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@  Inkjet  apparatus. 

An  elongated  acoustic  waveguide  (20)  couples  a  trans- 
ducer  (18)  to  an  ink  jet  chamber  (14)  including  an  outlet 
orifice  (16)  through  which  droplets  of  ink  are  ejected.  In one 
embodiment,  the  waveguide  (20)  is  directly  coupled  to  ink 
within  the  chamber  (14).  Arrays  are  formed  utilizing  such  ink 
jet  chambers  (14)  and  waveguides  (20).  Because  the  trans- 
ducers  (18)  are  located  separately  from  the  ink  jet  chambers 
(14),  the  latter  can  be  arranged  in  a  very  compact  array. 



T h i s   i n v e n t i o n   r e l a t e s   to  i nk   j e t s ,   more   p a r t i c u l a r l y ,  

to  i n k   j e t s   a d a p t e d   to  e j e c t   a  d r o p l e t   of  i nk   f rom  an  o r i -  

f i c e   f o r   p u r p o s e s   of   m a r k i n g   on  a  c o p y   m e d i u m .  

I t   i s   d e s i r a b l e   in   c e r t a i n   c i r c u m s t a n c e s   to  p r o v i d e  

an  a r r a y   of   i n k   j e t s   f o r   w r i t i n g   a l p h a - n u m e r i c   c h a r a c t e r s .  

For   t h i s   p u r p o s e ,   i t   i s   f r e q u e n t l y   d e s i r a b l e   to   p r o v i d e   a  

h i g h   d e n s i t y   i n k   j e t   a r r a y .   H o w e v e r ,   in   many  i n s t a n c e s ,   t h e  

s t i m u l a t i n g   e l e m e n t   or  t r a n s d u c e r s   of   s u c h   an  a r r a y   a r e  

s u f f i c i e n t l y   b u l k y   so  as  to  i m p o s e   s e r i o u s   l i m i t a t i o n s   o n  

t he   d e n s i t y   in   w h i c h   i n k   j e t s   may  be  a r r a y e d .   In  t h i s   c o n -  

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

t y p i c a l l y   c o m p r i s e   a  c e r t a i n   f i n i t e   s i z e   so  as  to   p r o v i d e  

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

in  i nk   j e t   c h a m b e r   v o l u m e   w h i c h   r e s u l t s   in   t h e   e j e c t i o n   o f  

a  d r o p l e t   o f   i n k   f rom  t h e   o r i f i c e   a s s o c i a t e d   w i t h   t h e   i n k  

c h a m b e r .  

I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t   e f f o r t s   to   c r e a t e  

a  h i g h   d e n s i t y   i n k   j e t   a r r a y   may  p r o d u c e   u n d e s i r a b l e   c r o s s  

t a l k   b e t w e e n   t h e   i n k   j e t s   in   t h e   a r r a y .   T h i s   i s   a  r e s u l t ,  

a t   l e a s t   a t   l a r g e   p a r t ,   of  t h e   r e l a t i v e l y   c l o s e   s p a c i n g   o f  

ink   j e t s   in   t h e   a r r a y .  
When  e f f o r t s   a r e   made  to  a c h i e v e   a  h i g h   d e n s i t y  

a r r a y ,   t h e   i n k   j e t   t r a n s d u c e r s   b e c o m e   i n t i m a t e l y   a s s o c i a t e d  

w i t h   t h e   f l u i d i c   s e c t i o n   of   t h e   i nk   j e t ,   i . e . ,   t h e   i n k  

c h a m b e r s   and  o r i f i c e s .   As  a  c o n s e q u e n c e ,   any   f a i l u r e   i n  

t h e   f l u i d i c   s e c t i o n   of   t h e   d e v i c e ,   w h i c h   i s   f a r   more   common  

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

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

t h e   t r a n s d u c e r .  

I t   i s   an  o b j e c t   of   t h i s   i n v e n t i o n   to  p r o v i d e   a  h i g h  

d e n s i t y   i n k   j e t   a r r a y .  
I t   i s   a  f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n   to   p r o v i d e  

an  ink   j e t   a r r a y   to   m i n i m i z e   c r o s s   t a l k   b e t w e e n   i nk   j e t s .  



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

p r o v i d e   an  i n k   j e t   a r r a y   w h i c h   f a c i l i t a t e s   d i s p o s a b i l i t y  

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

d e n t l y   of   t h e   t r a n s d u c e r s   of   t h e   i n k   j e t s .  

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

a  f l u i d i c   f e e d i n g   s y s t e m   to  t h e   j e t s   t h a t   m i n i m i z e   a i r  

e n t r a p m e n t   and  c a v i t a t i o n   s i t e s .  

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

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

m a t e r i a l   to  p r e v e n t   g e n e r a t i o n   of   f l e x u r a l   v i b r a t i o n   t h a t  

can   c a u s e   c r o s s   t a l k   to   n e i g h b o r i n g   f l u i d i c   f e e d i n g   c h a n -  

n e l s .  

In  a c c o r d a n c e   w i t h   t h e s e   and  o t h e r   o b j e c t s   o f   t h e  

i n v e n t i o n ,   an  i nk   j e t   a p p a r a t u s   c o m p r i s e s   an  i n k   j e t  

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

c h a m b e r   and  an  o u t l e t   o r i f i c e   f o r   e j e c t i n g   i n k   d r o p l e t s  

f rom  t h e   c h a m b e r .   A  t r a n s d u c e r   i s   r e m o t e l y   l o c a t e d   f r o m  

t h e   c h a m b e r   and  an  e l o n g a t e d   e i t h e r   s o l i d   o r   t u b u l a r   a c o u s -  

t i c   w a v e g u i d e   i s   c o u p l e d   b e t w e e n   t h e   i n k   j e t   c h a m b e r   a n d  

t h e   t r a n s d u c e r .   The  a c o u s t i c   w a v e g u i d e   t r a n s m i t s   a c o u s t i c  

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

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

of   e n e r g i z a t i o n   of   t h e   t r a n s d u c e r .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   a c o u s t i c   p u l s e s  

a r e   t r a n s m i t t e d   a l o n g   t h e   w a v e g u i d e   in   t h e   f o l l o w i n g   m a n n e r .  

When  t h e   t r a n s d u c e r   i s   e n e r g i z e d ,   t h e   e n d s   t h e r e o f   move  i n  

an  a x i a l   d i r e c t i o n   in   an  a m o u n t   d e t e r m i n e d   by  t h e   v o l t a g e  

a p p l i e d   to  t h e   t r a n s d u c e r .   I f   one   end  of   s a i d   t r a n s d u c e r  

i s   a f f i x e d   to   a  s o l i d   b a c k   p i e c e ,   t h e   o t h e r   end  w i l l   m o v e  

a g a i n s t   t h e   a b u t t e d   end  of   t h e   w a v e g u i d e .   The  a b u t t e d   e n d  

of   t h e   w a v e g u i d e   w i l l   t h e n   be  d r i v e n   a l o n g   in   t h e   s a m e  

d i r e c t i o n   by  an  a m o u n t   c o r r e s p o n d i n g   to  t h a t   of   t h e   end  o f  

t h e   t r a n s d u c e r .   I f   t h e   d r i v i n g   p u l s e   ( v o l t a g e )   i s   s h a r p ,  

e . g . ,   t h e   v o l t a g e   t a k e s   a  s h o r t   t i m e   to   r e a c h   i t s   f i n a l  

v a l u e ,   t h e   end  of   t h e   t r a n s d u c e r   w i l l   move  f a s t ;   t h e   e n d  

of   t h e   w a v e g u i d e   w i l l   move  a c c o r d i n g l y   f a s t ,   and  o n l y   p a r t  
of  s a i d   w a v e g u i d e   w i l l   be  a b l e   to   f o l l o w   t h e   f a s t   m o t i o n .  



The  r e s t   o f   t h e   w a v e g u i d e   w i l l   s t a y   a t   r e s t .   The  end  o f  

t h e   w a v e g u i d e   t h a t   was  i n i t i a l l y   d e f o r m e d   w i l l   r e l a x   b y  

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

t h e   w a v e g u i d e .   T h i s   s u c c e s s i v e   d i s p l a c e m e n t   of   t h e   e l a s t i c  

d e f o r m a t i o n   u l t i m a t e l y   r e a c h e s   t h e   d i s t a l   end  of   t h e   w a v e -  

g u i d e .   The  l a s t   p o r t i o n   t h e r e o f   c a u s e s   t h e   f l u i d   w i t h i n  

t h e   c h a m b e r   to   be  c o m p r e s s e d   and  t h u s   c a u s e s   t h e   e j e c t i o n  

of   f l u i d   d r o p l e t s   f rom  t h e   n o z z l e   o r i f i c e .   The  p h y s i c a l  

p r o p e r t i e s   u s e d   in   t h i s   i n v e n t i o n   a r e   t h o s e   of   a  t r u e  

wave  t r a v e l i n g   a l o n g   t h e   w a v e g u i d e   l e n g t h   and  n o t   t h o s e  

o f  a   p u s h   r o d   w h e r e b y   when  one  end  of   t h e   r o d   i s   m o v e d ,  

t h e   o t h e r   end   w i l l   move  in   u n i s o n .  

In  a c c o r d a n c e   w i t h   one   i m p o r t a n t   a s p e c t   o f   t h e   i n v e n -  

t i o n ,   a  p l u r a l i t y   of   s u c h   i nk   j e t s   a r e   u t i l i z e d   in  a n  

a r r a y   s u c h   t h a t   t h e   s p a c i n g   f rom  c e n t e r   to  c e n t e r   of  t r a n s -  

d u c e r s   i s   s u b s t a n t i a l l y   g r e a t e r   t h a n   t h e   s p a c i n g   f rom  a x i s  

to  a x i s   of   t h e   o r i f i c e s .   T h i s   r e l a t i v e   s p a c i n g   o f   t r a n s -  

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

v e r g i n g   t h e   a c o u s t i c   w a v e g u i d e   t o w a r d   t h e   o r i f i c e s .  

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

i n v e n t i o n ,   a l l   o f   t h e   t r a n s d u c e r s   a r e   l o c a t e d   a t   one  s i d e  

of  t h e   a x i s   of  t h e   o r i f i c e   a t   one   e x t r e m i t y   of   t h e   a r r a y .  

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

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

a x e s   of   e l o n g a t i o n .  

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

i n v e n t i o n ,   t h e   w a v e g u i d e s   a r e   t a p e r e d   so  t h a t   t h e i r   d i a -  

m e t e r   a t   t h e   d i s t a l   e n d s   a r e   s u b s t a n t i a l l y   s m a l l e r   t h a n  

t h o s e   a t   t h e   t r a n s d u c e r   e n d s .   T h i s   t a p e r i n g   o f   t h e   w a v e -  

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

t h u s   f u r t h e r   i n c r e a s i n g   t h e   c h a n n e l   d e n s i t y .  

In  a c c o r d a n c e   w i t h   y e t   a n o t h e r   i m p o r t a n t   a s p e c t   o f  

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

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

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

In  a c c o r d a n c e   w i t h   y e t   a n o t h e r   i m p o r t a n t   a s p e c t   o f  

t h e   i n v e n t i o n ,   t h e   f l u i d   f e e d   c h a n n e l s   a r e   p r o v i d e d   w i t h   a n  



o r i f i c e   at  the  d i s t a l   end  having  a  c r o s s - s e c t i o n a l   area  smal l e r   than  t h e  

c r o s s - s e c t i o n a l   area  of  said  f l u i d   channel   so  as  to  serve  as  a  r e s t r i c t o r  

to  c o n t r o l   the  flow  of  f l u i d   pass ing   t h e r e t h r o u g h .  

In  acco rdance   with  yet  ano ther   i m p o r t a n t   a spec t   of  the  i n v e n t i o n ,  

the  chambers  of  the  ink  j e t s   may  i nc lude   a  diaphragm  coupled  to  t h e  

waveguide  such  t ha t   the  diaphragm  c o n t r a c t s   and  expands  in  r e sponse   t o  

the  s t a t e   of  e n e r g i z a t i o n   of  the  t r a n s d u c e r   in  a  d i r e c t i o n   having  a t  

l e a s t   a  component  p a r a l l e l   with  the  axis  of  the  o r i f i c e .  

In  a cco rdance   with  yet  s t i l l   another   i m p o r t a n t   a spec t   of  t h e  

i n v e n t i o n ,   each  waveguide  abu t t s   the  t r a n s d u c e r   and  is  held  the reon   by 

means  of  a  metal   or  ceramic  f e r r u l e   tha t   f i t s   both  the  t r a n s d u c e r   end 

and  the  waveguide  e n d .  

In  acco rdance   with  ano the r   impor t an t   a spec t   of  the  i n v e n t i o n ,   e ach  

a c o u s t i c   waveguide  is  e l o n g a t e d   such  t ha t   the  o v e r a l l   l ength   along  t h e  

axis  of  e l o n g a t i o n   g r e a t l y   exceeds  the  d imension   of  the  waveguide  t r a n s v e r s e  

to  the  a x i s .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n ,   and  to  show  how  t h e  

same  may  be  c a r r i e d   into  e f f e c t ,   r e f e r e n c e   w i l l   now  be  made,  by  way  o f  

example,  to  the  accompanying  d rawings ,   in  w h i c h : -  

Fig.   1  is  a  s e c t i o n a l   view  of  an  ink  j e t   a r ray   r e p r e s e n t i n g   a  

p r e f e r r e d   embodiment  of  the  i n v e n t i o n ;  

Fig.  la  is  a  s e c t i o n a l   view  taken  along  l ine   l a - l a   of  Fig.  1;  

Fig.   2  is  a  p a r t i a l l y   en l a rged   view  of  the  a r ray   shown  in  Fig.  1 ;  

Fig.  2a  is  a  s e c t i o n a l   view  taken  along  l i ne   2a-2a  of  Fig.  2;  

Fig.   2b  is  a  s e c t i o n a l   view  taken  along  l i n e   2b-2b  of  Fig.   2;  

Fig.  2c  is  a  s e c t i o n a l   view  taken  along  l ine   2c-2c  of  Fig.   2;  

Fig.  3  is  a  p a r t i a l l y   schemat ic   diagram  of  yet  another   embodiment  

of  the  i n v e n t i o n ;  

Fig.   4  is  a  p a r t i a l l y   schemat ic   diagram  of  s t i l l   another   embodiment 

of  the  i n v e n t i o n ;  



F i g .   5  i s   a  p a r t i a l l y   s c h e m a t i c   d i a g r a m   of   s t i l l  

a n o t h e r   e m b o d i m e n t   of   t h e   i n v e n t i o n ;  

F i g .   6  i s   a  s e c t i o n a l   v i e w   of   a n o t h e r   e m b o d i m e n t  

of  t h e   i n v e n t i o n ;   a n d  

F i g .   6a  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e   6 a - 6 a  

of   F i g .   6 .  

R e f e r r i n g   to   F i g .   1,  an  i nk   j e t   a r r a y   c o m p r i s i n g   a  

p l u r a l i t y   of  j e t s   10  a r e   a r r a n g e d   in  a  l i n e   so  as  t o  

a s y n c h r o n o u s l y   e j e c t   i n k   d r o p l e t s   12  on  d e m a n d .   The  j e t s  

10  c o m p r i s e   c h a m b e r s   14  h a v i n g   o u t l e t   o r i f i c e s   16  f r o m  

w h i c h   t h e   d r o p l e t s   12  a r e   e j e c t e d .   The 

c h a m b e r s   e x p a n d   and  c o n t r a c t   in   r e s p o n s e   t o  

t h e   s t a t e   of   e n e r g i z a t i o n   of   t r a n s d u c e r s   18 ,   w h i c h   a r e  

c o u p l e d   to  t h e   c h a m b e r s   14  by  a c o u s t i c   w a v e g u i d e s   20.  The 

w a v e g u i d e s   20  

may  a c t u a l l y   p e n e t r a t e   i n t o   s a i d   c h a m b e r  

by  a  d i s t a n c e   d i   as  shown  in  F i g .   2 .  

The  u s e  

of  t h e   w a v e g u i d e s   2 0 , w h i c h   a r e   c o u p l e d   to   t h e   t r a n s d u c e r  

18  by  a  c e r a m i c   or   m e t a l   f e r r u l e   21,  pe rmi t s   t h e  

j e t s   10  to   be  more   c l o s e l y   s p a c e d   w i t h o u t   i m p o s i n g   l i m i -  

t a t i o n s   on  t h e   s p a c i n g   of   t h e   t r a n s d u c e r s   18.   More  p a r -  

t i c u l a r l y ,   t h e   c e n t e r s   of  t h e   c h a m b e r s   may  be  s p a c e d   by  a  

d i s t a n c e   d   w h i c h   i s   s u b s t a n t i a l l y   l e s s   t h a n   t h e   d i s t a n c e  

b e t w e e n   t h e   c e n t e r s   of   t h e   t r a n s d u c e r s   d t .   T h i s   a l l o w s   t h e  

c r e a t i o n   of   a  r a t h e r   d e n s e   ink   j e t   a r r a y   r e g a r d l e s s   of   t h e  

c o n f i g u r a t i o n   o r   s i z e   of   t h e   t r a n s d u c e r s   1 8 .  

A c o u s t i c   p u l s e s  

a r e   t r a n s m i t t e d   a l o n g   t h e   w a v e g u i d e   20  in  t h e   f o l l o w i n g  

m a n n e r .   When  t h e   t r a n s d u c e r   18  i s   e n e r g i z e d ,   t h e   e n d s  

t h e r e o f   move  in  an  a x i a l   d i r e c t i o n ,   i . e . ,   t h e   d i r e c t i o n  

p a r a l l e l   w i t h   t h e   a x i s   of  e l o n g a t i o n   of   t h e   w a v e g u i d e   2 0 ,  

in  an  a m o u n t   d e t e r m i n e d   by  t h e   v o l t a g e   a p p l i e d   to   t h e  

t r a n s d u c e r   18.   S i n c e   one  end  of   t h e   t r a n s d u c e r   18  i s  

a f f i x e d   to  a  s o l i d   b a c k   p i e c e ,   t h e   o t h e r   end  w i l l   m o v e  

a g a i n s t   t h e   a b u t t i n g   end  of   t h e   w a v e g u i d e   20.  The  a b u t t i n g  



end  of   t h e   w a v e g u i d e   20  w i l l   t h e n   be  d r i v e n   in   t h e   s a m e  

d i r e c t i o n   by  an  a m o u n t   c o r r e s p o n d i n g   t o   t h e   end  of   t h e  

t r a n s d u c e r   18.   I f   t h e   d r i v i n g   p u l s e   i s   s h a r p ,   e . g . ,   t h e  

v o l t a g e   t a k e s   a  s h o r t   t i m e   to  r e a c h   i t s   f i n a l   v a l u e ,   t h e  

end  of   t h e   t r a n s d u c e r   w i l l   move  f a s t ;   t h e   end  of  t h e   w a v e -  

g u i d e   w i l l   move  f a s t   in  a  s i m i l a r   m a n n e r ,   and  o n l y   p a r t   o f  

t he   w a v e g u i d e   20  w i l l   be  a b l e   to  f o l l o w   t h e   f a s t   m o t i o n .  

The  r e s t   of  t h e   w a v e g u i d e   w i l l   s t a y   a t   r e s t .   The  end  o f  

t h e   w a v e g u i d e   t h a t   was  i n i t i a l l y   d e f o r m e d   w i l l   r e l a x   b y  

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

t h e   w a v e g u i d e s   20.  T h i s   s u c c e s s i v e   d i s p l a c e m e n t   o f   t h e  

e l a s t i c   d e f o r m a t i o n   u l t i m a t e l y   r e a c h e s   t h e   d i s t a l   end  of  t h e  

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

w i t h i n   t h e   c h a m b e r   14  to   be  c o m p r e s s e d   and  t h u s   c a u s e s   t h e  

e j e c t i o n   of   f l u i d   d r o p l e t s   f rom  t h e   o r i f i c e .   The  p h y s i c a l  

p r o p e r t i e s   u s e d   a r e   t h o s e   of  a  t r u e  

w a v e g u i d e   t r a v e l i n g   a l o n g   t h e   w a v e g u i d e   l e n g t h   and  n o t  

t h o s e   of   a  p i s t o n   w h e r e b y   one   end  of   t h e   r o d   is   moved  a n d  

t h e   o t h e r   end  w i l l   move  in   u n i s o n .  

The  c h a m b e r s   14  a r e   c o u p l e d   to   a  p a s s a g e w a y   24 

in  t h e   w a v e g u i d e   20  w h i c h   i s   t e r m i n a t e d   a t   t h e   d i s t a l   e n d  

22  by  an  o p e n i n g   26.  The  o p e n i n g   26  i s   of   a  r e d u c e d   c r o s s -  

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

of  t h e   w a v e g u i d e   a  g r e a t e r   d i s t a n c e   f rom  t h e   o r i f i c e   1 6  

( i . e . ,   t h e   p a s s a g e w a y   t a p e r s )   so  as  to   p r o v i d e   a  r e s t r i c t o r  

a t   t h e   i n l e t   to  t h e   c h a m b e r   14.   Ink   e n t e r s   t h e   p a s s a g e w a y  
24  in   t h e   w a v e g u i d e   20  t h r o u g h   an  o p e n i n g   28,  as  p e r h a p s  

b e s t   shown  in  F i g s .   2,  2a  and  2c .   The  r e m a i n d e r   of   t h e  

w a v e g u i d e   20  may  be  f i l l e d   w i t h   a  s u i t a b l e   m a t e r i a l   30 

s u c h   as  a  m e t a l   p i e c e   or   e p o x y   e n c a p s u l a n t .  

D u r i n g   t h e   o p e r a t i o n   of   t h e   i nk   j e t   a r r a y   as  s h o w n  

in  F i g s .   1  and   2,  t h e   d i s t a l   end  22  of  t h e   w a v e g u i d e   20  

e x p a n d s   and  c o n t r a c t s   t h e   v o l u m e   of   t h e   c h a m b e r   14  in  a  

d i r e c t i o n   32  h a v i n g   a t   l e a s t   a  c o m p o n e n t   p a r a l l e l   w i t h   t h e  

a x i s   of   t h e   o r i f i c e   16.  I t   w i l l ,   o r   c o u r s e ,   be  a p p r e c i a t e d  

t h a t   t h e   w a v e g u i d e s   20  n e c e s s a r i l y   e x t e n d   in  a  d i r e c t i o n  



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

t h e   e x p a n s i o n   and  c o n t r a c t i o n   of  t h e   e n d s   22  of  t h e   w a v e -  

g u i d e s   2 0 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   w a v e g u i d e s   20  a s  

shown  in   F i g .   1  a r e   e l o n g a t e d .   As  u t i l i z e d   h e r e i n ,   t h e  

w a v e g u i d e s   20  a r e   c o n s i d e r e d   e l o n g a t e d   as  l o n g   as  t h e   o v e r -  

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

e x c e e d s   t h e   d i m e n s i o n   o f   t h e   w a v e g u i d e   t r a n s v e r s e   to   t h e  

a x i s ,   e . g . ,   more   t h a n   10  t i m e s   g r e a t e r .  

As  bes t   shown  in  F i g .   2,  t h e   w a v e g u i d e s   20  a c t u a l l y   p e n e -  

t r a t e   i n t o   t h e   c h a m b e r s   14.   The  p o s i t i o n   of   t h e   w a v e g u i d e s  

20  in   t h e   c h a m b e r s   14  may  be  p r e s e r v e d   by  m a i n t a i n i n g   a  

c l o s e   t o l e r a n c e   b e t w e e n   t h e   e x t e r n a l   d i m e n s i o n   of   t h e  

w a v e g u i d e s   20  and  t h e   w a l l s   of   t h e   c h a m b e r   14  as  f o r m e d   i n  

a  b l o c k   34.  The  b l o c k   34  may  c o m p r i s e   a  v a r i e t y   of   m a t e r -  

i a l s   i n c l u d i n g   p l a s t i c s ,   m e t a l s   a n d / o r   c e r a m i c s .  

R e f e r r i n g   a g a i n   to   F i g .   1  in   c o m b i n a t i o n   w i t h   F i g .   l a ,  

i t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   t r a n s d u c e r s   18  a r e   p o t t e d  

w i t h i n   a  p o t t i n g   m a t e r i a l   36  w h i c h   may  c o m p r i s e   e l a s t o m e r s  

or  f o a m s .   The  w a v e g u i d e s   20  a r e   a l s o   e n c a p s u l a t e d   o r  

p o t t e d   w i t h i n   a  m a t e r i a l   38  as  shown  in  F i g s .   1  and  2.  A s  

a l s o   shown  in   F i g .  2 b ,   e a c h   w a v e g u i d e   20  may  be  s u r r o u n d e d  

by  a  s l e e v e   40 ,   w h i c h   a s s i s t s   in   a t t e n u a t i n g   f l u x u r a l   v i -  

b r a t i o n s   or   r e s o n a n c e s   in   t h e   w a v e g u i d e   20.  In  t h e   a l t e r -  

n a t i v e ,   s l e e v e   40  may  be  e l i m i n a t e d   and  t h e   p o t t i n g   m a t e r i a l  

38  may  be  r e l i e d   u p o n   to   a t t e n u a t e   r e s o n a n c e s .   A  s u i t a b l e  

p o t t i n g   m a t e r i a l   38  i n c l u d e s   e l a s t o m e r s ,   p o l y e t h y l e n e   o r  

p o l y s t y r e n e .   The  p o t t i n g   m a t e r i a l   38  i s   s e p a r a t e d   f rom  t h e  

c h a m b e r   b l o c k   34  by  a  g a s k e t   41  w h i c h   may  c o m p r i s e   a n  

e l a s t o m e r .  

I t   w i l l ,   or   c o u r s e ,   be  a p p r e c i a t e d   t h a t   t h e   t r a n s -  

d u c e r s   18  m u s t   be  e n e r g i z e d   in   o r d e r   to   t r a n s m i t   an  a c o u s t i c  

p u l s e   a l o n g   t h e   w a v e g u i d e s   20.  A l t h o u g h   no  l e a d s   h a v e   b e e n  

shown  as  c o u p l e d   to   t h e   t r a n s d u c e r s   18,   i t   w i l l   be  a p p r e -  
c i a t e d   t h a t   s u c h   l e a d s   w i l l   be  p r o v i d e d   f o r   e n e r g i z a t i o n   o f  

t h e   t r a n s d u c e r s   1 8 .  



By  r e f e r r i n g   now  to  F i g s .   1  and  2,  i t   w i l l   be  a p -  

p r e c i a t e d   t h a t   i n k   f l o w s   t h r o u g h   t h e   i n l e t   p o r t s   28  i n  

e a c h   of  t h e   w a v e g u i d e s   20  f rom  a  c h a m b e r   42  w h i c h   c o m m u n i -  

c a t e s   t h r o u g h   a  c h a n n e l   44  to   a  pump  46.   The  pump  4 6  

s u p p l i e s   i nk   u n d e r   t h e   a p p r o p r i a t e   r e g u l a t e d   p r e s s u r e  

f rom  a  s u p p l y   48  to   t h e   c h a m b e r   42.  The  p r e s s u r e   r e g u l a -  

t i o n   a f f o r d e d   by  t h e   pump  46  i s   i m p o r t a n t ,   p a r t i c u l a r l y  

in  a  t y p e w r i t e r   e n v i r o n m e n t ,   s i n c e   c o n s i d e r a b l e   l i q u i d  

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

t h e   c h a m b e r   42  and  a  p a s s a g e w a y   44  may  o c c u r .   As  shown  i n  

F i g .   1,  t h e   end  o f   t h e   i nk   j e t   a r r a y   i s   c a p p e d   by  a  m e m b e r  

50  w h i c h   c o v e r s   f o o t   m e m b e r s   52  a t   t h e   e n d s   of   t h e   t r a n s -  

d u c e r s   22  as  w e l l   as  t h e   end  of   t h e   pump  4 6 .  

As  shown  in   F i g .   1,  some  of   t h e   w a v e g u i d e s   24  i n -  

d i v i d u a l l y   e x t e n d   in   a  s u b s t a n t i a l l y   s t r a i g h t   l i n e   to   t h e  

r e s p e c t i v e   c h a m b e r s   14 .   O t h e r s   may  be  b e n t   or   c u r v e d  

t o w a r d   t h e   c h a m b e r s   14.   As  shown  in  F i g .   3,  a  s o m e w h a t  

d i f f e r e n t   t r a n s d u c e r   c o n s t r u c t i o n   i s   u t i l i z e d .   More  p a r -  

t i c u l a r l y ,   an  i n t e g r a l   t r a n s d u c e r   118  h a v i n g   a  p l u r a l i t y   o f  

l e g s   1 1 8 ( a - f )   c o u p l e d   t o ,   f o r   e x a m p l e ,   f i v e   j e t s   110  o f  

t h e   t y p e   shown  in  F i g .   1  t h r o u g h   w a v e g u i d e s   120 .   H e r e  

a g a i n ,   t h e   c o n f i g u r a t i o n   of   t h e   t r a n s d u c e r   b l o c k   118  i s  

i m m a t e r i a l   so  f a r   as  t h e   d e n s i t y   o f   t h e   a r r a y   o f   i n k   j e t s  

i s   c o n c e r n e d .   M o r e o v e r ,   t h e   d i s p o s i t i o n   of  t h e   a r r a y   o f  

ink   j e t s   110  may  be  c h a n g e d   v i s - a - v i s   t h e   t r a n s d u c e r   b l o c k   118.  

As  shown,  the  a r r angemen t   of  t r a n s d u c e r s   118 (a - f )   is  o f f s e t   l a t e r a l l y  

(shown  as  below)  wi th   r e s p e c t   to  the  axis  x  through  the  o r i f i c e  

of  t h e   j e t   110  l o c a t e d   a t   one   e x t r e m i t y   ( shown  as  t h e   u p p e r  

e x t r e m i t y )   of  t h e   a r r a y .   As  shown  in  F i g .   3  and  in   F i g .   1 ,  

t h e   i n k   j e t   a r r a y s   a r e   w e l l   s u i t e d   f o r   u s e   in   a  p r i n t e r  

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

t h e   s k e w i n g   of   t h e   t r a n s d u c e r s   to   one   s i d e   of  t h e   a r r a y   o f  

j e t s   10.  R e f e r r i n g   now  to  F i g .   4,  a  p l u r a l i t y   of   t r a n s -  

d u c e r s   218  and  j e t s   210  a r e   m o u n t e d   on  a  t w o - t i e r e d   h e a d  

200.   Once  a g a i n ,   t h e   j e t s   210  a r e   v e r y   c l o s e l y   s p a c e d   so  a s  

to  a c h i e v e   a  d e n s e   a r r a y   w h i l e   t h e   t r a n s d u c e r s   218  a r e  

more   s u b s t a n t i a l l y   s p a c e d .   As  a  r e s u l t ,   t h e   w a v e g u i d e s  



220  f an   in  or   c o n v e r g e   f rom  t h e   t r a n s d u c e r s   218  to   t h e  

j e t s   210 .   F i g .   5  shows   an  a r r a n g e m e n t   w h e r e b y   two  or   m o r e  

h e a d s   200  shown  in  F i g .   4  a r e   s a n d w i c h e d   t o g e t h e r   to   t h u s  

form  h e a d s   t h a t   h a v e   m u l t i p l e   rows   of   j e t s   210  w i t h   t h e  

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

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

a c t e r s   g e n e r a t e d .  

As  c l e a r l y   shown  in  F i g s .   1,  3  and  4,  t h e   o v e r a l l  

l e n g t h s   of   t h e   w a v e g u i d e s   v a r y .   T h i s   a l l o w s   t h e   d i s t a n c e  

b e t w e e n   t h e   t r a n s d u c e r s   to  be  m a x i m i z e d   so  as  to  m i n i m i z e  

c r o s s   t a l k   b e t w e e n   t r a n s d u c e r s   as  w e l l   as  b e t w e e n   w a v e -  

g u i d e s .  

R e f e r r i n g   now  to  F i g s .   6  and  6a ,   a  s o m e w h a t   d i f -  

f e r e n t   e m b o d i m e n t   i s   shown  w h e r e i n   t h e   a c o u s t i c   w a v e g u i d e s  

20  a r e   c o u p l e d   to  t h e   c h a m b e r s   14  in   a  s o m e w h a t   d i f f e r e n t  

m a n n e r .   In  p a r t i c u l a r ,   t h e   e n d s   of   t h e   c h a m b e r s   14  r e m o t e  

from  t h e   o r i f i c e s   16  a r e   t e r m i n a t e d   by  a  d i a p h r a g m   60  

i n c l u d i n g   p r o t r u s i o n s   62  w h i c h   a b u t   t h e   w a v e g u i d e s   2 0 .  

Ink   i s   c a p a b l e   of   f l o w i n g   i n t o   t h e   c h a m b e r s   14  t h r o u g h  

o r i f i c e s   65  shown  in   F i g .   6a  a d j a c e n t   a  r e s t r i c t o r   p l a t e  

64.  The  o p e n i n g s   65  c o m m u n i c a t e   w i t h   a  r e s e r v o i r   66  i n  

t h e   m a n n e r   d i s c l o s e d   in   t h e   a f o r e s a i d   a p p l i c a t i o n .   F o r  

t h i s   p u r p o s e ,   t h e   b l o c k   34  i n c l u d e s   l a n d s   68  w h i c h   f o r m   t h e  

r e s t r i c t o r   o p e n i n g s   65  to   t h e   c h a m b e r   14  in  c o m b i n a t i o n   w i t h  

t h e   r e s t r i c t o r   p l a t e   6 4 .  

In  o p e r a t i o n ,   t h e   p u l s e   f rom  a  t r a n s d u c e r   t r a v e l s  

a l o n g   e a c h   of   t h e   w a v e g u i d e s   20  in  t h e   e m b o d i m e n t   shown  i n  

F i g .   6  u n t i l   s u c h   t i m e   as  i t   r e a c h e s   a  p r o j e c t i o n   62  on  t h e  

d i a p h r a g m   60.  T h i s   d e f o r m s   t h e   d i a p h r a g m   60  i n t o   and  o u t  

of  t h e   c h a m b e r   14  a s s o c i a t e d   w i t h   t h a t   p a r t i c u l a r   w a v e g u i d e  

20  so  as  to   c h a n g e   t h e   v o l u m e   of   t h a t   c h a m b e r   and  e x p e l l  

d r o p l e t s   of   i n k   12  f rom  t h e   o r i f i c e s   16.   I t   w i l l ,   t h e r e -  

f o r e ,   be  a p p r e c i a t e d   t h a t   t h e   d i a p h r a g m   60  e x p a n d s   a n d  

c o n t r a c t s   in  a  d i r e c t i o n   g e n e r a l l y   c o r r e s p o n d i n g   to  a n d  

p a r a l l e l   w i t h   t h e   a x i s   of   e l o n g a t i o n   of   t h e   w a v e g u i d e s   20  

a t   t h e   p r o j e c t i o n   62.  I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e  

f l u i d i c   r e a c t i o n   of   t h i s   e m b o d i m e n t   i n c l u d i n g   t h e   c h a m b e r   14  



may  be  r e p a r a b l e   f rom  t h e   w a v e g u i d e s   20  a t   t h e   d i a p h r a g m  

62  in  a c c o r d a n c e   w i t h   one  i m p o r t a n t   o b j e c t   of   t h e   i n v e n -  

t i o n .  

A c o u s t i c   w a v e g u i d e s   s u i t a b l e   f o r   u s e   in   t h e   v a r i o u s  

e m b o d i m e n t s   o f   t h i s   i n v e n t i o n   i n c l u d e   w a v e g u i d e s   made  o f  

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

o t h e r   h a r d   m a t e r i a l s   s u c h   as  c e r a m i c s ,   o r   g l a s s   f i b e r s .  

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

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

be  a  maximum  f o r   a c o u s t i c   w a v e s   and  i t s   s t r e n g t h   a l s o   be  a  

m a x i m u m .  

The  m e c h a n i s m   by  w h i c h   t h e   w a v e g u i d e s   o p e r a t e   i n  

c o n j u n c t i o n   w i t h   t h e   t r a n s d u c e r   may  be  d e s c r i b e d   as  f o l l o w s .  

An  e l e c t r i c a l   p u l s e   a r r i v e s   a t   t h e   t r a n s d u c e r .   The  t r a n s -  

d u c e r   f i r s t   r e t r a c t s   ( f i l l   c y c l e )   and  t h e n   e x p a n d s .   T h e  

r e t r a c t i o n ,   f o l l o w e d   by  e x p a n s i o n   r e s u l t s   in   d i s p l a c e m e n t s  

a t   t h e   t r a n s d u c e r   f a c e ,   w h i c h   a r e   i m p o s e d   a t   t h e   end  of   t h e  

w a v e g u i d e   w h i c h   i s   t o u c h i n g   t h e   t r a n s d u c e r .   D e p e n d i n g   o n  

t h e   r i s e - t i m e   o f   t h e   p u l s e ,   p a r t   o f   t h e   end  o f   t h e   w a v e g u i d e  

w i l l   be  c o m p r e s s e d   e l a s t i c a l l y .   T h i s   i n i t i a l   c o m p r e s s i o n  

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

w i t h   a  s p e e d   e q u a l   to   t h e   s p e e d   o f   s o u n d   in  t h e   m a t e r i a l  

of   t h e   w a v e g u i d e .   At  a  l a t e r   t i m e   ( c o r r e s p o n d i n g   t o  

a p p r o x i m a t e l y   2p  sec   in   a  2 . 5 4   cm  s t e e l   g u i d e ) ,   t h e   i m p u l s e  

w i l l   a r r i v e   a t   t h e   d i s t a l   end  of   t h e   w a v e g u i d e ;   i t   w i l l ,  

t h u s ,   a l t e r   t h e   v o l u m e   of   t h e   c h a m b e r   and  g e n e r a t e   d r o p l e t s .  

The  p h y s i c a l   m e c h a n i s m   i n v o l v e d   in   t r u n i n g   t h e   p u l s e  

g e n e r a t e d   by  t h e   t r a n s d u c e r   i n t o   a  m e c h a n i c a l   i m p u l s e   m a y  
be  e x p l a i n e d   u s i n g   a  u n i t   s t e p   e x c i t a t i o n   a n a l y s i s   o r   a  u n i t  

i m p u l s e   e x c i t a t i o n   a n a l y s i s   as  f o l l o w s :  

H e r e ,   a  c o n s t a n t   f o r c e   F  ,   i s   a s s u m e d   to   be  a p p l i e d  

s u d d e n l y   a t   t i m e   =  0  to  a  w a v e g u i d e   t h a t   i s   a t   r e s t   i n i -  

t i a l l y .   The  u s u a l   e q u a t i o n   of   m o t i o n   i s :  



w i t h   t h e   s o l u t i o n   o f :  

T h i s   m u s t   s a t i s f y   t h e   i n i t i a l   c o n d i t i o n s   X  = dx dt  =  o  a t   t  =  o  

T h e n :  

H e r e :   Wn  =  f r e q u e n c y   of  t h e   t r a n s i e n t   (W  =  2  π  f ) .  

=  d a m p i n g   f a c t o r   ( l o s s i n e s s )  

t  =   t i m e   ( s e c )  

F o  =   f o r c e   a p p l i e d   ( i m p u l s e )   in  d y n e s  

m  =   m a s s   ( g r ) .  

k  =   s p r i n g   c o n s t a n t   a s s u m i n g   t h e   g u i d e   d e f o r m a -  

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

t h e   m a t e r i a l .  

k  =   EA 1  w h e r e :   E  =  Y o u n g ' s   M o d u l u s   in  (dy) cm2 

A  =  c r o s s   s e c t i o n   a r e a   in  (cm2)  

1  =  l e n g t h   in  ( c m ) .  

a l s o ,   C 2m =  βWn,  w h e r e   C  i s   t h e   d a m p i n g .  

An  i m p u l s e ,   I ,   i s   d e f i n e d   as  a  l a r g e   f o r c e   a c t i n g  

f o r   a  v e r y   s h o r t   t i m e   w h i c h   can   n e v e r   be  r i g o r o u s l y   r e a l i z e d  

in  p r a c t i c e .   H o w e v e r ,   i t   i s   u s e f u l   to  a s s u m e   t h i s   c a s e  

b e c a u s e   i t   p r o v i d e s   i n s i g h t   i n t o   t h e   u n d e r s t a n d i n g   of   w a v e -  

g u i d e   o p e r a t i o n .   T h u s ,   as  s t a t e d :   l i m   I @  ∞  Δ t  @   o  

Δ t  



T h i s   i m p u l s e   p r o d u c e s   an  i n i t i a l   v e l o c i t y   in   t h e  

s m a l l   s h o r t   p o r t i o n   m a s s   (m)  a d j a c e n t   to   t h e   t r a n s d u c e r   e n d .  

T h i s   v e l o c i t y   i s   vo  =  I / m ,   and  t h e   d i s p l a c e m e n t   may  b e  

c o n s i d e r e d   e q u a l   to   z e r o .   T h u s ,   t h e   d i f f e r e n t i a l   e q u a t i o n  

f o r   t>o  w i t h   t h e   r i g h t   s i d e   e q u a l   to  O  t h e   s o l u t i o n :  

i s   f i t t e d   t o :  

T h e n :  

T h u s ,   t h e   d i s p l a c e m e n t ,   x,  a t   any  t i m e ,   t ,   i s :  

W i t h   p e a k   d i s p l a c e m e n t   g i v e n   b y :  

The  k i n e t i c   e n e r g y   p r o v i d e d   by  u n i t   i m p u l s e   on  t h e  

f i r s t   end  of   t h e   w a v e g u i d e   i s   d e r i v e d   as  f o l l o w s :  

An  i m p u l s e ,   I ,   f r om  t h e   t r a n s d u c e r   h i t s   t h e   p o r t i o n  

of   mass   in   t h e   w a v e g u i d e   and  g e n e r a t e s   t h e r e o n   a  v e l o c i t y ,  

V.  A s s u m i n g   t h e   w a v e g u i d e   had  an  i n i t i a l   v e l o c i t y ,   V  ,   w e  

h a v e ,   f o r   a  v e l o c i t y   c h a n g e :  

m ( V  -   V  )  =   I  

m u l t i p l y i n g   b o t h   s i d e s   by  1 /2   (V  +  Vo)  :  
1 /2   m V 2  -  1 / 2   mVo  =  I [ 1 / 2 ( V - V o ) ]  
I f   no  i n i t i a l   v e l o c i t y   i s   a s s u m e d   ( V   =  0 ) ,  

1 /2   mV2 =  1 / 2   IV  =  k i n e t i c   e n e r g y   ( i n   CGS  u n i t s ) .  

The  f o r e g o i n g   i s   a  g e n e r a l   d e s c r i p t i o n   of   how  a  

s i n g l e   ( i m p u l s e )   i s   i n t r o d u c e d   i n t o   a  w a v e g u i d e .   In  w h a t  

f o l l o w s ,   an  a n a l y s i s   i s   made  on  w h a t   h a p p e n s   when  an  i m p u l s e  

t r a v e l s   a l o n g   a  w a v e g u i d e .  



When  a  m e c h a n i c a l   i m p u l s e   of  a m p l i t u d e ,   a,  t r a v e l s  

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

v  a t   a  t i m e ,   t ,   and  a  d i s p l a c e m e n t   p o s i t i o n ,   x.  T h e  

d i s p l a c e m e n t ,   b,  a t   a  t i m e ,   t ,   of  a  p a r t i c l e   whose   i n i t i a l  

p o s i t i o n   i s ,   x,  w i l l   b e :  

H e r e :   T  =  p e r i o d   ( s e c )  

f  =  f r e q u e n c y   ( s e c  )  

λ  =  wave  l e n g t h   ( i m p u l s e   l e a d i n g   e d g e ,   p u l s e   w i d t h ,  

t r a i l i n g   e d g e )  

∝ =  p a r t i c l e   d i s p l a c e m e n t   a m p l i t u d e .  

S i n c e :  

v  =  fλ  and  w  =  2 Π f  

T h e n :  

b  =  @sin 2 λ  ( V t - X )  =   a s i n   w(t-x v) 

The  p a r t i c l e   v e l o c i t y   i s :  

db dt  = ∝w  cos   w  ( t  -   x v) 

A s s u m i n g   a  l a y e r   of   t h i c k n e s s ,   dx,   whose   m a s s  

i s    d x   ( w h e r e   p  =  d e n s i t y ) .   The  k i n e t i c   e n e r g y   (KE)  of   t h i s  

l a y e r   i s :  

where  dE  is  a  s m a l l  i n c r e m e n t   of  the  k i n e t i c   e n e r g y .  
The  KE  of  t h e   w h o l e   wave  s y s t e m   i s :  

The  t o t a l   e n e r g y   of  t h e   i m p u l s e   m o t i o n   p e r   u n i t  

v o l u m e   i s :  

T h u s ,   in  t h i n   w i r e s ,   one  g e t s   l a r g e   d i s p l a c e m e n t s  

and  t h e   e n e r g y   i s   t r a n s m i t t a b l e   i f   i t   s t a y s   w i t h i n   t h e   w i r e .  

The  i n t e n s i t y   of  t h e   p u l s e   i s :   I  =  e n e r g y   t r a n s -  

m i s s i o n   p e r   s e c o n d   pe r   u n i t   a r e a   of  wave  f r o n t .   Then  i t  



equals  energy  d e n s i t y   E  x  v e l o c i t y   V. 

The  va ry ing   c o m p r e s s i o n a l   p r e s s u r e   P  at  any  po in t   r e l a t e s   t o  

p a r t i c l e   v e l o c i t y   in  the  medium  as  f o l l o w s :  

( c o n s t a n t ,   depending  on  the  m a t e r i a l )  

The  energy  loss  from  the  guide  into  the  envi ronment   is  c a l c u l a t e d  

by :  

where  R  is  the  t o t a l   r e f l e c t e d   energy  from  the  envi ronment   s u r r o u n d i n g  

the  waveguide  and  the  m a t e r i a l   of  the  waveguide ,   R1  is  the  r e f l e c t e d  

energy  from  the  m a t e r i a l ,   and  R2  is  the  r e f l e c t e d   energy  in  the  e n v i r o n m e n t  

su r round ing   the  w a v e g u i d e .  

Making  R1  =   1 C 1   w h e r e   1   =  d e n s i t y   of  the  waveguide  m a t e r i a l   i n  

(gr  )   and  Cl  =  wave  v e l o c i t y   in  said  m a t e r i a l .  
cm3 

For  s t e e l :   Rl  =   1 C 1   =  7.9  x  5.2  x  105  =  4.1  x  106 .  

For  a i r :   R2  =   2 C 2   =  .35  x  105.  2   is  the  d e n s i t y   of  a i r   o r  

m a t e r i a l   su r round ing   the  w a v e g u i d e .  

Hence,  1 -   R  =  . 0 1 6 4 .  

which  is  the  amount  l o s t   from  the  waveguide  per  un i t   l eng th   and  which  i s  

qu i t e   s m a l l .  

The  energy  a t t e n u a t i o n   due  to  bending  is  c a l c u l a t e d   by  A.E.H.  Love 

in  his  T r e a t i s e   of  the  Mathemat ica l   Theory  of  E l a s t i c i t y :   Dover  ( 1 9 4 4 ) .  

From  th i s   c a l c u l a t i o n ,   i t   may  be  concluded  t h a t   a l l   of  the  energy  would 

be  t r a n s m i t t e d   along  a  bent  waveguide  if  the  bending  r ad ius   is  equal  t o  

or  g r e a t e r   than  a  q u a r t e r   wave  of  the  v i b r a t i n g   power  for  the  m a t e r i a l  

of  the  w a v e g u i d e .  



1.  An  ink  je t   a p p a r a t u s   c h a r a c t e r i s e d   by  an  ink  je t   chamber 

(14)  i n c l u d i n g   an  i n l e t   port   (28)  for  r e c e i v i n g   ink  in  said  chamber  and 

an  o u t l e t   o r i f i c e   (16)  for  e j e c t i n g   ink  d r o p l e t s   from  said  chamber;  a 

t r a n s d u c e r   (18)  l o c a t e d   s e p a r a t e l y   from  said  chamber;  and  an  e l o n g a t e d ,  

p r e f e r a b l y   s o l i d ,   a c o u s t i c   waveguide  (20)  coupled  between  said  ink  j e t  

chamber  (14)  and  said  t r a n s d u c e r   (18)  for  t r a n s m i t t i n g   a c o u s t i c   p u l s e s  

g e n e r a t e d   at  sa id   t r a n s d u c e r   (18)  to  said  chamber  (14)  for  changing  t h e  

volume  of  said  chamber  (14)  in  response   to  the  s t a t e   of  e n e r g i z a t i o n   o f  

said  t r a n s d u c e r   ( 1 8 ) .  

2.  An  ink  j e t   a p p a r a t u s   accord ing   to  claim  1,  c h a r a c t e r i s e d   i n  

tha t   said  chamber  (14)  i n c l u d e s   a  diaphragm  (60)  coupled  to  s a i d  

waveguide  (20),  said  diaphragm  (60)  being  deformed  in to   and  out  of  s a i d  

chamber  in  r e sponse   to  said  s t a t e   of  e n e r g i z a t i o n .  

3.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  1,  c h a r a c t e r i s e d   i n  

tha t   said  waveguide  (20)  p e n e t r a t e s   into  said  chamber  ( 1 4 ) .  

4.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  1  or  3,  c h a r a c t e r i s e d  

in  tha t   at  l e a s t   a  p o r t i o n   of  said  waveguide  (20)  i nc ludes   a  passageway 
(24)  for  coup l ing   ink  from  a  r e s e r v o i r   (42)  to  the  chamber  ( 1 4 ) .  

5.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  4,  c h a r a c t e r i s e d   i n  

tha t   said  waveguide  (20)  extends   through  said  r e s e r v o i r   (42),  s a i d  

i n l e t   port  (28)  being  l o c a t e d   in  an  i n t e r m e d i a t e   p o r t i o n   along  t h e  

waveguide  (20)  at  said  r e s e r v o i r   ( 4 2 ) .  

6.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  4  or  5,  c h a r a c t e r i s e d  

in  tha t   said  passageway  (24)  has  a  l e s s e r   c r o s s - s e c t i o n   over  s a i d  

o r i f i c e   (16)  than  at  said  i n l e t   port  ( 2 8 ) .  

7.  An  ink  je t   appa ra tu s   accord ing   to  any  p reced ing   c l a i m ,  

c h a r a c t e r i s e d   in  tha t   sad  waveguide  is  curved  along  the  axis  o f  

e l o n g a t i o n .  



8.  An  ink  jet   a p p a r a t u s   accord ing   to  any  p reced ing   c l a i m ,  

c h a r a c t e r i s e d   in  tha t   said  waveguide  (20)  abuts  the  t r a n s d u c e r   ( 1 8 ) .  

9.  An  ink  jet   appa ra tu s   accord ing   to  any  p reced ing   c l a i m ,  

c h a r a c t e r i s e d   in  tha t   said  pu l ses   are  t r a n s m i t t e d   to  said  chamber  (14)  

in  a  d i r e c t i o n   having  at  l e a s t   a  component  p a r a l l e l   with  the  axis  o f  

the  o r i f i c e .  

10.  An  ink  je t   a p p a r a t u s   accord ing   to  any  p reced ing   c l a i m ,  

c h a r a c t e r i s e d   by  a  p l u r a l i t y   of  ink  j e t   chambers  (14),  a  p l u r a l i t y   o f  

t r a n s d u c e r s   (18)  and  a  p l u r a l i t y   of  e l onga t ed   a c o u s t i c   waveguides  ( 2 0 ) ,  

each  coupled  between  a  r e s p e c t i v e   said  ink  j e t   chamber  (14)  and  a 

r e s p e c t i v e   said  t r a n s d u c e r   ( 1 8 ) .  

11.  An  ink  jet   appa ra tu s   accord ing   to  claim  10,  c h a r a c t e r i s e d   i n  

tha t   said  p l u r a l i t y   of  waveguides  (20)  are  removably  coupled  to  s a i d  

ink  je t   chambers  ( 1 4 ) .  

12.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  10  or  11  c h a r a c t e r i s e d  

in  tha t   said  waveguides  (20)  are  of  d i f f e r i n g   l eng ths   along  the  axes  o f  

e l o n g a t i o n .  

13.  An  ink  je t   a p p a r a t u s   accord ing   to  any one  of  claims  10  to  12, 

c h a r a c t e r i s e d   in  t ha t   said  waveguides  (20)  converge  towards  an  a r ray   o f  

said  chambers  ( 1 4 ) .  

14.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  13,  c h a r a c t e r i s e d   i n  

tha t   the  d i s t a n c e   between  the  two  f u r t h e s t - a p a r t   chambers  of  said  a r r a y  
of  chambers  (14)  is  s u b s t a n t i a l l y   l e s s   than  tha t   between  the  two 

f u r t h e s t - a p a r t   t r a n s d u c e r s   (18)  of  sa id   p l u r a l i t y .  

15.  An  ink  je t   a p p a r a t u s   accord ing   to  claim  13  or  1 4 , c h a r a c t e r i s e d  

by  an  a r rangement   of  said  t r a n s d u c e r s   (18)  which  is  o f f s e t   l a t e r a l l y  

with  r e s p e c t   to  the  axis  of  an  o r i f i c e   (16)  at  one  e x t r e m i t y   of  s a i d  

a p p a r a t u s .  
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