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Using sound waves to explore the seafloor

Engineers explore the seafloor using sound waves.

They look for layers of the seafloor (salt domes) that can trap oil.

The aim of the study is to find out how the reflected and refracted
sound from the seafloor can be used investigate the physical
properties of the layers of the seafloor.

Hence determine the possibility of oil and gas underneath the seafloor.
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How sound waves can detect oil?

(MISG 2022) Detecting oil and gas February 1, 2022 3 / 9

sea floor

airgun

hydrophones

sediment layers



Elasticity in review

The displacement vector

u = (ux , uy , uz)

For an isotropic material the generalized Hooke’s law is

τik = λθδik + 2µEik

where

θ = ∇ · u, Eik =
1

2

(
∂ui
∂xj

+
∂uj
∂xi

)
.
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Elasticity in review continued

Cauchy’s first law of motion

ρ
Dvi
Dt

= τki ,i + ρFi

where

vi =
∂ui
∂t

.

Substituting the stress tensor we have

ρ
∂2ui
∂t2

= (λ+ µ)∇θ + µ∇2ui + ρFi .
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Elastic body waves

If we consider a displacement dependent on the y coordinate and time:

ux = ux(y , t), uy = uy (y , t), uz = uz(y , t),

we get the wave equations

∂2ux
∂t2

− µ

ρ

∂2ux
∂y2

= 0,

∂2uy
∂t2

− λ+ 2µ

ρ

∂2uy
∂y2

= 0,

∂2uz
∂t2

− µ

ρ

∂2uz
∂y2

= 0.
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Elastic body waves

For one wave, the displacement is in the direction of the propagation

and the speed of the wave is vp =
√

λ+2µ
ρ .

For the other two waves, the displacement is perpendicular to the

propagation of the wave and the speed of the wave is vs =
√

µ
ρ .
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Model
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