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The  diffraction of  un  acoustic  wave  by a penetrable strip introducing the Kutta-Joukowski
condition  is investigated. Mathematical problem  which  is solved  is un  ttpproximate  model

for a  noisc  barvier which  is not  perfectly rigid  and  therefbre transmits  sound.  The  problern
is so}ved  using  integrul transforms,  the Wiener-Hopftechnique  and  asymptotic  methods.  It
is found thut the field produced by the Kutta-Joukowski condition  will  be substantially  in
excess  of  that in jts absence  when  the  source  is near  the  edge.  Finally, physical interpreta-
tion of  the  result  is d{scussed.
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1.INTRODUCTION

  Unwanted  nojse  from motorways,  railways  and

airports  can  be shie]ded  by a barrier which  inter-

cepts  the  line of  sight  from the noise  source  to a

receiver.  To  design and  perfbrrnance of  noise  bar-
riers,  particularly, for the  reduction  of  traMc  noise,

has received  considerable  attention  in recent

years.i,2) In most  of  the calculatiens  with  noise

barriers, the field in the shadow  region  ofthe  barrier

is assumed  to be solety  due to diffl;action at the edge.

This assumption  supposes  that the barrier is perfbet-
ly rigid  and  therefore does not  transmit  sound.

However, most  practical barriers are  made  ofwood

or  plastic and  will  consequently  transmit  some  of

the  noise  through  the  barriers. Rawlins3)  presented
a  theoretical work  on  this model  by considering

diff\action of  a  sound  wave  from an  acoustically

penetrable half plane.

  In the  LighthM's theory`)  fbr flow generated
sound,  regions  Qfturbulence  are  modeled  by spatial

distributions ofacoustic  quadruples. Accerding to

this  theory  the  intensity of  the  sound  radiated  by a

eompact  turbulent  eddy  is proportional to MS  (M is
the Mach  number).  Ffbwcs-Williams and  Hal15)

demonstrated that,  if a  compact  turbulent  eddy  is
situated  within  an  acoustic  wavelength  of  the  sharp

edge  of  a  rigid  half plane, the radiated  sound  inten-
sity is increased over  its free field value  by the large
factor M-3.  Thus  the edge  is ljkely to be the domi-
nant  sound  source  especially  when  the  source  is very
close  to the edge.  Their findings were  howeyer
based upon  the  assumption  of  a  potential flow near
the sharp  edge  with  velocity  becoming  infinite there.

Therefore their  inferences could  no  longer be regard-
ed  as valid  if a  Kutta-Joukowski condition  were

imposed at  the edge.

  If one  wishes  te prescribe that the velocity  is finite
at the edge  then  there are  two  possible points ofview
one  could  adopt,  One  way  is to abandQn

Lighthill's theory`) and  use  linearized Navier-Stoke's
equation  with  source  term  as  employed  by Alblas.6)

The  ether  point of  view  is to retain  the equation  of

small  amplitude  sound  waves  and  attempt  to apply

a Kutta-joukowski  condition  at the edge.  This
cannot  be done  without  giving  up  some  property ef
the field such  as  continuity  and  one  method  ofdoing

this is to introduce a  vortex  sheet.

  Jones7] adopted  this approach  and  introduce the
wake  condition  to examine  the  effect  of  Kutta-
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Joukowski condition  at  the  edge  of  the  half plane.
He  calculated  the field scattered  from a  line seurce

parallel to a semi  infinite rigid  plane attached  to a

wuke,  It was  observed  by him  that the imposition

of  the Kutta-Joukowski  condition  does not  have

much  infiuence on  the scattered  field away  from the

diffracting plane. This  condition  produces amuch

stronger  field near  the wake  than  elsewhere  even

when  the source  is not  near  the  edge.  Thus  the

wake  ac;ts as  a  cenvenient  transmission  ehannel  for

carrying  intense sound  away  from the  source,  This

problem was  further extended  to a  point source  by
Balasubramanyam8)  and  to  the difil]action ofa  cylin-

drical pulse by Rienstra.9) Later en  RawlinsiO)                             r
addressed  the  diffraction of  a  cylindrical  acoustic

wave  by an  absorbing  halflplane in a moving  fiuid.
The  theory  assumes  that  the  acoustic  sources  are

fixed in position and  that their only  time  variation  is
harmonic. In comparisons  between the  cases  when

Kutta-Joukowski condition  is applied  and  when  it
is not,  the excitation  of  the sources  is taken  to be the
same  in both cases.  Ifthe application  ofthe  Kutta-
Joukowski  condition  were  to  alter  the  distribution

of  sources,  as it might  ln turbulent flow, our  deduc-
tions  would  need  modifications.  Nevertheless, it

would  seem  reasonable  to conclude  that, in general,
the effect  of  the  Kutta-Joukowski  condition  is to

preduce a beam  ofsound  in the neighborhood  ofthe

wake  and  to  scatter  a field elsewhere  which  is
approximately  that given by Ffow ¢ s-Williams  and

Hall.5) The  aim  of  the present paper is to  analyze

the diflk/action of  a cylindrical  waye  by a  penetrable
strip  introducing the wake  cendition  to examine  the

effect of  the Kutta-Joukowski condition.  The

mathematical  method  used  to solve  the problem is
Jone's method.  The  diffracted far field is calculated
uslng  asymptotlc  approxlmatlons.

2. FORMULATIONOFTHEPROBLEM

  We  shall  consider  small  amplitude  sound  waves

penetpabre

y

-vNAA-liA-.:"

vakeflmlteplane.ak.

tse

 o

 (x.V)

   Xe.Yo>

tL,

      
---- x

Fig. 1 Geometry  ofthe  problem,

diffi;acted by a strip. A  penetrable strip  is assumed
to occupy  y=:O, -lSxgO  as shown  in the Fig, 1.
The  penetrable strip  is assumed  to be of  negligible

thickness and  satisfying  the penetrable boundary
conditions  on  both sides  ofthe  surfaces,  The  time

dependence is assumed  to be of  harmonic  nature

exp(-itot)  (w is lo"' angular  frequency), with  the

free space  wave  number  of  the fbrm

              k--:l 
-=

 k,+ik,, (1)

where  c is the speed  of  sound.  In Eq, (1), k has a

small  positive imaginary part which  has been
introduced to  ensure  the convergence  (regularity) of

the Fourier transfbrm  integrals defined subsequently

(Eq. 10 b). The  primary source  is taken  to bealine
source  which  is located at the position (xo, yo), yo>
O, On  suppressing  the time  harmonic  factor, the

wave  equation  satisfied  by the total  velocity  poten-
tial dit in the presence of  line source  is

     (e¢x2+fyt+thZ)dit=6(X-xo)8(y-yo),  (2)

The  approximate  boundary  conditions  for a  pene-
trable medium  of  wjdth  2h are  given by Refi 3)

         ± oOy dit(x, ± h)+ tha¢ t(x,  ± h)

          +ikBipt(x,Ih)-O,  (3)

where

cr==(T2
 exp(2  ikh sinSa)+[exp(T2i)th  sin  0o)-R2

[exp(- ikh sin  8o) +R  exp(ikh  sin  Se)]
exp(2ikh  sin  8dl

2-
 T2 exp(2ikh  sin  8o)-) 

sin  eo , (3 a)

B-
-2Tsin

 0o
[exp(- thh sin  Oo)+R exp(ikh  sin  Oo)lZr-T2exp(2ikh sin  0o) 

' (3 b)

In Eqs. (3 a, b), the refiection  and  transmission  co-

eMcients  R  and  T respectively  are  given by Refi 3)
R--(1-N2)sin2Klhex

 
-2ikhsin

 8o)
(1 -N2)sin  2Klh+2iN  cos  2Kh,

 (3 c)
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             2 tZV exp(  -  2 i)I;h sin  8e)
                                     (3 d)      T=-
         (1 -- IV2)sin 2Klh+2ilV cos  2Kh  

'

                1"p  c

           
IV==

 kp,sin ,e,' 
n==

 c,'

           Kl =-  V('n'la"-cos2 So5 
,

and  p, c  and  pa, c, are  the density and  sonic  velocity

of  the media  ly >h  and  Iyl<h respectively.  For

thepenetrablestripofnegligiblethickness(2kh<1),
Eq, (3) fbr -t<x<O,  y=-,･ O take the form

'i-OyOOygs,(x, O 
F)

 +  ikevgSt(,=, O')+  i)l,lgq5t(x, O-)=O  
,

tot(x, er)-  ikaip,(x, O-)- iasipt(x, O')=:o .

                                      (4)
We  also  require  that  the field shall  be radiating

outwards  at infinity.
  If we  now  ask  that  the  field be continuous  and

possess finite local energy  we  are  led to the two

dimensional analogue  of  the  field determined by

Ffowcs-WilliamsandHall,S) Undertheconditions

stated  this field is uniqueii)  and  does not  satisfy the

Kutta-Joukowski condition  of  finite velocity  at the

edge,  Therefore, to find a  selution  ofEq.  (2) which
satisfies  the  Kutta-Joukowski eondition,  we  must

abandon  seme  of  the other  conditions  imposed.

We  cannot  dispose of  Eq. (4) and  it would  seem

desirable to retain  the requirements  that the field has
finite Local energy.  Therefbre, the  only  possibility

left is to discard the continujty  ofthe  field,

  The  way  to  introduce a  discontinuity in the  field

which  seems  nrLost natura}  is to postulate a wake

occupying  x<-t,  x>O,  y=O,  The form of  this

wake  should  be simitar  to that in steady  flow but

modified  to allow  for the oscillatory  nature  of  the

field. In spite  of  ip, not  being continuous  across  the

wake  we  shall  assume  that the normal  velocity  0dit/

ay is, Consequently we  take  the  boundary  condi-

tlon as

          oOy ¢ t(x･  y')='zlyl- ipt(x･ y') :

                   <x<-l,x>O,y::=O), (5)

dit(x, y')-  e5t(i ,
 y')=a  exp(ip!x)  

,

              (x>O, y=o)  
,

dit(x, y') 
-

 dit(x, y')=a  exp(-  i"x) ,

            (x<-l, y-O)  .

(6)

ln Eq. (6) a  and  u  are  constants.  The  constant  pt is

regttrded  as known, i,e,

                "=th cos  S,, (7)

where  OS  d?e  8i <  z, ll;n 8, 2O. While k has a  posi-

tive imaginary part we  shall  take O<U?e8i <  rr and

Lan 8i >O  ; eventually  we  shall  be concerned  primar-
ily with  the case  ctf?:8,  =O,  !n,i 8, >O, In Eq. (6), 

`a'

is as  yet unknown  and  has to be fbund; its value

depends upon  the conditions  imposed at the edge,

We  note  that 
La'=

 O corresponds  to a  no  wake

situation.  It is appropriate  to split  g5t as

          4St(x, y)=  e5o(x, y)+di(x,  y) 
,
 (8)

where  dio is the incident wave  corresponding  to the

source  term  and  di is the solution  of  homegeneous

,wave Eq. (2) that corresponds  to the diffi:acted

potential, Thus  di, and  di satisfy the fo11owing

equatlons

          (ntort- +  oai2 
+  k2) ipo(,x, y)

            =6(x-xo)8(y-th),  (9)

          (oO.2,+ of, 
+k2)  ip(x, y) =-O.  (10)

   3. SOLUTIONOFTHEPROBLEM

  We  define the Fourier transform  pair by

    ip-("' y)=[  Si; S:.di(x, y)exp(ibar)du  ,

                                     (10a)

    ip(x, y) 
:=:

 7Iliii S:.ipm(v, y)exp(  
-
 iur)du

where  v  is a  complex  variable.  In order  to accom-

modate  three  part boundary  conditions  on  y=O,  we

split di(y, y) as

     ai<v, y)=  ip-, (u, y)+exp(-  iyl)ip--(v, y)

            +ip,(v, y), (10 b)

where

      di-'(v' y)=  Siii S:ip(x, y)exp(iur)dr  ,

   ip-rr( y' y)=  Si;' ilL¢(x, y)exp(  iv)(x +  i) du ,

and

      di-i(v, y)=  th SO-,di(x, y)exp(ivx)cinr .

In Eq. (10b), di. is regular  for !Znu>  
-ILnk,

 di- is
regular  for !Znv<!Lnk  and  ip,(v,y) is an  integral
functien and  is therefore analytic  in -  thmk<  !"n v<

O;7zk. The  solution  of  Eq. (9) is
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  diO(X7 Y)

      -l

    
-m'
 4i Htii'[k((x"xe)2+(y-sk,)2)u2]

    
=-4;FiS:.-g2gE[/IliV(X-t.tew)+z(th2-!)IeLv-gloI]dl,.

                                     (Il)

  Making  change  of  variables

     
xo=

 rb cos  So , yo ==  rb sin  8o , (O< eo< ")  
,

  in Eq, (1l) ancl  letting ib.co  we  obtain  using  the

  asymptotic  form for the Hanke] function

        Oo 
='-

 b exp(L  i)T(x cos  8o +y  sin  on)) , (12)
  where

         b-=-'aii 
-.2-,-,exp(i(kh-al4)),

 (i3)

 and  So is the angle  measured  from the x-axis.  Now

 taking  Fourier transfbrm  ef  Eq. (10), we  obtain

            (a-', + 72) ip-( y, y)=O,  (14)

 where  v==  v'Ei- yz and  the v-plane  is cut  such  that

 !"n7>O.  The  soiution  of  Eq, (14) which  satisfies

 the radiation  condition  is

      4uai(v,y)=-A;E3g.x;,(lrl;o,, E,y.>O,3･.1 (is)

 
Transforming

 the boundary conditions  (4) to (6),
 we  have

      ¢ i'(v,  e
±)-: iF  t)I:[adi-i(v, O±)+ Bip-i(v, O')]

              T  i)fr( ev +  B) 4-5o( v, O)

              
rm

 dio'(y, O), (16 a,  b)

      di,L. 
'(y,

 O") ==  di± '(y,

 O-) =-t  ip-±

'(

 v, O), (17 a, b)

      
di.(u,

 
o')

 
-
 
di-.(v,

 
o')---v2-LafZ.a

 +  ") 
, (ls a)

      difi-(y, 
o')--

 di--(v, o')- 
-f'2".e(X-,Plis#)g),

 (is b)
where

 
`r'

 denotes differentiation with  respect  to "y",

From Eqs. (10b), (15) and  (17), we  can  write

     ip+'(v, O)+ di--'(y, 0)exp(- ivl)+ ip-i'(v, O")

      
=
 ir[gr5+(p, O')+ di7ne(y, O')exp(- ivl)

        +ip](v, O')], (19 a)

     di.'(v, o) +  ¢
L-'(y,

 o)exp(- ivg) +  ¢1'(y, o-)
      

=

 
'

 i7[ dit(u, e-) +  di+-(v, O-)exp(- ivl)

        +dii(V, O-)]. (l9 b)
After eliminating  di-i'(v, O') fi:om (16 a) and  (19 a),

               X Aeoust  Sloc. lpn. (E) 18, 6 (1997)

  dii'(v,O-) from Eqs, (16b) and  (19b) and  adding

  the  resulting  expressions,  we  arriye  at

     ip.'( v, O) +  di'-'(y, O)exp(  
-

 ivl) -  i?tiV(v)A(y, O)

      
=-

 dio'(y, o) 
L
 2ftlili ((ptt 

")

        
-
 
exp(

 i,i.'(v"') 
p)
 
i)),

 eo)
  where

         N(v)-i+  k(a-E).
                   r'

         fi(V, O) ==t[di-i(Y,  O')- di'i(Y, O")] .

  
In

 a similar  way  byNeliminating di-i(v, O') from Eqs.
  (16a)      

and
 (l9a), di,(y,e7) from  (16b) and  (19 b),

 and  su      btracting the resulting  expressions,  we  ebtain

    di-+(v, O')+ di-fi(u, o')exp(- ivg) -  
L(

 
Y)tt/LULQL)

     =(1  +  Bev-i) ip-e(y, O)

       +2;lg';;[.l-"--!,2gpg?gef,ff
xp(ig"

 )(z]

       +  2B. [di1(v, o')+di-i(p, ofi)], al)
 where

 L(v)=1+-!Zr{a･- , 1i'(y, O)=-S-[di-i'(u, e')- di1'(u, o-)] .

 From  Eqs. (12) and  (20), we  have

    ip., 
'(v,

 O)+ diML'(v, O)exp(- iyl)- i?tN(v)Ji(v, O)

       +-a27cvr2ii,V(v)[-.-e-b-7.g.2glg:fsslf:.Edll
xp(zm(v.)l)]

       
fi
 
ak2(X'.mS)-

 [-, t pt -.gl.p( 
-,i(vp:

 
ge)
 
l)
 ]

     -  
Lkb

 sin  om
       V21i(y-k cos  on)

       
× [1-exp(-i(y-k cos  di)l)] , (22)

For the solution  of  the Wiener-Hopf  functional    'equauons,
 we  make  the following factorizations :

       7=(k+y)"2(k-y)"2=it(v)K(p),  (23)
and

           X(.')).-.',"L.'((,"))."L.((.Y));] a4a,b)

where
 AV(y), L.(v)  and  ]K.(v)  are  regular  fbr

thny>-!Znk
 and  AL.(y), L-(v) and  Kr(v) are

regular  fbr !Lnv<!nnk,  Using the method  as  dis-
cussed

 by Noble  [Ret 12), p. 164] the factorizations
(24) are  given by
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　　　　　　　　　海
一
β）

　　　　　　　　　　　　　　　（（レ1げ 一1）
−ltZcos −1

（± vfk），　　从 （の＝1一
　 　 　 　 　 　 　 　 　 　 　 π

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（25a）

　　　　　　　　　 ガα
　　　　　　　　　　　（（v！k）

2 − 1）
『［12cosnl

（± レノk）．　 （25　b）　　L ±（の噐 1一
　 　 　 　 　 　 　 　 　 　 π

Thus，　substitution 　of 　Eqs．（23）and （24）in　Eq．（22）

yields

φ＋

1

（レ，0）十φ．！

・ 醜 募
一（の

［。 ． μ 　 y ．・μ

　　　　a庵（α
一
β）　　l　　　exp （

− i（レ ー
μ）の

（レ，0）exp ← iレ〜）一一　s，．（レ＞S．．（のゐ（レ，0）

　　　　　　L −
］

2湧万　 レ
．
＋
．
μ

一kb　sin 　Oe

［ ン
’一

μ

42
．
如

一
斥sin ∂、）

× ［1
−

exp （
− i（レ

ーんcOS 　8e）の］．

］

（26）

In　Eq．（26），　 S． （ン）［＝ κ
＋（の八  （レ）］　is　 regular 　fbr

砺 レ〉
一砺 々 and 　8＿（1ノ）［＝ノ（＿（レ）〈な（レ）］is　regular

fc）r　IZm　y ＜ Onik．　The 　unknown 　functions φ＋

’
（ン，0）

and φゴ（ン ，
0）in　 Eq．（26）have　been　 determined

using 　the　procedure　discussed　by　Noble ［Ref ．12），　p．
196］and 　are 　given　by

φ＋

t

（・，・）∫ 讐
1 δ゚

（・・（・）Gl（・）・ ・（の・・（のG ）

　　　　　　　・
、姦（

k（α一β
（v ＋ μ）

）一ゴs
鬻

レ）

　　　　　　　・
T
｛鶴〜

レ）
の， 　 　 （27 ・）

　　　み
’
（・・o）一一漁

膿
曜 P・（∫一（・）α← ・）

　　　　　　　　　　十 丁（一ン）∫＿（の（r，）

　　　　　　　　　　＋薯撫
一
（笠警誘

）一猩
罍努

ど）一

　　　　　　　　　　＋
T （一レ）s−（の

　　　　　　　　C3
（lc＋ ！t） ）・　 （27b ）

　　　　　　・・（・）  一f，。S ，。 ［、．？，）

　　　　　　　　　　　
−
s．（f，。s 、．）］

　　　　　　　　　　　
一盛〜1（レ）exp （猛 J　cos 　80），　　　　（28　a）

　　　　　　G （・）一
．＋誌。s ，．［，．1、ア

　　　　　　　　　　　
ー

，． ← f、爾 ］
　　　　　　　　　　　× exp （ikl　cos ∂o ）

一五〜2（の，　　 （28　b）
Rl，，（レ）

　＿E ＿【［1駐 正｛
− i（k± kCOS θol ｝

− W ．．
瓦｛
一ゴ（k 十 ン）11

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

Jn　Eqs．（27　a
，
　b），

　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 ，

［m ＝
− i（k十 ン）land 　〃〜．，　is　a　Whittaker　func−

tion］．　 Now 　from　Eqs．（】Ob ）and （15），　we 　obtain

　．4 ，（の一A ，（レ ）＝exp ← ivl）［φ一．（レ
，〇

＋

）
一
φ一（り ， 0

−
）］

　　　　　　　　　　　　＋［φ1（ン
，
0＋

）一φ1（ン
，
0−）］

　　　　　　　　　　　　＋［φ．（レ，0
’
卜

）
一
φ． （y ，

0
−
）］， （29a）

　　　A ，（・）… （・）− i（［卿 ・
・

）一轟
’
（・，・つ］

　　　　　　　　　　　　　　＋［φ＋

「
（レ ，

0＋

）
一
φ＋

t

（ン， 0
−
）］

　　　　　　　　　　　　　　十exp （
− iyl）［5＿’（レ，0＋

）

　　　　　　　　　　　　　　
一

φ一
・
（・，・つ1）・　 〔29b ）

　　　　　　　　　　2πゴ（yIikcos 　80）

　　　　電 読 ・一・ 圏 一佃 ・）1｝，

　　　　　　E −1＝2n 　exp （ikl− 3irr14），

暇 耐 （去）・xp （・ ／・）伽 ）柵 1一 調

Using　Eqs．（17）and （18）in　 Eqs．（29）and 　 then

adding 　and 　subtracting 　the 　resulting 　expressions 　we

get

A 、（ン）一
’a

［
1exp （

− i（y 一μ）〜）

ん （v）；

2飯 　レ 十 μ 　　　　 ン
ー

μ

＋∫1（レ，0）＋ ノ1
’
（≧・

0）
，

　　　　　　　　　 zγ

一iα 　 1 − exp （
一
ゆ 詔 ）の

［

］

　　　　　　s＋（の ＝ 緬 从 （ン），

　　　　　　∫一（レ ）＝exp （ゴπ12）屈 1＞一（の ，

　　　　　　　s．  
　　　　　　　　　　　　　　　［G （k）十 Gl（k）T （左）s ＋ （ん）］，C1＝
　　　［1− T2（k）S＋

2

（ん）］

　　　　　　　∫，
．の

　　　　　　　　　　　　　　　［G1（lt）十 G』（陀）T （lf）s ＋（k）］，c2＝”
　　　［1− T2   ε＋

2

  ］

鱈 課 麟 岩丁
臨 ・・ （・）

一
・xp （縄

］

（30）

2  牙　ン ＋ μ

一
ノ1（、，0）＋ ノ・

’
（≧・

0）．
　　　　　　　　　 1γ

レ
ー

μ

〔31）

Substituting　the　values 　ef 　Ji（レ，0）and ／1
’

（ン，
0）from

Eqs．（20）and （21）into　Eqs ．（30）and （3 り，　we 　obtain

A ，（・）一
、藩［毒

一 exp （
書

μ）〜
］

　　　　　　・ 尿（。）［卿 ・）・卿 ，・）・xp （
− i・・）

　　　　　　
一む（… ）・

，揚｛諱μ
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rm
 
exp(

 
-,il(

 
v.-

 
pt)
 
ii]]

 +  i,iLkg, )- [diJ.(y, o')

+  ip-(y, O')exp(- iyl) -(1  +  fia-i) ipo(v, O)

   ia 1 exp(--i(u-")g)

 2V21f y+"  y-"

-
 2B. {ip-,(,, ot)+ di1(,, o-)}] ,

{

exp(-i(y-pt)l)

}

A,(v)

(32)

2-mif[ul"  
u-"

 ]
'-
 
'iV]gl(tt)'

 [diM+'(Y, O)+ ipM-'(v, O)exp(- iul)

-
 ¢
-,,(u,

 o) +  2ggtt (-,- l--"-
-
 
e.x.p.K.:i-i-L/t,/

 
,`)-/)-)]t

 i,,iLA;(E,) [ip-+(u, o')

+  to-(y, O')exp( -- ivl) ･- (1+ &u"i) ipo(y, O)

   
ia
 ( l

 
exp(-iv-")l)]

  2V27  v+pa  v-p

-'2i{diTi(V, O")+ di-i(y, O")}] .

Wc  note  that

     N(y)it:1+O(a,  B), L(y)  ::1+O(a),

and  assert  that (kev17) and  (as/7) are
small  provided that lvfkl is not  too near  1

can  be justified under  small  parameters a,

low frequency of  the acoustic  wave,

this Eqs. (25), (32) and  (33) give

           rv.(v) fti  gi 
y(a7B)

 
,

                      rrT

L ±(y) =1;  
va,

        ffr

(33)

 very  very

   . This

    P and

Thus  using

(34 a)

(34 b)

    A,(v)=-A,(v)

        --i.IJ-(  gU6.'( y, O) +  diJ-'( y, O)exp(-  ivl)

          
-di-,'(y,

 o)). (34 c)

Note  that  in writing  Eqs. (34), we  have  retained  the

terms  oferder  O[(a, P)/7] and  neglected  the terms

of  O[k(ev,13)/y]. Substitution of  Eqs, (12) and

(27 a, b) in Eq, (34 c) yield

A,(v)=-A,(v)

    
=

 mi7k(bvttnkOcOos s,) ( s.(2c(oVs) o,)

      
".S.i.Ci.r...y..)e.tt.?t..-..kgl(6y,.g....sA%sc.os8o)l))

        kb sin  8o

     .-  nti7 {S+(Y)T(y)Ci-S.(v)R,(y)

      × exp(  ithl cos 0o) +  S+(- y) R2(-  v)

      Xexp(-ivl)+C2T(-y)S+(-v)

      x exp(m  iyi)} +  2;7ti;Fir (k(a- B) [ .t  
pt

      
,+
 
.Me.x-p:･

 
-(･-i･-J/kza-]

 
--
 is+(u) [8tE( IibY)

      t 
eXP(-iUl),S+(-

 
Y)
 ] +  (kC+3p) [T(v)s.(y)

      +exp(-iyg)T(-y)S+(-y)]).  (35)

Now  putting the values  of  Ai(v)  in Eq.  (15) and

taking inverse Fourier transform  the field di(K,y)
can  be written  as

        qS(x, y)-  gbSe'(x, y)+  g6d"`(x, y) ,
 (36)

where

ipse[](xlY)=kbsin
 8e o's S+(v)exp(i?zt-iv[v)

2n -co i7(y-k cos  8o)S+(k cos  8o)
kbsin 8o co

 exp(-i(y-kcos  0o)l)S+(-y)exp(ixcr-ivxs
dv

    2n -co

+ 4". [k( cr-  fi) SM
× exp(i?ty-  ivx)dv 

,{

i7(v-k  cos  e,)s.(-k cos  e,)

 1 exp(-iyl)
+ ]- AS+(Y) S:.,e(

) dv

S.(v)
y+"u-y v+"

  exp(-iyl)S+
"-v+(-y)

 )](37)

iplnt(x, Y)

 .....-kb  :i." 
Se
 S:co ir [s.(y)Ri(y)exp(i)ll cos  8o)

   
-S+(-v)R2(-v)exp(-ivl)-S+(y)T(v)Ci

   -T(-y)S+(-y)exp(-ivl)G]exp(iry-iLu:)dy

   t-4-tt&C-kJ S:i, [ T(y)S+(v)

   +exp(-ivl)T(-v)S+(-y)]exp(i7zt-iLur)dv.

                                   (38)

in order  to solve  the integrals appearing  in Eqs, (37)
and  (38), we  put x=r  cos  S, y ==  r sin  S and  deform
the contour  by the transformation  v=-kcos(S+

i4). Hence after  using  Eqs. (7) and  (13), we  have

2P4
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for　large　kr

φ
5ep

（x ，　y）

iexp（ik　r 十 ru）
4濡 （cos 斑 cos ∂。）（rr 。）

1t2

・磁 の
・・［（・ 一

・）・xp （i・1・）

・ ｛
1
　 ＋

exp （　’k’　c°s °

五（− k・COS 　 S）

　　（C 。 S θr 　COS の 　（COS 　S汁 COS 　8）

・
．嬋 （・．切撃 蟹 θ1）

｛（
∫．（

− kCOS θ）
COS 　8，

・− COS 　8）

＋
exp （i〃 COS の∫，

．（lt　COS 　S
（cos θ1＋ cos の

）
｝］・・ p（梱 ・ （・9）

｝

　　　　　　　iexp（巍（r 十rd〕））
95i

” t

（X ，y）＝

十

4π（rr 。）
lt2

aexp （i（thr一トπ／4））

f2（− kCOS 　 8）

2（2nkr）
112f3 （一鳶 COS θ）．

In　Eqs．（39）and （40），

　　fi（− kcOS　8）

　　　　一一
・・… 臨 躑

）

　　　　　　　S＋ （kCOS　8）exp （魏」（cos θ十 cos 　Oo））
Pー

（40）

s， （
．− k　cos 　8。）

f2（．− k　COS 　0）

　＝Sin 　O［S＋（− kCOS θ）Rl（− kCOS　8）exP （ik／COS 　8D）

　　　
一

∫＋（kcos　O）R2（kcos　O）exP （ikl　cos 　8）

　　　
一

∫． （
− k　CCE 　0）T （

− k　COS 　S）Cl

　　　
−

∫＋ （kcos θ）T （kcos　O）C2　exp （ikl　cos θ）］，

　　f3← lt・cos θ）

　　　一一
咄 象。、 ，1）

［T （− k ・・… ）・・（一… se ）

　　　　　十 exp （ikl　Cos 　8）T （kcoS ∂）S＋ （k　coS 　8）］．

From 　Eqs，（36），（39）and （40），　we 　obtain

蜘 〉一盈
辮纏

））
［

五（
一

んcos θ）
（COS 　8＋ COS ∂。）

　　　　　　　　＋ ・fa（− k ・・s ∂）］＋
α e

紫黷 ・ダ
4））

φ（ψ ・r
・・

［
一
嬲 留｛五（

− k ・・s の

　　　　　　・部（
− k ・・S ・）｝

　　　　　　・ 斃黔幽 （・
一
・）（1＋ … 歟 ・s ・））

　　　　　　一邸
籌
゜S　°i）

（・・ （
一

… S8 ＞

　　　　　　十exp （ikl　cos θ）S＋ （kcos　5））

　　　　　　・廻
2c

°s 塗1｝］，
where 　we 　have 　negl   ted　the　terms　which 　are 　con −

stant 　and 　O （r）．　 Therefc）re ，　the 　velocity 　will 　remain

bounded 　at　the　edge 　ifand　only 　ifthe　co −efHcient 　of

r1 ／2　 vanishes ．　 Hence 　the 　 Kutta −Joukowski 　 condi −

tion　requires 　that

　　　　　　a
−W’P（lk．

’

；i，）
？xlrr

！‘）
・1← li・・s　8）， ・42）

whereYi

← kc ・s θ）

　　一｛五（
− k ・・S ∂）・卸 一… sS ）｝

　　　　　　　　　　　　　　　　　　　　　　　　 f3（− kCOS　8）
　　　　・｛（・

一
β）（1… P（・il・1・… ））・

，

　　　　− L
「・（kCOS ∂l

　k
）
（・．（

− k ・・S ・）

・ ・X ・（・kg・… ）・・（k ・・S ・））｝∴
Using　Eq．（42）in　Eq ．（41），　the　far　field　is　given　by

　　　　　　　　　　　　　φ＝φA 十 φw ，　　　　　　　　　　　（43）

・［（・
一
β）｛

1

　　　　　　　（COS 　8，

−
COS 　S）

・ 嵩畧
（
誰麟 トん（一・・・s ・）

　　is．（k・COS 　8，）　∫．1．（
− IC・ces 　S）

　　　　It　 　 （cos 　SL− cos 　0）

exp （ikl　COS 　S）S ，（k　cos 　8）

｛
　　　　　　　　十
　　　　　　　　　　　　　（COS ＆＋ COS ∂）

ln　the 　limit　r → 0，　Eq ．（4D 　shows 　that

■ー｝ （4D

where φA　denotes　that　part　of φ that　arises　when

there　is　no 　wake 　and φw 　the　part　that　arises　when

there　is　a　 wake ．　They 　are 　explicitly 　givcn　 by

　　　　　・・
」 e

葦蕪需
））

・・（一・ ・… ）， （44）

　　　　　・・
一ゴe

灘纏
））

・・（− k ・・s ・）一 ・・）

In　Eqs．（44）and （45）

・
・
一← k ・・S ・）一［．蕊貔暑〜鉢碾 （一… S ・）］，

ヲ・（
− kc ・s の

一一
・1（一… S の［細 ・・S ・）

　　　　・（・
一
β）｛（。。 ，1

≧
面

．
・
．
器書

（
灘 錨 ｝

　　　　
」 s＋（1’°s ∂1）

｛誌 鬻 ，餮）

　　　　・
exp （ikl　cos 　8）S ．（ん COS θ

（COS 　8ビ＋COS ∂）
）
｝］・
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           4. CONCLUSIONS

  The  problem solved  in this paper takes into

account  the material  properties and  thickness ofthe

finite plane. It may  be that  in practice it is more

convenient  to measure  the reflection  coeMcient  R

and  the  transmission  coeMcient  T  for a finite plane

(rather than  determining the material  properties), in
which  case  the  Eq. (43) can  still  be represented  in

terms of  theses  quantities vja  the expressions  (3 a)
and  (3 b), It is also  worth  looking that  the  approx-

imate boundary  condjtion  <3) is insensitive to the

variation  of  the  angle  of  incidence when  the finite

plane is dense (Kih-oo). This is because the fac-
tors  a  and  rs in (3 a)  and  {3 b) become  independent

of  the incident angle.  In addition,  the diffi;acted
field is found to be strongly  dependent  upon  the

frequency. The  high frequency sound  is difllr'acted
into the  shadow  of'  the  barrier. Therefore, a  noise

barrier should  be designed to make  the transmission

as small  as  possible, to reduce  the tow frequency
transmitted  sound,  and  the edges  should  be treated

to reduce  to a  minlmurn  the high  frequency

dithacted nojse.  In the illuminated region  sound

can  be reduced  by making  the  refiection  as smal]  as

possible. it js f'ound' from Eqs. (39) and  (40) that
diseP consists  of  two  parts each  representing  the

diffiracted field produced by the edges  at x=O  and

x==  
-l,

 respectively,  as  though  the  other  edges  were

absent  while  di`"' gives the interaction of  one  edge

upon  the  other,  lt is also  ofinterest  to note  how  the

parameter (a-fi) enters  the calculation.  The

parameter (cr-rs) represents  the absorption  of  the

barrier and  is intimately included in the  calculation

through  its role  jn the terms 7Vl, and  N,

  Some  simple  physically interesting features of  Eq.

(43) are  also  noted.  First, it is observed  that  the

imposition or  otherwise  of  the Kutta-Joukowski

condition  does not  have  much  infiuence on  the

diil'racted field away  from the difl'racting plane.
On  the other  hand, near  the wake  the field is
strengthened  and  weakend  eisewhere  even  when  the

source  is not  near  the  edge.  SecQnd, the  results  for
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no  wake  situation  can  be obtained  by taking  
`a'=O.

Third,  the field corresponds  to a  rigid  barrier if we

put a=  O=fi. This situation  occurs  ifthe material

comprising  the finlte plane becomes very  dense, i.e.
O)n(n)>O, lnl.oo (K,h-oo). Fourth, the results

for an  absorbing  finite plane in presence of  a  wake

can  be obtained  by taking  P=O  and  a=  poc/zi (pe is
the density of  the undisturbed  stream,  c is the speed

of  sound  and  z, is the  acoustic  impedance of  the

surface).  Thus, the consideration  ofthe  penetrabie
finite plane with  wake  present a  more  generalized

model  in the  theory  of  difil'action and  quite a few
interesting situations  can  be ebtained  as  a  special

case  by choosing  suitable  parameters,
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