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CHAPTER 6.7.3 * ELECTROMAGNETIC INDUCTION

Energy Stored In An Inductor

Understanding magnetic potential energy, work done against back-emf,
and magnetic energy density.




Work Done Against Back-EMF T‘%

Self-induced emf (e = -L dl/dt) always
opposes the growth of current in the
circuit.

It acts as electrical inertia—just as
mechanical mass resists a sudden
change in velocity.

To establish the current |, the external
voltage source must actively do work
against this back-emf.

POWER EQUATION:

dW/dt = |¢e]| |




Deriving Magnetic Potential Energy TopAll
Rate of Work Total Work Integration
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Magnetic Energy (U)

U ="%LI°

The total work done Is entirely stored as magnetic potential energy within the inductor.
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CONCEPT COMPARISON A

Mechanical vs. Electrical Systems -

Classical Mechanics . Electromagnetism mm

Inertia Property: Mass (m) resists Inertia Property: Inductance (L)
changes in velocity. resists changes in current.
Kinetic Energy: K = %mw2 Magnetic Energy: U = %le

Both equations follow the exact same universal pattern of energy
stored by overcoming inertia.



ESSENTIAL FORMULA ¢« EQ (6.18) TopAll

Energy Stored Per Unit Volume (uy)

Magnetic field strength (Tesla) \

Magnetic energy / 2 Permeability of
density (J/m?3) O free space

EYAM TIP Universally valid for any region of space containing a magnetic
& field, not just solenoids!
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Visualizing Energy in Space TopAl

Where exactly is the energy stored? In the magnetic field itself.
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Magnetic Field:
»| B = Ho nl

Volume:
V =A% (Area x Length)
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Substituting Land I into U = %LI2 yields the total energy U = ;ﬁ (Ao) (Al).
Dividing by the volume (Al) gives our energy density ug.



Key Takeaways

« Inductors act as electrical inertia, continually opposing any
change in current via back-emf.

« The work done to establish a current is stored as magnetic
potential energy: U = - LI>.

« This magnetic energy physically resides in the field itself,

. . 2
possessing an energy density of ug = ﬁ%'
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