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Before tackling mutual inductance, recall that self-inductance (L) is the property of a single coil where a change in
current induces a voltage opposing that change:
di
vV=L—
dt

where

* v Is the self-induced voltage (volts),
e [ is the self-inductance (henries, H),

di

e 7 isthe rate of change of current

This arises because a changing current produces a changing magnetic flux, which induces an EMF (electromotive

force) opposing the change — Lenz’s Law.
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When two coils are placed so that the magnetic field produced by one links with the other, a curious phenomenon
arises — the voltage induced in one coil depends not only on its own current but also on the current in its neighbor.
This magnetic coupling between coils 1s called mutual inductance. This concept forms the foundation for

transformers, inductive sensors, coupled circuits, and wireless energy transfer systems.

Now imagine two coils, coil 1 and coil 2, close enough that part of the magnetic flux created by one passes
through the other.

When the current in coil 1 changes, the time-varying magnetic field it produces links with coil 2, inducing a
voltage in it.

Similarly, if the current in coil 2 changes, it can induce a voltage in coil 1.

This interaction is called mutual inductance (M).
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Lecture 4
Parameter Description
Ny Number of turns in coil 1
N, Number of turns in coil 2
(2P Portion of magnetic flux linking coil 2 due to current /;in coil 1
Dy, Portion of magnetic flux linking coil 1 due to current I,1n coil 2
D, The magnetic flux emanating from coil 1
D, The magnetic flux emanating from coil 2
M, The mutual inductance as seen by coil 2 due to current in coil 1
M, The mutual inductance as seen by coil 1 due to current in coil 2
k Coefficient of coupling
M=M, =M, M = kL,L,
Pz Pn | [ _%u__ ®u
P Py + Py, P, Doyt Py
0<k<1

Assist. Lect. Ibrahim 1. Ibrahim



EPE 203 Electric Circuits Analysis I Lecture 4

Induced Voltages in Coupled Coils
For two magnetically coupled coils:

diq dis
vy = L — 4+ M—2
I dt
vy = L, 22 4 %
2= S dt

The sign of the mutual term depends on the relative polarity of the coils — that 1s, whether

the induced voltage aids or opposes the self-induced voltage.

This 1s where polarity and the dot convention come 1nto play.
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Polarity of Induced Voltages

The polarity of the induced voltage in the secondary coil depends on Lenz’s Law:

The induced EMF always acts in such a direction as to oppose the change in current that
produced it.

If the current entering one terminal of coil 1 produces a magnetic flux that enters the dotted
terminal of coil 2, then both dotted terminals are said to have the same polarity.

If the flux produced by coil 1 leaves the dotted end of coil 2, they are of opposite polarity.
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The Dot Convention

To 1dentify relative polarity, each coil in a pair 1s marked with a dot (®) near one terminal.

The dot convention tells us how the voltage and current directions are related between coils.
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Rules of the Dot Convention:

1) Current enters a dotted terminal of one coil — the induced voltage in the other coil has positive polarity at its
dotted terminal.

2) Current leaves a dotted terminal of one coil — the induced voltage in the other coil has negative polarity at
its dotted terminal.

3) The dots define whether the coils are aiding or opposing each other magnetically.

Thus, the reference polarity of the mutual voltage depends on the reference direction of the inducing current and

the dots on the coupled coils.

The four fundamental cases of applying the dot convention for mutually coupled inductors are shown in the
next slides in details.
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Case (a)

Current: 21 is the source current in the left coil.
Current Entry: 7; enters the dotted terminal of the left coil.

Induced Voltage Polarity: Following the dot convention, the voltage v induced in the right

coil must be positive at its dotted terminal.

Resulting Equation: The voltage v is defined as positive at the dotted terminal, which

matches the required polarity.

di
vy = M—2* M

d =R
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Case (b)

Current: 2, is the source current in the left coil.

Current Entry: 7, enters the dotted terminal of the left coil.

Induced Voltage Polarity: Following the dot convention, the voltage induced in the right

coil must be positive at its dotted terminal.

Resulting Equation: The voltage vs is defined as positive at the undotted terminal

(opposite to the required polarity). Thus, a negative sign is needed in the equation.

V9 =

di,
ML
dt

Lecture 4
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Case (c)
» Current: i5 is the source current in the right coil.

« Current Entry: i, enters the undotted terminal of the right coil.

» Induced Voltage Polarity: The voltage v, induced in the left coil must be negative at its

dotted terminal (or positive at its undotted terminal).

» Resulting Equation: The voltage vy is defined as positive at the dotted terminal. Since the

induced voltage is positive at the undotted terminal, a negative sign is needed.

dis M

M = M—= !
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Case (d)

« Current: 12 is the source current in the right coil.

» Current Entry: i3 enters the undotted terminal of the right coil.

« Induced Voltage Polarity: The voltage v; induced in the left coil must be negative at its

dotted terminal (or positive at its undotted terminal).

« Resulting Equation: The voltage v; is defined as positive at the undotted terminal, which

matches the required induced polarity.

dis M
v = ﬂ{f—a jz
-
ﬁ ‘—
i~ -::: &
M—
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Ex1: Calculate the phasor currents I; and I, for the circuit shown below.

_ j3Q _
—j4 0 —j4 L2
H m | - -
_ E o 1 SE 36
o S o 2z 8 C ) <
12/0° V ii} r”n\“ jSQ = = j6Q q = 12Q 12/00(%) GD @ S 120Q
- }I . . - [ JI,EIJ _IIIRIJ ¥,

jli — j3L, =12 ....... (From loop 1)
(12 +j6)I,

—j3I; + (124 j6)I, =0 .......(From loop 2) = I; = 2

=(2 = jd)I, (Eq.1)

1_2' =291214.04°A (Substituting this in Eq. 1)

(2+4-jDp=12= 1 = =

I, = (2—j4)l, = (44724—-63.437)(2.912£14.04") = 13.012 — 49.39°A
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Ex2: Calculate the mesh currents in the circuit shown below.
(4 +j3)I; — j8I, = 100 .......(From loop 1) a0 A8 80
< —j8l; + (5+j18)I, =0 ....... (From loop 2) ' ! Y
) 29
4+ j3 —j8 ] [[1 B [100] 100,/0° v (*) l/h} j6Q I/]—} wgz
- —j8 5+j18||L] L0
4 +j3 —j8 - Ay 100(5+j18) o
= , , = 87 [, =—= : = 20.343.5A
A [ —j8 5418 30 +38 L7A 30 + j87
100 —Jj8 _ A, j800 o
A= . = 100(5+j18 [, =—= = 8.693219 A
10 5+j18 (> +]18) 27 A T 30+87
_[4+j3 1007 .
A,= 8 0 = j800
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Homework

1) Practice Problem 13.1 (page 562)

The practice problems mentioned above, can be found on the textbook of “Fundamentals of
Electric Circuits” 5’th edition by Charles K. Alexander & Matthew N. O. Sadiku
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