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Ray vs wave representation ~ wavefronts

We can usually use ray
representation if the objects the
light interacts with are very large
compared to a wavelength.

Speed o' Light Measurement

An early attempt by Galileo. rays
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G and | were each on mountain tops with covered lanterns. G uncovers, then |
uncovers and G measures time difference between his uncovering and his
observation of I's light. Experiment was inconclusive as to whether light traveled
at infinite or finite speed. The problem was the small time interval.
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G was using his own pulse or a pendulum as a time measuring device!

From astronomical observation of Jupiter's largest moon, lo, Romer was able
to argue (1676) that the speed o' light is finite. Others calculated a ballpark
figure and from that Fizeau was able to design the first (1849) earth based
experiment with a rotating toothed wheel and a long path length. (8.6 km) x 2.
Michelson did much to zero in on the final measured value. Since 1993 the
speed of light has been taken to be 2.99792458 x 108 m/s = c.



Wavelength & frequency ranges of e-m radiation

Frequency Wavelength
1023
1022 10-14
102" Gamma Rays 10-13
1020 1012
1019  x-rays 101 ]
10t 1010 400 nm
17 1 -9 —
1816 Ultraviolet 18‘8 450 nm
1015 7 500 nm
1014
1013  Infrared >50 nm
1012 - 600 nm
10" :
1010 Microwaves 650 nm
10°  short Radio 10
108 Waves 100
107 TV &FM 101
1086 Waves 102
105 _ 103 Reflection: Two types are diffuse and
10 VAV';"VSSad'O 104 specular. An example of diffuse
103 10° reflection is the reflection from white
102 106 paint. Specular is the reflection from
101 107 polished surfaces. Specular reflection
obeys the law of reflection.
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Angles are measured with respect to surface normal. The law of reflection
says,
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We can use this relationship and rays to locate an image formed by reflection
from a plane mirror.

e——do 4 >
Source @m* Tuudge )
/"f'
g It's easy to prove using similar
triangles that do = di.
N\
Mr Eyebﬂ,”

Index of Refraction

In transparent media the speed of light slows down and we characterize the
media with index n where n is defined as,

where v is the speed of light in the medium. Some n's that | remember are:
nair = 100027 nglass = 1 5 nwater = 133 ndiamond = 24



Wavelength in Transparent Media

In transparent media the speed of light slows down, the frequency stays fixed,
so from the relationship v = Af and we see that A must get smaller. So,
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Which tells us that the wavelength in the medium gets smaller by 1/n
compared to the vacuum value of the wavelength.

Refraction is observed when light traverses an index change.

reflected ray

Using Maxwell's equations it is
possible to find the relative
intensities of the reflected and
refracted light, though it's a bit
beyond the level of this course.

N, om6, =N MmO, (Snell's Law)

refracted ray

So, rays bend toward the normal when light enters a lower speed medium with
higher Index. They bend away from the normal when light goes from a high
index (slow) medium to a to a low index (fast) medium.

N <1,




My favorite proof of Snell's law uses Fermat's extremum principle.
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Fermat's extremum principle says that of all possible paths from S to P, the one
that takes an extremum in time (here this means the least time) is the true path.
In the situation depicted this boils down to what is x? To get the time for the SP
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Now we have t as a function of x and can minimize t(x).
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A similar proof can be developed for the law of reflection,



Shooting fish from shore

So, the hunter aims below the image of the fish to hit the actual fish.

Shooting qulls from under water
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Dispersion: For most materials n is not the same value for all wavelengths.

N =n ()

° Nbilue > Nred IN MOSt cases. Hence,

ya the color separation depicted
above because blue light bends

more.




Critical Angle and Total Internal Reflection
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At the critical angle it is apparent that 61 = 6. and 62 = 90°.
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When the incident angle is larger than the critical angle the light is
totally internally reflected. Note there is no critical angle or total
internal reflection when the incident medium has the smaller index.

Total Internal Reflection
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The direction of the reflected ray is determined by the law of reflection. The
light is nearly perfectly reflected. Aluminum and silver mirrors are only about
92% reflecting and degrade over time. In some situations it is better to use
prisms in TIR rather than mirrors. Binoculars are an example. Another is
guiding high power laser beams that can vaporize the metal off a metal mirror.
This is also the principle that makes fiber optics possible.



Normal incidence reflection at an interface between transparent materials.

The difference in index at the interface between transparent materials
determines the fraction of light reflected and transmitted. This ratio is also
dependent on angles, but we only state the result for normal incidence.
Namely,
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This result can be proved using Maxwell's equations. A very similar result
applies to sonar waves bouncing off an interface between two media.

Application: Index matching epoxy to repair glass fibers, wet fabrics.....



