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Sagnac Effect and basic of ring laser



Angela Di Virgilio, Frascati, 23-10-2014

Several devices developped for inertial navigation and other applications using fibers , laser and atoms

From fraction of micro-rad/s to fraction of prad/s

Sensitivity depends on the size of the ring, 
stability depends on the construction and environment



Measuring rotations

Seismics Earth Tides
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Ring-laser versus cold atoms
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• (Cosmology)
• Celestial mechanics
• Lensing
• Gravitational waves
• Equivalence principle
• Rotation effects (gravitomagnetism)

General Relativity Present Challenges



Experiments: Gravity Probe-B
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C.F.W. Everitt et al., PRL 106, 221101 (2011)

GR geodetic (de Sitter) precession confirmed within ±0.28% (previous best result ±0.7% 
from lunar laser ranging)
GR frame dragging confirmed within ±19% (previous best result ±10% from the laser 
ranging of the LAGEOS satellites)
Final accuracy limited by an unexpected patch effect



The LAGEOS orbit precession
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N 

Systematic analysis of the reconstructed orbits
Good model of the gravitoelectric field of the Earth needed
First results (1998): Lense-Thirring verified within 30%
2004-2010 results, using a model of the gravity of the Earth based on the 
results of the GRACE experiment: LT verified within 10%

I. Ciufolini et al., Testing Gravitational Physics with Satellite Laser Ranging, to 
appear on Eur. Phys. J. Plus (2011)



The LARES mission

• A compact sphere (36.4 cm 
diameter) made of a tungsten
alloy; 96 retroflectors.
• Almost spherical orbit at a hight
of 1450 km.
• Purpose: to allow for an LT 
effect measurement within a few
%.
• Flying since February 2012
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• Torque on massive gyroscopes

• Asymmetric propagation along closed paths (in space) 

Ring laser

Expected detectable effect
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A Ring Laser
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Asymmetric propagation of light in a ringlaser



Earth-bound laboratory (lowest 
approximation order)
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 = angular velocity of the Earth
ω = angular velocity of the instrument
θ = colatitude of the laboratory



Expected signal
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Orders of magnitude

Necessary to measure the Earth angular rotation 1 part 109



Ring-laser and Geodesy

credits: ESA 

Earth: “The living Planet” 

complex interaction
of coupled subsystems

! 
large numbers of dynamic 

processes over a wide range 
of time scales

! 
Resources of the Earth are 

limited

! 
! 
! 

Geodesy contributes to better 
understanding by: 

- mapping the figure and gravity field
- observing changes over time
- establishing reference frames
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Ocean. Mass Transport

ocean circulation

mass and heat transport

sea level height variation

Change of mass & volume 

Dynamic of the interior

mantle convection, plumes

plate tectonics

isostasy and variation of geoid

climate change

interaction of atmosphere & ocean

anthropogenic interaction

Icesheet variation

snow and ice coverage, dynamics

interaction with oceans

Hydrological Cycle
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Earth rotation measured 1 part 1010

But few measurements for weeks



Geodetic Observatory of Wettzell
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Allan Deviation, relative to the Earth 
Rotation rate, 
Left: large rings in Germany and 
NewZealand

Right: typical performance of our
prototipes G-Pisa and GP2 
(backscattering sub.)
Not designed to have large stability
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GEOPHYSICS: rotational seismology is a new branch of geophysic
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Combining seismometer and ringlaser data the direction of wave prop. is reconstructed



Rayleigh wave, Japan 2011, recorded by our prototype G-Pisa
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G in Wettzell is a very expensive monolithic device

Impossible to develop a 3D device and monitor the relative angle with nrad accuracy
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Very cheap design, but transportable



G-Pisa
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Monolithis devices are expensive and not suitable
to be extended to 3D

The basic ideas is to develop a stategy to 
enhance the stability of a simple etherolithic
design by using control loops

improve the stability
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…improve stability with control feedbacks…



GP-2, geometry control 
prototype
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model and study laser sistematics



Kalman Filter to reduce back-scatter noise
Best experimental set-up-----align with the Earth Axis
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Essential of GINGERino, under construction at
LNGS

• The ring, 3.6 m side, covered by a good acoustic/thermal  shielding

• DAQ and all related electronics will be contained in a separated box, 
outside the acoustic shielding

• GPS clock necessary
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Underground location external disturbances should be small



LNGS-Node A,
polar motions should be observed
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First step....
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GINGERino,  third step
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First signals in December? We hope so, but
we cannot guarantee

22-10-2014
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GINGER (Gyroscopes
IN GEneral Relativity)

Lense-Tirring effect 1% accuracy
Measuring Gravito-magnetic Effects by Multi Ring-Laser Gyroscope - Bosi, F. et al. Phys.Rev. D84 (2011) 122002
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Pisa, Napoli, LNL and DEI, Napoli, Torino Politecnico, INGV, in 
collab. with U. Screiber (TUM), H. Igel (LMU) and J.P. Wells 

(Christchurch NZ)

Di Virgilio, Allegrini, Belfi, Beverini, Bosi, Carelli, Cella, Maccioni, 
Simonelli and Santagata (PhD Siena), Terreni

Ortolan, Cuccato

Beghi, Naletto, Pelizzo, Donazzan

Porzio, Altucci e Velotta

Ortolan

Tartaglia, Ruggiero
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G-Pisa minimum of the Allan Deviation
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External metrology, developped for SIM light, seems suitable to monitor the relative
angle between different rings of the array
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G. Naletto, M. Pelizzo, DEI Padova



Conclusions

Large size ringlaser are very simple object, which can provide
useful information for geodesy and geophysics

An array of ringlaser could measure locally the lense-thirring effect
(GINGER project)

We (G-GranSasso, CommII) are working in order to realize such a 
beauty, the three main points are:

-is LNGS a suitable location?   GINGERino

-can a control system ensure the necessary stability? GP-2

- Relative alignment of the ringlaser monitored with nrad
accuracy

SENSITIVITY, STABILITY and ACCURACY

Angela Di Virgilio, Frascati, 23-10-2014


