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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?

Lo

v,I

L

How to build a resonant (tuned) circuit?

A. Series Resonance Circuit

R L
I_I. OO0 Condition:
+
VSE‘" —> = C Xu = Xe
It means
ZTS = R

How to find the resonant frequency
X|_ = XC

wL =1/ ~> W2=1/



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

[ ] VL=

[ ] VC=

Phasor diagram

Wy, QL= PXL
W S=v.I
3 3 = .
YR P=I’R
=VI
— 12
L 1Qe=PX¢
“ Fp = cosf = P/S = 1
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Now, when we evaluate Zt versus frequency

R(f)
0 *f
TXL()
0 >f
TXc(h)
0 *f

band freq
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0 °f
ZTH
Is the Zt curve
symmetrical?
0 #i

Now, if we plot I vs. f

I1
-V
I= ZT
0 > f
I:)max = IzmaxR
Pupr = I°R = (0.707 Imax)’R
- 05 ]:ZmaxR = 1/2 Pmax
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Pupr = V2 Phax

The Quality factor (Q)
\

indicates how much energy is placed in storage compared to that
dissipated

_ Reactive power
Qs= Average power

Q = IEKL = XL = mSL
5 IZR R R

Bandwidth (BW)

BW =f2-f1 =R/2mL

BW =fs/ Qs
. fs
BW / fs = 1/ Qs
f-f) 1
fS QS
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+ %R — +W L —
T R=2Q X;=10Q
= 10V 20° ("o B 1r
& X = 10Q 7T~ Vi

a. Find [, Vg, V{, and V¢ at resonance

First let’s ask ourselves:

* Is it a series resonant circuit?

* Why?

S ATs =

And I = V/Z1y =
Ve =
V. =

Vc:

b. Find the Qs of the circuit
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c. If the resonant frequency is 5000 Hz, find the bandwidth.
BW = = =

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

Prpr = V2 Pmax
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B. Parallel Resonant Circuit

+
v
) 1 Y € Ideal
<> - R EL TG -
Zt
Ry
e € Practical
T Ee
AL
ZR—L = R|_+ j'XL
-1 _ 1 _ 1 Ry - ¢4X
YEL— — — L - 5L

ZrL R +jXL RL+§XL Rp-§XL
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Condition: Xc = XL

Earlier, we learned that X, = R + X.° / X,

Rgz+ XLZ _x
XL i

Re*+ X2 = X XL

= (oL (g) =L

ReZ+ X2 = L

2 _ L
XLCR

C
QﬂfL—'\/% R’

L .

C

1
f= c/L
2L RE = gm (LRL)(CHL
- 1, fa@c/L)-(RéCHL)
ciL
1 2
= 1- Rﬂ C K{L
27L

- EanfoL V1

. (—1_ ReC
I
f.
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What happens at f = f,?

Maximum impedance at fm

2
fm = fs Vl-l(M)
1\ L

s T
fp=
Q R Rsf{f{RP:
P XLP XLP
_ _ fp
P
1 |1 1 ,4C |
—_ —_— e - _+_
fy = mC LR RZ L ]
1 [1 1 ,4C |
—_— —_— _+_
f2= 4;:(:_R+ R2 L |
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131, e

101 1 mH 1uF

b. Find the total impedance at resonance

L]l Le =

c. Quality factor Rg
P XLP -
BYW = i
Qp
1 1 1 4C
—_ e = - —_ +_
fi = amc[R R2 L ]
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d. Vc at Resonance

Ve = IZTp

e. I|_=VL/X|_

Ic=

Are I and I the same at resonance frequency?
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