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D e s c r i p t i o n   of  t he   P r i o r   A r t  

T e c h n i q u e s   a r e   Known  in  t h e   a r t   w h e r e b y  

u l t r a s o n i c   e n e r g y   is   u t i l i z e d   to  d i s s o l v e   t a b l e t e d  

m a t e r i a l .   E x e m p l a r y   of  s u c h   p r i o r   k n o w l e d g e   is   U n i t e d  

5  S t a t e s   P a t e n t   3 . 5 8 2 . 2 8 5   ( H a m i l t o n )   w h i c h   d i s c l o s e s   a  

p a c k a g e   f o r   t a b l e t e d   c h e m i c a l s .   U l t r a s o n i c   e n e r g y   i s  

a p p l i e d   f rom  t h e   e x t e r i o r   of  t h e   p a c k a g e   and  c o u p l e d  

i n t o   a  r e a c t i o n   c o m p a r t m e n t   s u c h   t h a t   a  t a b l e t   o f  

m a t e r i a l   d i s p o s e d   w i t h i n   t h e   c o m p a r t m e n t   i s  

10  d i s s o l v e d .   The  p a t e n t ' s   d i s c l o s u r e   r e c o g n i z e s   t h a t  

t he   a p p l i c a t i o n   of  u l t r a s o n i c   e n e r g y   r e s u l t s   in   t h e  

c r e a t i o n   of  r e l a t i v e l y   h i g h   s o n i c   e n e r g y   z o n e s   w i t h i n  

t h e   c o m p a r t m e n t .   H o w e v e r ,   e x p e r i e n c e   has   shown  t h a t   a  

t a b l e t e d   m a t e r i a l   t e n d s   to  m i g r a t e   and  t h e   f r a g m e n t s  

15  p r o d u c e d   by  s o n i c   d i s s o l u t i o n   t e n d   to  d i s p e r s e   w i t h i n  

t h e   c o m p a r t m e n t   f r o m   t he   h i g h   e n e r g y   zone   to  z o n e s   o f  

r e l a t i v e l y   l e s s   e n e r g y .   As  a  r e s u l t   r e l a t i v e l y   l o n g  

p e r i o d s   of  e x p o s u r e   to  u l t r a s o n i c   e n e r g y   may  b e  

r e q u i r e d   to  c o m p l e t e l y   d i s s o l v e   t h e   m a t e r i a l   of  t h e  

20  t a b l e t .  

Such  p r o l o n g e d   e x p o s u r e   may  r e s u l t   in  e x c e s s  

h e a t i n g   of  t h e   body  of  l i q u i d   in   w h i c h   t h e   t a b l e t   i s  

d i s p o s e d .   T h i s   e x c e s s i v e   h e a t i n g   may  be  e s p e c i a l l y  

d e l e t e r i o u s   when  t h e   t a b l e t e d   m a t e r i a l   i s   b e i n g  

25  d i s s o l v e d   w i t h i n   a  body  of  l i q u i d   ( e . g . .   a  s a m p l e  

a n d / o r   r e a g e n t )   t h a t   i s   u s e d   f o r   t h e   a n a l y s i s   o f  

b i o l o g i c a l   l i q u i d s .   A c c o r d i n g l y .   i t   w o u l d   b e  

a d v a n t a g e o u s   to  p r o v i d e   a  c o n t a i n e r   a r r a n g e m e n t  

w h e r e b y   t a b l e t e d   or  p a r t i a l l y   e m u l s i f i e d   m a t e r i a l   m a y  

30  be  d i s s o l v e d   e x p e d i t i o u s l y   ( i . e . .   in   l e s s   t h a n   o n e  

m i n u t e )   by  t h e   a p p l i c a t i o n   of  u l t r a s o n i c   e n e r g y   f r o m   a  

p o i n t   in  t h e   i n t e r i o r   of  t h e   c o n t a i n e r .   F u r t h e r ,   i t  

is   b e l i e v e d   a d v a n t a g e o u s   to  p r o v i d e   a  c o n t a i n e r   w h i c h  

e x h i b i t s   a  s t r u c t u r e   w h i c h   c o n f i n e s   t h e   t a b l e t e d   o r  

35  p a r t i a l l y   e m u l s i f i e d   m a t e r i a l   to  a  r e l a t i v e l y   h i g h  
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e n e r g y   zone   t h e r e b y   p r e v e n t i n g   t he   m i g r a t i o n   of  t h e  
m a t e r i a l ,   t a b l e t   or  p o r t i o n s   of  t h e   t a b l e t   f rom  t h i s  

z o n e ,   t h u s   d e c r e a s i n g   t he   d i s s o l u t i o n   t i m e .  

When  s t o r i n g   a  l i q u i d   r e a g e n t   a n d / o r   s p e c i m e n  
5  c a r e   mus t   be  e x e r c i s e d   to  m i n i m i z e   e v a p o r a t i o n .  

S i m u l t a n e o u s l y ,   h o w e v e r ,   w h a t e v e r   s t r u c t u r e   is   u s e d   t o  

i n h i b i t   e v a p o r a t i o n   must   be  c o m p a t i b l e   w i t h   t h e  

r e q u i r e m e n t s   of  a c c e s s   to  t h e   l i q u i d   d u r i n g   u s e .  

A c c o r d i n g l y   i t   is   b e l i e v e d   a d v a n t a g e o u s   to  p r o v i d e   a  
10  l i d   s t r u c t u r e   w h i c h   is   r e s e a l a b l e   to  p e r m i t   e x t e n d e d  

s t o r a g e   w i t h o u t   e v a p o r a t i o n   a n d ,   s i m u l t a n e o u s l y   t o  

a c c o m m o d a t e   m i x i n g   or  s a m p l i n g   p r o b e s .   Lid  s t r u c t u r e s  
w h i c h   r e a l i z e   t h e s e   g o a l s   a r e   a v a i l a b l e   in  t h e   a r t .  

E x e m p l a r y   of  s u c h   d e v i c e s   is   t h a t   d i s c l o s e d   in  U n i t e d  

15  S t a t e s   P a t e n t   3 . 9 9 4 . 5 9 4   ( S a n d r o c k   e t   a l . ) .   H o w e v e r ,  

s u c h   l i d   s t r u c t u r e s   a r e   b e l i e v e d   i n c o m p a t i b l e   f o r   u s e  
in  an  e n v i r o n m e n t   in  w h i c h   t h e   m i x i n g   a n d / o r   s a m p l i n g  

p r o b e   is   o t h e r   t h a n   a  s h a r p   i m p l e m e n t .   M o r e o v e r ,   i n  

m u l t i - c o m p a r t m e n t e d   c o n t a i n e r s   i t   is   b e l i e v e d  

20  d e s i r a b l e   to  p r o v i d e   a  l i d   s t r u c t u r e   w h i c h   m i n i m i z e s  

v a p o r   t r a n s m i s s i o n   f rom  c o m p a r t m e n t   to  c o m p a r t m e n t ,  

t h u s   m i n i m i z i n g   c o n t a m i n a t i o n   of  t h e   c o n t e n t s   of  o n e  

c o m p a r t m e n t   by  t h e   c o n t e n t s   of  a n o t h e r   c o m p a r t m e n t .  

The  s o u r c e   of  s o n i c   e n e r g y   u s e d   f o r  

25  d i s s o l v i n g   t a b l e t e d   m a t e r i a l   is   a  d e v i c e   known  as  a n  

u l t r a s o n i c   h o r n .   The  h o r n   is   a  r e l a t i v e l y   e l o n g a t e d  

member  w h i c h   v i b r a t e s   a t   an  u l t r a s o n i c   f r e q u e n c y   as  a  

r e s u l t   of  a  c o n v e r s i o n   of  an  e l e c t r i c a l   e x c i t a t i o n  

s i g n a l   i n t o   a  m e c h a n i c a l   v i b r a t i o n .   U l t r a s o n i c   h o r n s  

30  may  be  p r o v i d e d   w i t h   a  b o r e   t h r o u g h   w h i c h   a  l i q u i d   may  
be  f l o w e d   t h r o u g h   t h e   h o r n   and  ou t   of  t h e   t i p .   T h i s  

s t r u c t u r e   a l l o w s   i n j e c t i o n   of  one  l i q u i d   i n t o   a n o t h e r ,  

as  in  e m u l s i o n   f o r m u l a t i o n ,   m i s t i n g   or  f o g g i n g .   S u c h  

u l t r a s o n i c   h o r n s   a r e   p r o d u c e d   by.  among  o t h e r s .   H e a t  

35  S y s t e m s   -  U l t r a s o n i c s   I n c . .   F a r m i n g d a l e .   New  Y o r k .  
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O t h e r   h o r n   s t r u c t u r e s   a r e   known  w h i c h   o p e r a t e   a s  
a t o m i z e r s   by  p u m p i n g   a  l i q u i d   f rom  a  r e s e r v o i r   by  t h e  

p u m p i n g   a c t i o n   g e n e r a t e d   as  a  r e s u l t   of  an  a s y m m e t r i c  

s o u n d   f i e l d   f o r m i n g   b u b b l e s   in  t h e   b o r e .   E x e m p l a r y   o f  

5  t h i s   t y p e   of  d e v i c e   is   t h a t   shown  in  t h e   A r t i c l e   b y  

L i e r k e .   " U l t r a s o n i c   A t o m i z e r   I n c o r p o r a t i n g   A 

S e l f   - A c t i n g   L i q u i d   S u p p l y " .   5  U l t r a s o n i c s .   214  ( 1 9 6 7 ) .  

H o w e v e r ,   when  u s i n g   a  f l o w - t h r o u g h   h o r n   in  a  

b i o l o g i c a l   t e s t i n g   e n v i r o n m e n t   c a r e   mus t   be  t a k e n   t o  

10  p r e v e n t   " c a r r y - o v e r " .   i . e . .   c o n t a m i n a t i o n   of  a  

s u b s e q u e n t   l i q u i d   w i t h   p a r t i c u l a t e   m a t t e r   d e p o s i t e d  
w i t h i n   t he   h o r n   by  a  p r e c e d i n g   l i q u i d .   I t   w o u l d  

t h e r e f o r e   be  a d v a n t a g e o u s   to  p r o v i d e   an  u l t r a s o n i c  

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

15  t h a t   t h e   c a r r y - o v e r   of  p a r t i c u l a t e   m a t t e r   is   m i n i m i z e d  

or  e l i m i n a t e d .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  u l t r a s o n i c  

20  h o r n   a s s e m b l y   h a v i n g   a  b o r e   e x t e n d i n g   t h e r e t h r o u g h .  

The  b o r e   e x h i b i t s   a  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l  

d i m e n s i o n   o v e r   a  p r e d e t e r m i n e d   p o r t i o n   of  i t s   l e n g t h .  

The  b o r e   t h e r e a f t e r   c o n s t r i c t s   t h r o u g h   a  b e v e l e d  

f  r u s t o c o n i c a l   s u r f a c e   i n t o   a  n a r r o w e r   d i m e n s i o n e d  

25  p o r t i o n   l e a d i n g   to  t h e   mou th   of  t h e   b o r e .   T h e  

c o n s t r i c t i o n   is   p r o v i d e d   w i t h   a  p r e d e t e r m i n e d   d i s t a n c e  

f rom  a  v i b r a t i o n   a n t i n o d e   so  t h a t   t h e   l o n g i t u d i n a l  

v i b r a t i o n   of  t h e   h o r n   a g i t a t e s   t h e   l i q u i d   w i t h i n   t h a t  

p o r t i o n   of  t h e   b o r e   a d j a c e n t   t h e   f  r u s t o c o n i c a l  

30  s u r f a c e ,   t h u s   g e n e r a t i n g   a  c l e a n i n g   a c t i o n   to  d i s l o d g e  

any  p a r t i c u l a t e   m a t t e r   w h i c h   may  a t t a c h   to  t h e   b o r e  

s u r f a c e .  

35  
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   may  be  more  f u l l y   u n d e r s t o o d  
f rom  t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   t h e r e o f   t a k e n  
in  c o n n e c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s   w h i c h  

5  f o rm  a  p a r t   of  t h i s   a p p l i c a t i o n   and  in  w h i c h :  

F i g u r e   1  is   a  p l a n   v i e w   of  m u l t i - c o n t a i n e r  

s t r i p   u s e f u l   f o r   c a r r y i n g   a  l i q u i d   f o r   b i o l o g i c a l  
t e s t i n g   in  w h i c h   e a c h   c o n t a i n e r   has   a  c o m p a r t m e n t   w i t h  

a  t a b l e t - r e c e i v i n g   r e c e s s   d e f i n e d   by  a  p l u r a l i t y   o f  
10  p r o j e c t i o n s   f o r m e d   t h e r e w i t h i n ;  

F i g u r e   2  is   a  s i d e   e l e v a t i o n a l   v i e w   t a k e n  

a l o n g   s e c t i o n   l i n e s   2-2  of  F i g u r e   1 ;  

F i g u r e s   3A  t h r o u g h   3D  a r e   e a c h   p l a n   v i e w s   o f  

an  i n d i v i d u a l   c o n t a i n e r   i l l u s t r a t i n g   a l t e r n a t e  

IB  e m b o d i m e n t s   of  t h e   t a b l e t - r e c e i v i n g   r e c e s s   d e f i n e d   b y  
p r o j e c t i o n s   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4  i s   a  p l a n   v i e w   of  a  r e s e a l a b l e   l i d  

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

F i g u r e   1 ;  

20  F i g u r e   5  is  a  s e c t i o n a l   v i e w   of  t h e   l i d  

s t r u c t u r e   t a k e n   a l o n g   l i n e s   5-5  of  F i g u r e   4:  a n d  

F i g u r e   6  is   a  s i d e   s e c t i o n a l   v i e w   of  a n  
u l t r a s o n i c   h o r n   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  
i n v e n t i o n .  

25  DETAILED  DESCRIPTION  OF  THE  INVENTION 

T h r o u g h o u t   t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  
s i m i l a r   r e f e r e n c e   n u m b e r s   r e f e r   to  s i m i l a r   e l e m e n t s   i n  

a l l   f i g u r e s   of  t h e   d r a w i n g s .  

R e f e r r i n g   to  F i g u r e   1  shown  is   a  p l u r a l i t y   o f  

30  h y d r a t i o n   c o n t a i n e r s   10A  t h r o u g h   10F  c o n v e n i e n t l y  

a r r a n g e d   in  an  e n d - t o - e n d   r e l a t i o n s h i p   to  fo rm  a  
c o n t a i n e r   s t r i p   g e n e r a l l y   i n d i c a t e d   by  t h e   r e f e r e n c e  

c h a r a c t e r   12.  As  w i l l   be  d e v e l o p e d   more  f u l l y   h e r e i n  

e a c h   of  t h e   c o n t a i n e r s   10A  t h r o u g h   10F  is   p r o v i d e d  
35  w i t h   an  a r r a y   of  t h e   p r e f e r r e d   fo rm  o f  

3 
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s o n i c a t i o n -   i m p r o v i n g   p r o j e c t i o n s   g e n e r a l l y   i n d i c a t e d  
by  r e f e r e n c e   c h a r a c t e r   30  p r o v i d e d   in  a c c o r d a n c e   w i t h  
t h e   p r e s e n t   i n v e n t i o n .  

The  c o n t a i n e r   s t r i p   12  may  be  f a b r i c a t e d   i n  
5  any  c o n v e n i e n t   m a n n e r .   In  t he   e m b o d i m e n t   shown  i n  

F i g u r e   1  t h e   c o n t a i n e r   s t r i p   12  i n c l u d e s   a  r i g i d  
p e r i p h e r a l   band  14  f o r m e d   of  a  s u i t a b l e   m a t e r i a l ,   s u c h  
as  an  i n e r t   p l a s t i c .   The  band  14  is  e i t h e r   j o i n e d   t o  
or  f o r m e d   i n t e g r a l l y   w i t h   e a c h   of  t he   c o n t a i n e r s   10  

10  s u c h   t h a t ,   in  t h e   p r e f e r r e d   c a s e ,   t h e   c o n t a i n e r   s t r i p  
12  g e n e r a l l y   t a p e r s   in  a  s u b s t a n t i a l l y   e l o n g a t e d  
w e d g e - l i k e   m a n n e r   f rom  a  f i r s t   edge   16L  t o w a r d   a  
s e c o n d   edge   16R.  T h i s   w e d g e - s h a p e d   p l a n   p r o f i l e   f o r  
t h e   c o n t a i n e r   s t r i p   12  f a c i l i t a t e s   t h e   m o u n t i n g   of  a  

15  p l u r a l i t y   of  s u c h   s t r i p s   in   a  c i r c u m f   e r e n t i a l l y  
a d j a c e n t ,   g e n e r a l l y   r a d i a l l y   e x t e n d i n g   r e l a t i o n s h i p  
a c r o s s   a  r o t a t a b l e   r e a g e n t   c a r r y i n g   p l a t e   s u c h   as  t h a t  
d i s c l o s e d   in  t h e   a n a l y s i s   i n s t r u m e n t   d i s c l o s e d   a n d  
c l a i m e d   in  c o p e n d i n g   a p p l i c a t i o n   t i t l e d   A n a l y s i s  

20  I n s t r u m e n t   H a v i n g   H e a t - F o r m e d   A n a l y s i s   C u v e t t e s .  
S e r i a l   No.  6 4 2 . 8 1 4 .   f i l e d   A u g u s t   21.  1984  ( I P - 0 4 7 3 )  
and  a s s i g n e d   to  t h e   a s s i g n e e   of  t h e   p r e s e n t  
i n v e n t i o n .   I t   s h o u l d ,   h o w e v e r ,   be  a p p r e c i a t e d   t h a t  
t he   i n d i v i d u a l   c o n t a i n e r s   10  may  t a k e   a n y  

25  p r e d e t e r m i n e d   c o n f i g u r a t i o n   and  t h e   c o n t a i n e r s   10  m a y  
be  u s e d   a l o n e   or  a r r a n g e d   t o g e t h e r   in  any  c o n v e n i e n t  
number   and  in  any  c o n v e n i e n t   m a n n e r   and  r e m a i n   w i t h i n  
t h e   c o n t e m p l a t i o n   of  t h i s   i n v e n t i o n .  

E a c h   of  t he   c o n t a i n e r s   10.  w h e t h e r   a r r a n g e d  
30  s i n g u l a r l y   or  in  a  c o n t a i n e r   s t r i p   12.  in  t h e  

e m b o d i m e n t   shown ,   is   f o r m e d   of  a  s u i t a b l e   i n e r t  

p l a s t i c   m a t e r i a l   and  i n c l u d e s   a  c o m p a r t m e n t   d e f i n e d   b y  
g e n e r a l l y   o p p o s e d   p a i r s   of  g e n e r a l l y   p a r a l l e l   a n d  

i n t e g r a l l y   f o r m e d   s i d e w a l l s   18A.  18B  and  end  w a l l s  
35  20A.  20B.  The  u p p e r   s u r f a c e s   of  t he   s i d e w a l l s   18A  a n d  
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18B  and  e n d w a l l s   20A  and  20B  ( t o g e t h e r   w i t h   t he   u p p e r  
s u r f a c e   of  t he   band  14  in  t h e   v i c i n i t y   t h e r e o f )  
r e g i s t e r   to  d e f i n e   a  s u b s t a n t i a l l y   p l a n a r   s e a l i n g  
s u r f a c e   22  p e r i p h e r a l l y   s u r r o u n d i n g   t h e   open   u p p e r   e n d  

5  of  t he   c o n t a i n e r   10.  The  c o m p a r t m e n t   of  t h e   c o n t a i n e r  
10  is  c l o s e d   by  a  d o w n w a r d l y   s l o p i n g   i n v e r t e d  

p y r a m i d a l   f l o o r   24  ( F i g u r e   2 ) .   In  t h e   e m b o d i m e n t  
shown  in  F i g u r e   1  t h e   s i d e w a l l s   18A.  18B  of  e a c h  
c o n t a i n e r   10  a r e   j o i n e d   to  t h e   p e r i p h e r a l   band  1 4 .  

10  F u r t h e r ,   t h e   e n d w a l l   20A  of  t he   c o n t a i n e r   10A  and  t h e  
e n d w a l l   20B  of  t h e   c o n t a i n e r   10F  a r e   l i k e w i s e  
c o n n e c t e d   to  t h e   band  14.  The  band  14  e x t e n d s  
s l i g h t l y   b e l o w   t h e   l o w e r   ends   of  t h e   c o n t a i n e r s   10  a n d  
t h u s   d e f i n e   a  s u p p o r t   s t r u t   26  w h e r e b y   t h e   c o n t a i n e r  

15  s t r i p   12  may  be  s e t   on  a  s u i t a b l e   work   s u r f a c e .   I t  
t h e   c o n t a i n e r   10  we re   u s e d   s i n g l y   any  c o n v e n i e n t  

a r r a n g e m e n t   may  be  u s e d   to  s u p p o r t   t h e   c o n t a i n e r   on  a  
work   s u r f a c e .   As  s e e n   in  F i g u r e   1  t h e   c o n t a i n e r s   1 0 A ,  
10B.  IOC  and  10D  a r e   a r r a n g e d   in  a  s u b s t a n t i a l l y  

20  s q u a r e   c o n f i g u r a t i o n   w h i l e   t h e   c o n t a i n e r s   10E  and  1 0 F  
a r e   c o n f i g u r e d   in  a  more  r e c t a n g u l a r   c o n f i g u r a t i o n .  
H o w e v e r .   i t   is   to  be  u n d e r s t o o d   t h a t   i n d i v i d u a l  
c o n t a i n e r s   may  be  d e f i n e d   to  be  o t h e r   t h a n   r e c t a n g u l a r  
or  s q u a r e   in  p l a n   and  be  p r o v i d e d   w i t h   o t h e r   t h a n   a  

25  d o w n w a r d l y   s l o p i n g   f l o o r   24  and  y e t   r e m a i n   w i t h i n   t h e  
c o n t e m p l a t i o n   of  t h e   p r e s e n t   i n v e n t i o n .  

A d j a c e n t   e n d w a l l s   20A.  20B  of  a d j a c e n t  
c o n t a i n e r s   10  ( e . g . .   t h e   c o n t a i n e r s   10B.  IOC  and  10D.  
F i g u r e   2)  a r e   s p a c e d   f rom  e a c h   o t h e r   by  a  p r e d e t e r m i n e d  

JO  gap  28  to  e n h a n c e   t h e   t h e r m a l   and  v a p o r   i s o l a t i o n   o f  
e a c h   of  t h e   c o n t a i n e r s   10.  In  a c c o r d a n c e   w i t h   t h e  

p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e   c o n t a i n e r  

s t r i p   12  is   f o r m e d   by  i n j e c t i o n   m o l d i n g   f rom  a  
p o l y a l l o m e r   m a t e r i a l .   Of  c o u r s e ,   o t h e r   m a n u f a c t u r i n g  

J5  t e c h n i q u e s   and  m a t e r i a l s   of  c o n s t r u c t i o n   may  b e  
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u t i l i z e d   and  r e m a i n   w i t h i n   t h e   c o n t e m p l a t i o n   of  t h e  
p r e s e n t   i n v e n t i o n .  

As  n o t e d   e a r l i e r ,   in  a c c o r d a n c e   w i t h   t h e  
p r e s e n t   i n v e n t i o n   e a c h   of  t he   c o n t a i n e r s   10  c a r r i e s   a n  

5  a r r a y   of  m u t u a l l y   s p a c e d   s o n i c a t i o n   i m p r o v i n g  
p r o j e c t i o n s   30.  The  i n d i v i d u a l   p r o j e c t i o n s   30  a r e  
s p a c e d   f rom  e a c h   o t h e r   to  d e f i n e   c h a n n e l s   32  
t h e r e b e t w e e n .   W i t h   r e f e r e n c e   to  F i g u r e s   1  and  2  t h e  
p r e f e r r e d   e m b o d i m e n t   of  t h e   p r o j e c t i o n s   30  is   s h o w n .  

10  In  t h i s   e m b o d i m e n t   t he   p r o j e c t i o n s   30  t a k e   t h e   f o r m   o f  
a  s e t   of  s u b s t a n t i a l l y   f i n g e r - l i k e   member s   36.  3 6 '  
e x t e n d i n g   v e r t i c a l l y   u p w a r d l y   in  a x i a l l y   p a r a l l e l  
r e l a t i o n s h i p   f rom  t h e   f l o o r   24  of  e a c h   c o n t a i n e r   1 0 .  
S e l e c t e d   ones   36  of  t h e   f i n g e r - l i k e   member s   p r o j e c t  

15  u p w a r d l y   f rom  t he   f l o o r   24  f o r   a  d i s t a n c e   g r e a t e r   t h a n  
t h e   o t h e r s   36*  of  t h e   member s   of  t h e   s e t .   Such   a  
r e l a t i o n s h i p   t h e r e b y   d e f i n e s   a  t a b l e t - r e c e i v i n g   r e c e s s  
38  d i s p o s e d   g e n e r a l l y   c e n t r a l l y   w i t h i n   t h e   c o n t a i n e r  
10.  The  s p a c e s   b e t w e e n   t h e   f i n g e r - l i k e   member s   3 6 .  

20  36'   d e f i n e   c h a n n e l s   32  w h i c h ,   as  w i l l   be  e x p l a i n e d  
h e r e i n ,   p e r m i t   h y d r a t i n g   l i q u i d   f l o w   i n t o   and  t h r o u g h  
t h e   r e c e s s   38.  I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h e  
s o n i c a t i o n   i m p r o v i n g   p r o j e c t i o n s   30  may  be  d i s p o s e d   i n  

any  c o n v e n i e n t   o r i e n t a t i o n   or  a t   any  c o n v e n i e n t  
25  l o c a t i o n   w i t h i n   t he   c o n t a i n e r   10.  For   e x a m p l e ,   i f   t h e  

f i n g e r - l i k e   member s   36.  36'   a r e   u s e d   to  d e f i n e   t h e  
p r o j e c t i o n s   30.  s u c h   members   may  be  i n c l i n e d   w i t h  
r e s p e c t   to  t h e   v e r t i c a l   a x i s   of  t h e   c o n t a i n e r   10  a n d  

may  be  m o u n t e d   to  t h e   s i d e w a l l s   18A.  18B  a n d / o r   t h e  
JO  e n d w a l l s   20A.  20B  in  a d d i t i o n   to  or  in  p l a c e   of  t h e i r  

m o u n t i n g   on  t h e   f l o o r   24.  As  a l s o   s e e n   f rom  F i g u r e s   1 
and  2  g e n e r a l l y   p l a n a r   member s   40  e x t e n d   d i a g o n a l l y  
o u t w a r d l y   f r o m   t h e   c o r n e r s   of  t h e   c o n t a i n e r   10  t o  
a s s i s t   in  g u i d i n g   of  t h e   c i r c u l a t i n g   h y d r a t i n g  

iS  l i q u i d .   As  s e e n   t he   s i d e   s u r f a c e s   of  t he   p l a n a r  
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members   40  l i e   s u b s t a n t i a l l y   p e r p e n d i c u l a r l y   to  t h e  
f l o o r   2 4 .  

O t h e r   e m b o d i m e n t s   of  t he   s o n i c a t i o n   i m p r o v i n g  
p r o j e c t i o n s   30  a r e   shown  in  F i g u r e s   3A  t h r o u g h   3D.  

5  T h e s e   f i g u r e s   d e p i c t   p l a n   v i e w s   of  i n d i v i d u a l  

c o n t a i n e r s   10  and  i l l u s t r a t e   t he   f o rm  and  a r r a n g e m e n t  
w i t h   v e r t i c a l   s i d e   s u r f a c e s   of  a l t e r n a t e   e m b o d i m e n t s  

of  t he   s o n i c a t i o n   i m p r o v i n g   p r o j e c t i o n s .   In  F i g u r e   3A 

t h e   p r o j e c t i o n s   30  a r e   in  t h e   f o r m   of  p l a t e - l i k e  
10  member s   42  g e n e r a l l y   s i m i l a r   to  t h e   members   40  s h o w n  

in  F i g u r e s   1  and  2.  Some  of  t h e   p l a t e s   42  e x t e n d  

i n w a r d l y   f rom  t h e   c o r n e r s   of  t h e   c o n t a i n e r   10  w h i l e  

o t h e r s   42'   e x t e n d   i n w a r d l y   f r o m   t he   c o n t a i n e r   f rom  t h e  
s i d e w a l l s   18  and  e n d w a l l s   20  t h e r e o f .   The  p l a t e s   4 2 .  

15  42'   a r e   t h u s   r e s p e c t i v e l y   o r i e n t e d   s u b s t a n t i a l l y   a l o n g  
d i a g o n a l s   and  t r a n s v e r s e s   of  t h e   c o n t a i n e r   10.  T h e  
i n n e r   ends   of  t he   p l a t e s   42.  42'   p r e f e r a b l y ,   bu t   n o t  

n e c e s s a r i l y ,   e x t e n d   s u b s t a n t i a l l y   v e r t i c a l l y   of  t h e  
c o n t a i n e r   10  f rom  t he   f l o o r   24  of  t h e   c o n t a i n e r .   T h e  

20  l o w e r   e d g e s   of  t h e   p l a t e s   42.  42'   may  i n t e g r a t e   w i t h  

t h e   f l o o r   24,  i f   d e s i r e d .   The  v e r t i c a l l y   o r i e n t e d  

i n n e r   e n d s   of  t h e   p l a t e s   42,  42'   c o o p e r a t e   to  d e f i n e  

on  t he   i n t e r i o r   of  t h e   c o n t a i n e r   t h e   c e n t r a l l y   l o c a t e d  

t a b l e t - r e c e i v i n g   r e c e s s   38.  The  s p a c e s   b e t w e e n   t h e  

25  p l a t e s   42,  42*  d e f i n e   t h e   c h a n n e l s   32  t h r o u g h   w h i c h  

h y d r a t e d   l i q u i d   may  f l o w   in  a  m a n n e r   to  be  d e s c r i b e d .  

In  F i g u r e   3B  t h e   p r o j e c t i o n s   30  a r e   in  t h e  

fo rm  of  i n w a r d l y   d i r e c t e d   p y r a m i d   s t r u c t u r e s   46,  4 6 ' .  

The  p y r a m i d a l   s t r u c t u r e s   46,  46 '   a r e   e a c h   d e f i n e d   b y  
30  f a c e s   48.  w h i c h   a r e   j o i n e d   a l o n g   an  a p e x   50  t h a t  

s u b s t a n t i a l l y   a l i g n   in  t h e   r e s p e c t i v e   c a s e s   of  t h e  

s t r u c t u r e s   46  and  46'   w i t h   t h e   d i a g o n a l s   a n d  

t r a n s v e r s e s   of  t h e   c o n t a i n e r   10.  The  s t r u c t u r e s   4 6 ,  

46'   a r e   t h u s   m o u n t e d   in  p o s i t i o n s   a n a l o g o u s   to  t h e  
35  p l a t e s   42.  42'   and  a r e   t h u s   s u b s t a n t i a l l y   d i a g o n a l l y  

9 
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and  t r a n s v e r s e l y   d i s p o s e d   w i t h i n   t h e   c o n t a i n e r   1 0 .  
The  s p a c e s   b e t w e e n   t he   s t r u c t u r e s   46.  46'   d e f i n e   t h e  
c h a n n e l s   32  f o r   t he   p u r p o s e   to  be  d e s c r i b e d .  

In  F i g u r e   3C  t h e   f l o o r   24  of  t h e   c o n t a i n e r   10  
5  is   p r o v i d e d   w i t h   a  c e n t r a l   c i r c u l a r   r e g i o n   54  w h i c h   i s  

i n t e r s e c t e d   by  d i a g o n a l   g r o o v e s   56  t h e r e b y   t o  
r e s p e c t i v e l y   d e f i n e   t h e   t a b l e t - r e c e i v i n g   r e c e s s   38  a n d  
t h e   c h a n n e l s   32.  In  t h i s   and  in  F i g u r e   3D  t h e   f l o o r  
24  is   s u b s t a n t i a l l y   f l a t .   The  p r o j e c t i o n s   30  a r e   t h u s  

L0  d e f i n e d   as  t h o s e   p o r t i o n s   of  t h e   m a t e r i a l   of  t h e  
c o n t a i n e r   10  b e t w e e n   t he   g r o o v e s   56.  S i m i l a r l y ,   i n  
F i g u r e   3D  t he   c e n t r a l   r e g i o n   54  a g a i n   d e f i n e s   t h e  
r e c e s s   38.  In  t h i s   i n s t a n c e   t h e   r e g i o n   54  i s  
i n t e r r u p t e d   by  a  p l u r a l i t y   of  g e n e r a l l y   p a r a l l e l  

L5  g r o o v e s   58  w h i c h   s e r v e   to  d e f i n e   t he   c h a n n e l s   32.  E n d  
g r o o v e s   60  a r e   a l s o   p r o v i d e d .   The  p r o j e c t i o n s   32  a r e  
d e f i n e d   as  t h o s e   p o r t i o n s   of  t h e   m a t e r i a l   b e t w e e n   t h e  
g r o o v e s   58.  6 0 .  

In  use   a  t a b l e t e d   or  p a r t i a l l y   e m u l s i f i e d  
JO  m a t e r i a l   to  be  d i s s o l v e d   is  i n t r o d u c e d   i n t o   a  

h y d r a t i n g   l i q u i d   i n t r o d u c e d   w i t h i n   t h e   c o n t a i n e r .  
S o n i f y i n g   e n e r g y   is   p r o v i d e d   f rom  an  u l t r a s o n i c  
t r a n s d u c e r   s u c h   as  t h e   d e v i c e   ( d i s c u s s e d   in  c o n n e c t i o n  
w i t h   F i g u r e   6)  l o w e r e d   i n t o   t h e   c o n t a i n e r   10  t h r o u g h  

J5  t h e   open   end  t h e r e o f .   A c t u a t i o n   of  t h e   u l t r a s o n i c  
t r a n s d u c e r   i n t r o d u c e s   u l t r a s o n i c   e n e r g y   and  d i r e c t s  
t h e   same  s u b s t a n t i a l l y   a x i a l l y   of  t h e   c o n t a i n e r   t o  
e n c o m p a s s   t h e   t a b l e t - r e c e i v i n g   r e c e s s   38.  T h e  
u l t r a s o n i c   e n e r g y   may  be  a p p l i e d   c o n t i n u o u s l y   or  i n  

i0  b u r s t s .   w i t h   a  r e l a t i v e l y   c o n s t a n t   or  v a r y i n g  
f r e q u e n c y .   The  t a b l e t   (or   p l u r a l i t y   of  t a b l e t s )   o f  
m a t e r i a l   to  be  d i s s o l v e d   or  t h e   p a r t i a l l y   e m u l s i f i e d  
m a t e r i a l   m i g r a t e s   t o w a r d   and  is   c o n f i n e d   w i t h i n   t h e  
t a b l e t   r e c e i v i n g   r e c e s s   38.  i t   is  f o u n d   t h a t   t h e  

5  m i g r a t i o n   of  t h e   m a t e r i a l   to  t he   r e c e s s   38  o c c u r s  

u 
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w h a t e v e r   t he   i n i t i a l   d i s p o s i t i o n   of  t he   m a t e r i a l  

w i t h i n   t he   c o n t a i n e r   10.  The  s t r u c t u r a l   r e l a t i o n s h i p  

b e t w e e n   t he   p r o j e c t i o n s   30  s e r v e s   to  d e f i n e   a  r e c e s s  
38  w h i c h   d e f i n e s   a  r e l a t i v e l y   h i g h   u l t r a s o n i c   e n e r g y  

5  r e g i o n   w i t h i n   t h e   c o n t a i n e r   in  w h i c h   t h e   m a t e r i a l   t o  

be  d i s s o l v e d   is   r e c e i v e d   and  c o n f i n e d .   Any  e n t r a p p e d  
a i r   b e n e a t h   t he   m a t e r i a l   to  be  d i s s o l v e d   and  h y d r a t i n g  

l i q u i d   f l o w   is   p e r m i t t e d   f rom  o t h e r   r e g i o n s   on  t h e  

i n t e r i o r   v o l u m e   of  t h e   c o n t a i n e r   t h r o u g h   t he   h i g h  
10  e n e r g y   s o n i c a t i o n   r e g i o n   and  t h e n   o u t w a r d l y   t h r o u g h  

t h e   c h a n n e l s   32  b e t w e e n   t h e   p r o j e c t i o n s   30.  I t   i s  

b e l i e v e d   t h a t   i f   t he   e m b o d i m e n t   of  t h e   p r o j e c t i o n s   30  

shown  in  F i g u r e s   1  and  2.  i . e . .   t h e   f i n g e r - l i k e  

m e m b e r s ,   is  u s e d   r e f l e c t i o n   of  u l t r a s o n i c   e n e r g y   f r o m  
15  t h e   w a l l s   and  f l o o r   of  t h e   c o n t a i n e r   i n t o   t h e   r e c e s s  

38.  As  a  r e s u l t   of  t h e   c o n f i n e m e n t   of  t h e   m a t e r i a l   t o  

t h e   h i g h   e n e r g y   zone   r e l a t i v e l y   h i g h   s p e e d   d i s s o l u t i o n  

of  t h e   m a t e r i a l   due  to  t h e   a p p l i c a t i o n   of  u l t r a s o n i c  

e n e r g y   may  be  e f f e c t e d .   T imes   of  d i s s o l u t i o n   of  t h e  

20  m a t e r i a l   of  l e s s   t h a n   one  m i n u t e   a r e   p o s s i b l e .  

C o n c o m i t a n t l y   h e a t i n g   e f f e c t s   w h i c h   may  d e l e t e r i o u s l y  

a f f e c t   t he   h y d r a t i n g   l i q u i d   a n d / o r   t h e   c h e m i c a l  

r e l e a s e   by  d i s s o l u t i o n   a r e   t h e r e b y   a v o i d e d .  

In  v i e w   of  t h e   f o r e g o i n g   t h o s e   s k i l l e d   in  t h e  

25  a r t   may  r e a d i l y   a p p r e c i a t e   t h a t   t h e   p r o v i s i o n   of  a n y  
s u i t a b l e   p r o j e c t i o n s   d i s p o s e d   e i t h e r   on  t h e   f l o o r  

a n d / o r   f rom  t h e   w a l l s   of  t h e   c o n t a i n e r   w h i c h   s e r v e   t o  

d e f i n e   b o t h   a  t a b l e t - r e c e i v i n g   r e c e s s   a n d  

r e c i r c u l a t i n g   g a p s   to  p e r m i t   t h e   c i r c u l a t i o n   o f  
30  h y d r a t i n g   l i q u i d   t h r o u g h   t h e   h i g h   e n e r g y   zone   a c t   i n  

u s e   to  e n h a n c e   t h e   a p p l i c a t i o n   of  u l t r a s o n i c   e n e r g y   t o  

e f f i c i e n t l y   and  e x p e d i t i o u s l y   d i s s o l v e   t h e   t a b l e t  

m a t e r i a l .   Any  s u c h   s t r u c t u r a l   c o m b i n a t i o n   w h i c h   f o r m s  

t he   r e l a t i v e l y   h i g h   e n e r g y   t a b l e t - r e c e i v i n g   r e c e s s   a n d  

35  d e f i n e s   a  r e l a t i v e l y   h i g h   u l t r a s o n i c   e n e r g y   z o n e  

11  
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c o u p l e d   w i t h   and  c o m m u n i c a t i n g   r e c i r c u l a t i n g   c h a n n e l s  

l i e s   w i t h i n   t h e   c o n t e m p l a t i o n   of  t he   p r e s e n t   i n v e n t i o n .  

- o - O - o -  

An  u l t r a s o n i c   t r a n s d u c e r   or  p r o b e   64  i n  

5  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   is  shown  i n  

F i g u r e   6.  The  body  or  h o r n   p o r t i o n   66  of  t h e  

t r a n s d u c e r   64  is  an  e l o n g a t e d   a x i a l   member  e x t e n d i n g  
f rom  an  e n l a r g e d   head   p o r t i o n   68  to  a  b e v e l e d   t i p   7 0 .  

The  t i p   70  d e f i n e s   an  a n g l e   72  m e a s u r e d   w i t h   r e s p e c t  
10  to  a  r e f e r e n c e   l i n e   p e r p e n d i c u l a r   to  t he   a x i s   of  t h e  

b o r e   w i t h i n   t h e   r a n g e   f rom  0°  to  4 5 ° .   more  p a r t i c u l a r l y  
f rom  30°  to  45°  ,  and  p r e c i s e l y   3 0 ° .   An  a x i a l l y  

p r o j e c t i n g   t h r e a d e d   b o s s   74  e x t e n d s   u p w a r d l y   f r o m   t h e  

head   68.  A  p a i r   of  p i e z o e l e c t r i c   c r y s t a l s   76A.  76B  

15  w i t h   a s s o c i a t e d   e l e c t r o d e s   78A.  78B  a r e   r e c e i v e d   a b o u t  

t h e   b o s s   74.  L e a d s   80A.  80B  e x t e n d   f r o m   t h e  

e l e c t r o d e s   78A.  78B.  r e s p e c t i v e l y .  

In  t he   e m b o d i m e n t   shown  in  F i g u r e   6  t h e  

c r y s t a l s   76  a r e   h e l d   in  p l a c e   a g a i n s t   t he   head   68  by  a  
20  b a c k p i e c e   82.  A  nu t   84  t h r e a d s   o n t o   t h e   b o s s   74  a n d  

c l a m p s   t he   a s s e m b l y   t o g e t h e r .   A  t u b i n g   c o n n e c t o r   85  

is   t h r e a d e d l y   r e c e i v e d   o n t o   t h e   u p p e r   p o r t i o n   of  t h e  

t h r e a d s   of  t h e   nu t   84.  A  t u b e   86  m o u n t e d   w i t h i n   t h e  

c o n n e c t o r   84  may  t h u s   be  q u i c k l y   and  e a s i l y  
25  i n t e r c o n n e c t e d   w i t h   t he   u l t r a s o n i c   t r a n s d u c e r   6 4 .  

A  b o r e   88  e x t e n d s   c e n t r a l l y   and  a x i a l l y  

t h r o u g h   t h e   t r a n s d u c e r   66  w h e r e   i t   c o m m u n i c a t e s   w i t h  

t h e   end  of  t h e   t u b e   86.  The  i n t e r n a l   d i a m e t e r s   of  t h e  

t u b e   86  and  t h e   u p p e r   p o r t i o n   88A  of  t h e   b o r e   88  a r e  
30  s u b s t a n t i a l l y   e q u a l .   As  s e e n   in  F i g u r e   6  t h e  

r e l a t i v e l y   l a r g e r   d i a m e t e r   p o r t i o n   88A  e x t e n d s   o v e r  

s u b s t a n t i a l l y   a l l   of  t h e   l e n g t h   of  t h e   t r a n s d u c e r   6 6 .  

D i s p o s e d   w i t h i n   a  p r e d e t e r m i n e d   d i s t a n c e   90  of  t he   e n d  

of  t he   h o r n   66  is  an  i n w a r d l y   t a p e r i n g   b e v e l e d  

35  s h o u l d e r   92.  The  p r e s e n c e   of  t h e   s h o u l d e r   92  n a r r o w s  

12 
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t h e   b o r e   88  to  a  l e s s e e   d i a m e t e r   p o r t i o n   88B.  I n  
a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   t h e   s h o u l d e r   92  i s  

l o c a t e d   w i t h i n   t h e   p r e d e t e r m i n e d   c l o s e   d i s t a n c e   9 0  
f rom  t h e   a n t i n o d e   (or   t h e   t i p   of  t h e   b e v e l e d   end  6 6 )  

5  of  t h e   v i b r a t i n g   h o r n   6 2 .  

In  o p e r a t i o n   t h e   t u b e   86  i s   c o n n e c t e d   t o  
s u i t a b l e   a s p i r a t i n g   and  h y d r a t i n g   s o u r c e s   w h e r e b y  
h y d r a t i n g   l i q u i d   may  be  d i s p e n s e d   f r o m   and  a s p i r a t e d  
i n t o   t h e   t r a n s d u c e r   64.  To  m i n i m i z e   t h e   p o s s i b i l i t y  

10  of  c a r r y - o v e r   of  m a t t e r   in  t h e   b o r e   88  t h e   b o r e   88  i s  

c l e a n e d   by  t h e   m i c r o s t r e a m i n g   and  c a v i t a t i n g   a c t i o n  

p r o d u c e d   by  t h e   a b u t m e n t   of  t h e   s h o u l d e r   92  a g a i n s t   a  
c o n t i n u o u s   c o l u m n   93  of  l i q u i d   e x t e n d i n g   a  

p r e d e t e r m i n e d   d i s t a n c e   94  i n t o   t h e   e n l a r g e d   p o r t i o n  
15  88A  of  t h e   b o r e .  

An  u l t r a s o n i c   h o r n   a s s e m b l y   64  as  shown  i n  

F i g u r e   6  is   a d a p t e d   to  p r e c i s e l y   d i s p e n s e   and  a s p i r a t e  
l i q u i d   i n t o   and  f rom  a  c o n t a i n e r   10  and  to  p r o v i d e   t h e  
s o n i c   e n e r g y   n e c e s s a r y   to  d i s s o l v e   a  t a b l e t   o r  

20  p a r t i a l l y   e m u l s i f i e d   m a t e r i a l .   The  h o r n   a s s e m b l y   64  

can   a l s o   be  u s e d   to  mix  t o g e t h e r   a t   l e a s t   two  l i q u i d  
m a t e r i a l s .   Due  to  t h e   p r o v i s i o n   of  t h e   s h o u l d e r   9 2  

t h e   c l e a n i n g   a c t i o n   g e n e r a t e d   w i t h i n   t h e   c o n t i n u o u s  

c o l u m n   94  of  l i q u i d   i s   g e n e r a t e d   w h i c h   p r e v e n t s  
25  a c c u m u l a t i o n   of  m a t t e r   on  t h e   w a l l s   of  t h e   b o r e   a n d  

t h u s   m i n i m i z e s   c a r r y o v e r .   I t   is   a l s o   b e l i e v e d   t h a t  

t h e   c l e a n i n g   a c t i o n   e x t e n d s   i n t o   l i q u i d   w i t h i n   t h e  

t u b e   86.  t h u s   m i n i m i z i n g   c a r r y o v e r   a t   t h e   i n t e r f a c e  

b e t w e e n   t he   h o r n   and  t h e   t u b e .  

30  The  h o r n   a s s e m b l y   64  may  a l s o   f o rm  a  p a r t   o f  

an  a p p a r a t u s   f o r   d e t e c t i n g   t h e   p r e s e n c e   of  a  s o l i d  

i n t e r f a c e   ( e . g . .   a  l i d )   or  a  l i q u i d   i n t e r f a c e   ( e . g . .  
t h e   s u r f a c e   of  a  l i q u i d   r e a g e n t   or  a  l i q u i d   s a m p l e .  

The  l e a d s   80A.  SOB  a r e   a p p l i e d   to  a  s e l f  
35  r e s o n a n t   power   s u p p l y   n e t w o r k   95  s u c h   as  t h a t  
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d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t   4 . 4 4 5 . 0 6 4 .   w h i c h  
p a t e n t   is  i n c o r p o r a t e d   by  r e f e r e n c e   h e r e i n .   T h e  
n e t w o r k   95  i n c l u d e s   a  m o t i o n a l   b r i d g e   c i r c u i t   96  f o r  
g e n e r a t i n g   f e e d b a c k   s i g n a l s   p r o p o r t i o n a l   to  t h e  

5  v i b r a t i o n   of  t h e   u l t r a s o n i c   h o r n   a s s e m b l y   64  w h i c h   i s  
m o d i f i e d   by  means   of  an  a c t i v e   f i l t e r   97  in  t h e  
f e e d b a c k   c i r c u i t   w h i c h   is  c o u p l e d   to  a  s t a r t i n g  
c i r c u i t   98  t h a t   r a i s e s   t h e   Q  of  t he   a c t i v e   f i l t e r   w h e n  
a  s i g n a l   is   no t   p r e s e n t   in  t h e   f e e d b a c k   l o o p   to  c h a n g e  

10  t h e   a c t i v e   f i l t e r   f rom  a  mode  s u p p r e s s a n t   to  a  
s e l f - o s c i l l a t i n g   s t a t e .  

As  s e e n   in  F i g u r e   6.  t h e   h o r n   a s s e m b l y   64  i s  
o p e r a t e d   in  a  m o t i o n a l   b r i d g e   c i r c u i t   96  w h i c h ,   i n  
t u r n ,   is   c o u p l e d   to  t he   o u t p u t   of  c o n s t a n t   g a i n   p o w e r  

15  a m p l i f i e r   99  v i a   a  t r a n s f o r m e r   100.   The  m o t i o n a l  
b r i d g e   c i r c u i t   96.  no t   o n l y   s e r v e s   to  a p p l y   e x c i t a t i o n  

power   to  t h e   h o r n   64.  bu t   more  i m p o r t a n t l y .   i t  
p r o d u c e s   a  s i n u s o i d a l   f e e d b a c k   c o n t r o l   v o l t a g e   on  l i n e  
101  t h a t   (1)  c o r r e s p o n d s   d i r e c t l y   w i t h   t r a n s d u c e r   t i p  

20  f r e q u e n c y ,   a m p l i t u d e   and  p h a s e   and  (2)  r e m a i n s  
i n d e p e n d e n t   of  n o n r e a c t i v e   l o a d   c h a n g e s   on  t h e  
t r a n s d u c e r .   L i n e   101  c o n n e c t s   t h e   m o t i o n a l   b r i d g e  
c i r c u i t   96  to  t he   i n p u t   of  t h e   a l l   p a s s   p h a s e   s h i f t e r  
c i r c u i t   102.   C o n n e c t e d   to  t h e   o u t p u t   of  p h a s e   s h i f t e r  

25  102  is   t he   a c t i v e   f i l t e r   c i r c u i t   97  and  t h e   s t a r t i n g  
c i r c u i t   98  to  make  f i l t e r   97  s e l f   o s c i l l a t i n g .   A c t i v e  
f i l t e r   97  is   c o n n e c t e d   to  t h e   i n p u t   of  power   a m p l i f i e r  
99  whose   o u t p u t   is  c o n n e c t e d   to  t r a n s f o r m e r   1 0 0  
t h r o u g h   i n d u c t a n c e   103  to  d r i v e   m o t i o n a l   b r i d g e  

JO  c i r c u i t   9 6 .  

F e e d b a c k   c o n t r o l   v o l t a g e   of  l i n e   101  is  t h e  
i n p u t   to  p h a s e   s h i f t e r   c i r c u i t   102  w h i c h   is   u s e d   t o  
t u n e   t h e   p h a s i n g   of  t he   i n p u t   s i n u s o i d a l   s i g n a l   i n  
s u c h   a  p r e d e t e r m i n e d   a m o u n t   and  d i r e c t i o n   t h a t   t h e  

J5  t r a n s d u c e r   v i b r a t i o n s   a r e   c o n s t r a i n e d   to  r e m a i n   in  t h e  
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p a r a l l e l   r e s o n a n c e   c o n d i t i o n .   I t   is   i m p o r t a n t   to  n o t e  
t h a t   o n l y   t h e   p h a s i n g   of  t h e   f e e d b a c k   s i g n a l ,   and  n o t  
a m p l i t u d e ,   is   a d j u s t e d   so  as  to  no t   d i s t u r b   l o o p   g a i n  
and  t he   mode  s u p p r e s s i o n   f u n c t i o n   of  s u c c e e d i n g   a c t i v e  

5  f i l t e r   c i r c u i t   97.  P h a s e   s h i f t e r   c i r c u i t   102  i s  
c o n f i g u r e d   as  a  f i r s t - o r d e r   a l l   p a s s   n e t w o r k   w i t h  
v a r i a b l e   p h a s e   s h i f t .   I t s   o u t p u t   i s   a  r e p l i c a   ( e x c e p t  
f o r   p h a s e )   of  t h e   i n p u t   AC  f e e d b a c k   s i g n a l   f r o m  
m o t i o n a l   b r i d g e   c i r c u i t   9 6 .  

10  A c t i v e   f i l t e r   97  i s   a  d u a l - p u r p o s e  
s e c o n d - o r d e r   Q - c o n t r o l l e d   band   p a s s   f i l t e r .   T h e  
p r i m a r y   p u r p o s e   of  f i l t e r   97  is   to  p r e v e n t   t h e   p o w e r  
s u p p l y   f r o m   d r i v i n g   t h e   t r a n s d u c e r   s y s t e m   " o u t   o f  
b a n d "   i n t o   v i b r a t i o n a l   modes   t h a t   have   no t   b e e n  

15  s e l e c t e d   f o r   u s e .   Used  in  t h i s   way.   i t   i s   c a l l e d   a  
mode  s u p p r e s s a n t   f i l t e r .   The  s e c o n d a r y   p u r p o s e   o f  
f i l t e r   97  d o e s   no t   a p p e a r   u n l e s s   t h e   f e e d b a c k   s i g n a l  
on  l i n e   101  is   l o s t   c o m p l e t e l y ,   s u c h   as  a t   s t a r t u p .  
Tn  t h i s   e v e n t ,   s t a r t i n g   c i r c u i t   98  w h i c h   m o n i t o r s   t h e  

20  o u t p u t   s i g n a l   f r o m   p h a s e - s h i f t e r   c i r c u i t   102.   c a u s e s  
t h e   Q  of  a c t i v e   f i l t e r   c i r c u i t   97  to  i n c r e a s e   to  t h e  
p o i n t   w h e r e   f i l t e r   c i r c u i t   97  b r a k e s   i n t o  
o s c i l l a t i o n .   ( C i r c u i t   Q  is   d e f i n e d   as  t h e   r a t i o   o f  
r e s o n a n t   f r e q u e n c y   (WQ)  to  -3  dB  b a n d w i d t h   (BW)  o r  

25 

q  -  
BW 

The  f r e q u e n c y   of  o s c i l l a t i o n   is  made  to  be  c o i n c i d e n t  
JO  w i t h   t h e   p r e s e l e c t e d   n a t u r a l   p a r a l l e l   r e s o n a n t  

f r e q u e n c y   of  t h e   t r a n s d u c e r   s y s t e m .   The  o s c i l l a t o r  
mode  a f f o r d e d   by  a c t i v e   f i l t e r   97  r e m a i n s   as  l o n g   a s  
n e e d e d   to  r e - e s t a b l i s h   t h e   f e e d b a c k   c o n t r o l   s i g n a l   o n  
l i n e   101  f rom  m o t i o n a l   b r i d g e   c i r c u i t   9 6 .  

J5 
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A  v o l t a g e   (on  t he   o r d e r   of  s e v e n t y   v o l t s ,  
RMS)  is  a p p l i e d   to  t he   h o r n   64  w h i c h   is  s u f f i c i e n t   t o  
j u s t   d r i v e   t he   u n l o a d e d   h o r n   64  to  v i b r a t e   a t   i t s  
r e s o n a n t   f r e q u e n c y .   The  h o r n   o p e r a t e s   in  t h e  

5  f r e q u e n c y   r a n g e   f rom  20  to  100  k H z . ,   more  p a r t i c u l a r l y  
40  to  60  kHz.  and  s p e c i f i c a l l y   a t   50  kHz.  When  t h e  
t i p   70  of  t h e   h o r n   64  e n c o u n t e r s   t he   s o l i d   or  l i q u i d  
i n t e r f a c e   t h e   h o r n   b e c o m e s   l o a d e d   and  t h e   h o r n   n o  
l o n g e r   r e s o n a t e s .   The  s i g n a l   in  t h e   l i n e   101  is   t h u s  

10  l o s t .   As  d e s c r i b e d   a b o v e   and  in  t h e   i n c o r p o r a t e d  

p a t e n t   t he   l o s s   of  t he   f e e d b a c k   s i g n a l   c a u s e s   t h e  

s t a r t i n g   c i r c u i t   98  to  p r o d u c e   a  s i g n a l   on  t h e   l i n e  

104  to  a  d e v i c e   105.   e . g . ,   a  d i g i t a l   c o m p u t e r .   T h u s  
is   g e n e r a t e d   an  i n d i c a t i o n   t h a t   t h e   h o r n   64  h a s  

15  e n c o u n t e r e d   an  i n t e r f a c e .  

- o - O - o -  

E a c h   of  t he   c o n t a i n e r s   10  in  t h e  
m u l t i - c o n t a i n e r   s t r i p   12  shown  in  F i g u r e   1  may  b e  
c l o s e d   by  a  l i d   s t r u c t u r e   L  in  a c c o r d a n c e   w i t h   t h e  

20  p r e s e n t   i n v e n t i o n .   The  l i d   s t r u c t u r e   i n c l u d e s   a  
f i r s t ,   l o w e r ,   s u p p o r t   s h e e t   106  h a v i n g   an  a r r a y   o f  

s p a c e d   r e c e p t a c l e s   107  t h e r e i n .   Each   r e c e p t a c l e   1 0 7  

o c c u p i e s   a  p e r i m e t r i c   c o n f i g u r a t i o n   c o r r e s p o n d i n g   t o  
t h e   s h a p e   of  t he   open   end  of  t he   c o n t a i n e r   10  w i t h  

25  w h i c h   i t   is   a s s o c i a t e d .  

A  s e c o n d ,   u p p e r ,   c o v e r   s h e e t   108  o v e r l i e s   t h e  

l o w e r   s h e e t   106 .   The  s h e e t   108  is  j o i n e d   to  t h e   s h e e t  

106  a l o n g   t h o s e   i n t e r f a c i n g   p o r t i o n s   t h e r e o f   to  t h u s  

d e f i n e   a  s u b s t a n t i a l l y   e n c l o s e d   v o l u m e   110  w i t h i n   e a c h  
30  r e c e p t a c l e   107.   The  s h e e t s   106  and  108  a r e   j o i n e d   b y  

any  s u i t a b l e   e x p e d i e n t   and  d e f i n e   a  p e r i p h e r a l   f l a n g e  

r e g i o n   112  e n t i r e l y   s u r r o u n d i n g   t h e   e n c l o s e d   v o l u m e  

110.   D i s p o s e d   w i t h i n   e a c h   of  t h e   v o l u m e s   110  is  a  

t h e r m o p l a s t i c   e l a s t o m e r   pad  112  s u c h   as  t h a t   s o l d   b y  
35  West   Company  of  P h o e n i x v i l l e   ,  P e n n s y l v a n i a ,   u n d e r  
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f o r m u l a t i o n   number   8 5 5 3 - 3 - 5 - 1 .   The  pad  114  is   r e c e i v e d  
w i t h i n   e a c h   e n c l o s e d   v o l u m e   110  and  is  s i z e d   s u c h   t h a t  

a  gap  116  is   d e f i n e d   b e t w e e n   t h e   w a l l s   of  t h e  
r e c e p t a c l e   and  t h e   u n d e r s u r f a c e   of  t h e   u p p e r   s h e e t   1 0 8 .  

5  The  l i d   s t r u c t u r e   L  in  t h e   a b o v e - d e s c r i b e d  

a s s e m b l e d   r e l a t i o n s h i p   i s   a r r a n g e d   to   o v e r l i e   e a c h  
c o n t a i n e r   10  in  t h e   s t r i p   12.  To  f a c i l i t a t e   t h i s   e n d  
t h e   u n d e r s u r f a c e   of  t h e   p e r i p h e r a l   f l a n g e   r e g i o n   1 1 2  
d e f i n e d   by  t h e   j o i n t u r e   of  t h e   s h e e t s   106 .   108  is   h e a t  

10  s e a l e d   or  o t h e r w i s e   a t t a c h e d   to  t h e   s e a l i n g   s u r f a c e   2 2  
of  t h e   c o m p a r t m e n t s   12.  In  t h i s   m a n n e r   t h e   c o n t a i n e r s  

a r e   e a c h   c l o s e d   by  an  i m p e r m e a b l e   s e a l   w h i c h   s e r v e s   t o  
f o r m   an  e v a p o r a t i o n   b a r r i e r   f o r   t h e   c o n t e n t s   of  t h e  

c o m p a r t m e n t   and  to  i s o l a t e   t h e   c o n t a i n e r s   a g a i n s t  
15  v a p o r   c r o s s   c o n t a m i n a t i o n .  

S i n c e   in  t h e   e m b o d i m e n t   shown  in  F i g u r e s   4 
and  5  l o w e r   s h e e t   106  is   to  be  h e a t   s e a l e d   to  t h e  
s u r f a c e   22  s u r r o u n d i n g   e a c h   c o n t a i n e r ,   t h e   m a t e r i a l   o f  
t he   s h e e t   106  a b u t t i n g   t h e   c o n t a i n e r   10  must   be  h e a t  

20  s e a l a b l e   t h e r e t o .   O t h e r w i s e   any  s u i t a b l e   s u b s t a n t i a l l y  
r i g i d ,   i n e r t   m a t e r i a l   may  be  u s e d   as  t h e   s h e e t   1 0 6 .  
The  s h e e t   108  i s .   in  t h e   p r e f e r r e d   e m b o d i m e n t   f o r m e d  
of  a  l a m i n a t e   of  ( i )   an  o u t e r   p o l y e s t e r   f i l m ,   s u c h   a s  
t h a t   s o l d   by  E.  I.  du  P o n t   de  N e m o u r s   and  C o m p a n y  

25  u n d e r   t h e   t r a d e m a r k   MYLAR.  ( i i )   a  p o l y v i n y l   i d e n e  
c h l o r i d e   c o a t i n g   s u c h   as  t h a t   s o l d   by  Dow  C h e m i c a l s  
Co.  u n d e r   t h e   t r a d e m a r k   SARAN.  and  ( i i i )   an  o u t e r  
b a r r i e r   s h e e t   of  p o l y e t h y l e n e .   The  p o l y e t h y l e n e   s h e e t  
i n t e r f a c e s   a g a i n s t   t h e   l o w e r   s h e e t   and  is   j o i n e d  

30  t h e r e t o .   Of  c o u r s e ,   any  o t h e r   s u i t a b l e   m a t e r i a l s   m a y  
be  u s e d   f o r   t h e   s h e e t s   106  and  108.   The  t o p   s h e e t   1 0 8  
f o r m s   a  v a p o r   b a r r i e r   to  e n h a n c e   t h e   s h e l f   l i f e   of  a  
c o n t a i n e r   c o v e r e d   by  t h e   l i d   L .  

The  pad  116  may  a l s o   be  i m p l e m e n t e d   u s i n g   a n y  
35  s t r e t c h a b l e .   r e s e a l a b l e   m a t e r i a l ,   s u c h   as  s i l i c o n e  
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r u b b e r   or  n a t u r a l   r u b b e r .   In  t h e   p r e f e r r e d   e m b o d i m e n t  
t h e   l i d   is  a r r a n g e d   s u c h   t h a t   t he   pad  114  p r o j e c t s  
d o w n w a r d l y   i n t o   t h e   c o n t a i n e r .   H o w e v e r ,   t h e   r e v e r s e  
is  a l s o   p o s s i b l e ,   i . e . .   w h e r e   pad  114  is  d i s p o s e d  

5  a b o v e   t he   c o n t a i n e r .   If   o n l y   a  s i n g l e   c o n t a i n e r   i s  
b e i n g   c o v e r e d   t h e   l i d   may  be  i m p l e m e n t e d   u s i n g   a  
s i n g l e   s h e e t   w i t h   a  pad  s e c u r e d   t h e r e t o .   E i t h e r  
s u r f a c e   of  t h e   s h e e t   may  be  a t t a c h e d   to  t he   c o n t a i n e r  

w h e r e b y   t h e   pad  p r o j e c t s   i n t o   or  l i e s   a b o v e   t h e  

10  c o n t a i n e r .  

The  pad  114  may  be  p r o v i d e d   w i t h   a  s l i t   1 2 0  
w h i c h   d e f i n e s   an  e n t r y   and  e x i t   p a t h   w h e r e b y   a n  
u l t r a s o n i c   h o r n .   e . g .   t h e   h o r n   64.  may  be  i n t r o d u c e d  
i n t o   t h e   c o n t a i n e r   10.  The  e l a s t o m e r i c   m a t e r i a l   o f  

15  t h e   pad  114  is   s e l e c t e d   so  t h a t   t h e   pad  s e l f - h e a l s   a s  
t h e   h o r n   i s   w i t h d r a w n .   t h e r e b y   m a i n t a i n i n g   a  
s u b s t a n t i a l l y   i n t e g r a l   e v a p o r a t i o n   b a r r i e r   o v e r   t h e  
c o n t a i n e r .   The  pad  114  s e l f - h e a l s   e v e n   f o r   r e l a t i v e  

l a r g e   d i a m e t e r   p r o b e s   ( i . e . ,   on  t h e   o r d e r   of  . 1 2 5  

2o  i n c h e s ) .   Thus  t h e   l i d   s t r u c t u r e   L  is   u s e f u l   i n  

c o n j u n c t i o n   w i t h   r e l a t i v e l y   b l u n t   p r o b e s .   M o r e o v e r ,  
t h e   m a t e r i a l   of  t h e   pad  114  p e r f o r m s   a  w i p i n g   a c t i o n  

on  t h e   e x t e r i o r   of  t he   h o r n   as  t h e   h o r n   is   i n s e r t e d   o r  
w i t h d r a w n .   T h i s   w i p i n g   a c t i o n   p r e v e n t s   c r o s s  

25  c o n t a m i n a t i o n .   I t   has  been   f o u n d   t h a t   t h e   p r o v i s i o n  
of  t h e   gap  b e t w e e n   t h e   pad  and  t h e   r e c e p t a c l e  
f a c i l i t a t e s   t h e   e n t r y   of  t he   p r o b e   or  h o r n   i n t o   t h e  
c o n t a i n e r   . 

T h o s e   s k i l l e d   in  t h e   a r t   h a v i n g   t he   b e n e f i t  

30  °f   t h e   t e a c h i n g s   of  t h e   p r e s e n t   i n v e n t i o n   a s  
h e r e i n a b o v e   s e t   f o r t h   may  e f f e c t   n u m e r o u s  
m o d i f i c a t i o n s   t h e r e t o .   T h e s e   m o d i f i c a t i o n s   a r e .  
h o w e v e r ,   to  be  c o n s t r u e d   as  l y i n g   w i t h i n   t he   s c o p e   o f  

t he   p r e s e n t   i n v e n t i o n   as  d e f i n e d   by  t h e   a p p e n d e d  

35  c l a i m s .  
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WHAT  IS  CLAIMED  I S :  

1.  An  u l t r a s o n i c   h o r n   a s s e m b l y   h a v i n g   a  
c e n t r a l   a x i a l   b o r e   e x t e n d i n g   t h e r e t h r o u g h ,   t h e   b o r e  
b e i n g   n a r r o w e d   by  a  s h o u l d e r   l o c a t e d   a  p r e d e t e r m i n e d  

5  d i s t a n c e   f rom  t h e   end  of  t h e   h o r n ,   s u c h   t h a t ,   in  u s e .  
a  c o n t i n u o u s   c o l u m n   of  l i q u i d   d i s p o s e d   in   t h e   b o r e   a  
p r e d e t e r m i n e d   d i s t a n c e   a b o v e   t h e   s h o u l d e r   i s   a g i t a t e d  
by  v i b r a t i o n   of  t h e   h o r n   to  p r o d u c e   a  c l e a n i n g   a c t i o n  
in  t h e   l i q u i d   in  t h e   b o r e .  

10  2.  The  h o r n   of  c l a i m   1  w h e r e i n   t h e   s h o u l d e r  
is   d i s p o s e d   s u b s t a n t i a l l y   a t   a  v i b r a t o r y   a n t i n o d e   o f  
t h e   h o r n .  

3.  The  h o r n   of  c l a i m   1  w h e r e i n   t h e   s h o u l d e r  
is   b e v e l e d .  

15  The  h o r n   of  c l a i m   1  w h e r e i n   t h e   h o r n  
e n d s   in  a  b e v e l e d   a t   an  a n g l e   in  t h e   r a n g e   of  0°  t o  
4 5 ° .  
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