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Seismic waves

* Wave propagation

* Hook’s law

* Newton’s law

* = wave equation
 Wavefronts and Rays
e Interfaces

e Reflection and Transmission coefficients



Seismic Waves

body waves

P-waves (longitudinal, compressional)

S-waves (shear, transverse)
Sy-wave
Sy-wave



Body waves:
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Different kind of waves

e Longitudinal waves e Transversal waves
(P-waves) CRIVEVES)



Examples of different waves

Elektromagnetic spectrum —— AM, FM, Georadar,  Visible, ~ X-ray

10° 10¢ 109 Hz
Earthquake, audible + seismic Acoustic Spectrum

Frequency




Surface waves
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Newton’s law

P(z) mm) U— [¢mmP(z+Az)

d2

dt2U

Z

P(z+Az) - P(z) = -p Az

p 1s the massdensity



Newton’s law

P(z) mm) U— [¢mmP(z+Az)

P 1s the acoustic pressure

U, 1s the displacement



Newton’s law

P(z) mm) U— [¢mmP(z+Az)




Hook’s law

U@ = P pU(z+A)

U(ztAz)-U (z)= -k Az P

K 1S the compressibility
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Hook’s law




Acoustic Expressions



Acoustic expressions
with source term
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0(z) 1s the Dirac function



Acoustic Wave equation

w(t) = pg—;q(t) (sourcesignal)

c = (pk)1? (wavespeed)
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Wavefronts versus Rays

- Wavefronts indicate the boundary of the material
which allready moves and the material which i1s
still undisturbed.

« Rays are plotted perpendicular with respect to the
wavefronts and describe the dominant propagation
of the seismic energy between two locations



Geometrical Wavepropagation

Source Source Receiver

30

- Consider wavefronts as rays,

perpendicular to the wavefronts



Interface: retlection

Angle of incidence =
angle of reflection

Oq = 02




Interface: Refraction

sin o _vq

sin ay Vy
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Special case: critical angle
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Interface: Conversion from P wave to S wave
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Snell’s law

smoc1= s1n[31= sinol,
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Propagation of seismic waves
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(Roth et al

., 1998)



Transmission- and Reflection coefficients

E Er

E = Energie
R = Reflection coefficient
T = Transmission coefficient

E=ER+ET

R+T=1




Zoeppritz’ equations at normal incidence

Reflection coefficient

_VaPy—ViPyr . Zy-74

Transmission coefficient

V2p2+V1p1 Z2+Z1

with Z = vp = acoustic Impedance
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