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©  Reader  device  for  reading  the  impressions  obtained  during  hardness  tests  according  to  the  Vickers  method. 
A  reader  device  for  reading  the  impression  (4)  obtained 

on  a  surface  (3)  of  a  specimen  (2)  during  a  hardness  test 
carried  out  according  to  the  Vickers  method. 

The  most  important  characteristic  of  the  device  consists 
in  that  it  comprises  lighting  means  (6,  7,  8)  for  the 
illumination  of  the  said  surface  (3);  at  least  a  photoelectrical 
transducer  (15);  and  focusing  means  (10)  which  convey  onto 
a  sensitive  surface  (14)  of  the  said  photoelectrical  transducer 
(15)  the  beam  of  light  coming  from  a  region  (18)  of  the  said 
surface  (3)  within  which  the  said  impression  (4)  is  contained. 



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

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

t e s t s   c a r r i e d   ou t   a c c o r d i n g   to   t h e   V i c k e r s   m e t h o d .  

As  is  known,   t h e  v a l u a t i o n   of  t he   h a r d n e s s   o f  

a  m a t e r i a l   a c c o r d i n g   to   t h e   V i c k e r s   m e t h o d   is  c a r -  

r i e d   ou t   by  m e a s u r i n g   t h e   l e n g t h   of  t h e   d i a g o n a l s  



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

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

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

At  p r e s e n t   t i m e ,   f o r   t h e   v a l u a t i o n   of  t h e   d i -  

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

ce s   a r e   u s e d   wh ich   a r e   s u b s t a n t i a l l y   f o r m e d   by  a  

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

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

s i o n   and  by  means  of  t h e   s a i d  w e b   d e t e r m i n e s   t h e   l e n g t h  

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

d e t e r m i n e s   t h a n   t h e   v a l u e   of   t h e   h a r d n e s s   i n  

V i c k e r s   u n i t s   by  means   o f  a   known  f o r m u l a .  

All  t h e   d e v i c e s   w h i c h   a r e   a v a i l a b l e  o n   t h e   m a r k e t  

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

p r i n c i p l e ,   and  a l t h o u g h   b e i n g   w i d e l y   u s e d ' t h e y   have   s o m e  

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

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

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

t h e   web  is  s o m e w h a t   s u b j e c t i v e ,   a n d  s i n c e   t h e  V i c k e r s  

h a r d n e s s   c o e f f i c i e n t   d e p e n d s   in  an  i n v e r s e l y   p r o p o r t i o n a l   I 

way  on  t h e   s q u a r e   of  t h e   l e n g t h   of  t h e   s a i d   d i a g o n a l s ,  

a  m i n i m u n   e r r o r   of  v a l u a t i o n   is  s u f f i c i e n t   to  g i v e   r i s e  



to   g r e a t   v a r i a t i o n s   of   s a i d   c o e f f i c i e n t . F u r t h e r m o r e ,  

once   t h e   l e n g t h  o f   t h e   d i a g o n a l s   has   b e e n   m e a s u r e d  i t   i s  

a l s o   n e c e s s a r y   to   c a l c u l a t e   or   c o n s u l t   p a r t i c u l a r   c o n v e r -  

s i o n   t a b l e s ,   so  t h a t ,   as  a  r e s u l t ,   i t   i s   n e c e s s a r y   t o  

have   a  s p e c i a l i z e d   p e r s o n n e l   to   c a r r y   o u t   i n   a  s u b s t a n -  

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

a c c o r d i n g   t o   t h e   V i c k e r s   m e t h o d ,   in   o r d e r   t o   o b t a i n  

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

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

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

by  h a r d n e s s   t e s t s   a c c o r d i n g   to   t h e  V i c k e r s   m e t h o d ,   w h i c h  

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

d i s a d v a n t a g e s   of   t h e   known  d e v i c e s .  

T h i s   o b j e c t   i s   a t t a i n e d   a c c o r d i n g   to   t h e   p r e s e n t  

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

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

a  h a r d n e s s   t e s t   c a r r i e d   o u t   in  a c c o r d a n c e   w i t h   t h e   V i c k e r s  

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

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

p h o t o e l e c t r i c a l   t r a n s d u c e r ;   and  f o c u s i n g   means   w h i c h  

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

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

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



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

a  p r e f e r r e d   e m b o d i m e n t   t h e r e o f   w i l l   now  be  d e s c r i b e d   b y  

way  of  non  l i m i t i n g   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 n n e x e d  

d r a w i n g ,   in   w h i c h :  

FIGURE1  i s   a  d i a g r a m m a t i c   v i e w   s h o w i n g   a  r e a d e r   d e v i c e  

a c c o r d i n g   to   t h e   t e a c h i n g s   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

FIGURE  2  s h o w s   a  p o r t i o n   of   a  s u r f a c e   o f  a   s p e c i m e n  

on  w h i c h   s u r f a c e   an  i m p r e s s i o n   h a s  b e e n  f o r m e d   a c c o r d i n g  

t o   t h e   V i c k e r s   m e t h o d .  

R e f e r r i n g   now  p a r t i c u l a r l y   t o   F i g .   1,  r e f e r e n c e  

n u m e r a l   1  i n d i c a t e s   g e n e r a l l y   an  i m p r e s s i o n   r e a d e r   d e v i c e  

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

i n v e n t i o n ,   and  r e f e r e n c e   n u m e r a l   2  i n d i c a t e s   a  p o r t i o n ,  

shown  in   a  c r o s s - s e c t i o n a l   v i e w ,   of   a  s p e c i m e n   h a v i n g   o n  

i t s   u p p e r   s u r f a c e   3  an  i m p r e s s i o n   4  o b t a i n e d   by  m e a n s   o f  

a  p e n e t r a t o r   ( n o t   shown)  in   a c c o r d a n c e   w i t h   t h e  

V i c k e r s   m e t h o d .  

The  d e v i c e   1  c o m p r i s e s   an  i l l u m i n a t i o n   a s s e m b l y  

f o r m e d   by  a  l amp  4,  a  s t a b i l i z e d   f e e d e r   7  w h i c h   s u p p l i e s  

a  c o n t i n u o u s   f e e d i n g   v o l t a g e   to   t h e   l amp   6,  and  a  l e n s   8 

i n t e r p o s e d   b e t w e e n   t h e   lamp  6  and  t h e   s u r f a c e   3  of   t h e  

s p e c i m e n   2.  In  a d d i t i o n ,   d e v i c e   1  c o m p r i s e s   a  f o c a l i s a t i o n  

u n i t   10  f o r m e d   s u b s t a n t i a l l y   by  an  e l b o w - b e n t   t u b e   11 



w h i c h   s u p p o r t s   a  l e n s   12  a t   i t s   end  f a c i n g   t h e   s u r f a c e   3 

of   t h e   s p e c i m e n   2.  S u p p o r t e d   i n s i d e   t h e   t u b e   11  i s   a  p l a n e  

r e f l e c t i n g   l a y e r   13  a r r a n g e d  t o   c o n v e y   t h e   beam  of  l i g h t  

o n t o   a  s e n s i t i v e   s u r f a c e   14  of   a  p h o t o e l e c t r i c   t r a n s d u c e r  

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

w h i c h   i s   o p p o s e d   to   t h e   end  s u p p o r t i n g   t h e   l e n s   1 2 .  

D i s p o s e d   in  f r o n t   of   t h e   s u r f a c e   14  i s   a  mask  16  h a v i n g  

a  t h r o u g h   h o l e   17  w h i c h . a l l o w s o n l y   a  p a r t   of  t h e   b e a m  

of  l i g h t   r e f l e c t e d   by  t h e   s u r f a c e   3  to  s t r i k e   t h e   s u r f a c e  

14.  In  p a r t i c u l a r ,   r e f e r r i n g   to   F i g .   2,  t h e   t u b e   11  w i l l  

h a v e   to  be  p o s i t i o n e d   r e l a t i v e   to   t h e   s p e c i m e n   2  in  s u c h  

a  way  t h a t   t h r o u g h   t h e   t h r o u g h   h o l e   17  w i l l   be  f o c a l i s e d  

a  r e g i o n   18  of  t h e   s u r f a c e   3  w i t h i n   w h i c h   t h e   i m p r e s s i o n  

4  i s   c o n t a i n e d .  

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

15  i s   s u p p l i e d   to   an  a m p l i f i e r   19  h a v i n g   a  t r a n s m i s s i o n  

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

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

t r a n s d u c e r   15  w h i c h ,   by  way  of  e x a m p l e ,   c o u l d   be  f o r m e d  

by  a  p h o t o t r a n s i s t o r   o r   a  p h o t o d i o d e .   A m p l i f i e r   19,  w h i c h  

i s   a p t   to  s u p p l y   to   i t s   own  o u t p u t   a  s i g n a l   p r o p o r t i o n a l  

to   t he   v a l u e   of   t h e   h a r d n e s s   c o e f f i c i e n t   a c c o r d i n g   t o   t h e  

V i c k e r s   m e t h o d ,   f e e d s   a  d i g i t a l   d i s p l a y   of  t h e   t y p e   w i t h  



s e v e n   s e g m e n t s ,   on  w h i c h   t h e   s a i d   c o e f f i c i e n t   may  b e  

d i r e c t l y   r e a d .  

In  a  way  n o t   shown  in  F i g .   1,  a  s u i t a b l e   e y e p i e c e  

may  be  d i s p o s e d   a t   t h e   s i d e   of  t h e   p h o t o e l e c t r i c a l  

t r a n s d u c e r   15,  in   o r d e r   to   v e r i f y   w h e t h e r   t h r o u g h   t h e  

h o l e   17  i s   r e a l l y   v i s i b l e   t h e   r e g i o n   18  w i t h i n   w h i c h  

t h e   i m p r e s s i o n   4  i s   f o r m e d .  

The  r e a d i n g   of   t h e   i m p r e s s i o n   4  w h i c h   a l l o w s   t o  

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

p r e c e d e d   by  a  p h a s e   of   c a l i b r a t i o n   of   t h e   d e v i c e   1 ,  

d u r i n g   w h i c h   on  t h e   s e n s i t i v e   s u r f a c e   14  o f   t h e   p h o t o -  

e l e c t r i c a l   t r a n s d u c e r   15  t h e r e   i s   f o c a l i s e d   t h e   r e g i o n  

of   t h e   s u r f a c e   3  i n  w h i c h   t h e   i m p r e s s i o n   4  w i l l   be  f o r m e d  

l a t e r .   S i n c e   t h e   s u r f a c e   3  of  t h e   s p e c i m e n   has   b e e n  

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

t h e   beam  of  l i g h t   e m i t t e d   by  t h e   l amp  6,  so  t h a t   t h e  

beam  of   l i g h t   u n i f o r m l y   s t r i k e s   t h e   s u r f a c e   14  of  t h e  

p h o t o e l e c t r i c a l   t r a n s d u c e r   15  c a u s i n g  t h i s   l a t t e r   to   e m i t  

an  e l e c t r i c   s i g n a l   of   maximum  a m p l i t u d e   v a l u e .   U n d e r  

t h e s e   c i r c u m s t a n c e s   t h e   a m p l i f i e r   19  i s   a d j u s t e d   in   s u c h  

a  way  t h a t   t h e   o u t p u t   s i g n a l   g e n e r a t e d   by  t h e   a m p l i f i e r  

and  t r a n s m i t t e d   to   t h e   d i g i t a l   d i s p l a y   20  w i l l   d e t e r m i n e  

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



In  a  s u c c e s s i v e   p h a s e ,   t h e   t u b e   11  i s   p o s i t i o n z d  

r e l a t i v e   to  t h e   s p e c i m e n   2  in   s u c h   a  way  t h a t   t h e   r e g i o n  

18  of  t h e   s u r f a c e   3  of   t h e   s p e c i m e n   is   c e n t e r e d   or   a n y w a y  

w i t h i n   t h e   t h r o u g h   h o l e   17  of  t h e   mask   16.  U n d e r   t h e s e  

c i r c u m s t a n c e s ,   t h e   p h o t o e l e c t r i c a l   t r a n s d u c e r   15  i s  

i n s e r t e d , w h o o s e   s u r f a c e   14,   r e c e i v i n g   l e s s   r a y s   of  l i g h t  

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

18  i s   no  more   r e f l e c t i n g   now  owing   to  t h e   p r e s e n c e   o f  

t h e   i m p r e s s i o n   4,  e m i t s   an  e l e c t r i c   s i g n a l   h a v i n g   a  

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

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

a m p l i f i e r   19  i s   s u p p l i e d   t o   t h e   d i g i t a l   d i s p l a y   2 0 ,  

on  w h i c h   one  can   d i r e c t l y   r e a d   t h e   h a r d n e s s   c o e f f i c i e n t  

a c c o r d i n g  t o   t h e   V i c k e r s   m e t h o d .   In  f a c t ,   t h e   s i g n a l   w h i c h  

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

p o r p o r t i p n a l   to   t h e   r a t i o   b e t w e e n   t h e   s q u a r e   r e g i o n  

d e f i n e d   by  t h e   i m p r e s s i o n   4  ( s e e   F i g .   2)  and  t h e   e n t i r e  

r e g i o n   18  d e f i n e d   by  t h e   t h r o u g h   h o l e   17  of  t h e   mask  1 6 .  

S i n c e   t h e   r e g i o n   18  h a s   a  c o n s t a n t   s u r f a c e   w h i l s t   t h e  

r e g i o n   d e f i n e d   by  t h e   i m p r e s s i o n   4  has   an  a r e a   p r o p o r t i o n a l  

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

t h e   p h o t o e l e c t r i c a l   t r a n s d u c e r   15  may  be  d i r e c t l y   u t i l i z e d  

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



V i c k e r s   m e t h o d .  

From  t h e   a n a l y s i s   of  t h e   c h a r c a t e r i s t i c s   of   t h e  

d e v i c e   1  c o n c e i v e d   in   a c c o r d a n c e   w i t h   t h e   t h e a c h i n g s  

of   t h e   p r e s e n t   i n v e n t i o n   i t   may  be  n o t e d  t h a t   t h i s   d e v i c e  

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

h e r e i n a b o v e   of   t h e   known  d e v i c e s .  

In  f a c t ,   t h e   v a l u a t i o n   o f   t h e   i m p r e s s i o n   4  i s   n o w  

c o m p l e t e l y   i n d e p e n d e n t   f rom  v a l u a t i o n s   of   s u b j e c t i v e  

t y p e ;   f u r t h e r m o r e ,   by  s u i t a b l y   d i m e n s i o n i n g  t h e   a m p l i -  

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

a m p l i f i e r   19  i t   w i l l   e v e r y   t i m e   be  p o s s i b l e   t o  

d i r e c t l y   r e a d   on  t h e   d i g i t a l   d i s p l a y   t h e   v a l u e   of   t h e  

h a r d n e s s   c o e f f i c i e n t   a c c o r d i n g   t o   t h e   m e t h o d   of  V i c k e r s ,  

w i t h o u t   h a v i n g   to   c a r r y   o u t   any  c a l c u l a t i o n   or   t o  

c o n s u l t   c o n v e r s i o n   t a b l e s .  

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

v a r i a t i o n s   may  b e  m a d e   to   t h e   d e s c r i b e d   e m b o d i m e n t   of  t h e  

d e v i c e   1  c o n s t r u c t e d   a c c o r d i n g   t o  t h e   t e a c h i n g s   of  p r e s e n t  

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

i n v e n t i o n   i t s e l f .  



1 .  -   A  r e a d e r   d e v i c e   f o r   r e a d i n g   an  i m p r e s s i o n  

(4)  f o r m e d   on  a  s u r f a c e   (3)  of  a  s p e c i m e n   (2)  d u -  

r i n g   a  h a r d n e s s   t e s t   c a r r i e d   ou t   a c c o r d i n g   to   t h e  

V i c k e r s   m e t h o d ,   c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s  

l i g h t i n g   means   (6,   7,  8)  f o r   t h e   i l l u m i n a t i o n   o f  

t h e   s a i d   s u r f a c e   ( 3 ) ;   at  l e a s t   a  p h o t o e l e c t r i c a l  

t r a n s d u c e r   ( 1 5 ) ;   and  f o c u s i n g   means   (10)   wh ich   c o n  

vey  o n t o   a  s e n s i t i v e   s u r f a c e   ( 1 4 )   of  t h e   s a i d   p h o t o  

e l e c t r i c a l   t r a n s d u c e r   (15)   t h e   beam  of  l i g h t   c o m i n g  

from  a  r e g i o n   (18 )   of  t h e   s a i d   s u r f a c e   (3)  w i t h i n  

which   t h e   s a i d   i m p r e s s i o n   (4)  is  c o n t a i n e d .  

2 ,  -   A  d e v i c e   as  c l a i m e d   in  C l a i m   1,  c h a r a c t e r i -  

zed  in  t h a t   i t   c o m p r i s e s   means   (19)   fo r   p r o c e s s i n g  

t h e  e l e c t r i c   s i g n a l   g e n e r a t e d   by  t h e   s a i d   p h o t o e l e c -  

t r i c a l   t r a n s d u c e r   ( 1 5 ) ,   and  d i s p l a y   means  (20 )   t o  

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

(19)   is  s u p p l i e d ,  

3 .  -   A  d e v i c e   as  c l a i m e d   in  C la im   2,  c h a r a c t e r i -  

zed  in  t h a t   t h e   s a i d   o u t p u t   s i g n a l   s u p p l i e d   by  t h e  

s a i d   p r o c e s s i n g   means  (19)   is  a p t   to   d e t e r m i n e   i n  

t h e   s a i d   d i s p l a y   means  (20)   an  i n d i c a t i o n   p r o p o r -  

t i o n a l   to   t h e   V i c k e r s   h a r d n e s s   c o e f f i c i e n t .  



4 .  -   A  d e v i c e   as  c l a i m e d   in  a t   l e a s t   one  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 z e d   i n  t h a t   t h e   s a i d  

l i g h t i n g   means   c o m p r i s e   a  lamp  (6)   and  a  s t a b i l i z e d  

f e e d e r   (7)   wh ich   s u p p l i e s   t o   t h e   s a i d   lamp  (6)   a  

c o n t i n u o u s   t y p e   c u r r e n t .  

5 .  -   A  d e v i c e   as  c l a i m e d   in  a t   l e a s t   one  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 z e d   i n  t h a t   t h e   s a i d  

f o c u s i n g   means   ( 1 0 )   c o m p r i s e   a  mask  (16)   d i s p o s e d  

in  f r o n t   of   a  s e n s i t i v e   s u r f a c e   (14)   of  t h e   s a i d  

p h o t o e l e c t r i c a l   t r a n s d u c e r   ( 1 5 ) ,   t h e   s a i d   mask  ( 1 6 )  

b e i n g   p r o v i d e d   w i t h   a  t h r o u g h   h o l e   (17)   w h i c h   a l l o w s  

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

r e g i o n   (18 )   of  t h e   s a i d   s u r f a c e   of  t h e   s a i d   s p e c i m e n  

(2)  to   s t r i k e   t h e   s a i d   s e n s i t i v e   s u r f a c e   ( 1 4 )   o f  

t h e   s a i d   p h o t o e l e c t r i c a l   t r a n s d u c e r   ( 1 5 ) .  
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