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ir~~:e of thi:~~’ t udy is to de r~ ine the e’~’icccy s~ read
- : : e’I by r~~fi ’  t i n c  of’ ‘ s ’ c o u st i c  ioclfil  o f f  a t Lr ’ .e_ .v r:~’ic~ s tc~~ha~ t ic

c~~t~ ‘r ~~n~’ t n  c rough surface has b e er .  .1 t L ~mt e i  ~~ many
- . ‘i ~~t~~, ef ~~Jch ‘~‘e ~ 11 mention only a few.  F 7 k ’ 1nt , ~ Fro ~ the

:r.e ’hcrl of F -h;j sir ~~1 Opt i cs  ri nd applying the flelmholtz integr a i , obtained
th± in t e n s i t y  o f ’  the c1t ~‘ ned so und ; f’ r m m  t his  ‘i’o1~j t y ,  t b  scat ter ing
‘ c e f f i c t e nt  of the su r t h n c  was obtained.  A1thou~-h ~ k -o- t b~x d th~ time
v’~”Htion of the r ’u r f o c e  in his preliminary in t e ~ r o i , he did not compute
‘ny ‘~‘iao ities invo lvLrc t h e  time v’~riotion. Beckmann , i r ~ his book,
‘~~~5O ~~~~~~ I Led t h e  e l t t h o l tz  integral to ti ro’ioh stochastic s ir’foce , but
‘lid r io t  r ’ ro: ider r~ t i sr e_ v ’lryi ng surface.  Marsh, on the other hand ,
‘r F I . F z d  the , -Je~~h r c  ‘1 and c o n s i der ed  the  sc’ i t t . ’red ~“ t v e to consi s t

F o f ’ij i it e  s et  of ~~~~~~ soing p~~~ne wn v s .  h y ~ip p 1y L r t —
‘~o :.d I t i Onr -  at .  th e sur f’ ’ ’  , t he  s c a t te r  i ri~ coef f i c ient of t an  surface
was ‘d ~~ m ed .

The nu~’r.f or of loves  i r r j t i o n s  of a t ime—vary ing surface is c c c  F d e r —
Loss  th ’~n t h a t  of ’  a f Ixe d  surface.  Of these , we wil l  m en t i o n  only

I i  ho wo rks of b n ’ i e r i ( r k  ~ic ’i  Park in s . Roderick considered Inus o ida l
r ’ ’,’oi Log u r f o c e  w a v e .  i ’ ’r  n Ln ~ e—frequency inc iden t  aeon: t i c  wave ,

~~~~~~~ 
t h e  fr e q u e n cy  of ’  t h e  r ’ e t ’~ ection in the spei’rilor di rec t ion  i’ the same

1i ap er  present ed  a t  ‘he  ‘78th M e e t i n g  of the ~c ,u: t i c - i l ,~~‘cri ~’ty  of
A m er i c a , f a r  l iegu , CaJ if , November 3—7 , 1Y’5O .
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h’ i n ’ : d ’ n t  ~~~:. ‘:; , ovi Lh ‘~r q u  a i~n the
t Lr ~ni: r r~~unl  t . :.e L :i ’ i c o n  ~r’~~aeney ~ln a :::1i t.i p L e of he
~‘r ~~~~~~ a ::.- . i ~~~~~~ I : T f l :  ~dered a ca ‘, i : . ~ ‘ ‘ -~~~~ i_ -

~~j j f ç-~~
a ;o L n t  t~au:: -ia n ‘ I L : ~ t.r it ‘~ r i o a  of i h t o , aroi a i: . n — ~ ie r : : r i r~ ~ ‘~r :~~ne
:.~- L n . ’~ . i ’ c t r ’~~-.. ~n r  -: ‘~‘ui1 1 ar f ~e - i r  :ri , he

:Y tered acoU :: t i e  :~~e t r im .

r 
~ ~r w~ rk , we s t~ i-: th the  ir:: :nj: f , ions i i :  ed i~~ a . th e

~~~ ~~ :~:~ 1 1  Optics i-: u: ed the t n o on i  f L e d  a rea  in the far
‘ 1  f ~h :n’:rce; t h e  a rv~~t ion point i~ in ft- . far  f i e l d  of the

- r ca ;  th e :a~r :-:e i: presnur~. cci c ’i: e: no rh in v in g  or
.1 ‘ L~ le r le~-t i on r  occ :r:  a dir  : t i or ~a .  -our ce  1: i : cd ;  and v a r i a t i on

u f  c r i r f a c e  is low -~~: . ~ ared to the cpe er l  of ~: uri rJ .

(F L ’~ rc i ) t r t i n~ ~i t h  the }~eleJio1 tz int ,e~ ca , and a c in~ i e—
re : nen a y  nu : t i e  sour o , the comp lex rr~~:irc at the erv-jti en p~ int

& tam ed . it is ~i un I t h at  the c i .r: ’ace is r - d ~ n , oma~~enen’ :c  , and
‘ at i ’nary.  Tha t  is , for  a ~iven in c t in t  f t ,j ~~e , : i r c t~~ ao l ce ’- : I— rdor

or ’ Leo  of the su r f a c e  - r e  iade~ -adent of a : so lu :  e ‘, c o L t i o n , and I pend
:1:; n he ‘ii : fer o n c e c  of t h ~ x and y coor ’-l I n ’ cc , ‘ :.e:e di ~fo c-n

:‘~~~~~~~~~~“ i tied Ly u and v .  in t i nE , the pr ~p er t  Les l en- :. i only on ~ne
f f e r e n e e  in t ime , speci f i ed  by T . The a i t ~ cr a i n  of the

recei- ;~ ~ “ar lox pressure i. oh t a in o d  and is den otc i ~ ‘i . C ~~
. ends

on the F a:-,etry of the  c t i on .  a , 1 and c ‘r e  thc . of t b  I :‘ection
canines  in t h e  x , y and z directions , r o sp n c t i v l i y ,  c f  t he inc ident  and
sca tt ered waves .

is the acoust ic  wave number.

g is the rms wave heigh t .

p(u v. r) in t~~e o n - . Li zed surface corr ~ la t ion  fu n t ion , wh i  di
i- ;Ll~ be dj n c i n n e d  on the ex t  s l ide.

p(~
) is i~~ e:~n t c t . e d  value  of the ro ‘- - L i e  I c on lex  pressure ,

a:. ’! in re~ erred to a :  t he “oherent  .~~~ne: t. of :.h~ received acouc t.ic ~~
t. r ’essur e w t v e f ( , r  have a - nova! a j o L t Piu n - La: dis t r ih u t l o n  of • ..~~~~

LeL ~:h t n  in t h in  i-i  : ion.

The Fourier  trans ~
‘ c’- of t~iv cn  t ,h~ r i ce t v - i  ~c i ot i c  po~~ r

s p ec t ru m .  The Fourier t:’ - r isform o~ f b i  f i  r’ t t ern , at  ~ (t resu lt :  in
a l i ne  comp nent  I non  t e d  a ~. the f r i  a ::: it  f e  fr r  ~uc: cv . ~h is l ine 

~~c( mp ci ne r i t  has  ‘ r e c i d i e  v a l ue  m a i n l y  in ‘he ~~~~~~~~~~~~~ : I L r ’ c t i  n and -~~

onl y for a sli1~h t l y roa d s ’ir t ’ : ir :e . 1°-n a ~ tven  ‘c s et r y  and i~iven
::urf ’ nc ’  correla t ion fun ’ ’ L ou , t h e  d aL ic i nt e ,~r :ul in t i i  sl ide  could be
evaluat ed ly  numerica]  methods . 
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p
T b  ‘-“ :‘

i_ _ i ,

n ‘ a t 0 ‘ i ’  : ‘ i r t ” ”c v ’ ’ . : 1 ‘ i t  a ’ ‘ 1 -
n - i n ~ x ,~J ‘i t L: - ’ -

~ , n i  1~7(u .~ v , t) is ‘ t. ’ : r ’ ~ v i H . ’ n i ’ H i — ’ ‘ ‘-‘al
‘‘cc’  - - i ’ :  -f ‘ h ~r t ’’ - c n’ ;e hr  , ‘ht s . 1. ’ - ‘i -of  a ’’ 1’ r , - :‘k n .

h a n  c l  ‘ ‘ L a r d t h e  c ceiv I a ’  ~‘~~ic w on ~ i ’  ‘ ‘ n - : - . fan  ‘ n ‘ ‘ c -  f ‘b
ic r—on :‘ur t ’ace I. ’ L ’ n t . 1 - ’t n ’: :- an d a t a :  l y — - : -  :. ‘ sea .  T !. is  

pan ic to a w i l e — i - n i  s: : tr ’ i r , n i t h  a ,~ ‘a nox L:a’ ~ t .c~~, - - l i i
1..,. 1-c , i n - t o - c l , - ‘ n - L i - :’ - : i - r r w — t ’ : !  s ur t ” c~ n p -- n : ’ , ~- i

- or ‘ : ‘ p — ’n’!n to t ue can ’:  f w e l l  w i v e S .  I’ r ‘a ’ ; :t ’ ir t ’ w — :  c : sn i: ion ,
:~ ur 4 i ~ ~ th e i i ’  F “

CC I’; ’ ion .  he ::‘ ‘ : i i tu j ” c d  b h asc  f he o ’n .ni ;x env ’ ~~~~
c a c y :-H ’~’i y in t~ w i ’ !  :- - :1 c ’ to cos ( 2-n—f t ) .  I t ’ , i: - l i L t i o n ,
- a ‘i n c — v - l i e n  of the - - “n - ‘ ion fun c  t ion iS an eli i~~cc : t o  ; h ’ : ’  ~~~~

‘

(u ,v ,O) in i le at i c a l  1 . ’ c r .  In the (:or:.l :it .- :tions t~~ I . - ’ I r t  r’ ‘ “I ,
o In ’ L al L n :_ ’ rr ’ . - t i : ,  -u r f a c e  L : a n n : i n e d .

~E i ~~ire 3)  L a ti~c- c:-:pr ::n ion for the re ‘ c i v E d  p y en :: - t r’Ln,
‘b a r  in a ten ::. t h a t  o ’ H ’ L a s  ri exponential of the r : cn’:1 at ion fun t ion

wa in th’ ~r e v L . ;u n n i L i e .  H r  the na r r ow— l ad o n e , t O L  r r r ; ] ’ t i c n
in ‘a : r x  in’ t el : ,, s l ’ ;u c a i l ’ i , and the exprc:-s I n c - ia  e - :-:~ ‘o, a d  in a
n sEer ~f Bessel  t ’ nt L i : : . - : ’ Ln -~~- i n ar y  :ir~’:::,’ ::t.. A ’ ; ’ c : i ’ :’ ’ i n  of
‘ ne re - :, ‘ :-: : n ’s : ’ in n - h :~‘:- ‘ 1a t  the re cci’.’ !  nc ) : :. - ‘ H o :
c n s i st n  of a . ‘ -~~ios of :f ’:c’J l i i e n  or : L : ’ i ’ i :ciS e’i ’n se 1 ’ ”- t e l

:- . the  i: ‘i i c r i t, acaun t I ’  : ‘n .n~ur ancy  by miil~ i ’i L e n  of i -  ren r f r ’ : ’ : c n o y
i f  ‘ a n - i r f a c e  v n r i ’ ’- i  a ~JUS a spike a t . t h e  ‘c u r L :  :‘ n- :~~‘ n : Y

H ;  co her e n t . : np a n e n t  c”nr : m a i n l y  in t.he n penn!  a r I i  ‘ii - I : ,  and en
r n . an  ap ’i r eci-d  le va in ’  t ’ r sm al l  surface r’ u , ’hnes:: , Ic cl . i i  r o w  f in d

be paver in each ide! s ‘ :‘:I’onent.

‘~“i~~~rc i~) Tb’ n . ; l a t  L - .-e n c : i t t e r c d  paver  in nob  H i ‘ a !  can be
oht  I ned in t erms of ’  on i ,‘.‘ : p a r -~rn ’t t e rn  of ho c ur t ’- cc , n’ : . ‘ ‘  - :‘ , ~ an d

is t u e  u n : ’  1 ‘c ‘ : . ‘ire of t h e  n o : ’ r i ’ s : :  of ‘1 .  -

and L ,, a re  the ( ‘ ‘ :‘r’ 1 - ’  ion )  d in  t i n ’  : a ]  - b : ‘ y axe S
at  chi h f u  ~‘‘ r r e 1 a t i e :  of n - i r f ’ ice h c i t b t - : ’ i n  I/~ of i f :  - ~: v~~i i .

it t h i ’  ‘;‘ i u i t i ’  a r :‘ - :oa t s  t b -  S~~~’ !  1 1  1 . -p t  a ic ’ : ’  of 0’ r’ ’nplex
‘:;‘;I ‘ i t ; o f ’  t h e  :‘ :rt acr  ‘‘ :‘n’ ~:i F ,i on f m : ’t i o r i ,

is t h e  Kr or :eeker  I .: I t a ,

‘-l’;en t b ’ -  r’ I ’ t i v ;  ::catt , r 1  p- we :’ in f h i-  ,, ~ 1 1 I ‘ t i ! .

0 n rre p’ ::d:: to the  i ‘- cent’ rrni ‘ i t  ‘i ’ i :t . ic  t ’ r ’ - r u ’  ::r ’y t ’ 9 .  The
- ‘  e f ’ t ’ i ’ i ’ a t  q’~, in d r t ’ i a ’d  y ‘o’k:ir t ., r i n i  t b .  correction

!‘‘-o:t or C~ , as ~‘- i’;’ r: by F r t a: ‘ i : : !  ~-~u t r , ar c  :l~ - Wa j U  th e  ::e ’c in d
i ’ ! J r t f , L O f l .  This equation c r i f a i n s  the f a c t o r : :  I ron : wi tch f i t  . : : : it t e r i r : 1~
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c r : : ’ ’ ! :  a ~i1 1’ ; r: ’; :~ j ii n t , r-d for a :‘; :‘:Lt ’Lr- ‘c O n  t r y .  B i n ’  f’ ’:t ~~
‘

w h i c h  d i r - ’ ::’, oii y on ~ or me t ry .

(o )  in n o t . i n ’ r t ’r at- ] e I:: closed f a r m .  A com p ut e r  j r - ’r’ n. has
wr i t  ‘ ‘ a ‘ - ‘  ;uc.er ie ’dl y ev a]  -u’ te ~~~. (U )  for  ~‘ive:: v’ m e:: of ~~ and

‘c , ia’:’ :: t i~’at Ior :  into t h e  : ic ’i : r a cy  of t h e  numerical int e ar ’ t , i ar ,
: ‘ c  ‘in, :  so :, ‘ o :‘ :. ‘i shows t h a t  I r on 1; to ~ p l ac e :  o f ’  oc ” :r- cy arc cia ’ a 1 no d .

a : ’ n sm:v L io n s  f ’ r each v a lu e  of 0< ‘a d  r an :1 I’sc- : : . , ’, ‘0

, 000. .11 ‘ b ‘ he ; d v eu  L a ’ ::,odern ‘a o.p : er s , ‘-hi s r iune ri ca I in t o~ r ’ ‘- i on
is :‘e- s- i: i’_ ‘, ‘ :l r;~ o ,r1c:r y : ioa 1.

( i - ’ i ’- :re 5)  In - c~r co::.p’it’ tions , we cons ider two ts Tp on ~- f ’  au~.o —
- sr e _  ‘ t in :: :’  of s i :nI’ ac ’e he it -h t , re - no ly  , exp- ner i ~. i -a l —  arid Has:’ i n —

:, a: ‘ a  o sc L l l a t o r ~’ f ’ :rn c ’ i on .  In t hi s :‘t; ni r ’ , ye ha-; -~ c x ’ r : . i a e d
‘P :1: c  i a n — n - - !  - n t i c n  of a sinusoid for  0< se -u ’t l to z cr - e ;  t h i n  ‘:orr r ispondr

a ’ d i r e c t i o n  coO th en wi th  re cp r - e t  to t h e  x ‘ nd  y axes ,
:‘a’ i to 5 r s c , ‘ n i  th::s to t ,he specul a r d i r e c t i o n ,  The p awe n  ire the

“ I - ’ . - ’  n i - i c :  ‘ a !  in p l o t t e d  as a fum ct ion of ~~ . 0 c n r c : : p : : - I s  ‘ a a
a t  s ’ i r f” - ’e ;  : ‘ c t h i n  value of ~ , t,her~ I: a n e a t ’  ‘~sc ’i ‘i’o’c’:r in the
- i ’ d  a n - I n  , a: a l l  ‘b e p -wer np pe ” rn ira the - c - accen t  i:nrr .p - -a e :i:. .  A:: p
“- ‘sos , ‘a “ ‘ i s  less l’ - wer in the  coherent,  c o p  c e nt  ‘in— ! m on o

: : c a t ’ e r - ’: p  ‘c- :’ I:: ‘ he f i r : :  ~, sideband. The p ower  in t h e  f i r s t  - i  le t - and
r h - - n  a ‘ ‘n-: I :’’ : : :  ‘i-a Lue wh en the surface c- : ‘hneos ‘ rru :,e tcr  9 is

‘p . 1  ‘ ,‘ , r e ]  tar- n decreases. H - s  t h c, :e I - r ’ n ’ - c  ‘, ‘ ,, uc , : of
Lao :: ‘ir : ” i ” . 1: r - : , lh er , and more of the s c a t t e r e d  f - a ver w H I  appear in

n :er” :’ i-l ’ : ‘ ads

(~~L , ”; r ’ 1, )  In  this , final figur e , , a thr ee— dimen:: L a n a i plot of the
sn - i t t ~~n i -  ‘d~ 0 i’ the f i r s t , sideband is drawn vs ~( ‘ n-i . n any
-,
~~~~, 

‘ic  
, 

t ’ . as p
2 I: , o” - ’ . :en , the power in a p r ’ i c - f l  ar s id eba nd will

• I L r ; :  1 : . ‘‘ :‘c’ire ‘ : 1  t h a  de i ’r e- iso , For a ~‘iven v a L u e  of ~ , 1, e,
r -u’b : : ’  ‘n , a: ~ in  n ‘ 5cr , a i~a in the power f i r :  t in ‘r’e’a’en ‘ m d  th en
j o - ‘ ne ’ , ’ ’ : .  1 :, - ‘.- e — ’ i i r ’ ,ori : i nai plots of t h i n  type v -re c t  I ‘t in ed for  several
H :c: ‘ : 1: ’ - . 1 :‘ n t o , ! ,  “~‘n i : sL ’ : n— and e’x ’i o n ’n t i ’ i l y— :: . clai a ’ - c i  on- i I ’ it .ory
t a : . - :  t_ i rn:

Be t ’ - :‘ h fl’’~! “ — : i c l ’ i ~~ion and n;Ln:s.nr:,’, we w o l d  I i k ’ -  ~ 1i: :cuss
+ I c  d i f : ’ : ’ - - .o ,~~,; ,, :i t b -  r i ’ r r o w—L ’ma d  hi ’::::: i ’ : :  s’ i: ’l’’ : c  ‘ n - I the f i x e d —
a l  j t ij - i ’ :  :‘ j : : ’ I : : -a  1’ !’ : :uni ’’” e  co fi : :  id~ red t— y I’ , ‘ - b r i ck . ‘.-Ie l, ’, v r ’  - ‘ann idered
a n a n c y — - - - - I ; ‘ ç ’ - ’ rW:: f - n  t h e  hei + ’ht -,‘ ‘ r i ’ i t  ion  ‘i f . a p o i n t  of t h e  s::r’f~m ce ,

-‘ r i ’! a r - n ’:” . ’ 1 ‘ :, ‘ -  ‘ - - ‘m t  I ra! ‘ t- i ii t .y d”t::’ i ty of ’ t i . . ::‘: r ’f ’ n ”  i ’i sh t  tic be
in’lr :s t a r : .  As the 1 ‘ n d w i d t , l :  of th e : : r ir I ’ a ’ ’t ’ v ’ i n i a  1, 10 : 1 ir ’ ’r . ’’ise s and

r - nb” : s - rn , t b ’  propert ies  of’ t,h is s’: r f ’ F a ’. ’  pr ‘“ - ‘ s 1 an t ,  approach
t i c  f ’ i x ’ - - I — ’ : ’ .’i l it , ude  :: L n I I s O L ( i r I I  surfa ce ca : ’ . . H r  . ‘x ’ i r : :p i t ’ , the
d i r  ‘ n i  1:1 I , ion  of ’ he I ‘b t o  r e in , :  t a t ’  G i n :::: I art  a n d in  , LI , i r e  fo r - ’ , d i f f e r ent
f rom t h e  p r — f ‘ : 1 - i  I i t ,y d .n s i  t y associ’t f ,ed wi th a utuso id . I ’he :n’’it tered

4
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in ‘ I : -  n i b : : ’ : : ’  ‘i-i - a I v  ‘ Ii ’ -  r~’ rr’ ’ - ’c—i ‘ , :uj  ‘, ‘ -:: ‘ :: i a n  + l i c - r ’ ’  are
: f ’ . ’ r’ - - . ‘ ‘ n -a ‘ a. ‘ -  : ‘ ‘ b ’  s ri b~~i ’ — i ’r” n: ’ a”y 01 :51  ‘ ‘i L ’ra ] . theory .

Ia  ‘—c ’!,  ‘‘ a ’ ’ ‘ - “‘‘ n , ‘b ’  f ’i r c t —nnd c ’ n ‘h’ ir ’ ’t , e r i s t  in  f’::i~~t i o - . a f ”
a : ‘ ,- t ’ ’_ — ’ : ’ , ; I i ’  : :‘; s i - - : , ’ _ : i. ‘ i c : ’ ‘ ‘ ‘ i  I ’ ’ :n ’ ’t i ’ ,::. I t ’ w~ ‘ v - r i , ’’; t a L c

- - ‘ ‘ , ‘‘- i n ” ’ i i ’ , ‘c i ’ :. ‘ :, ‘ -  h- en - ~h - l i t n i l  a ’ i - ar :  f :‘ i::e ’ca’;e ‘ ‘~~~~ - . i t o h :,
a,’ ’ ’. ‘ ‘ . 1 - , ‘ :, - -  ‘~‘:n: ’ i ’ : ,  ‘ L n , ’ t — -  s- Ic r ‘::‘ a r ’ , c t , ;r i : ’’ , i ”  I ’ ’ :’’’ ia - c . ‘hu:: , ‘ ‘ic

n’ i , e  ce’cr f ,!:’ s i : ’ : :’i i - : ’~~ n n ; r f ” :c c a r e .

0:, ‘ a’ n ’ : ’ ’ : , a :, ‘ sr ’ - - ’,’ —! ‘a d  t ,i :’, ; t ’u n n t ion ‘c i’,h c e n ter
-

- :,, i I t t  ‘1 n ’ s - a r t i e r  a s i n ’ ; ‘ca ve .1 ’ f c c - m on ey  1’,.
a ::. “ ‘ : ‘ ‘H I - t ’ ‘ - I : ’ . ” , r o t  w i l l  1 f : ’er I’ nc ;r. a n L n e ’c’i ’,”~ n v - - n  a

- ‘ :c- ” : ’ ’ ”  I I :‘ 1 1 ” . ‘b ’  - j i t ’ f ’- n one ’ , :‘h w i ’ , ’ :p e n  ae c-Ic r n ” see .
H’::, i f ’ c -  “ : ‘ - - i ’ - a ‘ r t  - ‘ s a l e  ot ’ ‘ a - r ’ , : ’ , ’c ’:~~~ I s i ’ : . - . .  t o ’ -  — -

- - :‘ 1” : ’ - -  , a - : :e ‘ - “n i n e  - b- - n ’ ‘-~i’.’e’ i ~n i ,  t i c ::~ e” ’ r io. :‘ ‘— r’ i’ , the
H - ‘ . ‘ ~ “ ‘ c u r ’: . ‘a ’ ‘ a - n ,  ‘ : L ’ h  t h e  ‘ann at  r ’ :” f” -e to I ’:. ’ - ‘ a p i i t .ni de~

~~~~~~~~ 1 ’ ’ - ’ i ” - ’ ’ i v  : : ‘ ‘ - : H ’  —~~‘ , r , n t - c ’’f , no:’a . 1 ‘c’: ’ie r , f - er  - i - ri , ’ t , L r’ie
‘ a ’ -  ,- ‘ -a i , ’” , L c a j  I n  ~- e n t i :: 1’ ‘ 1 ’ - . ‘ - :n f ’ ’ c e , ‘ h ’ : ~’r r c w ’ — i ’ i:’, l
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