6

Natural and Step Responses of
RLC Circuits

Drill Exercises

1 1
DE 6.1 [a] (QR—C')Q = E, therefore C = 500 nF
1
[b] a = 5000 5RO therefore C' o

103)(106
s1,2 = —5000 \/25 x 106 — % = (—5000 £ 75000) rad/s

1
c] ——= = 20,000, therefore C = 125nF
] 775

S12 = {—40 +,/(40)2 — 202} 10%,

s = —b.36 krad/s, Sg = —T4.64 krad/s

< 1000 r* —5000 —20,000 _3
DE 6.2 1, = W [—146 T 4 26e ’ $] dx + 30 x 10
0
—14 —5000x
_ 9 {67

t 266720,00015 t

0 * —20,000

—5000

} +30x 1073
0

= 56 x 1073(e75000 — 1) — 26 x 1073(e~2000% _ 1) 430 x 10~?
= [56e 700 — 56 — 2620000 26 4 30] mA

—  5Ge—5000t _ 96o—20,0000 1 A >0
DE 6.3 From the given values of R, L, and C, s; = —10krad/s and sy = —40 krad/s.

[a] v(07) =v(0%) =0, therefore ig(0") =0
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214 CHAPTER 6. Natural and Step Responses of RLC' Circuits

[b] ic(07)=4A
+ +
[c] C% =4, therefore dvccgto ) _ 4 x 108V /s
[d] v = [Aye 10000 | 4, o=10.000f] 7 t> 0t
dv(0F
U(O+) == Al + AQ, U( ) = —10,000A1 — 40,000142

Therefore A; + Ay =0, —A; —4A, =40,000, A; =40,000/3

[e] A = —40,000/3
[f] v = [407000/3] [6710,00015 . 6740,00015] V, t Z 0+

1
DE 6.4 [a] ——= = 8000, therefore R = 62.50Q

2RC

[b] ir(07) = 10 16omA
62.5
dv(0F
io(0%) = =80 — 160 = —240mA,  ig(0%) = C%
+
Therefore dv((j(z ) = —240kV/s
dve(0F

) Bi=v0)=10v, PV _ g ap,

Therefore 60008, — 80008, = —240,000, By = (-80/3)V

d
[d] it =—(ir +ic);  ir=0v/R; ’ic:Cd—lt)
—8000¢ 80 .
v=e [10 cos 6000t — 3 sin 6000t] V
1280

Therefore ig = e > [160 cos 6000t — sin 6000¢) mA

460
ic = e %9%%[—240 cos 6000t + = sin 6000¢] mA

82
ir, = 10e~%%[8 cos 6000t + < sin 6000¢] mA, t>0

DE 65 [a] (Lf—i—l—ot} therefore —— =500, R = 1000
' oRC) T LC T 4 T SR T T
[b] 0.5CV7 =12.5x 107, therefore V=50V

[c] 0.5LIF =125 x107%, Iy =250 mA



Problems

[d] D, = v(0%) = 50,

20

Therefore ic(0") = —(500 4 250) = —750 mA

dv(0%) 10-3
= 750 X —— = 75,000V /s

Therefore D; — aDy = —75,000;

Therefore

1
0 = g3z =500, Dy = —50,000 V/s

[e] v = [50e "% — 50,000te "]V

in = % = 0579 _ 500t A, ¢ > 0F
‘ Vo 40
DE 6. =20 = 2 _.08A
6.6 [a] ir(0%) = 3 = == = 0.08
b] ic(0%) = T — in(0%) — ir(0%) = —1 — 0.08 — 0.5 = —1.58 A
dip (0F) 40
—  _625A
el =5 = og1 ~ 6294/
1 1
d a=-——=1000; —— = 1,562,500
[d] @ = 55m = 1000 7 = L362,500;

s12 = —1000 £ 5750 rad/s
e|l i, =if+ Ble ™ coswyt + Bhe * sinwgyt 1r=—1A
[ ] f 1 2 ) f

i,(07) =05 =iy + B, therefore B} =1.5A

dir,(0%)
dt

= 62.5 = —aB] + wyBj, therefore Bj = (25/12) A

i (1) = —1 + e 1915 cos 750t + (25/12) sin 750t] A, ¢ > 0"

Ldi
[f] o(t) = dZL = 40671900 o5 750t — (154/3)sin 750V ¢ >0

DE 6.7 [a] i(0*) =0

[b] 4(07) = we(07) = (57) (15) =50V
[c] 50 + Ldig) — 100, dig) — 10,000 A /s

1
[d] @=8000: == =100x10%  s15=—8000 % j6000 rad/s
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216 CHAPTER 6. Natural and Step Responses of RLC' Circuits

el i =i;+ e B coswgt + B} sinwgt]; ir=0, i(0")=0
f 1 2 f
di(0™
Therefore Bj = 0; % = 10,000 = —aB] + wy B,

Therefore Bj = 1.67 A; i =1.67e %% sin 6000t A, t >0

DE 6.8 v.(t) =v; + e *[B] coswat + Bhsinwgt], v =100V
dv.(0F
0.(0%) = 50 V; ”ét ) _ 0. therefore 50 = 100+ B,

B} = —50V; 0=—aB]+wiB)

Therefore Bl = — B = (%) (—50) = —66.67V

Wq

Therefore v,(t) = 100 — e~ %50 cos 6000t + 66.67 sin 6000¢t] V, ¢ >0

Problems
P 6.1 [a] azwzl rad/s
1
2
= — = 1
Wo = TC 0

wg =+V10—1=3rad/s
v = Bje tcos3t + Bye 'sint
v(0) = B, =0; v = Bye 'sin3t

. . dv 3
ZR(0+) = OA, ZC(OJr) = SA, E(OJF) = 0—25 =12 V/S

12 = —OéBl + deg = —1(0) + BBQ
BQ - 4

v =4e sin 3t V, t>0



¥ ()

P 6.2

Problems

d

[b] & 4e~"(3 cos 3t — sin 3t)
dt
dv )
% =0 when 3cos3t=sin3t or tan3ti=3

3ty = 1.25, t1 = 416.35ms
3ty = 1.25 4, ty = 1463.55 ms

3ty = 1.25 4 27, t3 = 2510.74 ms

o 2
[c] ts —t = 2004.40ms; Ty = — = == = 2094.40 ms
Wy 3
T, 2094.40
[d] t, — t; = 1047.20 ms; 7‘1 = = — = 1047.20ms

e] v(t;) = 4e~ 4635 4in 3(0.41635) = 2.50 V
[e] v(t1)
v(ty) = 4e~ (146359 4in 3(1.46355) = —0.88 V
v(ts) = 4e~ 310 4in 3(2.51074) = 0.31V

[f]

25
20
1.5
1.0
0.5
0.0

' 1 3 4
05

-1.0

t(s)

[a] a = 0; wg = w, = V10 = 3.16rad/s
v = By cosw,t + By sinw,t; v(0) = By = 0; v = By sinw,t

dv

OO

(0) = —ir(0) = 3

12 = —OcBl + deQ =-0+ V 1032
By =12/y/10 = 3.79V

v =3.79sin3.16t V, t>0
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218 CHAPTER 6. Natural and Step Responses of RLC' Circuits

1
[b] 2rf =3.16;  f= 32—6 =~ (.50 Hz

T
[c] 3.79V
P63 [a] a=4000;  wy= 3000
wg = \Jw? — a?

w=wi+a?=9x10°+16 x 10° = 25 x 10°

L5108

LC

L ! 0.8 H = 800 mH

— = . == m
(25 x 106)(50 x 10-9)
1
b -
bl @ =575
1 10°
2aC  (8000)(50)
[c] V,=v(0)=125V
[d] I, = i(0) = —ir(0) —ic(0)
12

ir(0) = % = 2—55 x 1073 = 50 mA

, dv

ic(0) = OE(O)

d

d—: — 125{e~1990t[_3000 sin 3000¢ — 6000 cos 3000¢] —

4000e 1% cos 3000t — 2 sin 3000¢]

dv 4

E(O) = 125{1(—6000) — 4000} = —125 x 10

C%(O) = —125 x 10*(40 x 107%) = —6250 x 107° = —62.5 mA

I, = =50+ 62.5 = 12.5mA

d

[e] d—: = 125e740%%[5000 sin 3000t — 10,000 cos 3000¢]
= 625 x 10340 [sin 3000t — 2 cos 3000t]
dv

CE = 31,250 x 10 %% (sin 3000t — 2 cos 3000t)



Problems

ic(t) = 31.25¢ %% (sin 3000t — 2 cos 3000t) mA
ir(t) = 50e 1% (cos 3000t — 2 sin 3000t) mA
in(t) = —ir(t) —ic(t)
= ¢ 19%01(12.5 cos 3000t + 68.75 sin 3000t) mA, ¢ >0

CHC%SK: |
— = {40007 [12.5 cos 3000t -+ 68.75 sin 30001]
400037 5 % 103 sin 3000¢
+206.25 x 10 cos 3000¢] x 1073
= 1000115625 cos 3000¢ — 312.5 sin 3000¢]
L% = ¢ 1000[195 cos 3000¢ — 250 sin 3000]

= 125e719%%cos 3000t — 2 sin 3000¢] V

P64 [a] ( ! )2 1 (4000)?

orRC) T IC
1
C=——  —1250F
(16 x 109)(5) "
|
-y
= = 4000
9
R=—2 ko

(3000)(12.5)
v(0) = Dy =25V

25
ic(0) = —2.5—5=—7.5mA

dv —75%x 1073

—(0) = Dy —4000Dy = —————— = —6 x 10°
dt (0) 1~ 40000, 12.5 x 109 610

Dy = —6 x 10° +4000(25) = —5 x 10° V/s

[b] v =—5x 10"t " 4 25¢~ 10

d

C0 — 120 x 103 — 6 x 10°]e~4000

dt

: dv -9 8 51,4000t
o = O = 12,5 x 107720 x 10% — 6 x 107]e

= (25,000t — 7.5)e 0% mA t>0
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220 CHAPTER 6. Natural and Step Responses of RLC' Circuits

P65 [a] —a+/a?—w2=—-5000
—a —/a? — w2 = —20,000

—2a = —25.,000
a = 12,500rad/s

1 10°
2RC' 2R(0.05)

R =800

2\/a? —w? = 15,000

4(a® — w?) = 225 x 10°

= 12,500

w, = 10,000 rad/s

1
2 8
— 108 = —
Wo LC
1

L=1oc

= 200mH

t
[b] ir = %) = —6.25¢ 900 1 957200000y A 4 > 0F

ic = C—dii(tt) = 1.25e 77 — 20 mA, ¢ > 0"
i, = —(ig +ic) = He P00 — 5e 20000y A t>0"
P6.6 [a] w’= L _ W =25 x 10°
‘ 7o AT

w, = 5000 rad/s

1 1
—— =5000;, R=-——
2RC ’ 10,000C

10°
= ——— =125kQ
8 x 104 g

[b] U(t) — Dlte—SOOOt +D2€_5000t

v(0) = —25V = D,

d
d—z — (Dyt — 25)(—5000e~500t) 4 [, e=5000¢
dv Zc(O)

—(0) =125 x 10> + D, =
dt(o) o x 10 + Dy C



Problems

. —25

ic(0) =2 — (—1) = 3mA

dv 3x 1073
E(O) T 8x 109

1.25 x 10° + D; = 3.75 x 10°

=0.375 x 10° = 3.75 x 10°

Dy =25x10° =25 x 10* V/s

v(t) = (25 x 10% — 25)e P00V, t>0

d
[c] ic(t) = 0 when ——(t) = 0
dt
% = (25 x 10* — 25)(—5000)e 7900 4 =5000¢(25 % 10%)
= (375,000 — 125 x 107¢)e 2000t
dU 7 .
a = 0 when 125 x 10't; = 375,000; oot =300 us
v(300us) = 50e° = 11.16 V
11.16
[d] ir,(300us) = —ir(300us) = T35 = 089 mA

wc(300us) = 4 x 1079(11.16)* = 497.87nJ
wr,(300us) = (2.5)(0.89)* x 107% = 1991.48 nJ
w(300us) = we + wr, = 2489.35n]

w(0) =4 x 107(625) + 2.5(107%) = 5000 nJ

2489.35
5000

(100) = 49.79%

% remaining =

90
~ 2000

iL(0) = —30mA

P 6.7 [a] ir(0) — 45mA

ic(0) = —ip,(0) — ig(0) = 30 — 45 = —15mA
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222 CHAPTER 6. Natural and Step Responses of RLC' Circuits

110
2RC (4000)(10)

b] o= = 25,000

1 (10%)10%) g
wo—ﬁ—m—éleo

S1.2 = —25,000 £ ,/6.25 x 108 — 108(4) = 25,000 % 15,000
s1 = —10,000 rad/s; s9 = —40,000 rad/s

v = Ay 10000t | 4 o—40,000¢

v(0) = A1 + Ay = 90

dv

—15 % 103
Z(0) = —10"A4; — 44, x 10° = Tox

1o~ X100 Vs

_Al - 4A2 - —150
—3A5 = —60; Ay = 20; A =170
v = 706_10’000t T 206—40,00015 \V t>0

, dv
[c] ic = C%

= 10 % 1079[=70 x 10%e 1000 _ 80 x 1(*e 400001

— 710,000t _ g,—40,000t ;) A

Z'R —_ 356710,00015 + 106740,00015 mA

Z-L _ _Z-C . 7;R — _286710,0001‘/ o 26740,000t mA’ t 2 O
peg L —_3x10° o000
" 2RC (25,000)(10) 7
1
— =4 %108
e -~

s12 = —12,000 £ 516,000 rad/s
response is underdamped

o(t) = Bie %% c0s 16,000t 4+ Bye %% sin 16,000¢

. 90
U<O+) =90V = Bla ZR(0+) = W =21.6mA



P 6.9

P 6.10

Problems

ic(0%) = [—iL(07) + g (07)] = —[—30 + 21.6] = 8.4mA
dv(0T) 8.4 x1073
= pu— 4
yy o109 =8 0,000V /s
dv(0
Z(t ) _ —12,000B8; + 16,0008, = 840,000
or —3B; + 4B, = 210; S By=120V

v(t) = 90e™ 2% o5 16,000t + 120e 9% sin 16,000t V, t>0

1 10°

2rC ~ Goooy(io) 2 <M

«

o =4 x 10% ot =Wl

Critical damping:
v = Dyte " 4+ Dye™

. 90
ZR(O+) = m = 36 mA

ic(07) = —[i,(07) +ip(0")] = —[-30 + 36] = —6 mA
v(0) = Dy = 90

d
d—;} = Di[t(—ae™®) + e ] — aDye ™

dv, _ic(0)  —6x107% 5
gtV = Drmaby = =57 = s g = 610

Dy =aDy — 6 x 10° = (2 x 10*)(90) — 6 x 10° = 120 x 10*

v = (120 x 10% + 90)e 20V ¢+ >0

1 107
2] @ =556 = MoooE ~ 2
W P T

° T IC T (1.25)(8)

s1.0 = —12,500 = 1/(1.5625 — 1)108 = —12,500 £ 7500
s1 = —5000 rad/s
s = —20,000 rad/s
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224 CHAPTER 6. Natural and Step Responses of RLC' Circuits

[b] overdamped

[e] wa = /w2 — a2

o =w?—wj=10°-36 x 10° = 0.64 x 10°

a = 0.8 x 10* = 8000
1 10°

——_ =8000; .. R=— =7812.5Q
2RC ’ (16,000)(8)
[d] s; = —8000 + 76000 rad/s; s9 = —8000 — 56000 rad/s
1 1
=10 = —; 5. R= = 62500
le] @ =107 = 7pz: 20(10%) 0
P 6.11 a = 2000/2 = 1000
1 106
R= = = 27.78Q
20C — (2000)(18)
v(0F) = —24V
—24
iR(07) = —— = —864mA
ir(07) 5778 864 m
dv —200¢ ~1800¢
— = 2400e 2% 4 21,600¢
dt
d +
Ugt) ) _ 2400 + 21,600 = 24,000 V/s
ic(0T) = 18 x 107%(24,000) = 432 mA
i (01) = —[ig(0) +ic(0%)] = —[—864 + 432] = 432mA

P 6.12 [a] 2a = 200; a = 100rad/s

2y/a? —w? = 120; w, = 80rad/s

1
C pr— pr—
2aR ~ 200(200)

=25 uF

10°

L= w2C  (80)2(25)

=6.25H

ic(07) = A; + Ay = 15mA



Problems 225

dic diy, din

o T a T

dic(0) —  dir(0)  dir(0)
dt dt dt

=0

1dv(0)  1ig0)  15x107% 3A /s
dt R dt R C  (200)(25x 1076)

=—3A/s
40A; + 1604, = 3
A 144, =75%x 1073 . A= —5mA; A, = 20mA
ic =20 "% —be™ " mA, >0
[b] By hypothesis
v = Aze 1 4 Aye 1, t>0
v(0) =A3+A,=0

dv(0)  15x107?
dt 25 x 106

—160A3 — 40144 = 600, Ag = -5 V; A4 =5V

= 600V /s

v = —he 160 4 540ty t>0
[c] in(t) = —— = —25¢10% L 256740t A ¢ > 0F
200
[d] iy = —ig —ic
i, = be 1% — 20710 mA | t>0
P 6.13 From the form of the solution we have

U(O) = Al + A2

dv(0T)
dt

= —Oé(Al + Ag) +ju)d(A1 — Ag)

We know both v(0) and dv(0")/dt will be real numbers. To facilitate the
algebra we let these numbers be K; and Kj, respectively. Then our two
simultaneous equations are

K1:A1+A2



226 CHAPTER 6. Natural and Step Responses of RLC' Circuits

Ky = (—a+ jwa) A + (—a — jwag) Az
The characteristic determinate is

1 1 _
A= = —]de

(—a+ jwad) (—a — jwa)

The numerator determinates are

K, 1 .
N1: . :—(oz+jwd)K1—K2
Ky (—a — jwa)
1 K, »
and N = = Ky + (a0 — jwq) K4
(—a+ jwa) Ko

N K, —jlaK; + K.
It follows that A; = M1 Walty JlaK; + Ky)
A 2wd

N K (K K
and AQZf:wd 1+j2(jd1+ 2)

We see from these expressions that A, = A3
P 6.14 By definition, By = A; + A,. From the solution to Problem 6.13 we have

2de1
de

A+ Ay = = K,

But K is v(0), therefore, By = v(0), which is identical to Eq. (6.30).
By definition, By = j(A; — A). From Problem 6.13 we have

[—2j(ak, + K. K+ K
R L
Wd Wd

It follows that

dv(0F
Ky = —aK, +wyBy, but Ky= “;t ) and K, =B

Thus we have

d
d—:(0+) = —OéBl + deQ,

which is identical to Eq. (6.31).



Problems 227

P 6.15 i 0%

v §150kﬂ \L B0k}

- i

&

ir(150 x 10%)  (150)(60)10°

=10
o 210 x 10° 210 x 10° "
1500 x 103 9000 x 103 10.500
vr _ 2 X 0 108 = 50k
ir 210 210 210
75
V,=26)=45V;  I,=0
10( )
0(0) = —in(0) — i1(0) = — = —0.9mA
= — —_ = — = — . m
‘o 'R o 50,000
ic(0)  —09 ,
= e} 107 = =720 x 10
1 109
W= —=——"=10% w, = 10* rad/s

° = IC ~ (8)(1.25)

1 10°
~ 2RC  (2)(50)(1.25) x 10

«

= = 8000 rad/s

wa = /(100 — 64) x 10° = 6000 rad/s
v, = B1e 3% cos 6000t + Bae *% sin 6000¢
0,(0) = By = 45V

dv,
dt

(0) = 60008, — 80008, = —720 x 10°

60008, = 8000(45) — 720 x 10% .. By=—60V

v, = 45759 ¢65 6000t — 60e 3% sin 6000t V, t>0



228 CHAPTER 6. Natural and Step Responses of RLC' Circuits

P6.16 [a] a= = 1250, we = 107, therefore overdamped

2RC
s1 = —500, s9 = —2000

therefore v = A;e 90 4 A,e=2000!

dv(0™ (0T
v(0F) =0 = A + Ay; 0| _ el0h) 98,000V /s
dt C
Therefore — 5004; — 200045 = 98,000
A, = —1—9807 A, — —980
15 15
980
u(t) = {_} (675008 _ =20001] 7 £>0
15
[b]
35
30
25
= 20
T 15
10
5
0
0 2 4 B i
t (ms)
Example 6.4: v, =74V at 1.4 ms
Example 6.5: v = 36.1V  at 1.0 ms
Problem 6.16: v = 30.9 at 0.92 ms
dir, —20,000¢ —80,000t
P6.17 [a] v=1L »r = 16[e” " — eV, t>0
[b] ir = % _ 40[6720,000t _ 67807000t] mA, t> 0t
[c] ic = I —ip, —ig = [~8e 20000 4 32780000 m A | t>0"
di
P618 [a] v=1L (%) — 4032000t Gin 94 000t Y, >0
[b] ic(t) = I — i — i, = 24 x 10*3—é—¢L

= [24e 3209 ¢05 24,000t — 32¢ 2% sin 24,000¢] mA, t>0"



Problems

P619 v=1L <%> = 960,000t 10:000t /. t>0
P620 t<0: V, =60V, I, = 45mA
+
60V T62.5nF E 1H
B 45mA
t>0:
+
T 62 .5nF §1.6k@ A E 1H
, 60 ,
ir(0) = 1600 = 37.5mA; ir,(0) = 45 mA

ic(0) = —37.5 — 45 = —82.5mA

a= Lo 10’ = 5000 rad/s
~ 2RC  3200(62.5)
9
2 1 W0 16 x 107

Yo TC T 625

s1,2 = —5000 £ V25 x 106 — 16 x 106 = —5000 = 3000
s1 = —2000 rad/s; sy = —8000 rad/s

v, = Aye=20000 | A, —8000¢
Ay + Ay = 0,(0) = 60

dv —82.5 %1073
°(0) = —20004, — Ay = —=2 2 7
dt (0) 0004, = 800042 = —====7

= —1320 x 103

Solving, A =-140V, Ay =200V

v, = —140e 209 4 200e 8000V, t>0
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P 6.21

P 6.22

CHAPTER 6. Natural and Step Responses of RLC' Circuits
1 16 x 106
=T~ oes ~2x
1 16 x 10°
o= SRC 4;00 = 4000 nepers; o’ =16 x 10°

wa = /(25 — 16) x 10° = 3000 rad /s
s1,2 = —4000 £ 53000rad/s
Vo(t) = B1e %% cos 3000t + Bye %% sin 3000t

0,(0) = B; =60V

. 60
ir(0) = 45 mA

20(0) = —ZR(O) — ZL(O) = —75mA

= (=75 x 107%)(16 x 10°) = —12 x 10°

dv,
dt

(0) = —4000B; + 30008, = —12 x 10°

3By = 4B; — 1200 = 240 — 1200 = —960; .. B, = —320V
v,(t) = 60e 4% cos 3000t — 320e 4" sin 3000t V, ¢ >0

, 1 16x10°

=— = ——=10% o = 10
YoT TC T T 016 .
1 16 x 10°
— — =104
YT O9RC T T 1600 0

a® = w? (critical damping)

Vo(t) = Dyte 10000 | P o= 10.000¢

0,(0) = Dy = 60V



P 6.23

Problems

60
ir(0) 200 75m
i,(0) = 45mA

ic(0) = =120 mA

dv,
th (0) = —10,000D, + D,

ic(0)

= (=120 x 107?)(16 x 10°) = —1920 x 10°

D; —10,000Dy = —1920 x 10 Dy = —1320 x 10°V /s
v,(t) = (60 — 132 x 10%t)e 10000t v, t>0
[a] 2a =5000; « = 2500rad/s

Ja? w2 =1500;  w?=4x10%  w,=2000rad/s

R
=57 =2500; R =5000
W= 4108 L—l—Og—E)H
° LO ’ 4 x 105(50)
R = 25,000
[b] i(0) =0
di 1
Lﬂ = v.(0); —(50) x 107%02(0) =90 x 107°
dt 2
v2(0) = 3600; v.(0) =60V
di(0) 60
= — =12A/s
it 5 /s

[C] Z(t) — AlefIOOOt + A2674000t

di(0)
dt

= —1000A; — 40004, = 12
A+ 44, = —12x 1073

Z(t) — +4€—1000t o 46_4000t mA ¢ 2 O
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232 CHAPTER 6. Natural and Step Responses of RLC' Circuits

di(t)
dt
di

pri 0 when 16e 409" = 41000t

[d] — _467100015 4 1667400015

or 3000t _ 4

In4

~ 3000"

[€] imax = 4”10 — 471881 = 1 89 mA
di

_ _ —1000¢ —4000t +
L — v, — T ) =
[£] vi(t) = 5= = [~20e71% 80~ V, >0

P6.24 i(07)=1i,(07) =37.5mA
Fort >0

t s = 462.10 us

37 . SmAT §25H B.25UE T v

§E!EIEII._J

1 1
— —— —100rad/s: 2 - _— =6400
« 5RO rad/s; w? 76

sp = —40rad/s s = —160rad/s

v, = A/ 674Ut + Alefl60t
o — 1 2
ic(07) = =37.54+37.54+0=0

dv,

=0
dt

dv,
dt

(0) = —40A) — 1604},

A4, =0, AL+ A, =0



P 6.25

P 6.26

Problems 233

dv,(0)

Note: = 0; = 0;
ote 1,(0) = 0; Vo(00) = 0; pn

=0

Hence the 37.5 mA current circulates between the current source and the ideal
inductor in the equivalent circuit. In the original circuit the 30 V source
sustains a current of 37.5mA in the inductor. This is an example of a circuit
going directly into steady state when the switch is closed. There is no
transient period, or interval.

ic(0) =0:  1,(0) =200V

R 4
=—= = 50rad
=50 = q0n ~ 0radss
1 10°
2= — = — = 2500
Yo=Tc “oa 2
o® = w; critical damping

vo(t) = Vi + Dijte ™ 4+ Dhe
Vp =100V
0(0) = 100 + Dy =200, D) =100V

dv,
dt

(0) = =50D4 + D} =0

D = 50D} = 5000 V/s

v, = 100 4+ 5000te % + 100"V, ¢t>0
a = 800rad/s; wgq = 600rad/s

w?—a?=36x10%  w?=100x10* w,=1000rad/s

R
a=g7 800; R 600



234 CHAPTER 6. Natural and Step Responses of RLC' Circuits

1 106
— =100 x 10%; L= = 2mH
LC S (100 x 109 (500) - ™

R=320Q

i(07) = By = 0A; at t =0"

3.200 2mH
A T A
+
%ID + vﬂ{D Yo- |+
EDDI.u,E‘TlZV

12+ 0+ v,(07) = 0; v, (07) = —12V

di(0t)  —12
dt  0.002

—6000 A /s

di(0")
dt

= 6008y — 800B; = —6000

60082 = 800B; — 6000; S By=—10A
i=—10e % sin 600t A, t>0
P 6.27 From Prob. 6.26 we know v, will be of the form
Ve = B3e % cos 600t + Bye %% sin 600t
From Prob. 6.26 we have

0:(0) = =12V = B;

and
dv.(0) _ ic(0) _0
dt C
dv.(0
d7<f ) = 600B,; — 800B5

60084 = 80085 + 0; By=-16V

v(t) = —12¢ % cos 600t — 16e 5% sin 600t V.~ ¢ >0



Problems

1
P6.28 vc(0%) = 5(240) = 120V

240
iL(0%) = 60 mA; iL(0c0) = = X 107 = 48 mA
1 106 0
o = = =
2RC 2(2500)(5)
1 106
2
= —_— = — = 2
Yo =76 ~ 00~ W
a? = 1600; o < w; underdamped

s12 = —40 % j1/2500 — 1600 = —40 = 730 rad/s
i, = Iy+ Ble ® coswgt + Bhe ' sinwgt
= 48 + Bje 1% cos 30t + Bhe "% sin 30t
in(0) =48 + Bl; B, =60—48 = 12mA

div, .o , 120 »
2 (0) = 30B; —40B] = % = 1.5 = 1500 x 10

30By = 40(12) x 107% + 1500 x 107 Bl = 66 mA

i, = 46 + 12e71% cos 30t + 66e 1% sin 30t MA, t>0

R
P629 a= Y7 5000 rad/s
, 1 10°

w, 7C = 300 50 x 10

s12 = —5000 £ v/25 x 105 — 50 x 106 = —5000 £ 5000 rad /s
v, = Vi + Bie % cos 5000t + Bje "% sin 5000t

UO(O) =0= Vf + Bi

v,(00) =40V, . By =-40V

dv,(0)
dt

— 0 = 50008, — 50008,
B, =B, =—-40V

v, = 40 — 40e 5% o5 5000t — 40e 5% sin 5000t V, t >0

235



236 CHAPTER 6. Natural and Step Responses of RLC' Circuits

! 10° 100 2=10*
= = * OZ =
2RC  (1600)(6.25) ’

P6.30 o=

2 ! 10° 6400
w = —————-—--
> LC  (25)(6.25)

s12 = —200 £ V10 — 6400 = —100 £ 60
s1 = —40 rad/s; So = —160 rad/s
Vp(00) =0=V}

vy = Ale™40t 4 AL o160t
1,(0) =30 = A, + A
Note: ic(0%) =0

dv,
dt

(0) =0 = —40A] — 1604,
Solving, Al =40V, Ay, =—-10V
v,(t) = 40e™ 4% — 10e 1"V, t>0"

P 6.31 [a] i, = I; + Aje " + ALe 10"

30
If = % = 375mA, ZO(O) =0
=375 x 1073 + A| + A, oA+ A= -375x 1077
di 30
—2(0) = — = —40A) — 160A
dt (©) 25 041 = 1604,

Solving, Al = —40mA; A, =25mA

io =375 —40e 1% 4 25700 mA >0

[b] % = [1600e %" — 400e1%%] x 1073
dio —40t —160t
L—== 25(1.6)e 1% — 25(0.4)e

v, = 401 — 10e7 1%V ¢t >0

This agrees with the solution to Problem 6.30.



P6.32 For t>0

37 5mA(f 8000 3 6.25,F T

I 100; L _ 6400
a= = 100; ek
s12 = —100 £ 60
sp = —40rad/s; So = —160rad/s
Vo = Vi + Ale™ " + Ale 10

Vi=0;  0,(01)=0;  ic(0")=37.5mA

Al +A5=0
dog(0°)  io(0%)

g 625 <100~ 0000V/s
du,(0*
Uét ) _ 404, — 1604,

—40A — 1604} = 6000
Al + 44 = —150
Al +A5,=0
Ay =50V; A, =-50V

v, = 50e 1% — 50e 7100V t>0

Problems

237



238 CHAPTER 6. Natural and Step Responses of RLC' Circuits

P 6.33 [a] From the solution to Prob. 6.32 s; = —40rad/s and sy = —160rad/s,

therefore

io =1 A0t g1 o160t

dio(OJr)
dt

0=237.5+ A + Aj; —40A] — 16045 =0

=0

Iy = 37.5mA; io(07) = 0;

It follows that

A} = —50mA,; A, =12.5mA
ip=37.5—50e " +12.5¢7 "% mA,  ¢t>0

di,

[b] % — 2674Ut o 267160t
i
Vo = L% = 25[2e 0 — 2¢71601]
v, = 50e 1% — 50e 160V, t>0

This agrees with the solution to Problem 6.32

P634 ¢t<0: ir, = 3/150 = 20mA
t>0:

=0.5
120mA(; % 3000 §31 25mH e

= 1500

() 20ma,

300|150 = 1002

- D _5
L00nA] = 1000 §31 25mH HE
Jl'L
ir,(0) = 20 mA, ir(00) = —100mA
1 10°
Ww=—=——— =64 x 10% w, = 8000 rad/s

° LC  (31.25)(0.5)



P 6.35

Problems

11t
~ 2RC  (200)(0.5)

a = 10%; o? =100 x 10°

o —w? = (100 — 64)10° = 36 x 10°
s1,2 = —10,000 £ 6000
51 = —4000 rad/s; sy = —16,000 rad/s
i, = Ij + Ale™1000t 4 47 o—16,000t
ir(00) = Iy = —100mA
iL(0) = A} + A5 + Iy = 20mA
A+ A, —100=20 so A} + A, =120mA

y
%(0) = 0= —40004; — 16,0004}

Solving, Al =160 mA, A, = —40mA
i, = —100 + 160e 100" — 40e~16:000t ;A t>0

, 1 10°

= — = — = 5000
“o T IC T 200
R 400
“=5r =0 0; o 00
a® < w? underdamped

s12 = —10 = jV/4900 = —10 % j70 rad/s
i = Bre % cos 70t + Bye % sin 70t
i(0) = B, = 147/420 = 350 mA

di

Z(0) = 70By — 10B, =

—(0) =T0B, — 10B, = 0
Bs = 50mA

i =50e "% (7Tcos 70t +sin70t) mA, ¢ > 0"

239



240 CHAPTER 6. Natural and Step Responses of RLC' Circuits

P 6.36 [a] t <O: 4ki) 12k ig07)

Ay
l +
+
28v(; v(07) v {07} (zov
L &
48
) - pu— pum— A
©(07) = {5,000 = 3™

ve(07) = 20 — (12,000)(0.003) = —16 V

t=0":
S
24k 1)
S L

At T T
+ 12k, 0.2H
v 16V TanF SmA 20V
N v{0 ) ‘

12kQ||24 k2 = 8k
1,(07) = (0.003)(8000) — 16 = 24 — 16 = 8V
and vz (07) =20 -8 =12V
[b] v,(t) = 8000i, + vc

dv, di, dvuc

=8000— + —
dt () = dt dt
dv,

di
0™) = 8000—=(0") +
2e(0%) = 800052(07) +

dUC
dt

—=(0")

di
20 = L% + 8000i, + ve

20 = 0. 2d—(0+) +24 — 16

di
02—=2(0")=20—-8=12

di,
dt
dv,.
dt

2
=60 A/s

= 0.2

C

(07) = i,(07)



Problems

dve, .. 3x107?
= ——— = 375,000

dt (0%) 8 x107° 7

dv,

ch (0%) = 8000(60) + 375,000 = 855,000 V /s

[c] w?= L1 625 x 10%  w, = 25,000 rad/s

°LC 1.6 ’ ’
a= % = 88% = 20,000 rad/s; o? = 400 x 10°
a® < w? underdamped

s12 = —20,000 £ 515,000 rad/s
0o(t) = Vi + Bie 2% cos 15,000t + Bje > sin 15,000¢
Vi =10,(00) =20V
8 =20+ B; By = —12V
—20,000B, + 15,0008} = 855,000
Solving, By =41V
vo(t) = 20 — 12e2%9%% 05 15,000t + 41e %% sin 15,000t V,

P 6.37 [a] t <0
120

to = 2000 15mA; v, = (5000)(0.015) = 75V
t>0:
R 5000
=—=——=2 d/s
a=or 0 500 rad/s
, 1 107

w =4 % 10% = 400 x 10*

> LC T (1)(250)

a? — w? =625 x 10* — 400 x 10* = 225 x 10*
S1.0 = —2500 & 1500

s = —1000 rad/s s9 = —4000 rad/s

io(t) :A16_1000t+A2€_4000t

241

t>0"



242 CHAPTER 6. Natural and Step Responses of RLC' Circuits

io(0) = A} + Ay = 15 x 107°
di,
E(O) = —1000A; — 40004, = 0
Solving, A; =20mA; Ay = —5bmA
io(t) = 20e 10000 _ 54000t A ¢ > 0
[b] Uo(t) — Ale—IOOOt + A26—4000t
0,(0) =A1+ A, =75

dv ~15x 1073
°(0) = —10004;, — 40004, = —— —~ —
it ' 27T 950 x 109

Solving, A =80V, Ay =-5V

Uo(t) — 8067100015 . 567400015 V, t 2 O+

Check:
di,
50004, + 1d_lt — v,
5000i, = 100e 1000t _ 95,—4000¢
% —= —20671000t + 206*4000t

di,
50004, + é — 801000 _ 504000ty (checks)

1 106
P638 w=—= = 10% , = 100 rad
Yo T IC T (20)(5) o rad/s
1 106 10*
a = — =125 rad/s

T 2RC ~ (1600)(5) 80
s12 = —1254/(125)2 — 104 = —125 £ 75
s1 = —50 rad/s; sy = —200 rad/s

]f = 15mA



P 6.39

P 6.40

Problems

i, = 15 4+ Ale ™ 4 Ale 2%
—30 =15+ A, + A}, A+ A, =—-45x107°

dir, 60
— = —50A, — 2004, = — =3
dt ! 2790

Solving, A} = —40mA; Ay = —5mA

i = 15 — 40e % — 5e 2% mA ¢t >0

! 10° 80 2 = 6400
OZ = = o N Oé =
2RC (2500)(5) ’
w? = 10*

512 = —80 £ jV/10* — 6400 = —80 £ j60 rad/s
i, = 15 + Ble " cos 60t + Bhe 5" sin 60t
-30 =15+ B, o B} = —45mA

y
%(0) — —80B] + 608, = 3

By = —10mA

i, = 15 — 457 %% cos 60t — 10e %% sin 60t mA, ¢t >0

1 10°
YT 9RC T (2000)(5)
o =101 = w? critical damping

Z-L _ ]f 4 Dfltefloot 4 Dlzefl[)ot =15 + Dfltefl[)ot 4 Dl267100t
i(0)=—30 =15+ D), .. D,=—45mA

diy

7 (0) = —100D, + D} = 3000 x 10~

D = 3000 x 10~% + 100(—45 x 10~*) = —1500 x 1073

i, = 15 — 1500te 0% — 45710 A ¢t >0

243
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P641 t<O0: "
300
—e
e My +
1002 100
2400
8l 0
3 H v 0)
(1o00v
.
100 100
(0)= ———— =—_=5A
O=1ss =
10
05(0) = 100 — 5(4) — 10(5) (%> — 70V
t>0:
2H 1200
L A
GE + +
80z 10mFT Yo 1OV
R 20 ,
= —_——= — = :2
o' 5T 1 D, « )
1 100
2:—:—:
w, IC 5 50
w? > a? underdamped

Vo = Bre * coswgt + Boe ' sinwyt; wg=+v50—-25=5
vy = Bre P cos 5t + Bye %t sin bt

0,(0) = By =70V

dv dv )
i = — 9 = — 1 3 - —
C 0 (0) 5, 7 10 x 10 500V /s
dv,

—2(0) = =8By + 5B, = —500

5By = =500 + 5B; = —500 + 350; By, = —150/5 = —-30V

Vo = 70e " cos 5t — 30e 5 sin 5t V, t>0
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P 6.42 [a] Let i be the current in the direction of the voltage drop v,(t). Then by
hypothesis

i =1+ Bie * coswgt + Bye ' sinwgt

V.

ir =1i(c0) =0, i(O):Eg:Bi
Therefore i = Ble * coswgt + Bhe ' sinwgt
' di(0
Ldl(o) =0, therefore i0) =0
dt dt
d/l/ / / / !/ : —at
pri [(waBy — aBj) coswgt — (aBs + wyBY) sinwgt] e

a a'V,
Therefore wyBy — aB] = 0; B} = w_dBi — w_dEg

Therefore
di 2V V.
Vy = Ld—; = — {L (def + w}l%g> sinwdt} e~

= —— | — 4wy |sinwgt p e«
R Wy

V,L (0 + ]

R Wy
Yo = _Rg’gwd e sinwgt V, 1 =07
[b] CZO - _wd‘gC’ {wgcoswgt — asinwgte ™
d(;fo =0 when tanwgt= %

Therefore wgt = tan™ ' (wg/a) (smallest t)

1
t=—tan " <ﬂ>
Wy (6]
P 6.43 [a] From Problem 6.42 we have
Y

Vg = RCw, e sin wyt
R 120
= —= — = 2 d S
&= or = 50 12,000 rad/s
, 1 10m

= 400 x 108

“o T TC T 2500



246 CHAPTER 6. Natural and Step Responses of RLC' Circuits

wg = \Jw? —a? = 16 krad/s

-V, —(—600)10° .
RCwy — (120)(500)(16) x 103

v, = 625e 1290 gin 16,000t V

[b] From Problem 6.42

ty = itan’1 <ﬁ> - ! tan ™' 16,000
L o) 16,000 12,000
tq = 57.96 us

[c] Umax = 625e00120T96) 5in[(0.016)(57.96)] = 249.42V
[d] R=12%Q; a =1200rad/s

wg = 19,963.97rad/s

v, = 5009.02¢ 12 5in 19,963.97t V, ¢ >0
tqg = T75.67 us

Vmax = 4565.96 V

P6.44 t<O:

_ 1000
’UO(O ) = ’UO(0+) = %(25) =20V

in(07) = i, (0%) = 0

t>0
+
+
. 1.6H
10 0mA(F 5000 3 104F T 20V E ”
_ N
—100+O—2+zc(0)+020; Soic(0T) =0
1 106
= = 250 rad
2RC ~ (400)(10) rad/s
1 10°
W= — = = 62,500

° T LC ~ 10(1.6)

o’ =w? critically damped



Problems

[a] v, =V} + Dite *% 4 Die "
V=0

dv,(0)
dt

— —250D) + D, =0
0,(07) = 20 = D,
D} = 250D} = 5000 V /s
v = 5000te % + 20 "V, ¢ > 0F
[b] i1, = I 4 Dite 2% 4 D)2

din(0%) 20
2 _125A
dt 1.6 5 A/fs

iL(07) = 0; Iy =100 mA;
0 =100 + Dj; D} = —100mA;
—250D) + D} = 12.5; D)= —12.5A/s
i, = 100 — 12,500te %% — 100e % mA ¢t >0
P 6.45 [a] w = /{;Oopdt = /(;OO Voly, dt

v, = 5000te 20 4+ 2020 v
ip = 0.1 — 12.5te7 2% — (0.1¢72% A
p = 2e 2% 1 500te 2% — 750te " — 62,500t2e 0% — 27700 W

S = [ e tdr 250 [ e dt - 375 [ e
2 0 0 0

31,250 / 126500t g _ / ¢—500t ¢
J 0 J 0

67250t o 250 o501 o
- 200950 — 1) —

—250), | (250)2° ( >0
375 soor ~

210500500t — 1) —

(500)2 .

31,250 500, 242 -

220 =500 (500242 + 1000t + 2)|  —

(—500)° .
=500t [

(—500)

247



248 CHAPTER 6. Natural and Step Responses of RLC' Circuits

All the upper limits evaluate to zero hence

w, 1 250 375 (31,250)(2) 1

> 250 62500 25 <100 (3)°10° 500
w, =8+8—3—1—4=28mJ

Note this value corresponds to the final energy stored in the inductor, i.e.
1
wr,(00) = 5(1.6)(0.1)2 = 8mJ.
[b] v = 5000te™ 2% + 20e 2" vV

. v _ —
IR = m = 2bte 250t + 0.1e 250tA

pr = vig = 2¢ (62,500t + 500t + 1]

WR = / det
0

= 62,500 [ "2 dt 500 [ Tt 0 dt 4 [ et ay
J 0 J 0 J 0

62,500 00 ©
=" 1925 x 10*? + 1000t + 2
—125><106[ X + +]0+
500 —500t 0o —500t |0
Foaqor (O =) T
o (=500) lo

Since all the upper limits evaluate to zero we have

wg  62,500(2) 500 N 1
2 125 x 105 25 x 10* 500

wr=24+4+4=10mJ

[C] 100 = iR + ic + iL (mA)

ig + i, = 25,000te=2°% + 100e2°% 4 100
—12,500te=2%0 — 100e25% mA
= 100 + 12,500te=25% mA
ic = 100 — (ig +i1,) = —12,500te 3% mA = —12.5te= %% A
pc = vic = [5000te~ 250 + 206250 [—12.5te~250]
= —250[250t%e 00 =700

(e
—250

=250 [ et 4 [ re 0 ay
JO JO



Problems 249

2506750015 00 —500t 0o

We 4,2
= 2 10%¢t 1000t + 2 — (=500t — 1
—250 —125 x 106[ 5 107" 4 1000¢ + 2] 0 +25 X 104< 5u0 ) 0

Since all upper limits evaluate to zero we have
~ —250(250)(2) B 250(1)
- 125 x 106 25 x 104

Note this 2mJ corresponds to the initial energy stored in the capacitor,
ie.,

= —1000x 1075 —10x10*= —2mJ

we(0) = %(10 x 1079)(20)* = 2mJ.

Thus we(co) = 0mJ which agrees with the final value of v = 0.
[d] i, = 100mA

ps(del) = 100v, mW
— 0.1[5000te~250 4 20¢=23]
= 2e7250 4 500te 20t W
S [ e [ asote

2 0
—250t 00 250 —250t 0
= 2 (as0t— 1)
—250 lp | 62,500 0
1 . 1
250 250
202) 4
= —16mJ
s =950~ 250 o

[e] wr, =8mJ (absorbed)
wr = 10mJ (absorbed)
we =2mJ (delivered)
wg = 16mJ (delivered)

deel = Wabs = 18 mJ.

1 10° 108
P 6.46 2o 5% 10°
&l wo = 75 = Gasyae0) 8
a= % = w, = 5000 rad/s

R = (5000)(2)L = 2500 2
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[b] i(0) =4,(0) = 24mA
or.(0) = 90 — (0.024)(2500) = 30V
di 30
a(()) =595 = 120 A/s

[C] Ve = D1t675000t 4 D2€f5000t

ve(0) = Dy =90V

dvc ZC<O) —iL(O)

—(0) = Dy — 5000D, = =

a0 =D T C C
24 x 1073

Dy — 450,000 = 160 < 10 — —150,000

Dy = 300,000 V/s

ve = 300,000te 90 1 90e P00 | t>0"

P6.47 t<O:
iy iy . *
2000 4000 7 s (y l
+
160V, v (0] £ 10002
—160
) = ——=-1 A
in(0) = 2504 00 m

ve(0) = 1000i1,(0) = —100 V

t>0:
At A T T
6000 4000 100mH
+
BOV(, 400nF T,
R 1000 .
Q—E—T.Oxm = 5000 rad/s
1 109)(10%) 108
P €L (€0 B T

° 7 LC ~ (100)(400) 4



Problems

w, = 5000 rad/s .. critical damping
vo(t) = Vi + Dite %% 4 Dlje= 2000
ve(0) = —100V;  Vj=—60V

—100 = =60+ D); Dy =—40V

d

c2(0) = i (0) = —100 x 1073
dt

dve ~100 x 1073

— fd —2
7 9= Zo0x 10 50,000 V/s

D' = 5000(—40) — 250,000 = —450,000
ve(t) = —60 — 450,000te 0% — 40e 2000 V| t>0

P 6.48 [a] Fort > 0:

P
=
=
|
o
=
=
-

me £
.
2

z00v T20uF E5H

Since i(07) =i(07) =0
1a(0%) = 300V

t
[b] va = 200 + 5 x 104/ i dz + 300
JO

dva_ di 1.
7 —ZOOE—I—BX 10%2

v, (0%) di(0")
=2
dt 0=

di(07)

di(07)
dt

+5 x 10%(0%) = 200

—L = 300

di(0)
dt

dv, (0)
dt

= —0.2(300) = —60 A /s

— —12,000V/s
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252 CHAPTER 6. Natural and Step Responses of RLC' Circuits

R 800
[C] a = i = ﬁ —80rad/s

., 1106
° T LC  (5)(20)

w =104

s12 = —80 + /6400 — 10% = —80 + j60rad/s
Underdamped:

v, = B1e 8% cos 60t + Bye 8% sin 60t

v,(0) = B; =300V

dv,(0)
dt

v, = 300e 3% cos 60t + 200e " sin 60t V, t > 0"

= —80B; + 60By = —12,000; .. B =200

P 6.49 [a] When L =1.6 nH,

100 100 2 10"
= 4. /(= 109> R
L2 Ty 109 ﬂ 32~ 1.6 x 109
= —3.125 x 101° £ 1.875 x 10%°
51 = —12.5 x 10%rad/s sy = —50 x 10°rad/s

v, = Vf + A/16712.5><109t + A/26750><109t
V; =5V

v,(0) =1V = A] + A, +5

d
Uo(o) =0=—-125 % 109A/1 — 50 % 109A,2
dt
AL+ Ay =4 Al = —4A
16 4
Aj=—3Vi A=V
v, = 5 _ 1_66*12.5><109t _|_ é 750><109tv t > O

3
[b] When L = 2.5 nH,

(08}

R R\?
— =2x 10" <—> =4 x 10*
o7 x 1077 5T x 10
1 10'2

_ _ 20
IC " a5x109  +x10



Problems

RN? 1
(i) = ﬁ, S12 = —2 X 1010 rad/s

v, =V + D to—2x1010t + Dl e—2x100%
f 1 2

0(0)=5+D,=1;  Dj=-4V

=0=D)—-2x10"D}
Dy =—-8x10"V/s
Uy =5 — 8 x 10104 2X10" _ 4o=2x10%0y 4 >

[c] When L =5 nH,

R 50

= 19:110

5T 5>< 0 0

1 10'2 x 10°

— = —92x10®
LC )

s19=—10" £ /1020 — 2 x 1020 = —10'"° £ 510" rad/s
Vo =5+ Ble 19" 05 10" 4 BLe'®" sin 10"t
0,(0) =5+ B, =1;  By=-4V

dv,(0)
dt

Vo =5 — 4e 10" (cos 10"t + sin 1011V, ¢ >0

= —10""B] + 10"B} = 0; By = By = —4V

[d] When L = 25 nH,

2

50 R
B 90 g — g 19<—>=4 101
or 25 <10 <107 57 x 10
1 1012 x 109
— = ———— =40x 10"
LC 25 x 10

s12 = —2 x 10° £ j6 x 10° rad/s
Vo =5 + Ble 1% o5 6 x 10% + Bhe 21t sin 6 x 10°¢
v,(0) =1=5+ Bj; B} = —4V

4
Pl - o 10PB 6 X 10°B, =0 By= v

Vo = 5 — 4~ 1% (cos 6 x 10° + (1/3)sin 6 x 10°)V, >0

253



254 CHAPTER 6. Natural and Step Responses of RLC' Circuits

P 6.50 Use the L = 0 value of ¢, as a first estimate. Then by successive
approximations find that:

t, =133.79 ps when L =16nH
t, =134.64ps when L=25nH
t, =147.41 ps when L =5nH

t, =268.64 ps when L =25nH



