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Description

Seismic waves are essential tools in geophysics, used to investigate
the Earth's interior. By analyzing how seismic waves travel through
different layers of the Earth, scientists can gain valuable insights into
its composition, structure and physical properties. These waves,
generated by natural events such as earthquakes or artificial sources
like explosions, provide important information about the hidden layers
beneath Earth's surface. Seismic waves are disturbances that propagate
through the Earth's materials, carrying energy from the source of an
earthquake or other seismic event. There are two main types of
seismic waves: Body waves and surface waves|[1,2].

Body waves travel through the interior of the Earth and are divided
into two subtypes: P-waves (Primary or pressure waves) and S-waves
(Secondary or shear waves). P-waves are longitudinal waves, meaning
that the particles of the material move in the same direction as the
wave itself. They are the fastest seismic waves and can travel through
both solid and liquid materials. Because of their ability to travel
through all layers of the Earth, they are the first to be detected by
seismographs after an earthquake. S-waves are transverse waves,
meaning that the particles move perpendicular to the direction of the
wave. Unlike P-waves, S-waves can only travel through solid
materials and are slower than P-waves. Their inability to travel
through the Earth's liquid outer core has provided scientists with
essential clues about the Earth’s structure [3,4].

Surface waves travel along the Earth's surface and are slower than
both P-waves and S-waves. Although they are less useful for studying
the interior, surface waves cause much of the damage during an
earthquake due to their larger amplitude. Surface waves are classified
into Love waves and Rayleigh waves, which cause horizontal and
vertical ground movements, respectively. Seismic waves play an
essential role in studying the Earth’s internal structure. By analyzing
the speed, direction and path of seismic waves as they travel through
the Earth, scientists can infer the composition and physical state of
different layers. These layers include the Earth's crust, mantle, outer
core and inner core [5,6].
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Seismic waves travel at different speeds depending on the material
they move through. When seismic waves encounter a boundary
between different materials, such as the crust and the mantle, they
change speed and direction. This phenomenon is known as a seismic
discontinuity. P-waves travel through the mantle, but S-waves stop at a
depth of around 1,800 kilometers, indicating that the mantle behaves
differently at various depths . The difference in seismic wave behavior
at different depths suggests that the mantle is not uniform but may
have variations in temperature, composition and state [7,8].

The outer core, which is liquid, is the key to understanding the
Earth’s magnetic field. Seismic waves provide evidence of the outer
core's liquid state because S-waves cannot travel through liquids.
When seismic waves travel from the mantle into the outer core, S-
waves are absorbed, while P-waves continue to travel through. The
refraction of P-waves and the complete absence of S-waves in the
outer core have allowed geophysicists to confirm the liquid nature of
this layer. Below the outer core lies the inner core, which is solid
despite the high temperatures. P-waves continue to travel through the
inner core, but they slow down, suggesting that the inner core is
denser than the outer core. The speed of P-waves increases once they
pass through the inner core, indicating a solid structure. The study of
seismic wave propagation through these layers has been instrumental
in forming our current understanding of the Earth's core [9,10].
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