Lecture 11

2 11.2. The Parallel Oscillatory Circuit

11.2.1. Resonance Condition and Resonance Frequency

The parallel oscillatory circuit is a circuit in which branches with an
inductance and a capacitance are connected in parallel with a source of

signal En (Fig. 11.10).
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Determine the conductance of the branches containing an inductance
and a capacitance:
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The phenomenon where a circuit
conductance becomes purely active is
called resonance. The circuit suscep-
tance at resonance is equal to zero:

b==b, +b,=0.  (11.25) Fig. 11.10

Keeping in mind that at the resonance frequency 5
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Multiplying and dividing the reactance by ,:
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Now we get
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And finally, the resonance frequency is:

n =P : l‘-{{.ﬂ.-:j
r 22 = 92 '
As it takes place, the following conditions are distinguished:

1
JLC
frequency is equal to the natural frequency of the oscillatory circuit;

1

Ic"

1) forp <<p, r,<<p,weget ®, =0, =

, that is the resonance

2) for p=n, wealsoget ®,=w,=

3) for n>p andr,>porr;<p and r, < p a resonance occurs at the

frequency ®©, # @,; 487 Wp
4) for n=r,=p expression (H-27) gives an uncertainty. A resonance

takes place at any frequency. Such a resonance is called “neutral”.
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In general, in a parallel oscillatory circuit the resonance frequency
®, depends on the active resistances in the circuit branches.

11.2.2. Complex Functions and Basic Frequency
Characteristics of a Parallel Oscillatory Circuit

Consider the complex input impedance of a circuit:
(5 +J'0)L)("z +L]

Ze(j(l))z-—mz _](DC

I'nm r]'i“j(l).l’_';‘|'7‘2'f'.L
joC

Taking into account that

L._ 7 4 L_ 2 L 2
hifa <<E“p =_<<E—P :rzwL<<E=P and r=r +n,

oC
we get, considering (11.11):
2 2
Z, (o) =% 1 L _ g
Cr+j[mL—-—-l—J Fg X 1458
oC ¥

At resonance (£ =0): Z,(jw)= 0%

That is, at resonance the equivalent input impedance of a circuit has

the active component only, and it is times more than the active
resistance in the circuit branches.

The normalized input impedance is:

2, 0y= 7, @ = Ze®) _ 1
E Z,(wy) 1+jE

where
1 1
Zen ((0) = = =
\/1+é§,2 J1+Q2v2
- 1 1 (11.26)
b L@ o 2 \1+40%
W, O

¢, () =—-atant = —atanQv = —atanQ(f——%J =-atan200. (11.27)
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aZon(®) The diagrams of the amplitude-
frequency characteristic according
to (11.26) and of the phase-
frequency characteristic according
to (11.27) are given in Fig. 11.11.
Here, 01> 0»> Q5 Compared with
Fig. 11.2, the phase frequency
characteristic has changed its sign.
At w<w, the capacitive reactance

is greater than the inductive reac-
tance, and it can be neglected at
® — 0, that is the branch with a
capacitance can just be broken. As a
result, we have a branch with an
inductance, and the circuit is of indu-
ctive nature. Similarly for w>w,,
where we can break the branch with
the inductance, the circuit is of
capacitive nature. Define the currents
in the circuit branches 7, ,, 1, and
the source current at resonance.

As the impedances of the branches with the inductance and
capacitance are

Fig. 11.11

1

Zyy=woL=p, Zg =@=p,
then
R
Ly = ICmO “T —‘a-
Taking into account the equivalent resistance of the circuit, we get:
= En
mo = 0r
or

I1mo = Lomo = O,

In other words, the currents in the branches are Q times greater than
the source current. Therefore, resonance in a parallel oscillatory circuit
is called current resonance.
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Consider the frequency characteristics of a parallel oscillatory circuit
connected to a real voltage source (Fig. 11.12).

Detc_ermine the frequency characteristics in terms of current. The
normalized source current is:

L)
! (Jw)“m—
_Bn¥(o) _v(w)

EnY(jiy) YU®)
where Y jco), Y(jw,)are  the

complex input conductance of the
circuit at any frequency and at

resonance. Fig. 11.12
According to Fig. 11.12
r(jo)=———=— L - 146
R+Z(j0) g, Ko R+R,+JER
1+j€
y 14 E R (11.29)
(R+R,)| 1+ 6—F (R +R,)(1+5E,)
R‘i+ReD

2. s . »
where R,, =Q°r is the equivalent resistance of the circuit at resonance;
R{ is the internal resistance of the voltage  source;

R R
= =V = 1 " O T
Ee=8 R+R, 2 R+R, Q.v is the equivalent generalized detuning;

B, & _p
Q’ QR;"'Reo_"

5~ is the equivalent Q-factor of the circuit.
I+ —
R
At the resonance frequency:
\ I 1
Y(Jmo ) Ri + ReO -
Then according to (11.28) and (11.29)

1, (jo)=1, e = 1+/8
" 1+
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@, (®) = atanf — atanf, = atanQv —atanQ,v =

=atan( (E — &] —atanQ, (ﬂ = -9)—9-) = atan2Qd —atan20, 6.
® W o

W, )

The frequency characteristics in terms of current are given in
Fig. 11.13.

Since the argument here is the detuning &, these curves are called the
resonance characteristics. In Fig. 11.13 we can see that the resonance
properties of a parallel circuit in terms of current are expressed stronger
if the internal resistance R; of the signal source decreases.

418
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Fig. 11.13

Determine the frequency characteristics in terms of voltage.
The normalized voltage across the circuit is:

- Un(o)
Uy ()= —2>—. (11.30)
Um (Jmﬁ )
The voltage across the circuit is:

U, (jo)=1,(jo)Z,(jo)=E,Y (jo)Z,(jo).

202

of voltage are expressed stronger

Using (11.29), we get

o (jn)=d. N Or _E,0r 1
(Ri+ReO)(I+j§e)l+j§ Rf+Re0 l+.j§el

At the resonance frequency (€, = 0):

_EnQ%

Um (J'CDO)_R +R 2
i 20

(11.31)
Then, according to (11.30) and (11.31)

U (J0) = U, (00) /) = L

mn

1+ jE,’
where
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Umn(m)z = =
J1+8 1+ oW
N 1 . 1 )
2 2¢2 7
1+40°8
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¢, (®)=-atan§, = —atanQ,v = ~atanQ, (_co_ —&J = —atan2(Q, 5.
®, o

The resonance characteristics AU (E)

in terms of voltage are given in !
Fig. 11.14.

We can see from Fig. 11.14 i

that the resonance properties of a

parallel oscillatory circuit in terms

if the internal resistance R, of the 5 01 2 3

signal source increases. Fig. 11.14
ig. 11.
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11.2.3. Bandwidth and Bandwidth Shape Factor
(Bandwidth Ratio)

We will determine the bandwidth of a parallel oscillatory circuit by
analogy with a series oscillatory circuit, using the expression for the
voltage amplitude-frequency characteristic:

11
Umn(m)= 1+_]&3 -ﬁ‘

After transformations similar to those in 11.1.4, we obtain for the
bandwidth:

, 10w, 1
B =B, 3, =—1 =t

g Y o g

The bandwidth ratio (shape factor) is: K, =0,1.

That is, the parallel and series oscillatory circuits have identical
bandwidth ratios.

We can see that the bandwidth is determined by the O-factor of a
circuit (,, i.e. with constant primary parameters of the », L, C-circuit it
is determined by the internal resistance R; of the signal source which by-
passes the circuit. To extend the bandwidth, it is possible to by-pass the
circuit additionally by the resistance Ry, (Fig. 11.12).

Then, the total resistance bypassing the circuit is:

}21' Rshum

o 'RI + Rshum
As aresult the equivalent O-factor is:
Q.= Q__E.S"’"_

Rgen + ‘ReO

The bandwidth is:

Bo=i=l 1+ Reo g B
Qe Q Rgen p Rgen

=£+M=£+%+ p

p 1?7 ” Rshum p i Rshum -
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11.2.4. Complex Parallel Oscillatory Circuits

If at least one branch of a parallel oscillatory circuit (Fig. 11.9) has
two heterogeneous reactances, the circuit is called a complex parallel
oscillatory circuit. WAL H T WY D sy

There are four types of complex circuits (Fig. IIAJS, a—d). Such
circuits make it possible to reduce the by-passing effeét of the internal
impedance of the signal source and that of the load impedance on the
circuit and thus to match the equivalent impedance of the circuit with

the load resistance. Besides, such circuits allow suppressing other
frequencies. :

COLA G P HRTS
Ui ¥
L Ls
G
a b . )

Fig. 11.15

Consider an oscillatory circuit of the 4-th type, which is the most
general of the four types (Fig. 11.15, d).

The resonance condition in such a circuit, as well as in a circuit of
the 1-st type (Fig. 11.15, a), is the total admittance of the circuit being
equal to zero.

Neglecting the active resistances 7, and 7, for high-Q circuits, we
get:

1 1
—+—=0
X X

or
X+ x5 =0,
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That is
1 1 Ll 1
Op Ly =ty Ly ———= (lq+lq)——[—+—]=
ol T me 7 w,\C G,
=pr—L:O,
mﬁ

| CC;
where L=L, +L,; —=—+—; C=—12_
‘ ¢ € C.+C,

tance and capacitance of the circuit.

— equivalent induc-

Hence, the secondary parameters of the circuit:

1 ’ L p 1
O, =0 =—F—; pP=,|l—; U=—=—; r=n +r.
P 0 ‘\/E P C Q . d ’ 1 2
Determine the equivalent resistance of the circuit R, at resonance.

Since the equivalent resistance of the circuit is of active nature, it is
determined as the sum of the active conductances g, and g, of the

circuit branches

1
= , (11.32)
& +8&
where
S R (11.33)
BT BT

Neglecting 7, and r, in the denominator as compared with x;, xs,
from (11.32) and (11.33) we obtain:

2
1 xf *x;
ReO = P P = 2 o
A 52 KX +ny
2 2
X X
Since
xl ='_x2,
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. (11.34)
(@) (L1 Y _p(n_cY_. :
k e | T T A =0r(m,—m)",
r L oLC ril G
where m; = h. & ; M = = . inclusion coefficients of
Ly Fils C, G+C,

inductance and capacitance.
The coefficients m, , m. show what part of the common inductance
L or of the common capacitance C of the circuit is included into one or
the other branch of the circuit.
0<m; <1, 0<m.<l.

As it follows from (11.34), the equivalent resistance R., of a
complex circuit is considerably smaller than the equivalent resistance
O%r of a first-type circuit.

Therefore, a complex circuit allows shunting by using a considerably
smaller load resistance with no significant expansion of the bandwidth
and no deterioration of the selective properties of the circuit.

Hence, the equivalent resistance of the circuit can be varied within a
wide range (by varying the inclusion coefficients m;, me) without
changing the circuit parameters Q, p, .

Evidently, for a first-type circuitm, =1, m. =0, for a second-type
circuit m. =0, a third-type circuit m, =1.

Fig 11.15 shows that the branches of a complex parallel oscillatory

circuit are individual series oscillatory circuits in which additional
voltage resonances are possible at the frequencies:

oy L T 1 —a. [T
01 = = =y ==}
\/Llcl - Li my
t me
sy = 1 _ 1 . 1-m,
" MG C O\ll—mL'
(l-nzﬂ)LI
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At these frequencies, the branch impedances and consequently the
impedance of the whole circuit drop sharply.

The frequency characteristics of the circuits, taking into account the
above mentioned resonances, are shows in Fig. 11.16.

4 Z{0) Z(w)
1

Ev

Fig. 11.16

11.2.5 Some Applications of Parallel
Oscillatory Circuits

. A parallel oscillatory circuit is
usually connected in parallel to the
load (see Fig. 11.12). To reduce the
influence of the load resistance,
complex parallel circuits are used
% (Fig. 11.17).

A parallel oscillatory circuit can
also be connected in series to the

: load, for example, in a rejection
Fig. 11.17 filter (rejector).

r r
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In such a filter (Fig. 11.18) at the resonance
frequency, the circuit L r-C;  suppresses

interference signals coming together with the
useful signal from the antenna A to the input
oscillatory circuit LC of a high frequency
amplifier (HFA). C, is a blocking capacitor.
Parallel oscillatory circuits can be connected

in series to one another for suppressing several
signals of different frequencies. . —
So, in a harmonic filter (Fig. 11.19) the T

parallel oscillatory circuits L ’Cfn R S 6

do not pass signals of the frequencies

| Fig. 11.18
o = s e s @ =—=——== to the load 7.
LiCy VL4 Cs,

L

fk |
ka ry

Fig. 11.19

Example 3

Determine  the  resonance M .
frequency f,, the characteristic
impedance p, the quality factor Q . '3
and the resonance resistance R, of g U
a parallel oscillatory circuit =<
(Fig. 11.20) if L=02mH; ,:lR
R=12 Q; C =360 pF. E

Solution

In the case of small losses, the 4
Iesonance frequency, the charac- Fig. 11.20
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teristic impedance and the quality factor Q of a parallel osc

T
i illatory 1
I i circuit are determined by the expressions

ﬁ__x—l—_=11,9-10*5=11,9 mcH.

]
CondIc
1

2my/0,2-107360.10-12

X =3
p:\/Z‘= —-—-——-_O’2 10_12 =745 Q,
C V360-10
p 745

===-=61.

R 12

The resonance resistance Ky of the parallel oscillato
times greater than its characteristic impedance:

R, =0, =62,1-745=46,3 Q.

The quality factor is related with the bandwidth and the resonance

1-10°
=593 kHz; frequency as 2Af, = —g Hence, 0=—fo__ 40.

24/, 25.10°

ry circuit is Q

| Example 4
f . Calculate the elements of 5 paralle]
‘ [ oscillatory circuit (Fig. 11.21) with 5
bandwidth of 2Af =25kHz, the
=T C L £ conmral bandwidth frequency (the
L résonance frequency) Jo=1MHz and
the characteristic impedance
. Fig. 11.21 pz\/~—£=75 €.
(&
.’, Solution

! The resonance frequency Jo and the characteristic impedance p of

the parallel oscillatory circuit are related as: Jo= - = \/—g—

Inlic’

. Solving these equations with fespect to L and C, we get

c=_1

“2nfp w10t s 212107 =212 0F




