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Wave equation in vacuum

why light is E M wave

properties of E M wave

energy and momentum

Wave equations in
linear and nonlinear

media
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2 春µ C speedof light in vacuum

speed of light is determined hyeletrolmagnet.atHic

ROSA DORSEY 1907

C 299 对 km s

2 Light is an electromagnetic wave

3 Go No are measuredquantitiesby using
chargedpith balls batteries and wires having
nothing to do with light

4 Without Maxwell's contribution on displacement

Current ie.io 㼭 the wave q
would notemerge

and there would be no electromagnetic theory of

light
5 Anysuperposition linear

sum ofsolutions is a
solution of wave equation
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insane

y cos Ak not a wave

There are many types of solutions of
wave equations

This is a solution

Eat 5Z 3t

but it is not a useful solution
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Spherical wave
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One possible simplest solution is plane wave

IECxy.titjleinrtiii.ie

E wieohi f.li is wave vector
which denotes ware propagation direction

In ⼆ ⾄
This solution is only raid when

E.pl does not vary
in space isotropic

No free moving charge
No current 5
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Illustration of plane wave

Let's assume the wave is propagating in Í

in

In the plane orthogonal to the propagationdirection

the vector field Ē is uniform same direction same amp

At different planes I might be different
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Why plane waves are useful solutions

Assuming
a point source emitting E M radiations

Observer

i
CFar field

〇⼀
Nearfield

ii
乔

Plane waves are good approximations

when you are far from the source of Ed M

radiation fi field

In most cases we are dealingwith far field
for near field optics plane wave is not agoodAppr 8



Arbitrary wave

whhuwiǔiǜt ⼀

Nearlyanywaveform in space or time can be

madeupbysummingenough plane waves

Fourier theory
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T.me derivatives
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Solutions of wave eq theymight notsatisfy
Maxwell
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9 ⼼量 vacuum is transverse wave GEMway

FE and Ǒ are in phase and mentally
perpendicular ie E te

i a
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Amplitude ofmagneticfield is verysmall

compare to É_field we can ignore the contribution

of5in photonics

The direction of E is called polarization
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Phasevelocity velocity of wavefront
Gr constantphaseplanes

ComoThe phase velocity is
a hypothetic speed

The phasevelocity
can exceed c

eg Oblique incidence
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u 主 E ⼆⼗点5

where B⼆ 点⼆⼆ NotÉO
Electric andmagneticfields have equal contributions

U EoEIGE2cosTkE wtt8J

Energflmxde.nsiy energy per unit
area per

unit time transported by the field

S 忐 Ě的 c to EioECKZ wttbi

cuzimeani_A.Itotd 8
no V u A cot

S A 七
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EM field also carries momentum

moment densitystored in the field is

it
Er monochromatic plane waves

j fc Eioslkz wttfit fuz.EC笀⼼ Guts
For light wavelength is so short.any macroscopic
measurement will encompass manycycles

Note the average of cosine.squared over a complete cycle
is Yz so

an ⼆点 to Ei
522 赱cao Ei

c.gs⼆点GÉÈ

Cs denotes time average over a completecycle

The average power per unit area transported

by an E M wave is called 叫

⼯⼆ 主 9
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GEectromagneticwauesindiekctricmedia____

Linear and Homogeneous media

Etty

is uniform in space

f EoxÉ
A to Er㠭

DXÉ M1⽐𦐒
⼝ Ě_
p.io

identical to free space Maxwell equation
but just replace no Go by a Er and pour

So the wave q.in
Linear and Homogenousmediai

⼝⾄ ⼀ 主管 ⼀

speed

赢 点 _iiii
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Comments i

It looks as if light is sloweddown by

muteriasfeas_enn.it
takes times for dipole to emit light

again will come back to this in Lecture4

ǘwave vector k E n告
⼏⼆ 柒 ⼆ 号

n_n 3 z

Wavelength is shorter in materials
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Nonlinear and Homogeneous media

P GǛE t to X Et to X Est

D GEtp GEtltcxts_kt.tnthis ease we can no Longer define a Er

Such that D ⼆ to GE we have to

write It to Et f

Then we have a generated wave

q.EE⼀点㠭 µ器

䵼 噖𡠺
For nonlinear optics Pinto
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