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. are all elastic scattering process
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Which means there's no

energy exchange
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light and matter
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In this
type of process , photon has to exchange energy

with the material

Depending on where the
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different type of scattering .
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Because A is related to the molecular
features ,

Raman effect has become
popular

in
spectroscopy

.

Raman
Spectroscopy

C commercialized )
.

Now
many groups

are working on

very
advanced Raman

spectroscopy,

either for high resolution
,

or high sensitivity
.

Video : Sunny ,
Xiao liang ,

Xie
,

Harvard University .

Question : is Raman second / third nonlinear effort
?

Easy guess
: has to be third for a small

fegueng shift .
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You can 't have Fitz
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E. EE
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etc
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Their frequency doesn't match
.

More detailed
analysis can be found in Nonlinear

Optics .
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Stimulated
. scattering .

The incident photon can take / give
um ) some

energy from the material
t w
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therefore the output photon can have

high L anti - Stokes ) or lower C Stokes , frequency



Let's look at these two
process
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This is Stokes

process .
This is anti - Stokes

process
:
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what is the ratio of Stokes photon and anti - Stokes photon ?
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For anti . Stokes
process , you

need the molecules to be at

Ii ) stale
,

while stoles
process

: at
ground

- state
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Usually : 5¥ ~ few THz for heavy molecular bond
.
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Stimulated emission :

Stimulated emission means the
previous generated photoyphomn

will
trigger more photon / photon .

Stokes is easier than anti - Stokes
.

Es Iet; for simplicity ,

work with
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How do we
get

to here ?

people have found that c.experimentally )
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Brillouin
Scattering
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exchange energy
with phonon .

Critical difference . phonon has
large k - vector

.

phononsare like photons , they
have momentum

.
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Let's see if this is possible :

Energy
conservation :
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Momentum conservation :
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However
, speed of light is 3×108

; phonon is
speed of sound

,

~ Job m/s in solid
.



Doesn't work . . .

So what would happen ?

The problem is : the momentum change in photon is

too small
.

To make it
huge , you

can have

backward
scattering .
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At 155ohm in silica :L optical fiber )

Yz -

- 193.4 THE ;
hi - 1.45 ;

0=5600 m/s .
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D=
2×560×-1.45-+193 .4THt= 10.47GHz .

3×108

This is the
fngueny difference in a fiber at Ittonm .


