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To the Precision Laser Inclinometer Creation History

O 2008:The first prototype R&D6s; determinatic
precision registration of an Earth surface angular oscillations

O

2012: Russian Federation State Patent on the Precision Laser Inclinometer

O

2013-2014: The experiments with the PLI prototypes in an air media

O

2015: The creation of the vacuumed PLI prototype; experiments in the TT1
at CERN

O

2016: The creation of an automated interferometric calibration of the
Professional PLI

The Reports on the CLIC Workshops 2014-2015-2016

O 2014: The presentation of the method

O 2015: The registration by the PLI of the microseismic oscillations at the
thermostabilized conditions

O 2016: The comparison of an Earths quakes PLI measurements data with the

Hydrostatic Level System data




The Creation of the Professional Precision Laser Inclinometer

The Stabilizing and Service Systems are to be developed
1. The temperature stabilization of the PLI sensitive element

2. An automated system for an accounting of the angular noise movement of
the laser ray

The determination of the top edge of the PLI frequency diapason,
An automated system for two coordinates angular calibration,

The stabilization of the parameters of the registering ADC :

The production of the service code for the PLI :

The design study of the PLland the creation of  shop drawings |,
Manufacturing of the PLI in the DLNP Workshop.
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The temperature stabilization of the concrete floor in the
CERN Transport Tunnel #1

The Laser ray space location changing in function of working liquid temperature variation
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The temperature stabilization on the level of
8.3103%

for the day long period by the active
thermostatic methods is currently impossible.



The Precision temperature measurement by the thermistor
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The measurement of the temperature stability of an air media
and of the concrete floor in the Transport Tunnel # 1
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The local result

O Toreach a day long (or more) measurement precision of 10-° rad
one needs the temperature stabilizing of the 8 10-3 %t .

O By the tested thermistor we have experimentally measured the day
long temperature variation of an air media and of the floor in the
CERNTransport Tunnel #1

To be concrete :
For the air media we obtained 8.2 1029%

O Forthe concrete floor we obtained 5.0 1030 .

O When using for the PLIthe temperature stability of the concrete
floor the high sensitivity range Is getting wider and to be specific
becomes [10-°Hz;1HZz]; This achievement allows to detect in two
angular coordinates the phenomenon of an Earth surface angular
deformations by the Moon and Sun with the relative resolution
0.01 (In the LHC location area ).



The compensation of the noise origin laser ray oscillations
In the Precision Laser Inclinometer

O The first measurement PLldata have developed on a few
microradian level the noise signals with duration a few
hours and longer . The further investigations have shown:
the main reason for event observed isthe noise origin laser
beam axis angular oscillations

O Application of an active stabilization improves to the level
of 107 rad the space location stability of the Ilaser
irradiation direction




The system for compensation of laser ray angular
movement in the Precision Laser Inclinometer
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The registration of the noise origin laser ray angular oscillations in the PLI
with the help of laser reference ray reflected from the deflecting Prism

O By use of the about similar space location of the signal Sand of the reference  Rrays let from

the registered signal Sfrom the QPRIsubtract the reference signal R fromthe QPR2

O In result we get the signal for the Earth surface slope free from the noise of laser ray angular

oscillations.



The Experimental Set -Up

Top view

Collimator Lens

Fiberoptic g e
feedthroughs cam from N onemn

P sl

==
==
==

Electrical

feedthroughs
Vacuum volume

b

Sideview

Laserbeamfrom prizm

€ -——crrwmmemmsEr s s s SsSSSSSSSSSSSSSS-S--S-----Z----Zq I
Laserbeamfrom liquid i T\
|

Cuvettewith liquid

The Precision Laser Inclinometer with the possibility to compensate the
laser ray angular movement of a noise origin

In the experiment there were used the following time parameters: one measurement duration
was 0.lsec, the observation period was 6 hour long
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The Results of Measurements (A)
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O As one may see the correlation of the Signal ray angular displacement and
of the Laser Reference ray angular displacement has been observed



The Results of Measurements(B)
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O After the above indicated procedure the laser ray angular
movement of a noise origin was suppressed significantly




The Results of Measurements (C)

1~ ALY

14 bet and after subtracting of the noise angula
of the laser beam

fore
o ]
T 0.1+
?5 before subtraction :
= ] / e
_ I ey

= Vv |
J\/\ W Microseismic Peakd |
1E-3 4 4 //\/\/\/\ Anm\h |4 Ml 1 TR I

ge W\M T
Vv WHH. M MMW

madHz? o
2

1E-4 After subtraction

\
1E-4 1E-3 0.01 0.1 1
Frequency(Hz)
The spectral density of the Earth surface angular oscillations of the signal ray:

before and after subtraction of laser ray movement of a noise origin

The spectral density of angular oscillations of the Earth surface
rrmovement

O The significant 8 by the factor 30 % & reduction of the laser ray angular movement of a noise

origin has been achieved in the [5 10-°Hz, 10-1 HZ] frequency range
in the frequency interval of  [510-°Hz 10-4 HZ] the noise components
level of 10-8 rad /HZV2

. It is to be mentioned that

have been reduced to



The determination of the maximal frequency for
registration by the Precision Laser Inclinometer of the Earth
surface angular oscillations

O When registering of the Earth surface angular oscillations of the
seismic origin we stable observe the periodic seismic activity, - the so
call ed oOMicro s[@iHzbHe]bdacdk ak 6 1 n

O This peak is one of the most high frequency periodic phenomenon
The higher frequency periodic oscillations of the Earth surface have -as

a rule -an industrial origin : vacuum pipes operating, traffic etc.

O The maximal frequency of the Earth surface angular oscillations
achievable for registration by the Precision laser inclinometer has

been determined.



The maximal frequency of the angular oscillation the
Inclinometer is capable to register

» The surface wave velocity in the thin layer of the liquidis given by
the theoretic formulaV = ,/gd , where g is a free fall acceleration
and d- thickness of layer of liquid.

» Velocity Vdoes not depend on the frequency

» For the 4dmm thick liquid level the surface wave propagation speed
is 19cm/sec

= For 5ecm diameter of the liquid vessel the estimate for the expected

maximal frequency to be registered by the PLI is 19‘;;’:1 > — 4Hz




The Experiment
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The sensitive element othe cuvette with liquid  dis located in the vacuum volume

O As a liquid there was used an oil which has opreferably - the minimal evaporation in

vacuum . The oil type ol-20A" also has been chosen with a condition to have a minimal
cinematic viscosity 30 mm 4/ sec for 40° . For the comparison we give the cinematic
viscosity of the water at the same temperature 0.6 mm 4/ sec.

O On the piezo element S for the highly short time was applied the 50V tension . For the
period of the 10-3sec piezo element Shad changed its length and lead to the platform
Inclination.




The experiment

Reaction of the Precision Laser Inclinometer
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The registration by the Precision Laser Inclinometer of the high
frequency signals of an industrial origin
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The results of the Fourier analysis

Fourier analysis of the signals recorded
by| Precision Laser Inclinameter at night
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The harmonic signals have been detected on the different frequencies. The
dominating angular oscillation  frequency for the Earth surface is 3.23 Hz; the
frequencies of 2.27Hzand 4.93Hz have also beenig observed .



