
 

Circuits DampedSecond Order Circuits

Today let'sexpand our previousdiscussion to look at
the p domain behavior of damped second order

consider as an example a series RLC circuit
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This circuit has two independentenergystorageelementsIt will thus be representedby a second orderdifferential
equation and have aresponsethat comprises

A particularresponse which we candetermine
as the desteady state response
A natural responsehaving up to two natural
frequencies and two scalingconstants that are
determined by the two initial conditions
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The solutions S is to the characteristicequation givethe natural response with scalingconstants A Az
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Aside we could also determine the characteristic
equationbydirectlyanalyzing the circuit inthe time domain and guessing solutions of the
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For this system the naturalfrequencies s 1 5 52
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dampingcoefficient
called undamped
natural frequency
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The exact form of our solution depends on the
relative values of α Wo S Sz may bereal or complex
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Three cases are possible each with natural
Equencies si sa at different places in the complex
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Natural response is a pair of decayingexponentials
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In the underdamped case our natural response is
a decayingsinusoid

Wd damped natural frequency is the oscillation
angularfrequency
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To characterize this we define circuit qualityfactor

Quality Quality factoroften
Q I appears as a metricFactor

Tells us how quickly the natural response oscillates
as compared to how it decays

Qo overdamped exponentialdecay only
Q I oscillate butdamps quickly
Qo 0 I highly oscillatory

writing the characteristic equation in terms of W Q

52 s w so Intimidentify
fromthe characteristic
equation
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In circuit terms For

thesfgfcircuitm.tn
Q F

where Z F is the
characteristic impedanceSo we willhave

high Q highly oscillatory behavior when RCcf
Oscillation with rapiddamping for R Fc
over dampedexponentialdecayonly for R 2542

So just by comparing circuit values E R
we can tell how oscillatory the response will be
The details are different for other circuits
e g parallel RLC but usually boil down to
comparisons between Fc and R

LEE ie isteEsgithoi becticsfrom
Wd Wo look at natural response

oscillationfrequency
oscillationsdecay to 4 of initial in
Qo cycle so count oscillations toestimate Q

see demo circuit for example behavior
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Putting this all together
Given an arbitrary LRC circuit we can

Ita toned Inconstant
or step s input

steady state do response particular
response from the method at the bottom of p 1

To get the form of the natural homogeneous
response find the characteristic equationsolve for natural frequencies 5 52
AI V's i's in the circuit respond with the same
natural frequencies

Responsemight be over demped
criticallydamped
underdamped

we can identify the expectedbehavior by
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