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This session :

( ¥
. The hichelson interferometer, the core of 460

- How does it work ?

- Why the Michelson ? And why the
'
dark fringe

'

?

a



 

4
Use coupling equations
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Operating points frmje

- Want cavity with large circulating power → on resonance

dark frmje

- want hichelsr , to be on dark fmje ( why ? Thursday !)
hwnw positions and distance between objects can vary but interferometers only work ( well ) if positions
and distances are well defined .

⇒ On the simulation
,
need to chose '

tuning
'

of minors carefully
In the experiment ,

control systems constantly measure and correct positionsi.
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Degrees of freedom ( DOF )

Michelson output : ao = ia
,
Ei 24 [

cos KKDL )

Chose to describe hichelsm with [
,
DL mitead of 4 , L<

because this lnjhhjht the behaviour ay the instrument setter
.

[ changes phase , DL changes amplitude ,
Ohile L

,
or Lzoould change both

These new variables are the degrees of freedom .

I Common mode
,

DL differential mode

Important far all multi - optics systems , example coupled cavity :
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TO investigate move m
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Length signal and frequency noise

We want to measure length .

L always appears as coskkl ) .

k=¥= 2¥
, 6=10-6

,
c= d. f , f= 3. lot 4

Assume L=Lo+SL ,f=fo+Sf fo=3.@
cast# sjtmae Stant Troise

Cavity ( gist look at 244 :
/

signal noise
2kL= # f. L } f1=4

'I( folotfosltsflo + SJSL) = ¥ ( fo SL + Sf . Lo )
¥%↳=N2r

on resonance

"
Very small

Wemeed
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samefarhichdsonL-Lo@SLPowtncosffyw04mdahpmj.yysmMaitmthdL-4cIGoi.s

g) (AL+sL)=4¥(f|DL+fopsL+sfof+SJSL )
¥4F(fosL+SfDL)

signal noise

Now :

Sgt
.

< YE
,

blxlotm ⇒ ¥215 't

borders of magnitude better than a cavity ( and still difficult !)
Main reason for using ahichelson

.%
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Why a Michelson ?

- an interferometer scales signal by optical frequency fo = lot 4 !

- measures GW signal
'

twice
'

- Michelson is many orders of magnitude ( 6 !) less sensitive to

peg .

noise

Lz DL

4
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Signal gradient

%%£= - 8 " 's " ( 4h04 µBest '

sensitivity
'

at mid fringe .

Why use dark frmje ? 0 °
L

1) Slope misleading
. sensitivity really depends on signal vs. mode , eg .

mmiw

motion noise or laser peg . move scale the same

2) Will see on Thursday that dark frmje will allow us to do a

trick and gain laser power ( for quantum noise reduction )

3) generally good to do
'
null experiments

'

.

At half bmje > 50W on photo decide
.
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summary :

- equations for Michelson output
- hichebon has 2 degrees of freedom ( common + differential)

- Michelson much less sensitive to laser frequency noise

- operate Michelson at
'

dark fringe
'

( see Thursday )

Tomorrow :

- modulation of fields
- signals vs noise → sensitivity
-
ban s fir functions ~k


