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History of Seismology

Recording of San Francisco earth quake 1906 registered in Göttingen, 
Germany 



History of Seismology

First “Seismometer”: China, Zhang 
Heng, 132 a.D.

17 t Wiechert pendulum Uni Göttingen



History of Seismology

STS-2 Seismometer

Observatory Rüdersdorf:
http://www.fu-berlin.de/geophysik/



History of Seismology



History of Seismology



• Propagating elastic deformation

• The same as sound waves in solids

• More complicated than sound waves in liquid and gases

Waves in Elastic Media



Elastic modulus



Elastic modulus

• Linear elasticity is the mathematical study of how solid objects 
deform and become internally stressed due to prescribed loading 
conditions.

• The fundamental assumptions of linear elasticity are: infinitesimal 
strains or small deformations and linear relationships between the 
components of stress and strain.

• In continuum mechanics, the Lamé parameters are two material-
dependent quantities denoted by λ and μ that arise in strain-stress 
relationships.
λ: Lamé's first parameter
μ: shear modulus (ratio of shear stress to the shear strain)



Elastic modulus

• Elastic modulus measures an object or 
substance's resistance to being deformed 
elastically

• The elastic modulus of an object is defined 
as the slope of its stress-strain curve in the 
elastic deformation region: 

λ =
𝑠𝑡𝑟𝑒𝑠𝑠

𝑠𝑡𝑟𝑎𝑖𝑛

Hooke's Law Poisson's ratio



Elastic modulus

Bulk modulus

Shear modulus



Elastic modulus

Rock Type Density Young's Modulus Poisson's Ratio Vp Vs Vp/Vs Vs as %Vp
r E m (m/s) (m/s)

Shale 2,67 0,120 0,040 2124 1470 1,44 69,22%
Siltstone 2,50 0,130 0,120 2319 1524 1,52 65,71%

Limestone 2,71 0,337 0,156 3633 2319 1,57 63,84%
Quartzite 2,66 0,636 0,115 4965 3274 1,52 65,96%
Sandstone 2,28 0,140 0,060 2488 1702 1,46 68,42%

Slate 2,67 0,487 0,115 4336 2860 1,52 65,96%
Schist 2,70 0,544 0,181 4680 2921 1,60 62,41%
Gneiss 2,64 0,255 0,146 3189 2053 1,55 64,38%
Marble 2,87 0,717 0,270 5587 3136 1,78 56,13%
Marble 2,71 0,343 0,141 3643 2355 1,55 64,65%
Granite 2,67 0,605 0,259 5260 3000 1,75 57,03%
Gabbro 3,05 0,727 0,162 5043 3203 1,57 63,51%
Diabase 2,96 1,020 0,271 6569 3682 1,78 56,05%
Basalt 2,74 0,630 0,220 5124 3070 1,67 59,91%

Andesite 2,57 0,540 0,180 4776 2984 1,60 62,47%
Tuff 1,45 0,014 0,110 996 659 1,51 66,20%

Units for Young's modulus are (N/m2) x 1011.  Velocities computed from r, E, and m.  Values selected from Press (1966, p. 97-173).



Theory of Wave Propagation



Basic Types of Body Waves

http://jura.geologie.uni-freiburg.de/19W/Geophysik/Pwave.gif


Basic Types of Body Waves

http://jura.geologie.uni-freiburg.de/19W/Geophysik/Swave.gif






Seismic Velocities according to the Prelimenary Reference Earth Model



Seismic Velocities and Elastic Properties



Seismic Velocities and Elastic Properties



Typical P-wave Velocities in the Shallow Subsurface















• is a parameter applying to transverse waves that specifies the geometrical orientation of 
the oscillations

• A simple example of a polarized transverse wave is vibrations traveling along a string. 
The vibrations can be at any angle perpendicular to the string. 

• Sound waves in solid materials exhibit polarization. Differential propagation of the three 
polarizations through the earth is a crucial in the field of seismology. Horizontally and 
vertically polarized seismic waves (shear waves) are termed SH and SV, while waves with 
longitudinal polarization are termed P-waves.

Polarization





http://hergarten.at/extra/incp.pdf
http://hergarten.at/extra/incs.pdf
http://hergarten.at/extra/incs.pdf












Mantle

Fluid outer core

Solid inner core



Global Wave Propagation in the Earth´s Interior

• Capital letters indicate the rays of depth phases, going downwards from the 
source, i.e. vertical angle lower than 90° (P,S)

• Lower case letters indicate the rays of depth phases, going upwards from the 
source, i.e. vertical angle greater than 90°. (p,s)

• Hypocenter near reflexions at the surface (pP,pS,sP,sS)
• Conversion waves travelling upwards (Ps,Sp)



Global Wave Propagation in the Earth´s Interior

• P: P wave in the crust/mantle

• K: P wave in the outer core

• I: P wave in the inner core

• S: S wave in the crust/mantle

• J: S wave in the inner core

• c: reflection off the core–mantle boundary (CMB)

• i: reflection off the inner-core boundary (ICB)  

• Combination of different letters indicate the seismic phases along the ray 

path travelling through the Earth. 

• Repeating letters indicate reflection at the surface (PP, SS)





• Propagation in the case of velocity v = f(z) increasing 
monotonously with depth z

Wiechert-Herglotz inversion


