Magnetically Coupled Circuits
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Figure 11-1: Magnetically coupled coils.
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(a) Dots on same ends
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Example 11-1: 1 kHz Circuit

Determine load current #j.(¢) in the circuit of Fig. 11-4(a),
given that vy(t) = 10cos(2m x 1031) V), Ri=35

=Cy=10pF, Ly =1mH, L) =3mH, M =0.5mH,
and Ry, = 20 Q.

Example 11-1: 1 kHz Circuit

Determine load current ip (f) in the circuit of Fig. 11-4(a),
given that vg(t) = 10cos(2m x 1031) V), Ri=35

=Cp=10uF, Ly =1mH, L) =3mH, M =0.5mH,
and Ry, = 20 Q.
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and while Iy enters Lj at its dotted term I enters Ly at its
undotted terminal. While guided by 11-3(h), application
of the dot convention to the loop in Fig. 11-6(b) gives

Vi = jolily — joMIy = jo(L| — M)I

and Yoote the @ convention)

Vi = jwlyl; — joMIy. = jo(L; — M)L
At terminals (a, b),
Vi=Vi+Va=jo(l + L - 2M)L
—
For the circuit in circuit Fig. 11-6(c),
Vi = jowLel.
Equivalency leads 1o

Leg=Li+L2—2M.
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Figure 11-6: Finding L¢q of two series-coupled inductors

(Example 11-3).
= Ly Lo~ 20

11-2  Transformers e
ransformer core
’_':@_‘

11-2.1  Coupling Coefficient i

o + i
To couple magnetic flux between two coils. the coils may he o
wound around . 11-7(a)), on two separate el
arms of a (b, or in any other

nt faction of the 1
ith the i
ce of magnetic coupli
< 1. For a loasely coupled pair !
;mhm coupled coils, k > 0.5; and for \ T
of k depends Magnetic flux="",
uration and the

coupled e

B A et el o beMasty o siscoes pofi Magnetic flux
of the

Iluwmg, lhruui,h the coils (and hence, the strength of the

induced magnetic field). =

Mot core materal, including cir, wood. and ceramic

f nd their 1
permeability of free space. When nonferroma
are used frthecommon i

Primary port

Secondary port

(b) Rectangular core

becomes hes in weight and its behavior becomes nonlinear.




As was noted earlier i n with Fig. 11-1(a),

(a) Original circuit

(b) Equivalent circuit

Figure 11-8: (a) Transformer circuit with coil resistors R
and Ry, and (b) in terms of an equivalent input impedance Z;;,.

i1 through coil 1 generates magnetic fluxes &y through
d @2 through both coils | and 2. The coupling ~ Through energy considerations. k can be related to Ly, Ly,
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where ) = -+, The perfectly coupled case corresponds “‘: ’]"_"I‘;‘“' 1"“":‘\“':‘ M is a maximum when k = 1 (perfecily
to-when the flux coupled to coil 2, namely 3, is equal tothe  CCUPIed transforme
self-coupled flux ;. Similarly. from the standpoint of coil 2,
M(max) = /L Lz (11.22)
_%a (11200 (perfectly coupled transformer with k = 1)
[T
=Vi+ (R + joL ) — joMI; =0 (11.23a)
and
—joMIy + (Ry + jwLy +Z1)I; = 0. (11.23b)

From the standpoint of source Vg, the circuit to the right of
terminals (a, b) can be represented by an equivalent input
impedance Ziy, as depicted in Fig. 11-8(b). By manipulating
Egs. (11.23) to eliminate I>, we can generate the following
expression for Zj,:

v, w?M?
Zin=—=R1+ jol))+ ————
" sl Ry + joLy + 7y,
= (R + jolLy) + Zg, (11.24)
where we define the second term as the reflected impedance Zy,
namely
2 a02
oM °
Zr (11.25)

TRt jol+ 4L

(a) Transformer

(b) T-equivalent circuit (¢) M-cquivalent circuit

Figure 11-10: The transformer can be modeled in terms of T- or M-equivalent circuits.

Transformer dots on same ends

Ly=Li—M, (11.29a)
Ly=L—M, (11.29b)
and

L;=M. (11.29¢)

Transformer with dots on same ends

LiLy — M2
L= ——— | (11.31z
a L] M 1)
LiLy — M?
L= (11.31b)
L,—M ,
and
LiLy — M?
L= (11.31¢)
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are 11-9: Circuit of Example 11-4.

Example 11-5: Equivalent Circuit

Use the T-equivalent circuit model to determine I in the circuit
of Fig. 11-11

Solution: Use of Eq. (11.29) gives

Jwl, = joly — joM = j5— j

Jorly = joly — joM = 20— j2 = j18 Q.

and
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The T-equivalent circuit is shown in Fig. 11-11(b), Application g 30" =
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Figure 5-20: The inductance of a solenoid of length € and
cross-sectional area S is L = uﬁ_zS/E, where N is the number
of turns and p is the magnetic permeability of the core material.

11-4 Ideal Transformers

» The transformer is called a step-up ransformer

An ideal transformer is characterized by lossless coils (V2> Vi) when a > | and a siep-dewn transformer

(Ry = Ry = 0) anda maximum coupling cocfficientk = 1. The | (Vy < Vj)whenn < 1. <
TRtAT Toduetance 77 15 o maximum and given by Eq. (11.22)
as

For a lossless transformer, complex power Sy supplied by its
primary side must malch complex. power S absorbed by its
secondary:

M(max) = /LiLa

(ideal transforn:

(11.34)

S =% (11.37)

or equivalently

Aceording 0 Eg (5.52), the inductance L of a solenoid-shaped o " .
inductor is proportional to N2, where A is the number of turns ilj =Valy QL)
wound around the eore. Hence, foran ideal transformer with N1 In view of Eq. (11.36). it follows that

turms on the primary side and Ny on the secondary, as depicted

in Fig. 11-14,

1 (ideal transformer with
dots on same ends).

(11.39)

(1135
" The expressions for the voltage and current ratios given by
Egs. (11.36) and (11,39) apply 0 the eurrent directions, voltage
polarities and dot lacations indicated in both configurations of
. 1114,

where st = Na/N is called the furns ratio.

Self-inductance refers 1o the magnetic-llux linkage of a coil
(or circuit) with itself. in contrast with mutual inductance,
which refers to magnetic-flux linkage in a coil due to the
magnetic field generated by another coil (or circuit). Usually.
when the term inductance is used, the intended reference is 1o
self-inductance. Mutual inductance is covered in Chapter 11.

The (self) inductance of any conducting system is defined
as the ratio of A to the current i responsible for generating it,
given as

(H), (5.51)

and its unit is the henry (H). so named to honor the American
inventorJoseph Henry (1797-1878). Using the expression for A
given by Eq. (5.50). we have

L

(solenoid). (5.52)
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The inductance L is directly proportional to y, the magnetic
permeability of the core material. The relative magnetic
permeability i, is defined as

"
o'
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where g = 4 x 1077

free space

(H/m) is the magnetic permeability of




