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Chapter 5 Transient Analysis

resulting in the integrodifferential equation

dipy 1 [,
Vs — L ;t —Ef_oozL(z)dz—RzL(z)zo >0

which can be differentiated on both sides to obtain

dip (1) dip (t) dVs
LC RC i (1) =C — t>0
dr? + dt i) dt -
Note that the right-hand side (forcing function) of this differential equation is exactly zero,

since Vy is a constant.

Step 4: Solve for w, and ¢. If we now compare the second-order differential equations to the
standard form of equation 5.50, we can make the following observations:

/1
w, =4/ — =447 rad/s
LC

_re? =R JC g aag
¢= 2 2VL

Thus, the second-order circuit is underdamped.

Step 5: Write the complete solution. Knowing that the circuit is underdamped (¢ < 1), we
write the complete solution for this case as

X(0) = xy () + 21 (1) = el oV 1E)
+ oeze(_gw”_jw” Vi) +x(0) >0

and since xp = i = iy (00) = 0, the complete solution is identical to the homogeneous
solution:
_ i —r2 _ 7 —r2
() = iy (1) = ayel ot ioV1=0) L (cramion/1=2)

Step 6: Solve for the constants «; and «;. Finally, we solve for the initial conditions to
evaluate the constants oy and «,. The first initial condition yields

iL(OJr) =a1€O+012€0 =0
o = —0)

The second initial condition is evaluated as follows:

di;(t) _ (—cwn + jw,,m) yecontion /)
t
+ (_;w” - jwnm) aze(ftmﬂ*jwnﬁ)z
] +
diL(0%) _ (—Ca)n + jwnm) are + (—{wn - jwnm) e

dt
Substituting oy = —ap, we get

diLd(? D (=con+ jon/T=22) oy = (<2, = jon/T=2?) oy

2(,@,7,/1 —;“2)(11 —20
I R L
_jwn\/lfgz_ ]wn\/lfé‘z_

Oy = —0] = ]0025
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"20 V" should read "20 A/s"


