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For the circuit as shown in the following figure, assume the initial state of the capacitor vc(0) is 10V and that
of inductor iL(0) = 0 A, answer that following questions.
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R=10Q C=5uF

L=2mH
[
(1) Find the differential equation with constant coefficients for i. (10%)
(2) Find iL (0%). (10%)
(3) Find _d'L(§°+). (10%)
t
(4) Find the undamped natural frequence, a. (10%)
(5) Find the damping factor, «. (10%)
(6) Find the approximate damped-natural frequence, ax. (10%)
(7) Find the approximate period of the ringing, T. (10%)
(8) Find the quality factor, Q. (10%)
(9) Sketch the zero-input response i, (t) for t > 0. (Label the key values in your sketch.) (20%)
ve (0)= 10V
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To analysis the response for the undriven RLC circuit, we apply KVL to the loop first.
KVL: v, +v, +v, =0

Vg =i R, v, :L%L » Ve :%J'icdt:iC = —t:>—:—

:>iLR+L%L+vC -0

By differentiating above equation with t, we have
- 2.
SR di e,
dt dt dt
2. -
—+L d IZL g
dt dt C

where i from KCL.

=i,
Let us rearrange terms to find the differential equation for i.
d Rl i _
dt> L dt LC

(1) Differential equation for i,
di  Rdi 0 _
dt> Ldt LC

(2) i (0.
i_(0°) =i (0") = 0A]
3) diL(0+),
dt
di,0") -v.(0") v (0*) -10v  —10 g
dt L L  2mH 2x107 Veec

The characteristic equation can be found from the following steps.

) ) .
d '2L +Edi+'_L=sers‘ +EsAeSt JriAeSt =0
dt> L dt LC L LC

:>32+%s+%=52+2as+a)02 =0

Baol -t =p -1
LC JLC
1 1 1
=, = = = —104rad
° JLC  J2mHxB5uF  {2x10°x5x10° éec
(5) 2a = R Sa= R
L 2L
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a < w, = under-damped

6)

w, = ,/a)oz —a® =9682.45rad/sec} Note that ¢, is approximate equal to ¢, -

(7) The period |T ~ 2z — 0.628ms| approximately, or [T = 2r = 0.648ms | exactly.
Wy Wy
(8)Finally, the quality factor Q is
Q- @, _ 10000 _
20 2x 2500
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Differential equation for i : d IZL Rdi, I—L—O,
dt® L dt LC

iL (0%) = 0A , d'Léto ) - -5000 rad/sec Lo = 10% rad/sec
o= 2500 rad/sec , 0 = 9682.45 rad/sec , T~ 0.648ms Q= 2




