
We must define strain, elasticity, and stress (shear stress 
and normal stress). First: strain and then how we get it 
from the GPS displacement field.

(1) Building up shear stress:

Hooke!s Law in 1D:

all that matters is the 

lengthening of the spring.

In the Earth, stretching and 

distortion is three-

dimensional.

We describe this as strain.

We must define strain, elasticity, and stress (shear stress 
and normal stress). First: strain and then how we get it 
from the GPS displacement field.

(1) Building up shear stress:

What are the possible ways to change the 

configuration of this stuff?

D and D! contain the same 

material but all points have 

moved

Think of D as before the 

earthquake and D! as after it

•  translation

•  rotation

•  strain (distortion, i.e. "change 

in shape and/or volume)



Strain indicates distortion. We express it in terms of 
how points in the material move relative to each other
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• translation - no strain
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• expansion - yes there is stain

note that each displacement vector “u” has 

two components: u   in the x   direction 

and u   in the x    direction.
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[

u1
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Suppose you know the coseismic displacements at 
equally spaced points on a grid

is the displacement of one point relative to another. 

For example, the displacement at point P! relative to 

the displacement at point P.
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Map View

GPS coseismic displacement 

field U right next to a long 

strike-slip fault

(rupture)
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How does displacement vary 
with position? (class activity)

arrows are   x   and   x   apart
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+, -, or 0?

Congratulations! You have just come up with 
the “displacement gradient tensor”.
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For small deformations you can write:

and
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Suppose 
∂u1
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= −0.0001
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= 0.00008and 

P P’

du =

[

du1

du2

]

du is displacement 

of P! relative to P

P! is distance dx 

from P in the x   

direction and 0 in 

the x   direction
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We can measure 
this with GPS and 
other methods -

example:

dui

dxj

=

[

0.2 0.45

0.08 −0.48

]

× 10
−6

horizontal strain in the  Ventura 
Basin, California, in one year
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