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We have reproduced the experim ent o f acoustic m onitoring o f spontaneous popping o f single soap bubbles 

standing in air reported by Ding et al. [Phys. Rev. E 75, 041601 (2007)]. By using a single microphone and two 

different signal acquisition systems recording in parallel the signal at the m icrophone output, am ong them the 

system  used by Ding et al., we have experim entally evidenced that the acoustic precursors o f bubble popping 

events detected by Ding et al. actually result from  an acausal artifact o f the signal processing perform ed by 

their acquisition system  which lies outside o f its prescribed working frequency range. No acoustic precursor o f 

popping couid be evidenced with the m icrophone used in these experim ents, whose sensitivity is 1 V P a -1 and 

frequency range is 500 H z-100 kHz.

DOI: 10.1103/PhysRevE.91.036401

I. ARE THERE ACOUSTIC PRECURSORS

TO BUBBLE POPPING?

Violent events, such as earthquakes or volcanic eruptions, 

are often preceded by the em ission of acoustic precursor 

signals carrying useful inform ation on the phenom ena at 

play. For example, m odeling the process o f magma bubbles 

bursting atop lava lakes, Vidal et al. [1] have evidenced that 

precursor acoustic signals were linked in this context to bubble 

coalescence events under the surface, i.e., to hydrodynamic 

interactions between collection o f bubbles. In 2007, Ding 

et al. [2] presented acoustic measurem ents o f single bubbles 

bursting dem onstrating the presence of acoustic precursors, 

even in the absence o f any coalescence event. These results 

raised the exciting prospect o f extracting informative data 

about the nucleation process from nonintrusive acoustic m on ­

itoring. Motivated by these observations, we have reproduced 

the soap bubble popping experim ent perform ed in Ding 

et al. [2] with the aim of unraveling the physics underpinning 

this phenomenon. It was taking care o f perform ing experiments 

in the same conditions as those reported in Ding et al. [2], 

A 0.25% in weight aqueous solution o f sodium  dodecyl 

sulfate from Euromedex has been prepared, which is slightly 

above the critical micelle concentration o f the surfactant [3]. 

We have formed isolated standing soap bubbles with typical 

diameters of 1 to 2 mm  by injecting air through the outlet of 

a vertical top-oriented syringe previously wet with the soap 

solution. A Florida Research Instruments microphone having 

a 1 V Pa~' sensitivity and a 500 H z-1 00 kHz frequency range 

has been used to detect the acoustic em ission associated with 

spontaneous bubble popping. The microphone was connected 

in parallel to two different signal acquisition systems, a Briiel 

& Kjfer LAN-XI type 3050-B-040 acquisition system working 

with the Briiel & Kjaer PULSE analyzer platform  (called 

the B & K system hereafter) having a 131 kHz sampling 

frequency and a 24-bit dynamic range and a LeCroy 6050 

oscilloscope (called oscilloscope hereafter) having a 500 M Hz 

sampling frequency and an 8-bit dynamic range. Noticeably, a 

sim ilar but earlier version o f the Briiel & Kjter acquisition 

system having half its sampling frequency has been used 

in the experiments reported in Ding et al. [2], Two signals 

resulting from the same bubble popping event, detected by 

the same m icrophone and acquired using both acquisition

PACS number(s): 68 .15 .+ e. 82.70.Rr, 83.80.Iz

systems are shown in Fig. 1. Remarkably, immediately before 

the main pressure peak, which is assumed to correspond to the 

bubble popping event, the signal acquired using the B & K 

system, which encompasses the whole peak thanks to its large 

dynamic range, displays several oscillations with increasing 

amplitude and a frequency around 60 kHz, which are called 

precursor hereafter. On the contrary, the signal acquired using 

the oscilloscope displays no oscillations before the main 

pressure peak. Yet, its sensitivity is large enough to detect 

oscillations with such amplitude as shown by the resolved 

signal oscillations visible 0.5 ms after the main pressure peak. 

The differences between the two signals in the large energy 

part o f the signal can be ascribed to the modest dynamic range 

of the oscilloscope, which results in the saturation o f the 

signal recorded using the oscilloscope. These characteristic 

features are observed reproducibly in all the spontaneous 

bubble popping experiments we have performed.

FIG. 1. Black curve: acoustic signal o f a bubble popping event 

acquired using the B & K system. Gray curve: acoustic signal o f the 

same bubble popping event acquired using the oscilloscope. Inset: x 3  

magnification o f both signals at the beginning o f the main pressure 

peak.
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C O M M E N T S P H Y S IC A L  R E V I E W  E  9 1 , 0 3 6 4 0 1  ( 2 0 1 5 )

F IG . 2 . B la c k  c u rv e :  a c o u s t i c  s i g n a l  o f  a n  e l e c tr i c  s p a rk  a c q u ir e d  

u s in g  th e  B  &  K  s y s t e m . G ra y  c u rv e :  a c o u s t i c  s ig n a l  o f  th e  

s a m e  e l e c tr i c  s p a rk  a c q u ir e d  u s in g  th e  o s c i l lo s c o p e .  In s e t :  x 3  

m a g n if ic a t io n  o f  b o th  s ig n a ls  a t th e  b e g in n in g  o f  th e  m a in  p r e s s u r e  

p e a k

II. FURTHER EVIDENCE FOR SIGNAL

PROCESSING ARTIFACTS

N o t ic in g  th a t:  ( i )  In  b o th  th e  p r e s e n t  e x p e r i m e n t  a n d  th e  

e x p e r i m e n t s  r e p o r t e d  in  D in g  et al. [2 ] th e  f r e q u e n c y  o f  th e  

o b s e r v e d  p r e c u r s o r  o s c i l l a t io n s  is  e x a c t ly  h a l f  th e  s a m p lin g  

f r e q u e n c y  o f  th e  u s e d  B  &  K  s y s te m s  [4 ] ,  ( i i )  it  is  p r e s c r ib e d  

b y  B r iie l  &  K jae r to  e x p lo i t  th e  s p e c tr a l  c o n te n t  o f  th e  d ig i t iz e d  

s ig n a l  b e lo w  2 5 .6  k H z  (5 1  k H z  w i th  th e  B &  K  s y s te m  u s e d  

in  th e  p r e s e n t  C o m m e n t ,  r e s p e c t iv e ly )  [5 ] ,  i .e .,  b e lo w  th e  

p r e c u r s o r  o s c i l la t io n  f r e q u e n c y  r e p o r te d  in  D in g  et al. [2 ] , 

a n d  ( i i i )  th e s e  p re c u r s o r  o s c i l l a t io n s  a r e  a b s e n t  w h e n  u s in g  th e  

o s c i l lo s c o p e ,  w e  b e l i e v e  th a t  th e s e  p r e c u r s o r  o s c i l l a t io n s  a r e  

n o t  p r e s e n t  in  th e  p r e s s u r e  s ig n a l  a n d  th a t  th e y  r e s u l t  f ro m  an  

a c a u s a l  a r t i f a c t  o f  th e  s ig n a l  p ro c e s s in g  p e r fo rm e d  b y  th e  B 

&  K  s y s te m  w h ic h  l i e s  c lo s e  to  th e  c u t o f f  f r e q u e n c y  o f  th e  

a n t i a l i a s in g  f i l te r  o f  th e  a c q u is i t io n  c h a n n e l ,  i .e .,  o u t s id e  o f  i ts  

p r e s c r i b e d  w o rk in g  f r e q u e n c y  r a n g e .

In  o r d e r  to  c o n f i rm  th is  a s s u m p t io n ,  w e  r e c o rd e d  s h a rp  

a c o u s t i c  p u ls e s  p ro v i d e d  b y  a n  e l e c t r i c  s p a r k  s o u rc e  f o r  w h ic h  

n o  a c o u s t i c  p r e c u r s o r  is  e x p e c t e d .  T h e  s a m e  s ig n a l  a c q u is i t io n  

l in e s  h a v e  b e e n  u s e d .  T h e  s ig n a ls  a c q u ir e d  u s in g  th e  s a m e  

m ic ro p h o n e  a n d  b o th  a c q u is i t io n  s y s te m s  a r e  d i s p la y e d  in 

F ig .  2 . P re c u r s o r  o s c i l l a t io n s  a r e  c l e a r ly  v is ib le  in  th e  s ig n a l  

a c q u ir e d  u s in g  th e  B &  K  s y s te m , w h e re a s  n o  o s c i l l a t io n  is  

o b s e r v e d  in  th e  s ig n a l  a c q u ir e d  u s in g  th e  o s c i l lo s c o p e .

F IG . 3 . B la c k  c u r v e :  v o l ta g e  s ig n a l  o f  a  p u ls e  g e n e r a to r  a c q u i r e d  

u s in g  th e  B &  K  s y s te m .  G ra y  c u rv e :  th e  s a m e  v o l ta g e  s ig n a l  

a c q u ir e d  u s in g  th e  o s c i l lo s c o p e  c o n n e c t e d  in  p a r a l l e l .  I n s e t :  x 2 . 5  

m a g n if ic a t io n  o f  b o th  s ig n a ls  a t  th e  b e g in n in g  o f  th e  m a in  s q u a re  

s ig n a l  p e a k .

F in a l ly ,  in  o r d e r  to  i s o la te  e l e c t r o n ic  is s u e s  f r o m  a c o u s t ic  

is s u e s ,  i .e .,  to  te s t  w h e th e r  th e  p r e c u r s o r  o s c i l l a t io n s  m a y  r e s u l t  

f ro m  a n  in te r a c t io n  b e tw e e n  th e  m ic ro p h o n e  a n d  th e  B  &  K  

s y s te m , w e  h a v e  a c q u ir e d  th e  s q u a r e - s h a p e d  s ig n a l  o f  a  T T i  

T G P 1 1 0  p u ls e  g e n e r a to r  u s in g  b o th  th e  B  &  K  s y s te m  a n d  

th e  o s c i l lo s c o p e  c o n n e c t e d  in  p a r a l l e l .  T h e  v o l t a g e  s ig n a ls  

a c q u ir e d  u s in g  b o th  a c q u is i t io n  s y s te m s  a r e  d i s p la y e d  in  F ig .  3 . 

H e re  a g a in ,  p r e c u r s o r  o s c i l l a t io n s  a r e  c l e a r l y  v i s ib le  in  th e  

s ig n a l  a c q u ir e d  u s in g  th e  B &  K  s y s te m , w h e re a s  n o  o s c i l l a t io n  

is  o b s e r v e d  in  th e  s ig n a l  a c q u ir e d  u s in g  th e  o s c i l lo s c o p e .

III. CONCLUSION

F ro m  th e s e  th r e e  e x p e r i m e n t s ,  w e  c o n c lu d e  th a t  th e  a c o u s t ic  

p r e c u r s o r  s ig n a l  p r e c e d in g  th e  s p o n ta n e o u s  p o p p in g  o f  s i n g le  

s o a p  b u b b le s  s t a n d in g  in  a i r  r e p o r t e d  in  D in g  et al. [2 ] 

a c tu a l ly  r e s u l ts  f ro m  a n  a c a u s a l  a r t i f a c t  o f  th e  s ig n a l  p ro c e s s in g  

p e r fo rm e d  b y  th e  B r i ie l  &  K jae r a c q u is i t io n  s y s te m  w h i c h  l ie s  

o u t s id e  o f  i ts  p r e s c r i b e d  w o rk in g  f r e q u e n c y  r a n g e .  W e  n o te  th a t  

n o  a c o u s t ic  p r e c u r s o r  o f  th e  s o a p  b u b b le  p o p p in g  e v e n t  c o u ld  

b e  d e t e c te d  u s in g  th e  h ig h ly  s e n s i t iv e  b r o a d b a n d  m ic ro p h o n e  

u s e d  in  th e  p r e s e n t  e x p e r i m e n t s .  I f  s u c h  p re c u r s o r s  w e re  to  

e x is t ,  th e n  th e i r  c h a ra c te r i s t ic  f r e q u e n c y  w o u ld  b e  h ig h e r  th a n  

1 0 0  k H z ,  o r  th e i r  le v e l w o u ld  b e  u n d e te c ta b le  w i th  a  s t a n d a r d  

a c o u s t ic  in s t r u m e n ta t io n .
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