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Principle of Seismograph = deformable system

- Shaking of ground  (elastic waves)

- Gravity or EM change (gravitational/EM waves)



  



  

GEOPHONE 4.5 Hz

VBB 360 s - STS1



  

0.5 – 1 m 
Temporary 
installations 

Standard  Vault
 3-50 m 

Deep 
galleries
100 - 500 m 

Offshore:
OBS
Ocean Botom Seismometer

Boreholes:
Hundred meters
To 
Kilometers deep 

Installations:
Temperature 
 atmospheric pressure 
… rain,  hydrology...



  

- Damped mechanical oscillator (1D) 

- differential motion of the mobile mass

- detection of the relative motion
 : 
     -   Position: graph
                        Capacitive , inductive (LVDT), optical (FP, Michelson)

     -  Velocity : (electromagnetic induction : coil and magnet)

Eigen-frequency fo:
- HF (f<<fo): relative displacement = - displacement of the ground   f0

- LF(f>>fo): relative displacement  ~ acceleration of the ground  :  f2

LVDT

Geophone 1 Hz – velocity to Volts

Passive seismograph - Geophone



  

horizontal
vertical

Problems with geophones:
- non linearity of the spring
- hysteresis of the spring 
- small eigen periods



  

Force Balance Accelerometer, FBA  

Detection of relative displacement 

Feedback  loop on the mass for keeping it ifxed with respect to the 
ground (zero relative displacement)

Inductive Force F ~ current I 

F ~ mobile mass acceleration  = ground acceleration 

Hence : current   I ~  ground acceleration

Measure of potential   U ~  measure of ground acceleration 

Feedback loopForce-balanced seismometers 

Problem: seismic signal with flat acceleration spectra – 
 time signal dominated by the highest frequencies

I



  

Velocity Broad Band Seismometer, VBB    

 Feed back loop:
Resistance, Capacitive, Integrator in parallel

I

At high frequencies (dominant signal) : 
The current I passes through the capactive circuit
Electric Potential  U  ~ velocity  v     (  I  ~  acc)

At low frequency: 
The current passes in the integrator circuit
 U ~ d/dt (acceleration) 

Resistance damps  the resonance 

FBA

VBB

Force-balanced seismometers  Feedback loop



  

http://www.passcal.nmt.edu/content/instrumentation/sensors/sensor-comparison-chart

VBB seismometers and geophones



  McNamara,D.E.andR.P.Buland,AmbientNoiseLevelsintheContinentalUnitedStates,
Bull. Seism. Soc. Am., 94,4,1517-1527, 2004.

Ambiant Seismic Noise on Earth

High noise model

Low noise model



  

Vertical Acceleration spectrum from a quiet site (BFO)
 redrawn from figure by R. Widmer-Schnidvig. 

Spahr C. Webb Geophys. J. Int. 2008;174:542-566

Secondary 
Microseismic peak 
interacting gravity 
waves of opposite 
directions

Primary 
microseismic 
peak
Direct effect 
of oceanic 
gravity waves 

LOW SEISMIC NOISE



  

http://www.upc.edu/cdsarti/OBSEA/mdSensors/Datasheet/Datasheet_Sismometro.pdf



  
Rosat, 2014

SEISMOMETERS/ 
SUPERCONDUCTING  GRAVIMETERS



  



  

Trou noir
en  
formation

„Onde gravitationnelle“



  http://www.knmi.nl/research/biennial/05-06_Noise.pdf



  
Wieland, 
Stuttgart



  

McNamara,D.E.andR.P.Buland,AmbientNoiseLevelsintheContinentalUnitedStates,
Bull. Seism. Soc. Am., 94,4,1517-1527, 2004.



  http://www.knmi.nl/research/biennial/05-06_Noise.pdf



  

Figure 3.

(a) Pressure spectra from three water depths in the Northern Pacific. The two shallow sites are from 
near San Diego, the deep site is from the East Pacific Rise near 10°N. (b) Pressure spectra from 
three water depths in the Northern Atlantic near the Faroes Islands (Crawford et al. 2005). (c) 
Energetic wave height spectra from offshore of Florida (redrawn from Herbers 2006). 



  

REFTEK
Model 151B-120 / 151B-60 / 151B-30



  

More recently McNamara and Buland (2004) published a survey of approximately sixty sites scattered across the continental 
United States. From this survey they computed a more realistic low-noise model using Probability Distribution Functions 
(PDFs). They have named this model the PDF Mode Low Noise Model or MNLM. They conclude that "For a vast majority of 
stations within the United States, such low levels of noise [as the NLNM] are unattainable, suggesting that for routine 
monitoring purposes our MLNM represents a more realistic noise threshhold".



  

Nanometrics Trillium 240 Broadband Senso

Flat response to velocity from 240 seconds to 35 Hz 
and has a self noise level below the 
Low Noise model (NLNM) from 100 seconds to 10 Hz.



  

Guralp CMG-3T Broadband Sensor

120s - 50 Hz flat velocity response



  

Streckeisen STS-2 Broadband Sensor

Flat response to velocity from
 120 seconds to about 10 Hz



  



  

 grande précision (10-2 nm/s² ≈ 10-12g où g est valeur de la gravité en 
surface)



  



  



  

Gravitation °+ loaing effect  = -3.5 (nm/s2) /hPa
Buoyancy compensator 



  

SEISMIC NOISE
 



  

http://www.passcal.nmt.edu/content/instrumentation/sensors/sensor-comparison-chart
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