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Rotaphone = mechanical sensor system designed to measure spatial ground 
motion gradients; it consists of geophones arranged in parallel pairs 

… an older version of Rotaphone (3DOF), 8 horizontal geophones, 

     see Brokešová & Málek 2010 and Brokešová et al. 2012a 

 

newer prototype -  6 DOF, 
8 horizontal + 4 vertical geophones 

 (Brokešová et al. 2012b,  

  Brokešová & Málek 2013,    … 

  Brokešová & Málek 2015a,b) 

 
 

 

… latest prototype Rotaphone-D, 6 DOF, 

     8 horizontal + 8 vertical geophones 

      



Rotaphone-D - a new six-degree-of-freedom short-period seismic sensor 

4th IWGORS Meeting, Tutzing, June 20 – 23, 2016 

Rotaphone-D:  basic features 

  

  

  

  

  

The instrument provides collocated translational and rotational  

records (with the same instrumental characteristics) 

It consists of high-sensitive low-frequency geophones mounted  

in parallel pairs to a rigid (metal) ground-based frame 

The distance separating the paired geophones (40 cm) is much smaller  

than the wavelength of interest (measurement at a point) 

Rotation rate is determined by more than one geophone pair, which  

allows to perform very precise 'in situ' calibration of the geophones  

(actual responses corresponding to each measurement) 

Both vertical and horizontal geophones are used – 6DOF measurement. 

Thanks to the rigidity of the frame, rot. rate components simplify: 
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Rotaphone-D:  basic parameters 

weight                                                          15.3 kg 

80 
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Testing deployment at The Geysers geothermal field – Jun 6 – Nov 31, 2015 



Rotaphone-D - a new six-degree-of-freedom short-period seismic sensor 

4th IWGORS Meeting, Tutzing, June 20 – 23, 2016 

Testing deployment at The Geysers geothermal field 
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Testing deployment at Long Valley Caldera (Mammoth Lakes Region) 
 - an elliptic depression (approx. 15x30 km) on the east side of Sierra Nevada resulted from  

   a cataclysmic eruption 760 thousand years ago. This area is characterized by recurring      

   seismic swarms and by episodes of ground uplift and CO2 emissions of magmatic origin,  

   which may indicate a gradual renewal of volcanic activity.  

Second phase:  Jun 01 – until now 

First phase  Dec 8, 2015 – Apr 25, 2016 

Third phase: 2017 ?? 
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2016-02-15 15:42:52 UTC 

depth 5 km  

Testing deployment at Long Valley Caldera (Mammoth Lakes Region) 

(a small earthquake swarm; period 3-23 Feb, 2016) 

First phase:  Dec 8, 2015 – Apr 25, 2016 
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SN1 (vault A)       D =  6.8 km       BAZ = 196° 
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SN2 (Casa Diablo)      D =  8.9 km       BAZ = 157° 
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Rotaphone 

Rotaphone in Ethiopia (Shashamane): Nov 2, 2015 – until now 
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M 4.4 2016/01/24 – 18:34:32 UTC       D =  31 km       BAZ = 263° 
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Under the assumption of a plane wave   

with apparent velocity c along the surface: 

Rotation to translation relations (distant earthquakes) 

(e.g.,Cochard et al., 2006, 

Igel et al., 2005) 

Taking the amplitude ratio at the time of peak transverse acceleration we get 

the rough velocity estimate  c ~ 256 m/s. 

Prevailing frequency is 8 Hz => l ~ 30 m => c = vS
30  (soil type SD, Wills et. al 2000) 

We assume that c obtained in this way is representative down to the depth 

of about one wavelength.  

(Fichtner and Igel, 2009; Bernauer et al., 2012; Brokešová and Málek, 2015a) 
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after Spudich et al., JGR, 1995 

Rotaphone-D: a limitation  - only a short period device 
In order to measure at lower frequencies we should 

1) use lower–frequency elemental sensors 

2) use a larger frame (longer sensor separation distance) 

An alternative is to use either a low-frequency rotational sensor (a ring laser)  

or the ADR method to derive spatial ground motion gradients/rotations 
(Brokešová and Málek, PEPI 2016) 
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Basic scheme of the instrument: 

What next? :  Opto-mechanical seismic sensor system 

 

                           … a modified Rotaphon-D supplemented with optical elements 

                           (laser dilatometers) 

Modified Rotafon 

with laser elements  

Detail: 

• Not only mechanical,  

  but opto-mechanical sensor 

  (containing laser source and receivers,  

  semipermeable mirrors, interferometer,  

  and  corner reflectors)  

 

• Not only 6 but 9 seismic components 

  (3 translational, 3 rotational 

   + 3 strain components) 

  
The new instrument will allow 

- to broaden the frequency range 

  towards lower frequencies 

- to process whole seismograms 

  (including P waves) 
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