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Series RLC Circuit
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The natural (i.e., source free) response for any current or voltage in the network has the form
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· The two values for s come from 
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 is the damping coefficient (nepers/sec)
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 is the natural resonant frequency (radians/sec)
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· Each voltage or current has it’s own A1 and A2 coefficients, which must satisfy the boundary conditions for that voltage or current.

Parallel RLC Circuit 
The differences from series RLC are
· 
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The Three Cases
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 has three distinct cases:
· Case 1 is where 
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· Case 2 is where 
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· Case 3 is where 
[image: image11.wmf]o

w

a

=

, so that the term inside the radical is zero.  Critically Damped.

Case 1:  Overdamped (
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The natural (i.e., source free) response for any current or voltage in the network has the form
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The key to finding A1 and A2 is always to know the inductor current and capacitor voltage at t = 0+.  Remember that

· Unless there is an infinite impulse of current through a capacitor, the voltage across a capacitor (and the stored energy in the capacitor) remains constant during a switching transition from t = 0- to t = 0+.

· Unless there is an infinite impulse of voltage across an inductor, the current through an inductor (and the stored energy in the inductor) remains constant during a switching transition from t = 0- to t = 0+.

Case 2:  Underdamped (
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The natural (i.e., source free) response for any current or voltage in the network has the rectangular form
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· Damped resonant frequency 
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so that
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  (Note – see modification needed to include final response)
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[image: image44.wmf]Response of Second Order System

(zeta = 0.99, 0.8, 0.6, 0.4, 0.2, 0.1)
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In polar form,
· 
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· Regarding the arctangent - be careful because your calculator will give the wrong answer 50% of the time.  The reason is that 
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.  So check the quadrant of your calculator answer with the quadrant consistent with the right triangle.  If the calculator quadrant does not agree with the figure, then add or subtract 180° from your calculator angle, and re-check the quadrant.
Case 3:  Critically Damped (
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Total Response = Natural Response Plus Final Response
If the circuit has DC sources, then the final response is also DC.  The total response is
· 
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The effect of Ifinal on determining A1 and A2 simply means that you use (23) at t = 0 instead of i(t = 0) by itself.

If the circuit has AC sources, the final response is the phasor solution.

Normalized Damping Ratio
Our previous expression for solving for s was 
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Equation (35) is sometimes written in terms of a “normalized damping ratio” 
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 as follows:
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Thus, the relationship between damping coefficient 
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 and normalized damping ratio 
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Normalized damping ratio 
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 has the convenient feature of being 1.0 at the point of critical damping.  When 
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 < 1.0, the response is underdamped.  When 
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 < 1.0, the response is overdamped.  Examples for a unit step input are shown in the following figure.
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