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The Nature of Light

Reflection and Refraction Basics

A Closer Look at Refraction
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Electromagnetic (EM) Waves
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All EM waves travel a ¢ in vacuum
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Faraday’s law of induction

dx
E R T N
IT: :Tf +dl ME _ 1B
i 71 . o _ ar
X e W
Z o N .H ]
:TTE—kEmcos(kx w) and%:- wB, cdskx w}
X
KE, cos( kx- wt)=- wB, cog kx w® —EE (

. UPII Slide5 of 18 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci



Maxwell's law of induction

4
1B, E
/ j: TR

_"#-:;_“ff_.a e
/S B 24 BidB
dx
- kB, cos kx wiF- m e vE, cog kx 1
E 11 1
N = =C® c= ——

B, me(wk) me Jme
. UPII Slide6 of 18 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci




Fizeau and Foucault (1850)

Albert Einstein’s Theory of Relativity
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The wavelength/frequency range in which Bl e

electromagnetic (EM) waves (light) are visibleis
only a tiny fraction of the entire electromagnetic £
spectrum. 60
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The wavelength of light determines the color we see
The energy of light is determined by its frequency.

Thermal images often use
false or Inverted colors...

A greater wavelength corresponds
to a lower energy...
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This is Elnsteln S
Photo-electric Effect
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Although normal light waves spread (disperse) as they move away
from a source, we can approximate its travel as being a straight line
(a “ray”). This approximation is referred to as geometrical optics.

Normal When a narrow beam of light encounters
ficident | Reflected a glass surface part of the ray reflects
- ray | I'a:v\ from the surface and part refracts through

the surface.
Law of Reflection:

q =q

Law of Refraction:

Wavefront —

Interface j

Refracted
ray

n,sing, =n,sing,
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When light travels in a material its’
velocity is slowed down.

p &
E
The index of refraction _ measures the relative speed 9:
of light in different materials:
o C
n A interface nj v:T'
: : o\ n, v
When light travels from one material to
another it bends by an angle that depends -
on the index of both materials. ’

Snell's law_ allows one to calculate the angles that light Q
IS bent by when going from one material to another:

n,sing, =n,sing,
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For light going from n, to n,:

(@ n,=n; ® g,=gq
(light not bent)

(b)n,>n; ® g<q
(light bent toward normal)

©)n,<n;® g>gq
(light bent away from normal)
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View Physlet Online at: http://www.evsis.org/applets/Refraction.html

Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci
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The index of refraction n encountered by light in any medium except
vacuum depends on the wavelength of the light. So if light consisting
of different wavelengths enters a material, the different wavelengths
will be refracted differently; this phenomenon is referred to as
Chromatic Dispersion.
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Chromatic dispersion can be good (e.g., rainbows)

Water is very dispersive, so when sunlight is
refracted as it enters water droplets, it is reflected
off the back surface, and again is refracted as it
exits the water drops... blue is refracted more
strongly than red... droplets that are closer to the
rainbow center refract/reflect blue light and
droplets at larger angles will refract/reflect red
light...

or bad (e.g., chromatic aberration in lenses)

When viewing a specimen under a
Q microscope, for instance, vapor

may cause dispersion of light from
( ) and produce multiple images of the
— specimen...
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Total Internal Reflection

For light that travels from a medium with a larger index of refraction to
a medium with a smaller index of refraction n,>n, ® ¢@,>q,, as g,

Increases, @, will reach 90° (the largest possible angle for refraction)
before g, does.

n, When @,> g. no light is
refracted (Snell's law does
not have a solution!) so no
light is transmitted; this is
referred to as Total Internal
Reflection.

n sing. =n,sin90 =n,
Critical Angle:

4N
g, =sin*—=2
nl

. UPII Slide16 of 18 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci




Snell's Law:
n sing. =n,sin90

Internal Reflection:

® sing. =b
n

View Physlet Online at: http://www.evsis.org/applets/Internal.html

Total internal reflection can be used, for example, to guide/contain light along an optical fiber;
applications for this abound from telecommunications to medicine...
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Your Name Print): Date:

Take a look at the online Group Mermbers: Group:
applets...

Reflection and Refraction Applets

1. Reflection:
Go to: http:/micro.magnet.fsu.edu/primer/java/scienceopti csu/reflection/

What do you notice about what happens when yougehtire angle of incidence?

What do you notice about what happens when yougehtire wavelength?

2. Refraction:
(a) Goto http://micro.magnet.fsu.edu/primer/java/scienceopti csu/refraction/

When the applet begins, it shows white light passimough a prismBegin by switching to
monochromatic light = light of one color (one wavelength).

What do you notice about what happens when yougghtire angle of incidence?

Try some refraction problems
tOO What do you notice about what happens when yougehtire wavelength? Pay attention to the numbers

What do you notice about what happens when yougeharaterials? How does refraction (the amount
the light is bent) vary with?

Now change back tavhite light, and explorelispersion Note the dispersion = different angles for
different colors (or wavelengths or frequencies).

How does the dispersion change if you switch froeni crown glass diamond lead sulfide?
[Each material has a number next to it which ivésie ofn = the index of refraction.] How does
dispersion seem to vary with i?

What do you notice about what happens to the disgemwhen you change the angle of incidence? Be
certain to look at 0 .
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