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Case 2: If b2 < 4ac, we cannot factorize with real coefficients so we leave
it as a quadratic. Sometimes called a quadratic resonance.

Any polynomial with real coefficients can be factored into linear and
quadratic factors ⇒ a quadratic factor is as complicated as it gets.
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Alternatively, we sometimes use the quality factor , Q ≈ 1
2ζ = aωc
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Most current now flows through C , only 0.11 through R.
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E1.1 Analysis of Circuits (2017-10213) Resonance: 12 – 11 / 11

*

• Resonance is a peak in energy absorption

◦ Parallel or series circuit has a real impedance at ωr

⊲ peak response may be at a slightly different frequency

◦ The quality factor, Q, of the resonance is

Q ,
ω0×stored energy

power in R
≈ ω0

3 dB bandwidth ≈ 1
2ζ

◦ 3 dB bandwidth is where power falls by 1
2 or voltage by 1√

2

◦ The stored energy sloshes between L and C

• Quadratic factor:
(

jω
ωc

)2

+ 2ζ
(

jω
ωc

)

+ 1

◦ a (jω)
2
+ b (jω) + c ⇒ ωc =

√

c
a and ζ = b

2aωc
= b sgn(a)√

4ac

◦ ±40 dB/decade slope change in magnitude response

◦ phase changes rapidly by 180◦ over ω = 10∓ζωc

◦ Gain error in asymptote is 1
2ζ ≈ Q at ω0

For further details see Hayt Ch 16 or Irwin Ch 12.
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