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OUTLINE

Michelson-Gale NS and EW tiltmeter observations Yerkes, USA 1914-1917 and modern
predictions for their obs using earth model tilt and Schwiderski OTL model.

Recent NSiIWT tilt meter observations Lohja, Tytyri mine, southern Finland 2008 - 2014

NSIWT earth tide harmonic analysis results combined with  OTL models and compared to
earth tide model tilt

NSIWT tilt analyse results combined to Schwiderski, FES2004 , CSR4.0, TPXO7.0 and the
Baltic Sea harmonic tidal loading model and comparisons to earth tide model tilt.

Conclusions
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Michelson-Gale tiltmeters (NS-WT & EW-WT, 150 m long half filled
tubes with Michelson interferometers) 1914-1917 operating at the
Yerkes observatory, Wisconsin,USA

o

http://fi.wikipedia.org/wiki/Albert_Abraham_Michelson

Source: Michelson A., A., and H. Gale, (1919), The rigidity of
the Earth, Astrophys. J., 50, pp. 330-345.



Predicted diurnal earth tide NS tilt from
earth model + OTL tilt, Yerkes,Wisconsin,USA
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Ruotsalainen, H. Pure Appl. Geophys. (2017).
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Predicted semidiurnal earth tide NS tilt from
earth model + OTL tilt, Yerkes,Wisconsin,USA
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Ruotsalainen, H. Pure Appl. Geophys. (2017).
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Predicted diurnal earth tide EW tilt from
earth model + OTL tilt Yerkes,Wisconsin, USA

O_.

-0.05

-F'_"\-u_onl

o

fD_O.l.E

5L -0.2

-=0.25

<< -0.3

-0.35 :

-0.4 i i i i i i i
0 5 10 15 20 25 30 35 40
A cos(alpha) (nanoradian), alpha = phase

Ruotsalainen, H. Pure Appl. Geophys. (2017).
https://doi.org/10.1007/s00024-017-1562-6



Predicted semidiurnal earth tide EW tilt from
earth model + OTL tilt Yerkes,Wisconsin, USA
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LOCATION OF LOHJA2 GEODYNAMIC
TILT STATION
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W_iWT tilt meter one end prototype recording
parallel with the Lippman type 2D tilt meter at
Conrad observatory, Austria, in Hungary -
Austria co-operation



Level interferometer on-line video



Recordings of the

new MS-WT in Tytyri mine Lehja Finland
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Program , version ET34ANASTE
Variant: NSWT0814
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EARTH TIDE STATION LOHJA NR.891 FINLAND

FINNISH GEODETIC INSTITUTE FINLAND

60.253N 24_080E H97 M HORIZONTAL COMPONENT

50.4 m NS LONG WATERTUBE WITH INTERFEROMETRIC RECORDING
INTERNAL CALIBRATION BASED ON OPTICAL INTERFEROMETRY
2008.02.19 2014.08.06 1056 DAYS

INSTALLATION RUOTSALAINEN

MAINTENANCE RUOTSALAINEN
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Diurnal ocean tide loading corrections
fc:r NSlWT tlltmeter data iNn Lohla Flnland
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Harmonic earth tide analysis by ET-34-X-V52 program of
Wenzel - Schuller (Schuller 2015, 2016)




Semidiurnal ocean tide loading corrections
for NSWT tiltmeter data in Lohja Finland
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Harmonic earth tide analysis by ET-34-X-V52 program of
Wenzel - Schuller (Schuller 2015, 2016)



O

0 O
BN

A sin(alpha)
o)
00

L 00
= #)]

Rk
o BN

Diurnal Schwiderski OTL and Baltic Sea loading corrections
for NSlWT tiltmeter data in LDhjE Finland
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Baltic Sea mass model by H.Virtanen, Loading model tilt by M.
Nordman and harmonic tidal modelling by H.Ruotsalainen
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Semidiurnal Schwiderski OTL and Baltic Sea loading
corrections for NSIWT tiltmeter data in Lohja Finland
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Diurnal FES2004 OTL and Baltic Sea loading corrections
for NSIWT tiltmeter data in Lohja Finland
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Diurnal FES2004 OTL and FGI Baltic Sea only OTL
for NSIWT tiltmeter data in thja Finland

0 1 | |
N5|WT Dhs
] ] -+; i -
] ] -+: i -
""""""""""""""""""""""""""" #’E”é’i&i&:ﬁﬁ%L’é}é"'é;iéi;'é;;'"
I(:II i i i

0 5 10 15 20 25 30 35
A cos(alpha) (nanoradian),alpha = phase angle, A = amplitude



[

O
o

1
[

A sin(alpha)
o
n

I
| =
M un

Semidiurnal FES2004 OTL and Baltic Sea loading corrections
for NSIWT tiltmeter data in Lr::uhja Finland
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Semidiurnal FES2004 OTL and FGI Baltic Sea only OTL
for NSIWT tlltmeter data in LDhjE Flnland
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Diurnal CSR4.0 OTL and Baltic Sea loading corrections

for NSIWT tiltmeter data in thja Finland
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Semidiurnal CSR4.0 OTL and Baltic Sea loading corrections

for NSIWT tiltmeter data in Lohja Finland
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Diurnal TPXO7.0 OTL and Baltic Sea loading corrections
for NSIWT tiltmeter data in Lohja Finland
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Semidiurnal TPXO7.0 OTL and Baltic Sea loading corrections
for NSIWT tiltmeter data in Lohja Finland
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NON-TIDAL BALTIC SEA AND ATMOSPHERIC
LOADING IN LOHJA TILT RESIDUAL

Ruotsalainen, Nordman, Virtanen (FGI), Boy et al. (Strasbourg, France)
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CONCLUSIONS

« Schwiderski OTL model explains the positive lag (lead)
semidiurnal NS tilt observations of Michelson and Gale 100
years ago

« OTL models combined with Baltic Sea harmonic tidal model
fit quite well in diurnal band with observations of NSIWT but
not in M2 in semidiurnal band?

* NSIWT non-tidal observations fit well with combined the
Baltic Sea (FGI) and atmospheric loading model by Boy
et.al.
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