 107%)(16) = 40 uJ
103 —6
[b] (600 ps) = — {400(200 x 107%)} —4=16-4 =12V
w= %(5 x 1076)(144) = 360 uJ
P7.18 ic = cf'lig =20x107%60t = 1200 x 1075 = 1.2tmA, 0<t<0.5~

dt

" ic(0.57) = 0.6mA
ic=20x107%0(t-1)=1.2(t-1)mA, 057 <t<1
" ic(0.5%) = —0.6 mA
ic =0 elsewhere
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P7.19 [a]

(b]

[c]

le (A
O. A

e e 7 2o t6)

-046 -

v(20 us) = 12.5 x 10°(20 x 107%)> =5V  (end of first interval)
(20 ps) = 10%(20 x 107%) — (12.5)(400) x 1072~ 10=5V

(start of second interval)
v(40 ps) = 108(40 x 10~°) — 12.5)(1600) x 103 - 10 = 10V

(end of second interval)

p(10ps) = 62.5 x 10'%(107°)3 = 62.5mW,  v(10pus) = 1.25V,
i(10us) = 50mA, p(10 ps) = vi = 62.5mW,

p(30 us) = 437.50 mW, v(30 us) = 8.75V, i(30 us) = 0.05A
w(10 ps) = 15.625 x 10'3(10 x 1076)* = 0.15625 pJ

w = 0.5Cv? = 0.5(0.2 x 1076)(1.25)% = 0.15625 uJ

w(30 pus) = 7.65625 uJ

w(30 ps) = 0.5(0.2 x 1076)(8.75)% = 7.65625 uJ

P7.20 16//24=9.6H 12+ 8=20H 10//15=6H
9.6+104=20H 20//5=4H Ly =2+4+6=8H
20//30 = 12H 44+6=10H

P7.21 [a]

— /)

& ' —
3.2+ U= 64£E /4
54 +

] di
= - -4t —_— -4t
3.‘2dt = 64e™"; T 20e
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[b]

[c]

(d]

[e]

(f]

(g]

P7.22 [a]
[b]

t e-éz t
i=20/e'4”dz—5=20[ -5
0 -4 0 _
i=—bhe ¥4, t>0
div .. 4
45 = 646
1 6—4‘: t

. i1=16/e'4”dz-10=16[ -10

0 -4 0

ii=—4e"*-6A, t>0
di;
dt
t
. 1y =4/ e *dz+5
0
ip=—e"M4+6A, t>0
p=—vi=—64e"*(-5e"*) =320e %W, t>0

16— = 64e~*

w= 320/°°e-8‘dt =40]

w(0) = 5(4)(~10)" + 3(16)(5)’

w(0) = 4007

i1(00) = -6 A, iz(00) = 6A

w(oo) = %(4)(—6)2 + %(16)(6)2 =360J

Wdel = Winit — Werapped = 400 — 360 = 40J (yeS)

i6(0) = —i1(0) —43(0) =6 —-1=5A

— | Brack
Up
4H | box
—_ lo +
= L [ 9000e-100 g e710%|f
lo——Z/O e z+5——500[_100 0+5

=5(e1% ~1)45=5e"10A  t>0
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[c]

P S 1S U

g + % — N
m

>l 324

Vo = 3-2(—5006_100‘) = _16006-100'\'
vp = V3 + v, = 40010V

t
i = % / 400e71%% dz — 6 = —4(e” 1% — 1) - 6
0
i =—4e”100 _2A  t>0
1 t
[d] i = -/ 400e~1%%% dz + 1
4Jo
1-2=__e~-100t+2A’ t>0
1 1 1
[e] w(0)= 5(1)(6)2 + 5(4)(1)2 + 5(3.2)(5)2 =60J
1
[f] waa= 5(4)(5)2 =50J
OF Wqe = / 10,000e=2% gt = —50 (e‘2°°‘|:°) =507
0
[g] Werappea = 60 — 50 =10]

1 1
O Wteappea = (1D + 5(H() = 103

—200t |to

= 50(1 — e~20%)

to to
P7.23 wya = / pdt = / 10%e~20% g¢ = 10,000 ¢
()} 0 —200

0

50(1 — e=200t)

% delivered = x 100 = 100(1 — e~200%)

50
100(1 — ¢~200%) = 80 200¢, = In5
e~200t = (2 to=5In5ms
€200t = 5 t, = 8.05ms

P7.24 From Figure 7.17(a) we have

t 1t

v= = i+vl(0)+—/ ide+ va(0) +---
0 C2 Jo

1 1 T
v= [—C—l-+—6;+---]/o idz +v1(0) + v2(0) + - - -
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1 1 1
Therefore '5;' = [5-1. + G +-- ] ) Veq(0) = v1(0) + v2(0) + - -+

P7.25 From Fig. 7.18(a)
dv

. dv _ dv
1—Cljt'+czgt-+"'—[01+cz+ ”]dt

Therefore Ceq = C1+C>+- - -. Because the capacitors are in parallel, the initial voltage
on every capacitor must be the same. This initial voltage would appear on Ceq.

P7.26 48 uF in series with 16 uF is 12 uF with an initial voltage of 20V, i.e.,

12ufF 20V
H T +
12 uF in parallel with 3 uF is 15 uF charged to 20V, i.e.,
(5uF 2oV
TR
15 uF in series with 30 uF is 10 uF with a net charge of 10V, i.e.,
IO/AF — oV
| +
10 u4F in parallel with 10 uF is 20 uF with a charge of 10V, i.e.,

— oV
L .
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5 uF in series with 20 uF in series with 4 uF is 2 uF with a net charge of 25V.

P7.27 [a]

(b]

a

+

+ |
- SuF 0 Bla::c.

.25 /cF

1 1 1 1 10 .
E"{J“E‘LT%"?J’ . Ce=05puF

v5(0) = 20 — 250 + 30 = =200 V

———Pﬁ.&

6 -50z |t
:)05 (=5 x 1073)e=50% 4z — 200 = 10*%

—-200
-50 |,
-200e-5°‘v, t>0

Vp = —

106 [* 3y,-50
vy = ?/ (=5 x 1073)e™5% dz — 20 = 20(e=5% — 1) — 20
0
ve =20e7%" — 40V, t>0

108 [t
Ye=125
Ve = 80e‘5°‘ 110V, t>0

( —5 x 107%)e™%%" dz — 30 = 80(e~%"* — 1) — 30



246 CHAPTER 7. Inductance and Capacitance

‘ ,
[d] wvg=10° / (=5 x 1073)e~5% dz + 250 = 100(e~°% — 1) 4 250
0
vg = 100e~5% 4+ 150V, t>0
Check: vy = —v, — vg — vg = —200e 3%V, t>0 (ok)

[e] 41 =(02x 10-6)3';"—: = (0.2 x 10~%)[—5000e~5%]

i1 = —e %% mA, t>0

, _end
[f] i2=(08x10 6)-%

i =—4e"%mA, t>0
Check: iy = i1 + i = —5e¢~3% mA, t>0 (ok)

P7.28 [a] w(0)= 5(02x 10-°)(250)" + 2(0.8x 107)(250)" + 26 x 107%)(20)?
+ %(1.25 x 1076)(30)2
w(0) = 32,812.50 uJ
[b] w(c)= %(5 x 1076)(1600) + %(1.25 x 107%)(110)% + -;-(0.2 x 107)(150)2

+ %(o.s x 107%)(150)2
w(oo) = 22,812.50 uJ

[c] waa = %(o.s x 10-%)(200)? = 10,000 uJ

Check: w(0) — w(o0) = 10,000 pJ

10,000

[d] % delivered = 32,812.50

x 100 = 30.48%

to
[e] w= / pdt
0
P = vpip = (—200e~50%) (=5 x 1073)e 50t = 100t Wy
1o
w= / e~ 100 gt = 10%(1 — e~10%%) 1]
0

10,000(1 — e~10%%) = 7500
e—lOOt,, =0.25 elOOto =4
t, = 10In4 ms, t, = 13.86ms
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P7.29 [a]
+_ 1 | sae
Pyl N
- +
6 -25¢z |t
vy = 22 / 800 x 10~%¢=25% dz — 20 = 500 | -20
-25 |,
—20(e-25‘ -1)-20
v, = —20e~ 2%V
106 e—25;‘ t
[b] vl——/ 800 x 10" %¢~2%*dz +5 = 400[ 55| +8
- 0
=-16(e" ' - 1)+5
v = —16e-25* +21V
108 ~6,-25z -25t
[c] vz = - 800 10 dz —25=—-4(e~*" -1)-25

vy = —4e o -21V
Note: vy +vy=1v,= —20e~2%ty

[d]  p= —voi = —(~20e~2%*)(800 x 107%e~25) = 16 x 10™%** W
oo —-50t |
w =/ 16 x 1073¢=3% dt = 16 x 1073 ——
0 -50
=-0.32x1073(0-1) =320 x 107°J

w = 320 4]
[e]  w(0)=3(@x107)(3)? + %(s x 10~5)(25)? = 2525 uJ

[f] Werapped = %(2 x 107%)(21) + %(8 x 1076)(—21)% = 2205 pJ
[g] Yes; w(0)— Wirapped = 2525 — 2205 = 320 puJ

P7.30 Let vy, equal the voltage drop across the 5-H inductor in the direction of i,, then
uL = 5% = 5[60e 5% cos 60t — 80e 5% sin 60¢]
= [300 cos 60t — 400 sin 60t]e~5% V
108

t
— —SOz : -
vc = 20 sin 60z dz — 300

= 104 ¢ LR
5x 10 {(6400 + 3600)
= —5{e~5%[80 sin 60t + 60 cos 60t] — 60} — 300

-80z

[-805in 60z — 60 cos 60:]:,} - 300
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ve = —[400sin 60t + 300 cos 60t]e %% V
vo = —(ve + vL) = —(—800e 3% sin 60t)
v, = 800e~°% sin 60t V

P7.31 %o _ 5 {~20004(_g000 sin 4000t + 4000 cos 4000¢]

dt
—2000e™29°%[2 cos 4000¢ + sin 4000¢] }
(0%) = 5{1(4000) — 2000(2)} = 0

di,

dt
S 10 x 10-3%"-(0*’) =0, ..vn0%)=0

v1(0%) = 40i,(0%) + v2(0%)
v;(0%) = 40(10) = 400V



Response of First-Order

RL and RC Circuits

Drill Exercises

DES8.1 [a]

DES.2 [a]

. (100 (=20 _
'= (1+4) ( 25 ) =-164
w = 0.5(1072)(16)% = 1.28J

L 1072

Ir:ﬁ 1 = 2.5ms

i= —16e00t A t>0
i(5ms) = —2.17A,  w(5ms) = (0.5)(10)(2.17)* = 23.44 mJ
w (diss) = 1280 — 23.44 = 1256.56 mJ

. 1256.56
% dissipated = (W) 100 = 98.17%
o 10 oy
iL(07) =64 T =4A=14,(07), t>0

(4)(16) 0.32
Reqz—-)2(0—=3.2Q, T=T=0.ls

1
Therefore m =10, iL = 4e” 10" A
Let i, equal the current in the 10Q resistor.

Let the reference direction for i; be up. Then

i = (%) ip = 0.8 10 A, v, = —10i; = —8e~ 10V, t>0

249
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(b]

DES8.3 [a]

[b]
[c]
[d]
[e]

DE84 [a]

(b]

vsan = Ld—;tE = 0.32(—40)e™1% = —12.8¢71'V,  t>0

2
pan = 1’-44‘-' =40.96e2%W, t>0

'00
wan = / 40.96e2%%dt = 2.048J
0
1

= 5L = (0 32)(16) = 2.56J
. . .048
% dissipated = < 556 ) 100 = 80%

v(0) = [15(60)] 20 =200V

r = RC = (20 x 10®)(0.5 x 107%) = 10 ms

v = 200~ 100tV

w(0) = 0.5(0.5 x 107¢)(200)? = 10mJ

w(t) = 0.5(0.5 x 107°)(4 x 10*)e~2%% = 10e~20% mJ
10e=2°% =25 ¢t =(In4)/200 = 6.93ms

For t<O0:
15k a 20k
——— AN O VW
-_>i + Vs(o-) -

+
15v C) ? aoka  Vi(07)
.16 1 _ -

1—7—5- -5- A 05(0 )—4V, 01(0 )—8V

75 = (20 x 103)(5x 107%) = 100ms,  1/75 =10

=(40x10%)(1x10°%) =40ms, 1/ =25
Therefore vs =4e™'%V, t>0; v; =8 %'V,
Vo = v; +vs = [8e™ 25 4 4e7 1%V, t>0

v1(60ms) = 1.79V, v5(60ms) = 2.20V
w; (60 ms) = (1/2)(1)(1.79)® = 1.59 uJ
ws(60 ms) = (1/2)(5)(2.20)% = 12.05 uJ
w1(0) = (1/2)(1)(64) + (1/2)(5)(16) = 72 uJ
Waiss = 72 — 13.64 = 58.36 puJ

% dissipated = (58.36/72)(100) = 81.05%

t>0;
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DES85 [a]
[b]
[c]
(d]
[e]

DE8.6 [a]
[b]
DES8.7 [a]

Vs U
& | R LS |

i(0%) = 24/2=12A
v(0*) = —10(8 + 12) = —200V
= L/R = (200/10) x 10~3 = 20 ms

i=-8+[12—(-8))e~5% = [-8 + 20e~°*]A, t>0%

v =04 [-200-0]e~%% v = —200¢~%%"V, t>0t

A

'3 +
¢=0

/u(t) d_y_ _ _E t iz
v(o+) Y L Jo+

v(t) R
()
v(0+) L

n [sn] =~ (2)

Iny

Ve

u(t) = v(0*)e=R/D; vmﬂ=(i—n)R=m-

C.oo(t) = (V, — [,R)e~(RIL)

R /\ “=o
. k3

—_— L L_“'

R N3

IoR
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DES8.8

DE 8.9

[b]

(a]

(d]

t

LR= Rz+é ide+V,
di 1

O-Rdt+c+0
ﬁ.{.._i_-—()

dt  RC~

di i éﬁ'_ dt

4~ "RC’ i
i(t)
Jion 3= / is
i(o+) ¥
o, )
1(0"')

i(t) = i(o+)e-'/RC; ity = LR =Vo _ (I, - E)

R
L) = (1, - %) e~'/RC

Y23

S

%,

.f-
,[— leoR sV

VA — vA+vA+75
8 160 40

20v4 — 20v, + v4 +4v4 + 300 =0
25v4 = 20v, — 300

vg = 0.8v, — 12

vg = —48 + 72e7 100 — 12 = —60 + 72e 100V, t>o0t

oy
-

=0

v.(0*) =90V

ve(00) = ( gg) 60 = —30V

Find the Thévenin equivalent with respect to the terminals of the capacitor:
vrh = —30V, Rrn =20//60=15Q,
Therefore 7 = 15(0.5) = 7.5 s

90 + 30

TR

i(.0+) =-
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[e]
(f]

DES8.10 [a]

(b]
[c]

[d]

DES811 [a]

(b]

ve = —30 + [90 — (—30)]e~t/ = —30 + 120~ (4000003t y ¢ > gF
i= __86—!/1 - _86—(400,000/3)t A, t> 0

Therefore €!°% = 15,000/10 = 1500
100¢, = In1500; ¢, = 0.01(In1500); ¢, = 73.13ms

v.(0%) = (60/15)(11.5) =46 V

ve(00) = —8(6.75) = =54V

Find the Thévenin equivalent with respect to the terminals of the capacitor,
UTh = -54 V, RTh = 8k

7= RrnC =400 us

ve = —54 + (46 + 54)e~ 25 = —54 + 100e2°0%

In (100/54)
Th = — 17 = 246.
erefore t 5500 246.47 ps

For t < 0, calculate the Thévenin equivalent for the circuit to the left and right
of the 400-mH inductor. We get

75k a 400mH 2.5ka
AVAVA% —& A11A L 2 A A%,

Ok =0

i(07) = —200/10 = —20mA
i(07) = i(0*) = —20mA

For t > 0, the circuit reduces to

400mH 2.5ka

Therefore i(c0) = 100/2.5 = 40 mA
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[¢] 7=1(400/2.5) x 10~6 = 160 us
[d] i(t) =40+ [-20 —40]e%%5%mA, ¢> 0t

DE8.12 [a] For t<O:
i= <-%)6) 20=4mA
v.(07) = (4)(50) = 200V
ve(0%) = 200V

30k a
+
<D 20mA 20k a soké vc(o’)
L 4
For 0<t<50ms:
= (50)(2.0)10"3 = 0.10s
1/7=10
ve = 200e~ 10tV
30k a
AAA%
S0k a 2uF I ve ?200“&

[b]  v.(0.05) =200e~%% = 121.31V.  For ¢> 50ms:
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DE8.13

DES8.14

Req 50;?30) = 40kQ,  r=(40)(2)10~2 = 0.08s

o125
T
Therefore v, = 121.31¢~123(:-009)y, t>0.05s

0.05 -10t)2 o0 ~0.5,-12.5(t—0.05)12
_ [200e~19%] [200e~°-5¢ 2.
[c] wsok= / 50000 dt + s 50,000 dt = 37.06 mJ

G -0.5 - - 2

_ [2008 o.se 12.5(¢ 0.05)] _

[d]  waooka = /0'05 300,000 dt =2.94m]
Check: wgtorea = (1/2)(2 x 107¢)(200)% = 40 mJ

[a] At theinstant A is closed, i(0*) =0. For0 <¢ < 1s, the Thévenin equivalent
with respect to the terminals of the 2-H inductor is v, = 3V, Ry = 1Q;
therefore in this interval i(0%) = 0 and i(c0) = 3A, also 7 =2/1 = 2s.
Thus i =3—-3e %% A 0t <t<1,and i(1) =3 -3¢~ %5 = 1.18A.

[b] When t > 1s, the Thévenin equivalent w.r.t. the 2-H inductor is vy, =

—12V, Rpy, = 2.5Q. Therefore i(o0) = —12/2.5 = —4.8A and 7 =
2/2.5=08, thus i=4.8+ (1.18 4+ 4.8)e"12¢-DA 1<t < oo.

Derivation of Eq. (8.74): Substituting Eq. (8.73) into Eq. (8.72) gives

- _‘ﬁ.ﬁ? {1 ~[t- e~/RsCp l]e-(f—*x)/RJCJ}
_ V,,;zl’%f {1 - e-f,m,c,]e—(t-n)/RJCJ}
v = Y%,_ _ VmT{i’f(2 — e~ 11/RsCrye=(t-t1)/RsC; tp<t<2

Derivation of Eq. (8.75):
vo(2t;) = VmBy _ M@ — e~ t/RsCrye=t1/Rs Cy
R‘ R‘
- Vr;z’Rf [1 _ 28_'1/RIC! +e—2t1/RJC!]

—tl/R!C,; 2 - e—sz/R,cI

Let z=e¢ T

vo(2t1) = K%?L(l -2z +2%) = %(1 -zl = E"R&[l — e~ t1/RsCy?

Derivation of Eq. (8.76):
vo(t,) =0

Vi Ry —t1/R;Cy\,~(to=t1)/RsCy
R, R, 27 Je
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1= (2 _ e-:,/n,c,)e-(n—n)/R;C;
et(to=t1)/RsCy — 9 _ o~11/R4Cy
ette/RsCy — 9ot1/RyCyr

to
R;Cy
to = RyCyln[2e1/R1Cr — 1]

= In[2e"/FsCr 1]

DE8.15 [a] From Egs. (8.70), (8.74), and (8.79):
vo = —%Vm(l —eURCy <<ty
Ry

v, = %f-Vm -5 V(2 — e /R1Cr)e=-t/RsCr gy <t <2ty
s S
L= V,;%R] (1 _ e-tl/R,C,)28—(1-—2t1)/R!Cf’ 2%, <t<oo
8
t, = R;Cyln(2e"/%sCr 1)
Ry 50x10° Ry . -3\ _
R = 100x103—500’ R‘Vm—(500)(50x10 )=25
1 1

7, C; = oo - O

v, =-25(1-e"%%)V, 0<t<1

v, = 25 — 25(2 — =0 %)~ 02~ 1)

v, = 25— 29.53¢~%2(-Dy,  1<t<?2
Vo = 25(1 _ e—0.2)2e—0.2(!-—2)

v, =0.82e7 %%y, 2<t<

[b]  vo(t1) = vo(1) = —25(1 — e™%2) = —4.53V
vo(2t1) = v,(2) = 0.82
t, = 5In(2e%? - 1) = 1.83s

30-] L)
o] ©
Re=50MLL
I-O' /J
O A
l:O /20 t(S)

101 N //

\\ /
2.0 AN e
30 AN\ /=—|DEAL FEEDBACK

N L/ CAPACITOR

4.0 N\,
&0_ \v/




PROBLEMS

257

Problems
P8.1 [a] R=%=25Q
1
[b] ;:10, 7=10.10s = 100 ms
1 R R

[d] i(0)=64A; w(0)= %(2.5)(6.4)2 =51.20J

-20t

to to
[e] w= / vidt = / 1024e~2%dz = 1024 [e
0 0 -20

to

0 ]

= —51.20(e 72 — 1) = 51.20(1 — e~ 2%)

51.20(1 — €20t) _ s,
Sig9— * 100=100(1 - ¢7*%)

Co100(1—e"Pt) = 60; et =0.40; ¢ =25
1

to = 20 In2.5=50In2.5ms = 45.81 ms

% dissipated =

P8.2 [a] i(0)= 5;'.;. =2A

[b] T=%=-18—'g-=0.02s=20ms

[c] i=2e5"A, t>0
v = 1.6%(2::'5‘") = -160e7%%V, t>0
vy = —T2i = —144e7%%"V,  t>0

[d] w(0)= %(1.6)(2)2 =3.2J

to

= 2.88(1 — e~ 1%0%)
0

to 100 -100z
Wron = 72(4e~ ") dz = 288 [———
720 /0 ( ) -100

wraa(15ms) = 2.88(1 — e™1%) = 2.24]
% dissipated = 224 x 100 = 69.92

3.2
P83 [a]
502 O
' M/ W |
— b, — ¢
rsv t=o ' omH
‘«/ __'lW
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Before the switch is closed, i; = 125/50 = 2.5 A.
Therefore i3(07) = i3(0%) = 2.5A
#1(07)=2.5A, but i(0Y)=125/25=5A
S i(01) =4 (0%) —4(01) =5-25=25A
io(00) =125/25=5A

. - L 50x10°3
[b] 12=2.5€ t/TA, 1'=-1—2=—25—=2ms

Joi=25e7%00A >0
ii=5A, t>0
fo=i1—ig =5—-25e"%00A  t>0

[c] 5-25e50t=3 t=(1/500)In1.25
2.5¢7500t = 9 =20001n1.25 s
€500t = 195 t = 446.29 us

P84 t>0. i(0)= (g%) (g%) =25A

0.2
= % =0.01s

=100
i, = 2.5¢=100t A

QA=

vy, = —20i, = =50e~1%%Vy,  ¢>o0t
v, = —15i, = —37.5e"19%YV, ¢ >0t

P85 w(0)= %(0.2)(2.5)2 = 625mJ

p2a = 2if = 12.5e"2°% W

0.02 e_zoog 0.02 -
wan = / 12.5¢7 2%t = 12.5——— | =625x1073(1 —e*) = 61.36 mJ
0 (—200) |,
% dissipated = 61.36 x 100 = 9.82%

625
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P86 For t<O:
2490V 740_('_ %lo_n_
. 240 ) C ey 40 _
1g—m—10A, . 1L(O )—(10)50—8A
For t>0%:
7ZmH
O W (O.rs2
72 H 72 x 10-3
T=———=4ms
—_ aa F 18
—>e 1
Vo ég - =250 ,
o e X Vo) T
' 2 iy = 8e” 0t A t>0t
-+

v = — [IOiL + 0.072%] = — [80e™7%% — 1446~ 5% = 64e~ 2V,  t> 0%

or v, = 8ip, = 64e~230tV, t>o0t

P8.7 w(0)= %(72 x 1073)(8)? = 2304 mJ

2

v3 _ (64) e=500t = 102 4500t W

Paon = ;13 = 20
{o o]
Waon = / 102.4¢~5%%dt = 204.8 mJ
0
204.8

% dissipated = 7 x 100 = 8.89%

230
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P8.8 [a] When the switch is opened, v, is the natural response of the inductor voltage,

hence

vo = v,(0%)e ",  t>0%
where 7=L/R
By hypothesis  v,(1073) = vo(0+)e‘1°-3/ T = 0.5v,(0%)

-3

It follows that €1 /7 =2, -107- =In2

L= 1073 = 1443 mH

In2

[b] v,(0%) = -10i,(0%) = —10 (%) (30 x 1073) = =30 mV = -0.03 V

S v, =-003"Y7V, t>0t
2

_ Y - -5 _-2t/r
P1og = 10 9x 107 %

10”3
wion = / 9x 10 %~2/"dt = 4.57 x 107%(1 — e‘2X1°"/f) :
o+

I S
~10001n2
", wyon = 48.69nJ

wr(0) = %Liﬁ(o) = %(14.43) x 1073(3 x 107%)? = 64.92nJ

.. . 48.69
% dissipated in 1ms = 5203 % 100 = 75%

T

Alternate solution:

iL=38"Y"mA, t>0
ir(1ms) = 1.5mA
Therefore the energy stored in the inductor at 1 ms is
wi(1ms) = %(14.43 x 10-%)(2.25 x 10-%) = 16.23nJ
". wy,(diss) = wi,(0) — wi(1 ms) = 64.92 ~ 16.23 = 48.69nJ
48.69

% dissipated in 1 ms = 5193 X 100 = 75%

P89 [a] For t<0:

/SR 15K
T N
lalo — ¢, 0"
” ‘%/e‘éa
&L(5) ‘

g

qv
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P8.10

9x10-3
15 +75)

1
1(07) = 5(400) = 200 4A

i,(07) = =400 x 107 = 400 A

i2(07) = %(400) = 200 yA
[b] For t>o0t:

1542
M/

' 15ka 400) 3944//

Llot)

Since 1 is the inductor branch current, it cannot change instantaneously, thus
#1(0%) = #1(07) = 200 A
For t>0%: i3 = —i;, hence iy(0%) = —200uA
[c] r=£= 30 x 10-6
R 30x103
Li(t) =200 A £>0
[d]  da(t) = —200e~1* A,  t>0*F
[e] i cannot change instantaneously with time. The switching operation forces
i2(t) = —i1(t) when t>0%
Therefore i5(07) # i2(0%)

=10"%s

w(0) = £(10) x 10-%(25) = 125 mJ

0.9w(0) = 112.5mJ

w(t) = %(10 x 1073)i(2)?

i(t) =5e""A

L w(t) =5 x 1073(25e24/7) = 125¢=2/" m]
w(10 us) = 125e—20x10“/r mJ

- s 1 10
. 125¢720%107%/T _ 119 5. 20x107%r . 2 _ Y
¢ 5 e 09" 9
20 x 10-° (10)
e =m (=
T 9
_20x10°% L

" T(10/9) " R
. g 10x10-3In(10/9)
T T 0x 1078

= 500In (10/9) 2 52.68Q .
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P811 [a] For t<O: iL(0) = (2.5)% = 2.0mA

qka
A~
25 {7173 f y
L
mA w(0)
For ¢>0.  L,= 2000 _ 4oy
180
iL(0) = 2mA
+ iL=2¢"""mA,
N 490
.f%my p Sita t>0
be r=L/R=40ps
| — 1/7 = 25,000
i = 2e725000t A £>0
. v, = 2250008 Vv, t> o+
[b] pixa= _v_Z_ = 4 x 103 50,000t
! 1000
o 3 —50.000 _g [e-50.000¢ |te
wlmzjo Ax A0 =410 [-50,000 0
= 80 x 107%(1 — ¢=50.000%) = g((] — ¢=5%:000%)
w(0) = %(40 x 107%)(4 x 107°) = 80nJ
% dissipated = 100(1 — 6-50)00()‘0)
1 - e—50,000to = (0.98: e-50,000!o =0.02: 650’000t° =50

1
to = Wln 50 = 20In 50 us

t, = 78.24 us
". Number of time constants = t,/7 = 1.96
". Number of time constants < 2
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P812 [a] L.=125+% =50H

16
" I iL(=)iL(0)e"‘/’
iL(0) = 2A
Pgsu & 2rshe LT,
" l T 5

in(t) = 271900 A >0
vg = 15,000e~1500t v, t>o0t
dip,

=-3.75—" = —3.75(—3000e™1500%)
v, = 11,250e"1%0%V, ¢ > 0%
[b] i / 11250150z 4 0 = —1875% s |
—1500

i, = 1.25¢71500t _ 1954, t>0
1., 1 )
P8.13 [a] waiss = 5L,[z,,(a)] = 5(5)(2) =107
Alternate solution:
o0 00
Waiss = / [2e~1%9%27500 dt = 30,000 / e300t gt = —10(0 - 1) = 10J
0 0

[b]  Wrapped = (10)(1 25)% + (6)(1 25)% = (54 3)(1.25)% = 12.5]

Alternate solution:

w(0) = %(10)(4) + -;'(1.25)(4) =20+ 2.5=2250]
Werapped = w(O) — Wyjss = 22.5—10 =12.5]

P8.14 For t<O: — 44

aA 2a 40,
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For t>0:

—v(;fo*} = &) »
+
¥ SmH

40,

The Thévenin resistance seen by the 5-mH inductor is

L
R
So(0%) =
v, = —e”50Y, t>0%

Alternate solution:
io=4e" A, t>0
v, = L% = (5 x 1073)(=200)e™%%" = —e~5%YV,  ¢> 0t

P8.15 [a] For t<0:

HMe Oosz
‘ 1[,(0) =
a2v .
L lo)
For t > 0:
— ¢ %A

+ N

u;_ (s 0] 1 boa
)

=72
30 = ~24A
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1
vy = 20ia + 37.5ir = 20 (-%z@) +37.5ip = (~12.5 + 37.5)ip = 25ir
T _950
ir
1_% x 10% = 100
‘ 20 25 T 250
L’L mH A iL(0) = —2.4A

iL(t) = —24e7 1A >0

[b]  wvL=(250 x 10—3)%(-2.4e"‘°°‘)
v, = 60e”1%%V, >0t
[c] ia=10625ip=—15"1 A ¢>0+

P8.16 pyiss = 37.5if = 216200 W

) 200t =200t |00
Wiss =/0‘ 216e dt =216 [——%0— . ] = 1080 mJ
P20is = —(20i4)ip, = ~72¢~20%
=200t |00
Wi, = —12 [ 200 ] = -360mJ; .". dependent source delivers 360 mJ
- 0
% supplied by dependent source = 1%680—0 x 100 = 33.33%
P817 [a] t<oO:
(R a
oV ' Sioa 152
184 124
b
t=0%:
2 /2
M~
— (20A }
200 () Yo 24
Lab
b

120 = i + 18 4+ 12, iab =90A, t=0%
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[b] At t=o00

20y ) ‘ 1o 150
lab | -

b

fab = 240/2=120A, t=o0

—> |20A ‘
Lab imH Lz omH

1(0)=18, mn= % x 1073 = 0.2ms
i2(0)=12, m= -1% x 1073 = 0.4ms
i1(t) = 187000 A ¢t >0

ip(t) = 1272500 A >0

iab = 120 — 1875000 _ 19¢=2500t 4 4 >
120 — 185000 _ 12¢=2500¢ — 114

6 = 185000t | 19,—2500

[c]

e—2500t _ . e=5000t _ .2
. 6=18z2+12z
2 6
24 %, 2 _
z° + 3% 8 0
1 1 3 1,2 1
F=T3FVgty fe3E3t3
e—2500¢ 1 2500t _ g
t= 25001113 = 400In 3 us; t = 439.44 us
P8.18 [a] R= 2, = 800092 = 8kQ
1 1 1
[b] ;—Ea OO, C—W_O.%pl“
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[e]
[d]

P819 [a]

(b]

P8.20 [a]

1'=L=2ms

500
w(0) = %(0.25 x 1076)(72)? = 648 uJ

to

Waiss = —dt

2 to 2,-1000¢ -1000t |%o
Vi [ dt = 648 x 10735

o R " Jo  (8000) -1000 |,

= 648 x 107°(1 — 719%%) = 648(1 — ¢71%%%) uJ

.'. % dissipated = 100(1 — ¢~10°0¢-)

.. 100(1 — ¢~ 1000t) — 63
em1090% = 0.32;  £1%%% =3.125
1

-— . =3
t, = 10001n3.125, 0= 1.14ms

ve(0) = (40)10*3(—2w x 10® = 59.4V
T= [@ X 103] (0.5x107%) = 1 ms
v.(t) = 59.4¢~1000¢y, t>0

io(t) = (5—96—4 % 10-3) ¢~ 1000t

i(t) = 9.90e71%mA, >0t

te (59.4)2
W s = / e—2000tdt
diss = ) 73000

—2000t |to

[
—2000 |,
w(500 ps) = (588.06)(1 — e~1) puJ = 371.72uJ

w(0) = -;-(0.5 x 107°)(59.4)% = 882.09 uJ

371.72
882.09

Waiss = 1176.12 x 1073 [

% dissipated = x 100 = 42.14%

t<O0:

} = 588.06 x 1076(1 —

S5 2

oomA
25
2002
“‘—"'m

AN/ %

+
w(* U

_.p(,'z —’é} ?

e-zooo:,)

3
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20 BET))
Va—1=242v,=0, 3v,=3, v,=1V
L 4(07)=14(07) = % =0.1A =100mA

[b] First note that v.(0~) = v,(0*) = 2i; = 0.2 V; then for ¢t = 0%

10omA ' S~
_ + azv-—
A\ M/
—C; —¢ ]
(& g3
i1(0%) = 92—2 = 0.1 =100mA; i2(0%) =.:%‘2- = -25mA

[¢] The voltage across the capacitor cannot change instantaneously; therefore the
current in the resistor across the terminals of the capacitor cannot change be-
tween t =0~ and t = 0%.

[d] After the switch closes, iz is governed by the capacitor voltage since closing
the switch places i5 in a branch parallel to the 2-uF capacitor. Thus between
t=0" and t = 0% i, changes instantaneously from 100 mA to —25mA.

[e] Fort> 0% the time constant of the circuit is R,C where

R.=(2)(8)/10=16Q
C =2uF

“1=32pus and = 312,500
Jodr(t) = 1007312800 A ¢ >0
[f]  ia(t) = —25e312800 mA . ¢ > 0%

N -

o

P8.21 [a] For t<O:
2fa

A .
—= 1OmA +

a5 V 2o, ; 5 10ka
mA 5mA
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. v,(0) =120 V; v1(0) =100V

For t>0:

Zka

+ S

0‘5 looV 0.30
U IZDV T UF /- e

1 1 1 1
C. =015 030 o010 Ce=O104F

i,(0%) = E =10mA

T= (2000)(0.10)10-6 = 200 ps;
io(t) = 10e7%0%% mA, ¢ > 0%

= 5000

e

—108 ¢

[b] w = 515 /0‘(10 x 1073)e=3000745 | 120 = —-:)(.)i(;OO [e:;::)o; . + 120
= Fe 0 - 2 1120
v, = fﬂe-soom + 3—§0-V, t>0
[c]  vo(o0) = igﬂv; "L vy(o0) = ?’g—ov
Wirapped = [ (0.15) (320) %(0.30) (320)2] ud = 2560 uJ
Check:

w(0) = [%(0.15)(120)2 + %(0.30)(100)2] ud = 2580 puJ
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00
Wdiss = / (10 x 1073)2¢~10:000%(2000) dt
0

= 2000 x 10 [T ™ _ 903
= ~10,000), ~ ¥
P8.22 [a] t<O:
x-1 7
120V 12kq lozV }l'éa&_ru
— O A +
t>0:
— r=RC
- % =12x10°x 2 5 106
—A4 10 - 3
‘OQV ?FF (g 12&‘7- =40ms
+ + ‘ 1/r=25
) ve =102e"2%'V, t>0
to (102)2e50¢ 10,404 [e=50 | —3/1  —50t,
Wi = | o000 % = 12,000 [ g |, = 1Tx 07—

Waiss(12ms) = (17.34)(1 — e7%¢) x 1072 = 7.82mJ
[b] % dissipated = 100(1 — e~%%) =75
L 1—e"%0 =075
e~%0% = 0.25; %0 =4

to=-510-1n4=201n4ms; to = 27.73ms

P823 [a] t<oO:
2z2ke . ¢/00)

— 5, —’30)14‘
4 1Zke stﬂ-




v
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t>0:
q. 94
7=L/R=4.4/22
—_— 41_' [Z‘/ é /= 0.2ms
OR 1/ = 5000
IZ&H- iL(t) = 3e=5000t A
t>0

w(0) = %(4.4)(3 x1073)2 = 19.8 uJ

to

Wik = (9 X 10_66-10’00‘”)(10,000) dt = 9(1 _ e-lO,OOOt,)#J
]

" 9(1 — 710,000ty = 0,2(19.8)

1= e—l0,000to = 0.44

£10,000t, _ 1 %
0.56 14
to = 1001n (f—i) ps = 57.98 us

to
[b] Waiss(total) = / (9 x 10~8¢~10:0006)(99 x 103) dt
0

_g [em 10,0001 fte 10,0001
=198 x 10 —_—IbT , = 198(1 —-e °) ud
Waiss (total)[57.98 us] = 8.712 uJ
% dissipated @57.98 us = (8—13—182-) 100 = 44

P8.24 Fort < 0, i, is zero; therefore the capacitor charges to 15V, positive at the upper
terminal.

For t > 0 the Thévenin resistance seen from the terminals of the capacitor is 2042, i.e.,

S s
L7
15~ Ur tr

Now i, = —ip, therefore

vr = 15ip — 5(—ir) = 20ir,  Rrn = %T: =200
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Therefore the time constant is 7 = (2 x 107%)(20) =40 us and —i- = 25,000.
t>0t:

_.-L'o

| .
Dn % 15V —~ &uF

i,(0%) = —% = —0.75 = =750 mA

L io(t) = =750e728:000 A ¢ > 07

P8.25 [a] ba
OR2 — (it tlp)
4
e
—o |
-y
+ A4 + L
vr = 20 x 103(ip + avg) + 5000ir = 25,000i7 + 20 x 103(a)(5000i7)
';—T = Ry, = 25,000 4 100 x 10%a
T
7= RrnC =40 x 1073 = Ry4,(0.8 x 107°)
.. Rrn =50kQ
.25 % 103 4100 x 10%a = 50 x 103
_ 25,000 _3
a= gt s =0.25x 10
a=250x10"%A/V
[b] t<oO:

5m4 306kn
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t>0:
_ l r=40ms
. 50 1/r=25
BV —~ 08uF 1 % Ra i,(0%) = 0.36 mA
+ Lo

i, =0.36e"2*mA, t>0*
vy = —5000i, = —1.8¢~2%'V,  t>0*

P8.26 [a] U
P

— _ C -+ -+
/n

Uc" ds %

-+ -

ve =187V, vy =—18"B'V, vy = v, + vy = 1627V
igs = avg = (250 x 1076)(—1.8e725*) = —450e~ 25 pA
Pds = Vdsigs = —7290e %% uW

o]
W = / —7290 x 10~%¢~5% dt = —145.80 uJ
0

.". dependent source delivers 145.80 uJ
[ °] o0
[b] wska= / [0.36 x 10~3e~2%%)25000 dt = 648 x 10~° / e 3% dt = 12.96 pJ
0 0

00 - [ ]
(16.2¢~25%)?2 -s/ 50t
= A dt= dt = 262.44 uJ
W0k ./0 20,000 dt = 13,122 x 10 A e B

w(0) = %(o.s x 10-°)(18)” = 129.60 uJ
D waies = 12.96 + 262.44 = 275.40 uJ
D wael = 129.60 + 145.80 = 275.40 puJ

S0 ) Whiss = ) Wael
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P8.27 [a]

(b]
[e]

P8.28 [a]

t>0:

5ke.
—A~

+ —=L +
T

SV~ ZUF oy

:—8/,4{—‘

Ska

A
—\ r=8x10"3=8ms

1/r =125

4_'75'V_ i(0%) = B 10%=15mA
1 5

{0 i(t) = 15¢71%* mA, t> 0%
I é/{[-——

v = _1_2{ / t 15 x 1073¢1257 dz 4 75
= 60((12%' -1)+75=60e"1% 415V, t>0
vy = 1?/‘ 15 x 107371252 dz 4.0
= —15(:-125' —1)=-15e"1% 415V, t>0
w(0) = %(2 x 1075)(75)? = 5625 uJ
Wirapped = %(2 x 107°)(15)* + %(8 x 107%)(15) = 225[107° + 4 x 10~°]

Wisapped = 1125 I
Wiiss = w(O) - Wtrapped = 4500 uJ

[e <]
Check: Wyiss = / 225 x 10~%¢~25%¢(5000) dt
0

=250t |°©
=1125 x 10-3¢ =5 | = 460043
- 0
_(06)(1.2)
Co = == = 04 uF
- | + 7 = (0.4)(50) x 10~3

v — 0.4/1I—'- [ Sooka = 20ms
+ — 1/1’ = 50
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[b]

[c]

(d]

(el

P8.29 [a]

==20e7%%"V, t>0

Wetos = %(0.4)(400) = 80u]

w(0) = 1(0.4)(30)2 + l(0.2)(302) + l(1.2)(10)2 =330 ud

. % dissipated = 3%% x 100 = 24.24%

t

106 —s0s 20)(1000
n(t) = /50x103 s+ 10.= X )le

60
_%—50t+230+10__ 230 ‘5°‘+3V t>0
R A
=—_—§-ge'5°‘—-5§0\’, t20

Note: v, + vy = v, as it should

50\* 1 50 °
Wtrapped = ‘(1 2) ( > + -2'(0.6) <?) = 250 uJ

Check:  Wtrapped + wdiss = w(0)
250 + 80 = 330 (ok)

.f
+
0.2uF =10V U, Sioka

v, = 10e7300 V| t>0
i, = e %00 mA t>0t

16
. —~500t
l24kQ = € (

40) =0.40e7%%mA, t> 0%

Paaka = (0.16 x 10~ %=1900%)(24 000) = 3840 x 10~ 51000t W

+10
0

T=2ms

1/7 =500

oo
a4k = / 3840 x 107671000 gt = —3.84 x 107°(0 — 1) = 3.84 pJ
0

w(0) = 5(0.25)(1600) + 5(1)(2500) d = 1450 43

% diss (24kQ) = %‘6 =0.26%
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(b]

P8.30 [a]

(b]

Ppacon = 400 x 1061000t wy

00
Wa000 = / Paoodt = 0.40 uJ
0

% diss (400Q2) = % =0.03%

Preka = (0.36 x 10~%¢~1900%)(16,000) = 5760 x 10~%¢=1000t W
wiekn = / ™ 5760 x 10-5¢=1000" gy = 5.76 puJ
% diss (161(20) =0.40
D Waise = 3.84+5.76 +0.40 = 10 uJ
Werapped = W(0) — ) Waiss = 1450 — 10 = 1440 pJ
1440

% trapped = 1450 x 100 = 99.31%

Check: 0.26 +0.03 + 0.40 + 99.31 = 100%

At t = 0~ the voltage on each capacitor will be 150 V(5 x 30), positive at the

upper terminal. Hence at t > 0% we have

4] a ‘ ¢ -
‘y PR |
wF ’l"_ L2
150 150
S +\ 19V 29V _
iha(0%) =5+ g + o = 10554

At t = oo, both capacitors will have completely discharged.
" i54(00) =5A

isa(t) = 5+ i1 (t) + i5(t)

m =(0.2)(1) x 107 = 0.2 us

72 = (0.5)(100 x 107%) = 50 us

Sodi(t) = 750e%1% A ¢ >0t

ip(t) = 300e™20000t A ¢t >0
" isq = 54 T50e™5%X10% 4 30020000t 4 ¢ > ot
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P831 [a]

(b]

P8.32 [a]

v= L% = L(10,000)e~40%
S 10%L = 100
L =10mH
%:%:400, . R=4Q
i(00) = 25 = %, J.V,=25R=100V

w(oo) = %(10 x 1073)(25)% = 3125 mJ

w(t) = %(10 x 1073)[625 — 125040 4 625¢80%%)

= 3125 — 6250e %% + 3125¢78%%* mJ
" 3125 — 6250e 400 4 3125e80% = (.25(3125)
1— 26—400t + e—800t =0.25
= e—400t
1-2z+22=025
22 -2z 40.75=0
z=1+v/1-075=1405
z;=15 23=05

Only z, has physical significance, i.e., t > 0.

e—400t = 05; e400t =92
t=25In2ms = 1.73ms

A better way:

w= %le — %L(25)2(1 _ e—4001)2 — w(oo)(l _ e—400t)2

L (1-et92 20925, 11— =05  t=1.73ms

t<O0:
el
+ Vv
_ > (0 )
4on 4n % ) %aon.
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vo(07) | vo(07) | v(07) _ _

4 + 20 + 5= 40
10v,(0™) = —800; v,(07)=-80V
. 1,(07)=-80/5=-16A

t>0:
S
Ay
+ .
éw_m —,
% ?"70-”— %lom//
e TV
Vo  Vo—240 v, _ _
20T 6 T 0 t=

160, =240,  w,(c0) =15V
io(00) = 15/5=3A

Resistance seen from the terminals of the 10-mH inductor:
0020) _ 0

Rrh =5+ 80
Lr= % x 1072 = 0.5 ms = 500 ps; 1/7 = 2000

3 lo(t) =3 + (—16 _ 3)8—20001 =3- 196-20001A’ t Z 0

[b] v, = 5io(t) + 10 x 10_3%(0 = 15— 95e=2000 | 10 x 10_3(38,000)6-2000‘

= 15 — 95¢2000t 4 380 =2000f — 15 4 9285¢~2000ty >0
Check: vo(0+).= 154285 = 300V; at t = 0% the circuit is

' +
a4 (4 fg; V(0% %o’_fg (oA

I

v(0%) | v, (0F) _

60 t a0 -2
4v,(0%) = 1200

v,(0¥) =300V (Checks)
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P833 [a] t<O:

32v 8o GA
iL(07) =6A
t>0:

1Za St B

— W
32/ Vo 48V
iz (o0) = ‘2‘% = 4A
= % = 5—"—2? =0.25 x 103 = 250 s; % = 4000

i, =4+ (6—-4)e” 000 A = 44271000 t>0
v, = 48 — 8i, = 48 — 32 — 16e™49%% = 16 — 161000V, ¢ > ot
[b] wu= L% = (5 x 1073)(—8000e~40%%%) = —40e~40%%y ¢ >0t
" (01) = —40V
v(0t) =0V
P8.34 i,(07)=1i,(0%)=10A

t>0:

5oV LK) B lenH
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50

i,(00) = 20> 25A
T= % x 1073 = 0.8 ms = 800 us; % = %@ = 1250 nepers/s
io = 2.5+ (10 — 2.5)e™1250¢
i(t) =25+ 75e71P%A, >0
v, = Li'% =16 x 1073(—9375)e~125% = _150¢125% Yy, ¢>0
L
P8.35 o(0%) = —I,Ry; =
[a]  v,(0%) o Rz Ul

v,(00) =0
vo(t) = =L Rpe”(RatR)/Lly - ¢ 5

[b] v, = —12(20)e=(QU/BX10°t = _940,-2500ty 45 g

[¢] ©,(0%) — oo, and the duration of v,(t) — zero

., —_ L
(4] vew = Raio; TSRt R
. . __Rl
10(0+) = Ig; 10(00) = Iﬂ Ri+ R,
. _ Lir, IRy —[(Ri+R3)/ L}t
Therefore i,(t) = R+ R, + [Iy Ri+ Rz] €
io(t) = Fals Raly  —yri+ra)/L
(Ri+R2)  (Ri+R»)
Ri1, Roly  —(Ru+Ry)/LI:
sw = l ’ 2
Therefore v (1+Ri/Ry) " (1+ Rl/R'z)e t20
[e]  |vsw(0F)| = oo; duration — 0

P8.36 Opening the inductive circuit causes a very large voltage to be induced across the
inductor L. This voltage also appears across the switch (part [¢] of Problem 8.35)

causing the switch to arc over. At the same time, the large voltage across L damages
the meter movement.

P8.37 t<o:
~—((07) Za 9o
A=
30 04U > - ® 240V
- 4

—

v
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V1 1)1-240_'
%—O.4U¢+ 42 =0

vy — 240 vy — 240
"":(142 >(2)= T
v (vi—240\ v —240
30"0‘4( 21 )+ 2z 0

1.4v; — 0.8(111 - 240) + (v1 - 240) =0
1.41)1 + 0.2(‘01 - 240) =0
1.61)1 = 48; v = 30V

0

i,(07) = gﬁ =1A=14,(0%)

For t < 0: First find the Thévenin equivalent with respect to the terminals a, b.

=R do.a
2. —\M /T —
+_ —
Ve o
0.4Ug, Uy UoV
lbo
b oy
— 0.4v¢,+ 'Uab‘2— u1 =0
Vab = Vg + V1, Vg = Uab — Vg
o= 0.8(vab - vl) + ('Uab - ’01) =0
0.2(vap — v1) = 0; Jovap =01, vp=0
. ‘01—160 01—240‘_
T tTa 0

4v; — 640+ v, —240=0
5v; = 880, vy =176V
" Vab = 176 V

Find Thévenin resistance looking into the terminals a, b.

— L zZa
= Z oy \
+ + U} - \
Ur adly 10 ?40._0_
o

|
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vp = (iT + 0.4v¢)(2 + 8) = 10i7 + 4v¢
vg = (ir + 0.4v4)2 = 2ip + 0.8v¢
0.2vg4 = 2ir, vy = 10ir
. vp = 10ip + 40ip = 50ip
R =vp/ir =50Q

2 a

w4
b

It follows that the Thévenin equivalent with respect to the terminals of the 80-mH
inductor is

8o mH &aa
Lt/ b Wiy 774
JLde(00) = % =22A
_8 oa_, . 1_
1'_80x10 = lms; T—IOOO

Lio(t) =224 (1 -2.2)e710000 =992 1.2¢71000t 7 >0

P838 [a] For t>0:

.4—-(,0
+
4-8‘4%‘ Us 48 5 loA
A

i,(07) =4,(0Y) = 20A
4.8

1
T—m—o.ls, ;—10
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[b]

[c]

P839 t<o:

io(00) = 10A
io =10+ (20 - IO)C‘IOt =10+ 106-10: A,
Yo = 4-8% = 4.8(—-100e~1%) = —480e~'"V,

1
i(t) = % —480e™1% dz + i, (0)
0
. 8
i1(0) = (20) (%) =8A

t

. e-lOz
i(t) = —40 [ 10, +8

L) =4e71% 144, 120

t
ia(t) = % /o —480e™1°% dz + i5(0)

) 12
i2(0) = 20 (-23) =12A

t

e—10z
iz(t) = —60 [ i |, t 12

" dg(t) = 671 + 6 A, t>0

-t 0.5-A

L
(0) oV

For t>0:

) S+

i(07) = 10/20=0.5A
ip(0t) =i, (07) =0.5A

Pa

i3
2




284 CHAPTER 8. Response of First-Order RL and RC Circuits

Find the Thévenin equivalent with respect to the terminals of the inductors.

£ T
20
Un, $ Dn 24
oV
vth—10 vt o _ Rry = 20//30 = 12Q
20 30 120 x 10-3
3vrn — 30+ 2vpy +120=0 1'=--—-1—é-——-=10ms
S5vpp, = —90 1
vh = —18V 7 = 100
1Z2_a
I‘ )
-, —_
% 8OmH L(#) iz (00) = _ll2§ =—15A
+ ‘ 8V
([ S donH

Lipn(t) = —1.54 (0.5 +1.5)e” %A, t>0
=~-15+2"1%A t>0

v = 40 x 10-3%- = (40 x 1073)[-200e71%%" = —8¢~1%%V,  ¢> 0%

Alternate solution:

‘—-Ua}): 0'5-4 (Lﬂ-

—\/
% DmH *
A 8V
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v1(0%) = =18 — 12(0.5) = =24V
40 1
= —vl

120773
vy = —24e7 1000y, t>0t

v, =810V, ¢>0t

Vo

P840 [a] Let v be the voltage drop across the parallel branches, positive at the top node,
then

-1 +L+-1—/‘vdz+-l—/‘vdz—0
g Rg Ll 0 L2 0 -

v 1 1 '

E;+(L—1+L—2>/ovdz—lg

v

1 t
—-l-—-/ vdz=1
R, L. Jy s

Therefore v=I,Rse*/";  r=L./R,

1 [ LRy, e=*I" |' LL
Theref '=——/IRe"/'dz:: 99 = 2971~ Mt
erefore 1 I, J, o Lo s Lx( )
. _ IjL, o =t]r . I Ly =t/
i = _L1+L2(1 e ") and i3 = L1+L2(1 e” ")
. L, ) Ly
=1, -1 7
[b] 41(c0) L1+L2[” i2(00) T+l

P841 [a] i= C.‘;_: = 103Ce—50t

. 10%Cc =25x 1073
C=25%x10"8=250x10"% = 250 nF

500C
v(00) =200V = ;R
L, = 200

— -3:-_ .
800x10 0.25mA

[b] w(cc)= -;-(250 x 107%)(4 x 10%) = 5000 pJ

w(t) = %(250 x 107%)[4 x 10* — 8 x 10%e~5%% 4+ 4 x 10%e~19°]
= 5000[6—100(" — 28—5001 + l] /JJ
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. 5000[e=1000% _ 9500t | 1] = (.36(5000)
¢=1000t _ 9,=500t 4} = (.36

Let g = ¢—300¢ z=14++/1-064=14+0.6
z? - 2z +0.64=0 z; = 1.6, o =04
Only 22 has physical significance:
e~800t = 0 4 500t =1n2.5
e300t — 9.5 t=2In2.5ms = 1.83ms
A better way:
w= -;—C'v2 = -;—Cvz(oo)[l — 750012 = y(00)[1 — e 50012

w(oo)(1 — e759%%)% = 0.36w(o0)
L 1—e7%00 = 6, e=500t — 0 4; t=1.83ms

P842 [a] v,(07)=w,(0%)=0

t>0:
1282 é’éa
~+
cov ;o= 05uF
dv, v, —60
C—dt" toox108 0
dv,  v,—60 _
2t Tlox10-3 ="
dv, _  —v, N 60
dt ~ 10x 10-3 " 10 x 10-3
dv, —dt

vo(t) dz /t
= [ -100d
~/u°(0) z — 60 0 y

In [v,(t) — 60] — In [v,(0) — 60] = —100t
o [vo(t) — 60] _
[vo(0) — 60]

vo(t) — 60 — ¢~ 100t

vo(0) — 60

vo(t) — 60 = (v,(0) — 60)e~10%
vo(t) = 60 — 60e~2°0Y, ¢t >0t

| -100t
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[b]
Sba

—Le
+ 4
U ¥ - Suf
—— 0.5

2 ) A T A
ic = ci”—" = (0.5 x 107%)(6000e~1%%%) = 3¢~1%%mA, t> 0%
vy = vo + 8000ic = 60 — 60e~ 00 4 24¢~100 = 60 — 3610V, ¢t > 0%
io(t) = == =1-0.6e71%%mA, t>ot

[e] 4@ = ca(t) +ic=1-10.6e"10t 4 37100 = | 4 92 47100 A t>0t

[d] () = 2(t) =4i,(t)=4-24e"1%%mA, t>0%

[e] a(0Y) = 3.4mA
Check: at t = 0% we have:

R. 15 60 8~ 120

" vy(0%) = (5)(4.8) = 24V
24 24

. o +\ “ 2. -
. 5(07) = 60+ 3 04+3=34mA (ok)
P843 [a] v, (07)=v,(0%)=120V;  w,(0c0) = —4(37.5) = —150 V
7= (37.5+ 12.5)10%(0.04 x 107°) = 2 ms; % =500
" ,(t) = =150 4+ 2703V, ¢t >0t

[b] ()= —cﬂ’l = —0.04 x 1075(~135,000e=5°%") = 5.4¢7%%% mA, ¢t >0t

[c]  vy(t) = v, — 12.56,(t) = —150 + 270e 5% — 67.5¢~50
= —150 4+ 202.5¢7°%%Vy, ¢t >0t
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[d]  v,(0%) =5250V

We can check v,(0%) as follows. At t =0t we have:

mA

Capacitor acts like a voltage source at t = 0.

v,(0%) =120 v, (0t) v, (0%
s+ g + g +4=0
12v,(0%) — 1440 + v, (0%) + 3v,(0) + 600 = 0
16v,(0%) = 840

v,(0%) =52.50V  (ok)

P844 [a] t=0%:

28a 3.2ka
M/~ vy
—= ¢ o)
4oV 18k
LELR 3.2k

l __,”V\,% lo#)

i,(0%) = 1§’§ =-7.2mA

[b]  io(0) =0
[c] 7=(5%x10%)(0.8x107%) =4ms
[d]  i(t) =0-7.2e"2%%mA, t>0F
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[e]

L8ka 3,28,
MWy Ctt)
EA U3¢ ——o0.8ufF

o(t) = —36 — 1.8i,(t) = —36 — 1.8(—7.2)e~ 25"
= —36+ 12.96¢"25"V,  t> 0%

P845 t<o:
i,(07) = (10)’1%)6 =2mA;  v,(07) = (2)(50) = 100V
t = oo:
| S2oka L
Lo() J
k2 ()
l _

iy(00) = =5 (12606) = 1mA;  vy(00) = ig(00)(50) = —50V
Ron = 50kQ//50kQ = 25kQ;  C = 0.016 uF
T = (25)(0.016) = 0.4 ms; = 2500

Jove(t) = =50 + 1506 2%°% vy, ¢ >0t

N

| e

‘ T+
o ke U o0l

JON-
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ic = C% = —6e™2%00 A, t>0t
iso = ;—"0 =—1+3e5%tpA, >0t

io =ic +iso = —(1+ 37 mA,  t>0t

P8.46 t<o:

+
C;) %Ek.n. Uplo™) = —15(3) = —¢s V.

t > 0: Find the Thévenin equivalent with respect to the capacitor.

4,
ALy doka
—3 M/
+ I — )
- |
vrh = —2 x 10%a + —(10) x 10* (—_75——) +15=30+15=45V
a 50 x 103
. 2%
+ N ‘ AN/
Uz 10k

vp = —2 x 10%4 + 8000ir

1A = 2T 550; 021T
vr = (—0.4 x 10* + 8000)i7 = 4000ir

S Ron= 2L = 4%Q
i
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_L e —
oy s 45V

L ve(o0) =45V, r= (%) (4)1073 = 0.25ms; % = 4000
o(t) = 45 + (—45 — 45)e 000 = 45 — 900V, ¢ >0

P8.47 t<o:
4kn
Y
1 + _ v,(07) =45V
T V(o) 45V v (0%) = 45V
t>0:
ZOkﬂ- vo(00) = —45V
+ T = (20) (%) x 1073
L U,
asy 6 PF —_ o = 1.25ms

" v = —45 + (45 + 45)e75%% = —45 4+ 90e73°' VY, ¢ >0

P8.48 t<o:

mA

30 Tﬂm loma %nz%a
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2fa
[ "+
i,% Stha o) = ~3(%0) =—V
l —
t>0:
zkn.
% W
5ma aka. (V) ioma lzﬁm 8
2ba
M/ +
5 105 —— U;-
mA $3ka 0/12 T R

_ +

vo(00) = 15V; 7 = 0.25 ms; % = 4000
v, = 15 4 (=90 — 15)e4000¢
v, = 15 — 105¢~40% Yy, ¢t>0

P8.49 [a] Let i be the current in the clockwise direction around the circuit. Then
. 1 [ 1 [
V,=1R9+-61-/ zdz+a] idz

=1iR +(1+—1-)/tid£—iR +i/tid:v
T C, Ca) Jo T Ce Jo
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Now differentiate the equation
di i di 1
O—R,(-E+-C—c- or Et-+———Rchz—0
Therefore i = -Vie"/R'C’ = I—/’Le"'/'; 7= R,C.
9 R,
Vg —z/'r Vy e—z/'r t_. VQCG ~t/T
u(t) = cl VRS EERe o, Y
|7 C _
n(t) = -C—I:—é;(l —e Ty, T = R,C,
V,C
va(t) = -CTg-i-—lC;(l —e7tT); T = R,C.
-_© . -G
[b] 1)1(00)— CI+C2‘/9’ ‘!)2(00)— CI+C2V§

P8.50 [a]

(b]

(el

(d]

It follows from Problem 8.49 that

01(0) = (0 6) (60)=40V;  ©(0) = (0 3) (60) = 20V

We also have C, = (0—(?;)3%9 =0.2uF
5k r = (0.2)(5) x 10-3
\'\I ’ = 1lms
2 |+ 1/7 = 1000
Op'lF T % ooV ,(0) = 60V
- vo(00) = 100V
v, = 100 + (60 — 100)e~100%
vo(t) = 100 — 40e~100% YV ¢ >0
io(t) = d”t" = —0.2 x 1076(40,000e100%) = —8e~109% mA, ¢t >0t
100 an —1000% 8000 [ e=1000= |*]
vl(t)— /( 8 x 10 )e dz +40-——"3— L—IOOO . + 40
= Zg—o[e-“’""‘ -1]+40= '—389e-1°°°‘ + —g—ov, t>0
106 3\ 10008 8000 [e-1000= 1]
va(t) = / (-8 x 107%)e dr+20 = 06 _1000 +20

= ___gg[e-loom 1+20= f?Oe-loooz + _2_29
:126—1000:_‘_ %

>
. V, t>0
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Check: vy +vy = :132_0.8-1000‘ + i:(}& - _406—1000t + 100 (Ok)
200 100
[e] vl(oo)= —3—V; v2(00)= —3—V
1 _e [4x10%) 1 _e\ [ 10*
w(oo)—§(0.3x10 )( 9 )+§(0.6x10 )(9
_ (2x10%)(10-%)  10%(10-%) _10-% = . o
= 30 + 30 = T30 3)=10"=1mJ
P8.51 i, = ‘_2‘;_(033‘_) = 4954A
vrh = —2575(16 x 10%) — 400 x 103, = —19,800 x 1073 = —19.8V
Ry, = 16kQ
loka 7 = (16)(0.25) x 10~ = 4ms
+ 1/7 = 250
5 —— 0)=0
19.8 0.25 Ve ve(
v MF 1 ve(oo) = —19.8V

vc = —19.8+ 19.86'25°tV,0 <t< oo
w= %Cv% =0.125 x 10—6[392'04 — 784.08¢25% 4 392.046-50°t] J

w(oo) = 0.125 x 1076(392.04)

. 0.125 x 107%Z = 0.36[0.125 x 10°]392.04
", 392.04 — 784.08¢ 2% 4 392.04¢ 5% = (.36(392.04)
1 —2e7 280t | =500t - 36
L eTP00t _9-250t L 064=0

22 -2z 40.64= 0, z = ¢~ 250
z=12v1-064=1+06

z1 = 1.6, =04

Only z3 has physical significance.

0.4 = e—250t; €250t —_ 95

250t = In 2.5; t =4In2.5ms = 3.67ms

A better way:

w(t) = w(oo)[1 — e~ 2302
So(1=emBM22036;, 1-e"P%=06
tx~ 3.67ms
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P852 t<o:

i,(0%) = i,(07) = 0.5 mA

on 5n
W ] IIV\( 5
,(07)=2( =) =0.5mA
ol @5 a1 o (x)

t=0"%:

(%] G — )\

4n )41y nd

v,(0F) — vy + v,(0%)

05x 1073+

— 4oA - -3 -
15 4 4ip - 10 0
or 19v,(0%) — 4v; — 240i5 = 30 x 1073
T v,(0%)

— -3 =
z T 2x10 0
or 8v; —2v,(01)=60x10"3; .. v = 0.25v,(0%) +7.5 x 1073
_ v —1,(0%) _3
ia= B 0.5x 10

.. 240ia = 16v; — 16v,(0%) — 120 x 1073
" 19v,(0%) — 4v; — 16v; + 16v,(0%) + 120 x 1073 = 30 x 10~2
.. 35v,(0%) — 20v; = —90 x 1073
35v,(0F) — 5v,(0+) — 150 x 1073 = —90 x 1073
30v,(0%) = 60 x 1073
v(0%) =2mV
We know  v,(00) =0V

To find the time constant find the Thévenin resistance with respect to the terminals of
the inductor.

on S

A —’@‘ JURR
T S Zan e,
-1 Tt
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. VY Vp .
r=gpt g e
\% .
iA——Zl-‘hA
. _Vr. . _ W, _nr
51A—' 4) A 20) 4'A— 5
. Vo Vo Vo (1 5 4
TR 5‘(20+20 20)VT
i _ 1
Vr 10
RTh=Z-TL=IOQ
iT
T=L=0.2ms; l-:5000
Rrh T

Lop(t) = 04 (2 =050 MV = 23000ty ¢ > 0t
P8.53 [(a] i(0%)= [(172??4_)] (%) =6A
[b] 0<t<800us
L _20x10-3 20x10-3
R~ 32+48 368 '
i=6e"1840t 7 0<t<800us
i(300 ps) = 6e 0552 > 345 A
[c] #(800us) =6e"14"2 ~ 1.38A, 800us<t< oo

T= l=1840
T

L
:_ —(t-0.0008)/r, -2 =
i=1.38e ) T R

i = 1.38e~1600(:-0.0008)

i(1ms) = 1.38¢™160002X107%) _ | 38,=032 ¢ | g A
[d] t=800"ps

—» (38 A

+
(800~ ps) = —36.8(1.38)
3_%.8 U %Z""‘H = —50.67V

[e] t=800%us
—> /. 382A

32 omH v(800+ ps) = —32(1.38)
* l = —44.06V
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P854 For t<O:

41a ——ly007)

5V S2.a

iL(07) = -3 =1254A; .. (0Y)=125A
0<t<1s:
N ' —= Cil2)
M/ '
174 2n %IOmH

In this interval the voltage across the inductor is zero, hence ip(t) stays at 1.25 A. Also

note the Thévenin resistance seen from the terminals of the inductor is zero, hence the
time constant is infinite and the exponential function is unity, that is

e~t/® =1 for all finite values of .

Thus i, =1.25e°=125A, 0<t<l1s
For 1<t<o0:

J w0/ A r=L/R=>5ms
1/7 =200

#7—

Lip(t) = 1.25e72°0-DA 1<t < 00
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P8.55 t<o0:
5n
AN
A élo_a_ . ‘ 2omH
, L,_(O}
i,(0) = %Q =10A
0<t<10ms:
S
_ 4 50mH
L)
iL(t) =10e71%% A, 0<t<10ms
iL(10 ms) = 10e~! A
10ms <t < 20ms:
5n
J mH 20
4

1/7=80
iL(t) = [10e71]e=80¢-00) A ' 10ms <t < 20ms
iL,(20 ms) = (10e™1)(e80(0-0D)) = 10e-1-8
20ms <t < oo:
S

Pr——

' ¢ OmH
L (¢)

50

r=-5—x10'3=10ms

1/7 =100

_ 0)5) _
R. = 25 =40
50
‘r_-j4—-l2.5ms
7=10ms
1/ =100
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P 8.56

P 8.57

P 8.58

iL(t) = (106-1.8)6—1000-20)(10‘3)
iL(25 ms) = (10e~1%)e™%% = 10e723A
v, = =5ip, = =506 23 = =5.01V

w(0) = %(50 x 1073)(10)2 = 2.5]

0.04w(0) = 0.10J

%50 x 107%% =0.10; i =4; iL=2A

From the solution to Problem 8.55 we note ¢t must lie between 10 and 20 ms, i.e.,
ir(10ms) = 10e~! = 3.68A
ip(20ms) = 10e™!'¥ = 1.65A

o (loe—l)e—SO(t—0.0l) =9
£—80(t=0.01) _ 0 9,1
80(t — 0.01) =In [0.2¢1]!
1
t=—1 2eh)]? .
30 n[(0.2¢")]"" +0.01
t=17.62ms
Note [0.2¢!]7! =5e~!

0<t<5s:

v,(07) = v,(0*) = =5V
Since the capacitor does not discharge while the switch is in position (b), v, is constant
at =5V:

v, =-5V, 0<t<5s

5s <t < oo

r=RC=100x10%x100x 107° =10s;  1/7=0.1
" v, = —=5e 01Dy, 5s<t< o

0<t<3ps:

vo(0) = 0 7 = (2000)(5 x 10-9) = 10 us
vo(00) =6V 1/7 = 100,000

v, =6 — e 100,000ty 0<t<3us
vo(3us) =6 — 6703 =156V



300 CHAPTER 8. Response of First-Order RL and RC Circuits

Jus <t < oo:

+
3mA 2ba [ = 5nF S8ka S,

—

2kQ//8kQ = 1.6kQ
vo(00) = (1.5)(1.6) = 2.40 V
r=(1.6)(5) x 10~ =8pus;  1/7=125,000
. o = 2.40 + (1.56 — 2.40)¢~125,000(t-3x107¢)
Vo = 2.4 — 0.84¢~125.0000=3x107) y 3,0 <t < oo

Summary:

v, = 6 — 6100000ty 0<t<3us
Vo = 2.4 — 0.84¢7125000(-3x107) y - 3, <t < 00

P8.59 0<t<200pus:

" égobﬂ_ %éo%n.

2oV T~ $NF 5
- ?Iao%.n Smﬁa

R =150kQ//100kQ = 60 kQ
T = (60,000) (%) x107° =2 x 1074s; % = 5000

v, = 300e~°0°%YV, 0 <t<200pus
v5(200) = 300e™5000(200)107° _ 3001



PROBLEMS 301

200 us <t < oo
-f-
t', & Pka coka
— + A —= Lab
—l—0 a b
) J 1zoka 40£JL
- L

R = 30kQ//60k2 + 120k2//40kQ = 20kQ + 30kQ = 50kQ

_ (10 .. -9 _5 o 1.
f_(3x10 )(50_,000)_3x10 s —=6000

vo = (300e~1)e=6000(t=200x10") y = 900 ys < t < 00
v0(300 ps) = 300e e = (300e~1-6)

-1.6
,(300 us) = 300580 x 1073 = 6e" 1 mA
=2t w2, -4
'T90°T3  ?T160° 4°
. . 2 1). 5. 5 - -
tab = 11 — 12 = (5 e Z) o = Elo = (ﬁ) (66 1'6) mA = 2.5¢ 1.6 mA

tab = 504.74 pA  (left-to-right in the switch)

P8.60 t<o:
2ka
A~
B e e
n;A ra Velo) 3@:&.
’ —>5-ﬂ4 -

ve(0) = =5(3) = —15V
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0<t<800pus:

2ka
M~
- k
— 05 3
4ka VC'._'— ] e dq8

R. = 3kQ//6kQ = 2kQ

7=200000.5x 10"%) =103 =1ms;  1/r = 1000
ve = —15e710%%V 0 <¢<800us

vc (800 pus) = —15e" 08V

800 us <t < 1100 us:

. 7= 3000 x 10~ = 3ms
é T b ‘;; 1/7 = 1000/3

ve = (—15e'°'8)e'(1000/3)("800" 107) V, 800 us <t < 1100 us
ve (1100 ps) = (_156-0.8)(6(—1000/3)(300x 10“‘)) = —15¢~0-8=0.1 — (—15e"°'9°) Vv
1100 us < t < oo:

2ka

+ ]
4ba : % ——%——,, ﬁa&a

7= lms; 1/7 = 1000

ve = (_156—0’9)6-1000(1—1100#3); vC(1500 #S) - _156—0.98—0.4 - _156—1.3v

2
Vo= 3Vc;  Uo(1500us) = ~10e™ 3 ¢ —2.73V
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P8.61 0<t<800pus:
v(2: _ 2256-2000t

P3k = 3000 = ~ 3000

s 800x10~¢ 2000 ¢
wa =75 x 10~ / e~ 2000t gt — (75 -3
% 0 (75 107) 3555 |,

=75 x 10~3¢=2000¢ yy

~2000¢ |800x10~°

=375x107%(1 — e~ 1%)J =37.5(1 — e~ %) puJ
800 us <t <1100 ps:
w3k =0
1100 us <t < oo:
= _2253-1"88—2ooo(t-1100x 1079
3000

wax = Th x e~ 18 x 10-3 /w e-zooo(:-uoomo“) dt
1100x10~¢
=37.5e718 x 1076 = 37.5¢ 18 uJ

wak = w3k(0 — 800 pus) + w3, (1100 us — oo)
=37.5(1—e 1) +37.5e7 18 =375(1+e 18— 1) pd

w(0) = %(0.5)(15)2 = 56.25 4]

. _ 315 18 _ -16 -
% dissipated = ——56.25(1 +e e~1°)(100) = 64.23%
P8.62
[a] - Ve _
| L
+ | { +
e.ol 40
Us HFE e
Vs = Ve + V,; S Ve = v — U0
0<t<lms::

ve(0)=0V; ve(o0) =50V

7=(0.01)(400) x 1073 =4ms;  1/7 =250

ve(t) =50 —50e~%V,  0<t<1lms

S ve(t) =50e72%Y, 0<t<1lms

1ms <t < oo; vy =0V

vc(1ms) = 50 — 50e7%2° =~ 11.06 V

ve(00) = 0; T = 4ms; 1/ = 250

ve = 0 + (11.06 - 0)6—2500—0.001) = 11.066-250(t_0'001)v,

. v, = 0-— 11.066—250(1—0'001) - —11.066-250(t-0'001)v,

Ims<t< oo
Ims<t< oo
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[b]  vo(1ms)=>50e"%25 3894V
%

v

&0

38.9ay

O  (~uoev) = 2 s tims)

P8.63 [a] 0<t<2us:

20k 2
A —0 iL(O) =0
+ [ e + iL(00) = 5mA
looy . gs} myi b T = (40/20) x 10~°
_ LL. — = 2ps

AL =5—5e7%0000t A 0<t<2pus
v, = 40 x 1073[+2,500,000 x 1073 ~500:200¢] — (40)(2.5)¢ 300,000t
=100e75000%y - 0t <t < 2pus
2us <t < oo
ir(2ps) =5 —5e”! = 3.16mA

20k
(——_"N\/——
‘ domH
Lo

ip(00) = 0; T = 2 us; 1/7 = 500,000
iL =0 + (3‘16 _ O)e—SO0,000(t—ZX 10-6) mA = 3.168_500'0000-2)(10—6) mA,
2pus <t < oo
diy, _

vo = L— =40 1073(3.16 x 1073)(=5 x 10%)e=300,000(t=24s)

= (_5)(4)(3.16)3—500,000(1—2x10‘6) v
= —63.21¢7500000(t=2x10") yy ' 95 ¢ < o0
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(b]

%
)
0o 1
¥ 14
i : !/" Z0us)
]
[}
-632/V
P8.64 [a] t<0; v,=0; 0<t<75ps:
,(0)=0 =125 pus
i,(00) = 25 mA 1/7 = 8000
i, = 25 — 2578000t A 0<t<T5us-
v, = L% = 0.25 x (4200,000 x 10~3)e~8000
= 5078000V, 0<t<T5us
Topus <t < oo:
io(75 ps) = 25(1 — e7%%) = 11.28 mA
i(00) =0
. iy = 11.28¢78000(1=75x107) pyp THus<t < oo
v, = 0.25(—90.24)¢~8000(t=75x107°)
= —22.56¢~80000-75x107)y - 755 <t < 00
[b]  v,(757) =50 %% = 27.44V
vo(75%) = —22.56 V
[e] (757) =11.28mA
i,(75%) = 11.28mA
P8.65 [a] t<0; i,(t)=0; v,(t) =0
0<t<2ms:
+ vC(O-) = 0
lo 20 J ——o.z vo(o0) = 320V
e =
mA Q(L /“: T=4ms

- : 1/7 = 250
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" ve =320-320e"%V, 0<t<2ms
i, = 01';’7" = (0.2 x 1076)[80,000e25%] = 16e=%**mA, 0<t<2ms
v, = 4i, + vo = 64e~25% 4 320 — 320¢ 250
= 320 — 256250y, 0<t<2ms
2ms <t < oo:

vc(2ms) = 320 — 320e™ %% = 125.91V

vo = 125’916—250(t—0.002)v

A0 —o0.2 LF
ba 2
i, = Cc—l;TC = (0.2 x 10-6)(_31’477.55)6—2500-0.002)
= —6.30e250(t=0.002) 5 9ms < t < 00

o = 4o + ve = (—25.18 + 125.91)¢~250(:-0.002)
= 100.73¢~25°0-0002)y = 9ms <t < oo
[b] 4,(07)=0; i,(0%) = 16 mA
i,(0.0027) = 16e~°% = 9.7mA
i,(0.002%) = —6.30 mA
[e] v(0Y)=(16 x 103)(4 x 1073) =64V
v,(07)=0V
16(0.0027) = 320 — 256e°° = 164.73 V
,(0.002+) = 100.73 V

(d]

lo
(mn)
/e

/0

|
]
!
-/ o / i/"'"¢ Ztors)
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% (v
(le413 v)
D2 T
/o0 +
ot (blo9V)
x J_ -
- o ; ‘z, % 4'- ms

P8.66 [a] t<0: w,=0

0<t<4ms:

T =(200)(0.025) x 1073 =5ms;  1/7 =200
v, = 100 — 100e"2°%V, 0<t<4ms
vo(4ms) = 100(1 — e~8) = 55.07V

4ms <t < 8ms:

o = —100 4 155.07¢~200(¢=0-004)y/

V(8 ms) = —100 + 155.07¢™%8 = —30.32V
8ms <t < oo:

v, = —30.32¢™200(t-0.008) y/
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(b]

[

U, (v
Ustv)
00 |—————-——
\
]
{
> o) 1
|
!
= 4
{
{
- 5D |
[
|
_-/00 -

[¢] t<oO: v,=0
0<t<4ms:

v, = 100 — 100e7%°%"V,  0<t<4ms

vo(4ms) = 100 — 100e32 = 95.92 V
4ms <t < 8ms:
v = —100 + 195.92¢~800(t—-0.004)

™~
N
;

4ms <t < 8ms

vo(8ms) = —100 + 195.92¢=32 = —92.01 V

8ms <t < oo:

v, = —92.01¢~800(¢=0.008) 8ms<t< oo
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I
I
l
[
( y) pR—— e
‘: 8 ‘&"SJ
{
| «
-2 + | 1
‘ I
|
—lco + L - - - ==
P8.67 [a]
T =(25)(2) x 10~3
+ + 1/: 502133
b e———— ‘r T =
oV Z/JF (4] 35&11 ve(0t) =80V
- - | vg(00) =0
ve = 80e~20tV

" 80e72% =5 ¥ =16; t=50In16ms=138.63ms
[b] 0% <t< 138.63ms:
i=(2x107%)(-1600e"2) = —3.2¢"2**mA, 0% <t < 138.63ms
138.63t msms < t < oo:

- ‘4é.n.
[4
+ * t+
s5v 1 2uF U — %oV
- _ T -
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7= (2)(4) x 1073 = 8 ms;

vc(138.63% ms) =

ve = 80 — 756—125(t-0.13863)v’

i=2x 10-6(9375)e—125(1-0.13863)
= 18‘756-125(t-—0.13863)mA’

80 — 75e~ 1254 = (.85(80) =

80 — 68 = 7THe~ 1254t = 19
el254t = 6.25;

[c]

P8.68 [a] Att=0 wehave

1/r=125
ve(o0) =80V
138.63*ms <t < ©

138.63*ms <t < oo

At'=81In6.25ms = 14.66 ms

aoka
’ W
5
W@% -

- t  r=(800)(25) x 10~3
1 _ U' = 20 sec
-~ 5SVv* 1/7=0.05

J-

ve(00) =40V;  vuc(0) =
ve =40 - 35e7 0%V, 0<t<t,
40 — 35¢7%-%%% = 15
e0.0St, =14
t,=20In1.45=6.73s
At t =t, we have

Soka

M/

+
qoV

/‘F Tm/ U’ Jlol&rz

The Thévenin equivalent with respect to the capacitor is

&o /57
M/—
_ +
glo MFE T

—




PROBLEMS 311

800 -3_ 20 1_81_
1‘—('8‘1—)(25)"10 TR 7—20—4.05
40
vo(t)=15V;  vo(eo)= 22V
_ 40 40 ~4.05(t-to)y, _ 40 | 1175 ~4.05(t—t,)
vo(t) = 57 + (15 81) e Vst are
. 40 1175 ~4.05(t-t,) _
T =°
11758—4.05(t—to) - 365
81 81
1175
4.05(t-t,) _ _— (9 = 3.
e 365 3.22

t—t, = ﬁm.zz >0.295

&)
)
5
o
S
Trs)
One cycle = 7.02 seconds.
[b] N =60/7.02=8.55 flashes per minute
[c] At¢=0 wehave
R, (ka)
7% <+
2= Lt 7=25R x 10~3
doV #-"F T e 1/r=40/R

ve = 40 — 35¢~(40/R)t
40 — 35¢~(40/R)t, _ 15

. R .
..to_mlnlA, R in kQ
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At t=t,:
R
Ao
. +
40V i‘?: ——isv e Siokn
10 400 ' 10R
e Fu Al I LI T R
__ (25)(10R) x 107 _ 0.35R 1 _ 4(R+10)
- R+10 _R+100 7 R
_ 400 400 _‘ R+10 (t—"o)
T Ry10 T (15 R+10)e
o400 [15R-250] _ampe
R+10 " | R+10
15R— 250\ _srs1o,_,,  5R—350
DR 290) _umpoy,y _ 3R — 350
R+10 (R+ 10)
eﬂﬁ'nf}_"l(t_to) - 3R -50
R—10
- _ R (3R=50
' ° 7 4R+ 10) R-170

At 12 flashes per minute ¢, + (t —t,) = 5s
. R R 3R - 50
. Elnl'4+4(R+10) In (R—70) =5
N e’
dominant
term

Start the trial-and-error procedure by setting (R/40)In1.4 = 5, then R =
200/(In1.4) or 594.40kQ. If R = 594.40kQ2 then ¢t — ¢, = 0.29s.

Second trial set (R/40)In1.4 = 4.7s or R = 558.74kQ.
With R =558.74kQ, t-t,=0.30s

.. R=0558.7T4kQ
P8.69
+ ’
T sokn
T -,
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vr = 12 x 10%, + 16 x 10%p; i, = _ﬂ’-iT = —%iq-

100
vp = —2.4 x 10%7 + 16 x 10%ip
’T — Rpn =16 x 10° — 24 x 10° = —8000

i
T = (~8000)(2.5 x 10~%) = —20 x 103; ; = 22000 _ 5o

20

ve =203V,  t>0

20€°% = 20,000; *% = 1000; t=201n1000ms = 138.16 ms
P8.70

—¢y 2Ra —(r-2¢5)
AA/ | ]
+ + Ué, -
V7 % &
vp = 2ip + 4(ir — 2v4) = Bip — 8vg = Bip — 8(2ip) = —10ip
Rrn = 2L = 10k
it
__ -0 s .1
T—10x103— 107° = —1ms; - = 1000
in(t) = 25¢1°%mA,  t>0
25e1000 x 1073 = 5; 1000t = 900, 1000t =1n200; ¢ =1n200ms= 5.30ms
P8.71 .
——AA\/ [

-
+
e Qpe

. . 1- 1
CT=—ﬂ10+v?T+El=—,BE+v—T+£T—=[("——’B')"'E]vT:

2 2 76 "2 2
e AP B
ir 4-38
6=-12+98, 98=18, fB=2
2k
—A [ ' +

=3

120 ?6@1 Dzl U
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vT—120 vr ‘UT—120 _

3vr — 360+ v — 6vr +720=0
— 2vr + 360 = 0; vy =180V

— 3k

‘ W/ “
- L
lS’OVC*:'_D 30 mH

g

180 = —3000ir, + 0.371’2’:

di ,

d—tL —10%, = 600

di .

% = 10*(iy, + 0.06)
di,

i, + 0.06

in(t) t
] _9 __ / 10%dy
"b(o) x4+ 0.06 0

ip(t)

=10%dt

In (z + 0.06) = 10*%

i (0)

[iL(t) + 0.06] = 10%
[iL(0) + 0.06]
[iL(t) + 0.06] = [iL,(0) + 0.06]¢!°*
iL(t) = —0.06 + 0.06¢°™

dig,
dt
180e!°" = 36,000; €' =1200;  10% = In200;
t =107*1n 200 = 1001n 200 us = 529.83 us

In
= 0.3[600'°] = 180¢1°*V, 0t <t< oo

v = 0.3

P8.72 First find the Thévenin equivalent with respect to the capacitor terminals.

[+ N +“CA
45, o U 24aka 5mA
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A(Z)ememn

— 4vy +2vTh + dvrp —4v; =0

6vrh — 8v; = 0 A=|8 8l_30-32=-2
-4 5
Y1, %1 UTh _ _lo -8|_
2t =5 NTh—I20 5l—lb‘O
—dvry, + 5v, = 20 v = 210 = g0V
ls.n.
M,
LT//
4 U z + - ‘L
G N fa (0
Vr
o= 9T VT VT
ir=5+ 5 43
ir 1.1 4 1 3 5 6 _ 1
wr-2t5 53275510 10 - 1o Millimho
Rrn= £ = —10kQ
ir
— /0l
+-
.
gov U Tl.b/uf—‘
dv ve + 80
—sdvc  vc+80 _
16 x 1070 + =37 = 0
d
%—62.5%—5000:0
d
=2 = 62.5(vc + 80)
dve
g = 62t

" ve = —80+80e2%V, 0<t<oo
. — 80+ 80e°%5* = 14,400;  80e52%' = 14,400; €525 = 181;
62.5t = In181; t =16In181ms = 83.18 ms
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P8.73 4, = -0 t4d +0=(-1093
°~ T05R R
6
—10:—8—;(2—19—(15)x10'3; .. R=(8)(15) x 102 = 12kQ
-8 x 105t

P8.74 v, = —r " 6
-8 x 105(40) x 10~° _ 32 x 10*

R = — L =4: = 4
. 10 R R 4; R=8x10 80kQ

-10%
P8.75 Vo = M ; —10dz + 0 = 250t

v,(32ms) = (250)(32) x 107 =8V
S (L
5dz+8=-100t +11.2V

Vo = mm—rr s
° 7 (250)(0.2) Jazx10-2
. —15=-100t + 11.2; t = 262ms

P8.76 v, = 100 =43 80y = —36V = v,

3614 95x 10'6 (36—«;0)—0

80 x 103
. -ed — dv, 2
. —25x10 =6.25x 107* —c—it—=—2.5x10 = -250; dv, = —250dt

”o(t)
/ —250] dy; vo(t) — v,(0) = —250¢; v,(0) =-36+56 =20V

vo(0)
. vo(t) = —250t + 20; 0 = —250t + 20; 250t = 20, t = 80ms

P8.77 [a] ’1’—(‘)+ ”14‘0”" =0
5v; = v, = buy; vy = ~2+ 2702V
Vo =—10+ 1072V,  0<t < tga
" =5 = =10+ 10e™0%u
825t — 2; tsgae = 1.6In2ms = 1.11ms

[b] vy =—2+3e5%%
Vo = bug = —10 4+ 15735 0 <t < tgat
— 5= —10+ 15¢7525%
tsat = 1.6In3ms = 1.76 ms

P878 [a] S92, UM% g herefore D24y
V1~V d('vl - vo) . dv, _ dv, vy Va
+C =0;  therefore =7 TRC ~ RE

R dt
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P8.79

P8.80

[b]

RC =

But vy =v,

dv, v dv, V2 _ W
Therefore T + RO @ + 76 = RO

dv, 1 1 [
Therefore P R—C~(vb - va); Vo = -R—C-/o (vo — va) dy

The output is the integral of the difference between v, and v, and then scaled
by a factor of 1/RC.

1 t
v, = -EC—/O (vb — va) dz
RC = (40) x 103(25) x 10~° = 1000 x 10~% = 10~2

vp — va = (60 — 10)1073 = 50 x 1073
1
Vo = 50/ dz = 50t; 50tgat = 12; tear = 0.24s = 240 ms
0
1

(100 x 10%)(0.05 x 107%) = 5 x 1073, G =200 v(0)=-4+12=8V

11
v,,=200/(-—15+7)dz+vo(0)=—1600t+8V, 0<t< toar
0

vy = =15+ (=4 + 15)e™ 2% = —15 + 11e"2°'V, 0 <t < ton
vy +v2 =,

vy = v, — vy = —1600t + 8 + 15 — 11e~20%

vy =23 —11e72°% - 1600t V, 0<t<tsar

: —28
Note: — 1600t + 8 = —20; Vo tgar = 1600 = 17.5ms
0<t<20ms:
RC = (25 x 10)(0.8 x 107%) = 20 x 1073, % =50; v,(0)=0
t
Vo = -50/ -10dz+0="500t, 0<t<20ms
0
v,(20 ms) = (500)(20) x 1073 =10V
20ms < t < tgay:
1
= -3 _ . —_ =12
RC = (100)(0.80) x 107 = 80ms; == =125
11
v, = —12.5 20 dz + 10 = —250(t — 0.02) + 10
20ms
=-250t+15V,  20ms <t < ten
—250tsa; + 15 = —=20;  —250tsa = —35;  tea = 140ms

vo=—250t+ 15V, 20ms <t < 140ms
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P8.81 Rfo = (24) (%) X 10-3 = 8ms; -—1—-— =125

P8.82

P8.83

R;Cy

v(0) = =5V;  vo(00) = -2?4(-4) =32V
vo(t) = 32 37712V, 0 <t <tgat

12=

e

(a]

(el

[d]

4

32 — 37e™ 120t

128t — 2—3- = 1.85; teat = 81n1.85ms = 4.92ms

RC = 25(0.4) x 10~3 = 10 ms; =100; wv,=0, t<0

L
RC
0<t<250ms:

t
Vo = —100/ —0.20dz =20tV
0

250 ms < t < 500 ms:
v,(0.25) = 20(0.25) =5V

t

vo(t) = =100 [ 0.20dz +5 = —20(t — 0.25) + 5 = —20t + 10V
0.25

500ms < t < oo:
v,(05)=-104+10=0V
v(t) =0V

'
{
{
{
{
{
{
{

[a]
(b]

2o Lims)

\}
§

v, =0, t<0

1

—R?E—:O.s

R;Cy = (5 x 10%)(0.4 x 1076) = 2;

_ —5x 108

Vo = Gr—rr (=0.2)[1 - e®¥] = 40(1 - e*)V,  0<t<250ms
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[c]  v,(0.25) = 40(1 — e~*1%) 2 470V

_ “VmRy Vm Ry -0.125y ,~0.5(t—0.25)
Vo = R, + R, (2 e )e

= —40 +40(2 - e-o.lzs)e-o.s(t-o.zs)
= —40 + 44.70e~°5(-%2%)y  250ms < ¢ < 500 ms
[d]  v,(0.50) = —40 + 44.70e~%128 = 0,55V
v, = —0.55¢"05¢-09)y  500ms<t< oo

%
(v) witheut teed/back
résis+tor
Cul
7\
’/ \\
7 \ wrth feed/ back
/4 7Es s
’/
/4 A\
\
o 725" 25> 375 —k —— PS5
tras.)
_ 3 -6y _ .o Ry
P8.84 [a] R;C; = (400 x 10%)(0.05 x 10~°) = 20 ms; mc, =% R=125
0<t<2ms:

v, =-125(1-¢7%%)V, 0<t<2ms
vo(2ms) = —125(1 — e %1%) = —11.90V
2ms <t < oo:
v,(00) = —(—8)(12.5) = 100V
", v, = 100 — 111.90¢~50(*-0-002) y
" v,=0 when 100 = 111.90e50(t-=0-002)
or €50(ta=0.002) _ | 119
50(¢, — 0.002) =In1.119
t, =0.002+0.02In1.119
to=2+20In1.119ms = 4.25ms
[b] Saturation will occur when v, = 15V.
.. 100 — 111.9030(ts=0:002) — 15

. 111.90e50(tsas=0-002) _ g5 50(ts0s—0.002) 111.90

85 3 tgat = 7.5ms
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P8.85 [a]

[b]

0<t<1ps:

RC = (1000)(800) x 10™*2 =8 x 1077

1 _ 4
RO = 1,250,000 = 125 x 10

v, =2x10%, 0<t<lus

S, = =125 x 104/(:2x 108z dz + 0 = —250 x 101°§ t
=-125x10'%%,  0<t<1lps ’

lpus <t < 3Jps:

v, =4-2x10%V, 1ps<t<3ps

vo(1ps) = =125 x 101" x 10712 = -1.25V
) t
v, = =125 x 104/ (4-2x10%z)dz — 1.25

10-6
t
-1.25
10-¢

= —125 x 10* [4t — 4 x 107% - 10%(¢* = 1071?)] —1.25

= —500 x 10% + 500 x 1072 4 125 x 101%2 - 1.25 - 1.25

=125 x 1012 -5 x 105 + 2.5V, 1us<t<3ps
Jus <t <4ups:

t 2
—2x10°%

= -125 x 10* [41:
10—-¢ 2

v_,,=—8+2x106tV, Jus<t<4ps

vo(3ps) = 125 x 10'°(9 x 10712) = 5 x 10°(3 x 107%) +2.5 = —1.25V
1

L ve = —125 x 104/ [-8 + 2 x 10%z] dz — 1.25

3x10-¢
t
-1.25
3x10-° 3x10-6

=—125 x 10* [-8(t — 3 x 107°) + 106(t> — 9 x 107'?)] - 1.25
= 1000 x 10% — 30 — 125 x 10%? 4+ 11.25 — 1.25
vo = —125 x 101%2 + 10"t - 20, 3us<t<4ps

t
+10%22

= —125 x 10* [—8::

v,(0) =0 - ,(2.5 ps) = —2.1875V
v,(0.5 us) = —0.3125V v,(3ps) = -1.25V
vo(1.0ps) = -1.25V v,(3.5 ps) = —0.3125V
v,(1.5 pus) = —2.1875V v,(4.0us) = 0

vo(2.0 us) = —-2.50V
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(c]

P8.86 [a]

L)
4 2 2 e ¢ (us)
\ //
\ )
/
\\ /
—125V + \ ]
\ ]
\ /
\ )
\ 1
\‘ ‘/’
\\ //
_z'w__ \_vl

The output voltage will also repeat. This follows from the observation that
at t = 4 ps the output voltage is zero, hence there is no energy stored in the
capacitor. This means the circuit is in the same state at t = 4 us as it was at
t = 0, thus as vy repeats itself so will v,.

While Ty has been ON, C; is charged to Vg, positive on the left terminal.
At the instant T; turns ON the capacitor C; is connected across by — e3, thus
Vpe, = —Vec. This negative voltage snaps To OFF. Now the polarity of the
voltage on C, starts to reverse, that is, the right-hand terminal of C; starts to
charge toward +Vcc. At the same time, C; is charging toward V¢, positive
on the right. At the instant the charge on C; reaches zero, vpes is zero, Ts
turns ON. This makes vpe; = =V and T snaps OFF. Now the capacitors Cy
and C, start to charge with the polarities to turn T; ON and Ty OFF. This
switching action repeats itself over and over as long as the circuit is energized.

At the instant T; turns ON, the voltage controlling the state of T is governed
by the following circuit:

)
+.

v, —— @————CO0b2 +
cc — -

Vee

+

'—— Cz ‘l_
/|‘\
L 4

vbe2

QO e2

It follows that vpes = Voo — 2Vece~t/R2Ca,
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[b] While T, is OFF and T, is ON, the output voltage vcez is the same as the
voltage across C}, thus

It follows that vees = Voo — Vece™t/RuCr,

[e¢] T2 will be OFF until vpey reaches zero. As soon as vpes is zero, ipa will become

positive and turn T3 ON. vpez = 0 when Voo — 2Veoce™t/RaCa = 0, or when
t= Rng In2.

[d] When t= R;C;In2, we have
veez = Vo — Voce (R2C2n D(RLC] = Yoo — Vogem 1002 2 Y o

[e] Before T turns ON, ip; is zero. At the instant T; turns ON, we have

Vee

el

. _Vec | Vec _ypic,
b1 = R + RL e

[f] At the instant T, turns back ON, t = R,C, In2; therefore

Vee VCCe—lolnz ~ Yec

b1 = +

R T Ry TR
When T; turns OFF, iy, drops to zero instantaneously.
(g]
Veez
Vee

_ ete.
O T, OfFF T, ON T, OFF T, ON

-t
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P8.87

P8.88

P8.89

(]

U

R Ry
Ve
”eT etc.
o d
I/

O T,oN T,0FF T,ON T, OFF

[a] ‘torrz = R3C3In2=14.43 x 103(107%)In2 = 10 ps

[b] tonz2 = RiCi1In2= 10 pus
[c] torr1 = R1C1In2 = 10 us
[d] ton1 = R2C2In2 = 10 us

. 10 10
[e] 1b1—T+m—10.693mA

[£] iw = %3 + 11_0e_m & 0.693mA

[g] veea=10—10e"°210V

[2] torF2 = R2C2In2 = (14.34 x 10%)(0.8 x 107%)In2 = 8 us

[b] tonz2=RiCiln2=10pus
[¢c] torFi =RiCiln2=10us
[d] ton:1= R3;C2In2=8pus
[e] b = 10.693mA

. _ 10 -8

[f] to1 = 1443 + 10e=° = 0.693 mA

[g] vee2=10- 10e~8 =10V
Note in this circuit Ty is OFF 8 us and ON 10 us of every cycle, whereas T,
is ON 8 us and OFF 10 us every cycle.

If Ry =R;=050R, =100k, then
48 x 10~8 36 x 10~6

Cy= 100 x 10513 = 692.49 pF; Cy = 100 % 10°1n2 — 519.37 pF
If Ry =Ry;=6Ry=12kQ, then
48 x 10~ 36 x 10-¢
A= axieme -7 O Gxiems - 40T

Therefore 692.49pF < Cy £5.77nF and 519.37pF < C; < 4.33nF
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P890 [a]

(b]

[c]

P8.91 [a]

(b]

T, is normally ON since its base current ipo is greater than zero, i.e., tp2 =
Vcc/R when T, is ON. When T; is ON, vce2 = 0, therefore i,; = 0. When
ip1 = 0, T; is OFF. When T, is OFF and T is ON, the capacitor C is charged
to Voc, positive at the left terminal. This is a stable state; there is nothing to
disturb this condition if the circuit is left to itself.

When S is closed momentarily, vpez is changed to. —Vec and Ty snaps OFF.
The instant Ty turns OFF, vcez jumps to VecR1/(R1 + RL) and ip; jumps
to Vcc/(Ry + Ryp), which turns T; ON.

As soon as T, turns ON, the charge on C starts to reverse polarity. Since vpe2
is the same as the voltage across C, it starts to increase from —Vgc toward
+Vcc. However, T, turns ON as soon as vpey = 0. The equation for vpes is
Vbez = Voo — 2Veoce BC . vpes = 0 when t = RCIn2, therefore Ty stays
OFF for RCIn2 seconds.

Fort < 0, veea = 0. When the switch is momentarily closed, vcez jumps to

_ Vee _6(5) _
Vee2 = (Rl +RL> Rl = 25 =12V

T, remains open for (23,083)(250) x 10~12In2 = 4 ps.

Veez |
(]
12

0.8+
o4

2 o0

o
E
6
o

3

ibe = Y—Zﬁ =259.93uA, —5<t<Ops
ips =0, 0<t< RCIn2

b = .‘%‘_ + %Cf_e-(t-nc In2)/R.C

= 959.93 4 300e-0-2X10°(t-4x10") A RCIn2 <t

o (leh)
800

GOO0-
ITelel

2001 | | i(u 9

P S A S S o




Natural and Step
Responses of RLC Circuits

Drill Exercises

DE9.1 [a] (—2316_')_2— = Z%—, therefore C = 62.5nF
[b] a=10"= 5}%5, therefore C = 0.25uF = 250 nF
s12=—10%% \/108 - (—1—032)_%10—6) = (—10* £ 17,320.51) rad/s
[c] .\—/%_—E = 50,000, therefore C = 0.04 uF = 40nF

s12= [—62.5 +/(625)% — 502] 10%,

s; = —25krad/s, sy = —100krad/s

. _ 1000 f* ~5000z ~20,000z -3
DE9.2 i, = 50 [—14e + 26e29:9997]dz + 30 x 10
0

— % —14¢—5000z t N 96— 20,000t
- —-5000 |, —20,000 |,
=56 x 1073(e~50%% _ 1) — 26 x 10~3(e~2%%°% — 1) + 30.x 103
= [56e50% — 56 — 26¢~2%00% 4 26 + 30] mA

- 566—50001 - 266—20,00(” mA, t 2 0

t

} +30x 1073

DE9.3 From the given values of R, L, and C, s; = —10krad/s and s3 = —40 krad/s.
[a] »(07)=v(0%)=0, therefore ig(0%) =0
[b] ic(0+) =4A

325
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+ +
[c] Cde(O ) =4, therefore dvc(07) =8x10"V/s
dt dt
[d] v= [Ale—I0,000t + A26-40’°0m] V, t Z 0+
+
v(0%) = A, + As, d”fg ) = ~10,0004; — 40,0004,
Therefore A; + A; =0, —A; —4A, = 8000, A; = 8000/3

[e] A= —8000/3
[ f] v= [8000/3][6-10’000‘ _ 6—40,00011 Vv, t> ot

1

DE94 [a] 3RC = 8000, therefore R = 62.5Q
10
. + - Y _
[b] ir(0*) = 5z =160mA
+
ic(0%) = —80 = 160 = —240 mA, ic(0%) = Cdv‘(i(: )

+
Therefore delg——) = —240kV/s

+
[¢c] Bi=v(0*)=10V, d—v%(-to—-l=de2-—aBl

Therefore 60008, — 8000B; = —240,000, By =(-80/3)V

d
[d] iL=-(Gr+ic); ir=v/R; ic=C'EIti

v = 809910 cos 6000t — %9 sin 6000¢] V

Therefore ig = e~8°%[160 cos 6000t — Bg sin 6000¢] mA
; —8000t 460
ic=e [—240 cos 6000¢ + —— sin 6000t] mA

3
ir, = 10e73%°%[8 cos 6000 + %2- sin 6000¢] mA, t>0t

DE9.5 1 \> 1 108 1
. [a] (m) = L_C'- = T, therefore -QR—C = 500, R=100Q
[b] 05CVE=125x10"3,  therefore Vo =50V
[c] O0B5LIZ=125x10"% I, =250mA

+
[d] D, =v(0%) = 50, d”g: ) = D, - oDy
50
; +y . 27
iR(0%) = $o5 = 500mA

Therefore ic(0%) = —(500 + 250) = —750 mA



DE 9.6

DE9.7

DE9.8

[e]

(b]
[c]

[d]
[e]

(b]

[c]

[d]
(el
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+ -3
Therefore dv(07) = —750 x o ~75,000V/s
dt C
Therefore D; — aD; = -75,000; a= ——1— =500, D; = -50,000

2RC !
v = [50e~59% — 50,000te=3°%] V

ip= }% = [0.5¢=59% — 500te=%°] A,  t>0F

ic(0*) =TI —-ig(0%) —iL(0*) = -1.5-0.32-0.5 = —2.32A

dir,(0%) _ 80 _
= 33 = 20A/s
1 1 .
a=gpm=1000; 75 =1562500;  s1,0 = —1000 £ 5750

i, =iy + D1e”** coswat + Dae™*'sinwgt, ig=—-15A

i,(0%) = 0.5 =iy + Dy, therefore D; =2A
dir,(0%)
dt
Therefore ir,(t) = —1.5 4+ 2e~19%%[cos 750t + 1.5sin 750¢] A, t>0*t

=250 = —aD; + wgDy, therefore Dy =3 A

i(0‘+) =0

ve(0%) = ve(07) = (g—g) (12.8)=20V

di(0*) _ di(0%) _
20 + LT = 100, e 8000A/s
1 .
a=5000;  r==5x 105 ;2 = —5000 % j5000
i =iy + e~ **[D; coswgt + Dy sinwgt); iy =0, i(0*)=0
i(0+
Therefore D; = 0; din(; ) = 8000 = —aD; +wqDy

Therefore D; = 1.6 A; i =1.6e~3%%5in 5000t A, t>0t

ve(t) = vy + e~ *[D; coswqt + Dpsinwgt], vy =100V

dvc(0%) _

ve(0Y) =20V; =0; therefore 20 = 100+ D,

dt

D, =-80V; 0=~aD, +wqD,
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Therefore D = -ﬁDl = (
w4

Therefore vc(t) = 100 — 80e~3°°%[cos 5000t + sin 5000¢] V,

DE9.9

5000

5000)( ~80) = —80V

t>0t

At t = 0 the voltage across each capacitor is zero. It follows that since the operational

amplifiers are ideal, the current in the 500-kS2 is zero. Therefore there cannot be an
instantaneous change in the current in the 1-uF capacitor. Since the capacitor current

equals C(dv,/dt), the derivative must be zero.

DE9.10 [a]

(b]

DE9.11 [a]

gt)—g(0)=2t; g(t)=

d®v, dg(t)
7 t2 =12 therefore T 2,

dv,
9(t) = —~

dvo(O)

2t+9(0);  g(0) =

+O

2v

2 -3 _ dv,(0)
‘lR—ﬂXlo 4[1A—1¢— C dt
dv,(0) —4x 106

dt ~ 1x10-
dv,
o= 2t -4
dv, = 2tdt = 4dt

v, — v,(0) = t? — 4t;
v, = t? — 4t + 8,

=-4=¢(0)

v,(0) = 8V
0<t< (24 V5)s
t2—4t+8=9
P-4 -1=0
t=2+V4+1

=4.24s
1= 4.24s

=2+5

(Negative value has no physical significance.)

R.=100kQ;  C; = 0.1pF;

d?v, 1 1 1 1
= ’ =1 5~ =
di? (Racl) (Rbcz) o mG 0 e =0

d2
dt?

Ry = 25kQ; Cy = 1puF

therefore = 1000

vy = 250 x 1073,
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[b]

[c]
[d]

DE9.12 [a]

[b]

[d]

dv,(0)
dt '’

The second op-amp will saturate when

dvoy 1 _
@ - RGUSTH

Since v,1(0) =0, w1 =-25tV
At t=0.1095s, v, =-2.74V

Therefore the second amplifier saturates before the first amplifier saturates. Our
expressions are valid for 0 < ¢ < 0.1095s. Once the second op-amp saturates,
our linear model is no longer valid.

Since v,(0)=0= our solution is v, = 500t?

Initial conditions will not change the differential equation; hence the equation
is the same as Example 9.14.

vo =5+ Aje™1% 4 Abe~2% (from Example 9.14)
v,(0) =4=5+ A + Ay

190k a <4— 4/100mA

AAA
TufF
———
25k o v
—_—A— < i
- e *
2V 2/25mA oy
+ -
4 + =
100'“"(0 )"_ 0
. dv,(0%)
+ 0
ie(07) = 155 100 mA = C—4—
du,(0F) _ 0.04x 1073
=10 S0V
d;’t" = —10A7e™1% — 20A5e~2"
dv —Al —24L =4 Al =2
av, 0+) = —10A4] — 2045 = 40; therefore A+ A = _1} A = =3

Vo = 5+ 2710t — 320ty

dvoy
dt

From Example (9.14): v, (00) = —1.25V,v1(0) = =2V (given)

+ 20v,1 = —-25

Same as Example (9.14):
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Therefore vo; = —1.25 + (=2 + 1.25)e~ 2%V
Vo1 = —1.25 — 0.75e= 20V

Problems

2RC 2RC) T IC
1 106 1 108
2RC ~ (2000)(2) ~ 20, 75 = 35 = 40,000

81,2 = —250 %+ /62,500 — 40,000 = —250 + 150

sy = —100rad/s; 83 = —400rad/s

P91 [a] sip=-—nt ( 1 ) 1

[b] Overdamped

[c] “’"‘\/L_lc“ (5;—0):120

1 \?2
40,000 — (m) = 14,400

——1—2—25600' o160, rR=—12 __ise2500
2rRC) 7" R TV = @)(e0) ~ "

1 108
[4] 2RC ~ 4(1562.50) — 160

.. 81,2 = =160 % 1/(160)2 — 40,000 = —160 % j120rad/s

51 = —160 + j120 rad/s; s3 = —160 — j120rad/s

[e] (—1-)2—L—4oooo- 1 —a00
k) “Tc =% Re =
. 108
..R—W—125OQ
P92 [a] -1 4 /(~L) 21 - _as
2rc " \\2rc) " 1Ic

1 1\ 1
" 2RC <2RC) ~g¢ = 1000

| 1 108
" Ro - TI0 R= s = g5 = 80009

1 \* 1 1\ 1 5 1
2\/(%) ~ ¢ =0 4[(@') 'L—d}-”""’)’ 3RC = 25

: 4 - . 4 = 108- -
" 1,562,500 - 7= = 562500, 5= =10% L =40H
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a= L = 625 neper/s
1

2R
6
wg = L_lé = %; Wo = 500ra.d/s
[b] ip = v_(}%l = —e— 250t 4e—1000t A
ud -® ~ 2501 -1000t
= C— = (0.1 x 107%)[2000e™**%" — 32,000e™ ]

=0.2¢7%50 — 3.2¢7109%" mA
IL(t) - —iR(t) _ ic(t) - e—250t _ 46—10001 _ 0.26_250‘ + 3.26-1000‘

=0.8e725% — 0.8¢19 mA

P9.3 [a] ic(0)=-1.2mA; ir(0) = 0; iL(0) = 1.2mA

1 108 100
[b] o= 5rE = 330,000)002) ~ 0.08 ~ 20 neper/s
6
w?= 10 10°

° = IC T (50)(009)
wo = 1000rad/s

51,2 = —1250 £ \/1,562,500 — 10° = —1250 & /562,500 = —1250 + 750
sy = —500rad/s; s = —2000rad/s

o(t) = Ae50% 4 Aye=2000

v(0) = 0 = Ay + As; U A =-Ar

Cd—';(t-o—) =0.02 x 10™6[—500A; — 2000A45]

10~%(—10A4 — 404;) = -1.2x 1072
104; + 404, = 1200
3045 = 1200
A, =40, A =—-40
Coo(t) = —40e750% 4 4072V, t>0

[c] ir(t)= I% = —2¢7 500t 4 972000t A, t>0

ic(t) = (0.02 x 107°)[20,000e 5 — 80,000e~2°%%]

=0.4¢7%00 _ 1.6¢720%%mA, t>0
iL(t) = —in(t) — ic(t) = 26759 — 2¢7200%% — 0.4¢75 4 1.6¢ 2%
ip(t) = 1.6e7%0% — 0472 mA, t>0

P94 -a++a?-w?2=-100 —a —a? —w? = -900
2a = —1000; a = 500
1 1 1000

R =900 R =500 = 55 = 4009
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P9.5

v(0)=3(1+1)= 6.V

ic(0) = d"(o) = 2.5 x 10~%(—300 — 2700) = —7.5mA
. 0
ir(0) = ”;) 705 = 15mA

iL,(0%) = —ig(0%) —ic(0%) = =15+ 7.5=-7.5mA

1 : 1
[a] a=-20000=-g57 - R=iotxooaxios - 020
1 1
2 _ = —
[b] “=TIc L—wgC

w?—a?=225x10°
w?=2.25x 10844 x 108 = 6.25 x 108

L= . =
T (6.25 x 108)(0.04) x 10-¢ ~ 25

L =40mH
[c] Vo=0v(0)=100V

[d] Io =iL(0%) = —ig(0%) —ic(0%)
100

0F) =200 _ o6

ir(0 )—-625 0.16 = 160 mA 4)

. dv(07) v
+) —

ic(0T)=C o

dv

= = 100 {e=20:000%(_15 000 sin 15,000t — 30,000 cos 15,000¢)

+(cos 15,000t — 2sin 15,000t)(—20,000¢~2%:000%)}
= 100e~20:20%¢[25 000 sin 15,000t — 50,000 cos 15,000t
= 25 x 10%¢=20.00%[sin 15,000t — 2 cos 15,000¢]

%(0) = —50 x 10° = =5 x 10°
ic(0%) = (0.04 x 1075)(=5 x 10°) = —0.20 = —200 mA
iy (0%) = Ip = =160 + 200 = 40mA

[e] ir(t) = % = 160e~2%2%%%[¢05 15,000t — 2sin 15,000¢] mA

ic= Ci—: = 100e~20:2%%[sin 15,000t — 2 cos 15,000t mA

iL(t) = —ir(t) —ic(t) = —e~2%990¢[160 cos 15,000t — 320 sin 15,000¢]
— e~ 20:000%[100 5in 15,000t — 200 cos 15,000¢]

i, (t) = e72%0%%¢[9205in 15,000t + 40 cos 15,000t) mA, ¢t >0
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P9.6 [a]

[b]

[e]
[d]

sl=—-a+\/;2_—-—u_)?=—40; 32=—a—\/m=—160
S =20 = —-200; a = 100rad/s
s1—s3=2ya? —w? =120

ool =W =60; o —w?=3600

w? = 6400; w, = 80rad/s

1 1
*=3rc" CO= gpg = 20HF
1 1
2_—’ -_— — T .
wi=35 L 2C 6.25H

ic(0t)= A, + A2 =15x 1073

diy, | dip | dic _

iL+ic+ip =0; 7t_+ dt+-;1t——0

At t=0% %(0"') =0 since v(0t)=0
dip(0*)  1dv

—< (ot =—-— - +
a (O ) dt R dt (07)
dv(0*) _ ic(0%)
d ~ C
. dic, 1ic(0%) —15x 1073 6
Soo== =—= = 10 = -3A
% ) ="%¢ @ooyzs) < 10 = T3A/s
‘Z—f(o+) = —1604, — 404,
.. 160A; +404,=3; 4A; + A, =T75x1073
Also A;+A;=15x10"3; .. A, =20mA, A;=-5mA
Lic =20e7160 _5e~0tmA, t>0F

We know that the solution for v will also be of the form
v= Ase—lﬁﬂt + A4e—4of’ t Z 0

By hypothesis
v(0+) =A3+ A4 =0

dv(0t) _ +15x 1073
I i S T
o 4A34+ Ay = —15; J.Az3=-5V, As4=5V

v=—5e 160t L 5e=40ty >0

. v v —~160t —40t
iR 200 25e + 25e¢ mA, >

iL = —ig — iC = 25e-1601 _ 256—40t — 206—160t + 56_40t

= 5e 160 _ 90¢= %0t mA, t>0
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P9.7 [a]

R L Q =~ Ul¢)
[
1

a =500

= 2RC
1

w, = 500, w3=25x104=m
. 1
S.C= 4(25—)(104-5 = I#F

1
R= 1000C = 1000 Q2
y(0) = D; =8V

8

] ) = — M 3 + = -
ip(0%) = 1000 8mA; iL(07) 10mA
ig(0%) = —ig(0%) — i (0Y) = 2mA
dv o 2x10-3
'a'{ 0 )— W —2000V/S
% = Dy1e75%% — 500¢=*°*[D;t + D)

%(0"') = D, - 500D, = 2000

.. Dy = 2000 + 500(8) = 6000V /s

". v = (6000t + 8)e~%% v, t>0
dv

[b] ic:CEt.

. ic = 107° [(6000¢ + 8)(—500e~3%%*) 4 6000e~50%)
- _3te—50()t +2x 10-36-500t
ic = —3000te ™50 4 2500t A t> 0t

P9.8 [a] a=—-=L=05

2RC ~ 2

1 101
2 —— T cmm— .
°=Ic= 3 — BB

wqa =v25.25-0.25 = 5rad/s
. v=B1e~%% cos 5t + Bye~ 5 sin 5t
v(0) = B, = 0; v = Bye~ "% sin 5t

%—? = Bj [e7%%(5 cos 5t) — 0.5¢~ "% sin 5t] = 0.5B3e~%%*[10 cos 5¢ — sin 5¢)

C%'ti(()) = 0.04B5(10) = 0.4B,
. 0.4By = —(—4) = 4; By =10
" v=10e"%%sin5tV, t>0
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(b]

(el

[d]
le]

(f]

-‘;—: = 5¢~2%%(10 cos 5¢ — sin 5¢)
% =0 when 10cos5t=sin5t or tanbt=10

.. bty =147, t; =294.23 ms
5ty =147+ m, 13 =922.54ms
5t3 = 1.47 + 2m, t3 = 1550.86 ms

ts —t; = 1256.64 ms; Taq= Z—w = 251 = 1256.64 ms
d

t; —t; = 628.32 ms; — = = 628.32 ms

2

v(ty) = 10e~0-%0-2423) 5in 5(0.29423) = 8.59 V
v(tz) = 10e0-5(0-92254)5in 5(0.92254) = —6.27V
v(ts) = 10e~0-5(1-55086)5in 5(1.55086) = 4.58 V

Ty 1256.64
2

U
W/

P99 [a]

—/0 1

a=0; wyg = wo = V25.25 = 5.02rad/s
v = Bj cosw,t + Ba sinw,t; v(0) = B, =0; v = Bysinw,t

dv = w, B3 cosw,t; C%—:(O) = w,CBy = —iL(0) = 4

dt
4 50

= 0.08v25.25  v25.25
v=995sin5.02V, >0

=9.95

B>
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[b] 2rf=502 f= 5222=080H
[c] 9.95V
1 10°
.1 2:——:——————: 6
PO.10 [a] ul= 5= gy = 2 X 10
1
2 6 —_ —_
a® =125x10°, a-—5000—2RC
. 10°
. R= 10000(32) 35 =31.25k0

[b] o(t) = (Dit + Dy)e3%%%
v(0) = D; = 100'V; v(t) = (Dyt + 100)e~500%"
io(0*) = (0") ~ir(0");  i(0%) = 5ok = 3:2mA
" ic(0*) = —6.4—3.2=—9.6mA

53 = (D1t + 100)(~5000e=5%%%) 4 D, ¢=3000¢

= (=5000D;t — 5 x 10° + D, )e500%"
-9.6x 1073
3.2 x 10-°
. Dy =5x10° — 3 x 10° = (5 — 30)10° = —25 x 10°
" u(t) = [-25 x 10% + 100]e=%%°%"V,  t>0

[c] ic(t)=0 when du(t)

dt
d—v = [-25 x 10%¢ + 100](—5000e~3%0%) — 25 x 10%¢~5000¢

dv _ 5 _
E—(O)—Dl—5x10 =

=0

= (125 x 108 — 30 x 105)e~500"

dv _ 8, 5 —
-C-I-Z——O when 125x 10°%t =30x 10° or t= 195

(240 ps) = [—25 x 10°(240) x 107¢ + 100] e~
= (=600 + 100)e™!2 = —500e~1% = —150.60 V

[d]  w(0)= %(12.5)(6.4 x 107%)2 + %(3.2 x 107°)(100)% = 256 + 16 = 272 puJ

When ic(t) =0, t=240pus
Ui (240 ps) = —ig(240 ps)

. _ v(240ps) _ —500e~!? 12
r(24048) = 37055105 ~ Biasx 10 - Lo A

", 4,(240 ps) = 16" 12 mA

30 x 1072 _
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o w(240 ps) = %(3.2 x 1079)(25 x 10%)e™24 + %(12.5)(256 x 10=6¢=24)

= 2000e~24 uJ
_2000e~24

% 272

x 100 = 66.70%

1

P9.11 [a] a= SRC = 1250, wo = 103, therefore overdamped

s1=—500, s3 =—2000, therefore v = A;e~%00" 4 A,e=2000¢

v(0%) = 0 = A, + Ay; [d"(°+)] = 220 _ 95,000 V/s

dt C
Therefore — 500A4; — 20004, = 98,000; A= -—*-13:-9, Ay = -—f:—o
ot) = | B2] femsoot _ ey, 45 0t
(b] tms) | 0 1 2 3 i 5 6 7
o(®)(V) [ 00 3078 2284 1442 882 536 325 1.97

vt)
W)
30
20
10

Q'l LIRS S S L
AEETEEERE

Example 9.4: vp. =74V at 1.4 ms
Example 9.5: vmax 236V at 1.0ms
Problem 9.11: v = 30.8 at 0.92 ms

P9.12 For t>0:

.
oV —_—'/-‘F U;;t_c{g f 62.5

40 mH
+ — | mA
110 2_ 1 _ 10° 6
a—iR—C,-—2—00'—5000, wo—m—m—lﬁxu)
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81,2 = —5000 £ /25 x 105 — 16 x 105 = —5000 =+ 3000
sy = —2000rad/s, s3 = —8000rad/s; .". overdamped

Vo = Ale—2OOOt+Aze—80001

v(0) = Ay + Ay = —10; 4% =2(0) = —20004; - 80004,

ir(0) = 1;(? —0.10A; iL(O) = —40 x 1073 = —0.04A

ic(0) +ir(0) +4L(0) =0

L ic(0) = 0.144;  ic(0) = c 2 O

g d"" =0 = 914 14 x 106 = —20004; — 80004,

S =241 —8A; = 140;  —A; —4A; =70, Ay + Ay = —10

. —3A; =60; A =-20
A =-10-(-20)=10

" p(t) = 10e72000 _ 20¢=8000y ¢ >0

P9.13 a=—i-=l—Qi=2000' (4)2=L=16>(106
2RC 500 ’ ° LC
w?> qz; .". underdamped.

51,2 = —2000 £ j1/16 x 106 — 4 x 106 = —2000 % j2000v/3 rad/s
v,(t) = Bie~* coswqt + Bze~** sinwgt

a=2000; wg=2000v3

v,(0)= By =-10V

D20) = ~aBy +waB; = ‘-Cg’l = 10%¢(0)
~10 o
zR(O) S0 =-004A;  iL(0)=-0.04A

. ic(0) = —(—0.04 — 0.04) = 0.08 A
0%ic(0) = 80,000
", —=2000B; + 2000v/3 B, = 80,000

- B, +V3By=40; 10+V3B, = 40; Bz=—%=10\/§

2 0(t) = —10e720%% cos 2000v/3 ¢ + 10v/3 e~2°°% 5in 2000V/3 ¢
vo(t) = 10 [\/5 sin 2000v/3 ¢ — cos 2000v/3 t] em2000ty 4>

= = 2 _ 6
P9.14 o= 250 = 4000, a’®=16x 10
wi= L =16 x 10° a? = w? critical damping
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Lve(t) = Dite™" 4 Djye™t, a = 4000
v5(0) = D, = =10V

d”" 2(0) = ~4000D; + D; = 'C(O) 8ic(0)
zR(O) ; 21;’ —0.084;; zL(O) = —0.04A
' ic(0) = 0.12A
. —4000D; + Dy = 120x 10% .. Dy = (120 — 40) x 10% = 8 x 10*V/s

vo = (8 x 10% — 10)e™*%%"YV,  ¢>0

P9.15 v,(0) = g(so) =30V

Thévenin resistance:

. £,
—Lr 2X0 Lp

* |
A { SGoka 208
- tep
Vr = -2 x 10%, + ip (801)0(30) 10° = -2 x 10%4 + 16 x 10%ip
;oo (20 _ i
70 T

Vr =-20x103( z )+16x103rp

Rt = :.,—T=20x 102 = 20kQ
T

t>0:
4- + '_
jov T~ 025 o U Ska
T% 1
1 108 o, 2 _ 1n4
=2RC - W0x10%0.25) ~ 100 =10
6

w? = -l- 10 =10°

o

C ~ (40)(0.25)

w? > a?; .". underdamped
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wq = Vw2 — a? = /10 x 10% — 10* = 300rad/s
vo(t) = (Bi cos 300t + B, sin 300t)e 0%

ir(0) = % =15mA;  i(0)=

dv, ( 0)

5 % 10° = —6 x 103V/s

S ic(0) = -15mA =22

dv,,
. (0) 095 25

dv = (B cos 300t + B, sin 300t)(—100e~1°%%)

+ (—300.B, sin 300¢ + 300B; cos 300¢)e 0%
dvo

2(0) = ~100B; + 300B; = —6 x 10°

00(0) =B, =30

. =By +3B;=-6x10

.. 3By=-60+30=-30; By=-10

.. v, = [30cos 300t — 10sin 300t]e~ 1%V,  ¢t>0

diy,

P9.16 [a] v._L(dt

) = 16[8-—20,000t _ e—S0,000t] V, t Z 0+

[b] ir= % - 40[8-20,000t _ e-so,ooo:] mA, t>0+

[c] ic=I-iy—ip=[-8e 20000t 4 3980000 g ¢ >0t

dt

[b] ic(t)=I-ir-iL
= [24e73290% ¢05 94,000t — 32¢329%% 5in 24,000¢] mA,

P9.17 [a] v=L(d'L) 40¢3200005in 24 000t V,  t > 0*F

P9.18 v=1L (‘ZtL) = 960,000te~ 4000ty ¢ > ot

P9.19 For t<O0:

iL(07) = 56% =3mA =i (0%);  ve(07) =0 = vo(0)
For t > 0:
ImA Zka ‘ % 62,54 ‘;1.\—2:% =
G
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1 106 . 2 _ 1 106
= 3%C = 2@000)Es) - 0% YT I0 T GoyEs - 0
o? = 10,000; Soa? > Wl overdamped

s1 = —100 + 60 = —40rad/s; 83 = —100 — 60 = —160rad/s
. IL—zF“"'Al —401+AI —160¢ ingmA
zL=9+A,1 —40t+A12 -160t A, tZO
iL(0)=3=9+A]+45 .. Aj+A5=-6x10"°
d'L 5 (0%) = 0= —404] - 1604,
Al = —44)
— 34, = —6mA; A, =2mA; A} = -8mA
iL=9—8e"01 1 27160 A t>0

P9.20 t<o:

L

'S

154 R 5 20V
L(6) el

iL(07) =75A=14,(0%);  vc(07) =20V =vc(0%)
t>0:

+

U, 2an  SopH TSasuF gazn. oA

_ |

1 108

1 1012

4, 2 1 20 _ 10
a= oo (2)(1)(25)_20x10, Wo =TG5 25 4x10
a? = w? critically damped

v, = vp + Djte™*" + Dhe™**, vp=0

T (D’lt + Dlz)e—200,000t
v,(0%) =20 = D)
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At t=0%:
4+
J ‘v ‘ - 20V
oA ln LT
aoh 15 Law*;r

" ic(0t)=10-20-75=-175A

dv, _ —17.5 _

= (0*) = —5 X 10% = -7 x 10°

dv,

= (0%) = -2 x 10°D% + D}y = -7 x 10°
—-2x10°%20)+ D} = -7x10%  D{=-3x10°V/s
v, = =3 x 105t 2X10% 4 90e=2x10% y ¢ > 0t

P9.21 From the solution of Problem 9.20 we know i, will be of the form

. . _ s _ s
1L=1F+Dgte 2)(10t_{_D;e 2x10°t

We also have from the Problem 9.20 solution
iL(07) =i, (0Y) =75A
and
dit, dit
dt dt
The final value of if, is 10 A, hence we have
i, =10 + Dlate—leost + Df,e‘z"ws'
i,(0%Y) =7.5=10+ Dj; D) =-25A
%tk(o*”) =2 x 10% = —200,000D} + D}
. Dy=2x10°-05x10°=15x105A/s

L—(0%*)=20V or (0Y) =2x10%°A/s

" ip =10+ [1.5 x 10% — 2.5]e=200.000t A - ¢ >0

P9.22 For t>0:

25 % *
20 ka 5H ‘ - 0. 2}1 F

md I L‘-&)IZSVT
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P9.23

P9.24

a=— = 0° 10% = 1000rad/s
T 2RC T 5000(0.2) ~
wl= -1— = _10° = 10, . a® =w? critical damping
(5)(0.2) o °
1L(t) = 20 x 10-3+ Dite—1000t+ Dl -1000t
iL(0)=0=20x10"%+Dj); .. Dy=-20x10"?
dig,(0) _ di,(0) _ 125 _
L= =1%, i~ B
dip(t
1;t( ) (Dlt+ D )( IOOOe—IOOOt) + e—lOODt(D/)
d’zgo) ~1000D} + D} = 25

. D} = 25+ 1000D} = 25 + 1000(-20 x 107%) =5
ip(t) = 20 x 103 4 51000 _ 90 x 10731000
iL(t) = 20 + (5000t — 20)e=1%%mA,  t>0

[a] i(0*)=0

diy,

+
[b] —2(0%)=0
1 1 .
[c] a—2RC—(4)(0.25)_1rad/s, a’l=1
1 1
2_'—'='——'—": 2 2
Yo = (0.8)(0.25) J w; > a‘ underdamped

slg—-—ldzs/l— = —1%j2rad/s
.ig(t) = =16 4+ Ble™* cos 2t + Bje~*sin 2t
iL(0)=—16+B, =0, B, =16A

di
zL = (B} cos 2t + Bjsin2t)(—e™*) + e~*(~2B] sin 2t + 2B, cos 2t)
d
'L(0+) =B, +2B,=0
B{ 16
=l = =
B, = ) 2 8A

" iL(t) = =16 + 16e* cos 2t + 8¢~ 'sin2t A, t>0

[a] Let vc be the voltage across the capacitor, positive at the top terminal. Then

note
d' di
+ 20'd—t' =vc
Z'Uo + v, = v¢

1.25v, = v¢; v, = 0.8v¢

Now vc(0%) =0; S (0T) =0
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dvo dve
[b] G =087

dvc + _3 dvc + —-15x 10-3
2 07)=-15x10 2t )= g3 %1078
dv.,

L —2(0%) = 0.8(~60,000) = —48,000 V /s
[c] R= 20kQ//5kQ =4kQ

= —60,000V/s

10° 1000 . \
= B000025) = g —o00rad/s,  a"=25x10
10° 400 x 10*
2 4
(25)(0 %) - 25— 16x10

a® > w? overdamped
ve =V + Ale'tt + Aje™0, ve(o0) =V; =0
s1,2 = —500 % /(25 — 16)10% = —500 £ 300
51,= —200rad/s, sy = —800rad/s
c = Alle—2001+Alze—800t
vc(0) = 0= A} + Aj; oA = A
d”" —7-(0) = —2004 — 8004} = 60,000
- 200A1 + 800A] = —60,000; 6A] = —600; A} =-100
ve(t) = —100e~20% 4 100800 v
Jovg(t) = 80e7800F _ g0e=200ty ¢ >
- 80[8-80(" _ e-—200t]V, t> 0

P9.25 [a] w,(01)=0

+
[b] 20x 10-6“'”" (0*)=60x10-%  4U0D) _ 60000 _ .50
dt 20
L] S
| [
+ LA +
—
1%.25" | Razp ——a_
2 () oy, T ur= °
1 _ e o .o = 8)(20)
a= 2RC, ~ GL25)(@) — 800; Note: C. = 25 = 4 uF

°  LC. (0.250)(4) ~ 1
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a? =64 x 10* = 0.64 x 10°

w

> a’ underdamped;  wgq = 600rad/s

". vc = V; + B} e~8%% c0s 600t + Bje 3" sin 600t

V;=0, wvc(0*)=0, ..Bj=0

.. vc = Bje~8%% 5in 600t

P9.26 [a] a=

a

w

d;c B}, [e73%%(600) cos 600 — 800e 3% sin 600t]
= Bje~3%%[600 cos 600t — 800 sin 600¢]
d"c =2 (0%) = 600B;

cei”—"i(o‘f) =60 x 10~3

dvc(0+) 60,000 _
= = 15000V/s

.. 600B; = 15,000, B =25
ve(t) = 25e~8%% sin 600t v

106 108
Uc—“g‘/ idt + — 250 zdt=4vo+vo=5vo

Love(t) = -5-vc(t)
v,(t) = 568 5in 600t V, t>0

1 108
2RC ~ 20 x 103(2.5)

20

2=400, W= 1_20000

LC
> a?, .". underdamped

wg = Vw? — a2 = /19,600 = 140rad/s

" iL(t) = I; + Ble™* coswqgt + Bhe™*' sinwgt

iL(0) = I, + B}
di(0)
dt
%(2.5 x 107%)(56)? + %(20)1’1,(0)2 =11.76 x 1073
10i(0)> =11.76 x 1072 - 3.92x 1073 = 7.84 x 1073
iL(0)2 =7.84x 107% i (0) = £2.8 x 107 = £28 mA
. By =428-TmA

= —aB] + w4Bj

dir(0) _ v(0)

“dt L 20
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. —20B] +140B; = 2.8
_ B, +7B, = 0.14
. TBy=0.14+ B,
When Bj=21mA, 7B;=140+21; B;=20+3=23mA

140 - 35

When Bj=-35mA, B;= = 15mA

" ig(t) = 74 21e” 2% cos 140t + 23e2%s5in 140t mA,  t >0
i (t) = 7 — 35¢~2% cos 140t + 152" sin 140t mA, ¢t >0

dir, diy,

b = L—= —_—

[b] wv=1L o = 20
% = %[—35 cos 140t + 15sin 140t]e=2% x 1073

= 1073[—35 cos 140t + 15 sin 140¢)(—20e~2)
+ 10~3e~2%4[4900 sin 140¢ + 2100 cos 140¢]
= 1073[700 cos 140t — 300 sin 140¢ + 4900 sin 140t + 2100 cos 140t]e 2%

= (4.65in 140t + 2.8 cos 140t)e~2%"
v = (92sin 140t + 56 cos 140t)e~ 2%V,  ¢t>0
di, —_ d : 20t -3
9= 5[21 cos 140t + 23 sin 140t][e~*"] x 10
= 1073[21 cos 140t + 23 sin 140t][—20e 2]
+ 1073[—2940 sin 140t + 3220 cos 140t]e™2%
= 1073[—420 cos 140t — 460 sin 140t — 2940 sin 140¢ + 3220 cos 140t]e 2%

= [2.8 cos 140t — 3.4 sin 140t]e 2%

v = (56 cos 140t — 68sin 140t)e~ 2"V,  ¢t>0

.. When =7+ 21e”2% cos 140t + 23e~2% sin 140t mA
v = (56 cos 140t — 68 sin 140t)e~ 20V

When i=7 — 35¢~2% cos 140t + 15¢~2% sin 140t mA
v = (92sin 140¢ + 56 cos 140t)e~ 2%V

[c] When v=(56cos140t— 68sin140t)e~ 2%V

j—: = —20e~2%(56 cos 140t — 68 sin 140t)

+ e~ 20%(—7840 sin 140t — 9520 cos 140¢)
= (—1120 cos 140t + 1360 sin 140t — 9520 cos 140t — 7840 sin 140¢)e~2%*

= (—10,640 cos 140t — 6480 sin 140t )e ™2
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dv

= =0 10,640cos 140t + 6480sin 140¢ = 0
10,640 _
tan 140t = ~ o = —1.64
140t = -1.02+7;  t=1513ms

v(15.13 ms) = [56 cos(2.12) — 68 sin(2.12)]e =% = —64.44'V
When 140t = -1.02 4+ 27, ¢ =237.57ms

v(37.57) = 41.14V

S V(B)max = 56V

v = (56 cos 140t — 68 sin 140t)e~20* v

“w

s |

25 \ /

—-25 4

—og. 99V

When v = (92sin 140t + 56 cos 140¢)e=20t y
Z—: = (92sin 140t + 56 cos 140t)(—20e™2%)

+ €7 2%(12,880 cos 140t — 7840 sin 140¢)

€rs)

= [12,880 cos 140t — 1120 cos 140t — 1840 sin 140t — 7840 sin 140¢)e~20¢

= (11,760 cos 140t — 9680 sin 140t]e 2%
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% =0 when tanl40t= %
J. 140t =0.88; t=6.30ms
v(6.30 ms) = (925in 0.88 + 56 c0s 0.88)e~%13 = 94V
When 140t =0.88+#, t=28.74ms

v(28.74 ms) = (92sin 4.02 + 56 cos4.02)e~%%7 = —60.01 V

'. Vmax = 94v

=1.21

DT loey, 6.3m5)
/7 \

’

’ \
2 + \
' \
\
t St ¢ 3
lo 30 % do linmrs)
\
\
— <D J_ N .
N~oi(~&0.0rV/, 28.74175)

P9.27 [a] -a+Va?—wZ=-4000; —a-—+/a?—w?=—16,000
. a=10,000
Jow? =64 x 10°

103

= GGl - 00l

L1 6
LoE=eax10% L

% =10,000, R =(2)(0.5)(10*) = 10kQ
[b] i(0*)=0
%(31.25)[00(0")]2 =9x107¢ x 10°
18,000
+\12 ’ -
[ve(0M))? = 3195 = 076

vc(0%) = V576 = 24V
. + 3 +
gidot_) = 24; 4i(0%) =48A/s

.. 05 0
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[c] i(t) = Ale-4000t +Aze—16,0001
1(0+) =A;4+A4,=0, Ay =—-A;
i(t) - Al[e-«%OOOt _ e-—lG,OOOt]

d:l(tt) - AI[_40006—4000t+ 16,0006-—16,00011
di(0*
‘(d‘i ) = 4,(12,000) = 48

S A =4x1073 =4mA
1(t) = 4[6—4000¢ - e—lS,OOOt] mA, t> 0

[ d ] d_:}tfl =0 when 16,0006-16,000! = 40006-—4000t

In4
. 12,000t, = In 4 = =
.4=¢ ; 12,000t = In 4; t= o025 = 115.52 us

[e]  imax =4[ % — ¢ 18] = 1.89mA
[f]  wL(t) = 0.5(4 x 1073)[—4000e~4°%% 4 16,000~ 18:00%]
- 326—16,000t - 88—4000tv t>0

P9.28 R L
M0 —
LouF —<"1=z2v

R

3L = 800 wq=1600=\/w?-a?
.. 36 x 10* = w? — (800)2
L w?=10% < w,=1000rad/s
_ 1 — . — -3\ —

- L= {gsg =2mH;  R=1600(2x 107°) =3.2Q
i(0")=0=B,
di(0*)  -12

dt ~ 2x10-3

% = ¢~8%%(_ B,600sin 600t + 600 B; cos 600¢]

= —6000

— 800e~8%%[B, cos 600t + Bj sin 600t

(0%
f”% = 600B; — 8008, = 6008,
_ —6000

»= oo =—10A
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P9.29 From the solution to Problem 9.28 we know i is i = —10e~8%%sin 600t A,

From the circuit we have ve = —iR — L% =-3.2i-2x 10'3%
%:- = [-6000 cos 600¢ + 8000 sin 600¢]e 8%

. v = 32¢78%%5in 600t + [12 cos 600 — 16 sin 600t]e 0%
= [12 cos 600t + 165in 600t]e 3%V, ¢ >0

1 2 x 10°
2_ 1 _ - 6
P9.30 [a] Yo = TG = 30 % 10=3 25 x 10
" a? =w? =25x 10°
R

a=5000= 5=, R =(5000)(160) x 107° = 800
[b] i(0) =30mA

ve(0) = 800i(0) = 80 x 10-3%)-
20 — 800(30 x 10-3) _ di(0)

0.08 = Tat
. di(0)  20-24
CTar = Toos - 0A/fs

di

[c] wvc(t) =800:+ 0.08dt
i = Dlte-5000t+D26-5000t
i(0) = Dy = 30 x 102 = 30 mA
di _
dt
di
EZ(O) = —5000D3 + D; = -50
". Dy = —50 4+ 5000(30 x 1073) = 100
1= 10%e75000¢ 4 305000 A, £ >0

(Dit + D2)(—5000e~50°%) 4 ¢=5%%%(D, )

800i = 8 x 107te™5°%% 4+ 24,000e~5°°* mV = 8 x 10*e™3%%% 4 24¢=509% v

0.08% = 0.08 [(100¢ + 0.03)(—5000e~5°9%%) 4 100e~5°0%)

=—4x 104te—5000t - 46—5000tv

. vo(t) = 4 x 10%e=5000 | 905000ty

Alternate solution: Solve for vc(t) directly.
ve(t) = Dyte=5000 4 =000t
ve(0) =Dy =20V

dve _ —30x10-3
¢ (0= —5000D2+ Dy = 555 os

B



PROBLEMS 351

. —5000D; + Dy = —60,000;  D; = —60,000 + 100,000 = 40,000
Jove(t) = 4 x 10%e7509% 4 20¢750% Y, >0

P9.31 [a] v4(0) =v.(0)=T2V

[b] t>o0:
/7% 7500 -
W/ T IW'.
+ -+ —_ ¥
- 2,51
wTE & g
v, = v, — 50007
dv, _ dv, di
a a0
dvo(0) .. dug(0) _ di(0)
TR 0 since #(0) = 0; T 5000———dt
di(0) 72 ) . dug(0)
% 25" 28.80 A/s; T —144,000V /s
_ R _ 12500 _ A ’
[c] a=or=—p— = 2500 rad/s; a®=1625x 10
6
w3=—1————1-0——-=4><106=400x104

IC ~ (0.1)(25)

. a?>w? overdamped

s1 = —a+a? —w?2 = -2500 + /225 x 104 = —-2500 + 1500 = —1000rad/s
s3 = —2500 — 1500 = —4000rad/s

vy = Ay e 1000 L A, —4000¢, v,(0) = A1 + A, =T2

_‘!Eﬁﬁ_o_)_ = —10004; — 40004, = —144,000

SO A + 44, = 144, L34, =T72, A;=24, A1 =48
S v = 48710008 4 94-4000tYy - 4 >0

P9.32 t<o0:

200 on
—Llo)

+
2oV IEeo) Te:mi—'

IOH
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i(0) = —240/100 = —2.4A
ve(0) = —240 — 20[i(0)] = —240 — 20(—2.4) = —240 + 48 = —192V

t>0:
- 2.44 SO«
AN~
__L_ —_—y
Qv T~ 4mF A
+
a=%=%g=4rad/s, a?=16

ool 100 100
° LC ", (10)(4) 4
w? > a® underdamped
wi= Vw?—a?=+25—-16=3rad/s
" i(t) = Bie™* cos 3t + Bae *'sin 3t
i(0) = B, = -24A

=25

di
L——;(to) = —192 — 80[:(0)] = —192 — 80(—2.4) = —192+ 192 =0
di(0
%‘2 =-4B; +3B; =0

. 4 4

. By = 531 = 5(-—2.4) =-3.2

" i(t) = (—2.4cos 3t — 3.2sin3t)e ¥
i(t) = —(2.4cos3t +3.2sin3t)e™ ™A, t>0

P9.33 t<o:
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0 =goryii= 2 - °A
v,(0) = 240 — 6(8) — 20(6)(100) =108V
t>0:
/H g2
+—
—644
/3 L Smf~ ':‘—':'U;
_R 20 _ 2 _
a—2L-—2—10, a‘ =100
1 1000
2——:——:
=10 5 200

w? > a? underdamped

Vo = Ble""

v, = B1e 1% cos 10t + Bye~ 1% sin 10t
v6(0) = By = 108V
dv,,

coswgt + Boe™

dv, —6

5
(0) —10B; + 10B; = —1200

lGBz = —1200 + 10B; = —1200 + 1080
B; = -120/10 = -12V

dvo

= —_—— 3 - _
2(0) = - x 10% = —1200 V/s

108V

“Sinwet;  wg=/200—100 = 10

v, = 108e™1% cos 10t — 12¢~ 1% sin 10t V, t>0

P934 [a] i,(0)= 800 =0.104A;  v,(0) =500(0.1) =50V
dz,,(O) . . di,
T 0; S (0)
- R _ 500 - 105 2 _ 1010
a_2L_ 5 x 10% = 105, a‘*=10
2 1 _ (10%)(10%) _ 5o
wo = @5)@0) 0
. w:‘; = a2 critically damped

io(t) = Dlte-lost + Dze-los‘
i0(0) = Dy = 0.10A
di,

1,,(t) = 10%e71%% 1 0.1e1°%4, >0

(O =-aD+ D1 =0; Dy =aD,=10%0.1) = 10*
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vo(t) = Dite™** + Dye~**
v,(0) = 50 = D,
) 2o~ _25x 10°

¢ dt dt

%(0) =—aD; + Dy = 25 x 10%;

. vo(t) = 25 x 10%te~10% 4 506719 v,

(b]

©) =-010;

a?=4x10°

W= L = (10%)(10°%)
°T LC ~ (62.5)(6.25)
a?> wf overdamped
L ug(t) = V4 Alettt + Aje??
851 = —a + /a? —w? = —2000 + 1200 = —800
53 = —2000 — 1200 = —3200
V; =60V
L v(t) = 60 + A7e7%0% 4 Apem3200Y
v6(0) = 0 = 60 + A} + A)

= 2.56 x 10°

dv,

F(O) =0 = —800A4] — 32004,

. — 80047 = 320045; A} = —44),
.. 60 — 445+ A = 0; 5=20V

LA =80V

£>0

D; = —25 x 10° + 10°(50) = 25 x 10°

% 18

" vo(t) = 60 — 80e780% 4 2073200y ¢>0
P9.36 For t<O0:
4 8an O.1H
. / 1 ‘
— < : +
150V R
L~

i= 2180 —5A, vc(0)=18i=-90V
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t>0:
-+~
oV &mF 1 Uz
_ R 10 _ ) 2 _
a=or =53 50rad/s; a’ = 2500
1 103
2= = =
Yo =16 = e - 200
wf > a? underdamped; wg = 50rad/s

". ve = 60 + Bye~ 3% cos 50t + Bpe~ %% sin 50¢
ve(0) = —90 = 60 + By; B; = -150V

dvc dvic =5 3 _
Cdt = -5, =3 x 10° = —=2500
%Q(O) = —aB; +wq By = —-2500

— 50B; + 50B; = —2500
—By+By=-50; .. By=-50+B; =-50—-150=—200V
. ve = 60 — 1506 5% cos 50t — 200e~%*sin 50t V, t>0

P9.37 a=-0 - 25rad/s, o? =625

04
1000
2 - — =
Yo = 02)E) - 0¥
2 2

a® =w, critical damping
ve = 400 + Djte™ 25 4 D}e~ 25
ve(0) = 100 = 400 + Dy, D}y = -300

dve .
7t_(0) =0=-25D; + Dj; .. Dy = 25D} = 25(—300) = —7500

" vc(t) =400 — 7500te 2% — 300e~2%'V, t>0
P9.38 [a] t<O:

ok 0ka 57
'—_-/W + "\Al mf
—¢o7)
sov L) qoV
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i(07) = %-—mA ve(07) = 80— 10(4) = 40V
t=0%:
4k SH
dov U Viot) 4oV

vo(0%) =40 —4(4) =40 — 16 = 24V

[b] v =vc —4000i

dv, _dvc di
a a0
d”" =20h) = d”" =24 - 4000 (o+)
dvc N —~4x 1073 256,000 _
= 4
2t ") = [meay x 10-5 125 - 208V/s
dz(O ) 64
—_—— = — =12, {
G =5 = 128A/s
d”ﬁ’ ) = _9048 — 4000(12.8) = —53,248 Vs
_ R _ 4000 _ 2 .
[c] a= 5T 10 = 400, a’ =16 x 10
64 x 10°
2= =10.24x10*
° = 5)(125) 10.24 x 10

o? > w? overdamped

81 = —400 + /(16 — 10.24)10% = —400 + 240 = —160rad/s
s3 = —640rad/s

vo = —40 + A 6= 160t | Al o=640¢

v,(0%) = 24 = —40 + A} + A%; JOAL+ A =64
d"" Z2(0%) = 1604} — 64045 = —53,248

S A; + 44, = 332.80
.. 3A%, = 268.80; t=8960V; .. Al =-2560V
S ve(t) = —40 — 25.60e 1% 4 89.60e~64%V, ¢ >0t

L~
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P9.39 For t<O0:

—w»iclo™) =0 = cecro”)
r
+
80

Ulo™) = 34V = lot)
av (}) w0 2

A—-

For t>0:
lcom i
w T
U 'II-T'O.Z/JF
—AM/ @ —e
012 20V
- B _200_ 2 _ 106
a=gr=22=1000, o’=10
a_ 1 _ (10%)(10%) 6
Yo =10 = Too(2) ~0x10

w? > a? underdamped

81,2 = —1000 £ 57000 rad/s

v = vp + Bje~1%%% cos 7000t + Bye~1%%sin7000t, wvp =20V
v,(0) = 20 + B} = 34; B =34-20=14V

dv

- = e~ 109%*(_7000B] sin 7000t + 7000 B, cos 7000t]

+ [Bj cos 7000t + BY sin 7000¢](—1000e~100%%)

%(o+ ) = 7000B; — 10008,
%(04‘) =0 since ic(0%)=0; . By = %B{ = -;-(14) =2V
. v, = 20+ 14e71%%% cos 7000t + 2¢1°°%5in 7000t V, ¢ >0
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P9.40 [a] t<O:

Sn

—A, |
— 4, 07) + o) — %
oV I& A

i,(07)=10/5=2A = i,(0%)
v,(07) = =5(1) = =5V = v,(0%)

t>0t:
0n  SmH  gouF
. 0 I\
—= £, + 78 -
5V
4
_ R 10 _ . a_ 1 (10%)(10°%) ¢
@ = g7 =15 X 1000 =1000rad/s; ~ w; = IC = ®an) - 10
o® =w? .. critically damped
" dp = ip + Dyte™ %% 4 Dhe™ 1% ip =0
. io - D;te—10002+D126—1000t; io(0+) = 12= 2
At t=0%:
o1 St zﬁ"'c
N\f_'_ +/m — L -
sy + dov Uet) ~ sy

- 24

—5+20+v,(0*)-5=0, v (0*)=-10V

. di +\ —10 3_
- (0" = == x 10> = ~2000A/s

% = _IOOOG—IOOOt(D;t + D’Z) + C—IOOO‘D;
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(b]

P9.41 [a]

(b]

[c]

[d]

di,

— (0%) = —1000D} + D} = —2000
— 2000+ D} = —2000; D;=0
Lio(t) =2e71%%A, 20

vo = vp + Dite™1000% 4 [fje=1000¢
v,(0%) = vp + Dy = -5

vr =5V, S.Dy=-10V

Vo = 5 + D:I;te—IOOOt - loe—IOOOt

% = —1000e~1%(Dgt — 10) + Dze~1°%%
%”ti(o’f)- = 10,000 + D)

%(0*‘) = 2—:‘;—0 x 108 = 10* = 10,000
S.Dy=0"

Sov,=5-—10e7100%YV >0

ve = Vy + [A] coswat + Af sinwgt] e™**

e [(wadh — aA}) coswat — (aAh +waA])sinwat] e

. ey . + dv.(0%)
Since the initial stored energy is zero, v.(07) =10 and — = 0
/
It follows that A} =-V; and Aj= %ﬁ
d

When these values are substituted into the expression for [dv./dt], we get

d 2 .
-Z;-)-ti = (Z—d +w¢) Vye~ ' sinwgt
2 24,2 2
But V; =V and -C-v——+wd= o twi Y
wq wq wq

2
Therefore % = (‘-d—°) Ve **sinwgt

Wd

dv .
2—5:0 when sinwgt =0, or wgt=nm where n=1,23,...
Therefore t= nr

wq

nw . .
When &, = —, coswgty, =cosnw=(—1)" and sinwgt=sinnr =0
wd

Therefore  v.(ts) = V[1 - (—1)"e~o""/we]
It follows from [c] that
vt)=V+ Ve~(am/wa) and v (t3) =V + Ve~ (Bar/wa)
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ve(t)) =V _ e-(am/wa)

— J(2a7/wq)

Therefore ve(ts) =V e-(enfws) — e 4
o _ _ : [vc(tl) V]
But —=t;—t;=Ty thus a= ‘ [oe(ts) = V]

P9.42 ‘l“ln{yﬁ(t—l)——z}; Ta=t3—t1"'?£—1—2—7rms

T. ve(ts) = V 7717
7000 63.84 P
= 2” —1n [5‘6—0—2'] = 99991, Wa = Td =170 OOrad/s
w? =w? +a® =49 x 10° + 0.9998 x 10° = 49.9998 x 10° ~ 50
1

P9.43 [a] Letibe the current in the direction of the voltage drop v,(t). Then by hypothesis
i=1iy + Ble"* coswqt + Bje™ **sinwgt

iy = i(o00) =0, i(0) = K = B

Therefore i = Bje™* coswgt + Bye™** sinwgt

di(0) di(0) _
Tdt ar =0

T 0, therefore

di
—-i- = [(waBy — aB}) coswqt — (aBjy + wqB}) sinwqt] e~

o a V,
Therefore wqBj — aB] = 0; By = :):B; = ;;E’

Therefore
di a2vg deg . —at
vL_LH—t _{L(wdR +—R— sinwgt p e

2 2
= Lv, +w¢ sinwgt p e~ = —M o twy e~ sinwgt
R R wq

Ve

u=-pas e~ * sinwgt
d
de -at
[b] iy Rc{wdcoswdt — asinwgt}e”
d
%"—‘ =0 when tanwgt=—

Therefore wgt = tan™!(wa/a) (smallest t)

1
t = —tan™! (ﬁ)
wq a
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P9.44 [a] a=§%=%x103=15,000
3 6
w§=—l—=w—l—o.625x 10° = 625 x 10°

wq = V625 x 106 — 225 x 106 = 20,000 rad/s
-V, _  +480x10°

waRC ~ (2 x 10%)(600)(0.08)

v, = 500e~159%% 5in 20,000t V, ¢t > 0%

=500V

= _1.. -1%d _ -1 :4. o
[b] tmax= "y tan - = 50 tan (3) ps =2 46.36 us
[c¢] wv,(max) = 500e~0015(46-36)5in(0.02)(46.36) = 199.54 V
[d] R=60Q, a = 1500rad/s

wa = /(625 — 2.25)10® = 24,954.96 rad/s

—Y 4480 )
5:RC = (24.95486)(60)(0.08 x 10-7) — 200722V

v, = 4007.22¢15%%sin 24,954.96t V, t>0t

1 oafway _ -1(wd
max = -tan ( 5 ) = 40.07 tan ( a ) ps = 60.54 ps
vo(max) = 4007.22¢°-0015(50-54)5iy[0.02495496(60.54)] = 3652.77 V

d?v, _ 1
dez R1C1R;C, ve
1 _ 10-¢
R,C1R,C; ~ (100)(400)(0.5)(0.2) x 10~ x 10-6
dv,
dt?
0<t<0.5:
vy = 80mV
. d%v,
T

P9.45 [a]

= 250

= 2500,

=20, let g(t)= %‘1, then % =20 or dg=20dt
dv,

9(®) t
C de=n 4 e-s@ =20t o0) =520 =0
9(0) 0
. dv,
9(t) = 7 = 20t
ULodv, = 20t dt

"o(‘) t

. / dz = 20/ zdz; vo(t) — v,(0) = 10t%, v,(0)=0
vo(0) 0

Jove(t) = 1062V, 0<t<0.5

dvol _ 1

dt ~ R,Cy
dvol =-1.6dt

vy = —20v, = —1.6
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"ol(t) t
/ dz = —1.6/ dy; vo1(t) — v,1(0) = —1.6¢,
1},1(0) 0

vo1(t) = —1.6tV, 0<t<05

0.5% <t < toqe:

dzvo dvo
W = —10, let g(t) = —d—t—
dg(t) _

a =10
dg(t) = —10dt

9(t) t

/ dr = -10 dy

9(0.5+) 0.5

g(t) — 9(0.5%) = —10(t — 0.5) = —10¢ + 5,

dvo, .40 0—1v,(0.5%)
G 5= o x 105

v01(0.5%) = v,(0.57) = —1.6(0.5) = —0.80 V
dv1(0.5%)  0.80

O T taxis S 2HA

dvor oy _ 2x1076

at %) = gaxqoms = 10V/s
Cg(t)=—10t+5+10 = 10t + 15 = %1

Jodv, = —10tdt + 15dt
t

vo(t) t
/ d;:/ —10ydy+/ 15dy
vo(0.5+) 0.5+ 0.5+

t t

vo(t) — v,(0.5%) = =5y% | +15y

0.5 0.5
o(t) = v,(0.5%) — 5t +1.25+ 15t = 7.5
6(0.5%) = v,(0.5") = 2.5V
" vo(t) = =5t + 15t - 3.75V,

dv,y -3y _
el —20(—40 x 107°) = 0.8,

dv,; = 0.8dt

Uol(i) t
/ dz =08 dy
v,1(0.5+) 0.5+

V01(t) — v51(0.5%) = 0.8t — 0.4;
Lvo1(t) =0.8t—12V,  05% <t <tya

Summary

O'5+ S t S tsat

0.5% <t < toae

0<t<0.57s: Vo1 = —1.6tV, v, =10tV

05%s <t < toa: vo1 = 0.8t — 1.2V,

g(0.5"') =

(=}

vol(o) =

dv,(0.5%)
dt

1)01(0.5+) = Vo1 (05_) =-08V

vo = —5t2+ 15t - 3.75V
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[b] —12.5= —5t%, + 15ts; — 3.75
5tsat 15tsa; — 8.75 =0
2, — 3tear —1.75=0
teat = 1.5+v2.25+ 1.75=1.5+2
", tsat = 3.5 sec
Vo1(tsat) = 0.8(3.5)—1.2=1.6V
P9.46 1 = (10°)(0.5 x 107%) = 0.50s
1 =2; 2 = (5 x 10%)(0.2 x 107%) = 15; 1 =1
1 To
d?v, dv,
dt2 +3—-+2=20
2+ 3s+ 2 =0
(s+1)(s+2)=0; s1=-1, sp3=-2
vo=Vy+ Ale™t + AQe™®; V= 329 =10V
v, = 10+AI -t AI -2t
vo(0)=0= 10+A1+Al dvo(O) =0= —AI —-2A'
LA =-24 Ay=10V, Aj=-20V
vo(t) =10 20" +10e” %V, 0<t<0.5s
d::‘ +20, =—-1.6; .. v, =-08+08e"*V, 0<t<05s
v6(0.5) = 10 — 20e™°% + 10e”! = 1.55V
%1(0.5) = —0.8 + 0.8¢™! = —0.51V
At t=0.5s
oz
) [
(\.
e
4o00ka Le
+ W ~ T+
X114 1 L55V
. 04051 . dv, dv, _1.26 _
ic = 5o 105 = 1.26 pA; C—— =126pA; — =55 =6.32V/s
0.5s<t< oo
d2v, dv,
7 T3 t2=-10

vo(00) = =5
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LU, =-=5+4 A'le“('-°‘5) + A’ze'z("”)
dv,

—-(0.5) = 6.32 = — 4] - 24;

|+ Ay =655 « —A;—24, =632
- A, =1287; A,=-1287; A, =6.55—A)=19.42
vy = =5+ 19.42e7 (05 _12.87e~21-09) Y, 05<t< oo

dvoy
dt
" Vo1 = 0.4+ (—0.51 - 0.40)e~2(*"98) = 0.4 — 0.912¢-0%)y,  05<t< oo

+ 2v,; = 0.8

P9.47 [a] % c
Vs
I\
R
2
+
Vo
2012?..{.”3_09 +ﬁ-—0
dt R R~ ‘
d'va va _ vg . 0 - 'va_ d(O - vb) —
(1) Therefore & +RC—2RC’ 7 +C o =0
dvp Va _ _ dvy
(2) Therefore 2 YRe = 0, va=-RC o
2vb dvb d(vb d vo) _
R +C 7 +C 7 =0
dvb Vb _ ldvo
(3) Therefore % TR 3@
dv, d?uy _ duy,
From (2) we have —dT = —RCdT and Va = —RC'F

When these are substituted into (1) we get

d?vy  dup vy
W) -ROZZ — 3 = 2rC
Now differentiate (3) to get
(5) ._dz"zb L dw _ Ldv,
dt RC dt 2 di?
But from (4) we have
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() d? vb 1 dvb vg
@ RO & - IRCT
Now substitute (6) into (5)

v _ v
dt?2 = R2C?
. d2v, v

The two equations are the same except for a reversal in algebraic sign.

[¢] Two integrations of the input signal with one operational amplifier.

P9.48 [a] f(t) = inertial force + frictional force + spring force
= M([d?z/dt?] + D[dz/dt] + K=

M S5 (3)E)-()-

. d?
Given vy = 22 then

dt2’
=g [ (£2) = -l
RiC1 Jo dy2 R,C; dt
v = — 1 /thdy=—-———1—z:
R2Cs Jy R1R;C\C,
Ra R3 dz

VB = R4R,C, dt

[ R] [RHRG] Rszclcz e
v

] ft), va=—(vp+ve+vr)

Therefore —Zi [ ] ) -

R3 ]dz [ Rs + Rg
dt?

R4R,C, RsR1R2C1Co ’
Ry _ R3Ry

R7(Rs + Rs)
f == = RR.R.C. =
Therefore M Rs’ D RsR.R.C, and K RgRgR1R,C1C,

Box Number Function

inverting and scaling
inverting and summing
integrating and scaling
integrating and scaling
inverting and scaling
noninverting and scaling

O UV N
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. P9.49

From the form of the solution we have

~v(0) = A; + Az ‘
dv(0t ' ,
—idt;l = —a(A; + A3) + jwa(A1 — A2)

We know both v(0) and dv(0%)/dt will be real numbers. To facilitate the algebra we
let these numbers be K; and K3, respectively. Then our two simultaneous equations
are ‘

Ki=A+4,
Ky = (—a + jwd)A1 + (-a - jwd)Az
1 1
(o +jwa) (—a=jwa)

K, 1
K; (-a—jwq)

= —j2wq

The characteristic determinateis A =

= —(a+ jwi)Ky — K3

The numerator determinates are Ny =

1 K
|(ma+jws) K2
_ Ny _ waK, —j(aK; + 1{2)

It follows that A; = A= %

a»nd A2 = —NZZ- P del +J§:K1 + Kz)
d

and N; = =Ky + (C! - jw4)1{1

We see from these expressions that A; = Aj

P9.50

By definition B; = A; + A2

2wqa K1
2wy

But K; is v(0), therefore Bj =v(0), which is identical to Eq. (9.27).

By definition B; = j(A; — A3) ‘

From the solution to Problem 9.49 we have A+ Ay = =K

J[-2j(aKy + K3)] _ oK1+ K;
2wqg wy
dv(0%)
dt

From Problem 9.49 we have B, = J(A1 - Ag) =
It follows that K3 = —aKj; +wqB;, but K= and K; =B

Thus we have %tt)- 0%) = —aB; +w4B,, which is identical to Eq. (9.28).
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Sinusoidal Steady—State
Analysis

Drill Exercises

DE10.1 [a] w=2rf=2513.27rad/s, - f=400Hz
[b] T=1/f=25ms |

[¢c] V=40V
[d] v(0)=40(0.8) =32V
[e] ¢=36.87°

[f] 2513.27t = 53.13/57.3= 0.9273rad, ¢ = 368.96 s

[g] (dv/dt) = (—40)2513.275in(2513.27¢ + 36.87°)
(dv/dt) =0 when 2513.27t+ 36.87° = 180° or 2513.27t = 2.498rad
Therefore t = 993.96 us

1 (T2 27
=14/ = 2 sin? 2=
DE10.2 v,,, \/ 7/ V.2 sin T tdt

T2 . a2 2R 4m V2T
2 ¢ip? — = _m -_— —_— = m_
A V7 sin ( T ) tdt 2 /0 (1 cos T t) dt 4

[1V2
Therefore Vims = %Y'Z—Z = —Vé"-

DE10.3 [a] The numerical values of the terms in Eq. 10.8 are
Vm = 100, R/L = 533.33, wL =30

367
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DE10.4

DE10.5

DE10.6

DE10.7

VR? +w2L? =50
¢=60°, 6=tan"130/40, 0 =36.87°
i= [~1.84¢7%333% 4 2 cos(400t + 23.13°)] A,  t>0%

Transient cofnponent = —1,846"5?3'33‘
Steady-state component = 2 cos(400¢ + 23.13°)

By direct substitution into the expression in [a], i(1.875ms) = 133.61 mA
2A, 400rad/s, 23.13°

The current lags the voltage by 36.87°.

V =170/—40°
I=10/=170°

I=5/36.87° + 10/ 53.13° = 4 + j3 + 6 — j8 = 10— j5 = 11.18/= 26.6°

V = 300/45° — 100/— 60° = 212.13 + j212.13 — (50 — 586.60)
= 162.13 + j298.73 = 339.90/61.51° mV

v = 86.3 cos(wt +26°) V

I =10/30° +25/60° = 8.66 + j5.00 + 12.50 + j21.65
= 21.16 + j26.65 = 34.03/51.55°
Therefore i = 34.03 cos(wt + 51.55°) mA

V =60+ ]30 + 100/—28° = 60 + 530 + 88.29 — j46.95
= 148.29 — j16.95 = 149.26/— 6.52°
v = 149.26 cos(wt — 6.52°) V

wL = (4 x 10*)(75 x 10~3) = 3000Q
Zy, = j3000

Vi =17 = (4/= 38°)(3000/90°) x 1073 = 12/52° V

vr, = 12 cos(40,000¢ + 52°) V

-1 _ 108

Xe == 10D -

—-50Q

Zc = jXc = —j50Q

_40/—50° ,
I= oy = 0840 A

i = 0.8 cos(100,000¢ + 40°) A
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DE10.8 I, = 100/25° = 90.63 + j42.26
12 = 100/145° = —81.92 + j57.36
Is = 100/= 95° = —8.71 — j99.62
L=-I+I,+1I3)=(0+;0)A, therefore i4 =0A

DE10.9 [a]

10Ca

w = 1000rad/s

-1
wL =509, el =-1009
100(550) - . . . .
, = YY) - = 40 + 10 — 5100 = - Q
Zzy (100 + 750) + 10— 5100 = 20 + j40 + 10 - (30 — j60)
[b] wL =200, ;é- =250
10— 5" (100)(1'200)] s o
Zgy = 10— 525 + 100+ 7200 | = 10 . 725+ 80 + 740 = (90 + j15) Q
_ [ 100(jwL) j105Y _ 100w2L2 | jl0%wL - j10°
[e]l Zey= [100 ¥l (10 S irer? Torrer T10T T
The impedance will be purely resistive when the j terms cancel, i.e.,
1%L 1_0_5_
104+ w2l2 ~ w
Solving for w yields w = 2000 rad/s.
100w2L?
[d]  2Z4y = EEIZ] +10=50+10=60Q

DE10.10 v=300/ee, L= 5000

_ 5(100) _ — °
L= 100+j100_2'§ 12.5._3.54[ 45° A

i, = 3.54cos(2000t — 45°) A, I, = 3.54A
;

1 1 1
DE10.11 [a] Y= ST + 5712 + i

= 0.12 — j0.16 + 0.04 + j0.03 + j0.25 = 0.16 + j0.12
=0.2/36.87°0 = 200/36.87° m¥ '

[b] G=0160 =160my
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[¢c] B=0120 =120mU
I

- o ——_——: — . 0
[d] T=8/°A, V=g = o = 40/=36.81°V
B 40/— 3687°__ ox
IC_%_ Ao = 10/53.13°A

ic =10cos(wt +53.13°)A, I =10A

DE 10.12 Construct the ‘phasor domain equivalent circuit:

30a 10a
A L
0.8/c°A Cl) 1 .
s 3o %

_ 0.8(30 — j40)
T 40 + j40 + 570
V, = j70I = 56/0°, vo = 56 cos 4000t V

= —j0.8A

DE10.13 After replacing the delta made up of the 50-Q, 40-9, and 10-9 resistors with its equiv-
alent wye, the circuit becomes

-i15a

The circuit is further simplified by combining the parallel btanches,
(20 + j40)//(5 — j15) = (12 — j16) Q

o
T#erefore I= 14_'_12_..1,16_*_4—4[28.07 A

DE10.14 Use the lower node as the reference node. Let V; = node voltage across the 40-Q
' resistor and V1, = node voltage across the capacitor.
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DE10.15

Writing the node voltage equations gives us

Vi Vi -10I, _ Vrn , Von—10I; _
20 5+ 750 =0 and 5 + 5 =0
Vi -10I,

We also have I, = 750

Solving these equa,tions~ for Vqy gives Vo, = 20/=90°V. To find the Thévenin

impedance, we remove the independent current source and apply a test voltage source
at the terminals a, b. Thus

~ j50a. Sa < IT

AAA L 4
" I
-+
‘0n )

10L, I -iSa

It follows from the circuit that 10I; = —(40 + j50)I,

Therefore I, =0 and Iy = h + Vr
-j5 5
Zth = ﬁ, therefore Zh = (2.5 - j2.5)Q

Ir

Vab=Vh = j2Ip + 4Ip = 2(2 +j1)Ip

Is = % =(1-j2)A, therefore Vp, =8-j6=10/—36.87°V

| 414
/_+\ <+
L

1a i2a 3 VT
ilp
Vr =415 + j2Ig = 2(2 + j1)1,, Iy = —I;-IT = -1-(1 - jé)IT
1+27°5
Zm=vT Ly _j3=16-j120
Tr 5
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DE10.16 The phasor domain circuit is as shown in the following diagram. The node voltage
equation is

V A4 V V-1 90°
J20 20

Therefore V = 10— j30 = 31.62/= 71.57°
Therefore v = 31.62 cos(50,000t — 71.57°) V

—e AN
+ I
. 1OL¢A<T> Sa v - 23% i5a <:> 1ooL=39:

DE10.17 Let I, I, and I, be the three clockwise mesh currents going from left to right. Sum-
ming the voltages around meshes a and b gives 33.8 = (1 + j2)I. + (3 — j5)(Ta — Ib)
and 0 = (3 — j5)(Ib — L) + 2(Ip — L). But V, = —j5(Ia — Ip), therefore I. =
—0.75[—j5(Ta — Ib)]. Solving for I = I, = 29 + j2 = 29.07/3.95° A.

5

DE10.18 [a] 1_2;f+]—-(10 _j15)A

V, = 240/0° + (0.1 + j0.8)(10 — j7.5) = 247 + j7.25 = 247.11/1.68° V

[b]  Use the capacitor to eliminate the j component of I, therefore

L =j75A, Zc—%=—j32ﬂ

=240 + (0 1+ j0.8)10 = 241 + j8 = 241.13/1.90° V

~ [c] Let L denote the magnitude of the current in the capacitor branch. Then
I=(10-;7.5+4 L) =10+ j(L - 7.5)A
V, = 240/a = 240 + (0.1 + j0.8)[10 + j(L + 7.5))
= (247 — 0.8L;) + j(7.25+ 0.1L,)

It follows that 240cosa = (247 — 0.8L;) and 240sina = (7.25 + 0.1L)

Now square each term and then add to generate the quadratic equation I? —
605.771. + 5325.48 = 0, I. = 302.88 & 293.96, therefore I. = 8.92 A (smallest
value) and Z, = 240/;8.92 or —526.90 Q.
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Problems

P10.1 [a] 100V; [b] f=4007/2x = 200 Hz; [c] w =400 = 1256.64 rad/s

[d] 6=7/3 or 1.05radians; [e]

0#60"; [(f] T=1/f=5ms
(g] 4001rt+§=21r

. _6r 7 5w _ 5 5 _2 a1
..4001t——3——§— 3 t-1200_1. ms- 6ms,. t=45ms
= 5 -3 T _ LT
[h] v(t)'-IOOcos[4001r(t+12x10 )+‘3] -100(:vos(4001rt+6k+ 3)
T
| ~..100cos (4001rt+ -5) or v
" v(t) = —1005sin(400xt) V }
[i] 4001r(t—-t.,)+§-=4001tt ‘
. —400nt, + -3’5 =0;  400nt, = %
i, = il —-——1———1-—ms t—l—o-ms—sms
®7 12007 ~ 1200 1.2 °T127 7 6
[i] 4001(t+tb)+-§=400n't+%1£
A . x 3Ir -2r 9w Im
A= -3t =5 tE =%
°7 24007 ~ 2400 ~ 24 °T 24T 12
?

T AveepA GOcor (0t +G0O%)
x—x 6O(coswt +30
wuenee GQcos Wb
—x-0 GO cos(Wt ~30%)

_===- GOcos(ut -G0O°)

[a] Left as ¢ becomes more positive
[b] Right
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P10.3 [a]

Vn -L PR
lcoV A N
/

’

,

el
/N

-2

(b]

P104 [a]

(b]

P10.5 [a]

450

T = 1750 + 250 = 2000 us; = % = 2%0(:—0 = 500 Hz
w =27 f = 10007 rad/s; 250 pus = 7 /4 radians
‘. v = Vi sin(1000n¢ + 7/4)

S 100 = Vi sina/4,  Vin = 10072

.. v = 100v25in(1000xt + x/4) = 100v2 cos(1000xt — x/4)

i = 10 cos(wt + 6); g—:- = —10w sin(wt + 0)

i(15 ps) = 0 = 10 cos(15 x 10~% +6)

S 15% 1078 + 0 = 27/2

— 10wsin(£7/2) = 2 x 10°x

Since w > 0, minus 7/2 must be used.

010w =2x10%7; w=2x 10%*r = 20,0007 rad/s
15 x 10~6(20,0007) + 6 = _‘%

0= —g— =037 =-087= —_81r = —ﬁ radians or — 144°

10 5
i = 10cos(2 x 10*xt — 144°) A

From Eq. 10.8 we have _
Li’: _ Vi R cos(¢ — 6) e~ (R/L) _ wLVp, sin(wt + ¢ — 0)
dt ~ VRt VR + 2L
—VinRcos(¢ — )e~(R/IL) Y, Rcos(wt+¢ —0)
VR? + w22 VR? + w23
di . Rcos(wt 4+ ¢ — 0) — wLsin(wt + ¢ — )
LG+ Ri= v VR F il
—-——R-—-——c030 and _WL——sixw
VRT+ Wi VRT+WILT

R: =

But
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Therefore the right-hand side reduces to  V,, cos(wt + @)

At t =0, Eq. 10.8 reduces to #(0) = :%'\/_fi_;—p ‘:/I:Tos_iiﬁfof)
-w w

. Vin
[b] t,,-—\/.R_z—-T—-Z_BCOS(wt-l-¢—0)
~ Therefore Ld‘;;’ = ‘/—}%—wr.f—-gmn-z-sin(wt +¢—0) and
. VmR .
Ri,, = —Rﬂ-ﬁcos(wt+¢ - 0) |
d,, Rcos(wt + ¢ — 0) —wLsin(wt + ¢ — 0 ‘
;t "‘R‘"‘V"‘[ = ¢ﬁl+mz,;n(w £=9 = Vin cos(wt + ¢)

P10.6 [a] Y =100/30°+50/— 45° = 86.60 + j50 + 35.36 — j35.36
. = 121.96 + j14.64 = 122.83/6.85°
y = 122.83 cos(500t + 6.85°)

[b] Y =100/=50° —50/200° = 64.28 — j76.60 — (—46.98 — j17.10)
=111.26 — 559.50 = 126.18 /= 28.14°
y = 126.18 cos(377t — '28.14°)

[c] 'Y =40/60°+80/45° —100/270°
= 20 + j34.64 + 56.57 + j56.57 — (0 — j100)
= 76.57 4 j191.21 = 205.97/68.18°
.. y = 205.97 cos(wt + 68.18°)

[d] Y =100/0°+100/120° + 100/— 120°
= 100 + j0 + (—50 + j86.60) + (—50 — 786.60)
= 100 - 100 + ;86.60 — 186 60 =0
.y=0

to+T '
P10.7 u= / 174 cosz(wt+¢)dt

to

AT
=V2 / 3 + cos(2wt + 2¢) dt

fo+T fo+T ’
{ o dt + cos(2wt + 2¢) dt}

-4 )
S

sm(2wta + 47 + 2¢) - sin(2wt, + 2¢)]}

(3)+ 5— =14 (3)

T + _— sm(2wt +2¢)

ﬁ wlsﬁ leé N|§,
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P10.8 Vj, = v2Vims = v2(120) = 169.71V

P109 [a] 1000Hz;  [b] 0°

» = _ SN _ 27 900 0 = —90°
[c] I—ij oL]90° = oL 90°%; 6; 90
200
[e] w=2rf=2000rrad/s; ..L= 203%_ = -:-mH > 1.27mH

[f] ZpL=jwL=j8Q

P10.10 [a] w =27(50 x 10%) = 100w krad/s

[b] I=jwCV =jwC x10x 10-3/0° = 1000xC/90°;  .". 6; = 90°

[¢c] 10007C = 628.32 x 10~°
. 628.32 x 10~ -6
1 108 -10 50

T oC = {00 x 109)02) ~ 02r -~ w - 12920
[d] C=02uF

1 :
[e] Zc—:iT-——]w—é——]l5.92Q.

P10.11 [a] jwL = j(5000)(8 x 10~3) = j40Q

1 o_ 105 1000 oo
jwC ~ j(5000)(25) ~ 125 7
V = 240/ 40°V

/d@ J'¢0_(L
—
04 R
V , .

T —)jdo

1=5.82/35.96° A

b] I= 240/—40°  24/—40°
T 10+j40—580 © 1-—j4°

[c¢] i=5.82cos(5000¢+ 35.96°) A
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P10.12 [a]
I
M,/
(;) %’” T"ﬂo“’- ey
1 106 con O
7oC = 50,000 ~ 200
jwL = j(50,000)(40 x 10-¢) = j2Q
1 1 1 1-j2
[b] Y= 20+_120+1+ > =005+ j0.05 + —— 5

 =10.25+j0.05 — j0.40 = 0.25 — j0.35 = 043[- 54.46° 0
Z= 3,1- = 2.32/54.46° Q
Vo=2I;; I,=20/-—20°A; V,=46.50/34.46°V
[c]  v,(t) = 46.50 cos(50,000¢t + 34.46°) V ‘

P10.13 Construct the phasor-domain circuit

jwL = j50(240 x 1073) = j12Q
1 - 108

7oC = j50(25) = 8%
'V, = 100/= 90° mV
I J /2«2
M—T7-
. —r X
ICO[-_-40' - ° - == -8
Y, - 1

100/—90° x 10-3 _ 25/—9 °
I = 21712-78 = 1+1 mA = 17.68/=135° mA

to(t) = 17.68 cos(50t — 135°) mA

P10.14 Construct the phasor-domain citcuit

1 108 ) . o
700 = I00)(300) = -j20Q;  jwL=j20Q; V,=10/0°V
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P10.15

P 10.16

- P10.17

+
YR JRore

—J@pr
\

(ol

—_; _ (15)(j20) _ _j60 _ 7o
Let Z1=—j20Q,  Zy=2oor = 3o = 12/36.87

v, = 7.5cos(100¢ + 90°) V

Let Z; =4-38Q, Z; =2+4+310Q

Then Z,)j2, = A=38)@+410) _88+24 (88 +j24)(6 — 42)

6+ 52 T (6452 40
Z3=20Q, Z;=-j10Q |
_—j200 =20 —j20(2+41) _, .
Zl%= 55515 = 3-51 = 5 =4-480

Zap =21.6+738.8+14.4— j0.8+4 — j8 =40 + 530 = 50/36.87° Q

1 1 1,1 _6+j2 4-j12 32 16
e ptamtitimm T 160t 160 ~’160
_24+j8+4-j12+32— 16 _ 60—420 3 —jl
- 160 T 160 ~ 8

1
A -Y—l—é-:—l-2.4+]08

Zap = 13.6 — j12.8 4+ 2.4 + j0.8 = 16 — j12 = 20/— 36.87°

Y = —Z-l—- =50/36.87°m¥U =40+ ;30mU
ab

1 10° 100
JjwC T j2 x 104(2.5) ~ 45
jwL = j2 x 10*(2.5) x 1073 = j50Q

= —j20Q

[ N
+ \ F
——-77:

N

=14.4-;0.8Q
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. (750)Ir (25)(550)
Vr = =200 = 595550 * T (35 + 750
XT. = _io 7250 ny 1250 1000 40

o g 1000 o 40
r - 0" %150 T2 4750 ’2°+’25+j50 N+
Zap = —j20+ 8+ 16 = 16 — 7120 -

‘ . 5000[(4 x 108)/juw] 2 x 1010
P10.18 [a]  Zw =jut+ g s 108)/56] —7“* T 5000w) + 4 x 108
. 2x107 . (4000 — jwB)(2 x 107)
=t 4000 ~ 9t e x 10° 4 2507

_ 108w
"~ 25w? + 16 x 106
. 25w? + 16 x 10% = 25 x 108

25w =9x10%  5w=3000;, w= 600rad/s

4w

5000[(4 x 10°)/5600] _ ., 00 2x 1010
5000 + [(4 x 105)/7600] _ 7“*" T 2x 106 + 73 x 10°

[b]  Zab = j2400 +

20,000 20,000(4 — §3)
= J2400+ T = 2400 + =
= 72400 + 3200 — 2400
Zap = 320092
_ 1 108 -
P10.19 (o] 375 = ymanyas) = /8000
o . 2000wL) _ 0 .o j2000L
1 2 =400 800 + e = 400 - 800 + 7
_ o §2000L(4—4L) _ . 2000L% . . 8000L
= 400 - 3800 + 55 = 400 - 3800 + o + i
8000L . _ . -
e =800 10L=16+L

S LP—10L+16=0; L=5+v/25-16=5+3
L1=2H; L2=8H

[b] When L,=2H
2000(4)
(16 +4)
_200/0° _ 0
I, = 800/0° 0.25/0° A
iy = 0.25¢cos 500t A
When L,=8H »

2000(64)
(16 + 64)

Z = 400 + = 400 + 400 = 800 Q

Z = 400 + = 2000 Q2
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P10.20 [a]

[b]

P10.21 [a]

- 20000 o0
L = 55007, = 012 A

iy = 0.10 cos 500t A

12,500(1/71000C)
12,500 4 (1/71000C)
12,500
177125 x 10°C
. 12,500(1 — j12.5 x 105C)
= 45000+ — 5625 x 1012C7

12,500 .
= T+ 156.25 x 1010¢z + 79000~

Z = §1000(5) +

= j5000 +

7156.25 x 10°C
1+ 156.25 x 1012C2

i, will be in phase with v, when the j terms cancel, therefore

156.25 x 10°C
5000 = 1+ 156.25 x 1012C?2
1+ 156.25 x 10'2C? = 31,250 x 103C

C? -2 x10-7C + 6400 x 10~18 = 0 |

C=10""+/10-14=0.64 x 10-1% = 10~7 + 1/0.36 x 10-14
=10"740.6 x 107 = (0.10 & 0.06) x 10~°

C=016puF or C= 0.04pF

When C =0.16 uF
Z

12,500 12,500 ,
= T3 15625 x 10000016 x 10-0) T 90 = T4 = 2000+500

_ 250@: _ oA °
= Sag0jge = 0100 A = 100/0°mA
- iy =100 cos 1000t mA

When C = 0.04 4F

12,500 o " 12500 o
2= T 15625 x 10100008 x 0-5)F T30 = T .25 — (0000 +409
' 250& -3 /pno ° l
=l = A
L = Top00f = 25 % 10 [0° A =25/0°m
g = 25 cos 1000t mA
~ 1 -3 -6
Let Y; = 5ze x 107° = 44x 107°0
_ 1 , —o_  14000—j5w -9
Let Yz—m+]W2XIO = 196 x 105+25w2 +]2(JX10
14,000 5w

+ 72w x 107° —

= 196 x 10° + 2502 196 x 10° + 25w?
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(b]

P10.22 [a]

[b]

v, will be in phase with ¢, when Y; is pure conductance. Therefore we find w
such that

% x 1079 = Sw.

196 x 106 + 2502
. 196 x 10® + 25w? = 2.5 x 10° = 2500 x 106
. 25w? = 2304 x 108
w?=9216x10%5,  w=9.6x 10® = 9600rad/s

14,000 14,000
196 x 10° + 25(92.16 x 105) ~ 2500

Y= Y1+Y2_(44+56)x10‘ =10"%0p
______ 5
Z=5=10°Q

V,=1,Z = (0.25 x 1073/0°)10°/0° = 25/0° V
v, = 25 cos 9600t V '

Y»(9600) = x 1076 = 5.6 x 1060

-

. 1 ‘
Let = jwl i R —
et Y =3 jwl0x 107"+ 8000 + jw (1)

8000 s  jw
= gaxi10v+w? T Y T X 10v 72

8000 — jw

- 3 "-s‘
=Wl 10y o

i, will be in phase with v, when Y is pure conductance, therefore

-8 _ w
W0 = e X 106

w? 464 x 106 = 10® = 100 x 106
w? = 36 x 105; w = 6 x 10® = 6000rad/s -
w 3000

= —=——=954.93Hz
27 T
: 1
Z(6000) = ¥ (6000)
8000 8000
¥(6000) = 64 x 106 + 36 x 106 ~ 108
" 108
Z(6000) = 3000 = 12,500 Q
Z, = 3500 + 12,500 = 16,000
o
Io—zl—ﬁ@-——-sxlo-‘*—sm

~ Z; T 16,000/0°
o = 5cos 6000t mA

P10.23 Vv, =500/30°V; I, =0.10/83.1301°

v

Z = —I-i = 5000/— 53.13° = 3000 — 74000

]wl +

10°

:1-731—25) 34000



382 CHAPTER 10. Sinusoidal Steady-State Analysis

6
32 x 10 = —74000
W

L jw+
w? — 32 x 10% = —4000w
w? + 4000w — 32'x 106 = 0

w = —2000 + /36 x 105 = —2000+ 6000, w >0
". w =4000rad/s

P10.24 —L- = —j@‘= -j12.5Q
jw

jwL = j8(2.25) = j189

9
Zl=259//—j12.59__(255)( ]’11:;’)_2_]1 -35(2+11)..5 - 4100

I, =10/0°A; V,=50—;100V

o ' {(——‘NV é@z *

X
N _
X

50— j100 _ 6.25—-4125 _ 1 ., . o : .
a8 = o = 508128 =125 72.5)(2 - j1)

- =25-;1.25—55.0-2.5=—56.25=6.25/—90°A

V, = (6 + j18)(6.25/= 90°) = 118.59/— 18.43° V
v, = 118.59 cos(8t — 18.43°) V

I=

P10.25 2, = 30+ j0.25 x 10-3(40,000) = 30 + j10Q
‘ 108
23 =20~ 3 45,500)(2.5)
I, = 20/=73.74°A

Let Ic represent the current down through the capacitive branch. Then

Ie= iz I, = 30+Jlo(20[ 73.74°) = 12.65/ 55.31° A
1
= 20I; = 252.98/= 55.31° V

" v, = 252.98 cos(40,000¢ — 55.31°) V

=20-710Q

-]
P1026 [a] V,=20/120°V; L =12/88°A; Z=1%= % = 20/36°
9 L—
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(b]

P10.27 [a]

(b]

P10.28 [a]

(b]

P10.29 [a]

w =2« f = 2000~; f = 1000 Hz; T =L =1ms
36° = 1/10 of the period )
. (%) (10~2) = 100 x 10~° = 100 ps

.. Current is out of phase with the voltage by 100 us. Note i, lags v,.

1

Z1 = -—j—
1=Ri—j oC,
g, - faliwCs Ry _ Ry—jwRiCh
2 Ry + (l/jw02) 1+ jwR,C, 1 +w2R§C§
— a— ‘ R2 ~
2y =17, lwhen \R1_1+w2R§C§ and_ .
"1 _ wR3CE C. = 1+ w?R2C?
wCi 14 w?R3C? 1T TW2RIC,
B - 1000
1= T4 (4 x 10%)2(0.05 x 10-5)2(1000)?
1000 1000 _ 1000

T T+(6x 108)(0.0025)(10-12 x 106) _ 1+ (16)(0.25) ~ 5
Ry =200Q

G 5

= {16 x 108)(10°)(0.05 x 10-9)
C1 = 62.5x 10~° = 62.5nF '

1
Y, = — + jwC:
2 R2+Jw2

Y, = 1 _ JjwCh _ w”RICf -_I-ijl
'Y Ri+ (1/jwC) T 14+jwRiC: | 1+ w?RIC?
1 +w2Rfo Ci

Therefore Y; =Y, when Ry = TORCT and Cp = 1+ w?R2C?
_ 14 (5 x 10%)2(106)(1600 x 10~18)

Ry =
2~ 7 (5 x 10%)2(1000)(1600 x 10-15) :
_ 1+(25x10%)(10°)(16 x 10716) _ 14+400x 102 _ 5 10°
T T(@5x 109)(109)(16 x 10-16) 400 x 10-5 4 %
R, =12509 ‘
Cz = %Cl = 8nF
Ziy = Ry + jwly ' /
- Rz(ijz) ’= sz%Rz +ij2R%
2T Ra+jwly R? +w2L} ;
w?L3R, RiL,
Zl=Zz when R1=m and L1=m
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[b]

P10.30 [a]

(b]

P10.31 [a]

[b]

P10.32

(64 x 10°)(6.25)(10%) _ 400 x 101°

Ry =

400 x 102

108 + 64 x 105(6.25)
Ry = 80009 = 8kQ
108(2.5)

1= 5708 = 058

Rf + szf

Ry
Ry = Ri+wL} _ 25 x10°+ 16 x 10°(0.25)2

R 5000
25 x1064+1x10° 26 4
5000 =5 x 100
Ry = 52000
26 x 106 26

La - (16 x 109)(0. 2= 1 = 0°H

Therefore Y, =Y; when Ry =

v1 = (20 + j60)I, = 100 + j300 V
Vi 100+ j300

12—-3735  12-435

L = I, + I, + 22.56/24.07° =
= 40 + j30 A = 50/36.87°

I, =

108 + 400 x 106

énd Lg =

5

R? + w212
w2L1

= 14.40 + j20.80 = 25.30/55.30° A
5+ jO + 14.40 + j20.8 + 20.6 + j9.2

Vg =2L+V; =80+ ;60 + 100 + 5300 = 180 + j360 = 402.49/63.43° V

i, = 25.30 cos(5000¢ + 55.30°) A
ic = 50 cos(5000¢ + 36.87°) A
vy = 402.49 cos(5000¢ + 63.43°) V

+
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25/0° = (j5)(=2) + (4 — 13)(La + To) = 10+ (4 — j3)I + 720 + 15
o 4"12]‘; = "20(2‘;* ) _94-j324
Vi = —j20, — (—j5)I, = 10+ j5(2.4 — j3.2) = 26 + j12V
1o 24712 _ (264 12)(1-43) _ 26 j78 412436
1+/3 10 10
Vy=2-V, = -1-j12V
I=T,—T, = 62— j6.6 - 2.4+3.2 = 3.8 j3.4

=6.2-j6.6A

V, —1-j12  12.04/— 94.76° , .
=2 T SRSt g 36/ 52.94° = (1.42 — j1.88)Q
Z=1, 3834 510/_dLsy — 305294 =( 71.88)

P10.33 jwL = j5000(20 x 10~%) = j100Q; S

e} B T O

. Qro :
1, = A00B68T _ 4/ 53430 = 94— j32A

100
I ano°
I = Eﬁ% =3.2/—90° = —j3.2A
111 1 —j+24j+5_7-j1
Y=Sotio T 5200 Ta0- " 200 - 200
7=-200 _ 20, y=28+j40

7-3j31 - 50

+‘l

' 250

(D Vo%
s

_ e

L=I-1,=-5j32-244;3.2=-24=2.4/180°
V, = (28 + j4)I, = (28.28/8.13°)(2.4/180°) = 67.88/188.13°
v, = 67.88 cos(5000t + 188.13°) V or v, = 67.88sin(5000t — 81.87°) V
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P10.34 Construct a phasor-domain equivalent circuit.

1 1000
jwC ]200(12 5)

Make a source transformation where V, = 22(3&) 66/0°mV

-j0.4Q; . jwL =3200(2 x 1073) = j0.40; I, =3/0°mA

MES

Za.fL : |
| | %[Q %} T—)OA_n_ /]0.4_n_ | Sn

Cqmpute the admittance of the parallel branches:

1 1 . _ 1
m 104 —020, - . Zp= =50

Yp
Therefore the circuit sxmpllﬁes to

Yp =

28
M,/ ——
bolo® V, <52

V= %%9(5) = —10mV = 10/180° mV
". v,(t) = 10 cos(200t + 180°) mV

' o 3 _ . ) 1 _'106 s
P10.35 jwL = j[40,000(0.5) x 10~%] = j20 ; 7oC = 740,00005) — jo 2
Vg1 =200/0°V; V42 =100/36.87° V
vy | ' o

W -
o a . .
ol je i, T 5 {Post; M,z




PROBLEMS 387

V, —200/0° \2 200/0° — v,) V,+100/36.87°
= +120+ 5+05( = + T =0
ve [1 - 5’5 +3-01+ 0.1] = 40— 20 — 10/36.87°
v, [4 ’1+4] = 20 — (8 + j6)

V,(4+ j3) = 20[12 — j6] = 120(2 - j1)
v, = 1202- , 15)(4 =33) _ 48(8-j6 - ja—3)
= 4.8(5 — j10) = 24(1 — j2) = 53.67/= 63.43°V
", vo(t) = 53.67 cos(40,000¢ — 63.43°) V

: 1 10°
. ) -6 __ » .
P10.36 jwL = j50,000 x 160 x 107¢ = j89; 70C = T50000%4 = ;59
V,=160/0°mV; Ip= % =0.5V, - 0.5V,

2

s
|  Sban * | ]
ar Y, T K
j6a
| l =

Vo, +8Ia Vo V, V,-V

g _

5 ‘ermtEt Tz 0
1 6-48 1 =Y
v, [5+ —Bily 2]+1.6(0.5V,—0.5Vo)— >

V,[20 + 6 — j8 + 720 + 50] + 80V, — 80V, = 50V,
V,[76 + j12 — 80] = (50 — 80)V,
V,(—4+ j12) = 30V,
V= (Z—igﬁ) Vv, = %v, = 0.75(1 + 13)V,
= 120(1 + j3) = 379.47/71.57° mV
". v, = 379.47 c08(50,000¢ + 71.57°) mV

P10.37 —‘;8 + Y '}2‘41‘* = 10v2/ + 45°

§5V, — §10(V, — 2. 414) +8V, = 400v2 L_+_51_51
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Vol

V,o(8—35-3) _~400~/'[+ 45°
V(5 — j5) = 400v2/ 4 45°
(]
Vo - 400‘/-1"'_45_ 80@:"

T5v2/—45° 2/— 45°
Vo=0+j80V
e (BO)(=i2)
P10.38 V, = 161.,—————50_],25 =( 160+J320);0,
40, 430::. -~20

= 400v2/ + 45°

%”- = (=20 + j40)I,

s

e -

I 1/0°  0.05/0°
°= 20+ 360 ~ 1+43
I, = 0.005(1 — j3) = 15.81/— 71.57° mA
V, = (160 + j320)I, = 5.66/45° V

P10.39 V, =10/=90° = —j10V; I, =4/0°A
1 108 ‘
JwCi ~ J10%(2)
jwL = j10*(0.6 x 10-3) =j6Q
1 106
jwCs 1104(4)

-350Q

SﬁL 20 jbr

|+
-j|lo /o] - 45—
R M TR AT

* ]

vz%'}i
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Vi+j10 ViV, V-V,

5 Tt 5t 2r56 0
1.1, 1 2-j6] Va@—j6) .
"‘[5‘“20*"50+ 40] 7T

V1[20 + 5+ j2 + 5 — §15] — V(5 — j15) = —3200
V(30 — j13) — V(5 — j15) = —5200

V-V,  V, V,

2176 Tt 1o -8 (
1-j3 143 .1 11 0

V‘( 20 )+V2[ 20 +25‘*10]‘4@—

— V1(5 — j15) + V2[5 — 515 + j4 + 10] = 400
| =V1(5 - j15) + V,[15 — j11] = 400

30—-3513 —(5-j15)

A=| 5 %5 1511 | =450~ 330~ j195 — 143 - (25 - 75 — 575 - _22;)
= 650 — 143 — j525 + j150 = 507 — j375 = 630.61/— 36.49°
_|-4200 =(5-3518)| _ _.anqn o0 _ &
. Mi={Tlo 15 i1 | = —3000 = 2200 42000 — j6000
= —200 — 9000 = 9002.22/— 91.27°
_| 30-j13  —j200| _ ipon sonoic
Na=| 5 _%i1s) o0 | = 12000~ j5200 — j200(5 - ji5)

= 12,000 — j5200 — 51000 — 3000 = 9000 — j6200 = 10,928.86/— 34.56° -
Ny 9002.22/— 91.27° '
Vi=—= ——— 2= — 4. —~ 54.78°
1T A T 7630.61/=36.49° 14.28/-54.78°V
N,  10,928.86/— 34.56°

=S—=— . . °
V=3 630.61/— 36.49° 17.33/1.93°V

. v = 14.28cos(10% — 54.78°) V; vy = 17.33 cos(10*t + 1.93°) V

P10.40 Let I, be the current in the 35 + 20 Q branch.

400/0° = (5 — j10)I; + (35 + j20)I
I, - I, = 0.1V = 0.1(j20I5)
I, - I, = joI, |
. I (1-42)
L=(14+j2)I,, I= — =
R (o
', 400/0° = (5 — F10); + (7 + jA)(1 - j2)L,
=[5 j10+7— j14 + j4 + 8)I; = (20 — j20)I,
400 20 )
= 90—j20 - 1-j1 - H0+iD)
I, = 10+ j10 = 14.14/45° A

I

I,
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P10.41 )
-j4
[. B
\
-8 _
| ey ;z.n.
o o
56 /_7 4o ) (E)%a
L 5k’ e ]
— AL, +12(I, - L) — j8(L, —5) = 0; | I (12— j12) — 12I, = —j40
j4(Ib - 5) + 12.(Ib - Ia) +.j20 =0; —12I, + (12 +j4)Ib =0 J
_|12—j12 -12 | _ o s N B
A=1"_19 124 -4l = 144+ j48 — j144 + 48— 144 = 48 — j96 = 48(1 - j2)
12 - 512 140
_ Ny 480 —110(1+12) oy A
L=A=mBa-2" 5 —52(1+j2) = 4-j2A

I, =4-3j2=447/-26.5T°A

P10.42 1, and I, are clockwise mesh currents.

240/0° = (3 + jA)I; — (1 - j5)I
—120/=90° = —(1 — j5)I; + (3.92+ j1.44)I
A_| 8+i4  -(1-j5)
—(1-j5) 3.92+j1.44
= 11.76 + j4.32 + j15.68 — 5.76 — (+1 — j5 — j5 — 25)
= 6+ j20 + 24 4 j10 = 30 + j30

240 —(1-j5)

M =|j12o 3.92 + j1.44| = 1540-8 + j465.60
3+j4 240
Nz:l—(1+_1j5) 120| —240 — j840
N, _ 1540.8+ j465.60 _ _
Li=x =" = 44-i17.92
_ Na _ —240-j840 _ )
=X =30+ - B#70

I = I, = 33.44 — j17.92 = 37.94/— 28.19° A
I, = I, = —18 — j10 = 20.59/— 150.95° A
L =1 —I,=51.44 — j7.92 = 52.05/— 8.75° A
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P10.43 .
2/0
o)
</
> ¥e )
A\
45:4\_.'3 5T
R — [ |
ok’ (* /) 5 ) (2L
) C’D ,,. ‘@ D)’

100/0° = (5 + j5)I; — j5I; — 513
' —10[9::—j511+512+j513
50/0° = —5I, + 551 + (5 — j5)Is
20=(1+j1)I —jIz - 13
—-2=—jLi + I3+ I3
10=-I; + jI; + (1 - j1)I5
141 —-j -1
-j 1 J
-1 j 1-j1 o
=(A+1)(1-1+1)+j(-j-14+5)-1(1+1)
=(1+1)2-j)-j-2=2-jl14+42+1-j-2=1
20 —j -1
-2 1 j
10 7 (1-351)
=201-414+1)+2(—=j =147 +10(1+1)
=20(2 - j) + 2(~1) + 20 = 58 — 520

I =58—320A

(1+41) 20 -1

N2= —] —2 ]
-1 10 (1-31)
=(1+j1)(-2+j2—10j)fj(20-j20+10)—1(20j—2)'
= (1+j1)(-2 — j8) + (30 — j20) — j20 4+ 2 = 28 + 50
I, =284 30A ‘
@441 - 20
- 1 =2
-1 j 10
=201+ 1)+2(j —1-3)+10(1 +5 +1)
=40-2+20+ 310 =58+ j10

A=

Ny =

N3 =
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. I3=58+j10A
L=24+I,=30+;0A
L=I-I,=58-;20-28=30-;20A
L=I3-1I,=58+310-28 =30+ j10A
Li=I - I3 =58 - 320 — 58 — j10 = —5j30 A

P10.44 V,=800/0°V; jwL =j40Q; ":—c = —j50Q o

- s I N
, 2
ol Ctp () =, 9 2V,
. — 23
. 800/0° = (30 + j40)I; — 301, + 7.5(~I,); 800/0° = (30 + j40)I; — 37.51I, ]
0= -7.5(-I2) + 30(I — I,) + (40 — j50)I; 0= —30I; + (77.5 — j50)I;
A= |B0+540) 375

—30 (7.5 - j50) = 2325 — j1500 + 73100 + 2000 — 1125
= 3200 + 51600 = 1600(2 + j1)

N, — | (30+740)  800/0°
271 -3 0
N 24000 15, ..
A S Te00@ 4D - 5 2T =06-i34
Vo =401 = 240 - j120V = 268.33/= 26.57° V
v, = 268.33 cos(8000¢ — 26.57°) V

= 24,000/0°

Iz=

P10.45 [c]

0.02 1‘0.02

002 {002
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(d]

'»as‘o" e %‘40.@

250 = (440.04 + j0.04)I, — 440,
0 = —440T, + 48T,

_ | (440.04+ j0.04) —440

A W P | = 197,137.92 + j17.92 — 193,600

= 3537.92 + j17.92 = 3537.97/0.29°
. _|250 —440| _ L

M= |2 s | = 112,000 + j0

L= % = 31.66/=0.29° = 31.66 — j0.16
_ | (440.04 + j0.04) 250 _ .

N = |40 o |= 10000

L = 5 = 31.09/=0.29° = 31.09 - j0.16

I, = I, — I, = 0.57 — j0.00286
V; = 40I; = 22.61 — j0.11 = 22.61/—0.29°V
V3 = 4001; = 226.12 — j1.15 = 226.12/— 0.29° V

002 {aoz

|

0.03 1' 0.03

-
125@. | v > 409-“'

aor

0.02 4002

p %8.:7.

125 = (40.05 + 50.05)I; — (0.03 + j0.03)I; — 4013
125 = —(0.03 + j0.03)I; + (400.05 + j0.05)I, — 40013
0 = —401; — 4001, + 44813

(40.05+ j0.05) —(0.03 + j0.03) —40
A = | —(0.03+ j0.03) (400.05+ j0.05) —400
—40 —400 448
= 128,816 + j817.4336 = 128,818.59/0.36°
125 —(0.03+j0.03) —40
N, =|125 (400.05+ j0.05) —400
0 —400 448

= 4,404,480 + j4480 = 4,404,482.28/0.06°
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I = %l = 34.19/=0.31° = 34.19 - j0.18 A

(40.05+ j0.05) 125 —40
—(0.03+ j0.03) 125 —400
—40 0 448

= 4,044,480 + 74480 = 4,044,482.48/0.06°

IZ? 31.40/—0.30° = 31.40 — j0.16 A

(40.05 + j0.05) —(0.03 + j0.03) 125
—(0.03 + j0.03) (400.05 + j0.05) 125
-40 =400 0

= 4,004,400 + j4400 = 4,004,402.42/0.06°

N3 =

I = I_VAE. = 31.09/ 0.30° = 31.09 — jO.16A

= 40(T; — Is) = 124.23/= 0.35° V
V; = 400(I; — Is) = 124.45/— 0.25° V

[e] | Because an open neutral can result in severely unbalanced voltages across the
125-V loads.

P10.46 V,=240/—90° = —;240V; Vi = 120&V

jwL = j10%(50 x 107%) = j5Q; —C =—j (%g) =-j5Q
hp—
5% 5N
Jl( +1 M:
—,J,uov @l (A %5;@ | Do’V
_ b

Vo, Vo-j240  V,—120
5 —j5 5

V,+(V, - j240)§ + V, - 120 =0

(2+jV,)=—-120; V,=-48+;j24V

Aot |
1c=’4+_5122=48+j24A

—48 + j24 — §240
—j5

=0

=43.2-596A

ILi=



PROBLEMS

L=Is—I =-48—-333.6A
L= TR 120 _ 336+ j48
Ib =-L - L =33.6-j4.8—48-j24 = 1440 - j28.80A
S Ia=33.94/—98.13°A
I, = 32.20/— 116.57° A

I. = 48 + j24 = 53.67/26.57° A
", iy = 33.94 cos(10% — 98.13°) A

ip = 32.20 cos(10% — 116.57°) A

i = 53.67 cos(10% + 26.57°) A

P1047 [a] I, =5/0°A; 3.—35=—j109; jwl = j209
, 20(=j10) _ =320 _ _
20Q)/ —j10Q = 20~ 710 - 1 ]4(2+]1) 4-358Q

4 ")‘ gL /2 L

_ Mr—fi — Pt

— I; ) y

&)-"}40 : ' f% o

_20-j40 _5—j10 _5(1=3)(4=43) _ pors ca_

L= Toxiiz - 4453 - 25 =0.2(4-33 -8 -6)

P10.48

—02( -2-j11)

= j20L, = j20(0.2)(=2 — j11) = 44 — j8 = 44.72/— 10.30° V
v, = 44.72 cos(800,000t — 10.30°) V

[b] T= % = ﬁ = 7.854 x 10~ = 7854 ns
10.3 ’
360" - (7854) = 224.7ns

V, is the voltage across j5 2 impedance.

35 20 24716 0
. . 5V, =700—j150 _
= j4Va+Va = 100+ j50 + 22 = 0
.5 . 700 + j150
- — ) =100- R
V,(lr J4+3+j4) 00— j50+ —--

Va(1.6 — j4.8) = 208 — j144

. 395
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Ve =40+730V
Vb V=V, V-V
S0t e ¥tz
140+ 730 140+ j30 ~ 40 — 430
510 124316

=0

40 + j80 _

-30 - 520+

Z
j(1a+ g3y + 2210 g o, 20+380 as 0o
40+j80 40+80

400
jl4-j4-30-j20+ ———-30-jl0+ —— =0
,_ 404380 _ 4438 (4+58)(3-j1) 12— j4+j24+8
T 304510 3+41 10 - 10

0

Z

=2+j2Q

240/0°(36) _ 240/0°(36) _ 720/0°
P10.49 Vi, =Va = 36+460 —j48 36+ 412 3+ 41
=T72(3 - j1) =216 — j72V
_ (36)(j12) _ 536
Th=36+412 3441

= j3.6(3— j1) = 3.6 + j10.8Q

Jan JloB2 |
\ —e &

(2t6572)V

—e b

THELErstr) Efa}ua/évf

P10.50

S Loa
M/ ’33“ — %

Aol | ':r—J o M
' 7‘\/\,— : - b
o A

. 200 » 5, o .
_ (~j100)(80 + j60) _ .
= (80 — 40) =100-3j50Q

_ Vmn _ 100-4200 2-j4 . .
In= Zrn ~ 100-3j50 ~ 2-3j1 =16-j12A

ZN = Z7n = 100 - j50Q

ZTh
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| élcvn.
(l.é-ﬁl.z ) | j_—jsm
| T b

Nortfom Fymua lfen -

Alternate solutzon
a
D J ‘6o
T~ B
awéQo . . .:—\ _J lOO.rL IA/
V 20
' ¢ =\ ' ‘ b

200 o .
IN = m = 2[-— 36.87° =1.6 —]1.2A
Zn = Zth = 100 - j50Q

P10._51 o b

&I | La_ 7(——J

lXOQ‘V |
i/ [z a @ gt

| 2

l

(3+j1)I, — I, = —180
—I.+(3-j1)I, = 180

_|@+) -1
-1 @- in|=

-180 -1 (2 _ ' i
N = o —jl)l = 18003~ 1)+ 180 = ~180(2 = 1)

180

1,:%:40(2 —jl)= 40+ j20A
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I, = NA— = 20(2+;1) 40+ j20A

Vab=Vrh =L 1+L(1-41) = —40+ 520+ (1 - ]1)(40 + j20)
= —40+ 520 + 40 + 520 — j40 + 20
Vrn =20/0°V

(¢

2 =(1()3(_1+J;-1j‘)1‘)"= %(1”1)(3-]-1): -11—0(3—j1+j3+1)

= i(4 + j2) =04+502Q
(1)(1) ( 1) =0.3-50.1

T 34417
Z3—Z1 04+]02Q

a 16
003 - 00,0 /-
0.4+,0.2 ’“"""‘I ‘W ‘1
Mr——1 o4 +;02 |

(13- 1.1)(1.4+ j0.2)
Zap = Z1h = 0.4 2 (
ab Th = +0.2+ 27=709)
_ 3.6+ 71.8+ (1.82+ j0.26 — j1.54 + 0.22)(3 + j1)

9
_ 3.6+41.8+(2.04— j1.28)(3 +41)

9
_ 3.6+ 71.846.12+ j2.04 — j3.84 + 1.28

~ 9
_11+4;384-75384 11

9 Q




PROBLEMS 399

(1//9)
O,
dolo’l/
e b
7ﬁduah£?0/wéﬂ+
Vi-20 ., Vi
P10.52 —0.03V,+ 20+j10+50 leO—O o
v - V1 J2V1 _(4-32)
Vo= 50 100( )=y =5V
4- 42 2 Vi 250
“003( 5 )V""20+j10+50-j1oo‘20+j10

5 500 12,500 500
[—150(2 — j1) + 25(20 — §10) + 50 + j100] V; = (10 — ;5)(12 500)
[250 4 jO]V; = 12,500(10 — j5)

(12,500)(10 — j5)
250 + 50
V; =500 — j250 V

_ [—0.06(2— i1) L 20-410 50+ leO] v, = 25020 j10)

V, =

V, = (4 ’2) (500 — j250) = (4 — j2)(100 — j50) = 400 — j200 — j200 — 100
= 300 — 400 V = 500/= 53.13°V

Ha Jlon 2Dn -

3100 50
vV,  V,-Vr
0.03Vr + 353510+ 50 0
Vi(20—j10)  Vi-Vr _
0.03Vp + I 1oV

— 15V + (20 — j10)V; + 10V; — 10Vp = 0
(30 — j10)V, = 25V
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_ 95Vy

= 30510

. io 1 1 25Vr

T =100VT ¥ 5 Y7 ~ 5030 710)

I _ o, 1 _1@0+10) _ j 1 _(3+4)
Vr 10075 2 1000 100 T30 " 200
2%j+4-3—j1_14jl

AVI

200 = 7200
Vp _ 200 _ e
Zrh = T i 100(1 — j1) = 100 — 51002
10n -j.IDOJL
- a
[ )
So/-53.13
V B
- b
Thevtnn Squndalen’
Alternate solution: '
. o, . 250 250 .
Find Lo Lo = 5= = ga(70 - j10) = 35— j0.5
_ 3007400 _ 600 — j800 _ (600 — j800)(7 + j1) _ . :
I = 3505 - T=ql o R S D
=84+ 16— j112 + j12 = 100 — 100
V., : Vi - (V2/5) _
P10.53 o 88+ 50 = 0 »
V, 0.8V, 5-02V,] _
10 7750 +88[ 200 ]‘0 i
20V, + j3.2Vy + 440 - 17.6V, = 0 K
(24+j32)Vy = —440
V3 = Vi = —110/= 53.13° = 110/126.87° V
K00 —/ 52 L -—T
L . :
— My [\ +
-.;
%_‘r_ sax, b. ¥




PROBLEMS 401

' -Vr Vo —-02Vyp
Ir= 10 L ;88 (1000) +

—550

Ir _1 0.80 o . |

7Rl ~ 0088+ = = 0.1- 0.088 + j0.016 = 0.012 + j0.016
1 1000

0
IN=Zm= 0012+30016 12+116"5° —53.1°00

0
Vo _ UOA%ET _ o180 = 2.2+ j0OA

——— e

Iv=Zo= 50/—53.13°

/B
224 (=525 ,
b .
MNolTons ESuuwvsiEnT
P10.54 [a] NLC = —j1000Q;  w=1000rad/s
—jlocon | —/ 100 <%
(
€ (‘:‘_j; X+
¢ Zana 19z, 4
(00 - ~ %‘

/eeore

First find Zoy, then Zyp = 20009Q//Zsy

‘Now observe Ir = 991,

1000
But I, =-Ir (1600 ,moo)
g = =9917(1000) L=
T = 1600 — 71000’ =
gy = I =00

o Zap = 2000Q = Z1h
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[b] : L
—jlaoa v —Jloco
AL ! 1t
1€ | 1€

20 NUx,

+ locoo_n o
v, 70
_.Vr Vr
Tr = Tooo * 00— ;1000
- VT __
= 500— 71000
VT Vr 99V
* 7= 1000 * 600 71000 T 600 — 71000
I 1 100 _ 1, 1 _ 1006-5l0
Vr - 1000 ' 00— 71000 1000 T 6— ;10 . 1000(6 — 710)
. _ Vg _ 1000(6—j10) _ .
Zm= 1 = o060} = 1199=5851°0

- 991

I,

1 .
P10.55 w = 400 rad/s, ]C‘)—C = —-]2500 Q
—jR5000  (oRN . 194 Ey =290
+ % ~ ,
a
V. - f 4
T v
t o ka

- 0 Z;

[
Ir =1, _
V7 = —32500I7 + 10,0001 + 100(200I7)
Vr

o = 30,000 — 72500 = 30,103.99/— 4.76° Q
AT
Zth = Zab = 30,103.99/— 4.76°



PROBLEMS 403

P10.56
- - ----- l -— I,
( (  +
‘(1; 2| | 1opzmV | jioon
|
| . R
| _oevee _ _ _|

_100/120° x 103 . 100/120° x 10-3

In

Zn 7100
Iy = S1A20° | o-ssze
Zn
o -3

=~ —— — = = -— 3:2/0&10
| ' +
( ‘ —

' =
L_ ————— *

V, = —(~§100)(~3/210° x 10~3) = —j300/210° x 10~3 = 0.3/120°V
o 0
030120° 4 10-3210°) = L3120 | 55 10-3 /2100

Iy = Zn ZN
° o
LU e °_~3_ZQ-_2—9_ +3 x 10-2/210°
N N |

{ o
0.221;20 =1073/30° — 3 x 1073/210° = 4 x 1073/30°

SoZy=50090°Q; @ Iy =3/30°mA

P10.57 [a] —=—C _ _jio000
. JwC  ji0(t00) =’

- ] i
+ .+ g
K Femn o=t




v
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Vr Vr-oVrp

Ir = {000 T ~=71000
Ir _ 1  jl-0)_ 1+j(1-0)
Vr ~ 1000 1000 1000
v 1000
Zth = Zap = —

Ir 1+j(1-0)
ZTh is resistive when o = 1.

1000

b] Zm=
[b] Zmn 1370

= 1000 Q2

1000 _1000[1 - j(1 - o)]

1+4j1-0) " 1+(1-0)2
1000
1+(1-0)?
—1000(1 - o)
T 14 (1-o0)2
Sl4(1-0)2=2

1-0)=1

(1-0) =41, o=1F1

0 =0, o =2 makes the real part equal to 500

[c] 500 — 500 =

.. 500 =

500

The imaginary part will equal 500 when
14+4(1-0)?=2(1-0) or (1-0)*-2(1-0)+1=0
Let z=(1-0)
£2-224+1=0
(z-12=0;, =z=1
Sol-0=1; c=0
. =0, Zn,=500- 35009
Yes, 0=0
1000 1000 .1000(1 — o)
T1+j0-0) 1+(0-02 ’'T+(0-0)p
.. Zrn will be inductive whenever ¢ > 1. For example, if o = 2.

1000 .1000(-1)
a+1) Ta+)

[d]  Zmn

ZTh = = 500 + ;5009

P10.58 Since the current sources are operating at different frequencies, we must use superpo-
sition to find the steady-state expression for v,.
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When w = 25rad/s we have

° —_— T
%O oo
y 0O
[ 1. /]
T "'4 4GD.IL -
L
[, - _6628) _ 6
1 =700 - 4375  4—j15
Vo1 = 100I,, = 4’600 = 38.65/165.07° V

", Vo1 = 38.65 cos(25¢ + 165.07°) V

When w = 50rad/s

! % » ."""zz.
10 -

s/ (1) ’;,:"Jt?oon
A

¥, glOO.n.

_ 5/30°(~j200) .
L = oo - S50} = 5.54/—3.69

Vo2 = 100L,5 = 554.70/— 3.69° V
voz2 = 554.70 cos(50t — 3.69°) V
Uo = Vo1 + vo2 = 38.65 cos(25¢ + 165.07°) + 554.70 cos(50¢ — 3.69°) V

(] p (]
P10.59 [a] L= 24‘;&—+ 2436&=30—j40A
= (0.1+ 70.8)(30 — j40) = 3 — j4 + j24+ 32 = 35+ j20V
V, = 240/0° + V, = 275 + j20 = 275.73/4.16° V

(b]

— - ';/"VL

Vo
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]
[c] 1¢=3o—j4o+2‘f?j%°—=3o—j4o+j4s

V= (0.14j0.8)(30 + j8) = 3+ j0.8 + j24 — 6.4 = —3.4 + j24.80 V
V, = 240/0° — 3.4+ j24.8 = 236.60 + j24.8 = 237.90/5.98°

P10.60 The phasor domain equivalent circuit is

LUl
-v% Ry v o7~ ~i%
%m: : + Vo -
+
\v2
_ - Ry IRx_ R
o
Vm Vm
Vo = — —1IR;; I=——
° ) z) R, - jX.

As R, varies from 0 to oo, the amplitude of v, remains constant and its phase angle
increases from 0°.to —180°.

P10.61 [a] V,=2/0°V; V;=08V,=1600°V; Vi=V,=16/0°
1.;504@+ 1.6;V° —0
o] ] - %
S V,=16 (1 + %)
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1 102 108
JoC = 7105(200) ~ 2~ 490000
7 — (=450,000)(50,000) _ 750,000
= 750,000 j50,000  1-j1
' Z = —j25,000(1 + j1) = 25,000 — j25,000Q
Vo= 16(1+2.5 - j2.5) = 16(3.5 - j2.5) = 6.88/= 35.54° V
v, = 6.88 cos(10% — 35.54°) V

[b] Vo= 08Vn(35-j25) = V(28 - j20) = 344V, (—3554°
344V =15 V=436V

1012 104

P10.62 _—W =5 = —j5kQ
0% _ 50k, V,=2/0°V
F2x 105(10) ~ 70U 9=
Vo Vo=V, V.-V, V,-0 _
Tt T s T T2 0
J20Va+20V, — 20V, + Vo =V, +5V, =0
(26 + j20)Va -V, = 20(2&) = 40&
0-V,  0-V,
20 80 O
va vo —n. _ 20 - _ 2
BT Gt M A
". (26 + 520) (-—]%V,') -V, = 40&
(7 — 710.40)V, = 40/0°
V, = 3:19/= 56.06° V
v, = 3.19 cos(2 x 10% — 56.06°) V
P10.63 [a] —% _=_j20
’ j105(05) 7
6/0° 1 6
Vo= - ] = - =V
T+ (l/JwCo) (JwCo) 1+j5C,
Vi, Vi-V, ; o
20 +_—jT_0’ V1(1+J)—JV0
N (1 6\
Vo= (=iVi= -0 ()
|V0| =6 .
___6/2
T 1+ 25w2C?
L V1I+253C2 = V2, 25wC2=1
Co=t=—L _—ax10-8 §=9uF

5w ~ 5x 10%
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(1-j1)6 _ (VE/4596 _ o/ o
b V, = = =6/—90°V
[b] (1+41) (V2/45°)
v, = 6cos(10% — 90°) V = —6sin 10% V

1 . 108
7wC ~ 77200)(0.25)
V. = voltage across the capacitor, positive at the upper terminal, then

Va Va Vo- 4&
ottt T O

va(2 + Jl) = 4&’_
0_20V‘ + OIOX" =0; ..Va=-02V,
—0.2V,(2+j1) =4
=0 _4e-j)=-8+j4
2+ 41
V, = 8.94/153.43° V
v, = 8.94 cos(200t + 153.43°) V

P10.64 V,=4/0°V;

-j20kQ

V, =

P10.65 [a] V, is as defined in the solution of Problem 10.64.

Va - 4 . Va
50,000 T 7200CVa+ 55560
Va—4+3j4x105CVa+Va=0

Va(2+ 374 x 10°C) = 4

=0

V,
V, = -'—5— )
. ]
o (2474x10%C)V, =20,  V, 20/180°

°= 2+ j4x 105C
S 4x106C =2, C=%pF

[} (]
[b] V.= 3%’_%_%_ = &%—9_(1 — j1) = 5v32/135° V = 7.07/135° V

ve = 7.07 cos(200¢ + 135°) V.
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" P10.66 [a] 2
R
+M
-
| % o
- OA
PR St Z
+
Vi

8| X+

>3

Because the op-amps are ideal I, = I, thus
T, = Vab Vab . Va, -V,
ab = —

»Iin = Io, Z

R . o
Vo1 = Vap; Vo =— ("ﬁf‘) Vo1 ==KV, =—=KVy

V,=V5 ==KVy,
Vab — (=KVap) _ (1+ K)Vap

,Io ’=

L= 7 = 7
. sz Vab __2
TP T+ K)Ve T (1+K)
l 1 .
[b] Z=_C Zgb=m; S Cab=C(14+K)

P10.67 [a] L=24 280 _ 9399 j13.71 = 27.02/=30.5°A

24 8.4 + j6

120 120,

L=1g -3 =5%A

Is = 11220 + 8 423? =28.29 - ;13.71 = 31;44{__ 95.87° A
=1—20—5MA L = 120 /A
240 _ o

L = g6 = 1829 j13.71 = 22.86/= 36.87° A

[b] I =0 I=15A I, = 10A

=10+5=15A : L=-5A I =5A

[c] The clock and television set were fed from the uninterrupted side of the circuit,
that is, the 12-Q load includes the clock and the TV set.
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[d] No, the motor current drops to 5A, well below its normal running value of
22.86 A.

[e] After fuse A opens, the current in fuse B is only 15 A.



