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At this
point ,

we have known how the atom respond
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Let's see if we can derive the
counterpart for

EM - wave
.
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This question will be
extremely easy

to address in fun
quantum picture ,

however
, classical FM - wave will

give as

just the same result
.

Theorem : Poynting 's theorem

The rate of energy transfer C
per

unit volume ) from a

region

of area gnats the rate of work done on a

charge distribution

plus the
energy flux leaving

the
negron

.

why ? Energy conservation
.

for EM - wave
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Let 's work on it . Something to keep in mind of
how to construct the same form
on both side of the

equation .



Try to see what we need :

We need If ;
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Can look in Maxwell equation
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energy flux .
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charge .

for our case
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we don't care about
energy flux since we

are considering standing wave Ears
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So EM - wave
energy density change rate :
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Now calculate -
E Itp

'

p→ = N ICI 's ; N - s I :

only
one atom

per
unit volume

.

P' = ICI 's

We know : fat> = Eyal I LI 14 it IS

HAD = outset 4th , + but , e-
i

 

Etting

i. cysts I LI I Yun >

= ( aft , et
' Yt

c , I + Ht , et
it they)qx . fact , e-

 it .tk
+ bet , Eitthsy

We know : a text D= 2212512 ) = o

< 112511223 = at EI 113 = fin .

So we have ; ECI 's

= atytsbctje-ittitttttfpztbctgau-yeitt.int/tnI

Use : the Er - E
,

= too ; out ) -

- cos Rgt ;
bits -

. i sink

We have : ECI 's
= inn

cosratsinryte-iwt-ii.iasksindyteiwt-M.TW
# sin ( eiwtieiwty



Use : Zoos Rent sin Rat = sina.at

eiwteeiwt = sin wt

ri

We have : p→ = Mii sinrrtsinwt

- I ayztp
'

=
- E.Miiaswt . ( raassktsinwttwcoswtsinrnt )

Notice Dr a w

:
.  -

E' ltiztp
'

a - w - Emi . coiwtsinrnt

= - h-w.Etfiicopwtsinrat-e-hw.hr - ashot sinrat

When we do
integral from t -

- o to t  
= Iga ,

the

time scale is much
longer than to ,

so we can tale

average of ashot

Easy to see it 's f-

¥
,

fo
"

as
. wtdt -

- ¥ fihiuiasyytyodt = -9¥
,

-

- ÷
.

i
.

 
- I ctHtp→ =

- tnwzasinrrt

So
energy change is :



SE  
= - Jfkh rn smart dt  

=
- fftp.sinrnt.dcrnt )

=
- the f.as rat Iii!! ) =

- to

The EM - field lose energy of hw
, one photon .

We can actually
see :

 -

E'ztp
'

= - twfr-s.in rat = R

Rso ! i

" "

.1

Absorption

Hatin
.



Let 's build a better link between atomic scale solution

and macroscopic
scale optical property . X

,
or Er

.

A critical difference between a single atom and a large
collection of atom is the phase .

Naturally ,
atoms will not all be in

ground state at t -

-

o
.
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These two are the main

sourcesof decoherence
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When there is no Z field , acts
,

but will be constant
,
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However
,

there is also decoherence that kills the dipole .

The simplest form would be
exponential decay of dipole :
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Note : the reason we can do this is because we have

assume the coherent drive of E and other effect are independent .

So in a rate equation , you
write :
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This calculation should
give us loss and gain .
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Correct
.

Let 's now calculate this integral
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Next
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Later we will examine gain and loss
, refractive index

from this result -

A shortcut to get putt )
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