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Light as an electromagnetic wave
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Electromagnetic Wave Polarization

« The direction of the electric field is perpendicular to the direction of
propagation

 The direction of the magnetic field is perpendicular to the direction of
propagation and the electric field

Polarization : the orientation of the direction of the electric (and magnetic)
field with respect to the propagation direction
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Linearly Polarized Light



Film polarizers (polaroid)
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“ Reflected light is
horizontally polarized.




. Activity with Polarized Glasses
Round rimmed glasses

Put on the round rimmed of glasses. Close your right eye and observe at
your partner wearing the same glasses, looking specifically at their
lenses. Draw and describe what you see.

Now close your left eye and observe at your partner wearing the same
glasses, looking specifically at their lenses. Draw and describe what you
see.




Round rimmed glasses Activity with Polarized Glasses

Put on the round rimmed of glasses. Close your right eye and observe at
your partner wearing the same glasses, looking specifically at their

lenses. Draw and describe what you see. w
Both lenses look equally dark. u

Now close your left eye and observe at your partner wearing the same
glasses, looking specifically at their lenses. Draw and describe what you

Same as before. Both lenses look equally dark. U




Horned-rimmed glasses Activity with Polarized Glasses

Put on the pair of horned-rimmed glasses. Close your right eye and
observe at your partner wearing the same glasses, looking specifically
at their lenses. Draw and describe what you see.

Now close your left eye and observe at your partner wearing the same
glasses, looking specifically at their lenses. Draw and describe what you

See.




_ Activity with Polarized Glasses
Horned-rimmed glasses
Put on the pair of horned-rimmed glasses. Close your right eye and

observe at your partner wearing the same glasses, looking specifically
at their lenses. Draw and describe what you see.

The lens on my left (my partner’s right) looks darker.

Now close your left eye and observe at your partner wearing the same
glasses, looking specifically at their lenses. Draw and describe what you

See.

The lens on my right (my partner’s left) looks darker.



Polarized sun glasses

unpolarized
light

glare greatly

glasses reduced
transmit only

vertically polarized

direct light
not reduced
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e as glare

light partially polarized
in the horizontal plane
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Polarized Glasses: Top View
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Polarized Glasses: Top View
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http://upload.wikimedia.org/wikipedia/commons/8/81/Circular.
Polarization.Circularly.Polarized.Light Right.Handed.Animation.3
05x190.255Colors.gif



http://upload.wikimedia.org/wikipedia/commons/8/81/Circular.Polarization.Circularly.Polarized.Light_Right.Handed.Animation.305x190.255Colors.gif
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If this wave were approaching
an observer, its electric
vector would appear to be
rotating counterclockwise.
This is called night -

circular polarization.



5

/l : " =
. e F.M-Ww..,




1954







1986
WE ARE HERE TO CHANGE THE WORLD

RS LU AS A D ARUBCAL A N PCTURS 9T AOVENTUR
SANCES COMTOLA MUMAEL IAOCON CAFIANTE




y |

H}xl*StufWorks com















—

p—— =

Polarized sun glasses will only pass vertically polarized light
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Polarized sun glasses will only pass vertically polarized light






Polarized sun glasses will only pass vertically polarized light



Polarized sun glasses will only pass vertically polarized light






Sunlight Raindrops
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Double rainbow! After learning about this in Engineering Physics, it makes it so much cooler. See More
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Falling raindrops

Sunlight / /

¥/

Observer

@ 2007 Thomson Higher Education



observer \n}grﬁ poing

Primary Bow viewing angles: from sun - to droplet - to observer's eye = 400 t0 420

Secondary Bow viewing angles: from sun - to droplet - to observer’s eye = 520 10 540
colors are reversed in the secondary bow!



Light from a rainbow Is highly polarized
(internal reflection near Brewster angle)

Polarization Orientation Along Rainbow



Brewster Angle

Unpolarized light becomes polarized upon reflection

Normal Normal

Unpolarized
incident ray

Polarized Polarized
reflected ray incident ray No reflected

E ray B
: ”

No component parallel to surface
Reflection of polarization parallel to surface (perpendicular to plane of incidence)
(perpendicular to plane of incidence) No reflected wave




Is this a real picture
of a double rainbow?

A. Real
B. Fake




Is this a real picture
of a double rainbow?

A. Real
B. Fake




Lasers and the
Nobel Prize

1st Nobel Prize in
physics for the
laser was in 1964

Optics and
Photonics New
May 2014
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1971 0

Dennis Gabor eamed the prize for \
his invention and development of the
holographic method.

1964 8\ Smoviin

Charles H. Townes, Nicolay
Gennadiyevich Basov and Aleksandr
Mikhailovich Prokhorov were
awarded the prize for fundamental
work in the field of quantum
electronics, which led to the
construction of osciflators and
amplifiers based on the maser-
laser principle.

E

1981

Nicolaas Bloembergen and

Arthur Schawlow shared half the
prize for their contribution to the
development of laser spectroscopy.
(Kai M. Siegbahn earned the

other half with his work on the
development of high-resolution
electron spectroscopy.)

The Laser-Lit Pdth to Stockholm

It’s been 50 years since the first Nobel Prize in

sics was awarded for laser-related discoveries.

The laser continues to play important mai or supporting roles in Nobel-worthy work.
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1997 e P e

Steven Chu, Claude Cohen-
Tannoudji and Witliam D. Phillips
received the prize for developing
methods to cool and trap atoms
with laser light.

Glauber (laft), HAnsch and
Hall with lormer 0SA Presi-
dom Susan Houde-Walner.

2005

Roy J. Glauber was given half
the prize for his contribution to
the quantum theory of optical
coherence. The other half was
awarded jointly to John L. Hall
and Theodor W. Hdnsch for their
contributions to the development
of laser-based precision
spectroscopy. including the optical
frequency comb technique.

B

Zhares |. Alferov and Herbert
Kroemer were jointly awarded
half the prize for developing
semiconductor heterostructures
used in high-speed and opto-
electronics. [Jack S. Kilby received
the second half for his part in the
invention of the integrated circuit.)
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Laser Schematic

Pump source

ﬁ
Mirror 2

r—

Gain medium

Mirror 1

Output

Gain medium (gas, crystal, semiconductor)

Pump source (electrical discharge, optical source)
Mirror 1. High reflector (R=1)

Mirror 2: Output coupler (R=0.9)
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mirror with

. transparent
mirrar center
/x’ \
laser material \
pump
off pump _
When laser is
pumped, photons
are spontaneously
emitted as excited
electrons return to
._/\/\‘ lower energy levels.
pump

on
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Photons reflect off
mirrors and start to
stimulate other
electrons to emit
their photons.
. e
Pgwp ' ' ' pump on
and the laser
begins to "lase.”

I~
/‘\/‘\ﬂ{ﬁ\d

A chain reaction
of photons hegins
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A chain reaction
of photons begins
and the laser
begins to "lase.”

Full
__ operation.

X
~
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Green Laser Pointer
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Pump  Focusing Lens Collimating IR
Diode Lens Lens Filter

Beam Paths: | 808 nm - 1084+5832 nm 8§32 nm
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Quantum Picture of Light and Matter

Classical physics: particle or wave
Light — wave
matter — particle

Principle of Complementarity

Although the classical concepts of wave and particle are
mutually exclusive concepts, compliments of each other,
It IS necessary to use both concepts together to
understand the quantum nature of light and matter.




Brewster Angle

Unpolarized light becomes polarized
upon reflection Normal

Unpolarized | Polarized
incident ray ! reflected ray

n,sinég, =n,sing,
n,siné, =n,cosd,

—
tan g, ="%,

Reflection of polarization parallel to

surface (perpendicular to plane of

Incidence) ,
Slightly
polarized

refracted ray
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