
Here the longitudinal wave Uy has a d ispers ion s imi la r  to that of the t~ansverse  wave in ~he previous case with 
c t rep laced  by c[ ,  and the t r ansve r se  wave Ux propagates  with a phase velocity c t. 

If the field H is large and the angles are close to v / 4 ,  we get f rom (15) that 

- -  2a'-(k/d) sina.cos au~ + ( - -  ~)" + 2a2(k/d) cos'-'a) u z = 0; 

( -- to ~ + 2a~(k/d)sin '- a)ux - -  2a2(k/d)sina �9 cos~. u z : O; 

( - -  ~;z + 2a~k/d)% == O. 

The wave Uy propagates  independently with agroup veloci ty ( a / V 2 - ~ . k / k ) .  Th e dispers ion relationship for  the waves 
Ux, Uz 

o) 2 = 2aek/d 

leads to a group velocity a / ~ Z z . k / k .  Thus all three deformations propagate  along the vector  k with an identical 
velocity U H independently of the angle of inclination a .  

We now give some numer ica l  calculations.  The Alfv6n velocity is comparable  with the velocity of sound 
in an elast ic  medium when H* ~ V E  (for steel E = 2 . 1 0  6 k g / c m  2, when H* ~ 10 6 De). For  a thin film H*- -  
!V-Ed/~,, where 3. is the wavelength~ i.e.,  when d<<~the magnetic field begins to affect the deformation at mueh 
smal le r  values of H. Moreover ,  a conducting layer  can be deposited on films of mater ia ls  with small  values of 
Young's modulus (for example,  rubber ,  polyethylene,  andso on), and for these the effects will begin to occur at 
magnetic fields of the o rde r  of a few oers teds .  
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SCATTERING AND VELOCITY DISPERSION 
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The sca t te r ing  coefficients and the velocity of propagation of longitudinal and t r ansve r se  u l t ra -  
sonic waves in polycrys ta ls  of or thorhombie  and higher s y m m e t r y  are  computed by the method 
of renormal iza t ion  of the equations of motion. The formulas thus obtained are  compared with 
the known asymptot ic  expressions for long and short  waves. A numer ica l  computation car r ied  
out for aluminum shows that for qa ~,1 (q is the wave number;  a is the corre la t ion  scale) the 
power index determining the frequency dependence of the sca t te r ing  coefficient decreases  mono- 
tonically f rom 4 to 2 for the t r ansve r se  waves,  while for the longitudinal waves this dependence 
is nonmonotonic, i.e., the power tndex dec reases  f rom 4 to 1, after which it increases  again to 
2. In the Rayleigh region (ql a < 1) the sca t te r ing  coefficient of the longitudinal waves increases  
with a power index smal le r  than 4. 

A large number of studies has been devoted~to the scat ter ing of ul t rasonic waves at the inhomogeneity 
grains of c rys ta l s ;  a review of these studies is given in [i]. The complexity of the computation leads to the r e -  
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~'gZ i "- 
Y"C 1T1 ='1 , / / ~  

Fig .  1 

T A B L E  1 

Material r ,...._.L_~ r~ ~..~:, ,.,.. ,..~ ,.,~ %, ,.~ &..t, 

Topaz 0,865 1,I01 0,905 1,364 0,959 0.905 0,925 1,136 t,tt9 
MgSOv7H-.,O 1.016 0,770 t,t96 1,233 0.895 0,89t 0,577 t,257 t,!98 
Mg-.SiO~ 1.330 0,813 1,022 0.749 0,991 t.003 0.809 0.983 0,962 
Na tartrate 0.870 t,032 t,255 0,858 t,056 0,960 t.262 0,315 0,997 
Seigne~te salt 0.809 t.036 L275 0.807 1.008 1,090 1,321 0,325 1,029 
HJOa ' 0,675 1,2i2 0,972 i.376 0.636 1,353 t.010 t.209 0,955 
Argdnite 1,555 0,849 0.820 t,689 0.7tl 0.076 t.045 0,632 t,037 
Sr80~ 0,983 0,999 1,2it t,i05 0,884 0,864 0,745 t,540 0,149 

su i t  tha t  u s u a l l y  the  i n v e s t i g a t i o n  is  r e s t r i c t e d  to the  l o n g - w a v e  and s h o r t - w a v e  a s y m p t o t i c  f o r m s  and the  r e -  
g ion fo r  wh ich  the  w a v e l e n g t h  is  of  t he  s a m e  o r d e r  as  t he  a v e r a g e  s i z e  of the  g r a i n s  r e m a i n s  u n i n v e s t i g a t e d .  
The o b j e c t  o f  t he  p r e s e n t  w o r k  is  to compu te  the  v e l o c i t y  of  p r o p a g a t i o n  of u l t r a s o n i c  w a v e s  and t h e i r  s c a t t e r -  
ing c o e f f i c i e n t  in the  e n t i r e  r a n g e  of  w a v e l e n g t h s .  

1. We s h a l l  a s s u m e  tha t  the  s y m m e t r y  of  the  p o l y c r y s t a l  is not  l o w e r  t han  o r t h o r h o m b i c  and we c a r r y  
out  the  c o m p u t a t t o n w i t h t h e  c o r r e l a t i o n  a p p r o x i m a t i o n  p r o p o s e d  in [2]. The p r o c e d u r e  of  c o m p u t a t i o n  is d i s -  
c u s s e d  in [2, 3], w h e r e  i t  is  shown tha t  for  d e t e r m i n i n g  the  v e l o c i t y  and the  s c a t t e r i n g  coe f f i c i en t  i t  is  n e c e s -  
s a r y  to  e v a l u a t e  the  i n t e g r a l  

IvCr., = ~ Gpr (r, r (r) cos qr],q+dV, (1.1) 

w h e r e  Gpr  is  t he  G r e e n ' s  t e n s o r  of the  wave  equa t ion  fo r  a m e d i u m  wi th  a v e r a g e d  p r o p e r t i e s ;  r (r) is  the  c o o r -  
d ina t e  d e p e n d e n c e  of  the  b i n a r y  c o r r e l a t i o n  func t ion  of  t he  e l a s t i c i t y  t e n s o r ,  wh ich  for  the  p o l y c r y s t a l s  i s  t a k e n  
in the  f o r m  r (r) = e x p  ( - r / a ) ;  q is  t he  wave  v e c t o r ;  a is  t he  c o r r e l a t i o n  s c a l e ;  and the  i n d i c e s  o c c u r r i n g  a f t e r  a 
c o m m a  deno te  d i f f e r e n t i a t i o n  wi th  r e s p e c t  to the  c o r r e s p o n d i n g  c o o r d i n a t e .  

F o r  e v a l u a t i n g  i n t e g r a l  (1.1) we m a k e  the  change  of  v a r i a b l e s  q =q l ,  q r  = f ---f n and e x p r e s s  the  f r e q u e n c y  
in t e r m s  of  the  wave  n u m b e r  wi th  the  use  of  the  f o r m u l a  q = w / c ,  w h e r e  c is  the  p h a s e  v e l o c i t y  in the  m e d i u m  
wi th  a v e r a g e d  p r o p e r t i e s .  Then  i n t e g r a l  I p q r s  can  be  w r i t t e n  in the  f o r m  

zp~r, y [nprg + Ghl  ~ (02/O~qO~.~)(e -~" cos ~l) ~ d ~ ;  (1.2) 
ripe...r~-np lzq. ..nr, s ~ l/qa, dQn -~ d~/~2d~, (1.3) 

w h e r e  t he  e x p l i c i t  f o r m s  of  func t ions  g and h a r e  g iven ,  for  e x a m p l e ,  in [2]. Equa t ion  (1.2) is  va l id  for  l o n g i -  
t ud ina l  and  t r a n s v e r s e  w a v e s .  In the  f i r s t  c a s e ,  a l l  the  q u a n t i t i e s  m u s t  be e x p r e s s e d  in t e r m s  of  q l ,  Cl ,  ~ l , 
s l , wh i l e  in the  s e c o n d  c a s e  t hey  m u s t  be  e x p r e s s e d  t h r o u g h  qt ,  c t ,  f t ,  s t .  The  v e l o c i t i e s  c l and ct  a r e  d e -  
f ined  in [3]. The  func t ions  g and h for  the  l ong i tud ina l  and t r a n s v e r s e  w a v e s  a r e  r e s p e c t i v e l y  equa l  to 

4np[c2~"g(~, c, • = [(~2 _ 3 - -  3i~)e ~ -  (~"--3--3i• (1.4) 

4np[c2~2h(~., c, • = [ ( i~q- l )e -~q  - (z2.~'a--t--i• 

4np[c~'~"g(~, c, • = [(3 - -  ~2 q_ 3i~)e-i~ q_ (u~_3_3/•  (1.5) 

4~p[c2~"h(~, c, • = [ (~ - -  i - - i~)e- i~q - (i:4~ q- i)e-iu~](o, 
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w h e r e  the  i ndex  l e n c l o s e d  in  p a r e n t h e s e s  d e n o t e s  t h a t  the  q u a n t i t i e s  ~ ,  c, ~ ,  g, h m u s t  be  r e p l a c e d  by  ~ t,  e l  ' 
Ul,  gl ,  hl a n d  s i m i l a r l y  f o r  t h e  i n d e x  t:  

xt ~ cdct, • ~ q / c .  (1.~) 

C o m p a r i n g  e x p r e s s i o n s  (1.4),  (1.5) we  f ind  t h a t  the  f u n c t i o n s  gt ,  gl  and  ht ,  h l a r e  r e l a t e d  ~hrough the  f o r m u ! a s  

gt(~t, Ct, • = - -  g~(~-t, ct, • (1.7) 
hi, (~t, ct,-• = - -  hd~t,  at, xt) + [(t/4z~pc-~)(e-~+ •  

w h i c h  e n a b l e  us  to  e v a l u a t e  i n t e g r a l  (1.2) for  t h e  c a s e  of  t r a n s v e r s e  w a v e s  f r o m  i ts  v a l u e  for  the  l o n g i t u d i n a l  
waves. 

Carrying out differentiation under the integral sign in (1.2) and integrating over the angles, we obtain 

@ lq~Jprs @ l,~Jpr q] --t,sq~Jpr ] d [ - 7 - . ; h ( [ , c , z ) e  -~s X (1.8) 

Jpq,,, -= ;ttp,ir,~COS lid-Q,, = (4~/[s)[ll,~,~ ([~ sin [ + 

@ t ()[3 cos [ - -  45[ z sin [ - -  105[ cos [ ~ t05 s in [) @ ~,p,],.~ ( - -  [a cos [ + (1 ~ 

-t- 6[ -~ s in ~ -F t5~ cos } - -  15 s in [) -t- 5pq,~ ( - -  }~ sin ~ - -  3~_ cos [ + 3 s in ~)] ; 

]pr = J ,q~  := (4~/}3)[tpr ([~sin~ + 3[ cos [ - -  3sin[)  + 6~)r(Sin~ - -  [ cos }/]; J = Jvp = ({~/[)s in[ ;  

Y ~  -- f n~,,~ sin ~ ld~ ,  = (4~/[:')l/v,.~ ( - -  [~ cos ~ § 6[ "~ s in [ § 15[ cos ~ - -  

- -  15 sin [) --(Iv6,, ~ 4- l r 6p~ -b 5v~l~)(~ ~ sin [ @ 3~ cos [ - - 3  sin [)];  

J; : Jt, p.~ : (43/[ 2) Is (silt [ - -  [ cos ~); 

lpq  . . . .  .= :  l l , l q . . . l , . ;  6 p q , . . : :  61,q6r~ + 6pr6,t" 61.~6,1. 

~['rq,~ - 1,.,6,. + Iv,5,~(- lv.5.~, @ L,,Sp~ L L;fir,_l, .St,~" 

We now c a r r y  ou t  the  i n t e g r a t i o n  of  (1.8) w i t h  r e s p e c t  to ~ .  F o r  t h i s  p u r p o s e  we m a k e  u s e  of f o r m u l a s  (1.9) 
m~d a l s o  (1.4) o r  (1.5) d e p e n d i n g  on  w h e t h e r  the  c o m p u t a t i o n  is  c a r r i e d  ou t  for  l o n g i t u d i n a l o r  t r a n s v e r s e  w a v e s .  
The  s u b s t i t u t i o n  l e a d s  to the  i n t e g r a l s  

0 '0 

"f --a~, - -n  . . . .  ~ --n 1,,~" = . e  "[ s ,n~d~;  ] , c -  ~ e - ~ ; ~  cos[dE. 
0 il 

w h e r e  

(1 Ao) 

cr s @  i; ~ = - s = -  i• 

After carrying out the computation, we get 

J-os = l / ( l  @ ~o.); ]oc = 8/(1 @ ~2); J,s = Ys = arctg(I/]~); 

Y,~ == Yc; 

,,% = ( ] / 2 ) t 2 ~  - 31~ - 2 1 ~ ] ~  + , , ' f f l~  ~ - ] ) l ;  
lac = (t/4) [262 - -  46~ + 3~ 2 - -  3 § 2 I  c (22--]) § @ I A ;  

Y ~  = ( l / 3 6 ) [ 1 8 6 2  - -  3661g + 3313~- - -  i f .  + 6]-~(31 ~2 - -  t + 613J,~(3 - -  13~)1; 

Y~ = (I/36)[126 ~ - -  186-'~ -b i86(~ ~ - -  i) § 33~ - -  l i ~  :~ - -  6 ~ Y c ( 3 _ ~ ) §  6YdI - -  3~)1; 

Ys~ = (I/72)[245 ~ - -  3652[ ~ ~- 125(3~" - -  i) + 25~ - -  2513 '~ + 12~]~ ( i  - -  ~2) § 3J~(i - -  6~ ~ § [~)1; 

Y~c = (1/288) [725 ~ -  9663~ @ 726~(~ 2 - -  I) @ 486~(3--[32) _L 

+ 25 - i50fi ~ + 25~  + i 2 J J b ,  - 6fi-' --  i ) +  4s~j,(fi  ~ _ i)l ;  

IG~ = ( I / 7 2 0 0 ) {  i 8 0 0 5 4  - -  240063~  + ( 3 0 0 5 2 ( 3 ~  ~ - -  I}  + 

-Fi2001~5(1 - -  t 3~) + 68513' - -  13701 ~2 + 137 -}- 60]~(5134 - -  i0132 + l ) +  60f iJ~(  - -  5 +  10l~ ~ - -  [~ ) ] ;  

J ~  = ( 1 / 7 2 0 0 ) [ 1 4 4 0 6 5  - -  1800541 ~ § 12005~(t3 ~ - -  I)  § 

-}- 60062~(3  - -  1 ~2) -P 3005(t3 ~ - -  61 ~2 + i )  - - 6 8 @  -i- i370133 - -  

--137[P + 60[~Y~(-- ~' + iOfi~_5) + 60Y~(-- i + I0~ 2- 5~')]; 

(1.1~3 

(1.12) 
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Y:~ ---- (i/21600)[43205 ~ - -  54008~8 + 12005~(3~ 2 - -  l)  + i8008~8(t - -  ~2) + 1808(5[1~ _ 1082 + 1) - -  44i~ + 

-i- 1~70~ 3 - -441~  5 + 608Jc(--  3~ ~ + 108 ~ - -  3 )~-30J~( - -  1 + t5~ ~ - -  i58 ~ + ~")]. 

H e r e  1 /6  is  an i n f i n i t e l y  s m a l l  q u a n t i t y  wh ich  is  i n t r o d u c e d  into the  i n t e g r a l  (1.10) i n s t e a d  of  the  l o w e r  l i m i t .  
The  i n t e g r a l s  w i th  p a r a m e t e r  a can  be  o b t a i n e d  f r o m  th i s  i n t e g r a l  by  a f o r m a l  s u b s t i t u t i o n  of  fl by  a .  F o r -  
m u l a s  (1.12) w e r e  e v a l u a t e d  b y  i n t e g r a t i o n  b y  p a r t s  a f t e r  w h i c h  the  func t ions  e - i l l 6  , s in  (1/5) ,  and  cos  (1 /6 )  
w e r e  expanded  in s e r i e s .  

2. Let  us c o n s i d e r  the  l o n g i t u d i n a l  w a v e s .  F o r  th i s  c a s e  the  q u a n t i t i e s  c, q, s ,  ~t, f l ,  a ,  e t c . ,  m u s t  have  
the  index l ( excep t ions  a r e  on ly  p ,  w, and a ). H o w e v e r ,  for  s i m p l i f y i n g  w r i t i n g  we s h a l l  o m i t  t he  index.  Us ing  
i n t e g r a l s  (1.12) and e x p r e s s i o n s  (1.4), (1.9), f r o m  f o r m u l a s  (1.8) we  get  

[p~i,.~ ---- lpcirsF1 ~- Ippr + 8pq,..._,Fa + 61~rl~isF4 "}-, 8pr6cl.~_Fa; (2.1) 
pc2F, ~ R,,(~. • - -  S,,(~) --; Q , ( a ,  ~, • (2.2) 

w h e r e  the  func t ions  Rn(fl , n )  a r e  g iven  by  equa t i ons  

8Rt(~, • = s:[23~ ~ + 2I~ ' - -  3g J,(3 + i0~: + 7g')] ~- 

+ (1/2)s[(233!5)~ § (142/3)fi a - -  7135 - -  ]~ ( t t  + 638: + 458 ' - -  7[Is)] + 

§ ~ --~a-~(l + ~:)]+i• 55~ -- 105~ ~ + 3ar~ (3 + 30~: + 35~)] + 

+i• ~ + 38Y., (21+ 308 ~ -  7~)] § 12i• 3~ -4- J~(l+ 

--3~)] -- 4• + ~') + 10/3 + 358"--5~Y, (3 + 7~")] --• -- 

-- 168;(I--i~: ) + (305,'3)~ --35~ ~ -  J~(21 + 908 .2 -- 35~)] -- 8• ~- [-- I'([ + ~ )  -~ 3 -- 3~or,]; 

8R~(~. • = s~[ -- 5~' --3~: + 3~ar~(l ~-- 2~'-' + ~')1 ~ (l'2)s[-- (39/5)~-- 

--3J~(l + 6~ ~ +58~)] + i• 7~ ~ - 3 ~  ~ -3~]~(3  +2f i  ~ - -  

-- ~)1 -- 4~:s'-'[~:'3 --', 5~ ~ -- ~ar~(3 ~ 5{~)1 + • -- 5~ 3 --J.(3 - 6~ ~ -- 5~)I; (2.3) 

40R:,(8.z) = s:[9]~ 2 ~ 3g'  § 8]~ -- {}Y0 (15 ~- t0!~ ~ --  3~')1 + 

= (1 2)s[--(443,15)~ - -  (14/3)~ ~ - -  fi~ - -  16~.lc + d J - -  5 + 15fi ~ + 5~ ~ + 

+ ~ ) ]  -~- 5 i •  3~;' - -  5fi + 3$~(t + 2~: + {5~)t § i •  + 9~ ~- + 

: -  3~ ' .-- 8]~ - -  Y~8(15 + 10~ ~ + 3~')1 - -  20• § fi: - -  fiY~(i + iF-)] - -  

_ S x ~ s [ _  ~a _ (5.'3)8 -~- Y~(l + 2]~: § [~')l; 

2R~(~$. z) := ~[fi2 - -  ~d~(t + fi:)] + s[(t/3)~ - -  ~6a + d.r - -  1)t + 

- 0  ~ + ~ , )  - ~• 3~ + Y,(3V + I); 

6 ~ ( ~ ,  • = ~:[ - V - 2 ] ~  + ~]~(3 + V)I + s[(14/3)~ + 
- :  fi~ § 2~Y~ - -  ~=']~(3 § 82)] - -  3i• - - f i  + J , ( l  + fi:)] - -  2i• '-- J~ - -  Jf l (3  § 2~:)]. 

The  c o r r e s p o n d i n g  e x p r e s s i o n s  fo r  Sn(~) a r e  o b t a i n e d  f r o m  t h o s e  of Rn(f l ,  ~t) if  in f o r m u l a s  (2.3) we m a k e  the  
s u b s t i t u t i o n s  /3 - - -~ ,  n - * l ,  f f s - * J s ,  a n d J e ' - ~ J c  �9 The  q u a n t i t i e s  Q n ( a , / 3 ,  n ) a r e  e x p r e s s e d  in the  f o r m  

Q, = p~ = Qa = o, Q, == • + [~"-) - 3 - 3~J~] , -  

- • - 2~/(t + ~ )  + 3~ + y , ( l  - 3fi~)] + x'-ISV(l + 8 ~) - ~]~l + 
+ (I/2)s[-- 3:z + 1~(1 + 3a"-)] + [ -- i + :q~]; (2.4) 

Qa = • t - -  ~Ys] + x~s[-- fi + [~:J~] + (t /2)s[a - -  j~(t + ~:)]. 

T h e  v a r i a b l e s  ~ ar id/3 a r e  c o m p l e x .  T h e i r  r e a l  and  i m a g i n a r y  p a r t s  a r e  g iven  by  f o r m u l a s  (1.11). U s i n g  t h e s e  
f o r m u l a s  we  change  o v e r  to v a r i a b l e s  s and  ~ and s e p a r a t e  the  r e a l  and  i m a g i n a r y  p a r t s  in func t ions  J s  and  

Js:  
]~ ---- ( t /2)arctg[2s/(s  2 + • - -  1)] + i ( l /4 ) ln([s  ~ + (• - -  l)2] ' /[s 4 + 2(• ~- + t)s ~ + (u ~ - -  t)~]}; 

(2.5) 
]~ ---- ( i /2)arctg(2/s)  - -  i( i /4)ln(t  + 4/~). 

(2.5) into (2 .2)-(2 .4) .  Th i s  e n a b l e s  us to  s e p a r a t e  the  r e a l  and the  i m a g i n a r y  p a r t s  of  We now s u b s t i t u t e  (1.11), 
func t ion  Fn :  

Fn ---- an "4- ibn, 

w h e r e  the  c o e f f i c i e n t s  a n and  bn  a r e  g iven  by  the  f o r m u l a s  

,octal -= (5/16)[14(• 2 -- l)s ~ + (-- 23 4- 16• 2 -- 7• 2 ] -  (s ~- + 5)/(s 2 + 4) -4- P1 --  P2Ps + P4P~; 

(2.6) 
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pc• = ( l / t6 ) [10( i  - -  • + (13 - -  8• ~" - -  5• ~] + PzP~ --  P~PT; 

pc3a~ = ( t / i6 ) [2( •  2 - -  t)s 4 + (• - -  i)s 2] - -  PaPs + PaPg; 

pc• = - -  i ,o• - -  P l  + P2PlO; 9c'a5 O,o• - -  P2P~; 

9c"-b~ = (5/48)[--  21Po + (76 - -  21• - -  34• ~ - -  21• - -  P~2 + 2/s(s 2 + 4) - -  P~aP3 - -  Px4P~; 

9c~bz = (1/48)[t5Po + ( - -  44 + 15• + t4•  3 + i5• + P,~P~ + PaaP;; 

9c2bn = (1/48)[--  3Po + (4 - -  3• + 2• ~ - -  3• - -  PasPs - -  P~P~;  

9~-cba = ], 5• + P~2 + P~P~ol 9c~b~ = - -  0,5• - -  P~aP~. 

(2.7) 

T h e  q u a n t i t i e s  Pn  a r e  o f  t h e  f o r m  
Po = (• - -  I )P  + 2 ( - -  2 + • + • 

1)1 = {X2184 + (2 + 3• 3 + (t - -  • 1/[P+2(• + t)S"-+ (• 1)2]}; 

p~ = (l/2)arctg[2s/(s ~- + • __ i ) ] ;  P~ = (5/16)[7s 7 + 

+ 21(t + z~ 5 +3(7  + t0•  z + 7• ~ + (7 + 9• 2 + 9• 4 + 7• 

Pa = (t/2)arctg(2/5); P~ = (5/16)[7s ~ + 42P + 72s 3 + 32s]; 

P,~ = (1/~6)[5s 7 + 15(1 + • ~ + 3(5 + 6• 2 + 5• 3 + (5 + 3• 3 + 

+ ?,• -~- 5• P~ = (t/16)[5s 7 + 30P + ~Ss 3 + t6s];  Ps = ( l / t6 ) [ s  ~ + 

+ 3(1 + • + (3 + 2• 2 + 3• + (1 - -  • - -  • + • P~ = 

- :  (1/1())[ s7 +- 6s'~ + 8s~]; Plo = t ,5  •176 ~" + (• + i ) ] ;  Pa~ = 

= (k.3• + (• + t ) l ;  P~2 = 2• P + 2( • + l) s~" + (U 2 -- l!~]; 
t )  : ($ ~)i~{[s2 + (• _ l)2]-~/[s ~ + 2(• + t)s ~_ + (• _ 1)21; 

Pin = ( l /4) ln( l  + 4/s'). 

(2.8) 

I t  i s  e v i d e n t  f r o m  t h e  o b t a i n e d  r e s u l t s  t h a t  a f t e r  a p p r o p r i a t e  a l g e b r a i c  m a n i p u l a t i o n s  a s s o c i a t e d  w i t h  t h e  e v a l -  

u a t i o n  of  i n t e g r a l  I p q r s  t h e  l a r g e  p a r a m e t e r s  5 n and  J c  o c c u r r i n g  in (1.12) m u t u a l l y  c a n c e l  ou t ;  t h i s  a v o i d s  t h e  
n e e d  o f  m a k i n g  t h e  l i m i t i n g  t r a n s i t i o n  1 / 6  --~0 in t h e  f i n a l  f o r m u l a s .  

3. L e t  us e v a l u a t e  i n t e g r a l  (1.2) f o r  t h e  t r a n s v e r s e  w a v e s .  F o r  t h i s  p u r p o s e  we  m u s t  s u b s t i t u t e  t h e  e x -  

p l i c i t  v a l u e s  o f  f u n c t i o n s  g and  h in a c c o r d a n c e  w i t h  (1.5) and  o f  i n t e g r a l s  J p q r s  and  J p q r  in a c c o r d a n c e  w i t h  

(1.9) in to  t h e  e x p r e s s i o n s  (1.8).  A n o t h e r  s i m p l e r  m e t h o d  c o n s i s t s  in u s i n g  f o r m u l a s  (1 .7) - (1 .9)  w h i c h  a l l o w  us 
to  u s e  t h e  f i na l  f o r m u l a s  (2.3),  (2.4) f o r  t h e  l o n g i t u d i n a l  w a v e s .  

T h e  q u a n t i t i e s  ( c o m p u t e d  a t  t h i s  point )  a n ,  bn ,  e t c . ,  and  a l s o  v a r i a b l e s  c ,  q ,  ~ ,  s r e f e r  to  t h e  t r a n s v e r s e  
w a v e s  and t h e r e f o r e  m u s t  h a v e  t h e  i n d e x  t .  As  in w 2, f o r  t h e  s a k e  of s i m p l i c i t y ,  w e  w i l l  d r o p  inde•  t in  
t h e s e  q u a n t i t i e s .  

A s  b e f o r e ,  i n t e g r a l  I p q r s  is  d e t e r m i n e d  by  e x p r e s s i o n s  (2.1),  (2.6);  h o w e v e r ,  n o w  c o e f f i c i e n t s  a n  and  bn 
Wil l  be  w r i t t e n  in t h e  f o r m  

9c2al = (5 / t6 ) [ t4 ( i  - -  • + (23 - -  16• 2 - -  7• 2 ] - -  

- -  • + (2 + 3• 2 + (t - -  • + 2(• 3 + t)s 2 + (• __ t)31 + ul + uo.u3 - -  u4us; 

pcea._ = (t/i6)[lO(• - -  l)s a + ( - -13 + 8• 2 + 5• - -  u2u~ + UaUT; 

9c"-az = (] Jt6)[2(t - -  • + (1 - -  • + u2u s - -  uaug; 

9c2a4 = - - t , 5 s  2 - -  us + u4ulo; pc"-a a = 0,5s 2 - -  u4u11; 

9c2b~ = (5/48)[--2tuo + ( - -76 + 21• + 34• 8 + 21• + (3.1) 

+ 2• ~ + 2(• + l)s 3 + (x ~- - -  l)  2 ] - -  u13 + u.13u3 + u,4us; 

9c~b3 = (l/48)[15uo + (44 -- i5• -- 14• 3 -- 15• - -  U13~l 6 ---U14U7; 

pc"-b3 = (1/48)[--  3Uo + ( - - 4  + 3• - -  2• 3 + 3• + Z~.13L~ 8 + ~14U9; 

pc"b 4 = 1,5 s + ul~ - - -  u14Ulo; pc2b5 = --0,Ss + u14u11. 

H e r e  the  q u a n t i t i e s  Un a r e  o f  t h e  f o r m  

uo = (i  - -  • + 2(2 - -  • - -  • ul = (s 3 + 5)/(s ~ + 4); 

u. = (1/2) arctg [2s/(s 3 + • - -  t ]; 

ua = (5/16)[7s: + 21(1 + • + 3(7 + lO• 2 + 7• 3 + (7 + 9 •  9• 4 + 7• 

u 4 = ( i /2)  arctg (2/s); u5 = (5/16)[7s 7 + 42s 5 + 72P + 32s]; u6 = 

= (1/16)[5s 7 + t5(1 + u2)P + 3(5 + 6• -~ + 5• ~ + (5 + 3• 2 + 3• 4 + 5• (3.2) 
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u:  = (1/16)[5s ~ -T- 30fi - -  48S a -7 16S]; US = (t / t6)[S 7 -7 3(t -7 • -k 

- -  (3 -7 2• ~ -7 3• -7 (t  -- • -- • -7 • u9 = ( i / t6) [s  7 -7 6s~-78P]; 

ulo = 1.5s(s ~ -7 2); u n  = 0,5s(s ~ + 2); ul~ = 2/s(s ~ -7 4); 

u13 = (I,'4) In {is: -7 (• - -  t)~-]~ * -7 2(• -~ + l)s"- -7 (• - -  i)~J}; 

u~, = ( i /4)  in  ( l  -7 4/s"). 

4. In  o r d e r  to  c o m p u t e  the  s c a t t e r i n g  c o e f f i c i e n t s  o f  l o n g i t u d i n a l  and  t r a n s v e r s e  w a v e s  a n d t h e s  p r o p a g a -  
t i o n  v e l o c i t i e s  f r o m  t h e  k n o w n  i n t e g r a l s  I p q r s  we  m a k e  u s e  of  t he  f o r m u l a  [2] 

Ars lm 
Vl l  ~ xxihpq Ipqrs lkrn .  

S u b s t i t u t i n g  (2.1),  (2.6) in to  t h i s  f o r m u l a  we  get  

Ci t  = (g l  T 11Vhrnpqrs-=ihpcl ~ .  ((l 2 -7  cv2lk~.~thrarq-/-']-ihp,l -7  ~'.,,hml*q-=Htt,q) -7  

�9 *~Im , o;  ..li.l[m~ i ; ,1 rldm A pqlm 
- c  (% + ~b,,)(l~,,A~,vv -7 + ' ibm) l~,,,,~',it, v,~ �9 ~- ~,~.~;,~,,, ~ -r- (a, § ibm) (a~ l hmrq'~'~hp,t 

D e p e n d i n g  o n  w h i c h  o f  t h e  w a v e s  a r e  b e i n g  c o n s i d e r e d ~ q u a n t i t i e s  a n  a n d  b n w i l l  be  g i v e n  b y  f o r m u l a s  (2.7),  
(2.8) o r  (3.1),  (3.2). T h e  c o n t r a c t i o n s  of  t h e  t e n s o r  A r i e l  m fo r  o r t h o r h o m b i c  s y m m e t r y  a r e  w e l l  k n o w n  [3]. 
S u b s t i t u t i n g  t h e i r  e x p l i c i t  v a l u e ,  we o b t a i n  

~z -7 ~1 = Agal -7 2(2A~ + Aa)a., - ~ (A~ ~ 2Ar)a ~ -7 A f l ~  + Aras; 

~.~ -7 ~t.,. = Aob t -7 2(2A~ -~- A~)b.,. ~- (A~ - -  2Ar)b ~ A~b~ + A~b~; (4.1) 

rtx = A~oa, =- 2(2A~ =- A.~.)a.,. -'- (A~ ~ 2As)a 3 --- A,;a, - -  Asa~; 

~t., = Azobt -7 2(2A s -T A.,)b: -7 (A ~ -f- 2As)b~ : -  A~b~ A~b~. 

The  s c a t t e r i n g  c o e f f i c i e n t s  o f  t h e  w a v e s  an d  t h e i r  v e l o c i t i e s  a r e  found  f r o m  f o r m u l a s  s i m i l a r  to t h o s e  g i v e n  in  
[2, 3] :  

~'~ (,',). ~'---', ( . '9 + -h,~ ( ,~ 
"~'t (St)  2pastc ~ "~t (St)  = 2paslc~ 

v~ (sO = ct + Act; v~ (sz) = c~ + hcz; 2pctAct ---- ~t~ (st) -- t 7s~ ' (4.2) 

2 , o c i A c i  ~ ~.~ (s,) -7 2,u~ (st) ~ s, ~ [?~ (s,) - -  2p~ (s,) ] .  

Substituting X i and Pi from (4.1) into (4.2), we get 

,u~ (st) = H~b 'l (st) + H.,b~ (st) + Hab~ (st) + H,b~ (st) + tl:,b~ (st); 

~.~ (s~) -7 2,u!_, (s,) = Hsb~ (st) -7 H.  hl (st) -7 Hsb~ (.st) -7 H,,b~ (s~) -7 Hlob~ (s~) : 

2pQAct = H1 a~ (s~) - -  s 1 t"t~ 

d~ ~ ~,. ~l "- . J '  (4 .3>  

[ [ �9 e,,Z (~z)] , 
, + U ,  " ! , ( * ) -~ t  " 2,octAcz H6 a~ (st) - -  st d,, t / - ~ J  = '  

+ Hs as( l ) -  + H9 ai~(~a--s,--N- J + H~0 ~,(~,) 

H e r e  we  have  i n t r o d u c e d  t h e  f o l l o w i n g  n o t a t i o n :  

H1 = A1o = B,3; H._, = 2(2A~ --  As) = (2/3)(B7 -7 3B3); 

H3 : As -7 2As = 3B3; H~ : A~ = B ~ ;  H~ = A s : (3/5)(2B~ -7 B3); 

He, : A9 -7 A10 = B.,; 
H7 = 2(2A~ -- 2A6 -!- AI -~- Ae) = (4/9)(9B u - -  24B,~ -7 4B 7 + t2B~); (4.4) 

Hs = A 3 - ~ - A ~ - 7 2 A  7 - 2 A  s = 3BI; H9 = A s - T A 6  : B n ;  

H10 = A 7 -7 A s = (1 '10)(15B 1 - -  i2B3 -7 16B4), 

w h e r e  t h e  c o e f f i c i e n t s  A n an d  B n a r e  e x p r e s s e d  in t e r m s  of  t w o - i n d e x  e l a s t i c i t y  c o n s t a n t s  wi th  t he  u s e  o f  f o r -  
m u l a s  g i v e n  in  [3]. I t  i s  e v i d e n t  f r o m  the  f o r m u l a s  o b t a i n e d  above  t h a t  for  c o m p u t i n g  the  s c a t t e r i n g  c o e f f i c i e n t  
T l of  l o n g i t u d i n a l  w a v e s  we  m u s t  u s e  t h e  s e c o n d  of  f o r m u l a s  (4.2) in  w h i c h  t h e  n u m e r a t o r  is  e x p r e s s e d i n t e r m s  
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of  the  k n o w n  c o e f f i c i e n t s  Brt w i th  the  u s e  o f  t h e  s e c o n d  o f  f o r m u l a s  (4.3} and  (4.4) and  in  t e r m s  of  f u n c t i o n s  b n 
w i t h  t he  u s e  of  f o r m u l a s  (2.7),  (2.8). In c h a n g i n g  o v e r  f r o m  p a r a m e t e r  s to  the  w a v e  n u m b e r  q we m u s t  m a k e  
u s e  of  the  f o r m u l a  s l = l / q l a W h i e h  fo l lows  f r o m  (1.3). The  q u a n t i t y  n l is  found  wi th  the  u s e  of  t he  f i r s t  f o r -  
m u l a  in  (1.6). S i m i l a r l y ,  t h e  s c a t t e r i n g  c o e f f i c i e n t  Yt of  the  t r a n s v e r s e  w a v e s  is  c o m p u t e d  f r o m  f o r m u l a s  
(4 .2 ) - (4 .4 ) ,  (3.1), (3.2), (1.3),  and  the  l a s t  o f  t he  f o r m u l a s  in  (1.6). 

5. In  o r d e r  to c o m p u t e  the  f r e q u e n c y  d e p e n d e n c e  o f  the  v e l o c i t y  of  p r o p a g a t i o n  of  the  l o n g i t u d i n a l  w a v e s  
we m a k e  u se  of  the  f o u r t h  f o r m u l a  in  (4.2) an d  (4.37. F o r m u l a s  (2.77, (2.8) e n a b l e  us  to o b t a i n  the  f o l l o w i n g  
e x p r e s s i o n s  : 

9c"-(a~ - -  s d a j d s )  = ( 5 / t 6 ) [ ~ ( i  - -  • ~ 4- (23 - -  ~6• ~- - -  7• § 

-+ ( tS /8 )P~s~[7s  * - -  14(1 + • + (7 + 10• 2 %- 7x*)] - -  (15/8)Pasa(7s  * 4- 

+ 28s e + 25) - -  (s ~ + l l d  4- 20)/(32 q- 3)"- 4- P ~  - -  P~aP a + P~rPs;  

pc'-(a2 - -  sda,./ds) = (1/I6)[30(• e - -  l)s ~ 4- ( - -  t3  + 8• e 4- 5• e] - -  

- -  (3/8)t'.,_sa[53 ~ + lO(l + • 2 + (5 --' C,• 2 + 5• + (3/8)P4sa(53 ~ + 2032 + t67 4 l q 6 I ~  - -  P lvP~;  (5.1.) 

9ce(a3 - -  sda+/ds) = ( t / t6) [6(I  - -  • 4 + (i - -  • 4- ( i / 8 ) P ~ J ~ 3 s  ~ + 

- -  6(i - -  • 2 + (3 + 2• - -  3z~)] - -  ( t /8 )P~sa(3s  a + 12s ~ + 8) - -  

- -  P~,~P~ @ Pafl)~;  9c"-(a a - -  sda.  ds) = 1,5• ~ - -  3Po• a - -  Pa~ 4- 

" tq~P~o; pc-'(a~ - -  sdaa ds) = - -  0,5• "-' -? P.,• ~ - -  P 1 6 P n ,  

w h e r e  Pn  for  n = 0 - 1 4  a r e  g i v en  by  e x p r e s s i o n s  (2.87, w h i l e  for  n = 15-17  t h e y  a r e  g i v e n  by  the  f o r m u l a s  

1)~ = {• ~ + 2(• ~ ~- l)s ~ + (• - -  t)~J~}[ss + (4 -+- 7•176 G + 

+ (0 + 11• 2 + 3• 4 4- (~ - -  • _ 2• _ 3• 4- (i - -  3• ~ 4- 3• ~ ~• (5,2) 

P ~  = g s :  - (• - -  I71/13' 4- 2(• - ~)3 e + ( ~  - -  I)=1; p~:  = s/'(3 ~ + ~). 

Since  in  f o r m u l a s  (5.1), (5.2) a l t  t he  q u a n t i t i e s  r e f e r  to l o n g i t u d i n a l  w a v e s ,  t h e y  m u s t  h a v e  i n d e x  l ,  w h i c h  ha s  
b e e n  o m i t t e d  for  the  s a k e  o f  s i m p l i c i t y .  

It fo l lows  f r o m  t h e s e  r e s u l t s  t h a t  the  v e l o c i t y  of  p r o p a g a t i o n  v 1 of  l o n g i t u d i n a l  w a v e s  in  p o l y c r y s t a l s  
h a v i n g  o r t h o r h o m b i e  o r  h i g h e r  s y m m e t r y  is  g i v e n  by  f o r m u l a s  (4 .2 ) - (4 .4 ) ,  (5.1),  (5.2), (2.8),  (1.4), and  t h e f i r s t  
f o r m u l a  in  (1.6). 

The  f r e q u e n c y  d e p e n d e n c e  of  the  v e l o c i t y  o f  p r o p a g a t i o n  of  the  t r a n s v e r s e  w a v e s  is  d e t e r m i n e d  s i m i l a r l y .  
F r o m  f o r m u l a s  (3 .D,  (3.2) we ge t  

9c"-(a~ - -  s d a ( d s )  ---- (5/16)[42(z ~ - -  1)s ~ + ( - -23 + 16• ~ - -  7• -~] - -  

- -  (15/8)u~sa[7s ~ + 1-~(1 -~- • q- (7 4- t0• e + 7• - -  (15/8)u~sa(Ts ~ - -  

+ 28s: . -  24) - - { •  a 4- 2(• 2 + l)s 2 --' (• - -  l)-']~}[s e + (4 + 7• ~ 4- 

+ (6 + l i •  e :+ 3• ~ + (4 + • - -  2• ~ - -  3• ~ + (t - -  3• + 3• ~ - -  x~)] + u,~ + u ~ u a  - -  u~u~;  

pc~(a~ - -  s d a J d s )  = (1+'15)~30(I - -  • 4- (~3 - -  8~ 2 - -  5x*)s='J + 

+ (3/8)u.,.sa[5s ~ - -  iO(l + • 2 + (5 + 6• ~ -4- 5• - -  (3/8)u~sa(5s a + 2032 @ t6) ~ Ul6R 6 -~ U17/s (5.3) 
pc~-(aa ~ sdaa/ds) = (1/16)[6(• ~ - -  l)s ~ + (• _ l)s =] - -  (l /8)u~sa[3s~ + 

+ 6(i + x-~)s ~ + (3 + 2• ~ 4- 3• + (1/8)u~sZ(3s~ + i2s" 4- 8) + ut~us ~ u~Tu~; 

9c~-(aa - -  sdaa/ds) = 1,5s ~ - -  3u~s ~ - -  ua~ 4-  u~vuao; 

pc~-(a~ - -  s d a j d s )  = --0,5d'- + u~s a - -  ua~u~, 

w h e r e  u n for  n = 0 - 1 4  a r e  g i v e n  by  e x p r e s s i o n  (3.2),  w h i l e  for  n = 1 5 - 1 7  t h e y  a r e  g i v e n  b y  the  f o r m u l a  

u,.~ = (s '  + ~ t s  ~ 4- 20) / ( s  ~ + ~7~; u ~  = sis: - -  (• - -  ~)]/[3 ~ + 2(• 4- t)s"- + (• -17"U; u~  = 3/(g a + 4). (5.4) 

F o r m u l a s  (5.3),  (5.4) p e r t a i n  to t r a n s v e r s e  w a v e s  and  t h e r e f o r e  a l l  t h e  q u a n t i t i e s  o c c u r r i n g  in t h e s e  f o r m u l a s  
m u s t  h a v e  t h e  i n d e x  t ;  a g a i n ,  fo r  t h e  s a k e  of  s i m p l i c i t y ,  t h i s  i ndex  is  o m i t t e d .  We s t r e s s  t ha t  the  i n t r o d u c t i o n  
o f  the  c o r r e s p o n d i n g  i n d e x  is  o b l i g a t o r y  ( n  l = 1 / n t  = c / / c t ,  c l  # ct ,  q l  # q t ,  S l #  s t ,  e t c . ) .  

T h u s ,  the  f r e q u e n c y  d e p e n d e n c e  of  the  v e l o c i t y  of p r o p a g a t i o n  of  t r a n s v e r s e  w a v e s  v t in  p o l y e r y s t a l s  wi th  
orthorhombic and higher symmetry i s  given by formulas (4.2)-(4.4), (5.3), (5.4), (3.2), (1.3), and (1.6). 

It is evident from the formulas given above that the scattering coefficients and the velocities of ultra- 
sonic waves in polyerystals have, generally, a complex frequency dependence. For matching the obtained re- 
sults with the well-known formulas for low and high frequencies we carried out the l/miring transition in ex- 
pressions (2.1-), (2.6)- (2.8), (3.1), and (3.2). Computations carried out by the method of series expansion in param- 

449 



e te r  1 / s  showed that  the asympto t ic  f o r m  of the long wave (1 / s  = q a  <<1) comple te ly  coincides with the r e su l t s  
of [3, 4]. In the asympto t i c  f o r m  of shor t  waves  (1 / s  = q a  >>1) using the s e r i e s  expansion in s it is found that 
the c o r r e c t  exp re s s ions  for Ipqrs  a r e  the following: 

P [ c?-- c i" ' " . "ic T 2c? aqz , 

= - - ~ -  5 4c~ c~--c~ 2c~ aqt " 

These  expres s ions  differ  f r o m  the approx imate  fo rmulas  p resen ted  in [3] by a numer i ca l  factor  which makes  a 
s ignif icant  contr ibution only in the veloci ty  of  propagat ion  of shor t  waves  and does not change the sca t t e r ing  
coefficient.  

Using the fo rmu la s  obtained above,  the sca t t e r ing  coeff ic ients  of longitudinal and t r a n s v e r s e  u l t rasonic  
waves were  computed on a computer  for a luminum for a wide r ange  of wavelengths .  The e las t ic  constants  of 
a luminum in units of 10 ll d y n / c m  2 a r e  as follows [5]: e11=10.82, c12 =6.13, c44=2.85 , and the dens i typ  =2.7 
f f e m  3. The co r r e l a t i on  sca le  a is equal to the median rad ius  of the r e p r e s e n t a t i o n s  rs0 [1], i .e. ,  the rad ius  of 
such a gra in  for which 50% of the grain  r ep r e sen t a t i ons  in the c ro s s  sec t ion  of the cut have rad ius  l a r g e r  than 
r s0 and 50% have s m a l l e r .  

For  the computat ions  we took a = 0.01 cm.  The r e s u l t s  of the computat ions  a r e  given in Fig. 1, where  
the dashes  denote the cor responding  dependences  computed f r o m  the known asympto t ic  fo rmulas  of [3] for 
cubic s y m m e t r y  where  (a3)=87ra3; (a)  = a .  The number s  1, 2 denote the sca t t e r ing  coefficients  Yt(st) and 
~'l (s I ) for the t r a n s v e r s e  and the longitudinal waves ,  r e spec t ive ly .  The quanti t ies  1 / s  t for the t r a n s v e r s e  
waves  and 1 / s  1 for the longitudinal waves  a r e  plotted along the absc i s sa .  Since 1 / s  =qa = w a / c ,  the s ame  
graph  desc r ibe s  a lso  the f requency  dependence of the at tenuation coefficient.  It is evident f r o m  the f igure that  
the asympto t i c  fo rmulas  can be used if qa ___10 or  qa _~ 1 /10.  The in te rsec t ion  of  the curves  Yt and T[ is in 
conformi ty  with the known theore t i ca l  e s t i m a t e s  by the asympto t i c  fo rmulas  accord ing  to which 7 t  > Yl in the 
region of high f requencies ,  while Yt < 3'1 in the reg ion  of low f requencies .  The slope of the curves  in the f igure 
r e f l ec t s  the dependence y ~ w 4  for  low f requencies  and y ~w 2 for high f requencies ,  which was a lso  conf i rmed  
expe r imen ta l ly  [1]. In the in te rmedia te  reg ion  where  a q  ~ 1, the slope of the cu rves  for the t r a n s v e r s e  waves  
changes monotonical ly  ensur ing  a smooth  t rans i t ion  f r o m  the dependence Yt ~w4 to Yt ~w2. However,  t he re  is 
no such  smooth  t rans i t ion  for the longitudinal waves .  The slope of the curve  desc r ibed  by the dependence 
a ln  T/31n r  4 to 1, then again i n c r e a s e s  to 2. 

The p r e sen t  s tudy has been  c a r r i e d  out in an approximat ion  which takes  into considera t ion only the pa i red  
co r r e l a t i on  between the inhomogenei ty e l emen t s .  This approach  p re supposes  sma l lnes s  of spat ia l  f luctuations 
of the modulus of e las t ic i ty  t ensor .  For  a numer i ca l  e s t ima te  of the magnitude of f luctuations the r a t io s  of the 
coeff ic ients  Cmn/<  Crnn > a r e  given in Table  1 for  a number  of po lyc rys t a l s  of o r thorhombic  s y m m e t r y .  The 
r e f e r e n c e  values  of cnm are  taken f r o m  [6], while the mean  values a r e  computed f r o m  the fo rmulas  [7] 

( c l t ' : - - ( , c l o + 2 c 4 ~ ) ; ~  . ( c u ) = ( k - - ( 2 , " 3 ) t . t }  "~, ~c4~.,\--(tt).'-- , 

(K)----- (l/9)[(ctt + c~ + c33) + 2(cr, +v:3  + cla)]; 
(In } = (1/15)[(c u + c:~ + ca.~ ) --  (cl_o + c.,.~ + ct3 ) + 3(c~.t + c5~ + c6~)]. 

It  is evident that  for  m o s t  of these  m a t e r i a l s ,  the condition of sma l lnes s  of the spat ia l  fluctuations is sa t i s f ied  

(enm/< Cmn > ~ 1). 

As an example  of m a t e r i a l s  with la rge  an iso t ropy  we have shown argoni te  and SrSO 4 , f o r w h i c h t h e a p p r o x -  
imat ion used h e r e  can lead to a l a rge  e r r o r .  
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SOME LAWS FOR PRECIPITATION 

OF AEROSOLS ON A CHARGED COLLECTOR 

I N  T H E  R E Y N O L D S  N U M B E R  R A N G E  1 0 - 1 0 0  

V. V. S m i r n o v  UDC 633.6.011 : 621.359.4 

Exper imenta l  data  a r e  p resen ted  on the eff ic iency of e l ec t ros t a t i c  prec ip i ta t ion  of aqueous a e r o -  
sol pa r t i c l e s  on a s t rongly  charged  sphe re  in the med ium Reynolds number  range  (Re = 10-100). 
The asympto t ic  solutions for the p rob l em a re  p resen ted ,  and typica l  e r r o r s  allowable in in te r -  
pre t ing  this type of expe r imen t  a re  d iscussed .  

Exist ing theore t ica l  and exper imenta l  data [1-6] on the eff ic iency of the e l ec t ros ta t i c  prec ip i ta t ion  of 
ae roso l  pa r t i c l e s  on charged bodies of ve ry  s imple  shape r e f e r  mainly  to cases  where  the re  is ei ther  viscous 
(Reynolds number  much less  than 1) or  uni form flow (the e lec t r i c  fo rces  signif icantly predominate  ove r  the 
hydrodynamic)  of air  c a r ry i ng  ae ro s o l s  over  the col lec tor .  

In a number  of cases  a ssoc ia ted  with f i l t ra t ion and elutton of ae roso l s  by precip i ta t ion  par t i c les  and a r -  
t i f ic ia l  bodies [7-10] so -ca l l ed  medium or in te rmedia te  Reynolds number s  (Re=5-100) a re  achieved.  For  this 
s i tuat ion informat ion on the laws of e l ec t ros t a t i c  prec ip i ta t ion  of pa r t i c les  at an obs tac le  is p rac t i ca l ly  nonex- 
istent .  

The p re sen t  work  analyzes  the r e s u l t s  of m e a s u r e m e n t s  of capture  coeff icients  of neut ra l  and charged 
par t i c les  of aqueous ae roso l s  by a fixed, charged sphe r i ca l  col lec tor .  The Reynolds numbers  values  based on 
the sphe re  d i ame te r  fall  in the r ange  10-100. 

The exper imenta l  technique and some  of the initial m e a s u r e m e n t  data have been descr ibed  in [7-8]. The 
e s sence  of the technique is as follows. 

A one-d imens iona l  je t  of drople ts  of a given s ize  and charge  is genera ted  in a flow of mois t  a i r ,  washing 
a meta l  sphere  of d iamete r  0.4 cm. The sphere  potential  is va r ied  in the range  0 to =~ 6000 V, and the droplet  
charge  f r o m  0 to =~ 100e, the drople t  d i am e t e r  f r o m  10 to 30 p ,  and the flow speed f r o m  4 to 40 c m / s e e .  
F r o m  ana lys i s  of te levis ion photographs of the l imit ing t r a j e c t o r i e s  for the droplet  motion near  the spher ica l  
co l lec tor  we de te rmined  the capture  coefficient ,  defined as the ra t io  of the a r e a  of the s t r e a m  tube of p r ec ip -  
i tated pa r t i c l e s  to the pro jec ted  a r e a  of the sphere .  

The r e s u l t s  of  the t e s t s  of in teract ion of uncharged conducting droplets  with a charged sphe re ,  with an 
e lec t r i c  field intensi ty on its su r face  of 5,10,  and20 k V / e m ,  a r e  shown in Fig. 1; the capture  coefficient  K 
is shown as a function of the d imens ion less  coagulation p a r a m e t e r  /3 which c h a r a c t e r i z e s  the ra t io  of  the m i r -  
r o r  and ae rodynamic  fo rces  acting on the par t i c le  

= ( 2 U ~ d 2 / 3 n ~ l D 3 u ~ )  . ( e -  t)/(e-~ 2), (1) 

where  d and e a r e  the s ize  and d ie lec t r ic  constant  of the drople ts ;  U and D a re  the potential  and d iamete r  of 
the sphere ;  77 is the dynamic v i scos i ty  for a i r ;  and u~o is the flow veloci ty  at infinity. We note that for U=0 
quite low values  of K <  0.05 have been obse rved  [8]. 
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