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How Tsunamis Work: Tsunamigenesis
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BZ 2 BZ 2
X Q(OH——) =Xy = =+ 2(0t+— Therefore the width varies by time.

Comparison with the value at = 0 shows that the width, initially given by 2V a, now be-
comes 2Va + - Bla = 2V a V1 + |B4/a’. The result is that the wave packet travel-
ing with speed v, spreads as time increases. When « is large, so that the packet is broad,
the spreading is small. Nevertheless it is there, and this stands in the way of interpreting
the wave packet as describing the particle itself.
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A wavepacket in a non-
dispersive medium

A wavepacket having
normal dispersion

A wavepacket having
anomalous dispersion
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https://en.wikipedia.org/wiki/Dispersion_(optics)

- .
For visible light, refraction indices n of most transparent materials (e.g., air, glasses) decrease with increasing ‘ 4 4 3 2 4 0 1 2 3 4 8
Glass component addition, mol%
wavelength A: ‘
Influences of selected glass component additionson &~
1 < n(Area) < n(Ayeltow) < 7 Abiue) » the mean dispersion of a specific base glass (ng valid for
) A =486 nm (blue), ne valid for A = 656 nm (red))'°!

or alternatively:

dn

— < 0.

dA

In this case, the medium is said to have normal dispersion. Whereas, if the index increases with increasing wavelength (which is typically the case in the ultraviolet!*)), the
medium is said to have anomalous dispersion.

At the interface of such a material with air or vacuum (index of ~1), Snell's law predicts that light incident at an angle 6 to the normal will be refracted at an angle arcsin(
siLna). Thus, blue light, with a higher refractive index, will be bent more strongly than red light, resulting in the well-known rainbow pattern.

Group and phase velocity |edit]

Another consequence of dispersion manifests itself as a temporal effect. The formula v= % calculates the phase velocity of a wave; this is the velocity at which the phase
of any one frequency component of the wave will propagate. This is not the same as the group velocity of the wave, that is the rate at which changes in amplitude (known
as the envelope of the wave) will propagate. For a homogeneous medium, the group velocity v; is related to the phase velocity v by (here A is the wavelength in vacuum,
not in the medium):

o — c B v
g dn A dn
n—A-dT 1_;4_4\'

The group velocity v, is often thought of as the velocity at which energy or information is conveyed along the wave. In most cases this is true, and the group velocity can
be thought of as the signal velocity of the waveform. In some unusual circumstances, called cases of anomalous dispersion, the rate of change of the index of refraction
with respect to the wavelength changes sign (becoming negative), in which case it is possible for the group velocity to exceed the speed of light (v > ¢). Anomalous
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f(x,t) = Asin(kx — wt)




- i df(x,t)=f(x+dx,t+dt)—-f(x,t)=c—c=0
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AwAk cos” (kx — a)t)
A%k” cos® (kx — a)t)
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