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Sagnac effect

1913 Georges Sagnac - interferometer for rotation
detection where the two directions within the rotating loop
see slightly different optical paths. Sagnac's original
experiment used a loop about 1m square and detected

fringes shift when the loop rotated at a few times a second.

[Post, Rev. Mod. Phys., 39, 1967]

The Sagnac interferometer measures rotation with respect to the fixed star in the
galaxy, rather than with respect to the rotating Earth’s surface.
The observed fringe shift does not depend on:

- the presence of a comoving refracting mediur
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- the shape of surface area S,

- the location of the center of rotation. CFDSREN
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How is use for rotation monitoring?

L=10 m, D=15 cm,
A=630 nm N/

/ FRINGES
L
The phase shift increase with L — practical way for FOG M
A
development. O\ LASER

o
[Vali et al, Appl. Opt., 15(5), 1976]
The reciprocal condition for ¢ detection — the reciprocal configuration [Urlich, 1980] also

called the minimum configuration [Arditty and LeFevre, 1981]

NON—RECIPROCAL
PORT

DETECTOR

Combined single-spatial-mode and single-polarization filtering at the common input-output

port C‘FDSREN
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Rotational Seismometer — why not FOG?

! ICR-92 for inertial system

o 0.001 o/h -400 o/s

----
.......

Problems with:

1. Drift phenomenon,

2. Dynamic range,

3. Applied dedicate electronics
for angle not rotation speed
detection,

4. ...,

Fibre-Optic Rotational Seismometer

FORS optimization:

1. Optical Unit — increase sensitivity
& minimalization external
influences

2. Electronic Unit - proper signal
processing for long time operation
& remote control
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Influence of SMF-28 fibre lenght on system sensitivity for
constructed AFORS

AFORS resolution versus total optical length L and loop radius in 1 Hz detection
band. Parameters for simulation: wavelength 4=1285 nm, fibre attenuation o~
0.45 dB/km, optical path loss 0=15 dB, optical power P= 20 MW v r saroszewicz etal. inR.

Teisseyre, H. Nagahama, E. Majewski (eds.), Physics of Asymmetric Continuum: Extreme and Fracture Processes, Spinger-Verlag, Chap. 2, 2008.]
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Autonomous Fibre-Optic Rotational
Seismographs

ASPU - Autonomous Signal Processing Unit

Filtration ADC 16 bit

and gain

of signal

(1F 2F) L2E L3/ ADC 16 bit |
WEB

Optical head (Unif) FORS - Telemetric Server (@J-

AFORS-2 AFORS-3

(™) ©=2.46-10° rad/s/Hz'? Q,=1.83-10° rad/s/Hz""2

L= 15 000 [m], 15 layers, double quadropole L= 14 360 [m], 47 layers, double quadropole
winded, o =0.446 [dB/km], loop R=0.340 [m] winded, o =0.379 [dB/km], loop R=0.315 [m]
contains permaloy particles, ¢ = 13.16 [dB], contains permaloy particles, ¢ = 11.74 [dB],
cascade polarizers (46 and 55 [dB]), depo- cascade polarizers (46 and 55 [dB]), depo-
larizer with 0.02 [dB] extinction ratio, AA=31,2 larizer with 0.02 [dB] extinction ratio, AA=51,2
[nm], 2=1326.9 [nm], P, =20 [mW], fg=6.8 kHz. [nm], A=1311.2 [nm], P, =17.3 [mW], fg=7.1.kHz. 'q
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AFORSSs calibration

Q=S arctan[S, -u(t)]

Q=15°/h
N N-S ©,=9.18 °h
Warsaw W-E Q.=0.00 °/h

® AFORS-3 accuracy
® AFORS-Z accufacy
@ AFORS-1 accuracy

AFORS-2 quantum |
noise limitation

. : AFORS-3 quantum |

| 1 < noise limitation
' . 1 . | _AFORS frequenc , !

510 20 | .5.0””1-00
Frequency band [Hz]

Accuracy
AB= 0.83 [HZ] 13.3 [HZ] 106.15 [HZz]
AFORS-2 4.8 10°[rad/s] 1.5 102 [rad/s] 6.1 10-8 [rad/s]
AFORS-3 1.6 107 [rad/s] 6.9 10" [rad/s] 1.8 10 [rad/s]
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Remote Control

See POSTER http://fors.m2s.pl
Login&password: AFORSbook
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Example of events recording in Ksigz
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Amplitude x 107 [arb. unit]

Measurements

IMEL: 355833010028533, Event time UTC: 2011-03-11 08:46:37 [x10E-6 radis], first 100 blocks

chart by amCharts com
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Example of events recording in Warsaw

IMEL: /355832010131776, Event time UTC: 2011-07-15 00:08:37 [x10E-6 rad/s], first 100 blocks IMEL /355832010131776, Event time UTC: 2011-07-14 22:28:25 [x10E-6 rad/s], first 100 blocks
chart by amCharts.com chart by amCharts com
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ADEV: Omega Offset GS LevelBefore/After: T:5 ADEV: Omega Offset: GS LeveliBefore/After: 15
7.9079E-6 [rad/s] 3.5669E-4 [rad/s] 7.91E-5 [rad/s]/5.888 [s]/5.888 [s] A B 42.46 [Hz] 7.9079E-6 [rad/s] 3.5669E-4 [radis] 7.91E-5 [radis]/5.888 [5]/5.888 [s] AB 42.46 [H2]

The data recorded as response for ground moves generated The data recorded as response for ground moves
by morning intensity on the street in a distance about 50 m after tram pass through street in distance about 50 m
from and parallel to the long building wall. from and parallel to long building wall.

[L.R. Jaroszewicz, et al., in Oren Lavan, Mario De Stefano (Eds): Seismic Behaviour and Design of Irregular and Complex Civil tures Springer
2013, Ch.23, 339-351] g
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AFORSs application for monitoring
building rotation

AFORS - 2

3rd International Workshop on Rotational Seismology — 3IWoRS, Christchurch 22-25 September 2013, New Zealand



Outcome

Analogue to digital
conversion errors

9000 10000 10500 11000
time

Data after linear regresion aproximation Data after linear regresion aproximation
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AFORS - 2, ground floor refernce AFORS - 3, ground floor refernce

AFORS-2 -- ground floor -- first floor AFORS-3 -- ground floor -- first floor

AFORS-2 -- ground floor -- third floor AFORS-3 -- ground floor -- third floor
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AFORS-2 Ground floor 1,586 1075 1,58107°
AFORS-3 Ground floor 0,784+ 1075 1,58107°

AFORS-2 Ground floor 0,921-107° 0921107
AFORS-3 First floor 0,386 1075 0,781 1075

AFORS-2 Ground floor 0,942-107° 0942:107°
AFORS-3 Second floor 0,633-107° 1,281-10°°

AFORS-2 Ground floor 1,855 1855107
AFORS-3 Third floor 1,139- 2304107

AFORS-2 Ground floor 1,586 - 1075 1,586-1075
AFORS-3 Ground floor 0,784- 107° 15861075

AFORS-2 First floor 0,706 - 0706-107°
AFORS-3 Ground floor 0,594 - 1,202-107°

AFORS-2 Second floor 0,664 - 0,664+ 10
0,536 1,084-10°°

AFORS-2 Third floor 1,274 127410
AFORS-3 Ground floor 0,430 0870107
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Conclusions

1.The main advantages of AFORS systems:
* mobile with remote control of their main parameters,
* continously monitornig of seismic rotational events,
* immediate information about recorded events,
* enough accuracy and frequency bandpass for seismic application.

2.

3. Solution FOSREM project — we should have five systems in next

year
(EOSREM
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