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• A central goal of global 
seismology is to map the   Earth’s 
internal structure in three 
dimensions

• Imaging employs very large data 
sets of globally recorded 
seismograms

• Research aims to invent methods 
of analyzing seismic waveforms to 
maximize the retrieval of structural 
information and to use such 
information in large scale inverse 
problems

Model S20RTS: Ritsema, van Heijst and Woodhouse 1999,2004



Free Oscillations or Normal modes

The study of the  Earth’s Free Oscillations, or normal modes, can be 
regarded as

e) A useful way to calculate theoretical seismograms

g) As the intrinsic and observable spectrum of the Earth



The textbook picture:
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The Dispersion curve

Where:
ω = Frequency (radians/second) = 2π/Period
k  = Wave number (radians/km)    = 2π/Wavelength

Then:
Phase velocity:   c = ω/k = c(ω)             (km/s)
Group velocity:   U = dω/dk =U(ω)        (km/s)

In the laterally varying Earth, this translates into the concept of a
 local dispersion  relation:

ω= ω(k)

ω= ω(k,θ,φ)

Where θ,φ are colatitude and longitude.



   Wave number   k   (radians/km)

Frequency  ω

(radians/s)

Group velocity=
Gradient of tangent = U(ω) = dω/dk

Phase velocity=
Gradient of line to origin = c(ω) = ω/k

ω

k

The dispersion curve ω = ω(k) 



Examples of dispersed wave trains

Love waves: Kobe-Czech Republic

 Rayleigh waves: Kobe-Afiamalu



The principle of constructive interference and the analogy with the 
Somerfeld condition in atomic physics

Number of wavelengths in the 
circumference = a k = integer l

a



Thus normal modes can be thought of as the 
standing wave patterns set up by disturbances 
corresponding to propagating surface waves and 
overtones, and much can be learned about them 
by relating the properties of the standing wave 
patterns to the dispersion characteristics of 
travelling waves



Data (upper of each pair) and synthetics (lower of each pair) 
for three models. Δ = 99.5°. Mid-Atlantic ridge event recorded 
in W. Australia.











Indicative shapes 
of the spherical 
harmononics of 
low degree l and 
order m



l=10  m=0 l=20  m=10 l=32  m=30 l=30  m=30

Surface shapes of spherical harmonics for higher l   and   m






































