
Inverse
symmetry

and X
"

Most materials have
isotropic

structure
,

like glass,
water

. . . .
.

It means if you
rotate

, reflect ,
inverse the material

,

the
property of the material is identical to the

original
one

.

Some
crystal

structuresalso have inverse
symmetry

.

Why inverse
symmetry

matters ?

,
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Now if we reverse our axis to Iv
,
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But as we know
,

the body center cubic has inverse
symmetry ,

meaning itsproperty
does not

depend
on the direction

physics
of your

axis
.
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So for inverse
symmetry

materials :
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in T coordinate

PII = -

E
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in t coordinate
.

Only
one solution :
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Deeper perspective
:
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has different parity . PI's has
parity

c- II
,

odd
.

meaning everytime yar flip your
coordinate

, →

Par
→

PTU → - pin ;
So

parity
is - I

.
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The right
- hand side : EE

'

has even

parity
. I l )

(E) EE ) -

- TIE .

flip coordinate does not matter
.

So the
my way

that

pits
" ' E E

'

has non - trivial
solution

,
is that IT " has odd

parity
.
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when inverse coordinate
.

Non - inverse
symmetry

→ Non - zero
" )



Sum and difference frequency generation
.
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Previously ,
we noticed that in

we Fai
-

- I'm
. EE
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,

'

→ Fite term
,

and Eiti
P term

.

Er Now let 's
suppose

we have two
input frequency

i and three

→ output
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We take sum
fngueng

as an example
:
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Wz = Wit Wr
.

General nonlinear efhation gives
:

g.
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Let 's
again

omit the
complexity

in
polarization

: ej→=eo→

take PIT
-

- Equus E
'

E- ( Eit Ert Est ET'tEETEFY ; We know phase -

matching
in

a condition for XM

process
to

happen . So this time
,

we

quickly pick those

combinitim that has Wi
,

Wr and W3=w
,

two
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So nonlinear
equation becomes :
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So
again , phase matching

condition ok -

-
Ks - ki - Kr - so
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Sum fgaeny .

We now consider a particular case which is
useful

for information up
- conversion .
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In information transportation, we always
want the

carrier to have
higher fgueny .

Because in
general ,

the

f
maximum bit rate is limited by

Information on sideband
.

the carrier fngaeney
.

If the modulation rate is higher
than carrier

frequency ,

µ .a.ru#jhnhnh8mbaI.ihanamfoidiy
,

and

destroy the information .

Now assume W
,

a Wz Cws
.

And we want to convert laser from wi to Ws
.

w
, is small i So is w3

.
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,
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so take Erez ) = Edo )
.

Further assume ok - o
,

work in phase -
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It's
relatively straightforward to solve this :
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Oscillation
equation
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Similarly ,
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Question I : why can Est larger
than I 't it ? Does this

violate
anything

?

Ttslniax = Mwc IE , lost
.

Nsw I

Notice : spouter=  a' ntEf : photon per unit time
.

Aw Hw

PINEY = tmall.IE#max--EAEwstz.coy
'

Aws 2kW3h39
=
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= photon of E , co ) per
unit time

.

2kW
,

So all photon of Zi lo ) is converted to Ez
,

and because

E , has higher energy per photon ,
so Ttslmax > Ttilmax

.

Where does the
energy

comes from
? from Er

Hwi
uns uns this
my

b- Wr

Question 2 :

why
is the solution

oscillating ?

Consider when Is is max
,

and El is Zero
.


