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To  develop  a  measurement  method  for acoustic  nonlinearity  parameter  BIA  using  an

acoustic  micrescope,  the second  harmonic  component  of  a  focused Gaussian beam  ob-

served  with  a  concave  receiver,  with  an  aperture  large enough  to cover  the whole  beam,
set within  the post focal region  has been investigated. The theory based on  the suc-
cessive  approxirnation  solution  for the  Khokhlov-Zabolotskaya-Kuznetsov equation  is
validated  through  the  experiment  employing  a l.9-MHz  focused ultrasound  and  a

concave  reoeiver.  Both  the  fundamental  and  second  harmonic  amplitudes  attain  the
maxima  at the position where  the multiple  refiection  signal  produoed  between the source
and  receiver  is well  detected by the concave  receiver.  The  phase  of  the  second  harmonic

cemponent  relatjve  to  the  fundamental  is the  same  as  that  of  the  axial  pressure in partic-
ular  at this position. These  are true even  in the  case  with  the insertion of  a  different liquid
layer, The  generation  of  the second  harmonic, which  corresponds  to the linear and
nonlinear  acoustic  properties of  the different liquid, is observed  with  the concave  re-

ceiver.  This suggests  that the BIA  measurement  utilizing  the axial  pressure of  the
fbcused beam rnay  be extended  to the data obtained  with  the concave  receiver.
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           1. INTRODUCTION

  The  present author  and  his colleagues  have  an-

a)yzed  the nonlinearly  generated second  harmonic
component  in a focused sound  including the prob-

lem of  its spatial  distribution.i'5) Based on  the

finite-amplitude method,6)  utilizing  the  second

harrnonic sound  in focused ultrasound,  a  measure-

ment  for the nonlinearity  parameter  BIA  in liquid-
like media  was  also  presented and  experiinented,

where  the on-axis  a¢ oustic  pressure  beyond the
sample  was  observed  at  the focal region  with  a  point
receiver.7)  Small volume  sampies,  for example,  of

O.5ml  were  measured  using  a  1.9-MHz focusing
Source.8)

  On  the other  hand, acoustic  microscopes  have

been applied  to various  acoustic  characterizations

and  measurements,  where  high-frequency focused

sounds  are  employed  to obtain  the high spatial  re-

so!ution.  Although the nonlinear  phenornena  must

take  place in the acoustic  microscope,  the  pheno-
mena  are  never  used  for the  acoustical  measurement.

The  techniques  for obtaining  non)inear  acoustic

imagingg) and  measuring  the nonlinear  propertyiO)
of  the medium  have  ever  been intended utiiizing  the

second  harmonic component  in the focused sound  of

the  aeoustic  microscope.  In these  proposal, how-

ever,  the djffraction, which  plays an  important role
in the nonlinear  propagation of  focused sounds,  has
s ¢ arcely  been taken  into aecount  regarding  to  the

nonlinear  distortion process. By  virtue  of  this, the

obtained  data do  not  necessarily  correspond  to the

nonlinear  property of  the  sample  medium.  Since

the difftaction effect  is taken  into considerations,  in

                29

NII-Electronic  



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  of  Japan

contrast,  in the B/A  measurement  mentioned  above,

the result  is expected  to be more  accurate  in

principle, and  therefore the measurement  may  be
extended  to the  acoustic  microscope.  The  acoustie

microscope  usually  detects the whole  sound  beam

using  a  receiver  with  a  finite aperture,  which  differs
from the  point receiver  employed  in the  experiment

of  the  aforementioned  BIA  measurement.  It is
diMcult to detect the acoustic  pressure at a  point in

the beam  of  the microscope,  because the radius  of

the  focusing source  is as  small  as  a  few millimeters

at most.  Thus the above  measurement  method

cannot  be immediately applied  to the acoustic
  .mlcroscope.

 
･

  The  present article  theoretically and  experimental-

ly examines  the properties of  the fundamental and
second  harmonic components  in the fbcused sound
detected by a  concave  receiver  with  the  aperture  as

wide  as  the beam  at the  post focal region,  suppesing

the  receiver  is set vertical  to the  axis  of  the  focusing
source.  The  successive  approximation  solution  for

the  governing equation  is adopted  for the theoret-

ical analysis,  where  the  Gaussian  beam  is assumed

for the focused sound.  For  convenience,  the ex-

periment to validate  the theory  and  to confirm  the

possibility for measuring  the  B!A  is conducted  at

relatively  low frequency of  l .9 MHz.

  It has already  been  reported  that the nonlinear

phenomena  associated  with  a large amplitude

fbcused sound  enhance  the resolution  of  acoustic

microscope,'D  and  give  rise  to an  anomalous  phase
shift  of  the  sound  in the  center  of  the  beam.'2)

Since this paper trqats the moderate  amplitude  to

which  the successive  approximation  is available.  the

present focusing field is free from such  phenomena.

       2. FREEFIELDDETECTED

        BY  CONCAVE  RECEIVER

2.1 Theory

  Suppose that a spherical  fbcusing source  with  the

focal length D  emits  a  sinusoidal  sound  of  angular

frequency bl along  the 2  axis  as  shown  in Fig. 1,
where  the medium  is water.  The  sound  source  is

assumecl  to be a  Gaussian  source  with  the  on-source

pressure amplitude  6f po exp  (-gr2). The  fOeused
sound  is detected by a  concave  receiver  whose

curvature  and  aperture  radii  and  d  and  a, respec-

tively. Taking  into the conslderatien  the harmonic
components  up  to the second  order,  the  acoustic

pressure  at the  point  (r, z)  is assumed  to  be
         '
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         Fig. 1 Geometry  and  notation.

P).(r, z)  exp(-J'cvr)+p2..(r,  z)  exp(-y'2tu7).  Here  T

is the  retarded  time  t-  zlc.,  where  tis the time, and

c.  is the sound  speed  in vvater.  Then  the funda-
mental  and  second  harmonic  components  in the
                            - 4
output  voltage  of  the concave  receiver  are  approxi-

mately  .proportional 
to the quantities, 

･

     Piw= !:pi.(r, z) exp(-  J' 
k2"d"2)r`h･,

 "  )

     p2.=  j:p!.(r, z)  exp(-  i' 
-k
 
"i'2

 )rdi , (2)

where  k. is the  wavenumber  of  the fundamental in
water  wlc..  Since the proportion factor, which

should  depend  primarily on  the  receiver  sensitivity,

is not  significant  in the discussion that  follows, the

output  voltage  is assumed  to be P.(z)==Pi.(z)×

exp(-J'cdr)+P2.(z)exp(-J'2ct)T)  for simplicity.  Us-

ing the  successive  approximation  solution  for the

Khokhlov-Zabolotskaya-Kuznetsov  equation,S)

 p,.(,, .)  =  
-j

 
kut
 f;?e,.-)"we 

,.p[f-ks:2  Il +  J- hf;) ] ],
                                      (3)

p,..(r,z)=j-P"2kpt:.t--.o-,2S-i;-I-"'exp[ik".rZ[i+ipthk(wii]

         ･ !i e,:.w,:)
'

 de･, (4)

the foilowing relations  are  derived.

     Pi -' (i)= m  m:iJg-iit")Pht(-i)- e-"  vtE[ejaCx)a2-  1], (s)

     p2.(z) ==  gr"} 
.kcN'.3,Pg"(2zei`"(z"

 i. [e .i 
ze(

 
tr>i:

 -  1 ]

              Z e2awz'

            
･s

              oh(z')-'de''
 (6)

where  h(z) :2gz-J'k.(1-zlD),  g(z)=k.[1+jk.!
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h(z)]12z-k./24 ct. is the attenuation  coeMeient  in e.o

water  at the fundarnental frequency, p. is the  den-
sity of  water,  and  fi.. is the acoustic  nonlinearity

parameter  l+(BIA).12  of  water.  
'

  Comparing  the ratio  of  Eqs. (3) and  (5) with  the

ratio  of  Eqs, (4) and  (6), one  obtains

        Pi.(z) 1 ei2e(t>`L2-1  p,.(O,z)

        P,.(z) 
'

 2 ejaCz)th2-1  pi.(O, z)

               1 p,.(O,z)

             
iXi-,'[.'(61"."5-･

 (a>O) (7)

Consequently the  distortion ratio  of  the received

wavefOrm  becomes half that of  the waveform  of

the axial  pressure  at arbitrary  z  when  the aperture

diameter 2a is larger than  the  width  of  focused
beam. The  phase parameter  ¢ .(z)r::Kp!.(O,z)-

2Zpi.(O,  z)+7Tf2  was  defined to  express  the phase
delay of  the  zero-crossing  of  the axial  second  har-
inonic  pressure relative  to that of  the axial  funda-
mental  pressure. The  phase parameter  for the

signal  detected by the concave  receiver,  diw(z)!!
ZP2.(z)-2LPi.･(z)+nf2, is also  defined fbr ex-

pressing the  phase delay of  the zero-crossing  of

P2. relative  to that of  Pi.. They both depend on

the range  z. Their difTerence is deriyed from Eqs.

(3)-(6) as

   di.(z)-g5.(2)==z[e･i2e(or)a2ml]

                                     n

               
-2z[eJgCita2-1]+lg(z)+-ii"

                      n

              
vlg(z)--ii-.  (a>O) (8)

When  the  aperture  radius  is large so  that the  concave

receiver  detects whole  focused beam, both
exp[J'g(z)a2] and  exp[J'2g(z)aX]  vanish  because

Irn [g(z)a2] is much  ]arger than  unity.

2.2 Experiment
  The  burst wave  emitted  from  a  concave  PZT

transducer  of  frequency ti)12n==  1.9 MHz  and  focal

length D==85rnm  was  experimen,tally  observed

vvith a concave  PZT  transducer  with  aperture  radius

a=20mm,  curvature  radius  d==42mm  and  the

thickness  resonant  frequency of4  MHz.  The  sound

source  is approximated  as the Gaussian source  with

the coeMcient  g=:23oo mm2.7)  Figt]re 2(a) cornpares

the  measured  z  dependence  of  Pi.  and  P2. with

calculated  ones  obtained  from Eqs, (3) and  (4).
The acoustic  propertie$ of  water  as  p.=  1000 kglm3,

e.=1483mls,  ct.=O.1  Nplm  and  (BIA).==5.0 are

ggsei'eEts=

O.5

G9v

 )e:em

o

T

o

LIO 120z(mm}(a) l30 140

IIO 120  l30  140

                zCmm)

                (b)

 Fig.2 Rangedependenceofreceiy ¢ dsound

  in free field. (a) Harmoni ¢  amplitudes.

  (b) Phase parameter.

supposed  in the calculation.  The experimental

value  shows  good  correspondence  with  the  cal-

culated  value.

  The distortion factor of  the axial pressure does

not  strongly  depend  on  z  beyond  the fbcus.O Then
Eq. (7) means  that  neither  does the'distortion ratio
of  the concave  receiver  output.  Hence  both the

fundamentat  and  second  harmonic  amplitudes  vary

with  z almost  in the  same  manner  within  the experi-

mental  range.  However, since  the focused beam

spherically  diverges beyond  the focal region,  the

shape  of  the wavefront  fits the concave  surface  near

the  range  z==  D+4  where  the concave  receiver  most

efTectively detects both  the  fundamental  and  second

harmonic  components  so  that their amplitudes

attain  the maxima.  This range  at which  the maxi-

mum  amplitudes  are  obtained  is named  z.  here.

Figure  2(b) compares  the  observed  phase parameter
with  the calculated  phase parameter  shown  by a

solid curve.  Large errors  may  be contained  in the

measured  phase parameter  because of  extrelnely

frequency dependent  sensitiyity  of  the experimental

receiyer  with  the resonance  frequency at  4 MHz;  to
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which  the frequency of  second  harmonic sound  is

close.  Nevertheless the measured  result  for the  i

dependence  of  the phase parameter agrees  well  with

the calculated.  The  measurement  error  is, therefore,

rather  small.  At  the range  zt!rz.  where  the maxi-

mum  amplitude  is attained,  the calculated  axial

phase parameter di. shown  by a  dot curve  coincides

with  the value  di. of  the solid curve.

  These  can  be explained  well  by the behavior of

g(z) in Eqs. (5) and  (6) whose  real  part is the  most

sensitive  to z. Where  the shape  of  the wayefront

fits the concave  surface,  the real  part of  g(z) in the

denominator of  Eqs. (5) and  (6) almost  yanishes

and  then ]g(z)1 takes the minimum  to make  Zg(z}=
n/2.  Then  the amplitudes  ef  P,. and  P2. take  the

maxima,  and  the relation  O.  ==  ip. holds due to Eq.
(8).
  Froin the above  discussion, it is clarified  that  the

detection of  sigpal  P.  at x=z..  brings the  informa-

tibn  both  for amplitudes  and  phase parameter

similar  to those  of  the  aKial  pressure. This suggests

that, if the  focused sound  is detected at  the range

where  the amplitude  attains  the maximum,  the same

procedure as the  BIA  measurement  utilizing  the

axial  pressure becomes  applicable.

  Since the  acoustic  wave  refiected  from the receiver

set  atz=z.  traces back to the source  and  is refiected'

again  as  were  it radiated  from the  source,  the wave-

front of  the wave  arriying  at  the receiver  fits the
receiver  curvature  again.  By  the  repetition  of  this

phenomenon,  the multiple  reflection takes  place
between  the souroe  and  receiver.  Hence, when  the

concave  receiver  is set  at  z=  z.,  the receiver  getS the

multiple  refiection  of  the burst wave  as  shown  in
Fig. 3. In other  words,  the  reeeiver  can  be cor-

rectly set at  the posltion of  z=z.  by a(ljusting  the re-

ceiver  location to observe  the  multiple  reflection

well.  In the fbllowing experiment,  since  the range

and  direction of  the  receiver  can  be adjusted  by.

using  such  niechanical stages  as  an  x-y-z  stage,  a

gonio  stage,  and  a  rotary  stage,  it is easy  to find the

position to get the multiple  refiection  signals. Here

the fundamental and  second  harmonic  cemponents,

of  course,  of  the first burst of  the reflection  signals

as  shown  in Fig. 3 are  of  lnterest.

  An  acoustic  beam  is, in general, expressed  by the

superposition  of  various  plane  waves  with  different
complex  amplitudes  and  propagation  directions.iS)

The  concave  receiver  located at z=z.  attains high

sensitivity  to obtain  high SIN  ratio,  because it
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Fig. 3 Observed  multiple  refiection  signals.

    Fig.4  Plane  wave  obtained  with  trjple

      transition.i6)

detects all the plane  waves.  This is an  advantage  of

the concave  receiver.  When  a planar receiverie,t`)

is employed  instead of  the concave  reoeiver,  the

reoeiver  output  is significantly  reduoed  because only
a  portion  of  the plane  waves,  whose  wavefront  fits
the planar surface.  can  be detected. In addition,

the  second  harmonic  sounds  detocted by the planar
receiver  includes the  portion  generated  by the mutual

interaction with  other  plane waves,  which  are  difi
ferent from the detected plane waves.  By  virtue

of  this, the relation  of  the  detected fundamental  and

second  harmonic  sounds  is not  always  easy  te  in-

terpret, This rnay  cause  the discrepancy of  the

measured  results  from  the  theoretical pred{ction as

seen  in the references.'O,i5)  In order  to  avoid  the

disadvantage of  the planar  receiver, the use  of  the

refiected  acoustic  wave  has previously been dem-
onstrated.if)  As  illustrated in Fig. 4, the  planar
reoeiver  is set such  that  the  wave,  refiected  at the

receiver  and  once  more  at  the focusing source,  be-
comes  a  planar  wave.  Then  even  the planar re-

ceiver  gets high sensitivity.  However,  since  the

amplitude  of  the refiected  wave  depends on  the re-

fiection coeMcients  both at  the source  and  receiver,

and  further the acoustic  wave  transmits  three  times
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a  sample  which  would  be inserted at the focus
illustrated as  the point  F  in Fig. 4, the  process of

nonlinear  distortion is rather  complicated.  The
application  to the BIA  measurement,  therefore, is
inappropriate. The  use  of  concave  receiver  is more
useful.

       3. EIELDwnHDIFFERENT

              LIQUID  LAYER

3.1 Thcory

  Suppose that a different liquid layer of  the thick-

ness  L  is set  vertical  to the axis  such  that the center

of  the layer locates at z=D.  The density, sound

speed,  and  acoustic  nonlinearity  parameter  in the
layer are  denoted by  p, c, and  /7=:1+(BtA)12, re-

spectively, The attenuation  coeMcient  in the liquid
'layer

 is assumed  to be eci at  the fundamental fre-

quency  and  ct2 at the second  harmonic ffequency.
The  fbcused beam  transmitting  through  the sample  is
detected by  the concave  receiveT.  Then  the  funda-

mental  and  second  harrnonic components  of  the

acoustic  pressure averaged  on  the receiver  are

defined as  fbllows:

       as=S:pi,(r, z) exp(-f  
k!irl2

 )rdi , (g)

       Pi, =::  j:pi,(r, z) exp(-i  
k"drZ)rcb･.

 (lo)

Applying  the fundamental and  second  harmonic

pressure at  an  arbitrary  point beyond the  difTerent
liquid layer;

             k.Z,lk,,
  p!s(r, z) =  -  1'                    poexp{-ct.(z-L)-ctiL]
               h(Za)

          ' exp[i  
ki".Z

 (1 +  J' hf.".) l], (11)

             k.Spot
  P,s(r, al =  j                    exp[-la.(z-L)-ct2L]

           2PwCw2h(za)

          ･ exp  [j k;.'t [1 +j  ntk.".) ]]
          ' (fir7ii7bal:i 

e,2i.;:i

 de'

                   Pwc.s
          +fiZi7b,
                   Pes

          . ,2trntzr S,L 
ex,p(;ia.e,

 i.;/ail;
']

 det

          +/El.71i!7bi2exp[2ctr4+(ac2-2eci)L]

          ･ I,Z-Zo 
-h(.,

 +e.',"til'LL /,.) 
de,) , a 2)

     
"-

 p.c.(l+J'a./nk)+pc(1+J'nct.lk.) 
'

By  the  manner  similar  to that dealing with  the  free
field, one  obtains

        Ph,(z) 1 ej2C(tata:-1  pi,CO, z)

        L,(z)M2 edg(XaM2-1  pi,O,z)

               1 pts(O, z)

            
"7p,,o,z)'

 la>O) (17)

  ¢ s(z)- ¢ .(O,z)=zt[eJta(Seta2-1]-2if[es'g(ta)a2-1]

                        z

               
'
 +  Z  g(Ze)+ 

-li-

                      7

             
RZg(z.)

 7.  (a>O) (l8)

the fundamental and  second  harmonic components'
of  the reoeiver  output  is derived as  fo11ows:

           kwZi7:pi
  Pls(z)=-                   Po
           2g(Za)h(Za)

         . exp[-ct.(z-L)-ctIL][ejg(as)a2-1],  "3)

             kw3po2

  4s(Z)= sx);c.2g(z.)h<zu)'

         ' eXP[-4ct.(z-L)-oe,L][ei2aCia)a2-1]

         ･ (6. 71,7b,SIi 
eh'i."i

'

 ttz'

                 Prvc.a
        +6Z,27b,                      e2aw2i
                  Pcs

  
･
 

･!:eX,P,;(,".2iZ.lflf,
']du･+,(7.7i,27b,2

         . exp[2oc.zr+(ct2-2cti)L]

         ･S:-gO  h(.,+e.i"i- 2L/-,-.) de,), a4)

where  z.==z+(cfc.-1)L,  ir==D-L12,  and  zo=

D+L/2.  The  T}. and  Tb. are  the  transrnission

coeMcients  of  the sound  pressure for the n-th

harmonic  component  (n= 1,2) at  the intgrfaees

ofz=  zi and  z==  ze,  respectively:  That  is

              2pof1+J'na./k.)
                                   ,

 (15)   71n
        p.c.(1+]'at.lvk)+pct1+jnct./k.)

              2P.c.(1+J'anlak)
                                      (16)   %

32  Experiment

  Using  the aforementioned  source  and  receiver,  the
experiment  to detect the beam  transmitting  through

a 20-mm  thick benzyl alcohol  layer was  carried  out.

The  benzyl alcohol  was  fi11ed in the  cubic  case  made

from brass, which  had  the 17-mm  diaineter circular

windows  on  both sides  covered  with  a  polyvinyliden
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 Fig.5 Rangedependenceofreceivedsound
  with  inserted sample  layer. (a) Harrnonic
  amplitudes.  (b)Phasepararneter.

chloride  film of  le-pam thickness as the window

material.  Then  the layer was  set  such  that  the center

located at  z=85mm.  Figures 5(a) and  5(b) com-

pare the experimental  results  for the i  dependence  of

the  amplitudes  of  Pi, and  P2. and  the phase pa-

rameter  dis(g)=ZP2,(z)-2ZP,,(z)+rr12 with  the

calculated  ones.  The  acoustic  property of  the

benzyl a!¢ ohol  assumed  in the  calculation  is p=
1045kg!m3,  c=  1540 mls,  ai=O.38  Npfm,  ct2=4cti,

and  BIA=10.2.  The  experimental  result  agrees

well  with  the ¢ alculated  result  both  in amplitude  and

phase. Even in this case, both  the  amplitudes  of

the  fundamental  and  second  harmonic attain the
   .maxlma

 near  z=  zw.

  When  P,. of  Eq. (5) is compared  with  Pi. of

Eq. (13), the  z  dependence  of  Pi. is almost  deter-
mined  by the term  {exp[j'g(z)a2] 

-
 1}lg(z)h(z) in the

regime  not  far from z==  z.,  while  the z  dependence

of  Pi, is determined by {exp[ig(z.)a2]-1}!
g(i.)h(z.). The  difTerence is only  that z  fbr P,. has
been replaced  with  z. for Pi,. If' Pi,, takes the

maximum  at  z=z,.,  thus, Pi, attains the  rnaximum

34

J. Acoust. Sbc. ,lpn.
 (E) 16, 1 (1995)

l.o

O.5Aeg2LaE

 O,1U.9=

 O.05eEb=

       o.oi
            O.1 O,S
                Vb {V)

               (a)

        1.7

        l.6

      .. 1,5
      v

      E l.4      v

      e  t.3

        L2

        Lt
           O,l O.5

               Vb  {V)

               (b)
Fig.6  Infiuenee of  insertion of  benzyl
                             .

 alcohol  layer on  reoeived  sound  at  various

 source  levels. (a) Harmonic  amplitude$.

 (b) Phase  parameter.

at  7a==zm  that  is z=  z.-(cle.-1)L.  This predicts
that, when  the  sound  speed  in the liquid layer differs
from  that in water,  the wave  fronts of  focused beam
must  fit the concavity  of  the  receiver  at  the  position
shifted  toward  the source  from  z==z.  by  (cfc.-1)L
due to refraction  ofbeam.  The  position to obtain

the  maximum  amplitude  in the case  with  the difTerent
liquid layer is called  z.  here. In the case  having a

benzyl alcohol  layer whose  sound  speed  is close  to

water,  it helds that z. ==  z..  ,

  The  calculated  value  of  the axial phase parameter
¢ ,

 is shown  by the dotted line in Fig. 5(b). Zflie

value  of  ¢ . at z=z,  turns to be almost  the  same  as

the value  of  ip,. Since Eqs. (17) and  (18) hold in the
field with  a  different liquid layer as･ do so  Eqs. (7)
and  (8) in the free field, both the fundamental and
the  second  harmonic  amplitudes  take the maxima
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simultaneously  at  a  certain  range  from the. concave
receiver.  The  phase parameter at this range  also

equals  to that of  axial  pressure.

  The  harmqnic amplit"des  and  phase parameter

of  the output  voltage  of  the coneave  receiver  set at

the maximum  positions (z=z. and  z==z,)  measured

at  various  transmitting  sound  levels are  shown  in
Figs. 6(a) and  6(b) for the,cases with  and  without  the

insertion of  the  benzyl alcohol  layer. The  plots
with  the solid  and  hollow  circles  indicate the  ex-

perirnental results  for the  case  without  and  with  the

layer, respectively.  The abscissa  indicates the input
voltage  of  an  rf power  amplifier  to  drive the  experi-

mental  focusing source,  to  which  the  source  pressure
po is proportional. According to the calculation

using  Eqs. (5), (6), (13), (14), (15) and  (16), the in-
sertion  of  the benzyl alcohol  layer must  reduoe  the
fundamental amplitude  by 3%  and  enhance  the
second  harrnonic amplitude  by 32%.  Further, the

phase parameter  must  keep almost  constant  ac-

companying  only  O.08 rad  inerease. The  experi-

mental  results  agree  well  with  the prediction within
the  small  amplitude  range.  The  increase of  the
second  harmonic component  is primarily caused  by
the large nonlinearity  parameter  of  the benzyl al-

cohol.  Consequently, the observation  using  a

concave  reoeiver  may  be employed  for measuring  the
BIA of  an  inserted layer, The  detail of  the B/A
measurement  will  be diseussed in the  subsequent

paper.

             4. CONCLUSION

  In order  to develop the BIA  measurement  method

using  acoustic  microscope,  the fundamental and

nonlinearly  generated second  harmonic  components

detected by a  concave  receiver  were  examined  for the
cases  without  and  with  an  inserted liquid layer.
There  exists  the  receiver  position where  the am-

plitudes of  both the  fundamental and  second  har-
monic  in the receiver  output  attain  the maxima.

Their amplitude  ratio  and  phase  parameter are  in
the simple  relation  with  those  of  the  axial  pressure
at this position. The  experimental  results  for the
case  of  the benzyl alcohol  sample  agreed  well  with

the theoretical prediction. Henoe  the  B/A  measure-

ment  utilizing  the axial  pressure may  be extended  to

the case  using  a  ¢ oncave  receiver.  The  detail o £ the
lijA measurement  will  be discussed in the subse-

quent  paper.
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