
BULETINUL INSTITUTULUI POLITEHNIC DIN IAŞI 
(BULLETIN OF THE POLYTECHNIC INSTITUTE OF IAȘI) 

Published by "Gheorghe Asachi" Technical University of Iași 

Section Mathematics Theoretical Mechanics. Physics 

Volume 70(74), No. 1-2, 2024 

DOI: 10.2478/bipmf-2024-0004 

Bulletin of the Polytechnic Institute of Iași, vol. 70(74), no. 1-2, 69-87, 2024 

 

 

 

QUANTITATIVE ANALYSIS OF SECONDARY BJERKNES FORCES IN 

VARIOUS LIQUIDS  
 

 

ION SIMACIU1*, ZOLTAN BORSOS2, VIOREL DRAFTA3, GHEORGHE DUMITRESCU4 

 
 

1Retired lecturer, Petroleum-Gas University of Ploieşti, Ploiești 100680, Romania 
2Petroleum-Gas University of Ploieşti, Ploiești 100680, Romania 

3Independent researcher 
4High School Toma N. Socolescu, Ploiești, Romania 

*Corresponding author; e-mail: isimaciu@yahoo.com 

 

 

 

Citation  

 

SIMACIU ION, BORSOS ZOLTAN, 

DRAFTA VIOREL, DUMITRESCU 

GHEORGHE  

QUANTITATIVE ANALYSIS OF 

SECONDARY BJERKNES FORCES IN 

VARIOUS LIQUIDS 

BULLETIN OF THE POLYTECHNIC 

INSTITUTE OF IAȘI, 2024, 70(74), 1-2, 

69-87; 

DOI: 10.2478/bipmf-2024-0004 

 

 

 

 

 

Received: January 17, 2024 

Accepted: April 9, 2024 

Publication: May 30, 2024 

 

 

 

 

© 2024 Simaciu I. et al. 

This is an open access article licensed 

under the Creative Commons 

Attribution-NonCommercial-

NoDerivatives 4.0 International 

License (CC BY-NC-ND 4.0) 

Abstract. Evaluating numerically the interaction forces 

between two free bubbles, under the action of a background of 

random acoustic radiation, we highlight the contributions of 

coefficients 
0s  and 0 0 0a th= +    to the magnitude of these forces. 

The quantitative study of the forces is done for several fluids, as 

different as possible in terms of properties: water, mercury, liquid 

helium, and superfluid helium. These forces are evaluated, for 

different radii of the oscillating bubbles, 1 10
0 10 10 mR − −= −   , that the 

scattering–absorption forces and the scattering–scattering forces are 

close in magnitude. For water, mercury and liquid helium, the force 

ratio is in the range 3(10 1).af
− −  For superfluid helium, the forces 

change direction, oscillating, and the ratio of the forces is much less 

than one, 1af  . 
 

Keywords: secondary Bjerknes force, background acoustic 

radiation, quantitative study, liquids, superfluid helium. 
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1. Introduction 

In the previously published papers [1-4], I tried to identify, by analogy with the 

electromagnetic world, the electrostatic acoustic forces and the gravitational acoustic forces for two 

free bubbles. Based on the fact that, in the electromagnetic world [5 - pp. 801-806], the 

absorption/attenuation coefficient for the electromagnetic oscillator (the absorptive width 

( )2 2
0 02 3i i i i iR c = =   ( )2 2 2 3

02 3i i in e m c=  ) is much smaller than the radiative coefficient (the 

radiative decay - in acoustic terminology, acoustic damping coefficient) and therefore implicitly the 

radiation scattering section is much larger than the absorption section, we considered that the 

gravitational acoustic forces are the ones that involve scattering and absorption [3]. This hypothesis 

is also supported by the results of the modelling of the electrostatic interaction and the gravitational 

interaction in Stochastic Electrodynamics [6, 7]. In what it follow we will show that, for real 

liquids: water, mercury and liquid and superfluid helium, the absorption damping coefficient 

(viscous 0  and thermal 
0th , 0 0 0a th= +   ), for certain values of the radii, 1 10

0 10 10 mR − −= −   , 

has an as large contribution to the Bjerkenes force, in a radiation background, as the acoustic 

coefficient 
0s  (the zero index denotes the value of the coefficient for natural pulsation 

0 , 

0 0( )=   ). 

For superfluid helium (  1.5 2.16 KT  − ), the results of the calculation of the acoustic force, 

as a function of the bubble radius, highlight a strong dependence on the diffusion coefficient that 

leads to variations between positive and negative values (change of sign and therefore meaning) of 

the acoustic forces for close values of bubbles radii. This result is explained by the dependence of 

the thermal absorption coefficient,
0th , on the trigonometric functions sin and cos. Also, the values 

of the coefficient 
0th  are greater, in absolute value, than the coefficients, 

0s  and 0  so their sum 

can be negative. We chose these liquids for their properties: water being the most common liquid on 

earth, mercury as the only liquid metal at room temperature, and helium because it can be both 

liquid and superfluid. 

In a future paper we will demonstrate that the scattering-absorption forces between two 

bubbles in a cluster [8], in a radiation background, are much smaller than the scattering-scattering 

forces, if the number of bubbles is large.  

In the second section we calculate the acoustic forces and implicitly the square of the 

acoustic charge for real liquids: 2.1. Bubbles in water, 2.2. Bubbles in mercury, 2.3. Bubbles in 

liquid helium, 2.4. Bubbles in superfluid helium. In the third section we calculate the ratio between 
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the scattering-absorption forces and the scattering-scattering forces, 
a BsaT BssT BsaZ BssZf F F F F= = , in 

the radiation background, for three fluids: water, mercury and helium. Calculations show that these 

forces are close in magnitude for the same bubble radii. The exception is this ratio calculated for 

bubbles in superfluid helium, which is much smaller than one. In the fourth section we analyze the 

results obtained and present the conclusions. 

2. Calculation of acoustic forces for real liquids 

2.1. Bubbles in water 

According to Eqs. (71a, 71b) from the papers [1-arxiv V2] and Eq. (49) from the papers [1-

BIP], the expressions of the Bjerknes force between two free bubbles in acoustic radiation 

background are: 

 

( )

( )

0 0

2

0 0

3 2 2
0 0 0 0

0 0

2

0
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0 0 0 0

,
24
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with: ( ) ( ) ( )2 2 2
0 0 0 0 03 2 3 1effp R p R R= =  + −         ( ) ( )3

0 0 03 2 3 1p R R=  + −      , 

 

 
( ) ( ) ( )

( ) ( )( )
0 0 0 0 0 0

0

0 0 0 0 0 0

3 1 sinh sin 2 cosh cos

2 cosh cos 3 1 sinh sin
th

X X X X X

X X X X X X

−  + − −  =
 − + − −  

 



 (2) 

and ( )1 2

0 0 02X R=   . 

 

By analogy with the electromagnetic world, in the papers published so far [1-4], we 

wrongly considered that also in the acoustic world the absorption damping coefficient, 

0 0 0a th= +   , is much lower than the acoustic re-radiated/ scattered component, ( )2
0 0 0 2s R u=  . 

Next we will show that we cannot make this approximation because, for certain values of the radii, 

these coefficients have close contributions. We will do the calculations for the interaction between 

bubbles in some real liquids. 

To highlight the contribution of the scattering and absorption phenomena in the 

magnitudes of the forces, we do the numerical evaluation of these forces, for the liquid water, for 

the range of sizes of the bubble radii 1 10
0 10 10 mR − −= −   . Water parameters, relevant for the 

phenomenon of interaction between bubbles and air, are: 5
0 10 Pap =  static pressure in liquid, 
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310 Pas−=  dynamic viscosity, 10.0725Nm−=  surface tension, 3 11.510 msu −=  sound velocity, 

1.4=  polytropic exponents of the air in the bubble, 3 310 kgm−=  mass density, 4 2 11.14 10 m s− −=   

self-diffusion coefficient for air, 300KT =  liquid temperature and the universal constants 

23 11.381  10  J Kk − −=   , 34=1.05 10 Js−h  [9]. The results are presented in Table 1 and Table 2. Table 1 

contains the ratio values: ( )0 kTh , ( )3 2
0 04 u R   , ( )2

0 0 02 thu R  , 
aZ  and 

aZ . 

 
Table 1. The ratio values for water 

 

 

The constants 
aZ  and 

aZ  have the meaning of fine acoustic constants, i.e. they are the 

ratio between the square of the acoustic charges 2
ae  and the square of the natural acoustic charge 

uh ( )( )2
a ae u= h . In the electromagnetic world, the fine structure constant is the ratio between the 

square of the electrostatic charge of the electron and the square of the natural electric charge (it is 

considered to be the maximum charge in the acoustic world) ( )2 31 137 7.3 10e c −=    h  [5 - 

Subch. 6.12]. As can be seen from Table 2, the square of the acoustic charge is much smaller than 

the square of the electrostatic charge ( )2 2 2 28 2 28 3 2
04 2.2 10 Nm 2.2 10 kgm sa ee e q − − − =   =  , for any 

radius in the range 1 10
0 10 10 mR − −= −   . 

According to this table, the ratio ( )0x kT= h  is much less than one for all values of the 

bubble equilibrium radius, and so we can approximate exp 1x x−  . With this approximation, the 

expression of the force in the thermal background becomes, 
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Also, since for small radii, 6 10
0 10 10 mR − −= −   , the contribution of thermal effects is much 

smaller than the viscous ones, ( ) ( )2 3 2
0 0 0 0 02 4thu R u R     , we can analytically approximate the 

force expression according to the relation, 

 

( )
3 2 3 2
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 (4) 

 

The same relation (3), for large radii 4 1
0 10 10 mR − −= −   , since 

( ) ( )2 3 2
0 0 0 0 02 4thu R u R     , can be approximated analytically by 
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 (5) 

Also, for these radii ( 4 1
0 10 10 mR − −= −   ), according to Table 2, 

 

Table 2. Values of 
0X  and 

0th  versus radius 1 10
0 10 10 mR − −= −    

 

 

parameter 
0X  is ( )1 2

0 0 02 1X R=   , the coefficient 
0th  can be approximated, according to Eq. 

(17a) from paper [2] with ( ) ( )0 0 03 1 2 2th R= −   . Inserting this expression into Eq. (15), it 

follows 

 

( )
( ) ( )

( )

2 2
0 0 0 0 0 0 0

2 2 2
00

2
0 0 0

0 02 2
0

2

24 1 23 1

, .
24 1 2

BT

T T

kTR R R kT
F r

r r R uu

kT
w w

r R u

   − −   = =         −−     

−  =  − 
 

   
   

  
  

 (6) 



74 

ION SIMACIU, ZOLTAN BORSOS, VIOREL DRAFTA, GHEORGHE DUMITRESCU 

QUANTITATIVE ANALYSIS OF SECONDARY BJERKENES FORCES IN VARIOUS LIQUIDS 
 

 

Bulletin of the Polytechnic Institute of Iași, vol. 70(74), no. 1-2, 69-87, 2024 
 

Expressions (4, 6) of the force resemble the expression of the electrostatic force between 

two electrons, Eq. (30), from papers [1–arxiv V2], written according to the Thomson cross section, 

( )( )2
2 28 3T ee m c=  . 

Using the same reasoning of analytical approximation, the expression of the force in the 

acoustic background CZPF, becomes: a) for small radii, 6 10
0 10 10 mR − −= −    , 
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and b) for large radii 4 2
0 10 10 mR − −= −   , 
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According to Eqs. (7, 8), also the expressions of this type of acoustic forces can be put in a 

similar form to the electrostatic force. We also highlight, according to the papers [1], an acoustic 

charge having the square 2
ae : 
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According to Table 2 and Figure 2. Figure 1, for radii around the value 5
0 5.5 10 mR −=  , the 

contributions to the value of the charge and therefore implicitly of the acoustic force of: the acoustic 
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coefficient, ( ) ( )2
0 0 0 0 2s s R u= =    , the viscous coefficient ( ) ( )2

0 02 R= =      and the 

thermal coefficient 
0th  are close in value.  

 

Fig. 1. The graphic representation of 2
aTe  and 2

aZe  versus radius 
0R , for water. 

Acoustic charges, fine acoustic constants and implicitly acoustic forces have a minimum 

value for two radii: 
1

7 m6,695 10wR −   and 
2

5m,37 17 0 0wR − . The square of the acoustic charges 

corresponding to the two radii are: 2 34 2
1 1,89 10 NmaZe −  , 2 33 2

1 1,03 10 NmaTe −  , 2 34 2
2 1,14 10 NmaZe −   

and 2 34 2
2 6,21 10 NmaTe −  . 

In the case when the experiments of measuring acoustic forces are performed in 

weightlessness (in a laboratory placed on a space station), the pressure in the enclosure is 
0 0Pap = . 

The study of acoustic forces in weightlessness conditions is motivated by the fact that, by canceling 

the effects of gravity, it is easier to observe, experimentally, the acoustic forces and therefore we 

can study the properties of these forces and the phenomena induced by them. In this case, the 

effective pressure is determined by the surface tension and has the expression ( ) 02 3 1effp R= −   

and the natural pulsation/ resonance pulsation has the expression ( ) ( )2 3
0 02 3 1 R= −    . Numerical 

results are given in Table 3 and Table 4. 

Table 3. The ratio values for water in zero gravity 
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according to Table 3, for radii in the interval, 1 4
0 10 10 mR − −= −   , ( )2

0 0 02 thu R   ( )3 2
0 04 1u R    . 

For radii in the interval 5 10
0 10 10 mR − −= −   , ( )2

0 0 02 thu R   ( )3 2
0 04 1u R    . 

Table 4. Values of 
0X  and 

0th  versus radius 1 10
0 10 10 mR − −= −    

 

 

Comparing the results from Table 2 and Table 4, it follows that the square of the sound 

charge in water, for 5
0 10 Pap = , for large radii 1 5

0 10 10 mR − −= −   , is greater than the square of the 

sound charge in water, for 
0 0Pap =  and for the same radius. For small radii, 5 9

0 10 10 mR − −= −   , the 

square of the acoustic charges, for the two pressures, 
0p , become closer, for the same radius, so that 

for 10
0 10 mR −=  become almost equal. 

 

Fig. 2. The graphic representation of 2
aTe  and 2

aZe  versus radius 
0R  for water in weightlessness. 

 

For bubbles in water in weightlessness, according to Figure 2, the acoustic fine structure 

constant, the square of the charge and implicitly the acoustic forces decrease with the increase of 

the bubble radius. 
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2.2. Bubbles in mercury 

The parameters of mercury, relevant for the phenomenon of interaction between bubbles 

and air, are: 5
0 10 Pap =  static pressure in liquid, 31.4 10 Pas−=   dynamic viscosity, 

1 14.84 10 Nm− −=   surface tension, 3 11.4510 msu −=  sound velocity, 1.4=  polytropic exponents of 

the air in the bubble, 3 313.534 10 kgm−=   mass density, 6 2 14 10 m s− −=   self-diffusion coefficient 

for air, 300KT =  liquid temperature and the universal constants 23 11.381  10  J Kk − −=   , 

34=1.05 10 Js−h  [10]. The results are shown in Table 5, Table 6 and Figure 3. 

Table 5. The ratio values for mercury 

 

 

Table 6. Values of 
0X  and 

0th  versus radius 1 10
0 10 10 mR − −= −    

 

 

Fig. 3. The graphic representation of 2
aTe  and 2

aZe  versus radius 
0R , for mercury. 
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According to Figure 3, the acoustic charges, the fine acoustic constants and implicitly the 

acoustic forces have a minimum value for the radius 5m,1092 10mR −  . The square of the acoustic 

charges corresponding to this radius are: 2 35 21,466 10 NmaZe −   and 2 35 27,975 10 NmaTe −  . 

2.3. Bubbles in Liquid Helium 

Helium behaves as a liquid for temperature values higher than the critical temperature 

2.167KT = . Relevant parameters for liquid Helium ( 2.5KT = ) are: 4
0 1.023 10 Pap =   static pressure 

in liquid, 62.4 10 Pas−=   dynamic viscosity, 4 12.62 10 Nm− −=   surface tension, 2 12.22 10 msu −=   

sound velocity, 1.4=  polytropic exponents of the air in the bubble, 2 31.448 10 kgm−=   mass 

density, 8 2 14.53 10 m s− −=   self-diffusion coefficient and the universal constants 

23 11.381  10  J Kk − −=   , 34=1.05 10 Js−h  [11, 12]. The results are presented in Table 7, Table 8 and 

Figure 4. 

Table 7. The ratio values for Liquid Helium 

 

 

Table 8. Values of 
0X  and 

0th  versus radius 1 10
0 10 10 mR − −= −    
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 G 4. 

Fig. 4. The graphic representation of 2
aTe  and 2

aZe  versus radius 
0R , for Liquid Helium. 

Liquid helium, at 2.5KT = , influences the size of the forces and the square of the acoustic 

charge, similar to the other investigated liquids. According to the Figure 4, the acoustic charges, the 

fine acoustic constants and implicitly the acoustic forces have a minimum value for the radii: 

7 m,0614 101HeZR −   and 7 m,0573 101HeTR −  . The square of the acoustic charges corresponding to 

these radii are: 2 34 24,436 10 NmaZe −   and 2 35 22,4105 10 NmaTe −  . Unlike water and mercury, the 

minimum for the square of the charge, for liquid helium, is obtained at different values of the radius 

for the two acoustic radiation backgrounds. 

2.4. Bubbles in Superfluid Helium 

Helium behaves as a superfluid for temperature values in the range  1.5 2.16 KT  − . 

Superfluid helium parameters at 1.5KT = , relevant for the phenomenon of interaction between 

bubbles, are: 
0 471Pap =  static pressure in liquid, 62.6 10 Pas−=   dynamic viscosity, 

4 13.2 10 Nm− −=   surface tension, 1234 msu −=  sound velocity, 5 3=  polytropic exponents of the 

vapors in the bubble, 3145 kgm−=  mass density, 6 2 17 10 m s−=   self-diffusion coefficient for 

vapors and the universal constants 23 11.381  10  JKk − −=  , 34=1.05 10 Js−h  [11, 12]. We mention that 

the superfluid coefficient was calculated from the experimental results for superfluid thermal 

conductivity and specific heat capacity pC  ( ( )pC=   ), which we found, each, from only one 

academic source [13, 14]. The results are presented in Table 9, Table 10 and Figure 5. 
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Table 9. The ratio values for Superfluid Helium 

 

Table 10. Values of 
0X  and 

0th  versus radius 1 10
0 10 10 mR − −= −    

 

 

Fig. 5. The Log-Log plot for positive and negative values for 2
aTe  and 2

aZe  versus radius 
0R , for Superfluid Helium. 

The Table 9, Table 10 and Figure 5 show the variation of the square of the acoustic charge 

from positive to negative values for small variations in the bubble radius. The change in sign 

indicates a change in sense of the acoustic forces from attractive to repulsive forces. This 

phenomenon occurs as a result of the fact that the thermal coefficient 
0th  is dependent on the 

trigonometric functions ( )1 2

0 0sin 2R 
    and ( )1 2

0 0cos 2R 
   , which in turn depend on the 

radius and the coefficient  , which for the superfluid is very large. For certain values of the radius, 

the ratio ( )2
0 0 02 thu R   is negative and much larger, in absolute value, than ( )3 2

0 01 4 u R+    . It 

follows that ( ) ( )3 2 2
0 0 0 0 01 4 2 thu R u R+ +      it is negative and the forces, according to Eq. (1), 
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changes its sense. According to graph G 5, there are ranges of radii (marked with blue and yellow 

colors) for which the forces (the square of the acoustic charge is positive) are attractive and ranges 

(marked with the colors green and orange) for which the forces (the square of the acoustic charge is 

negative) repulsive. 

We find the same dependence for helium at temperature 2KT = . Superfluid helium 

parameters at 2KT = , relevant for the phenomenon of interaction between bubbles, are: 

0 3130Pap =  static pressure in liquid, 610 Pas−=  dynamic viscosity, 4 13 10 Nm− −=   surface 

tension, 1226 msu −=  sound velocity, 5 3=  polytropic exponents of the vapors in the bubble, 

3145 kgm−=  mass density, 7 2 12 10 m s−=   self-diffusion coefficient for vapors [11-14] and the 

universal constants 23 11.381  10  JKk − −=  , 34=1.05 10 Js−h . The results are presented in Table 11, Table 

12 and Figure 6. 

Table 11. The ratio values for Superfluid Helium 

 

 

Table 12. Values of 
0X  and 

0th  versus radius 1 10
0 10 10 mR − −= −    
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Fig. 6. The Log-Log plot for 2
aTe  and 2

aZe  oscillations versus radius 
0R , for Superfluid Helium. The negative values are 

amplified to visualize the overlapping region for positive and negative oscillations. 

According to Figure 6, there are ranges of radii (marked with blue and yellow colors) for 

which the forces (the square of the acoustic charge is positive) are attractive and ranges (marked 

with the colors green and orange) for which the forces (the square of the acoustic charge is 

negative) repulsive. The separation of the curves for which the square of the acoustic charge is 

negative, by amplifying with the factor 310 , allows the observation of another characteristic of the 

dependence on the bubbles radii, namely the fact that the ranges of radii for which the square of the 

acoustic charge is positive partially overlap the domains in which the square of the acoustic charge 

is negative. It follows that in the overlapping areas, the square of the acoustic charge oscillates 

between positive and negative values. 
 

 

Fig. 7. The Log-Log plot for 2
aTe  and 2

aZe  oscillations versus radius 
0R  (short range) for Superfluid Helium. 
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Figure 7 shows the dependence of the square of the acoustic charge on the size of the 

bubble radius in the range 8 810 1.1 10 m− −−    , to highlight the oscillations between positive and 

negative values. 

In order to better understand the dependence of the square of the acoustic charge on the 

radii of the bubbles, we also represented the thermal coefficient 
0th  as a function of the radius, 

according to Figures 8-10. Figure 8 shows the dependence of the coefficient 
0th  for radii of the 

order 1010 m− . 

 

Fig. 8. The dependence of the coefficient 
0th  for radii of the order 1010 m− . 

 

 

Fig. 9. The dependence of the coefficient 
0th  for radii of the order 510 m− . 
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Fig. 10. The dependence of the coefficient 
0th  for radii of order 110 m− . 

 

Fig. 11. The dependence of the coefficient 
0th  for radii in the interval 5

0 0 10 mR − −   . 

For small radii, i.e. at the physical limit of bubble radii in the fluid, 10 7
0 10 10 mR − − −   , the 

oscillation phenomenon is amplified by the ratio ( )( )1 2

0 0 0 01 2X R=    which is very large, 

Figure 11. 

3. Comparison of the scattering-scattering force with the scattering-absorption force 

According to the paper [3], the scattering-scattering forces and the scattering-absorption 

forces, in the radiation background, have the expressions: 

 

( )
0

2
0

0 0 0 0 0

2
,

exp 1 1

s
BssT

s th s

u
F

r

kT

− =      − + + 
 




    

h

h
 (10) 
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0 0

32
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2 1

th

BsaZ
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u
F
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+− =  
  + +





 

    

h
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Comparing them, it follows: 

 
( )

0 0 0 0

2

0 0 0 0

.
1

s th sBsaT BsaZ
a

BssT BssZs th s

F F
f

F F

+
= = =

+ +





   

   
 (14) 

 

According to the result of the numerical analysis made in section 2, the ratio of the two 

types of forces,
af  , for bubble radii included in the interval 1 8

0 10 10 mR − −= −   , is less than one. As 

an example, for 1
0 10 mR −= , the ratio is: 0.42af =  for water at 5

0 10 Pap = , 0.0006af =  for water at 

0 0Pap = , 0.23af =  for mercury at 5
0 10 Pap = , 0.0026af =  for liquid helium at 5

0 1.023 10 Pap =  . 

For 5
0 10 mR −= , the ratio is: 0.17af =  for water at 5

0 10 Pap = , 0.16af =  for water at 
0 0Pap = , 

0.04af =  for mercury at 5
0 10 Pap = , 0.16af =  for liquid helium at 5

0 1.023 10 Pap =  . For 

8
0 10 mR −= , the ratio is: 0.07af =  for water at 5

0 10 Pap = , 0.24af =  for water at 
0 0Pap = , 0.2af =  

for mercury at 5
0 10 Pap = , 0.23af =  for liquid helium at 5

0 1.023 10 Pap =  . 

For superfluid helium, the ratio is much less than one and oscillates between positive and 

negative values (changing the sign and implicitly the orientation of the forces). For instance: for 

1
0 10 mR −= , the ratio is 0.01af = − for superfluid helium at temperature 1.5KT =  and 2.2af = −  for 

superfluid helium at temperature 2KT = ; for 5
0 10 mR −= , the ratio is 81.5 10af

−=  for superfluid 

helium at temperature 1.5KT =  and 83.5 10af
−= −  for superfluid helium at temperature 2KT = ; for 

8
0 10 mR −= , the ratio is 111.3 10af

−= −  for superfluid helium at temperature 1.5KT =  and 

121.6 10af
−=−  for superfluid helium at temperature 2KT = . It follows that only for superfluid 

helium the ratio is very small, in absolute value, but not as small as the ratio of gravitational forces 

to electrostatic forces, 2 2 4210e g e ef F F Gm e −= =  , for the same charged particle (in this case, the 

electron) in the electromagnetic world. In a future paper we will show that their ratio is very small 

in the case of forces between two bubbles in a cluster with a large number of bubbles, 1N  . In 

this case, the ratio depends on the acoustic Mach number, ( )0c cN N R R , which depends on the 

number N  of bubbles in the cluster, the cluster radius, and the bubble radius [8], analogous to the 
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dependence of the ratio
ef  on the number of particles in the Universe, the universe radius, and the 

electron radius, according to of the Edington – Dirac hypothesis 

( 42 21 10 , ,e e g u e u ef F F R R R NGm c=    ( )2 2
e eR e m c= ) [8, 15-17]. 

4. Conclusions 

In this paper, we demonstrated by numerical calculation, that the contribution of the 

attenuation coefficients 
0s  (acoustic damping coefficient) and 0 0 0a th= +    (absorbtion damping 

coefficient) to the size of the interaction forces, implicitly the square of the acoustic charges, 

between two free bubbles oscillating under the action of a stochastic acoustic background (the 

thermal background and the CZPF background) depends on the radii of the bubbles and the 

properties of the liquids in which the bubbles form. For liquids with different properties: water, 

mercury, liquid helium, it turned out that the attenuation coefficients have a comparable 

contribution in size, for radii in the range 1 10
0 10 10 mR − −= −   . This result does not justify the 

approximation, 0 0 0 0s a th = +    , analogous to that for the attenuation coefficients for the 

electromagnetic oscillator [6, 7], made in the papers [1-4]. 

For superfluid helium (  1.5 2.16 KT  − ), the results of the calculation of the acoustic force 

as a function of the bubble radius highlight a strong dependence on the diffusion coefficient   that 

leads to variations between positive and negative values (change of sign and therefore the sense of 

the forces) of the acoustic forces for values near the radii of the bubbles. This result is explained by 

the dependence of the thermal absorption coefficient 
0th  on the trigonometric functions sin and 

cos. Also, the values of the coefficient 
0th  are greater, in absolute value, than the coefficients, 

0s  

and 0  so their sum can be negative. 

In this paper, we also calculated the ratio of the scattering–absorption forces to the 

scattering–scattering forces in the radiation background 
a BsaT BssT BsaZ BssZf F F F F= =  in these liquids. 

Calculations show that these forces are close in magnitude for the same bubble radii. The exception 

is this ratio calculated for bubbles in superfluid helium, which is much smaller than one. 

In conclusion, we can consider that the scattering-scattering forces, identified as 

electrostatic acoustic forces, and the scattering-absorption forces, identified as gravitational acoustic 

forces, between two free bubbles, do not differ from each other in magnitude, like the same type of 

forces in the electromagnetic world. This conclusion is also supported by the expressions of the 
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acoustic scattering cross section in a radiation background, Eqs. (79a, 79b) from the papers [1- 

arxivV2], which do not depend on the damping coefficients 0 0 0 0s th= + +    . 
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