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Parallel Resonance- Introduction and Circuit

Not just a simple R-L-C
parallel network since

Taking the inverse of each component
yields:

- *¢“T~  practical inductors have to =
take into account series Zr = RS +X¢ A +Xa 2(70
G "
resistance
FIG. 21.23 ﬂ >< ‘
Practical parallel L-C network. f 8
So we have:
£, grz = L+ f' Xe
? = 4L = —1 o 3 . 2 2
X, RS oo 2t X —> & % %xa, R ;Lxl
Z X,
VTL = @ 3% {z_g_,dﬁ“ B :)(
eI e We will consider:
= L~ 4 "X
Re2 -~ Mrr
In rectangular form: Z N
%’c Sl LI T TV Iy 1 ! R, § Rp§ xipg XeZ SV,

ﬁz.z + X by :‘1 ﬁ:'f")(.;i Y_T-‘

4N . . 3
GCxo (5) B X-590"(5) Source
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Parallel Resonance - Resonant Frequency

Combining Rs and Rp yields: Substituting for XLp, yields:

. R + Xi
Z = X¢
I | X — =X XL
Sx L P
- R3+X3—ch—(i)f_,-£
e ! L CAL oC o C
_ Solving for fp, reduces to (text section 21.10):
Analyzing
1 RiC
1 I I B | 1 =N T T
Yry=rt—t ==t —+— 2 VLC For low RL values,
L, 4, Z; R X, X
. o fp~"fs
(L)L) ooy i BC
R \x, ) " \xc pda L
1 .(L B L) Looking closer at the (RL2C/L) term:
T = J
R Xe X,
RC 1 _ 1 _ 1 _ 1
For Fp =1, the imaginary component L L (o) L wL X Xc
of YT must be equal to zero, therefore RIC (@) RIC RloC R
at resonance):
( ) At resonance, XL=Xc, therefore:
1 |
v v 1 1 1
Xce X = 2=
" X Xe X; Or _ 1
3 - Jp =1y /1 2
XLP = XE' RJT R:_ QF & =10
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Parallel Resonance - Quality Factor

So here:
Zr 0 Vi/Xi,
I . §R %XLP —Xc P VS/R
Y;
R KRR,
= rT X, X
1 But XLp=Xc at resonance, so we have:
h=f\1-
ig =10
0, =—27" “ly
Rp
= f=— Expanding:
b =5=5 /¢ - Xpanding:

R? + X? X2/R X7
=1 “Lt=pR+H =R;+R—§R,
I

Rp - N
R, R\R,
Recall: =R + QiR = (1 + ODR,
0 reactive power Or, for Q>=10:
y —
average power 2
R, = QiRi|, _
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Parallel Resonance - Q>=10

N So, for Q>=10, we have:
Z
| gﬁ' %XLP =X
Y; IQ z:‘ R, §Rp = O°R, ngp =X, F~Xc
R, = OR =
P o, =10
X \? X;
= 2R, = | 2L e
Also, recall: R, = QiR (R;) k=%
2 2
S But, at resonance XL=Xc, so:
P X,
X: XX 2ar
O L= ;szzf;o
- ar
XXy F ! ! !
L
X R, = —
:_%+XL " RC 0,= 10
- x5+ 1) Z; = RIR, = R OIR
0 y = KRy = & o= 10
Therefore:
o -X - R, |QiR,
XL = XL P X, Xr
P 0, =10
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Parallel Resonance — Selectivity and Branch Currents

At resonance:

- 2 L
I T R, §Rp = O°R, X, = X, F=<Xc
Z]’}, !

Ve = Vi, = Vg = ItZy, = LOIR,

Finding Ic=|lc|:
As before, BW is defined as: ,
_ Ve _ LOR
f c x. X
BW=/f,—fi= Ql c C
- 2 2
LR, o7 07
IC' — X — ITX— — IT_
Or can be calculated as: L ?L o
BW — _ 1{&+ 1 ] Hence:
=h-h =501 TRe
I = Oy 0 = 10
Finally, consider:
Similarly:
T l-’s. l"( .
Rp ng ~Xc Ve I; = Oy 0= 10
[—.
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Parallel Resonance — Example

13. For the “ideal” parallel resonant circuit in Fig. 21.54:
a. Determine the resonant frequency (f,).
b. Find the voltage V- at resonance. C.
¢. Determine the currents /; and /- at resonance.

vV, 4V _ 4V
I; =
d. Find Qp.

= = =40 mA
X, 2nf,L 1000
Ic= Ve -4V _ 4V =40 mA
i lic X Xe 12zf,C 100Q
fCDE mA R_,glkﬂ: Lgﬂ.lmH —~C = 10nF V¢
- Note that IL=Ilc > | at resonance

d.
1 2
a. j}.z = = 159.16 kHz R 2kQ 2kQ0
= = = =20
27JLC  27./(0.1mH)(10 nF) O» X, 2mfL 1000
b.
o 3

—>
I (>2mA 2kQ £=°Q




