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Enhanced Guided Notes: Set 14

Resonance (Series and Parallel Circuit)

Topics:
A. Series Resonance Circuit
B. Parallel Resonant Circuit

What is a resonant (tuned) circuit?

N

v,

v

How to build a resonant (tuned) circuit?

A. Series Resonance Circuit

R L
I_I, O Condition:
+
VS@ - Fr\c X = Xe
It means
ZTS =R

How to find the resonant frequency
XL = Xc

wL =1/ ~> W2=1/



What can we say about (at the resonant freq.)

e V. =

.« Ve =

Phasor diagram

WL Q=X
W, S=V.I
) ) , hY
YR P=I’R
=VI
— 12
NG 1Qc=12X¢
Fp = cosl! = P/S = 1
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Now, when we evaluate Zt versus frequency

R(f)
0 > f
XL
0 > f
TXc(H)
0 > f

fy orf, 0 band freq

Set 14, Page 3



0 £
ZTI\
Is the Zt curve
symmetrical?
0 > f

Now, if we plot I vs. f

I N
-V
I= ZT
0 > f
Pmax = IzmaxR
Purr = I°R = (0.707 Ina)’R
- 0-5 IzmaxR = 1/2 Pmax
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Pupr = V2 Prax

The Quality factor (Q)
\2
indicates how much energy is placed in storage compared to that
dissipated

_ Reactive power
QS_ Average power

Q.= I’Xp - XL - wsL
S I?R R R

Bandwidth (BW)

BW =f2-f1l =R/2JL

BW =fs/ Qs
. fs
BW / fs = 1/ Qs
f)-£) _ 1
fs QS
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+ VR — +VL—
— 00—
 R=2Q X[=10Q
— 10V 20° (" I
v=wvaQy X = 10Q 71 Vi

a. Find I, Vi, V., and V¢ at resonance

First let’s ask ourselves:

* [s it a series resonant circuit?
* Why?
S LTs =
And [ = V/Z1y =
Ve =

VL:

Vc:

b. Find the Qs of the circuit

Set 14, Page 6



c. If the resonant frequency is 5000 Hz, find the bandwidth.

BW: = =

d. Find the power dissipated in the circuit at half power
frequencies.

Pupr = V2 Pmay
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B. Parallel Resonant Circuit

+
v
I T 1 Y € Ideal
Zt
RL
B € Practical
TN Xc
XL
ZR-L == RL +/ XL
-1 _ 1 _ 1 Ry - 4X
Ye oy L-#aL

- ZrL RL+4XL  RpL+4XL Rp-§XL
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Condition: Xc = XL

Earlier, we learned that X, = RZ + X2 / X,

ReZ+ X2

XL =Xc

Re¢’+ X12 = X XL

= (0L (gg) =&

Rgz-i- XL2 = %
2 _L .2
X2 = C Rg¢
_ . / L 2
onfL =L -
T C Rg¢
1 L 2
S S C/L
=2\ ¢ ~Re ZRL\KL—RE_C)( / )
_ ZLnL (LC/L) -(R¢°C¥L)
ciL
1 1- Rg?
e C/L
~ 2nL

- QRLM V
_2n\(_c \‘

fs
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What happens at f = f;,?

Maximum impedance at fm

et D)

fp =
Q R Rg// Rp —
P XLp XLp
_ fp
BW = f,-f, = P
QP
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1 1 1 4C
— — —_— - — +_
fi= acl®r R2 L |
1 [1 1 . 4C |
— —_— —_— +_
2= mc | R "VR "1 |
%
JIL VI
+
I= CD . Ve
Rg L CcC -
100 mA an
m 10kQ <1 mH 1uF
a. Find f,
f, = fs =

b. Find the total impedance at resonance

L]l Zc =

c. Quality factor Q, = Rg
P XLp
BW = &
QP
1 1 1 4C
— — _— - — +_
fi= nc [R RZ L ]
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V¢ at Resonance

I. =V,L / XL
Ic =

Are I, and Ic the same at resonance frequency?
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