
Phase delays and interference

in phase out of phase
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The 1D wave equation
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Linear superposition of waves
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Complex (phasor) representation of waves
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Solution to the standing wave using phasors
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The 3D wave equation

Plane wave Spherical wave
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Planar and Spherical Wavefronts
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Planar wavefront (plane wave): 

The wave phase is constant along a 
planar surface (the wavefront). 

As time evolves, the wavefronts propagate 
at the wave speed without changing; 
we say that the wavefronts are invariant to 
propagation in this case. 

Spherical wavefront (spherical wave): 

The wave phase is constant along a 
spherical surface (the wavefront). 

As time evolves, the wavefronts propagate 
at the wave speed and expand outwards 
while preserving the wave’s energy.



Wavefronts, rays, and wave vectors

kk

Rays are:

1) normals to the wavefront surfaces 

2) trajectories of “particles of light” 

Wave vectors: 

k

k

At each point on the wavefront, we may 
assign a normal vector k

This is known as the wave vector; 
it magnitude k is the wave number and it 
is defined as 
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