















































































































Circuits Resonance andSecond OrderSystems
we have seen that second order RLC circuits can
have interesting response properties Let's further
consider their behavior under sinusoidal drive conditions

Resonant in a second order circuit can bedefined as
when thevoltageand current at the network input terminals
are in phase i e the load impedance seen bythe source is
resistive Resonanceimplies a sinusoidal drive of thenetwork

One gets maximumamplituderesponses in a second order
system for a frequency at or need resonance The maximum

responsefrequencytends toconverge on the resonantfrequency
as dampingbecomeslighter as shown below

Example
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Circuits Resonance andSecond OrderSystems

Let's consider the inputimpedance Zin graphically
W smell WL CC R toe inductordetermines Z

W big R WL capacitor determines 2

Z n w logscale

20 1
buzY jul

JUL 2

Chishz s j
wolfe Sw

logscale

at some intermediate frequency the low and
high frequencyasymptotes meet

12.1 121 then w
WL to happens at w w

The impedancemagnitude of the inductor capacitor
and associated asymptotes are equal w Wo

12 w h 17cL E Zo
The impedancemagnitudes of both the
inductorand capacitor W W are both
equal to the characteriti impede Z

Note w w I I 1 If
uol.z.si ah E ti i ti.t


















































































































Circuits Resonance andSecond OrderSystems
w Wo Zin R 7in R 47in D

IT e ai iiiteaiimt
Whathappens near w W depends upon therelative values of Zo R

IZ w logscale

RCC to 20 12
note circuit
is overdamped JuLLfor R Zo
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Circuits Resonance andSecond OrderSystems

we sometimes refer to the quality factor Q of a

Efaf iseditiststltda.fr the characteristic

52 2 as w 0 or 52 Yg s w D

where W I underpednature frequency

EE E itiia eftjit
Wd I damped nature frequency

In our circuit
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Circuits Resonance andSecond OrderSystems

One reason we mightexpressthings in terms of

Einstein EE
e EheEtpe

geskins.IZinlwllr1Q
logscale

is the ratio by
2 E which 12 w

pecks above the

471 eatin

with Clos Yale

It p
be shown

a.gs it
wswE E

t.EE BW is bandwidthI

artist.it a
wolfe Sw

logscale

So Q gives the amount of peaking and bandwidth
of peaking in 12 W 1 Morepeaking narrower BW



Circuits Resonance andSecond OrderSystems
Note that these sinusoidal excitation characteristics
relate back to the time domain natural responses end
to the natural frequencies s poles where Z m s co

characteristic eqn gives natural frequencies

52 Is o s a jwd

where a Wd for two1 E
If R to gives s s on real axis overdamped

R 2 gives 5 s2 and on real ant

R to gives 51,52 in complex plane underdamped

Imsi jw Natural Responses

III overdamped R to

t.it
Reggy critically damped R 17

nd I
underdamped

YEIEI.meTEiinstant h c
Wo te is constant Ii t
pole location vary with

it mnmiitiiiwii
where high Q is Qo Fc I



Circuits Resonance andSecond OrderSystems

Note that Quality factor has a more general
I Ideate applied to any sinusoidally

We can define the quality factor of a sinusoidallydriven system as

I 21T Peak energystored over a cycle
Total energydissipated in acycle

Essentially Q is a dimension less measure of

EEE.EE EEE e i
High Q low dissipation

Example a parallel RC circuit

session i
Vc t will be a sinusoidalvoltage with some frequency
dependent amplitude w̅

peak energy stored CTI
energydissipated R

g
i Q 21T WRC



Circuits Resonance andSecond OrderSystems

YET t.gl fite ffin e circuit

e cut.fi Iti
The quality factor Q will be a function of frequency
However it is often of interest to find the

Gift.tn TEI.E esbei ithergnt
Q Q w Thequalityfactor at

the frequencywhere
Zin is resistive

If we work it out we will find that

Q two
w w Qo

So when we are describing the quality factor
ie Ie gift Fairet dive senerally
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