Technische Universitat Minchen 'ifil\ FESQG ®|==~u @ TLITI

News from G-Wettzell

A. Gebauer, U. Schreiber, Th. Klugel

gebauer@fs.wettzell.de




Technische Universitdt Minchen T}'"ﬁl\ FESG *|'='-‘--'::fi:'-"m:.¢..h @ TI.ITI

10 decades of frequencies

Introduction R B R B B B e B S e S N A P U N A PO N N PN A PR L R PN R b
Signals
Tides RS O A R N S N R S N A P A P A RS A B S A PO N A ()
Earth Rotation

Sagnac Signals [ [ [ [ [ [

Hardware 1s 1min  1h 1d 1week 1a
Data

Stability

Meteorological L S i g N a I S

effects

Seismology * Instrumental requests

e * Solution / problems

Conclusion

Outlook

03/23/12 Pisa 2



Bundaamt for

TGS FESG *I==

Technische Universitat Minchen

] n Qf Instrument

Sagnac )\ P
rotation / orientation || rotation / orientation
Introduction ) o
tides relativistic effects
Signals
Tides hydrosphere
Earth Rotation accum”'a"” CD
atmosphere imoting ¢ O
otice lunar-solar .
Sagnac Signals mantle convection attracton
cryosphere
. ryosp earthquakes
Data
Stability exogenous effects - endogenous effects

Meteorological
effects

Seismology
Actual Stability
Conclusion

Outlook

moment of inertia changes

global €<- regional <-> lokal

pete tectoniog

atmosphere

ms €-> a

03/23/12

Pisa



Technische Universitat Miinchen i;‘\ FESQG ®|==~u @ TLITI

Introduction
Signals

Tides

Earth Rotation
Sagnac Signals
Hardware

Data

Stability

Meteorological
effects

Seismology
Actual Stability
Conclusion

Outlook

03/23/12

moon / sun

Attraction ba: acts in direction to moon (sun) depending on the distance;

Centrifugal force bZ: acts in parallel to the connecting line between

Earth and moon / sun, but in opposite direction; this force has the same value
throughout the Earth, because we are still dealing with a rigid body which
circulates around a center.

The difference of both forces (or accelerations) is the tidal force

(acceleration) given in red. This vector is zero in the Earth‘s center, only. It
points towards the tide generating body on the side facing it, and in the
opposite direction on the other side. At the poles the tidal vectors point
towalif_ds the Earth‘s center. The section of the Earth is changed from a circle to
an ellipse.

The tidal forces of the sun and the moon are about 90% of the whole tidal
force. Jentzsch
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Mechanisms:

1. Angular momentum changes
. Continuous decrease by tidal friction

. External angular momentum [ precession /forced
nutation

. Interaction between angular momentum and sub-systems
. Rigid Earth = atmosphere, ocean, inner core
. reversible

2. Moment of inertia changes

Relocation of masses (earth tides, barometric pressure,
ocean, water, postglacial rebound, earthquakes)

3. Oscillation of rotation axis (,free wobble)
Figure axis und angular momentum axis not parallel
Pisa [J free nutation (,Chandler wobble", ,free core ngtation®)
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Wherefore observations of Earth rotation?

Pisa

Generation and conservation of global
reference frames for exact positioning on
earth and in space

Transformation between earth-fixed and
space-fixed reference frames

Astrometry, Astronomy
Space travel, business of Satellites
Navigation

Understanding of global geophysical
phenomena, model validation
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Hardware Updates

C
Af—ﬂﬁy y
AP

=const (4A=const) f , = const
Pressure regulation Digital power control

Avoid changes by barometric  Avoid drift of the
pressure and temperature.  Sagnac-Frequency

f _ # const

nr2

Backscatter

- Actual stability ~ 10-8-10-°

- Intended stability in scale factor 10-"°
Pisa 16
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Polar Motion

Amplitude estimation of 7 Oppolzer terms (Q1,01,M1,P1,K1,J1,001),
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Long term Effects

* Periodic / Global effects well investigated:
— Tidal tilt

— Earth axis orientation changes (Oppolzer
term)

- Models are working
* Chandler Wooble is detected

* Several signatures in the data are still not
understood

Pisa 23
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Meteorological effects

Possible forced by:

* Barometric pressure
* Temperature

* Hydrology

* Wind

Pisa
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Hydrological effects

Can groundwater level changes cause rotations?
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Local wind effects

investigations according to different sample rates (30 min, 1 min, 1 s)
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Local wind effects — FE-Model

-acting wind force

-Air density (1.23 kg/m?)
-, drag coefficient’

-wind velocity

-wind loaded Area
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Local wind effects — FE-Model

1.0x10™ — 1 min Daten
E -1 |
8 5.0x107"" —
E |
® -1.3x10%°
C
ie) I
g -5.0x10™" — observed
N synthetic
-1.0x10™ ‘ |
10 —
R
g o
L |
& 4 —
: : M W
g 5 ] Mt
g * ! f
0 lu s HM\ “ HJI‘“ hl H“\u ‘J\“\MMIU‘M“MMUuuN \“m WIMMMU.

Pisa 35



Technische Universitat Miinchen }ﬁl‘;ﬁ FESG [ @ TI.ITI

348.54 B
| ——— Sagnac-Frequenyc raw 20Hz 05.01.2012 — 6x10°
Introduction —— Sagnac-Frequenyc raw 20Hz 11.01.2012 i
Signals 348.53 — — 4x10°
Tides ] i
— 2x10°
Earth Rotation E 348.52 —

Sagnac Signals S i | 0
g ign g 0x10
Hardware 8 34851 B .
Data | — -2x10
Stability 5

348.5 — — -4x10

Meteorological -

effects - B 5
- | 55937 55937.25 55937.5 55937.75 55938 -6x10
eismology 348 49 | a | } | : | } -
Actual Stability 55931 55931.25 55931.5 55931.75 55932

time [mjd]
Conclusion
Outlook

03/23/12 Pisa 36

relative changes



Technische Universitat Miinchen iﬁ:ﬁ FESG [ @ TI.ITI

Introduction

Signals
Tides

Earth Rotation

Sagnac Signals

Hardware
Data
Stability

Meteorological
effects

Seismology

Actual Stability

03/23/12

' R MWWMMWWMWWWWW




e B s LN
Technische Universitat Munchen ,'I'GIS FESG ml_ ‘(':j TI_ITI

Local wind effects — 1 Sec. Data — Wind

Meteorological Parameter

25
Introduction E 20 —
Signals £ |
3 15 —
Tides 0] —
Q
» 10 —
Earth Rotation e
Sagnac Signals = 5
Hardware 0
Data — 300
Stability I5
S 200
Meteorological o
effects © 7
g
Seismology = 100
Actual Stability
Conclusion ‘ ‘ ‘
55931 55931.2 55931.4 55931.6
Outlook time [mjd]
03/23/12 Pisa 38



Technische Universitat Minchen

Introduction

Signals

Tides

Earth Rotation
Sagnac Signals
Hardware

Data

Stability

Meteorological
effects

Seismology
Actual Stability
Conclusion

Outlook

03/23/12

Sagnac [radls]

Local wind effects — 1 Sec. Data

fy10"

2x107° —
— 2x10"

0x10" — | — 0x10°

— 10"

Ax107°

| \ Ayt

55931.466 55931.468
tim ¢ [m jd]

Pisa 39

EFI’S FESG B | @ Tu'"

Calclated wind [rad/s]



Technische Universitat Minchen T} $h

Local wind effects

Introduction

Signals f ring laser gyro local wind

Tides
right amplitudes,

Earth Rotation no real correlation

Sagnac Signals

Hardware

o :f investigations according to different sample rates (30 min, 1 min, 1 s)
|

Stability FE-modelling

Meteorological
effects synthetic time series

for area load via
rotation matrices

Seismology

Actual Stability
Conclusion

Outlook

03/23/12 Pisa 40



Technische Universitat Minchen

Introduction

Signals

Tides

Earth Rotation
Sagnac Signals
Hardware

Data

Stability

Meteorological
effects

Seismology
Actual Stability
Conclusion

Outlook

03/23/12

i ‘}S FEGE B |t @ -I-u-"

Locale wind effects

Pisa

amplitudes in the right order of magnitude

deformation velocity ~4km/s (seismic) =
instantaneous

no correlation

— additional def. due to e.g. marine micro
seismic

— phase shift due to wind squall, caused by

distance of about 300 m of metrological
station

— Incoherent waves in the soll
small scaled effect
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Local wind effects
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Local wind effects

-

ring laser gyro

right amplitudes,
no real correlation

local wind

4

investigations according to different sample rates (30 min, 1 min, 1 s)

FE-modelling

synthetic time series
for area load via
rotation matrices

load with

synthetic
wind squall
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Local wind effects
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Local wind effects
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Local wind effects

Introduction Rotation-matrices : :
_ : : wind squall transfer function
Signals - time series
Tides L
Earth Rotation LU
>

Sagnac Signals

e 3 Wind acts small scaled (~250 m)

e - affecting factors:

Stabiiy - building density

M;tfzc;:glogical 9 topography

- Wind distribution

—> additional deformation (moving trees)

Seismology

Actual Stability

- soil acts as ,bad’ low pass filter
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Seismology — direction estimation
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Actual stabillity
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Introduction 1 Chandler
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Conlusion

in principle all signals in ring laser
data identified

effects caused by wind /
meteorological can be neglected
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Outlook

* data analysis (models, ...)
* long term stability (instrumental
effects) = frequency-comb
— |local orientation (vertical RLG)
— mirrors
— backscatter
— laser

* frequency-comb’ + RGL" = ,precise
clock’
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Veroffentlichungen

Stetter 2011

Hadziioa

Igel et al. 2011 Nillson et al.
2012
Einleitung
Hydrologische 110 * fx10° flxt0 13107 [Hz]
Effekte

Local wind effects .
fx10 f

510" 1x10°

Seismologie .
Gebauer et al. Schreiber et al.

Aktuelle Stabilitsit 2012 2011

Veroffentlichungen

Schreiber et al.
Zusammenfassung 2012 (submitted)

Ausblick
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Regionale Investigation

FE-Model: (ANSYS)
980km x 980km x 100km
512000 Tetrahedrons

- Barometric pressure
- Wind

Introduction
Sagnac Signal
Instrumental Effects

(Velikoseltsev, 2009)

Hardware Updates
Geophysical Signals Result:

Local Tilt Effects :
Oppolzer Terms =» Calculated effect some Orders of magnitude to small

EOP .
Meteorolog. Effect Conclusion:

eteorolog. ects . .

Regional =» Grid spacing too rough
Local =» Regional effect to small

Conclusion
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Backscatter
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