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LECTURE 20.1 AGENDA

= Series Resonance

SERIES RESONANCE

v, 0

Thevenin *  gerieg RLC Circui
Equivalent V()

o Let's Find H(s)k
Circuit V;(s)
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SERIES RESONANCE
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SERIES RESONANCE
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SERIES RESONANCE

_R: [C
Z_2L

For { < 1, Circuit is Underdampe
For SmallR , Small C, Larged {0
Circuit is Very Underdampe
Let's Look at the Impedance of this Qiitc
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SERIES RESONANCE

R sL

T

VT (s) sC

1
Z(s)= R, + sL+—
(s)=Ry C
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SERIES RESONANCE

1
Z(s)= R, + sL+—
(8)=Re oC
In AC Steady State:
2(@) =R, +jal -
. 1 .
:RT+J(wL—E) =R(a) +jX(a)
1 .
At C()Z == X -0
c (12)
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SERIES RESONANCE
Z(jo) =R +j(al - a.C) =R(d) +jX(4
|1Z(j0)| =VR? +X?

X =AC Reactance- Oab=q, = 1

LC
@, =Resonant Frequen

Series Resonant Circt
|Z(jw)| =R+ = Minimum atw= &,
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SERIES RESONANCE

Ve(s) _ _R;
M=V 19~ sz+2z%s+w§ '2\[

Let Input be a Sinusoid &=, = =S wj

oo of _
Hlo) = —af + 2wy (jw) + ok j20af

. 1 2 [L_1[C
H = =_-_ |- =_—_|=
Hiw)]=; 2RT\/; RT\/;
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SERIES RESONANCE
Velaw)|_ 1 _ 1 [L

H(ew)| =

Viiw)| 2¢ R,\C

For SmallR , Small C, Larget ¢ =%\/§D 1

For SmallR , Small C, Large & = Rl %D 1 ‘ ‘ 1 10
Tlaray T For w=y,: Voltage Galn:‘ c‘ = Q= 2% —R— c
Forw=ay =|V |0 |V Vr
Series Resonan
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SERIES RESONANCE

For SmallR , Small C, Larged> Ve

R, \C

For w=w, = Output Voltagé Input Voltag

T lw=a,




SERIES RESONANCE

2% ORDER FILTERS

Ry L General ' Order Bandpass Fil
Ks _
+ Hgo(S)=—————; 1 Zero at Origin, 2 Pol¢
v (0 C = TS A
Sinusoi T -
General ' Order Notch Filter or Banddaitier
R; =100 (small o _1 \/101 10001 )
L =0.1H (Iarge) 10 109 ) HBG (s): K%’ 2 Zeros, 2 Pole
C=1 nF (small) V| =1000 V4| atw=ay S+ %S
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2% ORDER FILTERS 2% ORDER LOW PASS
Low Pass: H1 (sy szlﬂS (=12
« Let's Take a Closer Look at What Hapge +12st 2
When We Have Real Poles, Repeateds>c H2 (s¥ 521¢5 7=1.0
and Complex Conjugate Poles for LowsBg ;égf’; 2
High Pass and Bandpass Filters ah =5 H3 (sF Z+8er 28 {=.8
+ All Will Exhibit Resonance if Poles @ H4 (gﬂ- J=.08
Complex Conjugates s +1§§;) 25
H5,, (s):—Sz+ 08 25‘ { =.008
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aND ORDER LOW PASS

> with(plots) :
. G, Lhe name

ping Ratio = 1.2, 1.0, .8, .08, .008
ically Damped, Underd A, very Underd e

0410910 (abs (H3)) :
0%1ogl0 (abs (H4) ) :
0%10g10 (abs (H5) ) :

50) :
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2ND (JRDERg LOW PASS

1 1 5 10
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2ND ORDER LOW PASS
0 5 w

eeeee

1.0 |

@ Rensselacr @

2¥0 ORDER HIGH PASS
High Pass: H} (s?—s2 101(;(5 25,; =12
10008
& +10s+ 25 ¢=10
_ 10008
@75 MR G 78
10008
&2+ .8s+ 25
10008

3w (5F &+ .08st 25 ¢=.008
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HZe (s
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AND ORDER HIGH PASS

> theta5:=(180/Pi) *argument (H5) :
> semilogplot(fgl,g2,93,a4,95] ,omega=.1..50) ;
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2ND ORDER HIGH PASS
g
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2ND ORDER HIGH PASS

6
- 7=.008

e — (=08
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2% QRDER BANDPASS

1000s
Bandpass: — (=12
P HE (S-)SZ+123+ 25 ¢

1000s
_— =1.0
2 +10st+ 25 ¢
1000s
=5 H _ - =8
% # ($32+85+ 25 ¢
1000s
&+ .8st+ 25
1000s
H S)=——v-—: =.008
Se (5) & +.08s+ 25 ¢
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HZ (s

HE. (s¥ ¢ =.08




AND ORDER BANDPASS

2ND ORDER BANDPASS

g .— ¢ =.008
P 7=.08
.8 T a8 /i
Undex pod // \
rele /
~ {=1.2 'a)
s EmEaRaN IS o 5
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2ND ORDER BANDPASS
g ¢ =.008 2ND ORDER FILTERS
7=.08 Always See Resonance When We Hi
R \/ =8 Complex Conjugate Poles
- ‘\\ { < 1= Underdamping
o . S v
- \ Avoid Resonance for Good Low P:
w/m{fl-@ - and High Pass Filters
Pz ¢=12 Use Resonance for Good Bandpa:s
- \\\k and Bandgap Filters
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PARALLEL RESONANCE

Frequency Domai

=G(w)+ jB(w)

1
IL'Q) g R, 3]&1_ ::_sz
;
1
R
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PARALLEL RESONANCE

Frequency Domai e

(D)

A

1
ok
;

1 . 1 .
Y, =—+j(aC——) =G(w) + B
=g 6L - ) =6(@) + B()
AC Susceptance Bf ) Owhen=w, = é
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PARALLEL RESONANCE

Frequency Domai

1 ), = Resonant Frequency
LC => Same as for Series Resonz:
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PARALLEL RESONANCE

Frequency Domai

eq

1
Y., =— atw=
R 2

.
=> Z,(w,) = R; Purely Resistiv
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PARALLEL RESONANCE

A A A
—®

a (1)

Y. (@) =G +B7; B(e) - 0

T
R; 3 jal =
wC

L

TYPE OF RESONANCE

Parallel Resonance:
=> |Z,|= MAXIMUM at w= ¢4
Series Resonance:
=> |Z,|= MINIMUM at w=a,
Often the best way to determine typeedonanc

=> | Y,,|is a MINIMUM atw= a,
=> |Z,| is a MAXIMUM atw=
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PARALLEL RESONANCE PARALLEL RESONANCE
KCL: 1, +l¢ +l = ; AtResonance: =~/ At Resonancezy, CR= RI_ w, = %
, 1 2
V=l Z, =R, =l(a) =
X =INFeq TIRYT 1.( ab) —C(Jﬁ = Q :“C‘=M=R \/E
At w=a; Zeq:RT parallel “N “N‘ T L ’
LR "] _ Ry = "Current Gain" ab= w,
[T R a7 .
1 . “C‘ Note: Qarallelzj
=> I—:RT J(,Q)C => m:%RTC Qseries
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PARALLEL RESONANCE

For Qe >> 1

Want "large" R, "small" L, "large"C

Just the opposite of what makeg Q>>

=> A good Series Resonant circuit will
a lousy Parallel Resonant circuit
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SUMMARY

Series Resonance: Ral&esonance
X -0atw=aw, B> Oa=q
- | - |1
“ LC “ LC

1 /L C
Qseries: Ri-l- E Qrallel = E

Z.,(@,)| = MAXIMUM

Z.(@;)| = MINIMUM
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NOTES ON RESONANCE

= In “real” circuits, often do not have
a “pure” Series or “pure” Parallel
situation:
o Inductors always have R,
o Elements may not all be in series or
parallel

o Will still have Resonance, but at a
slightly different Resonant Frequency
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NOTES ON RESONANCE

= In “real” circuits, often do not have
a “pure” Series or “pure” Parallel
situation:
o May also have Multiple Resonances in
same Circuit
o Define Resonance as when X (series-
like circuit) or B (parallel-like circuit)
=>0
o Let’'s do an Example
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