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RLC CIRCUITS

GENERAL RLC SOLUTION
Example 9

EX:
1 ,F
1024
I
L
t=0 + v(t) -
o M avaY,
a " 250mH 130k
)
20 kQ 40V

In the above circuit, the switch moves fromatobatt=0.

Given that no energy is stored in the inductor at time t=0, find a numerical

expression for v(t) for t > 0.

Seln: First, we find +he
L, (07) and oo (07,

inttial conditions,

Since there i3 ne enerqy stored Ln

the inducter and energy w= 1L ET_(O’))
i Z
we have 1 (07) =0 A.

The qucl-l:or will chnrﬁe to 4OV measured
with + on the lekt side of C: v, (07) = 4oV,

Since  the inductor current and capacitor
voLtqae de pot clmnge. Ens-f:qnﬂ);_) we have

LMy = L (07Y=04, vu(o¥)=ve(o7) = 4oV

‘Seconal, we dalculate +the charackeristic
roots of the circuit Sor + >0,
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GENERAL RIL.C SOLUTION
Example 9 (cont.)

For +4%0, we have a series RLC circuit
conststing of R= 130k, L= 250mH, and

C = 1 /M.F.
1024

The c¢haracteristiéc reots are

z kR
517— = -—ar_iVoL. ~ W,

lejcjlnzj in values, we have

X = \R0oksz = 260k rad/s

2. 250 mH
we = l = 4096 M md/s"
250mH-__ 1 MF y
o= or (64k radss)

i{ 2,2 2z z‘

8,2 = - 200k TY 260 K- 64 K°  rad/g
= —260Kk ¥ 252k rad/s

Sy, = ~BK rad/s and -5l2K rad/s

Thira\, we use the qfapropr&a{:e form of
general solution For the over-a!am/neol cage:

3ot Sgt
vit) = Aje + Aje | 4+ A,
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Fourth, we Find Ax as the Final value
for +the circutt. As t-seo, we assume

currents and voltages reach constant values.
In other words, derivatives eﬁua[ zero. Thus,

VL.-_L&_{_I:_I_ =0V gnd (:dzcoiy-q =0A
At dt

Stnce v =0V, L acts Uke a wire.
Sinece (¢ =0A, C acts Ulke an open circuit.

For t=w, sur circyit model (3

c

+* VG:"w)..}

L R=130kSL

Sinee ¢ is an open  circuit and there U3 no
power source, V(t2w) =0V.

. A3 - OV

Fifth, we find v(t=0%) by modelin

L as a current source with value ( (x=0%)

and C as a4 voltage source with valne vo(#=0*).
VcCO'"\z Lol

@

: +V(o+)-
. R= 130k 52
v (ot)}=0A

= o pen dirtutt
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Since LL(O'*):OA, +here s ne current -FLowLng
in R, Thus, v(o*) =R = ov.

v(o%) = ov
Sixth, we Find dAv(E) by writing
ﬂH: -\;:—.0+
v(t) tn terms of o, (t) and ve(t). Here,

v(t) = ¢, (£)R.

dv®) = 4li, (R] = di, @) . R
AL Ak At

We now write Al #)/dt in terms v ()

v, (4) = L alf.!('l:) or di, @) = v_(#)
At At L

Thus, we have

AV(.‘!:) = VL('L'—) - R.
At L

quluq-l:‘uha at =07 -
Ve (0+) = 4OV

&

+ Vv (o+)

+ v (0¥) ~

we hﬂ.\/e VLCO+) = VC (O+) = Y40V
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We  have
Avt) = v (0" R = YoV~ 120kn
At |+ L 256mH
dv (&) = 20.8 MvV/s
At k=0t

with numerical  valued.

viotY = A+ A, = ov

a\\,m‘ = A8, +As, = 208 MV/s
A o or

From +the Ffirst eﬁln, A= —A,.

A! S, - AIS'Z. = A\(S'g"s'z): 20.8 MV/s

Ay = 20.8MVW/$ = 20.8 MV/S

%, ~%2 -e-(-512) k r/s

A, = 1.3V =  A,=-L|3Yy

Thus, we have our Final answer:

~ Bkt ~ Bizkt
v(t) = 4.3 e ~ 41, 3e



