RY | R.[[RT 1 ||RA[(RY, 1 | R
e
=‘(%] +[%]2+LIC=L10=(\JI}_C_T=G)%

0 = 0

4.3 COUPLED CIRCUITS

%Leaming Objective (LO 3) |

o Students will be able to derive the expression for self inductance, mutual
inductance, coefficient of coupling in coupled circuits. "

|
|

Two circuits are said to be coupled when energy transfer takes place from one
circuit to the other when one of the circuits is energised. The coupling may be conductive,
inductive or magnetic.

When two coils are placed nearby and current passes through any one or both of
the coils, they become magnetically coupled. Then the coils are known as coupled coils.
If the coils are part of a circuit, the circuit is known as a coupled circuit.

4.3.1 Self Inductance

Figure 4.11 shows a coil of N turns carrying current i N sl
i. ¢ is the flux produced in webers. If the current ¢ - Jr
through the coil changes, the flux ¢ also changes. By Fig. 4.11

Faraday’s law, change in flux induces an emf in the coil.

The induced emf is proportional to rate of change of flux.

do
€ dt

N dé
C o dt
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2 s
e negative sign indicates that the emf induced i
(ed emf 18 2150 proportional to the rate of ced is opposite to flux causing it The
ind" 5 change of current causing the flux ¢-
i
T
di
e =- L —
dt ..A2)
.. the self inductance of the coi
fbere L s ) ¢ coil. The negativ . . qe £
gduced ;s opposite to the current causing it. gative sign indicates that the et
Equating (1) and (2)
do di
N = La
Ndo=Ldi
do
L=N—-
di
For constant permeability
_Ne

i
is defined as the flux linkage (N 0) produced in the coil

Self inductance of a coil
coil. The anit is henry.

per unit current in the same

432 Mutual Inductance

1 1. Ng be the number of turns in coil 2. If &
es varying current {,. The

urns in col o the
cted 1O coil 1, 1¥ produc .
ne It is shown 1n figure 4.12 (a)

Let N 1 be the number of t
nging flux ¢1 in it.

Vipast

dl‘ylng - l ' . o

Vary; oltage source Vy is ¢
g current I, produces @ cha

The flux 0, is divided into two parts
0~ ¢11 + 412
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where @1 is the part of flux ¢;, which links only with coil 1. 012 is the part of flux 0
which links with both the coils 1 & 2. Let the induced emf in the coil 2 be ey. The

induced emf ey is proportional to the rate of change of flux in the coil 2.

doqo
‘2% Tqr
N doqg
82 — z_d_t U.v(3)

The induced emf is also proportional to the rate of change of current causing the
flux ¢5. The current causing the flux ¢, is 74

dll
2% ar
diy (4
€9 = _ME ~(4)

Equating (3) and (4)

d 913 dy

dt ~ T dt

_N2

N2d¢12=MdL1

d 19
M=N, i
If permeability is constant,
PERLY e (8)
S

If a varying voltage source V, connected to coil 2 produces a varying current [y
The varying current I, in coil 2 produces a change in flux ¢, in it. It is shown 10

figure 4.12 (b). The flux ¢, is divided into two parts.
by = g9 + G2y

where ¢y, is the part of flux ¢, linking only with coil 2 and ¢, is the part of flux &
linking with coil 2 and coil 1. Let the induced emf in coil 1 be e;. The induced em! ¢;

is proportional to rate of change of flux in coil 1.
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ey o L 021
dt
d ¢,
Pr-Nr§? .(6)
The induced emf is g]g, Proport,

fux 0g1- The current causing the f]

ional t the rate of ch

UX Gy, is iy ange of current causing the
Ry
dt
Equating (6) and (7)
do di
-N, 21 _ “h2
dt dt
ddgy
M=N:-g,
If permeability is constant,
Nj 691
M= _—1—— .. (8)
2

Mutual inductance is defined as the ability of varying current in one coil to produce
utual in

an induced emf in the other coil.

Mutual inductance between two
Per unit current in the other circuit

M
433 Co-efficient of Coupling (K) (or)

o i dast
Co-efficient of coupling 18 define

“lU linking the other coil.

012 921

oy 2
N] ‘bzl
NZ-(?.M and M= l;

We know M=

Ly

M@['

3

Its unit is henry. o
circuits 18 defined as the flux linkages of one circuit

agnetic Coupling
he fraction of the total flux produced by one

Nyda1
B
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M2 - Ni Ny 012 9z

l:| 1'2
where P12 = K¢y and ¢y = K ¢y

2
or M2:K N2N1 q)] ¢2
L2L2
a2 gz Nt | Nao
i )
2 2
M =K L1L2
M=K\L,L,
M

K=

m e (9)

The value of K depends on the spacing between the coils. As spacing increases,
K decreases. K is always positive and its maximum value is 1.

The maximum mutual inductance occurs when K =1 and so

max = VL Ly ... (10)

M

EXAMPLE 40: Obtain the maximum possible mutual inductance between two coils of
inductance 16 H and 4 H.

Solution : J

M=KA\L, L,
For maximum possible mutual inductance, K = 1

L,=16H, Ly=4H
Mmux = \[141 Lz = ‘v/l.(); X 4 = \/64

M-8H
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EKAMPLE 41: Two inductively cou 4.49

? 200 mH. If the coefficie,,

/ t of . > self |

2ween the coils and (ii) wy, Oubling is 0 5 () Fip f euclance Ly=50 mH and

ot at is the masim, d the valye of mutual inductance
Um possibje Mutual inductan;*e” l

— |

Solution :

Ly=50mH, L, = 200 my
) K=05; M=K NL, L, =0-5MF

M=50x103q
i) Maximum value of the inductance occurs when K =1

M=+\L, L, =50 x 103 x 200 x 10 3

M=100x10"3H

IXAMPLE 42: Two identical coils A and B of 1000 turns each lie in parallel planes
uch that 80% flux produced by one coil links with the other coil. A current of 5 A flowing
ncoil A produces a flux of 0.05 mWb in it. If the current in coil A changes from
t12A to — 12 A in 0.02 s, calculate. (i) the mutual inductance (ii) the emf induced in
he coil B

olution: :
N, =N, = 1000 turns, ¢; = 0.05 X 103 Wb
019=0.8 x 0.05 x 10”2 = 0.04x 10 Wb

) Mutual inductance

-3
1000 x 0.04 x 10"~
1000 x 0.04 x 10
5

3
M =8 le:?H

) EMp induced in the coil B

diq
92 = M dt A
=24
dil = 12’ (’ 12)
gx 10 2% 24 _g gvolts
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EXAMPLE 43: The number of turns in two coupled coils are 500 turns and 1500 tyurpg
respectively. When 5A current flows in coil 1, the total flux in this coil is 0.6 x 10 > Wb ang
the flux linking the second coil is 0.3 x 10" * Wh. Determine L, Ly, M and K.

{smution : ]

N, =500 turns, Ny = 1500 turns, iy =5 A, ¢;7 = 0.6 x 10" > Wb
¢12 =0.3x10 S Wb

Nyo3 1500%0.3x107°

M
1-1 5

M=0.09H

01=019+01;=0.6x10"2+03x10 2
6;=0.9%x 1073 wh
_N1¢1 500x0.9x10°°

Ly

1 5
L,=0.09H
— 3
K=¢12=0.3><10 0333
o1 09x10”
M=K VL1L2
2 2
Lo M 009

CK*L; (0.333)%%0.09

L,=0.81H

4.3.4 Dot Rule
For analysing coupled circuits, coils are marked with dots as
shown in figure 4.13. og .

1. If both currents enter or leave the coils through the dotted
ends of the coil, then the sign of M is positive.

2. If one current enters a coil through the dotted end and Fig. 4.13
the other leaves the coil through the dotted end, then the
sign of M is negative.
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2
, 4 show
Figure 4.1 s coupled cu‘cults having positive mutual inductance

S[IgE I =

1

fﬂz}%: Hie

Fig. 4.14

Figure 4.15 shows coupled circuits having negative mu

i e b

tual inductance.

e Fig. 4.15 =
435 Coils
Conductively Coupled _ L, and L2 and having 8 nutual inductance M between
1

Two coils of self inductance

them can be connected in fou
Lies opposiné

43 5
1 Se . )
ries aiding '/Ll y N ’
. IO'O()UL_, — leoog(j\m .
I+
oy
o
4.16
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Figure 4.16 shows two inductors connected in series aiding.
The equivalent inductance is given by
Leq = Ll + L2 + 2M

_9®
L =7

¢=LI
=01 +0
=L +MI,
bg=Lolp+M1I;
o=LI=L I +MIy+Ly I+ M1,
Here, I,=I5=1

.'.L=L1+L2+2M .. (11

4.3.5.2 Series opposing
Figure 4.17 shows two inductors connected in series opposing.

The equivalent inductance is given by
L,,=L, +Ly-2M
o=LI
o =L,-MI,
=Ly Ip-MI;
o=LI=L,I;-MIy+LyI,-M1I,
Li=1,=1

L=L,+Ly-2M .. (12)

4.3.52 Parallel aiding
Figure 4.18 shows two inductors connected in parallel aiding.

The equivalent inductance is given by

L LyL,-M*
CQ-L1+L2_2M

ijlll'i'j(!)Mlz:V

JOMI +joLyl,=V
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Solving we get the loop cypy
: nts 1 1 and ], a4
I Jo (L2 -M)V
1579 5 —
o (M? - LyLy

_Jo&,-Mv
mz(Mz-Lle)

2

The total current drawn from the source is given by
JoLy+Ly-2M)V

The equivalent impedance Z is given by

2 .
o’ (M -Ly Ly _Jod, L,-M?
j(D(L1+L2—2M)— L1+L2—2M

Z: =

14
I

The equivalent inductance is given by

2 -
L. = Lle-M .. (13)
eq_Ll +L2—2M

(353 Parallel opposing . |
Figure 4.19 shows the two inductances are connected in parallel opposing.
. . b I / “ \
The equivalent inductance is given by l .
| 1
j(DLIII—j(DM12=V v 5 )
—jwMIl+ij212=V l | A
and Iz 28 Fig. 4.19

Solving we get the loop current I
jody WV
h= 21,1
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The equivalent impedance Z is given by
v o MLy Ly
I jolyt+Ly+2M)

JodyLy- M?)
- Ly+Lg+2M

The equivalent inductance is given by

Ly Ly-M?
€q” L, +Ly+2M

... (14)

L

EXAMPLE 44: Two coils connected in series have an equivalent inductance of 0.8 H
when connected in aiding and an equivalent inductance 0.4 H when connected in

opposition. Calculate the mutual inductance.

i Solution :
L,+Ly+2M=08H ... series aiding
Ly+Ly-2M=04H ... series opposing
Solving we get
4M=04H
M=01H
. Mutual inductance M=01H

EXAMPLE 45: Determine the equivalent inductance of series combination.
e 4H\A
W
b SH TH
 Solution : J
L1=5H,L2=7H,M=4H

The equivalent inductance is given by

Leq=L1+Lz~2M=5+7~2X4

Equivalent inductance L, ’=‘i HJ
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