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• Persistent currents in pair of coils generates magnetic field expelled from 
superconducting, spherical test mass 

• Field produces levitating force with weak, adjustable gradient (spring constant) 
• Sphere position sensed via 3-plate capacitance bridge 
• Position maintained at null via current in feedback coil; restoring force extremely 

linear in the current 





ROB instrument (1980) resembled UCSD cryogenics  IfAG requested active refrigeration to reduce  
(passive Dewar)         expense: first step (1981) on long road to liquid-free 
            operation 











Example Installations: 
 
Institut de Physique du Globe de 
Strasbourg 
 
 

Mt. Stromlo Observatory, 
Australian National University 



Ultra Long Holdtime Dewar installed at Wetzell, Germany. 

Support cranes to insert and remove cold head shown in 
background. 

Instrument inside the Dewar is one of the first dual-sphere SGs 





• Available in single- and dual-sphere 
configurations 

• Gravimeter Electronic Package 

• Data Acquisition System 

• GWR User Interface for Personal 
Computer (GWR UIPC software) 

• Remote access to the data system 

GWR OSG T048 
at Hsinchu, 

Taiwan 



CG5 
gPhone 

SG 

Best STS-1 at quiet site 

SG better than 

STS-1 < 1 mHz 

Reference: Riccardi U., Rosat S. , Hinderer J.: Metrologia 48, 28-39 (2011) 
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DC-UPS: 24-hr battery 
backup in rugged 
outdoor enclosure 

1.3 kW compressor 
driving 4 K cold head 

10,000 m3 He gas cylinder 
for resupply in case of power 

failure 

iGrav 
 

Integrated electronics 
 

Cooldown to 4 K in 5 days 
without use of LHe; Dewar 
filled in additional 5 days 
 

Zero use of LHe in operation 
 

>7 days operation in event 
of power failure or 
cryocooler malfunction  



iGrav sensor and 
electronics     

OSG electronics 
alone 

Electronics iGrav OSG TREE4 

Power (W) 15 250 

Voltage (VAC) 28 100-220 



Specification iGrav OSG 

Vibration isolation system 

Weight (kg) 2.3 42.8 

Weight with cryocooler cold head installed (kg) 9.5 47.7 

Leveling system 

Weight of heavy thermal levelers (kg) n/a 29.5 

Weight of lighter levelers on separate base plate (kg) 8.2 n/a 

Cryocooler compressor 

Height x width (cm) 42.8 x 40.6 42.8 x 40.6 

Weight (kg) 61.4 61.4 

Dewars iGrav OGD-42 

Capacity (liter) 16 42 

Height x diameter (cm) 61.0 x 30.5 139.7 x 40.6 

Weight (with SG and levelers installed) (kg) 22.7 69.1 

Cooldown time with refrigeration only (days) 5 7 

Hold time with no cryocooler installed (days) 18 28 

Hold time with cryocooler installed but off (days) 10 21 

No. of He gas cylinders (10,000 l) to fill Dewar from empty 1.2 3.0 



Cooling OSG-60 in 40-liter Dewar using only compressed He gas 

Start at room temp 

4 K 

Liquid begins to 
accumulate; sensor 
temperature regulation 
and operation begin 

Apparent negative liquid 
accumulation is artifact of LHe 

level sensor at temperatures >4 K 





1) Gemini 

2) San Diego 

3) SAVSARP RB207 

4) SAVSARP RB206 

Distance: 20 km  

Distance: 0.5 km  

Long haul: two iGravs and ancillary 
materials in a rented panel truck 
 

Short haul: one iGrav behind 
passenger seat in extended-cab 

pickup truck 



 

 



No drifts removed in calculating residuals! 



iGrav 006 = A * iGrav  004 
         Location              Coefficient 

Gemini, Poway, CA            1.01964 ± 1.2 x 10-5 

GWR, San Diego, CA  1.02023 ± 5.6 x 10-5  

SAVSARP, Tucson, AZ  1.01982 ± 1.0 x 10-5  

Mean value    1.01989 ± 3.0 x 10-4  

Peak-peak variation of relative scale between 

sites <0.06% 



continuous base station and coverage of multiple sites 
• Continuous



Comparison of dual sphere OSG with STS-1 seismometer 
and NLNM: 10 quiet days at Black Forest Observatory, 

Germany.   
Figure courtesy of R. Widmer-Schnidrig 



Expect High-Q SG 
noise to decrease by 
factor of 20 (14 dB) 
compared to BFO 

OSG-056_L 



Sub seismic 
noise band 
 1 – 6 hours  

SNM  
200 to 

600 
sec 

Instrument 
noise 
 
  
Atmospheric & 
Hydrological 
noise Slichter triplet 

amplitude expected to 
be few x 10-1 nGal 

(S. Rosat)  

What can be 
expected of a 
high-Q SG? 



• Assume high-Q sensor noise  -195 dB at 1 mHz 

Assumed sensor noise at 1 mHz 

Estimated signal around 1 mHz 

Conjectured spectrum at lower 
frequencies (artist’s 

conception) 

Feared excess long-period noise 
(higher drift) from high-Q 

sensor 

• Averaging just a few SGs might capture Slichter modes 



• The iOSG: 



Green SG-073 HQ 
Red      SG-073 iGrav 
Blue     T020 

Superconducting gravimeters 08.02. – 05.05. 2014  
First 80 days of data  
Figure courtesy of H. Virtanen 

SG-073: side-by-side iGrav and iOSG 
sensors in single Dewar 

• First instrument: Metsähovi, Finland 



Reference: B. Creutzfeldt et al., J. Geophys. Res. 117: D08112 (2012). 



No drift or offsets removed in gravity records 



No drift or offsets removed in gravity records 



Reference: B. Creutzfeldt et al., AGU Fall Meeting (2012). 
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The gradient measurement is more sensitive to infiltration 
through the upper soil profile. The time at which dg/dz is 
maximum is more readily identified, and it can be changed 
by moving one or both gravimeters. 
 

• Modeled effect of wetting front 
propagation into soil at constant rate 
 

• Observed dg/dt and (g/x)/dt 
approximately agree with modeled dg/dz  
and (g/x)/dz 

• Measured g/x as 
high as 150 nm/s2 
over 15 m (= 10 Eö) 
 

• Accurate (dg/dt) 
measurement of      
1 μGal/day, over 3 
days 
 

• Time scale: 20 days 
per division 

Reference: J. Kennedy et al., Geophys. Res. Lett. 41, doi:10.1002/2014GL059673 (2014). 

(g/x)/dz    dg/dz 
(g/x)/dt    dg/dt 



     vertical difference      vertical sum      single gravimeter 
Figure courtesy of J. Kennedy 



Many thanks to GWR’s customers and colleagues! 

Thank you for your attention! 


