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A method descr ibed  in [1] is used to invest igate  the propagat ion of long and shor t  u l t rasonic  waves  in a 
po lycrys ta l l ine  medium having or thorhombic  s y m m e t r y .  The attenuation and d i spers ion  of the veloci ty  of e l a s -  
tic waves due to wave sca t te r ing  by inhomogenei t ies  a r e  calculated.  The specia l  cases  of te t ragonal ,  hexag-  
onal,  and cubic s y m m e t r y  a r e  analyzed.  The r e su l t s  a re  compared  with the data of [2] on sca t t e r ing  in the 
long-wave approximat ion  as well  as with the r e su l t s  of [1, 3] on sca t t e r ing  in h i g h e r - s y m m e t r y  p o l y c r y s -  
talline media.  

1. The propagat ion of e last ic  waves in inhomogeneous media is attended by sca t t e r ing  at s t ruc tu ra l  
inhomogenei t ies  and a cor responding  d i spers ion  of the propagat ion veloci ty .  This  effect  was f i r s t  analyzed 
within the f r a m e w o r k  of the theory  of s tochast ic  functions by Lifshi ts  and Pa rkhomovsk i i  [1] for p o l y c r y s -  
talline m a t e r i a l s  having a cubic s t ruc tu re .  Later  the sca t t e r ing  of waves  in po lycrys ta l l ine  media was in-  
ves t iga ted  f o r c a s e s  of l ower  s y m m e t r y :  hexagonal [3] and or thorhombic  [2]. In the la t ter  case ,  however ,  
only the wave attenuation in the long-wave approximat ion was calculated,  where  the wavelength g rea t ly  ex-  
ceeds the cha rac t e r i s t i c  d imensions  of the c rys t a l  gra ins .  The development  of g igaher tz  techniques,  on the 
other  hand [3], r equ i r e s  the analys is  of the shor t -wave  asymptot ic  behavior  as well .  In the p r e s e n t  a r t i c le ,  
t he re fo re ,  we calcula te  the sca t t e r ing  coeff icient  and veloci ty  d i spers ion  for  ul t rasound propaga t ing  in o r tho -  
rhombic  polycrys ta l l ine  media for  both shor t  and long waves ,  re ly ing on the method of [1]. 

The analys is  is based on the calculat ion of the second-rank tensor  Ci/: 

Cil ~- Ci~,~l~l,~ (1.1) 

A{kp• I " C~i.~ = s~z,n vqst (1.2) 

^ ikpq Here  ~ s t  lm denotes the t ensor  pa r t  of the binary co r re l a t ion  tensor  e las t ic  modulus ~ikpq: 

Aikpq s~zm (r) = < [~i~vq (r) -- <~i~,q>] [~slt~ (r) -- @~tt~>]>, (1.3) 

li = qi/q is the unit vector in the direction of wave propagation, Cik Im is the correlation correction to the 
average tensor elastic modulus, and 

Ipqst = K-~qst -t- iLpqst -~ S Gps (r) [q~ (r) cos qr] ,qt dr (i .4) 

The subsc r ip t s  following the c o m m a  in this case  signify different ia t ion with r e s p e c t  to the indicated 
coordinates ,  Gps is the Green t ensor  of the wave equation for  a medium having the ave rage  e las t ic  moduli 
<;~ik/m), and r  is the coordinate  pa r t  of the co r re la t ion  t ensor  (1.3). 

2. Here ina f t e r  we indicate va r i ab l e s  r e f e r r i n g  to long (qa < 1) and shor t  (qa >> 1) waves  by subscr ip t  
minus and plus signs,  r e spec t ive ly .  Here  a is the co r re la t ion  sca le .  
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E x p r e s s i o n s  fo r  Ipqs t  in the  long-  and s h o r t - w a v e  a p p r o x i m a t i o n s  a r e  g iven  in [1]. 
m i s p r i n t s ,  we now w r i t e  the a p p r o p r i a t e  equat ions:  

C o r r e c t i n g  s o m e  

(2 .i) 

�9 4 ~  
Kpq,t = -TS" {go [2 (6wS~g -b 8vq6~t) - -  38~,6 w] - -  5ho~)ps6tq} (2.2) 

K ~ 1 go = - 7  { ~ [36.s6tq - - 4  (6~t6~q + 6v~6,~ ) + 3 (2lql~6~ + 2l~lt6,~ + pqst 

"-k 2lql~6s~ + 2l~lt6pq -~ 2lpls6tq'-- 5~lt~p~)] ~ ~ (~s6tq --  3lqlt6~s) -k 

(2.3) 

L-pqst = <a 3) 0 3 [(6p~6st -~ 6pt6sq) ga -~ 6v,6~t2h31 (2.4) 

t + l q l t {  (lpls--8Ps)-~ ~-~ } (2.5) I l (lpl --Sps )(a>qt 
(Ipq,t) ~ --  P 4Ct~ at s --ct s 2ct~ r 

= - [ ~- - -  - ~ ~ <a> q,j 
p ct2 - -  ct'~ 4cl~ 

in which  

(a 2) = 4~ J" ~ (r) rdr, (a s) = 4g I T (r) r'dr, (a} = S T (r) dr 
o o o ( 2 . 7 )  

H e r e  r = 2~rf is the cyc l i c  f r equency ,  and Cl and c t  a r e  the longi tudinal  and t r a n s v e r s e  wave  v e l o c -  
i t ies  of  sound in the Voigt  app rox ima t ion :  

i 1 c~ 2 = - ~  (a  + 2~>, c~ ~ = - ~  (~) (2.8) 

The  quan t i t i e s  gi and h i a r e  def ined by Eqs .  (36) of  [1]. 

Subst i tu t ing e x p r e s s i o n s  (2,1)-(2.6) into Eq.  (] .2) ,  we find 

Cfi = ~ [go (2l~lraAmpp - -  .k~m~i~pq ! - -  5hol~ lmA~]  + <a~> r [--  ~,.m---i~pq -- 4l~lmAppt~ + 3l~l,flqlsAi~pq + 

ssIm ho pqlm splm sslm 2h~ 7 ! Apqlm~ A_ -k t2l~l,,lplqAi~vql + t'YS'W [ l~lm Ai~v~ --  3l~l,,lql~Ai~vq ] "k -~5 Pq~'~ [31~lmAi~ w + 41~lmAi~l "k ~ ~ , ~ i ~  ~ , 

o~'~-~i~q (g~ + 2h~)l (2~9) 

~lm .. <a> o~ \ (2. ] o) 

zl'z ''~'n~[ 5~?-~? <~>~.,,,,,~p,~ 
(C~l') + = -- ~ ~o~ t~q,p~v~ ~ 4pct2 (cl~ - c,9 -- i 2--~3/ T ~,~t~q~ik~ P (cl~_ ct~) (2.11) 

The quan t i t i e s  Ctl and C~l a r e  found f r o m  (2.9) by the a p p r o p r i a t e  subs t i tu t ion  c - -  c t o r  c - -  c l .  

3. In o r d e r  to ca l cu l a t e  the va r i ous  con t r ac t i ons  of  the  a u t o c o r r e l a t i o n  t e n s o r  A s t / m  tha t  d e t e r m i n e  "~ikpq 
the t e n s o r  Cil  a c c o r d i n g  to Eqs .  (2.9)-(2.11), we use  the exp l ic i t  va lue  found in [5] fo r  th is  t e n s o r  in the ea se  
of  o r t h o r h o m b i c  s y m m e t r y  (al lowing fo r  the fac t  tha t  the coef f i c ien t  of  pkxSijkl  6pqrs  is  equal  to -21/5). A f -  
t e r  s o m e  s i m p l e  but l a b o r i o u s  computa t ions  we obtain  
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w h e r e  

b k m p q ~ i k p q  ~ -  

�9 A s p l m  A~l~t 4- A,8~, t, k m X X { k p q  = t k m q s Z ~ i ~ p q  ~ 

k m s l p q . , ' l i k p q  

l~np... -~ l~l,~12~... 

A~ ..= 5/3A~ = t / 6 3  (3P~,x + t6Pzt~ + 26P~,~ + 2 1 P ~  -t- 70Pt~ + 56P~) 

Aa = tl3A~ = 1/45 (Pxx + 6P~,~ + 8Px~ + 9 P ~  ~ 24Pt~ -~ i6P~)  

1 (ti2P~x + i2 ~ )~(')k(~) + 570P~ + 1070P~ + 665P~ + 2660P~ + 24t5P~) 

t A~ = ~ (24 ~, k(~))r ~) + 14Pxx + 90Px~ + 250Px~ + 1 0 5 P ~  + 420P~ + 665P~) 
n 

t Av = ~ ( 3 ~ k  o))~(") + 18P~x + I I O P ~  + t60Px~ + 165Pa~ + 440Pa~+ 340P~) 
n 

1 (9 ~k(- )k  (~) + 4 P ~  + 30P~v § 80P~ § 4 5 P ~  + 120Pv~ + 220P~) As ---- 

A~ = ~o . , ,1  (6 ~ ~(~)k(~) + 8tP>~. § 393Pxa + 789Px~ § 455P~.~, + t820P~,,, + 1820P.~) 
n 

t ( t0 ~k(~)~ (~) 4- t5P),x + 99P~ u + t80P),~ + t05Pvv + 420P w + 420P~) A~o = ~ 

3 3 3 

n ~ m 

(3.1) 

(3.2) 

(3.3) 

The e l a s t i c  coe f f i c i en t s  k (n), ~(n),  and v(n) a r e  e x p r e s s e d  in t e r m s  of the m a t r i x  e l a s t i c  c o n s t a n t s  by 
the fol lowing equat ions  g iven  in [5]: 

k(1) -- cll +c~3 + 2c4a - -  (c12 + c13 + 2%5 + 2 c ~ )  
)4~) ~-- c2~ + cla + 2c~5 - -  (c1~ + c2a + 2c44 § 2c6~) 
~m) = c3a Jr c1~ + 2c6~ - -  (c13 + c23 + 2~44 + 2~5) 
2t~(n ~-- c12 - ~  c 1 3  - -  c23 , 2 ~ t  (2) ~ c12  ~ -  c23 - -  c13 

2~t(a) ~ c~a + c~a - -  c~, 2v (~) = c~ + c~ - -  c~a 
2v (~) ~ caa + c~ --  c~a, 2v (a) -~ ca~ + c~ - -  c~ (3~ 

Now, if we subs t i tu te  e x p r e s s i o n s  (3.1) into Eqs .  (2.9)-(2.11),  we can r e d u c e  each  of the l a t t e r  equa -  
t ions  to the  f o r m  

C~ = [a* (o)) + ~* @)] Ir + ~* (o)) 8~z (3.5) 

The r e a l  p a r t s  cq and/~l and i m a g i n a r y  p a r t s  ~2 and/32 of the  e f f ec t ive  Lain6 coe f f i c i en t s  c~* (co) and 
fl*(co) d e t e r m i n e  the a b s o r p t i o n  coe f f i c i en t s  and ve loc i t y  d i s p e r s i o n :  

Tt (o)) = 2pct ~ , 7"t (~) = 2pcta (3.6) 

v t (o) -~- c t I i  -~ ~1(~) + o)~(d~l(o))/do) ] 
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H e r e  

Hence ,  i n s e r t i n g  the  e x p l i c i t  v a l u e s  of c~ i and/~i  we f ind 

,,- if) = c ,  (t - -  a~ - a~  < a %  f~) ,  

T+ a ~ <a> ]~ I : ~----~--c~ B~, 

vl + = c, (I @ as), 

V t- = c, (I - -  aa --  a~, <aS> 1~) 

~ <a> ]~" B1 ~ T~ + = pzct---.- ~ 

1 g ( 2iBs _}_ 2B~ 

4cl~Bzz - -  (5c/~ --  ere ) B~ (5c~ g -- cl~) B~s .-}- (cle - -  eta) B~ 
a~ 8p~c~ (c~ __ c/~) , 8p~c~ (cZ __ ct~ ) 

(3.s) 

(3.9) 

( 3 . ] ~  

(3.11) 

(3.12) 

B! = ~/s (2As + 2A~ -}- ~/aAa), 

Ba = ~/a (2As + A,), 

B~ = '10 (A: -}- As) @ t2(A~ @ As) + 2~ -~- 16Az; 

B, = 6A~ @ 3A~ - -  2As - -  A~, 

Ba = A ~ A ~ 0 ,  

B n = A~ + A~, 

Bza = Alo , 

B~ = x/s (3As + 3A: - -  ~/~A4) 

B~ = 1/s (3As - -  A,) 

B~ = 9 (As + A s ) -  3 (A, + As) Jr S/aA 4 - -  t6A~ 

B s = t8As ~ 9A~ 5A~ - -  6A~ 

B~o = A~ - -  A10 

Bza --  A~ 

(3.137 

The  c o n s t a n t s  Aik a r e  c a l c u l a t e d  a c c o r d i n g  to  Eqs .  (3 .2)- (3 .4) .  The  a v e r a g e  Lam6  c o n s t a n t s ,  wh ich  
a c c o r d i n g  to (2.8) d e t e r m i n e  the  u l t r a s o n i c  v e l o c i t i e s  Cl and ct ,  a r e  equa l  to 

3 3 

<a> = ~ (~/~(n) @ ~1~(~)), <~> = ~ (~/z~(~) -~ '/sv(~)) (3.14) 
n 

The  e l a s t i c  c o e f f i c i e n t s  x(n),  ~ (n), and ~ (n) a r e  g iven  by r e l a t i o n s  (3.4). 

The  f o r e g o i n g  r e s u l t  (3.8)-(3.12) can  be w r i t t e n ,  in the  no t a t i on  of [2], in t e r m s  of  t he  d o u b l e - i n d e x  
e l a s t i c  c o n s t a n t s  c ik  by  m e a n s  of  r e l a t i o n s  (3.13), (3.2), (3.3), and (3.4) a s  fo l lows :  

B1 = s/875 ] )2 + s/za5 (4bl + 2b2 -{- 3b3 ~ b,) 

B2 = Bs = '/2,s p2 % l/is5 (24b 1 + 7bs + i3b s Jr b4) 

B, = z/zso P~ + Z/9o (t2bz -{- b, -~ 4bs - -  2b4) 

B s = a/z575 (53P ~ + t000b I -~- 665b 2 + 630bs + 280ba + t20b~ - -  t80b6) 

B ,  = 4By ='4/15, 5 (6P ~ + 3061 + 70bs - -  t40b~ - - 3 5 b  4 + 7565 - -  16566) 

Bs = 1/10~ (30P s + 59tbl + 49bs + t96bs - -  98b 4 - -  365 - -  6be) 

B9 = Bz2 = le /4 ,~  (P '  + 20bl + 20b~ + 5b~ -{- 5b4 + 10bs - -  t0bs) 

Blo ---- 1/~,2~ ( t4P 2 + 295b~ -{- 25b~ + 100bs - -  50b~ + 5b~ + 10b~) 

B~  ---- ~/x~7~ (6P ~ -{- t00b~ + 75b~ -}- 25bs Jr 15b 4 + 30b5 - -  50bs) 

B~3 ---- ~ /~  (2P 2 + 28b~ + t362 + 7bs + b~ + 2b 5 - -  i4b~) 

B14 = 1/~575 ( S P  ~" -@ t45b~ + 30b~ + 45bs - -  ~5b  4 ~-  5ha  - -  20b~) 

(3.z5) 

w h e r e  

P = (Cll + C9.~: + CSS ) - -  (fil~ + C:I s '-~ C~3 ) - -  2(C44 ~ C55 + r 
bl = (c4~ + e.5 + esJ' - -  3 (c44%~ § c,5c8e + c8sc44) 
b2 = (C l l  "JF" C,~2 "~'-,r ~ - -  3 (CllC29 -~- C~2C8S ~ r 

b8 ----- (c12 -{- cls n u c2s) 2 - -  3(c12c13 -~- elaC2s 2[- C~3Ct2 ) 

(3.16) 
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b 4 = c11(c12 + cl3 - -  2r ) -[-- c~(r -~- c23 - -  2cl~)  + c3~ (c~s + c~a - -  2c1: ) 
b~ = c n (c~ + c,~ - -  2c~) + c~ (c~ + c~ - -  2c~) + c~  (c~ + c~ - -  2c~) 

b6 = c~ (c~ + c,~ - -  2c~) + c~3 (c~ + c~, - -  2c~D + c~ (c~ + c,~ - -  2c~,) 

and 

(3.17) 

4. The  e x p r e s s i o n s  found above  fo r  the  l o n g - w a v e  s c a t t e r i n g  c o e f f i c i e n t s  (3.8) e x a c t l y  c o i n c i d e  wi th  
the  r e s u l t s  of  [2] ( see  a l so  [6]) ff we a s s u m e  tha t  (a ~) = T,  w h e r e  T i s  the  a v e r a g e  v o l u m e  of  the  a c t u a l g r a i n .  
Th i s  f ac t  i s  ev iden t  f r o m  (3.8) if  we e v a l u a t e  Bt . . . . .  B4 a c c o r d i n g  to (3.15). In o r d e r  to e x p r e s s  the  d i s p e r -  
s ion  and s c a t t e r i n g  c o e f f i c i e n t s  for  s h o r t  w a v e s  [ see  e x p r e s s i o n s  (3 .9)- (3 .12) ,  (3~ and (3.16)] we have  
a u g m e n t e d  the  p a r a m e t e r s  P ,  b I . . . . .  b 4 of  [2] wi th  two a d d i t i o n a l  p a r a m e t e r s  b 5 and b~. 

F o r  t e t r a g o n a l  s y m m e t r y  (c22 = el i  , c23 = ci3, c5~ = c44 ) the  r e s u l t s  can  be de duc e d  f r o m  E q s .  (3 .8)-  
(3.12), (3.15), and  (3.16) by  the u s e  of  the  r e l a t i o n s  

in which  h i a r e  the  o n e - i n d e x  e l a s t i c  c o n s t a n t s  d e s c r i b e d ,  a c c o r d i n g  to [5], by  the  e x p r e s s i o n s  

~ = q~, X~ ~ c~, ~ = c33 - -  c n - -  2 (c~a - -  Cl~ + 2c~ - -  2c~), 

Now, for the  c o e f f i c i e n t s  Bik we have 

(4.1) 

(4.2) 

~1 -= s/e75 (ii~'3 ~ -~ 75~ ~ ~- i80)~+ 2 ~- 9 ~ 2 +  50~3~4 ~- 80~'3~5 "~- 6~3~.~--~ 200~,~,~) 

B~ = B8 = i/eT~ (4ik3 ~ -~ 225k~ ~ § 680k62 ~- 54k82 -~ 150~3k4 -~ 280k3k5 -~-36ks~6 -~ 600X4ks) 

B5 = s/1~75 (7i8ka ~ + 44i0k4 ~ + t2600ka ~ + 477k6 ~ -~ 3220k3~4 + 5560kaX~ + 318~,3~, 6 -~ t 3 7 2 0 k ~ )  

B6 = 4B: = s/~:~ (38~a~ -t- 875k~ ~ �9 27)~ ~ + i05)~3ka + 355k31,~ + 18)~3~i~ - 735~a~) 

Bs = ~/~0~ (79k~ ~ -~ 1351ka ~ -~ 270~ 2 -~ 386kaka -~ i80k3~) . 

B~ = Bx~ = ~ / ~  ( 2 i ~  ~ + t 0 5 ~  ~ + 420k~ ~ ~- 9k~ ~ § 90kak~ + t80kak~:+ 6kal~ -~ 420~k~) 

B10 = ~/xa~ (t3~a ~ ~- 245k~ ~ ~- 42k~ ~ -~ 70k3)~ ~- 2 8 k ~ )  

B n - ~  ~ / ~  (8t~a '~ + 385~ ~ + i540~a ~ + 54~ ~ § 330~3~a -~- 660~a~ ~ ~- 36~,3~ 6 -~ 1540~4),5) 

B~ = ~/x~Ts (38ka 2 @ 105ka ~ + 665~a 2 + 72k, 2 + 90~ak~ + 250ka~ + 481%~ii+ 420k~k~) 

(4.3) 

In this case 

~(a) = 1/1~ (t5~h§ ~- t0)~4 + 3~,), (~} = I/l~ (i5~ 2 § ~3 + i0~5 + 3)~) (4.4) 

The r e s u l t s  fo r  h e x a g o n a l  s y m m e t r y  can  be o b t a i n e d  f r o m  E q s .  (3 .8) - (3 .12) ,  (4.3), and (4.4) by  s e t t i ng  
X~ = O in E q s .  (4.3),  (4.4),  and  (4.2).  F o r  the  l o n g - w a v e  a p p r o x i m a t i o n  of  l o n g i t u d i n a l  and t r a n s v e r s e  m o d e s  
a s  we l l  a s  for  the  s h o r t - w a v e  a p p r o x i m a t i o n  of l ong i tud ina l  m o d e s  we a r r i v e  a t  the  f a m i l i a r  e x p r e s s i o n s  

for  the  a b s o r p t i o n  coe f f i c i en t  [3] ( see  a l s o  [6]). 
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The r e s u l t s  for  cubic  s y m m e t r y  (cl3 = c12, c66 = c44, c33 : cl17 a r e  obta ined by r e c o g n i z i n g  tha t  in this 
ca se  ~3 = X4 =ks = 0. The ca lcu la t ions  yield  

v,- (/) = c~ (i - -  a~ - -  a~ <a~> fa), vt- (f) = ct (i --  aa --  a, <a~> ]~) 
t6n~)~ ~ <a>/~ 2~)~ ~ <a> ]~ 

T/+ = 525p~c ~ ' Tt + =  75p~ct~ 

V, + =- ct ( l  + a~),  v t  + = c t ( i  + a~) 
2~ ~ [ 2 32 ) 2 ~  ~ [ I06 6 147 

~1 = ~ / ~ - 7 "  + ~ ' ~ = ~25r  ~ ~,--~- + - -  + - -  e.12ct "~ Cl4 ) 

a8 = ~ -I- , . a a : 6125p~ct ~ ~- .'---'v'-'x-ocl2ct~ 2 V 

2~ ~ (4c~ ~ 2 Ccts) 13ct2 + 7c~ s 
a a  = 5 2 5 p ~ c l , ( C l ,  _ ct  0 , a e  = - -  )~a ~ 2 i O % Z c t 4  ( c l ,  " _ c t , )  

)~6 : e l l  - -  Cls --- 2ff44, <(~> ----- 1/a (Cll -{- 4Clz - -  2c44), <~> = ' / s  ( c ~ - -  c,s ~- 3cu) 

(4.5) 

(4.6) 

(4.77 

(4.87 

(4.9) 

(4.10) 

(4.11) 

(4.12) 

It is a p p a r e n t  f r o m  r e l a t i o n s  (3.87-(4.127 that  the absorp t ion  coef f ic ien ts  and wave ve loc i t i e s  a r e  c a l -  
cula ted  for  the case  of o r t h o r h o m b i c  s y m m e t r y  in t e r m s  of  seven  p a r a m e t e r s  (P~, b 1 . . . . .  b67, each  of  which 
r e p r e s e n t s  a quadra t i c  funct ion of  the double- index  e las t ic  cons tan ts  Cik, fo r  t e t r agona l  s y m m e t r y  in t e r m s  
of four  p a r a m e t e r s  (As . . . . .  k6), for  hexagonal  s y m m e t r y  in t e r m s  of th ree  p a r a m e t e r s  (k3 . . . . .  ks), and for  
cubic s y m m e t r y  in t e r m s  of  one p a r a m e t e r  (k6), i .e . ,  the number  of  indicated p a r a m e t e r s  is half  the n u m -  
ber  of  independent  e las t i c  cons tan t s  Cik for  the given s y m m e t r y .  

5. It is appa ren t  f r o m  the fo regoing  r e s u l t s  that  the a t tenuat ion f ac to r  depends  s t rong ly  on the po ly -  
c r y s t a l l i n e  g r a i n  s i zes .  In the long-wave  case  this  dependence is d e t e r m i n e d  by the f ac to r  (a3), and in the 
s h o r t - w a v e  c a s e  by (a). In o r d e r  to c o m p a r e  the t h e o r e t i c a l  r e s u l t s  with exper imen ta l ,  it is r e q u i r e d  to go 
f r o m  the v a r i a b l e s  (a3) and (a) to app rop r i a t e  expe r imen t a l l y  m e a s u r e d  quant i t ies ,  namely ,  the a v e r a g e  
n u m b e r  of  g r a i n s  per  unit  a r e a  of  the sample  sec t ion  or  its equivalent  c h a r a c t e r i s t i c ,  the a v e r a g e  g r a i n  
d i a m e t e r  in the plane of the sec t ion  ( image d iamete r ) .  This  p r o b l e m  is unsolvable  in the gene ra l  c a s e .  It 
is obvious ,  however ,  that  the  c o r r e l a t i o n  sca le  ~ in the plane of  the sample  sec t ion  is r e l a t e d  to the vo lume 
c o r r e l a t i o n  sca le  a by m e a n s  of  a ce r t a in  n u m e r i c a l  f a c to r  k.  We then have 

<a> --=- klka,  <a2> = k~k~2' <aa> = kak3~3 (5.1) 

The coe f f i c i en t s  ki  a r e  as  follows for  exponent ia l  and Gauss ian  d i s t r ibu t ions  of  the coord ina te  p a r t  of  
the c o r r e l a t i o n  funct ions [7], r e s p e c t i v e l y :  

k 1 = ], k~ = 4~, k3 -- 8~ (~ = exp - r / a )  (5.2) 

kl = '/~ ] ; ~ ,  k~ = 2~ ,  k3 = ~ (~ = ~ x p - ~ / ~ )  ( 5 . 3 )  

We see f r o m  this  r e s u l t  t h a t  the coeff ic ients  k I and k3, which gove rn  the s h o r t -  and long-wave  a s y m p -  
to t ic  behav io r  of  the wave a t tenuat ion  , can  v a r y  app rec i ab ly  in t r ans i t i on  f r o m  one s t r u c t u r e  to ano ther .  
Thus ,  the t r a n s i t i o n  f r o m  an exponent ia l  to a Gauss ian  dependence for  ~(r)  induces  a 4 .5- fo ld  va r i a t i on  of 
k 3. The coef f ic ien t  k is a l so  s t r u c t u r e - s e n s i t i v e .  F o r  an e l e m e n t a r y  s t r u c t u r e  such as  the sphe ro ida l  g r a p h -  
ire p rec ip i t a t i ons  in pig i ron  [8] the ra t io  of the a v e r a g e  g ra in  d i a m e t e r  to the image  d i a m e t e r  is 1.45. The 
s a m e  r e s u l t  has  been obta ined  by compute r  ca lcu la t ions  of quas i sphe r i ea l  po lyc ry s t a l l i ne  g r a in s  [9]. On 
the o the r  hand, fo r  g ra ins  of  a r b i t r a r y  conf igura t ion ,  need le - shaped  for  example ,  it is r e a s o n a b l e  to expect  
the r a t io  of  the a v e r a g e  g r a i n  and image  d i a m e t e r s  to be d i f fe ren t  [8]. 

The fo rego ing  n u m e r i c a l  e s t i m a t e s  indicate  tha t  we should expect  a g r e e m e n t  of the t heo re t i c a l  and 
expe r imen ta l  c u r v e s  up to a cons tan t  f ac to r  depending on the s t r u c t u r e .  The value of the  l a t t e r  f ac to r  should 
be s e v e r a l  uni ts .  The long-wave  a sympto t i c  behav ior  of the s ca t t e r i ng  coef f ic ien t  has  been c o m p a r e d  with 
e x p e r i m e n t  in [6]. The t h e o r e t i c a l  equat ions  used  for  ve r i f i ca t i on  in the la t te r  pape r  a r e  obta ined f r o m  
the e x p r e s s i o n s  de r ived  h e r e  for  the long-wave a sympto t i c  behav ior  of  the s c a t t e r i n g  coef f ic ien t  by let t ing 
k3k 3 = 2 4 and ~ = r s 0, whe re  rs0 is the radius  for  which 5 0% of the g ra in  image  s have a d i a m e t e r  s m a l l e r  than rs0. 

We point  out tha t  the c o m p a r i s o n  of the a sympto t i c  behav ior  of long and shor t  waves  with expe r imen t  
makes  it poss ib l e  to d raw c e r t a i n  in fe rences  r e g a r d i n g  the value  of  the ra t io  k J k  I and thus  a f fo rds  an in-  
d i r e c t  means  of  va l ida t ing  the choice  of the funct ion ~( r ) .  
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