“ 11.3. Coupled Oscillatory Circuits

11.3.1. Some General Concepts of Coupled Circuits

The frequency selective properties of single oscillatory circuits are
not high (K3 = 0,1). A higher selectivity can be reached by the use of a
system of coupled circuits. Oscillatory circuits are called coupled if the
processes in them influence one another.

There are systems of two and more coupled circuits. A circuit to
which a signal source is connected is called a primary tuned circuit; a
circuit from which a signal is output is called a secondary tuned circuit.

A primary tuned circuit is connected with a secondary one by a
coupling element (Fig. 11.24).

Lecture 12

Fig. 11.24
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Here are circuits with inductive coupling (Fig. 11.24, a), with conductive
coupling (Fig. 11.24, ), with extemnal capacitive coupling (Fig. 11.24, ¢),
with internal capacitive coupling (Fig. 11.24, d), with resistive coupling
(Fig. 11.24, e), and with combined coupling (Fig. 11.24, /).

A system of coupled circuits with any type of coupling can be
represented as an equivalent T-circuit (Fig. 11.25, a) or Il-circuit. In a
T-circuit, Z; and Z7 are the complex impedances of the primary and
secondary circuits without taking into account the coupling impedance
Z.. In a Il-circuit, ¥," and Y, are the complex conductances of the
primary and secondary nodes 1 and 2 without taking into account the
coupling conductance Y;. Z, is an impedance that is common for both
circuits. ¥y is a conductance that is common for both nodes. For

sufficiently loose coupling, we may consider that Z, = L
0

L, _Z z T T
——] L 0
1 1 o
a b

Fig. 11.25

For quantitative estimation of the degree of circuit coupling the
coupling coefficient is used. Most often, in order to reduce losses in
transferring energy from the primary to the secondary circuit, reactance
is used as a coupling element. Then the coupling coefficient is:

E=—To (11.36)

3
RIS

where x. is the reactance of the coupling element; x;, x, are the
reactances of the primary and secondary circuits being of the same
nature as the coupling element.

It is clear that 0 £ K <1. At resonance, the reactances of the circuit
elements are equal to the characteristic impedances:

X =X =X~ Py Xy =Xy = X5 =Py
}
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Then, according to (11.36)

K=

{3

\PiP2 .

According to the degree of coupling there are the following circuits:

— very loosely coupled (K <0,01);

— loosely coupled (0,01 < K <0,05);

— tightly coupled (0,05 < K <0,9);

— very tightly coupled (0,9 < K <1).

Most often systems of coupled circuits operate as loosely coupled.
Reactance serves as a coupling element. Resistive coupling is used
when frequency-independent coupling between circuits is necessary.

11.3.2. Equivalent Circuits of a System
of Two Coupled Oscillatory Circuits

Consider a simplest system of two coupled circuits using as an
example the equivalent T-circuit shown in Fig. 11.25, a.
The system of loop equations for the loops I and II can be written as:

I"ﬂ éml
0

: (11.37)

’Z, +Z, -Z,
ImZ

=z, = BT,

c

Let us introduce the designations: Z, =Z/+Z,, Z,=Z;+Z,.
I mi E"ml
0

Zl _Zc
Sz 2

c

From (11.37):

Vi m2
Here

y . X y
Z;=G+Jx|=r1(1+17‘ =n(1+7&);
1

; X :
A =r2(1+1~ri)=r2 (1+J&,)
2
are the complex impedances of the primary and secondary circuits; 7y,
2, X1, X2, &1, & are the resistances, reactances, and the generalized
detunings of the primary and secondary circuits. .
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Solving (11.37) we get:

° A Z B En En .m
Im[:—lz 2 12= [2::' k =EI; (1138)
A ZIZZ _‘Zf: Zc ZE +Zlfn Zle
Z, ==
Z,
- A, ZE i’_E' E E
Im==2=—te " -2 ___~m _5m (1)39)
A Z,7Z,-Z, Z; Zy+Zy, Zy,
it
Z

Here
ZIe =Zl +er'n =He +jxle’
Zle =ZZ +Z2In =er +j'x28

are the equivalent impedances of the primary and secondary circuits;

Z: Z2
Z]in :'"_C'z‘r[m +jxl.~'n S ZZr'n =__m=r2i” +j'x21'n (1 140)
Z, Z,
are the impedances inserted into the primary (from the side of the
secondary) and secondary (on the side of the primary) circuits.

Em? =§_6Eml is the EMF induced in the secondary circuit from the
1

side of the primary circuit.
From (11.38) and (11.39) we have:

: Ayt Z Em ® Z. 2
Im2= 2Ii'ﬂl= = MIImIZ—CImI.

22 Enrl Z2

°
v

Using (11.38) and (11.39) we can build a single-loop equivalent
circuit of a system of two coupled circuit. So, according to (11.38) we
get a circuit based on the current in the primary circuit (Fig. 11.26, a);
(11.39) and a circuit based on the current in the secondary circuit
(Fig. 11.26, b).
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Fig. 11.26

That is the system consisting of two coupled circuits is replaced by
one circuit. The impedance of the other circuit is taken into account by
inserting impedances. That is why this method of calculation is called
the method of inserted impedances. Let us consider the inserted
impedances (11.40). Since most often r, = 0, Z, = jx,, then, from
(11.40):

2 2
7 x2 X, . X; :
Zs =—J:‘“—ﬂ_—=rz[f —J% f = Rin +Jxlin;
1 2

2 2
Ze x2 x; ) .
ZZr'n =—I m. =h [_@:J —J% [?) =Py T JXg,-

1

2 2
x. X, .
Here n,, =r, [—’@] 5 Py =r1[—i’1] — active components of the

inserted impedances. They take into account losses introduced into the
circuit from the other circuit.

2 2
- X | .
n =% == X, =-x : 11.41
x'lm Z(ZZJ 2 l[zl] ( )
L\ = hat g =Z A2 =1+ g n, + g, =
2 2
: < 1142
:"1+"lfn+j(x1+x1m)="1+"2 e +J| %% . ( )
Z, Z,
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11.3.3. Resonance in a System of Coupled Circuits

Resonance in a system of coupled oscillatory circuits is a
phenomenon wherc:,ﬁ'n the amplitudes of currents in the circuits or
voltages across the elements reach their maximum values, If there are no
losses in the circuits the oscillation amplitudes tend to infinity. For a
generalized T-circuit (Fig. 11.25, a) it corresponds to the system’s
determinant A in (11.38) and (11.39) being equal to zero:

A=22Z,-7}=0.

If there are losses, the currents and voltages of different circuits
reach their maximum values at different frequencies. Therefore, we
cannot speak have about one resonance frequency for the entire system
of coupled circuits.

As far as high-Q circuits are concerned, damping can be neglected in
them. In this case it is said that there is a single resonance frequency for
the entire system of coupled circuits. It is this kind of circuits that we
will consider below.

There are two kinds of resonance depending on the components of
which circuit the tuning to resonance is done for a specified frequency
of the input signal:

— particular resonances (the first, second, and the main or
individual);

— complex resonances (the first, second, and total).

Most often the signal output for further use is the current in the
second circuit. Therefore, tuning a system of two coupled circuits to
resonance refers to selection of the set of circuit parameters that yields
the maximum current value in the second circuit.

The first particular resonance is achieved by varying the parameters
of the reactive components of the primary circuit only (usually C1):

Xy =var, x,=const, x,=const.
The resonance is achieved by satisfying the condition
2
= - Lig
X, =X+, =X —x =0.
=
That is

2
X ==Xy, =X, [x—”’) : (11.43)
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Determine the current in the secondary circuit in the case of the first
particular resonance. Taking account of (11.38) we get:

. . 7 i:m
I L L.
2 2,Z,,

Taking into account that r, = 0 and keeping in mind (11.42):

x, Em

. Z N
Lma2mi =?C‘Im]Ml :T.
: Fy\he T X

At resonance, according to (11.43) and taking into account (11.44):
X, Em _ x,Em x. Em L (11.44)

Zrg  Z(n+7) X
Elntn| =
Z,

Lmav1 =

An example of first particular resonance application is tm-ling_ the
output oscillatory circuit of a UHF oscillator the second_ary circuit of
which, being inductively coupled with the primary circuit, is the
transmitting aerial 4 (r,, C,) (Fig. 11.27).

A
G
M

g X ]
3 L g@ .
=

g _| &

=5

Fig. 11.27

The second particular resonance is achieved by vgryir.lg the
parameters of the reactive components of the secondary circuit only
(usually C5):

x, =const, x,=var, x,=const.

The resonance is achieved by satisfying the condition.

2
x(,'
x2e = xZ +x2m =x2 _xl (EJ = 0.
1 .
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That is

2
X,
Xy ==Xy, =X, (—EJ : (11.45)
5

Determi{‘le the current in the secondary circuit in the case of the
second particular resonance. From (11.39) we get

j— _ Em2 ZL. }}ml
m2M2 = = "
ZZe ZIZZe
Forr.=0:
}szz =% Em

{2 P
F\he T X5,

At resonance, according to (11.45)

: x E
Topatea . Kl X Em

Z\75, Zi("z +7'2fn) x s
£ r2+ri(—?—]
Z,

(11.46)

I

An example of secondary particular
resonance application is tuning the
input oscillatory circuit of a radio
receiver (RRA), the primary circuit of
RRA which, being inductively coupled with
the secondary circuit, is the receiving
aerial 4 (r,, C,) (Fig. 11.28).

The main  or  individual
resonance is achieved by varying
Fig. 11.28 the parameters of both circuits
(usually Cand ), i.e.

L =varn, x, =var, x =const=0.

In othgr words, both circuits are taken separately and tuned to
resonance individually.

The resonance is achieved under the condition:

xie =0:| xZe =0.
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From (11.43) and (11.45) we can see that this condition is also
satisfied when

X = "Xyin = Xo = "Xoin =0. (11.47)
From (11.44), taking account of (11.47), we get:
T =22 Enl Kadint ST = = Em12 . (11.48)
"he x Hh T X,
rlntnl—=
L)
Similarly, from (11.46) we obtain
Toa=l o Ml dl (11.49)

21 2
e 2 Y| nntrl
Hlm+A
n

Comparing the results of (11.48) with (11.44) and the results of
(11.49) with (11.46) we can see that, with the same numerators, the
denominators in (11.48) and (11.49) are considerably smaller than in
(11.44) and (11.46) because r; << zj, 7, << z,. That is, in the case of the
main resonance, a considerably larger current is achieved in the
secondary circuit than in the cases of the first and second particular
resonances. Therefore, if the design of a real device permits, the circuits
are usually tuned individually so that the condition of the main
resonance may be provided in the system of coupled circuits.

Consider the complex resonances.

From expressions (11.44), (11.46), (11.48), (11.49) for the secondary

circuit current at particular resonances we can see that the current 7,

can be increased by selecting the impedance x,.

The first complex resonance is achieved by satisfying the conditions
of the first particular resonance and selecting the optimal coupling
impedance, i.e.

x,=0, x.=x

e coptl *

Determine x Analyze the function Lony = f (%) in (11.44) for

coptl *
extremes.
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2 3
0L, _ E., Z T\ ~0
ox, 2 £ ) . ’
K+r (—“J
Z
2 2
r1+r2[x—cj —2rg(ij =0.
2 Z

Now, the optimal coupling impedance is:

e
B =2 \/; : (11.50)
2

Substituting (11.50) to (11.44) we get the maximum current in the

_secondary circuit
Z, fi Em .
?‘2 Eml

2N :
ZZ(“,? erIJ 2n+7,

Hence

Tmoay =

(11.51)

2
Hht,

The second complex resonance is achieved by satisfying the
conditions of the second particular resonance and selecting the optimal
coupling impedance, i.e.

%, =0, x = Xoopt2 -

Determine x,,,,. Analyze the function Zom = £ (x.) in (11.46) for

extremes:
2 2
x x
oLomy _ By & a) o
0x, z 27
xC
K+R[ =<
Z
From here

Now, the optimal coupling impedance is:
=7 |=. (11.52)

Substituting (11.52) into (11.46) we get the maximum current in the
secondary circuit.

Zl\/EEml _E-'
i = c == " (11.53)
Z:["z‘*"i 1’2] hn

4

The total resonance is achieved by satisfying the conditions of the
main resonance and selecting the optimal coupling impedance, i.e.

xle = 0’ x2e =0’ xc = xcopi'

Determine X,opt - Analyze the ﬁ;nction Lomz = f(x.) in (11.48) for
exfremes:
dl,am =E. nry +x2 —2x?

6 -
1 2
dx o 2
¢ Kh +Xx,

Hence
2
K —x, =0,

Now, the optimal coupling impedance is:
oot ol (11.54)

Substituting (11.54) into (11.49) we get the maximum current in the
secondary circuit:

I mom = = . (11.55)

f'lf'z +r1?'2 2.‘”‘1}‘2

Thus, at all complex resonances, the same value of current in
(11.51), (11.53), (11.55) is achieved in the secondary circuit. However,
when tuning to the first and second complex resonances, changing the
coupling impedance contradicts the conditions of the corresponding
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particular resonances and causes detuning of the circuits on these
resonances. Therefore, after tuning to a complex resonance by means of
Xc it is necessary to adjust the circuit to the corresponding particular
resonance by means of C; or C,. This complicates the tuning as it is
performed by the method of successive approximations. In tuning to a
total resonance, a step-by-step tuning is not needed since tuning to the
main resonance of the primary and secondary circuits is done
individually at x, = 0, i.e. it does not depend on x..

Compare the optimal coupling impedances (11.50), (11.52) and

(11.54):
2
¥ e Z
t1
COptl . V2 _ <9 >1, thus Feopti > rcopt;
rcopt ?‘1r2 ?‘2
-
Z] —
¥ K Z
2
= XL 2251 thus Teopt2 = Teopt-

copt ‘\} ?‘1?‘2 rl

Thus, at a total resonance the least coupling is needed (Fig. 11.29).

Consider the power in the circuits. When a system of coupled
circuits is represented by its equivalent circuit according to
Fig. 11.26, b, the resistance of the secondary circuit is

T =T+ i
where 7, is the internal resistance of the circuit; #,, is the introduced
‘ load impedance.

second
complex

I first
comple

A2 %in

0 | I e
\Ir: Z n g £
‘ z\rz "url
} Fig. 11.20
‘ 224
[

Usually »,, << 1, , thatis#, = r,,, . Then, at complex resonances an

active power develops in the load.

E 52
2 2 1 1
P = =] = oo — .
Im Imer} 2mmr2 (2 I‘]?‘z } 2 4"1

The resistance r,, in Fig. 11.21, & can be obtained from (11.41)
taking onto account (11.54) and (11.47) at a total resonance, i.e.

2 2
r, ,mrz
= - =
’"zm""i( J —?‘]( B

e K

That is, the condition of maximum active power transmission from
the source to the load is observed

Bin = r."frzr *
That is why the power in (11.56) is equal to the total power supplied

by the source and the efficiency is equal to 50 %.
The optimal coupling impedance obtained earlier in (11.54) cannot
be obtained in real circuits. The closeness of a real coupling to the
optimal one is evaluated by the coupling factor:

Weopt 115

Taking into account the coupling coefficient between the circuits we get:

(11.56)

x,=K.\/pp,.
Then
K
A= plpzzK Q1Q2-
nh

The coupling coefficient is:

K= 5 =4,/dd,.

VOO,

For the optimal coupling (4 =1)
K _ = L did,.

opt [‘—Ql Qz i
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For ideal circuits (@ = O, = Q)

AL

apt

=d.

We can see that the higher the O-factor of a tuned circuit, the lower

the optimal coupling coefficient should be. For O = 100,200 it is a
fraction of 1 per cent.

11.3.4. Frequency Characteristics
of a System of Coupled Circuits

Consider the complex transmission conductance as a circuit complex
function.
Imz (_](D) i Im?_

Y. (jm) = 5
VD=5 0 P

From (11.39) we get
. Z
Y, (jo) = . L

lez “ngpk
With Z,,, = J x,q We get
: g%
Y (jo)= . - =
2= R (- )
. Dk 1

(11.57)

J\/"z"z 2 nn

(1) (14 )+

hh
Since from (11.51)
1 ImZW
= e :Y2lmm=
2 r]rz Eml

then, taking account of (11.56), from (11.57) we get

1, (jo)= . j}szM — :
Em[i+ &)1+ j&,)+ 4?]

226

The normalized transfer admittance is:
. Y, (jw) 24
Yzln(fm)z = 3 T )
Yo (jo) 1+4 &, + jIE +E&;

According to (11.58), the normalized admittance or normalized
current depends on the detunings &, &. Therefore, the amplitude-
frequency characteristic is a set of surfaces ¥21,(®) = f (&1, &). The plane
with the axes &, & is called the detuning plane.

Cuttings of the surfaces Ya1,(w) = f (&, &) by planes perpendicular to the
detuning plane give the amplitude-frequency characteristics (AFC).

In the case of non-identical circuits (§; # &), these curves are
asymmetrical, which corresponds to distortion of signals as they pass
through the circuit. That’s why using identical circuits (§; = & = &) is

(11.58)

preferable.
Then
; 24
feY (@) _
Yé]n(jm) - Y21n (m)eﬂp ? - 1+A2 _§2 +2j‘t=’
where
24
Yo, (@)= = (11.59)
\/(1+A2 —&2) +4E?
. 28
— amplitude-frequency characteristic; @(w)=—atan m

phase-frequency characteristic.
In order to determine the resonance frequencies let us study the
function ¥>1,{(w) =f (&, &) for extremes:

4%, &) _, , ! _ 1 .
g (+a? -8 ) +487 /(s a2 —2) 4482
That is

offi+ 42 —£2)-28) + 82 =0,

gl- 42 +€%)=0. (11.60)
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Solving (11.60) we get

§o=0; Ep=tvd’-1- (11.61)

So, from (11.12) and (11.13):

1
W, =0, 1+—E& |, 11.62
res 0 { 2Q &J ( )
then at &= 0 we get one resonance frequency
|
Qo= 00 = (11.63)
4] 0 (—LC
at &, =+ A% —1 we get another two resonance frequencies
1

[T =m0[1 i@ A? —1]. (11.64)

The analysis of the expressions obtained shows that the number of
extremes in the AFC depends on the coupling factor 4. Let us consider
possible states.

1. 4 < 1. The coupling is looser than optimal. From (11.61) we get one
solution &=0. That is, according to (11.62) and (11.63), a resonance is

I
JLC
24
Y, (o, )= .
21}?( 0) 1+A2

For A <1 we get %,;,(®,) <1, the current in the secondary circuit

does not reach a maximum value. Particular resonances have been
established in the system.

Determine the bandwidth. From (11.59), for the bandwidth
frequency limits we get:

achieved at one frequency w, =

. From (11.59), at £ = 0 we get:

(11.65)

24 24 1

Hence, we get the equation:

i +2(1- 47)E2, ~(1+ 42)" =0

YZln (AG)) =
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Its solution is the following;:

&ﬁmi,Z =i\/A2—1+J;(/f‘—'i‘l)-

Now, the frequency limits are:

Dtz =mo[1$51§\/A2—1+,/2(A4 +1)}.

The bandwidth is

pp— Y 1
B, :mmz_u;”m;:-g_\/f—1+1/z(/{4+1) . (11.66)

For a very loose coupling (K <0,01), i.e. 0= 0»= 0 we get
A=KQ<<0,010. (11.67)

Substituting (11.67) into (11.66) we get

0,640,
30,707 = .

3

This is less than with a single circuit [BO = —é—J .

Having similarly calculated B, =%)° , we get the following for the

bandwidth ratio
_ BD,'IO’.‘ _ 0,64030Q
! By 1y O3w,

=0,213,

which is far greater than with a single circuit.

Thus, a higher selectivity is achieved even with particular resonances
in a system of coupled circuits.

Fig. 11.30 shows the amplitude-frequency characteristic ¥;;,() for 4 < 1.

2. 4 = 1, the coupling is equal to optimal. From (11.61) we also get
one solution & = 0. That is, as in the case with 4 < 1 a resonance is

achieved at one frequency ®, = J;_C . However, according to (11.65)
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| 24

| Y,,, (00, )= =1, 1,4 _ . .
| 2 (%) 1+ 4° For A =1 By;;= \f2_Qa)0 :-3-;2—(00. It is greater than with a single
Le. the current in the secondary circuit reaches a maximum value. We ) ® o 4. 440
have a total resonance in the system. The bandwidth is determined from circuit By, = EU Having similarly calculated B,, =———= we get
(11.59) as: .
) (L0) 24 1 the following expression for the bandwidth ratio
Y, \4,0)= = B
1,410,0
| e d? —E2 Fpar2 2 Ky =2 _ S "R _ 318,
] \/( &llm) Eiim B By, Q4,440
4 Lin(@) A=1 This is greater than with a single circuit and with coupled circuits for
A<l
The amplitude-frequency characteristic ¥5;,(w) for 4 =1 is given in
| | Flg. 11.30.

3. 4 > 1. The coupling is tighter than optimal. There are three
resonance frequencies on the basis of (11.63) and (11.64). For £ = 0 at
the frequency g, we get from (11.59):

24
}’2,,,(&)0)=1+A2<1. (11.68)

ve

That is if 4 exceeds 1 at the frequency @y, a dip occurs in the curve
of the amplitude-frequency characteristic, and the current in the
|l From here we get the equation: secondary circuit reduces.

Determine the value of 4, with which the current reduces to

Fig. 11.30

Bhn +1-42) =442, 1 .
—\/__2— =0,707 of the maximum value. From (11.68) we get

./ k 24 |
Stz =TV +24-1. Yn(fﬂo):n,«;z:ﬁ'

i1 Its solution is:
J
1
‘ |

}
‘ The frequency limits are: Hence
1 A=2+1=2,41.
1l I
| ' il Qim0 = mo[l ¥ 20 A* +24 -1} That is for 4 = 2,41 the bandwidth, according to Fig. 11.30, is still
| ‘ continuous. For 4 > 2,41 it breaks down into two parts.
i The bandwidth is From (11.59) for &, = 4% ~1 we get
{1 Oy =Wy 2 24
il By=—timz— mi = [24041 e .
M‘ : ’ 0, 0 Vo (42) = . 2 > =i
il \/(1+A“—A+l) +4(47-1)
il
| 23 ‘
I 2 ' 231




That is the current reaches a maximum value. Complex resonances
have been established in the system. The bandwidth corresponding to
A =12,41 is determined as:

3,1m
Bo,'m? = 0 =

It’s much greater than at 4=1. Having similarly calculated
7,28wm,

By g7 = we get the following expression for the bandwidth ratio
B
X = 3,1m,0 =0,426
Byy7 01, 28w,

which is greater than at 4 = 1.

A system of two coupled circuits is the simplest. Multiply coupled
oscillatory circuits consisting of three or more circuits have wide
application. Multiply coupled circuits allow higher selectivity.
Table 11.1 represents dependence between the bandwidth ratio and the
number of circuits in a system; we can see that with » = 10 the
frequency characteristic is close to the ideal one.

Table 11.1

n 1 2 3 o 5 6 7 8 9 10

K, |01 ]| 0426|064 | 081|089 |09 (098|099 | ~1,0|~10

Example 5

There is a system of two coupled circuits (Fig. 11.31) with identical
parameters:
R =R,=R=24Q; C; :C2 =C=12nF; G, =18 nF;

L =L =L=05mH.

” Y Y\

|
e
(81 (&)
R,
Cpn——
iy
Fig. 11.31
232

Determine the resonance frequency, the quality factor O, the
coupling coefficient £, the coupled factor 4 and the maximum current
L, forE=1V.

Solution

As the circuits have the same parameters, the resonance frequencies
and the quality factors of the circuits are also identical:

1 i
fo= — O =0, =
*“omfIc,’ 0=z TR
Here C;,,C,, — self capacity of the circuits
R I s ) BT
C+Cy 12+18
Then
= : =21,23 kHz;
2m4/0,5-107°-1125- 1072
-3
o= J 520 _org
24V1125-10™
The coupling coefficient
X, X, 1
= =—; x,=
vPiP2 P @, Ciz
Then

_logG, G, 1125107
TGl C, 18107
The coupling factor:
A=k0Q=0,0625-27,8=1,74.
The maximum current in the secondary circuit:
E 1

I, =—=——=20,8 mA.
2R 2-24

=0,0625.

Example 6

The antenna circuit 7 (Fig. 11.32) is inductively connected to the
input circuit 1T of an amplifier. Both circuits are tuned to resonance to

the frequency of the received signal w, =2,5- 10% s7!.
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The EMF E, =100 mcV is induced in the antenna circuit. The
parameters of the circuit are: R =10; R, =20 Q; L =200 mcH;
L, =400 mcH the coupling coefficient k = 0,03.

M
R, ' Ry
I
-to the
GD L input of
& amplifire
I

Fig. 11.32

Considering the input impedance of the amplifier infinite,
determine: the capacitances C; and C, , the qualities factors Q, and Q,

the mutual inductance AM; the current in the second circuit I,; the
voltage at the output of the amplifier U,, at the frequency £, the
coupled frequencies ;, and w,; the current 7, and the voltage U, at
the output of the amplifier at these frequencies.

Solution

The resonance frequency of the circuits:

1 1
0, =F——=0,, =—
01 "_LlC'l 02 ,'LZCZ'

1 1
®h  (2,5.10°)200-10°

=@, =2,5%107° 57,

Hence

G =800pF;
b 1

oL, (2,5-10°) - 400-10°
The O-factors of the circuits

: —6
oL [L_1 [200 10_]2 st
RA\C, 10V800-10

2 =400pF.
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-6
0= L [L_1 /400 10° 5o,
RA\C, 20Y400-10

Le. the O-factors of the circuits are the same.
The mutual inductance M will be determined from the expression for
the coupling coefficient:
M

JhLL,

M =k LL, =0,03v200-10°-400-10° =8,5 uH.
The generalized detuning of the circuit;
Wy O
& =9 [_QL"_OJQ £=0 (C_DQ'__G)LJ
W, Oy Wy, @
For oy, =@y, =®, the generalized circuit detuning & =&, =£=0.
The coupling factor:

k=

Then

X, _ oM 2510°88-10°

4= \/R:Rz “JRR, 1020 b
The current flowing in the secondary circuit:
I,= EA ‘
\/RI\/(HAZ —&7)" 142
For £=0:
___ Ed 100-107° 1,5 _3.26 A,

©(1+4) YRR, (1+4152)Vi020
The voltage at the output of the amplifier:
U, = Lo,L, =3,26-107°-2,5-10°-400-10° =3,27 mV.

The coupling factor 4 = 1,5, i.e. it is optimal. The system has three
resonance frequencies. Two of them, at which the current Ly 18
maximum, are called the coupling frequencies.
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Determine the attenuation of the circuits:
o 50

The critical coupling coefficient for a system of coupled circuits with
three resonance frequencies is determined by the expression:

. _\jdf+d§ :J0,022+0,022
cr 2 2

=0,02.

The coupling coefficient is specified as £=0,03>£_,, i.e. there are
the coupled frequencies w,;, ®,, that are determined as:

6
20 =2,47-10s7};
\[1+,/k2 K, \/1+ J0,032 - 0,027
6
Gosid =2,53.10 57

J \/ -K \/1~ 0,03% —0,02

From the formula
1
= 14—
Wy = 0 ( 20 &)
we get the generalized circuit detuning

6
_20(oy, — ) _ 2-50-(2,53-10° -2,5-10°)

- =12
. g, 2,53-10°
The current 1,,, in the secondary circuit for £=1,2 is
I,=- EA _
JRR, J 1+4% - E +4§2
5
_ 100-10™ 1,5 —3.35.10~.

\/10-20\/(1+1,52 =12 )2 +4:1,27
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