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AcQustic ditfraction from a  line source  by a  semi-infinite  plane in the  presence of  a  meving

fiuid is studied. A  finite region  in the vicinity  of  the  edge  has a  soft (pressure release)

boundary  condition  ; the  remaining  part of  the semi-infinite  plane is rigid.  The  effects  of

convection  are  included at low Mach  numbers.  The  problem which  is solved  is a  mathemat-

ical rnodel  for a  rigid  barrier with  a  soft  edge,  The  far fiald is calculated  using  integral
transforms,  the  Wiener-Hopf  technique  and  asymptotic  approximations.  The  physical
interpretation of  the result  is then  discussed.
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          1. INTRODUCTION

  Noise from motorways,  railways  and  airports  can

be shielded  by a  barrier which  intercepts the line of

hearing frem the noise  source  to the receiver.i) An
ideal barrier should  be such  that it is a good
attenuator  of  sound  and  economical  at the same

time, The  latter requirement  is not  diMcult to

appreciate when  one  censiders  the miles  of  motor-

way  in heavi]y built-up areas, One possible eco-

nomic  barrier construction  is to have a rigid  barrier

(hence reducing  transmgtted noise)  ofcheap  material

which  is robust  and  not  necessarily  a good
attenuator  of  edge  diil'racted noise.  The  barriers

having absorbing  lining on  the surfaces  are  good
attenuator  of  seund.  The  provision of  a  barrier
covered  completely  with  an  absorbing  lining pre-
sents  several  diraculties, among  them  the  cost  of

construction  and  maintenance,  Since the acoustic

field in the shadow  regien  of  a  barrier (when trans-
missien  through the barrier is negligible)  is due to

diff1/action at  the  edge  a]one,  For  this reason

ButlerZ> suggested  that it would  be more  economic  to

cover  the  region  only  in the 1rnmediate vicinity  of

the  edge  with  absorbent  material  to reduce  the

sound  level in the  shadow  region.  This  technique

has potential applications  iR engine  noise  shielding

by aircraft  wings.  Recently, T. Okubo  and  K,
FLijiwara3} discussed the eMciency  of  noise  with  an

acoustically  soft  cylindrical  edge.  In the case  of

noise  radiated  by aero  engines  and  inside wind

tunnels, it is necessary  to discuss acoustic  diffi:actien
in the presence of  a  moving  fiuid,

  The  boundary  condition  on  an  acoustically

absorbing  lining is described by an  impedance  rela-

tion between the pressure (p) and  the normal  veloc-

ity fiuctuation on  the  lifiing surfttce4}. i.e.,

          ep!an-ikBp, cnyE(fi)>o,  (1)

where  the sound  wave  has time harmonic  factor
e-'di`, In Eq. (1), k : blfo is the wave  number  with

w  as  the angular  velocity,  c the velocity  ofsound,  n

the  normal  pointing into the  lining, B(poc/z) the

cornplex  specific  admittance  of  the acoustic  lining,5)

po is the  density of  the ambient  mediurm  and  z  is the
aceustic  impedance of  the surface. We  remark  that

an  acoustically  hard (or perfectly reflecting)  surface

is given by ]Bl -  O and  an  acoustically  soft surface

(pressure fiuctuation vanishing  on  surface)  is given
by IBI -, oo,  The  case  when  the  edge  region  ofthe
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barrier surface  is soft is considered,

  lf the wavelength  of  the sound  is much  smaller

than  the length scale  associated  with  the barrier, the

ditfi'action process is governed to all intents and

purposes by the  solution  to the  canonical  problem
ofdifftaction  by a semi-infinite  rigid  plane with  soft

edge.  The  aim  heTe is to sQlve  this mixed  boundary
value  problegn for a cylEndrical  wave  in the presence
of  a moving  fluid. The  present analysis  is also

related  te Wiener-Hopf  solutions  for structurai  ele-

ments  compesed  of  plates joined end  to end,6-i5}

aithough  such  configurations  are  quite distnict from

the present one,  The  solution  of  the problem is

ebtained  using  jones' method  and  the Wiener-Hopf

technique.ifi) lt is found that results  for the still air
case  can  be deduced eqsily  by taking  the Mach

number  ( =-･ U/C,  U  is the fiuid velocity)  to be zero.

2. FORMULATIONOFTHEPROBLEM

  We  consider  the  scat'tering  of  a  cyljndrical  wave

by a  half plane y =r- O, xKO  as shewn  in the Fig. 1.
The  half plane is assumcd  to be infinitely thin,  and

over  the interval ･--l<x<O  there is a  soft  substance

satisfying

                  p-o  (*)

on  beth sides  of  the surface  and  the remain-

der -  oo  <  x<  -  l, of  the  half plane is rigid. In Eq.

(*) p is the pressure. The  whole  system  is now

assumed  to be in a  fluid moving  with  velocity  U

parallel to the x-axis.  The  perturbation velocity  u

of  the  irrotatienal sound  wave  can  be expressed  in

terms ofthe  total velocity  potent.ial rpt by u  =:  grad nyt.
The  resulting  pressure in the  sound  field is given by

           p=-po(O/0t+[70jox)qt,

where  pe is the density of  the undisturbed  stream.

We  consider  a line source  to be Iocated at the

position (xb, Jio), The wave  equation  satisfied  by

             X  Acoust, Sbc. .lpn,  (E) 19, 2 (1998)

ijt(x, y) in the presence ofa  line source  is

   ((1- M2)-bert- 2- +2iau  oO. 
+ of2 

+  k2) vt

     =a(x-xb)6(y--yo),  (1)

subject  to the fo]lowing boundary  conditions  :

         0rpt(x, O')ray=e, x<-l,  (2)

         rp,(x, e±)-O, -l<x<o,  (3)

      3b(,fll,,OSIIi/oV,t(:l'o2
-

,?.',o-)!D,,)
 x'o･  (4)

whereM=  U/eistheMachnumber.  Forsubsonic

fiow, IMI<1 and  for analytic  convenience  we

assume  k=' kr+  iki (k, ki>O), It is assumed  that  a

solution  can  be written  in the fbrm

         rpt(x, y)=vo(x,  y)+rp(x,  y), (5)

where  lp is solution  of  inhomogeneous  wave  equa-

tion corresponding  to the incident wave  and  rp is the

solution  of  homogeneous  wave  equation  (t) which
gives the djff1;acted field. i.e.,

   ((1 
-M2)

 oOi2+2ihlf oa. + ef2 +k2)nyn

     
-6(x-xb)6(y-yo),

 (6)

    ((1-M2) ol2+2ikM  oO.+ oOi2+k2)ny=O･ (7)

In addition  for a  unique  solution  of  the  boundary

value  problern Eqs, (3)-(7),i') we  insist that rp repre-

sents  an  outward  travelling  wave  as (x2+y2)ii2-> oo

ancl  also  satisfies the 
`edge

 condition"8}

Tt(x, O) ==  O(1) and

0rpt(x, O)fOy=O(x'"2) as x  -  O' ,

ot(x, O)=- O(1) and

Orpt(x, O)!Oy=::O((x+l)Ti'2) as x  --" ---l

(8)

  Fluid  FIo"
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Fig. 1Geometry  of  the  diffraction problem.
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  3. SOLUTIONOFTHEPROBLEM

 Since we  are  dealing with  subsonic  fiow we  can

make  the fo11owing real  substitutions  :

     x=(1-M2)i'2X,  xo=(1-M2)"2Xb

     y=,Y,  g-=--n,

     k!=-=(1-na2)i,2.K, B=,(1-M2)U2B,

     l=(1-M2)UZL,

which,  togetlier  with  the substitution

        rpt(･=, y)=e6L(X,  Y)e"i"nv,

reduce  the boundary value  problem to

       (-o-g:2 +  oOy'2 +K2)ipe(X, Y)

         -a"6(X--  Xb)6( Y-  K) 
,

      ( oil 2- -j- oOy', +K2)ip(x, y)..o,

    0di(X, O±)lbY---Oip,raY, X<-L,

    die(x, o±)･+ ip(x, o=i )-o -L<x<o,

 dio(X, O')+di(x, ot)

   ==  g5o(X, OL)+ di(X, OL) ,

 o¢ o(x,  o')ray+oip(x, o-),/oy

   :=:  Odio(X, O-),!eY+0ip(X,  O-)raY

where

                 iKnvo
             *...  e

            
a
 
di(1-M2)ii2

The  Fourier transform  di (a, Y) of  ip (l\;
wrltten  as

 g-t(a･ Y)-jri..gs(x, y)eiaxczx,

       =--  ip-+(ev, Y)+e'inLip-,m(a,

and  its inveTse

     di(X･ Y)=='-2'lfti:Ll,ip-(a, }f)e-iaxdo,

where

     di-i(a, Y)=j:ip(X, Y)eiaXcZJy,

     ip--(a, y)=SIkdi(x, y)e,acx+L,dx'

     di'i(ev, Y)==SO-,ip(X, Y)eZaXa(X,

and  ev=o+ir.

Y)  which  satisfies Eq. CIO) is

(9)

(10)

(")

(12)

(13)

(14)

   (15)

Y) can  be

Y) +  ip ,(ev,y),(l5a)

(15b)

(ISc)

A  suitable  representation  for ipo(X;

FLUID  FLOW

 ipo(X, Y)

   -  -  4"l figi)[K((X- Xb)2+( Y-  n)2)U2] ,

   -  ,a."iS:ZiJ,. 
e-i"`":Ii]i-:,!ltl--.",l'II;

 
y-

 
%
 du , (i6)

Making  change  of  variables

   Xh=Rocos  So, }G=Rosin0D,  (O<8o<rr)

in Eq. (16) and  taking  Ro .  oo,  we  obtain  using

the asymptotic  form fbi' the Hankel function

       dio(X, Y)=be-ireCXces"o+Ysinno}, (17)

where

       b== rmfi(nk･,)U2eicueo-nt`). as)

tn Eq. (15c), di.(a, }") denote functions which  are

regular  in the upper  Im(a)>-1<i  and  lower
Im(a)<Kj  cos  0o, (8o is the angle  of  incidence) ev

plane and  ipi(a, Y) is an  integral function and  is
analytic  in the common  region  

-Kl<Im(a)<

K  cos  8e.

 Applying the transfbrm  (15a) te Eq, (1 l) we  have

       ¢ (a, Y)=Ai(a)ei"V, Y>O,  (19a)
            =-A2(a)e-`"Y,  Y<O,  (19b)

where  rc=(K2-  a2)ii2 is defined on  the  cut  sheet  for
which  Im(K)>Owhen  jlm(ev)1<Ki.
 After using  Eq.(17), the  Fourier  transforfn of  Eqs.

(l2)-(14) give

               Kb  sin  8oeiKLcoseo
       ¢

M-'(cr,
 O')= (a--K'io-s]'S'e'>"''

             ib
 grm5L(ev, O

±)=' (a=i"'cos eo)(1-e-i("-Kcoseo)L)

and

      g:S,Z;?'?,:'L',[,eva06?li-'1'-l,a,hP',sl
Using Eqs. (l5a) and  (22) in

,

(2e)

(21)

(22)

Eqs. (19), we  obtain

e-'aL ¢ -(cr, O') -} dii(a, O')+  ipr.(a, O)==Ai(a)  
,
 (23a)

e-iaL ¢ -'(a, O)+  dii(a, O')+ g5.'(a, O)== iNA](a) ,

                             (23b)
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  e-iaL  ¢

--(a,
 o-)+ ipnv,(ev, O-)+ di-.(a, O)=A2(ev) 

,
 (24a)

  e-`a`  ipL-'(a, O)+  di",'(a, O-)+ a'.'(a, O)=[ -  ircA2(a) 
,

                                     (24b)

where  primes denote ditferentiation with  respect  to

Y. From  Eqs. (22), (23a, b) and  (24a, b), we  can

write

  rr ermiaL di-'(ev, O)+ di ,'(a, e!')+ di+'(a, O)

   =t  ± ire(e-'aL ip-L(cr, O')･+ eMSi(cr, O±)+ 4-5+(a, O)) .

                                  (25a, b)

Using Eqs. (20) and  (21) into Eqs. (25a, b) and  then

adding  and  subtracting  the resulting  equations,  we

get

   AL(a)+ei"LA+(ev)

          Kb  sin  8oeiKLcos"o
     

='M'(aTK7c'o'soo)VilT/i'

 (26)

   e"i"L7-(ev)+N(ev)7i(ev)+r+(a)

     =

 
'(-a

 m. K- cFlb',-s
±'IgJJ(1

 
--
 eT`caL"coseo)L),  (27)

where

 A-(ev)--it:ne-2--'J-t7(g-6..(a, o')--- grm6L(a, oL)) , asa)

,tl.(.)-(-!ipi'(g-S･l-i:/+ipQ-i[<-g･O-)I-+tt({rLi-9-)-i,(2sb)

       -(a)=='i'(di--(a, O')+ di-.(a, Om)), (29aj

       7i(ev)= S(dirmi'(a, O')+ di-i'(a, O-)), (29b)

          7+(a)=  ip+(cr, O) ,

          N(cr)--L･･-M(a)fvL(ev) (2gc)

          IVIt(a)=(K± a)-V2.

The  Eq. (26) can  be written  in the form

     A-(ev)+ (a--K{l?osSl'sn,)0ofl 
L.coK'eOcos

 s,

       --  - e 
iai･

 f{L .(a)  -  -K-(batt".S2e,,EfL,C )S 
"O

         ×(''v'R"=i'+-i-''7k-itl'""'gosss"]･ (3o)

Now  before proceeding further, it is necessary  to

know  that  hew  the  various  quantities in Eqs.  (26)
and  (27) grow  as lai --- oo.  The  edge  condition

(8) means  that the transformed  functions satisfy  the

I08

             X Aeoust. Sbc. .ipn,  (E) 19, 2 (1998)

fo11owing growth estimates  as lai 
-->

 oo  :

   A-(a)-O(ial-ii2),

   7L(cr) st  O(lal-i) 
,

   ri(a) eO(lal-U2)  
,

   IVt(a)x:O(lalvei), in lm(a)<Kcos  Oo

   A+(a) vOCal-i)  
,

   r+(a) eO(lal"i)  
,

   rl(ev)R O(1evlmle-iaL) 
,

   iv,(ev) t o(1evI-i), in Im(ev)<-K

Using the asymptotic  estimates  (32)
that  left hand  side  of  Eq. (30) is regular,
and  asymptotic  to la]-i/2 as  lal .  oo  in

Kicos 8o and  the right-hand  side  of  Eq.
regular,  analytic,  and  asymptotic  to
-  oo  in Im(a) >  -  Ki.

right-hand  side  of  Eq. (30) is zero  in

plane. Thus  from Eqs. (28) and  (30) we

  di-t(a)ft O(lai-i) ,
 di-+'(a) ::O(IeviLi'2)  

,

                      in Im(a)  >  
nvK

  gmu5-(ev) ft O(la]-i) , ¢
--'(ev)i;O(1evluU2)

 
,

                   in Im(ev)<AG cos  on

  eiaL  ip i(ev)  ft: O(levl-i) 
,
 e`"L g-5if( a) :: O(lal-U2)

                      in im(a)>-K

  di-i(cr) :O(ial-i)  
,
 ip-i'(a) k:O(eal-ii2)  

,

                   in Im(a)< Kl cos  8o

Using (31) in (28) and  (29), we  have, as  lal

(31)

->oo1

(32)

(33)

                            and  (33), we  see

                                  anaiytic

                                  lm(a)<

                                   (30) is
                               1cr1-i as 1crl
                   Hence  the analytic  function
which  is a continuation  of  the  left-hand side  and  the

                                the whole

                                 arrlye  at

    di..(a, O+)L ipm(a, O-)

     
7
 

2ib(.elK-LieS:',V,ili
 ;5?f,i{lgS.So, (34)

Now  the  second  term  on  the left-hand side  of  Eq,

(27) cannot  be sp]it by the  standard  Wiener-Hopf
argument.  Without  going through  the details,
which  in any  case  can  be found, mutatis  mutandis,

in Noble's book  [Refi 16), pp. 196-199], we  obtain

          ib V]lliFX ces  

'8I

  s.*(cr)-
        (a-K  cos  8o)VilT2f

        +  
[!{llil.:!]-i

 S:Z lt,. 
eZeL

 
Ki.

 .e .i 32 S-T{gi) ds ,

                 
-Im(a)<a<k

 cos  eo, (35)

          ib V]ll]/rc cos'-Pe-

 D+'(a)
 
==:

 (.+K ,,,  s,)7iJlr"Ef'

        
-[apt]-]S:Zla,.-eiSL(t-･(N.E):r'D'"(e)ale.

                                     (36)
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In Eqs, (35) and  (36)

 S+'(a) =･=-. r+<a)  +  7-(-  a)

       +<a-ibcossrr,)T+(.lbtl'li:'I:-g'"Dsi)", (37)

 Dr. (a) ==  7+(ev) 
-  r-(-  a)

             ib ibeiKLcosSe
       +  (crmK c`o']g"S8>"r  

-(
 ev+K  cos  s,) , (38)

and  asterisks  denote that a  pole is present at ev=

Kcos  Se in the region  Im(a)>-Kl  cos  0e; other-
wise  the  functions are  regular  and  analytic  in this

domain.

  The  integrals appearing  in Eqs, (35) and  (36) can
be solved  asymptot{cally  fbr KL>1.  The  physical
meaning  of  this condition  is that  the soft  tip covers

a region  greater than  a  wavelength.  Now  the  path
of  integration in expression  (35) is moved  vertically

in such  a way  that it crosses  the pole ev;= K  cos  8o of
SLT(a) but is not  allowed  to  cross  the branch point a
=K.  Thus  the third term  ef  (37) will  give a  resi-

due contribution  so  that
             '
       ibViF]l'E6i"8'ff
  S+* 

um-''(
 ev 
.T, K  cos  cs,) ,rKiurV+  ev'

       ibVKL  6ig"D"ie'･K"cosoo
     

t (a+Kcos s,)vX':r'tt''

     "'2-ftivil'ai'i}."ii--Sr.LFIZ.-elEtC/!Illf:f:±si:gg).K
 

)s().,

                    Kcos  0o<a<K.  (39)

Since KL>1,  the dominant term  ef  the asymptotic

expansion  for the integral appearing  in Eq. (39)
coines  fi/om the region  near  E=K  so that

   -2}-i-S:21Z..-eieL(",rm,lf21';-Sa-S･-f･･Cs-).dk,

     xS-//g.5･)-i:ZIZ.eieL((.".':.--S)iL?'ds,  (4o)

provided st(K) is well  behaved in this regiolt,

which  it wM  be'proyid¢ d 8o #O, z  For  calculat-

ing the  integral (40), we  wrap  the contour  ofintegra-

tion around  the  branch out  E=K  and  then

   21iS::li.le'Y((g"g-.'-)ellli-ds
     ..e.;K-CS:(silthSfi'2.'S  , im(a)>-a,

     -=  VIZ[vZ,L], (41)

and

F(iMl)==eun'fiWS:,1ei`2dt,

ls the Fresnel integral. For large ni the Fresnel
integral can  be replaced  by the dominant  term  of  its

asymptotlc  serles : Le.,

        i
F(Lrk1) 

:m

Thus, from

S.*(a)-

+0(lml-3),

 as  lni1-) oo,  Larg(nt)l <  z.

Eqs. (39) and  (41) one  obtains

ib(K+Kcos  8,)i'2
K+  a)"2(a-K  co$  8o)

+(i?f.(l5)l.%[v(/il'Ii2IJIr) l

"'b(K`.rr.5,,:e.s.eiQ.)iLifg.e.,co,ys!.

Similarly Eq,

D+"(a)

(36) gives

-  ib(K+Kcos  S,)i'2N'CK-+'U)irmJ2'(a-K
 cos  8o)

 
-'('iD:"i(

£I)lr2wr[vrf(/k12i51ii') ]

   ib(K -K  cos  eo)ir2eiKLcoseo
(K+a)"2(a+Kcos Oo) '

(42)

where

           i(ffL+"M)

  L%{VZT]  
-

 
e

 vl/--･--{1 +2ivaL-F(  nt)}  ,

                   L>o  
,
 larg(zDi< fl ,

              2, ==  (K+ L) 
,

(43)

where  the terms  Sf(K)  and  D+*(K) are  obtained  by

putting ev=K  in expressions  (42) and  (43) and  then

solving  the resulting  expressions  for Scr(K) and

Di(K) respectively,

  Substitution of  Eqs, (42) and  (43) into Eqs. (37)
and  (38), give expressions  for 7±(a), from which,  in

conjunction  with  equations  (29) and  (34), one  can

produce expressjons  for ip+(a, O) and  di7(ev, O±).
Substituting these  latter expressions  together, with

expressiens  (2I), into Eqs. (23a) and  (24a) gives

A,(ev)==
ib-((K+Kcos  e,)i'2

(ev-ikf'c''5{;'Si5 v]iarzg
 2(K-Kcos  8o)ii2emiCa-Kcaseo]L
         Vil=li

+-S'*S£;ll-.D./pu,")vvG[Jiili/T]
+gr2tiix')-+--td--)':-yo, v-6[rm( )].-iaL,

}

(44)
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         tb K+Kcos  S,)iiZ
 

A2(ev)=:
 (a-K cos  so)vCtk!Ii=+

        +S+"if/3-i--e--/",-F,K)-L%[,/(-K"+a)L]

        +S'fSf/e'LD.)'*,S,"-/ve6Irm/ )]e-iaL.

                                     (45)
The  solution.  to the boundary value  prob]em is now

known  and  is given by

  dit=g5o(X, Y)+'2LliS:::,,Ai(a)e-'"X'inYdo,

                               Y>O, (46)

   ""  q5e(Xe Y)+  irSr.1::.A2(cr)emiax--ircvdo ,

                              Y<O,  (47)

wltere  -Ki<r<Klcos0o.  The  scattered  far field
in the expressions  (46) and  (47) are  asymptotically

evaluated  fbr KR  large by an  application  of  the

rnodMed  saddle  point method  because of  the pres-
ence  ofthe  pole ev==-K  cos  8o.iS) Thus, fbrO<&<

rr and  using  Eq. (9) without  geing through  the

detailed anaiysis,  one  obtains

op,(R, S)=l+RF+D,,

      =-I-RF+D,,

      
==I+Dl,

      
='
 
=-
 I+  Dz,

      ==th,

for rr 
--

 8o< e<  rr,

tbr e<  rr-  s,< e,

fore<e<n-0o,

for 8o-- rr<@<O,

for -n<  O<  0o-ff,

                                     (48)

where  l\ :=Rcos0,  Y==Rsine,  -zKeSrr,

           Iz=incident wave

                                     (49)
            =-  be-iKRces{e-･no)-iKAtx 

,

          RF=refiected wave
                                     (50)
             :=:  be-iKRces(o+eo)-inu 

,

 Di=the  diffracted edge  wave  in the illuminated

     region

       -ifiM'<X-Xo)-L-rK(RH･reo}
    Le
    

-
 4 ;:KvtRti?J'R (1 --- ,lf2)ir2

     ×
-Lcu-(zat,,,geott2-6)-ILZS.l)+cos8ollt'E.2

          -inv{x-Xo}+tKcfi*+Ro)

     +'4-sk(RGft*)u2(1-M2)ii2

       2iQi[FQ(?i )etffLcosne(1-cos o,)u2
X'(cos

 t) '+cos rSe)[2(1-cos  8)i'2]-i
   i{ftIe-n]4)-iKmx

+'"(2'il?r??)i,2 G,(G  8,)

   i(ne*-ffi4)-iKmx

+'e(2,,Kft*)u2 G(8, cYo), (51)

IJO
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D2=the  dithacted edge  wave  in the shadow  region

     
-iKM(x-xe]+iKcre+nD)

  -e
  

L
 4 7:K7iiti/r(1  -  jl'i-)'iT,

     2 Q F(  Q )(1+cos 0)i'2(1+cos 8,)"2
    ×

          (cos @+cos  0o)
   i<KR-fft4)-iKfitX

+"e"'aiimiJr,'2"-G(0,  8o)

   i(KR±-ffJ4)-･ircMX
+"e'-(L2nKR*)i7i-G(8, 8o),

   Q=( 
K2R

 )iS2( 
cos

 9il+t SOS 
0o
 ) ,

   (?,=(.K"R2nv 
.i
 )"2( 

cos..gii
 
csos

 
re+,
 ) ,

     R*2:= R2-･ L2+2RL  cos  0,

   0= sgn(0)cos-i(-P-
±
 
RRC.OS..l-)

 ,

Gi(0, 8,)rm %[(KL(lmcg.$ 
0))'i21

     Q(S, Se)
            

T
 (2K)U2 1-cos  o)-Uz

              ×( iiil (Sl (K)+Df(K))1 .

     4. CONCLUDING

  The  principal result  obtained  in this

(48) gives the total velocity  potential o
wave  in a moving  fiuid. The  expression

total acoustic  far field, gives a  picture efth
fields. I represents  the incident 

'
 

'

directly coming  fr
the  reflected  wave.  The  terms  Di and

Further, the  terms involving R  and

contribution  to the diffiracted field from th

O, The  terms  invQlving R'  ancl

thejoint  x=  
-l.

it will  be  noticed  that the sign

corresponcls  to reflection  from the rigid
barrier. In the  second  of  expressions

reflected  wave  sign  corresponds  to

the  soft region  of  the  barrier, It is

pointing out  that the strength

as  l/V;l'?,, In addition,  the magnitude

field on  the source  side  of  the semi  in
seems  to depend more  critically

This is due to the constructivefdestructive

tion  of  the edge  fields with  the refiected

r-(2il)'"2(1+cos
 e)-V2

  × ( vKt- (s+' (K) - D.' (K))i ,

-  J¢6[(KL(1+cos S))U2]

(52)

(53)

(54)

                        REMARKS

                                paper, Eq.

                             facylindrical

                                   for the

                                ephysical

                           cylindncal  wave

             om  a line source  (xo, Jb) and  RF  is

                               th represent

the fields dithacted from the edges  x=O  and  x=  
-l.

                            e  represent  the

                                eedgex  :

                          8 give the  fielcl by

               From  the first of  expressions  (48)
                        of  the reflected  wave

                                part ef  the

                                  (48) the

                             refiection  frQm
                               also  worth

                       of  the field dies down
                                 of  the far

                               finite plane
                         on  kl, t representing

the length ofthe  soft  region  and  k the  wave  number.

                                   Interac-

                                wave  from
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the hard region  
--oo<x<-t,

 and  the refiected

wave  from the region  
-l<x<O.

 We  very  much  like to present here the physjcal
interpretation of  Eqs. (51) and  (52). As in case  of

moving  fiuid

 R..(X'2+ YZ)U2, R*;[(L+x)2+  y2]V2,

                              (S5a, b)

and  for still fiuid (M=O)

 R..(x2+y2)ii2, R*=[(l+x)2+y2]rt2, (56a, b)

Since X'=xl(1-M2)i'2, Y--y, l+x=(L+X)(1
-M2)ii2, therefore Eqs. (5Sa, b) can  be rewritten  as

       R(1--M2)"2=[x2+(1-M2)y2]i,2, (57a)

     R*(1-M2)i'2=-[(l+,r)2+(1-M)Zy2]i'2. (57b)

From  Eqs, (56a,b) and  (57a,b), we  can  make  the

comparison  of  moving  fluid situation  to still fluid

situation.  We  conclude  that the motion  ofthe  fiuid
¢ entracts  R  and  R' by the factor (l -M2)ii2  and  that

the field is enhanced  as as a result of  fiuid motion,
We  further note  that the  fiuid velocity  U  appears  as

[VI2 in the factor (E-M2) and  hence  the enthance-

ment  of  the  field is independent of  the direction of

the flow. We  also  ob$erve  that  the wave  profi!e at

y=ye  moves  Rlong  the direction of  x-axis  at  the

veiocity  c+U  due to the fact that the fluid is
moving  in the x  direotien.
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