
*** N.B. The material presented in these lectures is from the principal textbooks, other books on similar subject, the
research and lectures of my colleagues from various universities around the world, my own research, and finally,
numerous web sites. I am grateful for some figures I used in this lecture to L. Braile. I am thankful to many others
who make their research and teaching material available online; sometimes even a single figure or an idea about
how to present a subject is a valuable resource. Please note that this PowerPoint presentation is not a complete
lecture; it is most likely  accompanied by an in-class presentation of main mathematical concepts (on
transparencies or blackboard).***

LECTURE 7 - Wiechert-Herglotz inversion
for 1D velocity structure of the Earth
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Ray geometry: ray parameter - from Lecture 6

Laterally homogeneous Earth (radial symmetry or 1D)



Ray theory: travel time and epicentral distance



The law of reflection
•We have shown in the tutorial
that Snell’s law can be derived
from Fermat’s principle.
•Let’s show the same for the law
of reflection now.
•A bird in point A wants to feed
her youngsters in point B choosing
the path that will take a minimum
time (which is exactly how waves
travel)
•Q: Assuming that fishes are all
over the lake, where does the bird
touch the lake surface to catch a
fish on its way to the nest?
•A: In point C, so that ϕ1= ϕ2
•How do we show that the path
ACB is the one that requires
minimum time? Consider A’ - an
image of A with respect to the
surface - it is visible that any path
AKB must be longer than ACB
because any two sides of a triangle
are longer than the third side
(A’K+KB is longer than A’CB).

ϕ1= ϕ2

Pierre de Fermat (1601-1665)René Descartes (1596-1650) Wilebrord Snellius (1580-1626)



Seismic “phases” and their
nomenclature (some simple cases)



Construction of travel time curves (hodochrones)
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Wiechert-Herglotz inversion



Herglotz-Wiechert inversion



Wiechert - Herglotz inversion

Voilà!

Gustav Herglotz, 1906



Herglotz-Wiechert Inversion
This is to show how p can be empirically determined

for a given epicentral distance ∆
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Works well when v increases with depth (dt/d∆<0) 



Observed and theoretical travel time curves

Kennett et al., 1991



1-D structural models of the Earth

radius [m]

PREM (Dziewonski & Anderson, 1981)

* We will show later this week how the radial density profile can be determined


