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Topics for Today

• Optical illusion

• Sonar

• Reflections
– Reflection from hard surface
– Reflection from conductors

• Reflection and principle of least time

• Virtual images

• Multiple reflections

• Partial reflections  “one way mirrors”

• Back to fundamentals: Michelson-Morley experiment

• Quiz
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Sonar

• ships, submarines use sound chirps to locate each
other, nearby objects, the ocean bottom, by sensing the
return echo.

• Fisherman locate schools of fish this way

• some automatic cameras use echolocation to determine
the distance to the central object in the field of view.
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Why do Mirrors Reflect?

• Mirrors can reflect if there are free charges in the
surface that prevent an electric field from penetrating
the surface

– Free electrons respond to any electric field by moving in such a
way as to cancel the electric field

– Metals are known to have free electrons in their material
– For low frequencies, the electric field at the surface is thus nearly

zero
– No electric field at the surface means a “reflected” wave of

opposite sign can be viewed as created that acts to cancel the
incoming wave at the mirror surface
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• Reflection from
hard surfaces
requires
cancellation of
wave at surface

– This implies that
the reflected wave
is reversed in
phase (upside
down or 180° out
of phase
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– Phase and
amplitude of
reflecting wave
depends on
details of
surface



2003 April 15 80B-Light 9

Ionosphere-
reflection

• Long wavelength radiation
is reflected from
ionosphere (for light whose
frequency is below the
plasma frequency

– Free charges wiggle to prevent
the electric field from being
transmitted

• Same principle for
reflections from metals

– If free electrons can wiggle as
fast as the frequency of light,
they will prevent the electric
field
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• Structure of
typical mirror

– Glass in front
– Mirror in back

(silver can be
protected with
paint on back
and glass on
front so it wont
blacken)



Reflection and least time
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• Virtual images
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Reflection
from back

surface
mirror

•



2003 April 15 80B-Light 21



2003 April 15 80B-Light 22



2003 April 15 80B-Light 23

Partial reflection-transmission
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Measuring our speed through the Ether

Michelson-Morley Expt 1887

ve = our speed through the ether
c = speed of light
a = distant to mirrors

path
t

a

c v

c
e

⊥ =
−

2 1

1
2

2

a

path

  

t
a

c v

c
e

C =
−

















2 1

1
2

2



2003 April 15 80B-Light 25

Measuring our speed through the
Ether

• Conclusion

• MM measured no difference! (implies ve = 0)

•  In fact the uncertainty in their measurements was far
less than the speed of the earth around the sun, thus
the assumption of earth moving through a stationary
was incorrect.  Thus the ether idea was not supported
experimentally.

• Einstein’s theory of special relativity successfully
explained this measurement
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