









































































































YII.IEIme E
EMF fE.dE

loop B

In B dI
loop

98
so GE.de B A
loop 958

relates changing B to an É

Ampere's law B.de Not in 81
loop

8 SE A
relates changing E F

P












































































































so If E and def is

this is why there is Electromagnetic
radiation EM radiation
and velocity v C 3 108m s 0.3m 1GHz

various wavelength frequencies have names
1m
1014 Gamma rays1012 1510 X rays
108 UV
10 7 visible Imam
10
6 10 IR MM

10 radar mm

1 FM M

10 TV 10M

100 short wave 100m

104 AM 10 m

But in this chapter we focus on

visible
22 dimensions of normal things
wavelike nature hard to see

so can treat EM radiation as rays












































































































y
EM waves propagate in 3 dimensions

µ
wave fronts

usually at some phase
dist between fronts

usually thewavelength

ay directionof wave front at that point
for EM radiation infinitely far fromthe source

rssx
wave front day plane waves

as
day

wake fronts

light waves hitting a surface can be both
transmitted and refected Enface

refracted

reflected 2












































































































Reflection at a surface
incident

f
normal t to surface

or
reflected

specular reflection from smooth surface
like mirror

I surface has no unusual

w̅ structure
w̅ incident lightTv Oar
a reflectedw̅ 10

i T.IE
mallsttce

UI
then tana vi 11 stface

reflected light I Ñ so 11 unchanged
I I so reverses dir

so I T1 In I
reflected angle tan Or Is I tan Oa












































































































law of reflection Or Oa

not for diffuse reflection need
very
smooth

surface200 2 19

Refection at mirrors is almost perfect
Regular mirror loss is few absorbed

Can make highly selective mirrors w special

coating loss 0.001 or better

Cornerrefectors 3 mirrors that makes a corner

incident say

EKI USP ER
Mirror mirror

9

incident wave refects offof all 4 mirrors












































































































f
1ˢᵗ reflection of xz plane ycomponent reverses
2ⁿᵈ Xy Z

3ʳᵈ yz
If ext ryj uzB w̅

corner reflector will send beamback in same
direction originated
Refractions

speed of light is C 3 108 m s in vacuum

in materials light slows down
interaction w atoms molecules

Un G n indexofrefraction on vel in
material

vacuum glass water diamond zircon
n 1 1.5 1.3 2 5 2.0

note in materials req f
doesnot change

C Xf and on Xnf qxf
In X is in vacuum

400 2 19

I is the bendingoflight when transitioning
between regions w different index of refractions












































































































1 8
N ne

10 s
on

LowofRefg.fi
a msinor

derivation using PrincipleofLeastTime

N 2

D

Feet p
is the variable that tells you where you hit

the boundary
Xi Y g X2 y are fixed
0 and us are velocities in the 2 regions
calculate time going frompoint 1 topoint2
as a functionof x












































































































t t to tied it to delve
we can vary to find value that minimizes
total time t tz Note x Xz xo is constant

9 y are constant
X

d xtyT XtyT v t

do xityT Eye vet

so t t t XIII LEFT
to find minimum take f 0

de Erik f
v.EE

Faenoteffgsino

adf.IEt sm0z

substitute v1 G and V2

so s

gives N sino USindz












































































































cases N 4h2 sino sing
eg air glass 0 02 so is bent

towardsnormal
N1 1 12 1 5

7
02

0

for Us n its opposite as if light
goesbackwards in time

note there will alwaysbe some reflection at
the boundary

for glass loss is around 4 intensity

É n n from smaller to larger n
bends towards normal

for n ch from larger to smaller n

bends away from normal200 2121












































































































I

note c Xf for light
f vibration freq howfar in the medium

for 1 cycle
so if V G then X I wave length in

medium

but f is the same
ex light goes thin slab ofglass

ex

Wi
it

Let 01 450 A n 1

isind using
n sino sin 450 Nasir 02 1.5 since

Oz sin Ir sit 0.47 28.10 benttowardsnorma

tan Or Iickness Tm
d 1 tano tan 28.10 0.53m

what angle does light leave slab

resin 02in sin Of same efn as
when it

so Of 450
entered

what is displacement D when it exits












































































































yi.ie
iiiIIiws0z

I
1
2 2 2s.io

L
o O 0 450 o is1281 16.90

the n D I sino 1.13m sin 16.90 0.33m

Optical illusion of objects underwater
m rod appears to bend

rod
T air n 1

water

In












































































































Total internal reflection

going from region 1 to 2 where n N2
n is decreasing

bent away from
normal

at some incident critical angle Q 02 900

U SinOc has in90 Nz

any angle 01 0 will not be transmitted
out of region 1 total internal reflection
remember 0 is with respect to normal

so 0 is smallest incident angle for transmission
900 O is largest angle for total internal reflection

90 00
0

ex water n 1.3 air 1.0
1.3 since I Since Qc 50.30

remember 0 is angle wrt normal

TL F5 so any 01350.30 will
be internallyreflected












































































































y
Fiber Optiis

ddng

fiberoptic

wanttomakecriticalauglesmallsothat.no
ve light raysstay in time since after

example

glass none 1.5

since 15 0.67 0 41.80

diamond Ucone 2.4

sin Q 0.42 0 24.60

that means any light rayexitingat 0 0

will stay inside

diamond












































































































Fiber optics use cladding cores that have
similar index of refraction

ex core is silica dopes w germanium 11 1.465

cladding is pure silica 4 1.450

since
nage 17

0.99

Oc 81.79

Autue

core the

Qi is the enteringangle in air ni 1

so Sindi n since
Oz 0 900 SO Kesino Nc sin 90 0

he loses for total internal reflection
TIR












































































































sinai Mccosoe coso S i
sino

Neg
TIR

S i cosoc

v50 site I Igi 1
solvefrOi

0.21
sin Q Ki nie

mfinoi nen.TT aperture

for above case sin Oi 1.4651.457 0.21

Oi 12.10
this is the aperture and tells you
what enteringangles will keep the
light inside the fiber asOap won'tstay

it is a
very

shallow angle to minimize
light bouncing so that the pulse
doesn't spread

200 2 24 400 2 24












































































































IE I is made up of all colors
some materials have index of refraction
that is dependent on wavelength n x

this will disperse different colors
during refraction

usually n x is bigger for smaller bluer
n blue

ed

This is very useful in separating wavelengths

Quartz silicate flint glass etc is dispersive

Prisms dispose light

F
blue












































































































used in astronomyto detect wavelengths

Big bang all galaxies are moving apart
length scales are increasing

balloon analogy
the further away

agalaxy is the
faster it's receding

Atomic spectra atoms exite deexcite
and emit photons

spectrum of light emitted identifies theatom

1 If I 11 atom it

Telength
us

BIn a a
astronomers use prisms to disperse light












































































































so they can see the pattern
the wavelengths will be doppler shifted
due to the relative motion

I no velocity

I relative velocity ΔV

red shift related to
If Vrel

Do f DX closeenough needspecial
relativity

Hubble's constant relates distance to
Vrel

In

by using prisms atomic spectroscopy we
can map the galaxies in the universe












































































































Polarization
this concerns the wave nature of light

from wave equation É Eo x ̅ cos kx wt
here the vector nature is constant along
x ̅ direction

waves w constant direction areEarlypolarized
can make materials that have preferred
directions will only let light thru it
polarization is parallel to that direct
called polarizing filter or polarizer

Polarizer direction of EM wave is usually
the direction of E field notis

For polarizer filter want direction to match
to get tears mission

Polarizer filters can pick out direction f
light polarization












































































































unpolarized light
superpositionoflotsoflight waves w random

polarization

F
Polarizer filter will onlyallow lightpolarized
along directionof polarizationof filter to pass

Sunglasses filter intensity so light is not
too bright

if Io is initial intensityof unpolarised light
then transmitted intensity It 1012 after filter

What happens when light hits a material

light EM waves w E fields
these fields accelerate atoms

Reflected light is the re emission away from
the surface

Refracted light is a emission insidethe
material

The treatmentof reflection refraction at the
atomic level is very complex












































































































The thing to understand
light consistsofoscillating E fields

that accelerateatoms
accelerating atoms radiate light

only

direction is

If
iii iii iii

Intensity I α E so transmitted intensity I trans

Imans I incident cos

do demo w 3 polaroidfilters

incidents
polari

1 11 It
Io V Iz 4 Igwe












































































































demo w 3 polarizers

incidenty

IF IT no light transmitted

Io V 12

incidenty

HE 11
Egg

211 Ecostwo
Io v

2
L

Coso sing
so Ihans corpsino












































































































Reflection at a surface E won'tanelerate
electrons surface so no

Et ne radiating

T.fi iI

inans
E fied

É É EI
E is parallel to surface

EI is to surface

remember E 1 direction f propagation
atoms on the surface will tend to move

along surface and not into surface
most of É component causes acceleration

is reflected

Reflected light is partiallypolarized

parallel to surface of reflection












































































































incident unpolarized

intato

1
slide 28

I

reflected light is polarized parallel toground
refracted light has both 11 polarizations

what if 01 0 900 then α 900

conservation of electric field transmitted
light is all polarized so reflected
light is completely polarized 11 to surface

this condition
N Sind NzSinDz 0 Or

Melosor 02 90 Or

Macoso
so

fsg Tc
sinOr losOr

polaroid sunglasses












































































































polarizing filter












































































































Icystas
liquids w crystal domains like iron

light

I
polarizer polarizerLC

1ˢᵗpolarizer will only allow 1 directionof
polarization to pass

LC will rotate light so it getsthen 2ⁿᵈ filter

apply voltage to LC crystals line up

I ii
polarizer LC polarizer

2ⁿᵈ filter blocks all light
voltages can control whether pixel is on off


























































































LCD has array of pixels back light
computer control s which pixel is on off
color is implemented using color filters
contrast is important in LCD's

can make LC layer thicker to increase
contrast
but switching LC direction is not instant

so thickness time constant

faster LCD's mean less contrast
more contrast means can't refresh as fast

200 2 26 400 2 26


