8.3 ¢ The Step Response of a__Pa_@l_gI RLC _circuit”_
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EXAMPLE 8.6 Because wj < o2, the roots of the characteris-

tic equation are real and distinct. Thus

S1==-5x10"4+3 x 10* = —20,000 rad/s,
The initial cnergy stored in the circuit in Fig. 8.1

iS zero. At ¢ =0,adccurrentsourceof24mAis 2= -5 x10* -3 x 104="30=0001'3d/3-

400 Q. ' d) Because the roots of the characteristic equa-
tion are real and distinct, the inductor current
response will be overdamped. Thus ; L (1) takes
the form of Eq. 8.47, namely,

iL=1Ir+ Aje' + e,
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The circuit for Example 8.6.

0 0
' —0 =24 +A e +AL€
a) What is the initial value of i, 7 I_(o%) =0 4 |

b) Whatistheinitialvalueofdi;,/dt? l A\ -\-!A’L -~ -2 1."
¢) What are the roots of the characteristic equa-

tion? \
d) What is th i ion for i 0":. Sit St
) t 1s the numerical expression for ir(t) = 0 <+ ﬂ, S, € +,42 S; €
When 7 > (? _ d ¢
SOLUTION — .
 —————ppere- — | _ 0= AS, +AL5
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A, -rAz-:-?-‘/ > Ay ==32
- =7 Azr=F
~20009 A~ 80000 Ay =©
JD) CI:I- a’l'u_._ UL(O-'): e ¢
Vo=t "1+ > Jt] L . - 20000 t _3aooo‘9
l.=\24 -22e +8 €
£=0 | M A

Vi = Ve (alw ags )

¢) From the circuit elements, we obtain




EXAMPLE

L - Theresistor in the circuit in Example 8.6 (Fig. 8.12)
The resistor in the circuit in Examp} (Fig. : | '
;. ple 8.6 8.12 1ssetat 500 Q. Find i; for ¢ > 0
IS Increased to 625 Q. Find iL(t) for¢ > Q. ) Rad s

Ty, , -

,
+

R=b2S I.(0)=° vy, (0)=0 K = 500x Lito)=o v, (g)=0
SOLUTION
SOLUTION 1 10%2 ¢

2_ 1 1012 — L @) T
%-Z?=(25)(25)"=16X103, | h

e SR o = - ] = 40000

< L s B aness 2R C zoosiryis 3
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= 24000
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. Again, D; and D, are computed from initial con-

The current response is now underdamped and | | . ‘
given b)’Eq. 8.48: . _‘_:;TL(O) = Di —aD& — 0 .
O =l d Bl coseat + Bie'sinagr. S— — - '
) T E— vy S ENERY AN Sy Y ‘ ‘
i -t  t . b, - £ O,
__.....O{"": 0 + 3.[-— X€ Cos Wy +€ s uua|(--- Smwdfﬂ
o't ' ¢ R wyd ) = foooe (‘_ZQM&)
+ 8 [-Xe shwdt+ € wd Cosuy
i@ =1I+B =0, —
L) = 4B, — aB) =0, | Thus _
Then, | o Dj = -__-960,000 mA/s and D£= ~24 mA.
B; = -24mA ' ke
and
Bi = =32 mA.

The numerical solution for ; L(?) is

(1) = (24 — 24732900 004 000

— 32¢™7%00% 5i 24.000¢) mA, t > 0.




ExAampeLE £.10

Energy is stored in the circuit in Example 8.8
(Fig. 8.12, with R = 500 Q) at the instant the dc
current source is applied. The initial current in the
inductor is 29 mA, and the initial voltage across
the capacitor is 50 V. Find (a) i, (0); (b) di. (0)/dt¢;
(c) ir(r) for ¢t = 0; (d) v(z) for ¢ = 0.

< o\v\{‘lof\
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€X (epd \\L,(_O't): 25{V\A

Ve (ot) = §0°

Vo =L C’J'L f_,_!.':' -\—/—‘_-
Jde  deT L

-2 00 0

c) From the solution of Examlale 8.8, we know
that the current response is critically damped.

Thus | ,
i) = I + Djte™ + Dye™
. where

g = —— =40,000rad/s and Iy =24mA.

il __ e

- or

=
= -
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Thus the numerical expression for iz (¢) is

ir(t) = (24 + 2.2 x 105740000
+ 50000y mA, ¢>0.

d) We can get the expression for v(¢), t > 0 by
using the relationship between the voltage and
current in an inductor:

dlL ',
v(t)-Ldt

= (25 x 1073)[(2.2 x 106)(-40 000)z¢~40.90%
+2.2 x 105¢—40.00¢ |
+ (5)(—40, 000)e~4000] x 10"3
=-22x 106:3-”'°°°‘+50e"‘°°°°‘v t>0.

To check tI:ns result, let’s venfy that the initial
voltage acrcm the mductor is S0 V:

v(0) = .2 2 X 10‘(0)(1) + 50(1) =50V,
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ASSESSING OBJECTIVE 1 12 6
o Be able 1o detormine the natural response and the step response of parallel RLC ckrcults
8.6 " In the circuit shown, R = 500 €2,
L=064H C=1uF Ip=05 A,
Vo=40 V,and I = -1 A. Find
(a) ir(0%); (b) ic(0%); () diL(0)/dt;

(d) s1, s2; (€) iz(¢) for ¢ > 0; and
(f) v(r) for ¢t > 07.

ANSWER: (a) 80 mA; (b) —1.58 A; (c) 62.5 Als;
(d) (—1000 + j750) rad/s,
(—1000 — j750) rad/s; (e) [—1 +
e~1000111 5 cos 750z + 2.0833sin 750¢] A,
for ¢t > 0; (f) ¢~19%9% (40 cos 750t —
2053.33sin 7507) V, for ¢ > 0F.
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8.4 + The Natural and Step Response of a Series ALC
Gircuit - R
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A circuit used to illustrate the step
response of a series RLC circuit,
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EXAMPLE

ma.
*

The 0.1 uF capacitor in the circuit shown in
Fig. 8.16 is charged to 100 V. At ¢ = 0 the ca-
pacitor is discharged through a series combination
of a 100 mH inductor and a 560 Q2 resistor.

The circuit for Example 8.11.

a) Find i(¢) for ¢ > 0.
'b) Find vc(z) for ¢ > 0.

SOLUTION -

-
J—

g
A e

__4_!_1 2 dv v =0
ol ¢t '—_cT(;‘fLCC—

iy d v -
b t 53 + 5,V =0

1 f -
Sty 50y e ©
A o4 , 04 10”

S(=-2 800 43 9600

—0f o
i(t) = 316—“‘ coswgt + Bae "~ Sik wf{,

i

{0) =0 = p,
- o ¢
L%OD =,
- ..

|
B = 7,% 2 (0.1042 A.

The solution for i(¢) is

i(f) = 0.1042e=2% 5in 9600r A, ¢ > 0.
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ve(t) = (100cos 96007 + 29.17 sin 9600¢)e~ 2% V,
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EXAMPLE 8 12 Solving for B] and B, yields
b T ) 1 =—48V,
. B, =-14V.
No energy is stored in the 100 mH inductor or |
the 0.4!4F capacitor when the switch in the circuit - Therefore, the solution for vc(z) is
shown in Fig, 8.17 is closed. Find ve(t) for ¢t > 0.

ve(t) = (48 — 48¢~1900 05 48007
— 147 5in4800¢) V,,, ¢ > 0.
%

e - —— T E—
+-_.|_—-
-

SOLUTION —— &

G'V:_ ;"?‘-}- G'V(_ _L _
ToTT detieVe™ a8

02/  (0.1)0.9)
= (~1400 + 4800) rac/s,

e (_1490 ~ J4800) radys.

e o

Ve(t) = 48 4 B;e-lmcos ,

. + B’ 14007 _.
-—u%h.“_.gwg_m%hmn mr' t a 0-
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No energy is stored in the circuit initially,

- _--_‘-'-_

iL_(o'f) = C Ol \/C(O-')
d ¢

VC,(O-') : O

= 0

vc(0) =0=48+ B;

dvc(0™) _ o — 43008, — 1400B;. |
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