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The 3-D Geometry of an
Electromagnetic Wave

Visualizing the fields, propagation, and equations of light.

Class 12 Physics « Chapter 8.3.2
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The Foundation:
Mutual
Perpendicularity

The defining feature of an
electromagnetic wave is
its 3D geometry. The
electric field and
magnetic field are always
mutually perpendicular to
each other AND
perpendicular to the
direction of propagation.
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FIG 8.3: LINEARLY POLARISED EM WAVE
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The Anatomy of the Wave Equations

E, = Eq sin(kz - wt)

[Eq. 8.7(a)]

The shared phase factor mathematically proves what we see visually:
the fields oscillate together in space (z) and time (t).

|

B, = By sin(kz - wt)

[Eq. 8.7(b)]




Defining the Wave Parameters
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Zone 1 Card (Spatial) Zone 2 Card (Temporal)
Wave Number (k): The magnitude of the wave Angular Frequency (w): Represents how the wave
vector representing spatial frequency. A is the oscillates through time.
wavelength. " 5
\ y

Zone 3 Card (Speed)

\ 4

Wave Speed: The spatial and temporal frequencies
combine to define ¢, the speed of propagation.




Amplitude Relation and Speed Comparison
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The magnitudes of the fields are intrinsically linked, separated
only by the massive constant of the speed of light (c).
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Speed in Vacuum
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Calculated using constants for free space
permeability (u,) and permittivity (g,).
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Speed in Material Medium
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Velocity drops based on the specific electric (g)
and magnetic (u) properties of the
surrounding medium.
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Key Takeaways » Knowledge Check i
1. E-field (Crimson), B-field (Teal), If a plane EM wave travels in the
and propagation direction (Navy) +x direction, and the Electric field

are always mutually perpendicular, oscillates in the +y direction, what
is the direction of the Magnetic

2. Both fields are described by | field?
In-phase sinusoidal equations
sharing the same (kz - wt) phase. ,

 Answer: +z direction.

3. Wave speed is fundamentally
determined by the electric (g) and Determined by the vector cross

magnetic (u) properties of the i product rule E x B.
medium.
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