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This session :

Hoo to transfer a signal ( electric
,

mechanic ) to the beam ?

Modulation of light fields
!

Compute the transfer function of the interferometer

h
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TTFull signal propagation D-1-1-1-1
.
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-

FY -- response#:{ trmsfrfmdimar
frequency response

hput : eg. motimafmirws
.

output : signal detected byphokdetectuinhlihelsnoutput .

h
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Itothehjhtbeam sinusoidalmotionTransfvofasyn
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Example : mirror motion

D×= m . Cos ( want)

az=a ,
.r .

eizksx
÷] /]

92

←o0
= a

,
.r .

Ei2kmas( umt ) g×

|az1=r .la/4az=4a ,

- Zkmco , ( wmt )

This is called
'

phase modulation
'

All optical sljmalsmiolmsomesortof modulation
,

asbefaeweoanttodesc .be/mdbstandthisinthe frequency

domain
. f
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Amplitude modulation gamier

sidebands
E =Eoei%t(1+mcos(wmtD to#

Um Un

!
Eoeiuotfltaeiomtmeeiwm'T >

Oo W[
Eo (eioot + neeilwotomtt + mzeiluoomtt)

| aoeiwot + a
,

.cn#+a.ei0twithw+=wo+wm
W

- Two - Wm

⇒ carrier plus two sidebands14



 

U

Phase modulation :

E = Eoeiluot + 4)
= Eoeiwottmcoslwm4)

= Eoeiwoteimcos ( wmt )

for very small m : m<4 : ex =§o¥n = 1 + × +
.

.

.

⇒ cim as ' )
= , + in cos ( ) Ditka to amplitude

- modulation !

E = E. dot ( I + in co > ( omt ))
t.ro

( eioot + one

dotting
eiat )%
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Butfwlayerm ?

infinite number of
eimcoskmtl ..¥fjkju(mjeikumt sidebands !

°

IEI

Amplitudes ? Complicated !

Formal : Trent,.fE)
"

Hostettler;
G a

TEI
for 141<2 :

E= Eoeiootlltinzneiomtczeiwmty
|=

Eo (eiuottimzeiutttinfehtt)
.

. .

 .

Sameasbefae !

%
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iut OnIhidm
.gov/remanserniyulnihiswhih:equE=Eo(ei0ot+mzeiutt.mzeiw-t)y

s Re

I oh !

Phasw diagrams : more into rotating frame :

Amp .
God . Eo(eiootinzneiutt + eiwt )

carrier lowtsbu
.

uppers But

p in . A

slower than
faster than

carrier carrier

¢
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E , Eo (eioottnaeiwtt + nzeiwty

lower SB uppers '3
to

B pp
them = E

-0

←µ
turn = I

t

I*⇒ .ie:L,
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o : E =Eo( eioottnzeiutt - mzeiw .
t )
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✓ Phase m
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Modulation : replace some variable with { cos (wmtl
( l + cos ( um t ))

On the frequency domain this can be described as a under of
discrete frequency components .

Amp .
mod : exactly two sidebands

Phase mod = frequency mod .

, infinite number of sidebands

Convention : phase mod . for small m
, often just two sidebands

E= Eoeioot (1 + if iewmt+ ineeiwmt)

,

%
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Photodiode S=EE* ,
E =a

, eioottazeiutt +

ozeiut zom

twin neon
-

EE
'

=1a,1
'

+ lay
'

+ la 12 + a. aieiloo -4)t + a. aareiloo . a)

ttkzieilotoik
<

= . um
neon

nee ~ it .

. wt
+

aitazeil0t0olt.aqazeilw-odtHazPeHa.l2t21azPt@azta.a

; )(eiomt
+ eiomt) + Hazkcoskumt )

t.la
,P+2lazP+Re(a. air) co > ( bmt ) . 4 + zlazpco > ( Zwmt )

Last PP

D-D-op Case 1 : Amplitude modulation

Modulator 9 ,=Eo ,
Gz= MEEO

Spd=lEo)4l+nEt2mcoslwmt ) + nzhcoskwmt))

Case 2 : phase modulation

a ,= Eo
, az= if Eo

Spd=lEok( HIT + mzhcoskwmtl)

%
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Phase modulation :

- no signal at Om on the photodiode ✓

- power miease If ? We used Jnlm) = he TE )
"

+ Of " " )

sohu.IO#itYr=ne2+.. .

spa = ( l - ¥12 + ¥ =
I - meh + Tf + It 1 + TI .

Aha !

No signal because a
, Git + a Faz = o

For non - symmetric sidebands : a
,

a it + at a
} * •

For symmetric sidebands but a
,
AT not imaginary a. air - at auto

h other words phase difference between a
,

and az not 90 deg
Os : if az=i ,

we get a signI coherent the

phase of the hjhey the cane is not 0 → Timme !

it
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hiihelsm and differential mode

One arm : Epa Eo eioot (1 + if eiwmt+ infeiwmt)

Other arm : Ee ifEoeioot(, . if eiwmt . inzneiwmt)

Output E out = Ff . (i E
,

- Ez) =

Ee
Eo (eiomt + eiwmt) eiwot

Need to at a field at wo ,
called local oscillator

, eg . Eoeiwt

Then this becomes amplitude modulation at Wm
.

%
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( OJ ( Wmt )

hixbtLowpass.S-SotfcoslumHtSzcosC2wmH-o@yfSoutSouprS.coslumH-Socos4tSicos41tS2CosC1.CosC2umHfDc.s
on

{ ( It coskwmt )) ¥(o)¢wm.zuuktttzcoslwntzwm) -4

:{ ( coslwmt ) tcos(]wmt))
Wm → DC + Zwm

Zwm - > wmtswm Ss

befaethennxibSout-sL@a-sSwo1ohieshittsSLp-tz.S

,
✓ A no bywzDui.

a

%
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Full signal propagation

T- mirwmotimatwm T- phasemoulatimofbjht DTTTH
- two new components of Efildatootbm T

- hidelsmtunsphakmod . toamplitudemod T

- photodiode + mixertloupass
- output : amplitude afsijmalatwm
- proportional tomihil amplitude # interfered

.

RH - respmseyj :{ trmsfrjmdimar
frequency response A,
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Summary :

- compute the transfer function of the detector from main motion to

photodiode output

- signal causes light modulation

- modulation Causes new field components at oo ± wm

- photodiode + mixer + low pass gives amplitude at

component at on

its


