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Main peak created when the bubble is small

Photo: Jan Langhammer’s PhD thesis



Why study high frequency signals of air gun arrays? 



Hearing curve for white whales

Source: Wesley R. Elsbury



Hearing curves for fish

More info: Amundsen and Landrø: Recent advances, GeoExpro



Single air gun (10 cubic inch)

High pass

Unfiltered



Mechanical and electrical noise

• The solenoid creates high frequency noise 
prior to the main signal

• The sudden of the piston inside the air gun 
might cause a high frequency signal

• Air gun jumping will cause mechanical noise
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Solenoid

Shoulder

Main peak

High pass filtered signal – single air gun



f -1

f -2

Single air gun – frequency spectrum 

Typical cavitation noise has  f -1 attenuation, (Brennen, 1995) => 
most of this noise is not cavitation? Solenoid noise ~f -2.5



High speed photography of a small air gun

Cavitation?

Occuring at the 
same time as the 
maximum peak

From Jan Langhammer’s PhD work in 1994



Cavitation

Cavitations are vapor bubbles of a flowing liquid in a 
region where the pressure of the liquid falls below its 
vapor pressure. When cavities collapse, they create 
high-frequency signal. Rayleigh (1917) calculated the 
collapse time of a cavitation is approximately
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hydP

 0R 0.91468 =

A cavity with radius 1 mm at 5 m depth, will collapse in 
0.075 ms, and a cavity with 10 cm will collapse in 7.5 ms



Ghost cavitation
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Assuming two guns producing 4 bar-m 
signal each => -1.3 bar at 2 m depth 
corresponding to the unphysical value of 
-0.1 bar in pressure. Linear theory is not 
valid, however, it clearly shows the 
potential for ghost cavitation, especially 
for compact air gun arrays.   



Air gun modeling and depth 
dependency of ghost cavitation

Observation depth

Source depths are colorcoded



Far field data of a small and big array

BIG ARRAY

SMALL ARRAY



1 kHz high pass filtered data 



No filter 1-10 10-20 20-30 30-40 40-50 50-60

Pairs of small and big arrays for 
various band pass filters (kHz)

Significant difference between small and big array for ghost cavitation 



Frequency spectra whole signal

Frequency spectra for a 100-300 ms 
window: No deviation between the 
two arrays 

BIG ARRAY 

SMALL ARRAY 

Spectral analysis 



Similarities between small and big array 



Spectral analysis 

f -1 

Big array

Small array

Big array is close to f -1 attenuation => more cavitation noise than small array

In contrast to the f -2 attenuation observed for single air guns 



Spectral difference between small - big array 

Notice the low difference around 350 Hz

Comparison of un-filtered 
and filtered traces for 
small and big array

300-500 Hz bandpass Unfiltered 



Comparison to ambient noise

BIG ARRAY

SMALL ARRAY

AMBIENT NOISE



Conclusions

• Multicausal high frequencies: 

– Mechanical

– Solenoid

– Cavitation close to gun

– Ghost cavitation (?)

• Ghost cavitation (?) shows 1/f attenuation, single air 
gun shows stronger attenuation

• Need more measurements to demonstrate that ghost 
cavitaion is the dominant effect

• IF so – this noise might be avoided by increasing the 
distance between guns
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