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The r e su l t s  of m e a s u r e m e n t s  of the veloci ty  and absorpt ion of ul t rasound in inhomogeneous 
media  a r e  p resen ted .  The r e su l t s  a r e  analyzed in re la t ion to two d i spara te  modes of d e s c r i p -  
tion of inhomogeneous media.  

Sound waves  a r e  often used for  the determinat ion of s ta tes  of ma t t e r  that  c l ea r ly  violate the conditions 
of continuity and homogenei ty  of the medium [1]. Specific difficult ies a r e  met  in the in terpre ta t ion  of in-  
ves t igat ions  of this n a t u r e .  These  diff icult ies s tem f rom the fact  that the inhomogeneity of a substance con-  
f l ic ts  with the p rope r t i e s  of a continuum, which a r e  the foundation of hydrodynamics  and acoust ics .  

The re  a r e  two methods fo r  solving the s ta ted p rob lem.  I t  is postulated in one method that  the wave  
equation is sa t is f ied for  a homogeneous medium that  is host  to dis t r ibuted inhomogeneit ies .  The d e s c r i p -  
tion of the acous t ica l  effects  involved reduces  to a boundary-value  p rob lem.  The acoust ic  absorpt ion 
mechan i sm is depicted as an ene rgy  loss  due to coordinated sca t t e r ing  by e lements  of the inhomogeneous 
medium [2]. 

The second approach  ca l l s  for  the de terminat ion  of a sys t ema t i c  method by which a substance  endowed 
with inhomogeneous physical  p r o p e r t i e s  is rep laced  by a substance having homogeneous p rope r t i e s  [3, 4]. 
The wave equation in this case  is fo rmula ted  for  a homogeneous medium equivalent  to the given inhomogene-  
ous medium.  Now the acoust ic  absorpt ion is a t t r ibuted to mac roscop ic  v i scos i ty  and the rma l  conduction. 

I t  would be in teres t ing to a sce r t a in  to what extent the two given approaches  a re  compat ible  with the 
data of acous t ica l  m e a s u r e m e n t s  in inhomogeneous media .  In the p r e sen t  a r t i c le  we give some  r e su l t s  of 
m e a s u r e m e n t s  of the u l t rasonic  veloci ty  and absorpt ion in two inhomogeneous media ,  one a colloidal solu-  
tion of gelatin in w a t e r  and the o ther  a two-phase  s y s t e m  eompar i s ing  lycopodium par t i c les  in an aqueous 
NaC1 solution, and we analyze the i r  co r respondence  with the above-noted  methods of descr ib ing  an inhomo- 
geneous medium.  

The veloci ty  m e a s u r e m e n t s  were  ca r r i ed  out on an optical  appara tus  by an in t e r f e rome t r i c  method 
[5]. The e r r o r  of the veloci ty  m e a s u r e m e n t s  was  1.2%. The absorpt ion m e a s u r e m e n t s  were  conducted by 
the diffract ion method [6]. The intensi t ies  of the diffract ion peaks  were  r eco rded  photoelec t r ica l ly .  The 
max imum e r r o r  in the absorpt ion m e a s u r e m e n t s  did not exceed 12%. The ul t rasonic  f requency was  11 Mhz. 

MHz. 
The gelatin - w a t e r  colloidal solution was p r epa red  in the usual way. Fe rn  spores  w e r e  used to p r e -  

p a r e  the two-phase  sys t em of lycopodium par t i c l e s  in an aqueous NaC1 solution. The pa r t i c l e s  had an a l -  
mos t  spher ica l  shape.  The mean pa r t i c l e  d i a m e t e r  was  30p, A stable  two-phase  s y s t e m  was  fo rmed  by 
crea t ing  a solution of table  sa l t  in w a t e r  at a densi ty  equal to the densi ty of the lycopodium par t i c l e s  
(p = 1.07 g/cmS). Wetting of the lycopodium par t i c l e s  with the w a t e r  was ensured by r emova l  of the wax 
coating. 

The cha ra c t e r i s t i c  va r iab le  indicating the s ta te  of an inhomogeneous medium is its re la t ive  occupancy 
by inhomogenei t ies .  The r e su l t s  of u l t rasonic  ve loc i ty  m e a s u r e m e n t s  in s y s t e m s  having different  pa r t i c le  
counts p e r  unit volume given in Fig. 1, in which it is c l ea r  that  the ra t io  squared of the u l t rasonic  veloci ty  
go in the pure  solvent  to the u l t rasonic  veloci ty  g in the inhomogeneous medium d e c r e a s e s  l inea r ly  as  the 
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Fig. 1. Ref rac t ive  index squared  
v e r s u s  pa r t i c l e  concentrat ion.  1) 
Gelatin; 2) lycopodium; 3) data of 
[7]; 4, 5) au tho r ' s  data; go in %. 

concentrat ion is inc reased .  This  fact  is highly consis tent  with calculat ions based  on the following equation, 
which is der ived  f rom e i ther  of the indicated modes of descr ip t ion:  

g~ Po qo 1 -i- \ ~-A~-~s - -  1 ~ 

Here  Pi and gi a r e  the densi ty  of the pa r t i c l e s  and the cor responding  veloci ty  of ul trasound,  and P0 is the 
densi ty  of the solvent .  The analyi tca l  curve  shown in Fig. 1 was  plotted for  a gelat in solution with Pi -- 1.3 
g / c m  3 and gi = 1375 m / s ee ;  and for  a l y c o p o d i u m - a q u e o u s  NaC1 solution s y s t e m  with pi=Po and gi = 2090 
m/sec. 

The results of our measurements of the ultrasonic absorption coefficient as" a function of the particle 
concentration are shown in Fig. 2a and 2b in the form of the ratio of the absorption coefficient ~ of the 
invest igated medium to the absorp t ion  coeff icient  a 0 of the solvent.  The following genera l  re la t ion  has been 
proposed  in [2] fo r  calculat ion of the acous t ic  ene rgy  loss  due to coordinated sca t t e r ing  by e lements  of the 
inhomogeneous medium:  

2 (2) 
a6 

in which 

tg _ ~  + ~ tg~ _ y _  ctg7 + ~ (3) 
6 2 

- -  lg - -~-  + ~ ctg 7 + 

Here  a is the pa r t i c l e  separa t ion ,  t% = 2u/X 0 is  the wave  number  for  the solvent ,  and co t7  is  a quantity p r o -  
por t ional  to the ene rgy  radia ted  by e lements  of the inhomogeneous, medium.  

The quanti t ies k 0 and a a r e  equally significant  in the given re la t ion,  This fact  indicates that  the acous -  
t ic  d i spers ion  in terva l  can be en tered  by varying e i ther  the acoust ic  wavelength o r  the par t i c le  separa t ion .  
The d i spers ion  re la t ion  (3) was found in the approximat ion  ka < 27. In o r d e r  to e l iminate  the mult ivalued 
behav io r  of the absorp t ion  coeff icient  for  weak concentra t ions  in the calculat ions we use ,  instead of k0a/2 , 
the values  of tan-t(k0a/2) .  We calcula te  the mean par t i c le  separa t ions  according  to the re la t ion  a = r/go 
(where r is the pa r t i c l e  radius  and ~ is the i r  concentrat ion) .  Agreemen t  with the exper imenta l  data for  
the s y s t e m  l y c o p o d i u m - a q u e o u s  NaC1 solution is guaran teed  by the following re la t ion  for  the energy  radia ted  
by the pa r t i c l e s :  

1 ctg7 + ~ - k~ (4) 
3 kor ~ 

When the pa r t i c l e  separa t ion  is diminished to definite values the energy  radia ted  by e lements  of the 
inhomogeneous medium tends to a min imum.  This  fact  is consis tent  with the postulated concentrat ion de-  
pendence of the indicated quantity [2]. 

The following equation has  been es tab l i shed  on the bas i s  of notions developed in [3, 4] for  the acoust ic  
d i spers ion  in inhomogeneous media:  

~ (~) pog~ (5) 
o~ o ~lopg 3 
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Fig. 2. Relat ive acoust ic  attenuation in a the two-phase  sy s t em 
lycopod ium-aqueousNaC1  solution at  va r ious  par t i c le  concen t ra -  
t ions (a) and in a g e l a t i n - w a t e r  solution ve r su s  par t i c le  concen-  
t ra t ion  (b). 1) Calculated according  to Eqs.  (3) and (5); 2) ca lcu-  
la ted ~rom Einstein v i scos i ty  equation; 3, 5) au tho r ' s  data; 4) 
data of [8]; ~ in %. 

A. S. Predvodi te lev  has  proposed  the following re la t ion for  the v i scos i ty  ~(r of an inhomogeneous 

medium:  
1 + . -  W 

2 r2 S 
n (~) = no (1 - -  ~)~ 

Here  W0 is the v i scos i ty  of the solvent.  

The fact  that  v i scos i ty  causes  the pa r t i c l e s  as flow obs tac les  to have a nonspher ical  shape is m i r -  
r o r ed  in the inclusion of the fo rm f a c t o r  r2S in the v i scos i ty  express ion :  

,4 ] 
r~S = - RI + R~ (6) 

Here P~ and R 2 are the radius vectors describing the position of a certain point relat ive to the source and 
q = R2-RI /R2Rv Equation (6) goes sink points of the flow obstacle ,  ~ i and e ~ a r e  direct ion cos ines ,  and ~ 3 3 3 

ove r  to the Einstein re la t ion [3] for  r2S = 1. Fo r  spher ica l  pa r t i c l e s  r2S = 2. 

We now use the indicated equations to in te rp re t  our  resu l t s .  A calculation of the absorpt ion coefficient  
with the Einstein v i scos i ty  yields  a l a rge  deviation f rom the m e a s u r e m e n t  data. The fo rm fac to r  calculated 
f rom the values for  the u l t rasonic  absorpt ion coefficient  turns  out to be identical,  within the exper imenta l  
e r r o r  l imi t s ,  and equal to 0.0081 for  the lycopodium and to 0.018 for  the gelatin.  A calculat ion according 
to Eq. (6) of the ra t io  of the l inea r  par t ic le  dimensions  in the di rect ion of wave  propagat ion to the par t ic le  
radius  yields  a value of 1.5. This r e su l t  indicates that  the flow around the pa r t i c l e s  is decidedly nonspher i -  
c a l ,  a fact  that  can be a t t r ibuted to l a rge  osci l la t ions  of the pa r t i c l e s  o r  to the change of shape of the p a r -  
t i c les  in the sound wave.  The l a t t e r  postulate  is in good cor respondence  with the r e su l t s  of N. P. Kas ter in .  

On the bas i s  of the foregoing r e su l t s  we submit  that  it is equally justif ied to desc r ibe  the acoust ic  d i s -  
pers ion  in inhomogeneous media  e i ther  on the bas i s  of energy  l o s s e s  due to sca t t e r ing  o r  f rom the s tand-  
point of genera l iz ing  the hydrodynamical  equations to the case  of a medium having inhomogeneous physical  
p rope r t i e s .  Consequently,  K a s t e r i n ' s  detailed investigation of the diss ipat ion of acoust ic  energy  can be 
rep laced  by calculat ions in which an effect ive mac roscop ic  v i scos i ty  is introduced. 
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