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o The response of a second-order circuit is overdamped, un-
derdamped, or critically damped as follows:
QUALITATIVE NATURE
THE CIRCUIT IS WHEN OF THE RESPONSE
Overdamped «? > w? The voltage or current approaches its final value without oscillation

Underdamped o? < w?> The voltage or current oscillates about its final value
p ; g

2

Critically damped 2 = w?  The voltage or current is on the verge of oscillating about its final value

* In determining the natural response of a second-order cir-
cuit, we first determine whether it is over-, under-, or criti-
cally damped, and then we solve the appropriate equations

as follows:
DAMPING NATURAL-RESPONSE EQUATIONS COEFFICIENT EQUATIONS €¥VERBAMPED-
Overdamped x(1) = A1e”V + A’ x(0) = Ay + Az;
dx/dt(0) = Aysy + A28z
Underdamped x(1) = (B cos wyr + Basinwyr)e™ x(0) = By;

dx/dt(0) = —a By + wy B>,

where @y = /o] — o?

Critically damped ~ x(r) = (Dt + Dy)e™™ x(0) = Dy,
dx/di(0) = Dy —aD;

o In determining the step response of a second-order circuit,
we apply the appropriate equations depending on the damp-
ing, as follows:

STEP-
DAMPING NAFHRAE-RESPONSE EQUATIONS!  COEFFICIENT EQUATIONS S¥VERPAMPED-
Overdamped x(1) = Xp + Ajet + Aje™ x(0) = Xy + A} + A3

dx/d1(0) = Ajs) + Ays:
Underdamped x(f) = Xy + (Bj coswyt + Bisinayr)e™  x(0) = Xy + Bj:
dx/dr(0) = —aB] + wa B}
Critically damped  x(r) = Xy + Djte™™ + Dye™ x(0) = Xy + D5
dx[dt(0) = D} —aD,

Iwhere X/ is the final value of x(1).
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