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Mutual Inductance

Understanding how nearby coils influence each other magnetically.




CORE CONCEPT

The Invisible
Magnetic Link

When an electric current varies in one
coll, it induces an electromotive force
(EMF) in a neighboring coil.

e A changing current in Coll 1 creates a
changing magnetic flux.

e This magnetic flux links with Coll 2.

e The changing flux through Colil 2
induces a current in it (Faraday's Law).
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Two Long Coaxial Solenoids

To calculate mutual inductance, we use a system of
two solenoids of the same length ({).

Inner Solenoid (S1)

e Radius: ry
e Turns per unit length: nq
e Total turns: IV,

Outer Solenoid (S2)

e Radius: 79
e Turns per unit length: no
e Total turns: Vo
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FLUX LINKAGE

Calculating Mutual Inductance (M)

General Rule For Coaxial Solenoids
Flux linkage in Coil 1 is directly proportional Derived from B, = Uy n, I,
to the current in Coll 2.
e S 2
qu)l — Mlzfg A = /u,onlngm"ll
Where M,, is the Coefficient of Mutual Note: Depends on the inner radius (r;) and

Induction. total length (I).

TopAll




Induced EMF & The Symmetry Principle

Induced EMF Relation
By applying Faraday’s Law (¢ = -d®/dt) to the flux linkage equation:
_ ik
Gl B,

The negative sign indicates opposition to the change in current (Lenz's Law).

Mis = Moy =M

The mutual inductance of coil 1 with respect to coil 2 is exactly equal to the mutual inductance of
coil 2 with respect to coil 1, regardless of their shapes or sizes!




DEPENDENCIES

omijije

Core Medium

If a medium with relative
permeabllity (U.) IS
Inserted, M Increases.

M = pponinomryl

Factors Affecting Mutual Inductance

ElS

Separation Distance

As the distance between
the two colls Increases,
the magnetic flux linkage
decreases, reducing M.

&2

Relative Orientation

M Is maximum when colls
are parallel (coaxial) ana
Zero when they are
perpendicular to each
other.
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QUICK REVISION TopAll

Wrap-Up
Key Takeaways
@& Mutual inductance (M) links the changing current in one coil to the induced EMF in
a nearby coil.
dls
& General Formula: €1 = — o

& For long coaxial solenoids: M = j.!,gnlng‘zr?‘%l

& Always remember the symmetry rule: M19 = Mo;.
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