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Tsunami, Seiches, And Tides
Key Ideas

l The wavelengths of tsunami, seiches and tides are so great that
they always behave as shallow-water waves.

l Because wave speed is proportional to wavelength, these waves
move rapidly through the water.

l A seiche is a pendulum-like rocking of water in a basin.

l Tsunami are caused by displacement of water by forces that
cause earthquakes, by landslides, by eruptions or by asteroid
impacts.

l Tides are caused by the gravitational attraction of the sun and the
 moon, by inertia, and by basin resonance.
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Seiches

What are the characteristics of a seiche?

Water rocking back and forth at a specific resonant frequency in a
confined area is a seiche.

Seiches are also called standing waves.

The node is the position in a standing wave where water moves
sideways, but does not rise or fall.
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Seiches

A seiche in Lake Geneva. The blue line represents the hypothetical
whole wave of which the seiche is a part.
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Tsunami are long-wavelength, shallow-water, progressive waves caused
by the rapid displacement of ocean water. Tsunami generated by the
vertical movement of earth along faults are seismic sea waves. What
else can generate tsunami?

llandslides

licebergs falling from glaciers

lvolcanic eruptions

lother direct displacements of the water surface

Tsunami and Seismic Sea
Waves



  

 3

5

Tsunami and Seismic Sea
Waves

A tsunami, which occurred in 1946, was generated by a rupture along
a submerged fault. The tsunami traveled at speeds of 212 meters per
second.
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Tsunami Speed

How can the speed of a tsunami be calculated?

Remember, because tsunami have extremely long wavelengths, they
always behave as shallow water waves.

The speed of a tsunami can be calculated using the same formula used
for other shallow-water waves:

C =  ÷gd

g = 9.8 m/s2  (the acceleration due to gravity)

d = depth (a typical Pacific abyssal depth is 4,600 meters)
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Tsunami

Ten of the tsunami that have struck since 1990.
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Tides and the Forces That
Generate Them

lTides are caused by the gravitational force of the moon
and sun and the motion of earth.

lThe wavelength of tides can be half the circumference
of earth. Tides are the longest of all waves.

lTides are forced waves because they are never free of
the forces that cause them.



  

 5

9

The Equilibrium Theory of
Tides

The action of gravity and inertia on particles at five different locations on
Earth. Forces are balanced only at point CE, the center of Earth. Note the
bulges that are aligned with the moon as Earth spins on its axis. The key
to understanding the equilibrium theory of tides is to see Earth turning
beneath these bulges.
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Water Level During One Earth Rotation
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A Tidal Day
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Tide Curves for Three Common
Types of Tides
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Tide Types
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Tides
on U.S.
Coasts
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Formation of different tides at different locations
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The Worldwide Distribution
of the Three Tidal Patterns
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Spring Tides
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Top: The positions of the Sun, the moon and Earth during a spring tide.

Bottom: The positions of the Sun, the moon and Earth during a neap tide.

Sun and Moon Together
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Figure 10.8
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An imaginary amphidromic system in a broad, shallow basin
(left) and a natural system (right).

Tides in Confined Basins
How do tides behave in confined basins?

The tidal range is determined by basin configuration.
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Rotary
Tide

Waves
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Tides in a narrow basin. Note that a true amphidromic system does not
develop because space for rotation is not available.

Tides in Confined Basins
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Path of
tidal
wave

during a
mixed
tide

cycle
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Cotidal Lines
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Tides and Marine Organisms

Tides have a profound affect on coastal marine life.

Coastal life is sorted into zones and subzones,
depending on the amount of emergence and
submergence the organisms can tolerate.
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Figure 10.17
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The dynamic theory of tides explains the characteristics of ocean tides
based on celestial mechanics (the gravity of the sun and moon acting on
Earth) and the characteristics of fluid motion.

Semidiurnal tides occur twice in a lunar day

Diurnal tides occur once each lunar day

Mixed tides describe a tidal pattern of significantly different heights
through the cycle

Amphidromic points are nodes at the center of ocean basins; these are
no-tide points.

Summary
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Tsunami, caused by the sudden displacement of the water surface, are
one example of shallow water waves that can have a major impact on
human life.


