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©  A  contrast  enhancement  filter  (11)  for  cathode  ray  tubes  ; 
(CRT)  is  manufactured  by  stretching  a  preformed  elastomeric 
gasket  (15)  about  the  peripheries  of  a  pair  of  glass  sheets  (22, 
23),  the  gasket  having  peripheral  exterior  lips  (61)  for 
capturing  the  sheets  (22,  23)  and  an  interior  bead  (16) 
separating  the  glass  sheets  to  a  spacing  predetermined  by 
the  filter  transmittance  requirements.  The  spacing  is  filled 
with  a  dyed  epoxy  material  having  the  required  optical  pass  3B~  '  
bands  of  the  CRT  phosphors.  A  similar  elastomeric  gasket  so- '  
(50)  is  stretched  around  the  edges  of  the  cured  filter  / 
assembly  (11),  the  gasket  (50)  having  a  similar  exterior  lip  /  | 
(63)  for  capturing  the  filter  assembly  (11  land  an  interior  bead  /  I 
(53)  separating  the  filter  interior  surface  from  the  CRT  /  I 
faceplate  and  an  interior  CRT  faceplate  and  receiving  surface.  /  ! 
A  rigid  frame  (36,  37,  38)  compresses  the  elastomeric  gasket 
(50)  about  the  filter  assembly  (11)  and  CRT  faceplate  end  and  333=53= the  space  between  the  filter  interior  surface  and  the  CRT  ^  
faceplate  is  filled  with  an  optically  clear  epoxy  material  and 
cured.  The  rigid  frame  (36,  37,  38)  is  used  as  a  critical  element   ̂ '   ̂
of  the  elastomeric  gasket.  ^ Z f ^  

Croydon  Printing  Company  Ltd. 

A   contrast  enhancement  filter  (11)  for  cathode  ray  t ubes  
(CRT)  is  manufactured  by  stretching  a  preformed  elastomeric 
gasket  (15)  about the  peripheries  of  a  pair of  glass  sheets  (22, 
23),  the  gasket  having  peripheral  exterior  lips  (61)  for 
capturing  the  sheets  (22,  23)  and  an  interior  bead  (16) 
separating  the  glass  sheets  to  a  spacing  predetermined  by 
the  filter  transmittance  requirements.  The  spacing  is  filled 
with  a  dyed  epoxy  material  having  the  required  optical  pass 
bands  of  the  CRT  phosphors.  A  similar  elastomeric  gasket 
(50)  is  stretched  around  the  edges  of  the  cured  filter 
assembly  (11),  the  gasket  (50)  having  a  similar  exterior  lip 
(63)  for  capturing  the  filter  assembly  (11)  and  an  interior  bead 
(53)  separating  the  filter  interior  surface  from  the  CRT 
faceplate  and  an  interior  CRT faceplate  and  receiving  surface. 
A  rigid  frame  (36,  37,  38)  compresses  the  elastomeric  gasket 
(50)  about the  filter  assembly  (11)  and  CRT faceplate  end  and 
the  space  between  the  filter  interior  surface  and  the  CRT 
faceplate  is  filled  with  an  optically  clear  epoxy  material  and 
cured.  The  rigid  frame  (36,37,38)  is  used  as  a critical  element 
of  the  elastomeric  gasket. 



T h i s   i n v e n t i o n   r e l a t e s   to  c a t h o d e   r ay   t u b e   (CRT)  

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

l i g h t   c o n d i t i o n s ,   s u c h   as  in  an  a i r c r a f t   c o c k p i t ,   a n d  

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

f o r m i n g   an  i n t e g r a l   p a r t   of  t h e   c a t h o d e   r ay   t u b e .   M o r e  

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

of  such   f i l t e r s   and  an  a p p a r a t u s   and  m e t h o d   f o r   b o n d i n g  

them  to  t h e   c a t h o d e   r a y   t u b e   f a c e .  

C a t h o d e   r a y   ' t u b e s   w i t h   c o n t r a s t   e n h a n c e m e n t   f i l t e r s  

b o n d e d   to  t h e i r   d i s p l a y   s u r f a c e   a r e   w e l l   known  in  t h e  

p r i o r   a r t .   Fo r   e x a m p l e ,   home  TV ' s   o f t e n   e m p l o y   a  

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

some  of  w h i c h   h a v e   n e u t r a l   d e n s i t y   f i l t e r  

c h a r a c t e r i s t i c s ,   t h a t   i s   t h e   a b i l i t y   to  a b s o r b ,  

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

s p e c t r u m .  

H o w e v e r ,   in  some  a p p l i c a t i o n s ,   s u c h   as  in  a i r c r a f t  

c o c k p i t s ,   w h e r e   l i g h t   i n t e n s i t y   can  v a r y   f rom  b r i g h t ,  

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

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

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

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

s p e c t r u m   d e p e n d i n g   upon   t h e   l i g h t   e m i s s i v i t y   of  t h e  

p h o s p h o r s   of   t h e   CRT.  An  e x a m p l e   of  f i l t e r s   of  t h i s   t y p e  
is   d i s c l o s e d   in  t h e   p r e s e n t   A p p l i c a n t s '   U . S .   P a t e n t  

S p e c i f i c a t i o n   No.  3 , 9 4 6 , 2 6 7 .  

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

t he   m a n u f a c t u r e   of  s u c h   f i l t e r s .   In  g e n e r a l ,   t h e y  

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

t o g e t h e r   w i t h   a  t h i n   t r a n s p a r e n t   p l a s t i c   l a y e r ,   one  o r  

more  of  w h i c h   may  be  c o l o u r e d   w i t h  a p p r o p r i a t e   d y e s   t o  

p r o v i d e   t h e   r e q u i r e d   p a s s   b a n d .   Such  f i l t e r s   as  h a v e  

been   known  to  be  u s e d   h e r e t o f o r e   have   s u f f e r e d   f r o m  

b l e a c h i n g  w h e n   e x p o s e d   to   s u n l i g h t ' s   u l t r a v i o l e t   r a y s ,  

r e n d e r i n g   them  u s e l e s s   in  a  v e r y   s h o r t   t i m e .   O t h e r  

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



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

m a n u f a c t u r e   of   t h e   g l a s s   p l a t e s ,   as  t a u g h t   in  t h e   a b o v e  

m e n t i o n e d   U . S .   P a t e n t   S p e c i f i c a t i o n   N o . 3 , 9 4 6 , 2 6 7 .   T h i s  

t e c h n i q u e ,   w h i l s t   s u p e r i o r   to   t h e   d y e s / p l a s t i c   l a y e r  

t e c h n i q u e ,   has   p r o v e d   to   be  a l m o s t   p r o h i b i t i v e l y  

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

c h a r a c t e r i s t i c s ,   c o n c e n t r a t i o n s   and  t h i c k n e s s e s   a r e  

r e q u i r e d .   A n o t h e r   t e c h n i q u e   i s   d i s c l o s e d   in   t h e   p r e s e n t  

A p p l i c a n t s '   U . S .   P a t e n t   S p e c i f i c a t i o n   No.  4 , 1 9 1 , 7 2 5  

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

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

e p o x y   m a t e r i a l .   The  p r o b l e m s   w i t h   t h i s   t e c h n i q u e   a r e  

t h a t   i t  i s   l i m i t e d   to   C R T ' s   w i t h   a  f l a t   d i s p l a y   s u r f a c e  

to   a s s u r e   u n i f o r m   t h i c k n e s s   of  t h e   f i l t e r   med ium  and  t h a t  

i t   i s   n o t   p o s s i b l e ,   o r   d i f f i c u l t   and  c o s t l y ,   t o  

i n c o r p o r a t e   a  t r a n s p a r e n t   c o n d u c t i n g   c o a t i n g   on  t h e   CRT 

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

t h e   d i s p l a y .  

The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   t h e s e   and  o t h e r  

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

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

p r o v i d e s   g r e a t   f l e x i b i l i t y   in   f i l t e r   p a s s   b a n d  

c h a r a c t e r i s t i c   and  by  p r o v i d i n g   a  u n i q u e   a p p a r a t u s   a n d  

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

P r i o r   a r t   t e c h n i q u e s   f o r   s e c u r i n g   a  f i l t e r   to  t h e  

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

s h o r t   d i s t a n c e   f r o m   t h e   f a c e p l a t e   by  means   of  a  sh im   a n d  

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

t a p e   to   f o rm  a  l i q u i d   t i g h t   e n v e l o p e .   The  b o n d i n g  

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

e n v e l o p e   and  a l l o w e d   to   c u r e .   T h i s   t e c h n i q u e   i s  

c u m b e r s o m e   and  t i m e - c o n s u m i n g   to  p e r f o r m   and   t h e   s p a c i n g  

t o l e r a n c e   was  n o t   e a s i l y   m a i n t a i n e d .   F u r t h e r m o r e ,   i f  

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

l e a v i n g   u n a c c e p t a b l e   g a p s   and  r e q u i r i n g   r e w o r k .   I n  

a n o t h e r   p r i o r   a r t   t e c h n i q u e   as  t a u g h t   in   t h e   p r e s e n t  

A p p l i c a n t s '   U . S .   P a t e n t   S p e c i f i c a t i o n   No.  4 , 1 9 1 , 7 2 5 ,   a n  
e l a s t o m e r i c   g a s k e t   p r o v i d e s   a  s p a c i n g   b e a d   b u t   t h e  



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

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

t h e   b o n d i n g   o p e r a t i o n .   T h e  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  

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

f i l t e r / f a c e p l a t e   s p a c i n g   and  a c c o m p l i s h e s   a s s e m b l y   i n  

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

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

j i g   s e t - u p   t i m e .  

The  p r e s e n t   i n v e n t i o n ,   as  d e f i n e d   in  t he   a p p e n d e d  

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

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

t h e   same  to   t h e   f a c e   of  t h e   CRT,  e a c h   o p e r a t i o n   i n v o l v i n g  

a  p e r i p h e r a l   f l e x i b l e   g a s k e t   of  an  e l a s t o m e r i c   m a t e r i a l  

w h i c h   i s   d e f o r m a b l e   so  t h a t   i t   may  be  s t r e t c h e d , o u t   o f  

s h a p e   in  o r d e r   to  r e c e i v e   t h e   r i g i d   p a r t s   to   be  a s s e m b l e d  

and  when  t h e   p a r t s   a r e   in  p l a c e ,   t h e   g a s k e t   m a i n t a i n s  

them  in  a  p r e c i s e l y   s p a c e d   r e l a t i o n .   A  f i l l   p o r t  i s  

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

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

may  be  c o m p r e s s e d   a  known  p r e d e t e r m i n e d   a m o u n t   by  m e a n s  

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

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

s h i m s   and  r e p l i c a s   of  t h e   p a r t s   to   be  a s s e m b l e d   may  b e  

u s e d   as  a  m o u l d   to   m a n u f a c t u r e   t h e   g a s k e t .  

P r e f e r r e d   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

now  be  d e s c r i b e d   in  g r e a t e r   d e t a i l ,   by  way  of  e x a m p l e ,  
w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h : -  

F i g u r e   1  i s   an  e l e v a t i o n a l   v i e w   of   a  t y p i c a l   CRT 

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

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

e n h a n c e m e n t   f i l t e r ;  

F i g u r e   2  is   a  c r o s s - s e c t i o n a l   v i e w   of  t h e  

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

a s s e m b l y   of  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   3  i s   a  v i e w ,   p a r t i a l l y   in   s e c t i o n ,   of  t h e  

f i l t e r   a s s e m b l y   r e p l i c a   u s e d  t o   fo rm  t h e   f i l t e r   g a s k e t ;  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   of   t h e   g a s k e t   b e i n g  

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



F i g u r e   5,  is   a  p e r s p e c t i v e   v i e w   of  t h e   a s s e m b l e d  

f i l t e r   a s s e m b l y   r e a d y   f o r   f i l l i n g ;  

F i g u r e   6  i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   of  t h e  

e l e m e n t s   f o r   m a n u f a c t u r i n g   t h e   e l a s t o m e r i c   mou ld   u s e d   t o  

bond   t h e   f i l t e r   a s s e m b l y   to  t h e   CRT  d i s p l a y   f a c e ;  

F i g u r e   7  i s   a  p e r s p e c t i v e   v i e w   of   t h e   c o m p l e t e d  

f i l t e r / C R T   a s s e m b l y   b o n d i n g   g a s k e t ;  

F i g u r e   8  i s   a  p e r s p e c t i v e   v i e w   of   t h e   f i l t e r / C R T  

a s s e m b l y   b o n d i n g   g a s k e t   c l a m p e d   a b o u t   t h e   CRT  d i s p l a y  

f a c e   by  t h e   g a s k e t   c l a m p   and  r e a d y   f o r   f i l l i n g ;  

F i g u r e   9  i s   a  c r o s s   s e c t i o n a l   v i e w   of  t h e   a s s e m b l y  

of   F i g u r e   8  t a k e n   on  t h e   l i n e   9 -9   t h e r e o f ;  

F i g u r e   10  i s   an  e l e v a t i o n a l   v i e w ,   p a r t i a l l y   i n  

s e c t i o n ,   o f   t h e   a s s e m b l y   of   F i g u r e s   8  and  9;  a n d  

F i g u r e   11  i s   a  g r a p h   to   a i d   in  t h e   d e s c r i p t i o n   of  a  

t y p i c a l   c o n t r a s t   e n h a n c e m e n t   f i l t e r .  

R e f e r r i n g   now  to   F i g u r e   1,   t h e r e   i s   i l l u s t r a t e d   a  

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

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

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

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

i n v e n t i o n .   As  s h o w n ,   t h e   o v e r a l l   a s s e m b l y   c o m p r i s e s   t h e  

CRT  f a c e p l a t e   and  f i l t e r   a s s e m b l y   11  b o n d e d   to  t h e  

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

as  E c c o g e l   1 2 6 5 ,   a  p r o d u c t   of   E m e r s o n   Cummings  of  C a n t o n ,  

M a s s a c h u s e t t s ,   U n i t e d   S t a t e s   of   A m e r i c a .   The  f i l t e r  

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

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

t h i c k n e s s   of   a  s u i t a b l e   e p o x y   m a t e r i a l ,   such   as  E c c o g e l  

1 2 6 5 ,   w h i c h   has   b e e n   m i x e d   w i t h   p r e d e t e r m i n e d   a m o u n t s   o f  

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

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

a  c o n v e n t i o n a l   a n t i r e f l e c t i v e   c o a t i n g   (ARC)  w h i l s t   t h e  

s u r f a c e   of   t h e   o t h e r   f i l t e r   g l a s s   f a c i n g   t h e   CRT  f a c e   i s  

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

c o a t i n g   to   s u p p r e s s   e l e c t r o m a g n e t i c   e m i s s i o n s .   An  

e l e c t r i c a l   c o n d u c t o r   r i b b o n ,   s o l d e r e d   to  t h e   edge   of   t h e  

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



e x t e r n a l   a p p a r a t u s .   The  e n t i r e   p e r i p h e r a l   s u r f a c e   of  t h e  

v i e w i n g   end  of  t h e   CRT  i s   c o a t e d   w i t h   a  c o n v e n t i o n a l  

b l a c k   e l a s t o m e r i c   m a t e r i a l ,   s u c h   as  Dow  C o r n i n g   R T V - 7 3 2  

to  mask  any  a m b i e n t   l i g h t .   I t   w i l l   be  n o t e d   t h a t  

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

a c t i v e   f i l t e r   m a t e r i a l   i s   of  u n i f o r m   t h i c k n e s s ,   t h e r e b y  

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

of  t h e   CRT.  The  a p p a r a t u s   and  m e t h o d s   u s e d   t o  

m a n u f a c t u r e   t h e   f i l t e r   a s s e m b l y   and  to  bond   t h e   same  t o  

t h e   CRT  f a c e p l a t e   w i l l   be  d e s c r i b e d   in  d e t a i l  

h e r e i n a f t e r .  

In  g e n e r a l ,   t h e   c o n t r a s t   e n h a n c e m e n t   f i l t e r   i s  

f a b r i c a t e d   f rom  two  p i e c e s   of  e s s e n t i a l l y   t r a n s p a r e n t  

o p t i c a l   q u a l i t y   g l a s s   22  and  23  w h i c h   a r e   s p a c e d   a  k n o w n  

d i s t a n c e   a p a r t   X,  and  t h e n   f i l l e d   w i t h   an  e p o x y   t y p e  
m a t e r i a l   whose   o p t i c a l   p a s s   b a n d   m a t c h e s   t h e   s p e c t r a l  

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

p h o s p h o r s   of  t h e   CRT.  In  o r d e r   to   d e s c r i b e   t h e   p r o c e s s  
of  d e s i g n i n g   and  t h e n   f a b r i c a t i n g   a  c o n t r a s t   e n h a n c e m e n t  

f i l t e r ,   a  c o n v e n t i o n a l   CRT  p h o s p h o r   P -43   i s   u s e d   as  a n  

e x a m p l e .   As  i s   k n o w n ,   t h i s   p h o s p h o r   e m i t s   m o s t   of  i t s  

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

a b o u t   546  n a n o m e t e r s .   Now  t h e   a c t u a l   t r a n s m i t t a n c e   o f  

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

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

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

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

d e s i g n .  

R e f e r r i n g   to  F i g u r e   11 ,   i t   i s   n o t e d   t h a t   a  n a r r o w  

p a s s   band   f i l t e r   may  be  f o r m e d   a t   546  n a n o m e t e r s   b y  

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

b l u e - g r e e n   p o r t i o n   of   t h e   v i s i b l e   s p e c t r u m   and  c o m b i n i n g  

t h a t   w i t h   a  l o n g   w a v e l e n g t h   band   p a s s   dye  w h i c h   a p p e a r s  

to  be  y e l l o w ;   when  c o m b i n e d ,   t h e s e   d y e s   fo rm  a  n a r r o w  

p a s s   band  6.  H o w e v e r ,   in  o r d e r   to  be  p r e c i s e   and  t o  

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

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

i . e .   d e t e r m i n i n g   t h e   c o n c e n t r a t i o n s   of  e a c h   d y e .   We  h a v e  



two  d y e s ,   and  t h u s   two  c o n c e n t r a t i o n s   or   two  u n k n o w n s  

w h i c h   can   be  d e t e r m i n e d   f rom  two  s i m u l t a n e o u s   e q u a t i o n s .  

T h i s   may  be  a c c o m p l i s h e d   by  s p e c i f y i n g   t h e   t r a n s m i t t a n c e  

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

p e a k   a t   546  n a n o m e t e r s   and  t h e   h a l f   p e a k   a t   5 6 3  

n a n o m e t e r s .   The  t r a n s m i t t a n c e   T1  a t  τ 1  =   546  i s   g i v e n  

by  : -  

w h e r e   x  i s   a  p r e c i s e l y   known  d i s t a n c e   t h a t   t h e   l i g h t  

t r a v e l s   in   t h e   f i l t e r ,  @ 1   i s   t h e   a b s o r p t i o n   c o e f f i c i e n t  

o f   t h e   g r e e n   dye   a t   546  nm,  and  @2  i s   t h e   a b s o r p t i o n  

c o e f f i c i e n t   of  t h e   y e l l o w   dye   a t   546  nm.  Now  t h e  

t r a n s m i t t a n c e   T 2  a t   τ2   =  5 6 3   nm  i s   g i v e n   b y : -  

w h e r e  @ 3   i s   t h e   a b s o r p t i o n   c o e f f i c i e n t   of  t h e   g r e e n   d y e  

a t   563  nm,  and  @4  is   t h e   a b s o r p t i o n   c o e f f i c i e n t   of   t h e  

y e l l o w   dye   a t   563  n m .  

By  t a k i n g   t h e   n a t u r a l   l o g   of  t h e s e  e x p r e s s i o n s ,   we  

o b t a i n : -  

a n d  

In   g e n e r a l ,   t h e   a b s o r p t i o n   c o n s t a n t ,  @ ,   i s   g i v e n  

b y : -  

w h e r e   a  ( τ )   i s   a  c h a r a c t e r i s t i c   of  t h e   s p e c i f i c   d y e ,  

c o n s t a n t   f o r   any  p a r t i c u l a r  τ ,   and  c  i s   t h e   d y e  
c o n c e n t r a t i o n .  

So  n o w : -  



L i k e w i s e  

I f   t h e s e   v a l u e s   f o r  @   a r e   s u b s t i t u t e d   in  e q u a t i o n s  

(3)  and  ( 4 )  

S o l v i n g   f o r   c1  and  c 2  

I t   o n l y   r e m a i n s   t h e n   e x p e r i m e n t a l l y   to   d e t e r m i n e  

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

t r a n s m i t t a n c e ,   and  e s t a b l i s h   a  v a l u e   f o r   x  to  c o m p l e t e  

t he   f i l t e r   d e s i g n .  

I t   is   n o t e d   t h a t   t h e   c r i t i c a l   v a l u e   i s   t h e   p a t h  

l e n g t h   x.  T h e r e f o r e ,   a  means   to   c o n t r o l   t h i s   d i s t a n c e  

w i t h i n   some  r e a s o n a b l e   t o l e r a n c e s ,   f o r   e x a m p l e  +   . 0 0 5 "  

( 0 . 0 0 1 2 7 m m )   mus t   be  p r o v i d e d .   T h i s   r e q u i r e m e n t   can   b e  

a c c o m p l i s h e d   in  t he   f o l l o w i n g   m a n n e r .   R e f e r r i n g   t o  

F i g u r e   3,  a  m a n d r e l   14  i s   d e s i g n e d   w h i c h   i s   to  be  u s e d   i n  

t h e   f a b r i c a t i o n   of  an  e l a s t o m e r i c   g a s k e t   15  ( F i g u r e   2 ) ,  

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



r e q u i r e d   s p a c i n g   x.  H a v i n g   d e t e r m i n e d   t h e   d i m e n s i o n  x  

t h i s   v a l u e   i s   p r e d e t e r m i n e d   by  t h e   s p a c i n g   x  shown  i n  

F i g u r e s   2  and   3 .  

A l s o ,   t h e   m a n d r e l   14  i s   d e s i g n e d   w i t h   e x t e r n a l  

r a i s e d   b o s s e s   60  w h i c h   p r o v i d e ,   in  t h e   r e s u l t i n g   g a s k e t ,  

e x t e r n a l   l i p s   61  w h i c h   w i l l   s e r v e   to  c a p t u r e   t h e   o u t e r  

p e r i p h e r i e s   of   t h e   g l a s s   s h e e t s   22  and  23.  An  e x t e r n a l  

m o u l d ,   u s i n g   t e c h n i q u e s   to   be  d e s c r i b e d   b e l o w ,   i s  

m a c h i n e d   in   w h i c h   t h e   m a n d r e l   14  i s   to   be  p l a c e d .  

P r o v i s i o n   i s   made  in  t h e   m o u l d   to   fo rm  a  g a s k e t   f i l l i n g  

s p o u t   12 ,   a g a i n   as  w i l l   be  d e s c r i b e d .   The  m a n d r e l   14  a n d  

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

l e f t   o f f   in   o r d e r   t h a t   t h e   m o u l d   may  be  f i l l e d .   O n e  

s a t i s f a c t o r y   e l a s t o m e r   f o r   f o r m i n g   t h e   g a s k e t   i s   G e n e r a l  

E l e c t r i c   RTVB  630.   A f t e r   m i x i n g ,   t h e   m i x t u r e   i s   p l a c e d  

in  a  v a c u u m   in  o r d e r   to  o u t g a s   any  a i r   t h a t   may  b e  

t r a p p e d .   The  RTV  is   t h e n   p o u r e d   i n t o   t h e   m o u l d ,   e n s u r i n g  

t h a t   a l l   of   t h e   c r e v i c e s   a r e   f i l l e d .   The  f i l l e d   m o u l d   i s  

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

p l a t e   i s   a t t a c h e d   and  t h e   a s s e m b l y   p l a c e d   in   an  oven   a n d  

c u r e d   f o r   two  h o u r s   a t   a b o u t   80°C.   A f t e r   c o o l i n g ,   t h e  

m o u l d   i s   d i s a s s e m b l e d   and  t h e   f l e x i b l e ,   d e f o r m a b l e   g a s k e t  

15  i s   r e m o v e d .   In  F i g u r e   2,  t h e   s p a c i n g   b e a d   16  p r o v i d e s  

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

e q u a l   to   t h e   gap  16  in  t h e   m a n d r e l   14  shown  in  F i g u r e   3 ,  

w h i l e   t h e   l i p s   61  c a p t u r e   and  m a i n t a i n   t h e   g l a s s   p l a t e s  

22,   23  s n u g l y   a b u t t i n g   t h e   b e a d   1 6 .  

Once   t h e   g a s k e t   is   i n s p e c t e d   and  shown  to  be  f r e e  

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

f o r   u s e .   Two  p i e c e s   of  p r e c i s e l y   c u t   g l a s s   22  and  23  a r e  

i n s e r t e d   i n t o   t h e   g a s k e t   as  shown  in  F i g u r e s   2  and  4 .  

One  p i e c e   o f   g l a s s   p r e f e r a b l y   has   a  r e f l e c t i o n   r e d u c i n g  

c o a t i n g   on  t h e   o u t e r  s u r f a c e   s u c h   as  O p t i c a l   C o a t i n g  

L a b o r a t o r y ' s   HEA  c o a t i n g .   The  o t h e r   p i e c e   of  g l a s s  

p r e f e r a b l y   has   a  t r a n s p a r e n t   c o n d u c t i n g   c o a t i n g   on  t h e  

o u t e r   s u r f a c e   w h i c h   has   a  r e s i s t i v i t y   l e s s   t h a n   2 0 0  

o h m s / s q u a r e   i n c h   ( 6 . 4 5 2   s q .   c m s . ) .   T h i s   l a t t e r   c o a t i n g  

t y p i c a l l y   may  b e  a   c o n v e n t i o n a l   i n d i u m - t i n - o x i d e ,  



t i n - o x i d e   c o a t i n g   or  any  o t h e r   w e l l   known  c o n d u c t i v e  

m a t e r i a l s .  

The  a s s e m b l y   is   now  r e a d y   to  be  f i l l e d   w i t h   t h e  

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

t h e   c o n t r a s t   e n h a n c e m e n t   f i l t e r ,   t h e   d y e s   c h o s e n   and  t h e  

c o n c e n t r a t i o n s   d e t e r m i n e d   f rom  t h e   e q u a t i o n s   s e t   f o r t h  

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

m a n n e r .   A  s u i t a b l e   y e l l o w   dye   t h a t   w i l l   p r o v i d e   t h e   b l u e  

c u t o f f   as  shown  by  c u r v e   20  in  F i g u r e   11  i s   P l a s t o   Y e l l o w  

MGSM  m a n u f a c t u r e d   by  T r i c o n   C o l o r s   of  Elmwood  P a r k ,   New 

J e r s e y .   A  s u i t a b l e   g r e e n   p i g m e n t ,   i . e .   one  w i t h   t h e  

a b s o r p t i o n   c h a r a c t e r i s t i c s   shown  by  t h e   c u r v e   21  i n  

F i g u r e   11  and  one  t h a t   d o e s   n o t   b l e a c h   u n d e r   t h e  

i n f l u e n c e   of  u l t r a v i o l e t   l i g h t   i s   G e r i s c h   T r a n s p a r e n t  

G r e e n   m a n u f a c t u r e d   by  G e r i s c h   P r o d u c t s   of  T o r r e n c e ,  

C a l i f o r n i a .   The  G e r i s c h   G r e e n   c o n c e n t r a t e   i s  

c o n v e n t i o n a l l y   m i x e d   on  a  p a i n t   m i x e r   f o r   e x a m p l e .   T h e n  

9  g r ams   of  t h e   c o n c e n t r a t e   a r e   m i x e d   w i t h   120gm  o f  

E c c o g e l   p a r t   B  to  fo rm  a  s e c o n d a r y   c o n c e n t r a t e .   In   t h i s  

e x a m p l e   20  gm  of  E c c o g e l   p a r t   A  a r e   m ixed   w i t h   1 5 . 4 3   gm 
of  E c c o g e l   p a r t   B,  4 . 5 6   gm  of  t h e   s e c o n d a r y   c o n c e n t r a t e  

of  G e r i s c h   G r e e n ,   and  0 . 8 8 4   gm  of  t h e   P l a s t o   Y e l l o w   d y e .  

T h e s e   m a t e r i a l s   a r e   a g a i n   m i x e d   on  a  p a i n t   m i x e r .   T h e  

m i x t u r e   i s   now  h e a t e d   to  800C  in  a  vacuum  oven   to   r e m o v e  

any  e n t r a p p e d   g a s e s   and  to   s i g n i f i c a n t l y   d e c r e a s e   t h e  

v i s c o s i t y   of  t h e   m i x t u r e .   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 ,   t h e   two  s h e e t s   of  g l a s s   22  and  23  a r e   p l a c e d  

in  t h e i r   c o r r e s p o n d i n g   g r o o v e s   18 ,   19  in  t h e   g a s k e t  

f o r m e d   by  t h e   l i p s   61  and  b e a d   16  by  d e f o r m i n g   a n d  

s t r e t c h i n g   t h e   g a s k e t   15  as  r e q u i r e d   to  p r o v i d e  

c l e a r a n c e ,   as  shown  in  F i g u r e   4.  The  g l a s s   and  g a s k e t  

a s s e m b l y   r e a d y   f o r   f i l l i n g   i s   shown  in  F i g u r e   5.  T h e  

g a s k e t   and  g l a s s   a s s e m b l y   i s   a l s o   h e a t e d   to  a s s u r e   g o o d  

w e t t i n g   by  t h e   epoxy   m i x t u r e .   The  h e a t e d   e p o x y   m i x t u r e  

is   p o u r e d   i n t o   t h e   a s s e m b l y   t h r o u g h   t he   p o u r   s p o u t   12  a n d  

t he   f i l l e d   a s s e m b l y   i s   p l a c e d   in  an  oven  w h e r e   i t   i s  

c u r e d   f o r   s i x   h o u r s   a t   80°C  or  l o n g e r   i f   n e c e s s a r y .   T h e  

a s s e m b l y   i s   r e m o v e d   f rom  t h e   o v e n ,   a l l o w e d   to   c o o l   a n d  



t h e   c o m p l e t e d   f i l t e r   a s s e m b l y   11  ( F i g u r e s   1  and  9)  i s  

t h e n   r e m o v e d   f rom  t h e   g a s k e t   15  by  a g a i n   d e f o r m i n g   a n d  

s t r e t c h i n g   as  r e q u i r e d .  

I t   w i l l   now  be  a p p a r e n t   t h a t   t h e   f i l t e r   a s s e m b l y   1 1  

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

p e r i p h e r y .   T h i s   gap  may  be  f i l l e d   w i t h   t h e   R T V - 7 3 2  

( F i g u r e   1)  e s p e c i a l l y   i f   t h e   f i l t e r   i s   n o t   to  be  b o n d e d  

to   t h e   CRT  f a c e   f o r   an  e x t e n d e d   p e r i o d .   The  RTV  w i l l  

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

l a y e r .   I t   w i l l   be  u n d e r s t o d   t h a t   one  of  t h e   g l a s s   s h e e t s  

22,  23  h a s   i t s   o u t e r   s u r f a c e   c o a t e d   w i t h   a  c o n v e n t i o n a l  

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

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

a n t i r e f l e c t i o n   m a t e r i a l .  

H a v i n g   c o m p l e t e d   t h e   f i l t e r   a s s e m b l y   1 1 ,  t h e   m e t h o d  

and  a p p a r a t u s   f o r   b o n d i n g   i t   to   t h e   CRT  f a c e   w i l l   now  b e  

d e s c r i b e d .  

I n s t r u m e n t s ,   d i s p l a y s ,   and  t h e   l i k e   w h i c h   a r e  

d e s i g n e d   f o r   u s e   in   a i r c r a f t   c o c k p i t s   n o t   o n l y   r e q u i r e  

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

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

m i n i m u m   a m o u n t   of  p a n e l   s p a c e   and  t h e   u s u a l   l a c k   of  d e p t h  

b e h i n d   t h e   p a n e l .   The  CRT  a s s e m b l y ,   w h i c h   i s   a  b a s i c  

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

c o n t r a s t   e n h a n c e m e n t   f i l t e r   11  p o s i t i o n e d   p r e c i s e l y   i n  

a l l   d i m e n s i o n s   w i t h   r e s p e c t   to   t h e   CRT  f a c e .   The  p r e s e n t  

i n v e n t i o n   p r o v i d e s   f o r   t h e   p r e c i s e   p o s i t i o n i n g   of   t h e  

f i l t e r   in   t h e s e   d i m e n s i o n s   w i t h   a  min imum  a m o u n t   o f  

l a b o u r   d u r i n g   t h e   b o n d i n g   o p e r a t i o n .   Once  t h e   b o n d i n g  

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

t h a t   p r e c i s e   p o s i t i o n .  

The  key   to  a c c o m p l i s h i n g   t h e   f i l t e r   b o n d i n g   t a s k   i s  

t h e   f a b r i c a t i o n   of  a  p r e c i s i o n   e l a s t o m e r i c   g a s k e t   50 

shown  in  F i g u r e   7  s i m i l a r   in  many  r e s p e c t s   to  t h e   f i l t e r  

g a s k e t   15  and  s i m i l a r l y   made .   T h i s   g a s k e t   is   f a b r i c a t e d  

in  t h e   f o l l o w i n g   m a n n e r ,   r e f e r e n c e   b e i n g   made  to  F i g u r e  

6.  A  r e p l i c a   31  of   t h e   f r o n t   of   t h e   p a r t i c u l a r   CRT  i s  

m a c h i n e d   f r o m   some  a p p r o p r i a t e   m a t e r i a l   such   as  a l u m i n i u m  



and  a  r e p l i c a   32  of  t h e   f i l t e r   a s s e m b l y   11  i s   a l s o  

f a b r i c a t e d .   The  f i l t e r   a s s e m b l y   r e p l i c a   i n c l u d e s   a  

r a i s e d   b o s s   62  w h i c h   w i l l ,   in  t h e   c o m p l e t e d   g a s k e t ,  

p r o v i d e   an  e x t e r n a l   l i p   63  f o r   c a p t u r i n g   t he   f i l t e r  

a s s e m b l y   and  m a i n t a i n i n g   i t   s n u g l y   a g a i n s t   a  b e a d   53  

( F i g u r e   9 ) .   T h e s e   two  p a r t s   a r e   t h e n   f a s t e n e d   to  a  

b a s e p l a t e   33  as  by  f l a t   h e a d   s c r e w s   34.  The  f i l t e r  

r e p l i c a   i s   s p a c e d   a  p r e c i s e   p r e d e t e r m i n e d   d i s t a n c e   y  f r o m  

t h e   CRT  r e p l i c a   31  by  means   of  a  s h i m   or  b o s s   35.  T h e  

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

d e s i g n .   The  s i d e   w a l l s   36,   37  and  38  of  t h e   g a s k e t   m o u l d  

a r e   m a c h i n e d   in  t h e   c o n f i g u r a t i o n s   shown  in  F i g u r e   6  f r o m  

a  s u i t a b l e   r i g i d   m a t e r i a l   s u c h   as  a l u m i n i u m .   I n  

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 ,   t h e   i n t e r i o r  

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

b e c a u s e   t h e s e   p a r t s   a r e   to   be  u s e d   n o t   o n l y   as  t h e   s i d e  

w a l l s   of  t h e   mou ld   b u t   a l s o   as  t h e   r i g i d   c l a m p i n g   r i n g  

f o r   t h e   c o m p l e t e d   g a s k e t   50  when  i t   i s   u s e d   to   bond   t h e  

f i l t e r   a s s e m b l y   11  to  t h e   CRT  f a c e .   A c c o r d i n g l y ,   w h e n  

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

d i m e n s i o n s   a r e   l e n g t h e n e d   s l i g h t l y   by  a d d i n g   t h e   s h i m s  

39,  40  and  41  when  t he   w a l l s   36,  37  and  38  a r e   j o i n e d  

t o g e t h e r   by  means   of  b o l t s   42 .   H o w e v e r ,   when  u s e d   as  t h e  

g a s k e t   c l a m p i n g   f r a m e ,   t h e   s h i m s   39,  40  and  41  a r e  

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

d i m e n s i o n s   so  t h a t   when  t h e   f r a m e   m e m b e r s   a r e   s c r e w e d  

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

p a r t s   w i l l   be  c o m p r e s s e d   s l i g h t l y ,   as  w i l l   be  d e s c r i b e d  

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

t he   a c t u a l   b o n d i n g   o p e r a t i o n .  

The  mou ld   s i d e   w a l l s   37,   38  and  39  a r e   b o l t e d  

t o g e t h e r   w i t h   s h i m s   39,  40  and  41  i n s e r t e d   and  t h e  

r e s u l t i n g   f r a m e   s e c u r e d   to  t h e   b a s e   p l a t e   33  as  by  s c r e w s  
33'  f o r m i n g   an  a n n u l a r   c h a n n e l   b e t w e e n   t h e   f r a m e   and  t h e  

a l r e a d y   a s s e m b l e d   member s   31  and  32.   The  s i d e   w a l l   36 

i n c l u d e s   an  o p e n i n g   43  w h i c h ,   t o g e t h e r   w i t h   a  p l u g   4 3 ' ,  

w i l l   fo rm  a  f i l l i n g   s p o u t   54  of  t h e   c o m p l e t e d   g a s k e t .  
The  p l u g   43  i s   s e c u r e d   to  t h e   s i d e   w a l l   36  by  s c r e w s   4 4 ;  



o p e n i n g s   45  a s s u r e   t h a t   no  a i r   i s   t r a p p e d   in  t h e   s p o u t  

n e c k   upon   f i l l i n g   t h e   m o u l d .   C e n t r a l l y   l o c a t e d   a l o n g   t h e  

i n n e r   s u r f a c e   of  t h e   s i d e   w a l l s   37  and  38  a r e   c u t - o u t s   48  

w h i c h   w i l l   f o r m   t a b s   49  ( F i g u r e   7)  on  t h e   c o m p l e t e d  

m o u l d .   T h e s e   t a b s ,   when  t h e   m e m b e r s   36 ,   37  and  38  a r e  

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

s l o t s   48  in   t h e   f r a m e   and  p r e v e n t   any  l a t e r a l   o r  

l o n g i t u d i n a l   m o v e m e n t   of   t h e   g a s k e t   30  when  t h e   f r a m e   i s  

c l a m p e d ,   as  w i l l   be  d e s c r i b e d . ,  

As  in   t h e   c a s e   of   t h e   f i l t e r   a s s e m b l y   g a s k e t   1 5 ,  

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

c o m p l e t e l y   f i l l e d   w i t h   R T V - 6 3 0 ,   w h i c h   h a s   b e e n   p r e m i x e d  

and  o u t g a s s e d   as  a b o v e ,   l e f t   to  s t a n d   a b o u t   t h i r t y  

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

p l a t e   46  i s   a t t a c h e d   by  means   of   s c r e w s   47 ,   any  e x c e s s  

RTVB  b e i n g   s q u e e z e d   t h r o u g h   h o l e s   4 5 .   The  f i l l e d   m o u l d  

i s   f i n a l l y   c u r e d   f o r   two  h o u r s   or  so  a t   80°C .   A f t e r  

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

g a s k e t   50  i n s p e c t e d   and  any  f l a s h i n g   r e m o v e d .   I t   w i l l  

now  be  a p p r e c i a t e d   t h a t   t h e   i n t e r i o r   s u r f a c e s   51  ( F i g u r e  

9)  of   t h e   p e r i p h e r a l   g a s k e t   50  p r e c i s e l y   c o n f o r m s   w i t h  

t h e   o u t e r   p e r i p h e r a l   e d g e s   of  t h e   f i l t e r   a s s e m b l y   1 1  

w h i l e   t h e   i n t e r i o r   s u r f a c e s   52  ( F i g u r e   9)  p r e c i s e l y  

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

I m p o r t a n t l y ,   t h e   e x t e r i o r   l i p   63  and  i n t e r i o r   s u r f a c e  

b e a d   53  a s s u r e   p r e c i s e l y   e s t a b l i s h m e n t   and  m a i n t e n a n c e   o f  

t h e   s p a c i n g   d i m e n s i o n   y  w i t h o u t   t h e   r e q u i r e m e n t   f o r   a n y  
c o m p l e x   j i g s   or  o t h e r   a p p a r a t u s .   The  g a s k e t   is   now 

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

11  to   t h e   f a c e p l a t e   of  t h e   CRT. 

As  a b o v e   d e s c r i b e d   in  c o n n e c t i o n   w i t h   t h e  

f a b r i c a t i o n   of  t h e   f i l t e r   a s s e m b l y   11  i t s e l f ,   a  f i l t e r  

a s s e m b l y   11  i s   i n s e r t e d   i n t o   t h e   i n t e r n a l   g r o o v e   51  b y  

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

50  a b o u t   t h e   f i l t e r   a s s e m b l y   p e r i p h e r y   as   shown  in  F i g u r e  

4,  r e s u l t i n g   in   t h e   p a r t i a l l y   a s s e m b l e d   g a s k e t   shown  i n  

F i g u r e   7.  Of  c o u r s e   when  i n s e r t i n g   t h e   f i l t e r   a s s e m b l y  

11  i n t o   t h e   g a s k e t   50 ,   i t   i s   n e c e s s a r y   t h a t   t h e  

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



t o w a r d s   t h e   b e a d   53.  The  g a s k e t   50  w i t h   i t s   i n s e r t e d  

f i l t e r   a s s e m b l y   11  i s   l a i d  o n   a  f l a t   s u r f a c e   w i t h  

i n t e r i o r   s u r f a c e   52  up  and  t h e   f r a m e   m e m b e r s   36,  37  a n d  

38  l o o s e l y   a s s e m b l e d   by  b o l t s   42,  b u t   w i t h o u t   t h e   s h i m s  

39,   40  and  41,   a r e   p l a c e d   a r o u n d   t h e   g a s k e t   and  t h e   b o l t s  

42  t i g h t e n e d   j u s t   e n o u g h   t h a t   t h e  f r a m e   m e m b e r s   c o n t a c t  

t h e   o u t e r   s u r f a c e s   of  t h e  g a s k e t   w i t h   t h e   t a b s   4 9  i n  

t h e i r   c o r r e s p o n d i n g   r e c e s s e s   48  in  t h e   f r a m e   m e m b e r s .  

The  CRT  i s   now  p l a c e d   in  t h e   g a s k e t   50  f i r m l y   p r e s s e d  

down  so  t h a t   i t s   f a c e p l a t e   p e r i p h e r y   s n u g l y   f i t s   a g i n s t  

t h e   b e a d   53  and  t h e   g a s k e t   i n t e r i o r   w a l l   52.  The  b o l t s  

42  a r e   now  t i g h t e n e d   down  to  an  e f f e c t i v e   t o r q u e   of  a b o u t  

1 2 . 5   i n c h   p o u n d s ,   a  v a l u e   w h i c h   has  b e e n   p r e d e t e r m i n e d   t o  

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

e l a s t o m e r i c   g a s k e t   50  and  i t s   e n c l o s e d   r i g i d   p a r t s .   T h e  

c o m p l e t e d   a s s e m b l y   is   now  o r i e n t e d   to  t he   p o s i t i o n   s h o w n  

in  F i g u r e   8  on  t h e   work  s u r f a c e   w i t h   t h e   f i l l   s p o u t   54 

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

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

f i l t e r   to  t h e   CRT  is   E c c o g e l   1 2 6 5 .   In  t h i s   e x a m p l e ,  

t h i r t y   g r a m s   of  E c c o g e l   p a r t   A  a r e   m i x e d   w i t h   t h i r t y  

g r a m s   of  E c c o g e l   p a r t   B.  In  t h i s   c a s e ,   t h e r e   a r e   n o  

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

m i x t u r e   is   t h e n   h e a t e d   to  80°C  in  a  v a c u u m   o v e n   t o  

d e c r e a s e   t h e   v i s c o c i t y   and  to  r e m o v e   any  e n t r a p p e d   a i r  

b u b b l e s .   At  t h e   same  t i m e ,   t h e   CRT  a s s e m b l y   i s   a l s o  

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

b o n d i n g   g a s k e t   50  t h r o u g h   t he   f i l l   s p o u t   54  u n t i l   t h e  

l a t t e r   i s   f u l l .   The  f i l l e d   a s s e m b l y   i s   p l a c e d   in  an  o v e n  
h e a t e d   to  800c  f o r   a  p e r i o d   of  s i x   h o u r s   or   so  f o r  

c u r i n g .   I t   i s   t h e n   r e m o v e d   f rom  t h e   oven  and  a l l o w e d   t o  

c o o l ,   t h e   b o l t s   r e m o v e d   and  t h e   c l a i m   d i s a s s e m b l e d .   T h e  

g a s k e t   50  i s   t h e n   s t r i p p e d   f rom  t h e   a s s e m b l y   in  one  p i e c e  

by  d e f o r m a t i o n   and  s t r e t c h i n g .   A d v a n t a g e o u s l y ,   t h e  

g a s k e t   50  can  be  r e u s e d   many  t i m e s .   As  b e f o r e ,   t h e r e  

w i l l   be  a  s m a l l   gap  ( F i g u r e   1)  a r o u n d   t h e   p e r i p h e r y   o f  

t h e   E c c o g e l   b e t w e e n   t he   f a c e p l a t e   and  t h e   f i l t e r   a s s e m b l y  
11  w h i c h   i s   f i l l e d   w i t h   t h e   b l a c k   RTV-732  as  t h e   l a t t e r  



i s   a p p l i e d   to   t h e   e n t i r e   e x t e r n a l   p e r i p h e r y   of  t h e  

f a c e p l a t e   f i l t e r   a s s e m b l y .   The  RTV  p r e v e n t s   any  a m b i e n t  

l i g h t   f r o m   l e a k i n g   in  b e h i n d   t h e   f i l t e r .  

The  a p p a r a t u s   and  m e t h o d s   and  p r o c e d u r e s   d e s c r i b e d  

a b o v e   h a v e   a  p r e c i s e   bond   b e t w e e n   t h e   c o n t r a s t  

e n h a n c e m e n t   f i l t e r   11  and  t h e   CRT  f a c e p l a t e   w h i c h   can   b e  

a c c o m p l i s h e d   in   a  min imum  a m o u n t   o f   t i m e   w i t h  

s u b s t a n t i a l l y   no  r e q u i r e m e n t   f o r   r e w o r k .   I t   i s   a l s o   t o  

be  a p p r e c i a t e d   t h a t   in   b o t h   c a s e s   t h e   g a s k e t s   15 ,   50  h a v e  

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

g a s k e t   b o d y   t h a t   no  c o m p l e x   h o l d i n g   and  a l i g n i n g   j i g s   a r e  

r e q u i r e d   as  t a u g h t   in  t h e   p r i o r   a r t   t h u s   s a v i n g   t e d i o u s  

and  c o s t l y   s e t - u p   t i m e .  



1.  A p p a r a t u s   f o r   b o n d i n g   a t   l e a s t   two  r i g i d   e l e m e n t s  

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

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

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

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

c h a r a c t e r i s e d   in  t h a t   t h e   a p p a r a t u s   c o m p r i s e s   a  

p e r i p h e r a l   g a s k e t   (15 ;   50)  m o u l d e d   f rom  an  e l a s t o m e r i c  

m a t e r i a l   and  h a v i n g   a t   l e a s t   one   e x t e r i o r ,  

i n w a r d l y - p r o j e c t i n g   p e r i p h e r a l   l i p   ( 6 1 ;   63)  a n d  a n  

i n t e r i o r   i n w a r d l y - p r o j e c t i n g   p e r i p h e r a l   b e a d   (16 ;   53)  o f  

p r e d e t e r m i n e d   t h i c k n e s s ,   t h e r e b y   to   fo rm  a t   l e a s t   o n e  

i n t e r i o r   p e r i p h e r a l   g r o o v e   in  t h e   g a s k e t ,   t h e   e l a s t o m e r i c  

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

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

t h e   r i g i d   e l e m e n t s   ( 22 ,   23;  11)  w i t h   t h e   p e r i p h e r a l   e d g e s  

of  a t   l e a s t   one   of  t h e   e l e m e n t s   in  t h e   g r o o v e   and  t h e  

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

t h e   i n t e r i o r   b e a d   w h e r e b y   to  f o rm  an  i n t e r i o r   c h a m b e r   o f  

p r e d e t e r m i n e d   t h i c k n e s s   b e t w e e n   t h e   e l e m e n t s ,   t he   g a s k e t  

i n c l u d i n g   an  o p e n i n g   c o m m u n i c a t i n g   (12)   b e t w e e n   s a i d  

c h a m b e r   and  t h e   e x t e r i o r   of  t h e   g a s k e t   f o r   r e c e i v i n g   a  

b o n d i n g   m a t e r i a l   f o r   b o n d i n g   t h e   e l e m e n t s   (22 ,   2 3 )  

t o g e t h e r .  

2.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   t h e   e l a s t o m e r i c   g a s k e t   ( 15 ;   50)  c r o s s - s e c t i o n a l  

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

d i m e n s i o n a l   s u p p o r t   f o r   t h e   two  r i g i d   e l e m e n t s   ( 22 ,   2 3 ;  

1 1 ) .  

3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or   2,  c h a r a c t e r i s e d  

in  t h a t   t he   two  r i g i d   e l e m e n t s   a r e   t r a n s p a r e n t   g l a s s  

s h e e t s   (22 ,   2 3 ) ,   in  t h a t   t h e   p e r i p h e r a l   g a s k e t   ( 1 5 )  

i n c l u d e s   a  s e c o n d   e x t e r i o r   i n w a r d l y   p r o j e c t i n g   l i p   ( 6 1 ) ,  

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

b e t w e e n   t h e   p e r i p h e r a l   b e a d   (16)   a n d  t h e   s e c o n d   l i p ,   a n d  

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

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

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

4.  A p p a r a t u s   a c c o r d i n g   to   any  of  t h e   p r e c e d i n g   c l a i m s ,  



c h a r a c t e r i s e d   in  t h a t   t h e   t h i c k n e s s   ot  t h e   i n t e r i o r   b e a d  

(16)   i s   a  f u n c t i o n   of   t h e   c o n c e n t r a t i o n   of   t h e   b o n d i n g  

m a t e r i a l .  

5.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   one   g l a s s   s h e e t   ( 2 2 ,   23)  i n c l u d e s   a  t r a n s p a r e n t  

c o n d u c t i v e   c o a t i n g   on  a  s i d e   o p p o s i t e   s a i d   c h a m b e r .  

6.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  or  2,  c h a r a c t e r i s e d  

in  t h a t   one   of  t h e   two  r i g i d   e l e m e n t s   c o m p r i s e s   a  

c o n t r a s t   e n h a n c e m e n t   f i l t e r   (11)   and  t h e   o t h e r   t h e r e o f  

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

7 .  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   6,  c h a r a c t e r i s e d   i n  

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

m e m b e r   ( 3 6 ,   37,  38)  s u r r o u n d i n g   t h e   e x t e r i o r   of   t h e  

g a s k e t   (50)   and  means   f o r   a d j u s t i n g   t h e   f r a m e   p a r t s   t o  

c o m p r e s s   t h e   e l a s t o m e r i c   g a s k e t   (50)   a g a i n s t   t h e   r i g i d  

f i l t e r   (11)   and  r i g i d   f a c e p l a t e .  

8.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i s e d   i n  

t h a t   t h e   g a s k e t   (50)   i n c l u d e s   e x t e r i o r   o u t w a r d l y  

p r o j e c t i n g   t a b s   (49)   and  t h e   f r a m e   member  ( 3 6 ,   37,   3 8 )  

i n c l u d e s   o p e n i n g s   (48)   f o r   r e c e i v i n g   t h e   t a b s ,   w h e r e b y   t o  

p r e v e n t   r e l a t i v e   l a t e r a l   m o v e m e n t   b e t w e e n   t h e   g a s k e t   ( 5 0 )  

and  f r a m e   upon   c o m p r e s s i o n   of   t h e   g a s k e t .  

9.  A  m e t h o d   of   b o n d i n g   a t   l e a s t   two  r i g i d   e l e m e n t s   o f  

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

e n h a n c e m e n t   f i l t e r   a s s e m b l y ,   t h e   e l e m e n t s   h a v i n g  

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

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

c o m p r i s i n g   t h e   s t e p s   o f  

a)  f o r m i n g   a  p e r i p h e r a l   g a s k e t   ( 1 5 ;   50)  f r o m   a n  

e l a s t o m e r i c   m a t e r i a l   h a v i n g   a t   l e a s t   one  e x t e r i o r  

i n w a r d l y   p r o j e c t i n g   p e r i p h e r a l   l i p   (61 ;   63)  and  a n  

i n t e r i o r   i n w a r d l y   p r o j e c t i n g   p e r i p h e r a l   b e a d   ( 1 6 ;   53)  o f  

p r e d e t e r m i n e d   t h i c k n e s s ,   t h e r e b y   to  fo rm  a t   l e a s t   o n e  
i n t e r i o r   p e r i p h e r a l   g r o o v e   and  a  c h a m b e r   d e f i n e d   by  t h e  

t h i c k n e s s   of  t h e   b e a d ,   t h e   g a s k e t   h a v i n g   a  c r o s s -  

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

s o l e   d i m e n s i o n a l   s u p p o r t   f o r   t h e   two  e l e m e n t s   ( 2 2 ,   2 3 ;  

11)  and  s u f f i c i e n t l y   s m a l l   to   p e r m i t   d e f o r m a t i o n   a n d  



s t r e t c h i n g   a b o u t   t h e   p e r i p h e r a l   e d g e s   of  t he   e l e m e n t s ,  

t h e   g a s k e t   i n c l u d i n g   an  o p e n i n g   (12 ;   54)  c o m m u n i c a t i n g  

w i t h   t h e   c h a m b e r ,  

(b)  d e f o r m i n g   and  s t r e t c h i n g   t h e   p e r i p h e r a l   g a s k e t  

(15 ;   50)  a b o u t   t h e   e l e m e n t s   ( 22 ,   23;   11)  w i t h   a t   l e a s t  

one  t h e r e o f   in  t h e   g r o o v e   and  t h e   o t h e r   t h e r e o f   a b u t t i n g  

t h e   bead   (16 ;   53)  and  c l o s i n g   t h e   c h a m b e r ,  

(c)  f i l l i n g   t h e   c h a m b e r   t h r o u g h   t h e   o p e n i n g   ( 1 2 ;  

54)  w i t h   a  c u r a b l e   b o n d i n g   m a t e r i a l ,  

(d)  c u r i n g   s a i d   m a t e r i a l ,   a n d  

(e)  d e f o r m i n g   and  s t r e t c h i n g   t h e   g a s k e t   ( 15 ;   5 0 )  

to   r emove   same  f r o m   t h e   now  b o n d e d   e l e m e n t s .  

10.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r i s e d   i n  

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

e l a s t o m e r i c   g a s k e t   (50)   a b o u t   t h e   e l e m e n t s   (11)  p r i o r   t o  

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

f r a m e   (36 ,   37,  3 8 ) .  

11.   A  m e t h o d   of   m a n u f a c t u r i n g   an  e l a s t o m e r i c   g a s k e t   f o r  

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

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

f a c e p l a t e ,   c h a r a c t e r i s e d   in  t h a t   t h e   m e t h o d   c o m p r i s e s   t h e  

s t e p s   o f  

a)  f o r m i n g   a  r i g i d   mou ld   m a n d r e l   h a v i n g   i n t e r n a l  

s u r f a c e s   c o n f o r m i n g   in  s h a p e   to  t h e   a s s e m b l e d   f i l t e r   ( 1 1 )  

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

b)  s e c u r i n g   t h e   m a n d r e l   to  a  b a s e p l a t e   ( 3 3 ) ,  

c)  i n s e r t i n g   s h i m s   ( 39 ,   40,   41)  b e t w e e n   p a r t s   of  a  

m u l t i p a r t   p e r i p h e r a l   f r a m e   (36 ,   37,  3 8 ) ,   w h e r e b y   t o  

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

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

in  s p a c e d   r e l a t i o n   to  t h e   m a n d r e l ,   w h e r e b y   to  f o rm  a  

p e r i p h e r a l   c h a n n e l   t h e r e b e t w e e n .  

e)  f i l l i n g   t h e   c h a n n e l   w i t h   a  l i q u i d   m a t e r i a l  

c u r a b l e   to  an  e l a s t o m e r i c   m a t e r i a l ,   a n d  

f )   c u r i n g   s a i d   m a t e r i a l   to   f o rm  t h e   e l a s t o m e r i c  

g a s k e t   ( 5 0 ) ,   t h e   o u t e r   p e r i p h e r a l   d i m e n s i o n s   t h e r e o f  

b e i n g   l a r g e r   t h a n   t h e   m u l t i p a r t   r i g i d   f r a m e   (36 ,   37,   3 8 )  



in  t h e   a b s e n c e   of  t h e   s h i m s   ( 3 9 ,   40,   4 1 ) ,   w h e r e b y   t h e  

f r a m e   ( 3 6 ,   37,  38)  may  be  u s e d   w i t h o u t   t h e   s h i m s   t o  

c o m p r e s s   t h e   e l a s t o m e r i c   g a s k e t   (50)   a b o u t   t h e   f i l t e r  

(11)   and  t h e   f a c e p l a t e .  
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