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1. P and S waves in the Earth



Compressional wave
displacement parallel to propagation
“longitudinally-polarized”

Shear wave
displacement perpendiculat to propagation
“transversely-polarized”



𝛼

𝑧 velocity increases
with depth

waves propagate
near vertical
near surface



𝛼

𝑧 velocity increases
with depth

P wave mostly vertical
horizontal points
to/from
direction to
earthquake



𝛼

𝑧 velocity increases
with depth

S wave mostly
horizontal



𝛼

𝑧 velocity increases
with depth

but could
be in/out
plane of diagram

so hard to use it
for direction
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Rule of thumb for Earth

S minus P time in minutes

minus two

time ten

= distance in degrees
(1 deg = 111 km)
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8.5 minutes = how many degrees?

North-SouthNorth-South

10(DT-2) degrees?
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2. Reflected waves
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apparent velocity must be the same

implies Snell’s law sin 𝜃1
𝛼1

=
sin 𝜃2
𝛼2
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𝑢2 sin 𝜃2

𝑢1 sin 𝜃1

𝑢1

𝑢1 sin 𝜃1 = 𝑢2 sin 𝜃2

to make horizontal motions match

so 𝑢1 ≠ 𝑢2
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𝑧

𝜃1

𝜃2
𝑢2

𝑢2 cos 𝜃2

𝑢1 cos 𝜃1

𝑢1

however if one adjusts 𝑢2
so horizontal motions match ...

vertical motions won’t match



𝑢2 sin 𝜃2 = 𝑢1 sin 𝜃1

𝑢2 = 𝑢1
sin 𝜃1
sin 𝜃2

= 𝑢1
𝛼1
𝛼2

by Snell’s law

𝑢2 cos 𝜃2 = 𝑢1 cos 𝜃1

𝑢1
𝛼1
𝛼2

cos 𝜃2 = 𝑢1 cos 𝜃1

cos 𝜃2
𝛼2

=
cos 𝜃1
𝛼1

?

?

sin 𝜃1
𝛼1

=
sin 𝜃2
𝛼2

sin 𝜃1
sin 𝜃2

=
𝛼1
𝛼2



cos 𝜃2
𝛼2

=
cos 𝜃1
𝛼1

?

1 − sin2 𝜃2
𝛼2

=
1 − sin2 𝜃1

𝛼1

𝛼1
2 − 𝛼1

2 sin2 𝜃2 = 𝛼2
2 − 𝛼2

2 sin2 𝜃1

?

?
by Snell’s law1 − sin2 𝜃2

𝛼2
2 =

1 − sin2 𝜃1

𝛼1
2 sin 𝜃1

𝛼1
=
sin 𝜃2
𝛼2

𝛼2 sin 𝜃1 = 𝛼1sin 𝜃2`
?



𝛼1
2 − 𝛼1

2 sin2 𝜃2 = 𝛼2
2 − 𝛼2

2 sin2 𝜃1

𝛼1
2 ≠ 𝛼2

2

?

Not equal

To make them match, there must be 
a reflected wave



𝑥

𝑧

𝜃1

𝜃2

𝑢2

need a reflected wave
with angle 𝜃1

𝜃1
𝑢1

𝑢3



𝑢2 sin 𝜃2 = 𝑢1 sin 𝜃1 + 𝑢3 sin 𝜃1

𝑢2 cos 𝜃2 = 𝑢1 cos 𝜃2 − 𝑢3 cos 𝜃1

𝑢2 sin 𝜃2 − 𝑢3 sin 𝜃1 = 𝑢1 sin 𝜃1

𝑢2 cos 𝜃2 + 𝑢3 cos 𝜃1 = 𝑢1 cos 𝜃1

sin 𝜃2 −sin 𝜃1
cos 𝜃2 cos 𝜃1

𝑢2
𝑢3

= 𝑢1
sin 𝜃1
cos 𝜃1



𝐷 = sin 𝜃2 cos 𝜃1+ sin 𝜃1 cos 𝜃2

𝑢2
𝑢3

=
1

𝐷

cos 𝜃1 sin 𝜃1
−cos 𝜃2 sin 𝜃2

sin 𝜃1
cos 𝜃1

𝑢1

𝑢2
𝑢3

=
1

𝐷

2cos 𝜃1 sin 𝜃1
sin 𝜃2 cos 𝜃1 −−cos 𝜃2 sin 𝜃1

𝑢1

𝑢3 =
sin 𝜃2 cos 𝜃1−cos 𝜃2 sin 𝜃1
sin 𝜃2 cos 𝜃1 + sin 𝜃1 cos 𝜃2

𝑢1 =



𝑢3 =
+sin 𝜃2 cos 𝜃1−cos 𝜃2 sin 𝜃1
sin 𝜃2 cos 𝜃1 + sin 𝜃1 cos 𝜃2

𝑢1

𝑢3 = 𝑢1

sin 𝜃2
sin 𝜃1

cos 𝜃1−cos 𝜃2

sin 𝜃2
sin 𝜃1

cos 𝜃1 + cos 𝜃2

𝑢1

𝑢3 =

𝛼2
𝛼1

cos 𝜃1−cos 𝜃2

𝛼2
𝛼1

cos 𝜃1 + cos 𝜃2
𝑢1
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reflection coefficient 𝑅
transmission coefficient 𝑇

𝜃1
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3. Seismic Record Section for the Earth as a whole
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