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How	does	an	accelerometer	work?	
•  An	accelerometer	measures	the	accelera1on	of	a	weakly	coupled	mass	rela1ve	to	its	enclosure	by	measuring	the	rela1ve	

displacement	it	gives	rise	to.	
•  Mass	m,	s1ffness	of	the	suspension	k,	natural	coupling	frequency:	ω0	=	√(k/m)	(small	k	can	suspend	the	test	mass	in	absence	

of	weight,	hence	low	ω0)	
•  Low	ω0		means	high	sensi1vity:	an	accelera1on	Δa	between	the	test	mass	and	its	enclosure	at	frequency		ω	<	ω0		yields	a	

rela1ve	displacement	Δd	≈	Δa/ω0
2		(e.	g.	ω0		=	1	rad	s-1,	Δa	=	10-12	m/s2	→	Δd	=	1	pm)	



Capaci1ve	reading	



Capaci1ve	reading	



Interferometric	readout	



Interferometer	vs	capaci1ve		



The	principle	of	Interference	
•  An	interferometer	compares	a	

displacement	D	with	the	
wavelength	λ	of	a	
monochroma1c	light	source	(a	
laser).	The	wavelength	λ	is	our	
measurement	unit.	

•  The	interferometer	is	based	on	
construc1ve	and	distrup1ve	
interference	between	two	(or	
more)	laser	beams		

•  An	intensity	signal	is	converted	in	
electrical	signal	S		by	a	detector		



Interferometer	types	and	measurement	needs	

•  Michelson		
–  Homodyne	
–  Heterodyne	

•  Synthe1c	wavelength	(or	
dual	wavelength)	

•  Fabry-Perot	
•  Femto-second	laser	
•  …	

•  Long	distance	
•  Absolute	
•  Incremental	
•  High	resolu1on/accuracy	
•  High	speed		
•  Nano	metrology	
•  Vacuum/air	
•  …	
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Homodyne	Michelson	interferometer	
The	signal	S	is	
propor1onal	to	
the	ra1o	D/λ	

S 
displacement/lambda 

S	=2(1+	cos	ϕ),			ϕ	=	(4π	D/λ))		

D	
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f	=	ν2	-	ν1	
	

Heterodyne	Michelson	Interferometer	
•  The	laser	source	generates	

two	beams	with	slightly	
different	frequencies	ν1	and	
ν2	

•  	The	two	beams	are	
addressed	to	the	two	mirrors	
and	than	recombined	on	the	
detector	

•  A	beat	signal	having	
frequency	f	=	ν2	-	ν1	is	
generated	

•  S	=	1	+	cos	(2π	f	t	+	ϕ)	
•  The	phase	ϕ	is	propor1onal	

(again)	to	D/λ	
S 

1me	

D	

cos	(2π	f	t	+	ϕ)	
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Heterodyne	Michelson	Interferometer	
•  A	reference	signal	is	

generated	before	the	
beam	separa1on	

•  A	dynamic	phase	
measurement	between	
the	reference	and	the	
measurement	signals	
allows	us	to	obtain	ϕ,	
hence	D/λ		

D		

cos	(2π	f	t)	cos	(2π	f	t	+	ϕ)	
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f	=	ν2	-	ν1	
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Prac1cal	realiza1on	of	a	heterodyne	
interferometer	

The	laser	path	is	
folded	by	means	of	
polarizing	op1cs	

ϕ	



Can	we	achieve	infinite	resolu1on?	
•  The	resolu1on	is	given	by	the	S/N	ra1o	
•  The	noise	limit	is	the	shot	noise:	N	=	√#photons	
•  With	a	sufficiently	high	number	of	photons	the	S/N	can	
be	very	high		

•  A	S/N	≈	106	can	be	«easily»	achieved:	with	λ	≈	1	µm	→	
picometer	resolu1on	

ϕ	



Ligo	and	Virgo		interferometers:	10-18	m!	

KW	of	op1cal	power	
circula1ng	in	the	
interferometer	



But,	what	about	accuracy?	
•  The	2π	phase	must	be	divided	into	equal	parts	

ϕ	 ϕ	=	(4π	D/λ))		
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The	polariza1on	mixing		
(or	cross-talk,	or	cyclic	error)	problem	

•  Real	polarizing	op1cal	
components	are	not	
ideal	

•  Some	por1on	of	the	
beams	goes	in	the	wrong	
direc1on	

ϕ	ϕ'	



Cyclic	error	simula1on	

effect	of	5	%	offset	unbalance	



effect	of	5	%	gain	unbalance	

Cyclic	error	simula1on	



effect	of	5°	error	with	respect	to	perfect	quadrature	

Cyclic	error	simula1on	



combina1on	of	the	three	

Cyclic	error	simula1on	



Ways	to	reduce	cyclic	errors	
•  Reduce	lambda	or	mul1py	the	op1cal	path	
•  Use	a	Fabry-Perot	interferometer	
•  Reduce	mixing	by	implemen1ng	spa1al	
separa1on	

…	cyclic	errors	small	enough	for	LIG	



Prototype	
implementa1on	of	LIG	



Prototype	of	LIG	op1cal	head	

30	x	20	cm	
Zerodur	board	

From	Laser	

To	detector	

To	detector	


