CLASS 12 PHYSICS » CHAPTER 8.3 A

When Fields Start
Traveling on Their Own

Understanding the core mechanism of
electromagnetic wave propagation.
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VACUUM PROPAGATION




THE ENGINE OF PROPAGATION é

Two Fields Generating Each Other ™
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THE MATHEMATICAL BRIDGE gé

Maxwell’'s Equations in Vacuum TopAl

Faraday’s Law

Changing Magnetic Field - Electric Field

A changing magnetic flux induces an electric
field in the surrounding space.
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Ampere-Maxwell Law
Changing Electric Field > Magnetic Field

Maxwell's addition: A changing electric flux
(displacement current) induces a magnetic field.
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THE PHYSICAL REALITY

A Self-Propagating Disturbance in Space
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/ NO MEDIUM REQUIRED

Unlike sound or water waves, EM waves don't B

need ordinary material vibration. They are self-
sustaining osclllations in the fabric of space itself.

Speed of propagation in vacuum

Z o is a universal constant:
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SCALE & APPLICATION A

Connection to the Electromagnetic Spectrum .

Microwave Infra V Ultraviolet X-ray Gamma
(01 m -1 mm) (1 mm - 7C M = 400 nm) (400 nm-1nm) (1 nm - 10-3 nm) (< 10" nm)

One Mechanism, Infinite Variations: The self-sustaining physics remain identical across the
entire spectrum. Only the frequency changes.

vA = c (Frequency x Wavelength = Speed of Light)




Key Takeaways
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The Genesis: Accelerating charges initiate the disturbance by radiating energy.

The Mechanism: Changing electric fields and magnetic fields mutually
generate each other in a continuous, infinite loop (Maxwell's symmetry).

The Independence: The resulting wave is a self-sustaining disturbance in a
vacuum—requiring no physical medium to vibrate.

The Unification: This single, elegant mechanism unites all forms of light across
the entire electromagnetic spectrum.
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