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Sinusoidal Waves

A single-frequency wave may be written as

f x t,( ) A cos k x. ω t.( ).

where 
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Refractive index
Absorption
Limiting value = 1

Typical variation of refractive index

Frequency

n

         Infrared     Visible         Ultraviolet          X-ray
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Two Superposed Waves

y ωω 1 ωω 2, k 1, k 2, x, t, a cos ωω 1 t. k 1 x.. a cos ωω 2 t. k 2 x..

Take the angular frequencies to be 10 ππ.  and 11.5 ππ. ,  
wavevectors to be 10 ππ.  and 12 ππ.
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time t=0.15

The carrier has edged slightly ahead of the envelope.
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Phase velocity : 10 ππ. 11.5 ππ.

10 ππ. 12 ππ.
0.977=        

Group velocity: 11.5 10
12 10

0.75=

We expect the envelope to lag behind
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The carrier wavelength is   2 ππ.

11 ππ.
0.182=

By t 0.4   the envelope has travelled to  x 0.3   but the 
carrier has moved to  x 0.4 , i.e. the carrier is ahead by 
half a wavelength.
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