[CO/CEPTUAL _TOOLS By: Neil E. Cotter RLC CIRCUITS

GENERAL RLC SOLUTION
Example 6

EX:

vg=15V é
R; =130 Q R, =160

C =500 pF == v(t) E L;=5uH

After being open for a long time, the switch closes at t = 0.
Find v(t) for t > 0.
3oUn: First, we find the characteristic roots

For +he Circuit. After +=0 we  have aq
serces RLC circyit with a Vol-éaje

source. R, /s bypassed so we use K=RK,.
For series RLC, &= R ; woz= !
2L Lc

X =leo , wo= _)

2-5uH Su - 500 pF

_ 2 2 2
L=leMr/s, w, = 400 M (r/s)
W, = 20M r/s

Wo >x S0 we have unverdamped cage:

wy = 1/ w:— ocz = (?_omt (zgm)z ~/s




wyg = 12 M /s
Note: wy > o can happen but wy<w, always.

Our solln form 13

~ ot ~xt
)= Aje  eoswyt + Aje  sinuyt +As.

Second, we  Find Az = v (t->00),

As +t- e ) C = open L = wire swrteh closed

model:

(-& -» oo)
15y
led 5

No curreat in R
s6 no V-drop for
R. Thus, IS5V
from source is

acress C.
v(£2e) = =I5V

Az = —I5V

Third, we Ffind LL(-&=O_) and T (t=07) as
a precurser to finatc‘nj r(ot) and du

At lp=o*
At +=0, C = open L=wire swich open
MOO\.QL'- 15V
R R
(x=07) \ . Seurce
+ ,[,LL(O—) not connected
Ve (07) o 1,(07)=0

l ‘ ﬂr\ﬂ\ U'CCO—)=0.




Fourth, we have i, (0%) =i, (07) and
Te (o*) = e (0”) since -+hese are

enerqy variables (w= L LI and
w = _l_z._Cvz) that cannot chanje_
z'nsfqn-&[/.

o+

At 4£=0, we model L as a current source
with palue iL_(O"') and C as a Vo[-éqge
source with value v, (ot).

OA

Fifth, we solve +the circut +o find v (o%).
Here, we have +that v(0%) = 0V without
a/oihj any additional work,

For “+he Hform o+ soln we are usLn?, we
have

. —nt ~ot
w(07) = Ale  cos(uyt) + Age sin(wft) +As
R . +=0t

-0 -0
"= A-e cos(o) + A,e sin(o) + Az

W

= AVl v AL L0+ Aa

Y= A+ Ay

Eguating the known value of v(0t) =0V
with the symbolic soln, we conclyde that:



ov= A, + A3 = A, =I5V or A=I5V

Sixth, we age +the dircuit model at =0
to find 4 v@)

At
r=ot

The method we use 4o find any derivative
value at +=0% is -to write an e;cfression
for w(t) in terms of anl)/ £, (X)) andd 115('1:)
f/us componenrt values.

Here, we have the simple result that
U (+) = v, (£)
Now we differentiate -this entire eg’n:

Adv(+) = Avelt)
A+ At

From ©.(t)=¢ fd__trji-k) we have duy &) = _L(l_{'i)
At At c
(Al—tkoujh we donk r‘ejuire ct here, we also
have v (t)= Ldi (#) or di, (v) = z&))

At At L
Thus  dv(t) = du, (ch\ = Lo(t)
At =0t At 1 v T st

We use our model Hor L=ot +o Find
i¢ (+=0%). (see abore.) From the model,
Lo (0%) = 0A since C if in series with
a OA Swurce,



Adv ) = Le (k)

k = 0A = 0 V/3
at ’E=0+ c ¢

k=0t

Eg ua-t‘u\g this khown value of al«r[-t)/
t

with d of the symbelic solh, 4t j=pt
ot
we have
~ott —&t
oV = ei_frr(f)( = d [Ae cos(wyt)+A=e sén[wdf?
begt TAs
+=zot
—~xt —ut
o= A(x)e cos(igt) + A, ew/[-sinfurt]]
~ut ~ut
+ A, () e sin(wyt) + Az e wycosfyt)
+t=ot

"z A(-x)1-l+ Arlwyeo
Az(x)l-0+ Ay wy-|

ov = A|(-x)+ Arwg
Thus, A, = Ao = I5V-1EMr/s =20V
W 12Mr/3
~16Mt
Sovw(E>0) = I5Ve cos (12Mt)
~1Mt
+ 20/ e stn(remMt)
- 15V

Check: w(o%) =15V ~15y = ov v~

When Av =0 we should have A,oL=,42W4‘/
at Lot



