
1

2 Basic Seismological Theory

• Waves on a string

• Stress and strain

• Seismic waves

• Snell’s law

• Plane wave reflection and transmission coefficients

• Surface waves

• Dispersion

• Normal modes of the earth

Setting

Tension (T)

x

u

The displacement u(x,t) as a function of both position along the string and of time
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t=kx  v = x/t = /k

2 sec

1 km

Complex numbers
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Positive x Negative x

Positive x only
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Boundary conditions

• Continuity in displacement
– u1(0,t) = u2(0,t)

• Continuity in tension
– sin1 = sin2
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v= ‘acoustic impedance’
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free

1 = 1, v1 = 3
1 v1 = 3

2 = 4, v2 = 1.5
2 v2 = 6

R12 = -0.33, T12=0.67
R21 = 0.33, T21=1.33

6.5



8

2.4.4 Energy in a harmonic wave

T can be larger than 1, Is energy conserved?
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“The ratio of the change in the length to the original length”
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Standing waves on a String

node

The string has a set of natural patterns of vibration called normal modes

2.2.5 Normal Modes of a string
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L -> infinite,  Wn+1 - Wn -> 0 
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Source Location

Time history of the source
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L=20, v=3, L0 = 8
Wn =  nπv/L
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v1 = 2 v2 = 1

R12 = 0.5, T12=1
R21 = -0.5, T21=1

Review

• Solution of wave equation in 1D
– Propagating wave solution

– Normal mode (free oscillation solution)
• Solution can be represented as weighted sum of modes 

(standing waves)

• Eigenfrequency is depending on structure.

• Excitation coefficient is depending on the source. 

• Definitions of wavelength, period, …

• Reflection and transmission coefficient

• Energy conservation at boundary.
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2.3 Stress and strain
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2.3.2 Stress

Stress is a measure of force per unit area 
in a body

ij
Surface

Component



16



17

231213121 dxdxdxdxdxF  

132123212 dxdxdxdxdxF  

2.3.3 Stress as a tensor
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2.3.3 Stress as a tensor
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2.3.4 Principal stresses

Appendix A1
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Appendix A2
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2.3.5 Maximum shear stress and faulting

Faulting will occur on the plane on which shear stress is highest (?)
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2.3.6 Deviatoric Stresses

2.3.7 Equation of motion
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Figure 2.3-11: Change in relative displacement during deformation.

2.3.8 Strain
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2.3.9 Constitutive equations
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Isotropic/Homogeneous Isotropic/Inhomogeneous

Anisotropic/Homogeneous Anisotropic/Inhomogeneous
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