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@  Improved  apparatus  for  indicating  the  passage  of  an  intruder  across  the  boundary  of  a  predetermined  region. 
©  The  alarm  apparatus  for  indicating  the  passage  of  an  in- 
truder  across  the  boundery  of  a  predetermined  region  com- 
prises  at  least  one  pair  of  yieldable  fluid-filled  tubes  (2,  4)  for 
burying  side  by  side  along  the  boundary  of  the  region,  a  dia- 
phragm-type,  two-directional  differential  pressure  transducer 
(8)  connected  to  one  end  of  each  tube  and  arranged  to  output 
an  electrical  signal  as  a  result  of  the  deformation  of  the  dia- 
phragm  means  (16a.  16b)  caused  by  a  difference  between  the 
pressures  in  the  two  tubes,  valve  means  (22)  mounted  in  at 
least  one  bypass  duct  (18)  of  the  transducer  and  arranged  to 
put  the  two  tubes  suddenlv  into  fluid  communication  when 
thedifferencebetweenthepressuresinthetwotubesexceeds  ,-._  .  | 
a  predetermined  threshold  value,  and  capillary  means  (24)  i-lb-  1  *=z 
which  put  the  two  tubes  into  fluid  communication  and  are  10  ' 
interposed  in  the  bypass  duct  hydraulically  in  parallel  with  the  '_  26b  s 
valve  means.  _„  •  o  _»  Nf? 
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Inproved  a p p a r a t u s   for   i n d i c a t i n g   the  passage  of  an  i n t r u d e r  
s r o s s   the  boundary  of  a  p r e d e t e r m i n e d   r e g i o n .  

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 l a r m   a p p a r a t u s   f o r  

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

b o u n d a r y   of  a  p r e d e t e r m i n e d   r e g i o n .  

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

w h i c h   a r e   i n t e n d e d   to  be  f i l l e d   w i t h   f l u i d   and  b u r i e d  

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

an  e n e r g y   p u l s e   in  r e s p o n s e   to   p r e s s u r e   a p p l i e d   to   t h e  
e x t e r i o r   of  a  t u b e ,   and  t r a n s d u c e r   means   f o r   c o n v e r t i n g  

10  t h e   e n e r g y   p u l s e   i n t o   an  a l a r m   s i g n a l .  

A p p a r a t u s   of   t h e   a f o r e s a i d   t y p e   i s .   known  f r o m   US  p a t e n t  
No.  3 , 4 3 8 , 0 2 1 ,   in  w h i c h   e a c h   t u b e   i s   y i e l d a b l e   and  i s  

c o n n e c t e d   a t   one  end  to   a  r e s p e c t i v e   d i a p h r a g m - t y p e  
t r a n s d u c e r   d e v i c e .   T h i s   a p p a r a t u s   has   t h e   d i s a d v a n t a g e  

15  of  r e q u i r i n g   a c c u r a t e   e l e c t r i c a l   b a l a n c i n g   b e t w e e n   t h e  

r e s p e c t i v e   t r a n s d u c e r   d e v i c e s   and  t h i s   i s   p a r t i c u l a r l y  
d i f f i c u l t   in   v i e w   of  t h e   e x t r e m e   s e n s i t i v i t y   of  t h e  

t r a n s d u c e r   d e v i c e s   t h e m s e l v e s   w h i c h   may  be  i n f l u e n c e d  

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

in  t h e   r e s i s t a n c e   of  t h e   m a t e r i a l s ,   f o r   e x a m p l e ,   as  a  
r e s u l t   of  a g e i n g .  

In  a  s u b s e q u e n t   i m p r o v e m e n t   d e s c r i b e d   in  UK  p a t e n t  
no.  1 , 2 7 2 , 9 0 8 ,   t h e   two  y i e l d a b l e   t u b e s   a r e   c o n n e c t e d   t o  

25  a  s i n g l e   t w o - d i r e c t i o n a l ,   d i f f e r e n t i a l   d i a p h r a g m - t y p e  

p r e s s u r e   t r a n s d u c e r   which  reduces   t h e   d i s a d v a n t a g e s   o f  
t h e   a p p a r a t u s   of  t h e   a f o r e s a i d   US  p a t e n t .  

F u r t h e r   i m p r o v e m e n t s   d e s c r i b e d   in  t h e   o p e r a t i n g   '  m a n u a l  
of  t h e   " P e r i g u a r d "   ( r e g i s t e r e d   t r a d e   mark)   d e v i c e ,   m a d e  

20  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   US  and  UK 
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p a t e n t s   m e n t i o n e d   a b o v e ,   and  a l s o   m e n t i o n e d   in   t h e   UK 
p a t e n t   no .   2 , 0 2 9 , 0 6 2 ,   i n c l u d e   t h e   u s e   of  c a p i l l a r y  
m e a n s   w h i c h   a r e   a s s o c i a t e d   w i t h   t h e   f r e e   end  of  e a c h  
t u b e   and   p u t   t h e   two  t u b e s   i n t o   f l u i d   c o m m u n i c a t i o n   t o  

5  c a u s e   a  s l o w   b a l a n c i n g   of  t h e   p r e s s u r e   in   t h e   t w o  
t u b e s ,   w h i l e   a l l o w i n g   p r e s s u r e   d i f f e r e n c e s   b e t w e e n  
t h e   l i q u i d s   on  o p p o s i t e   s i d e s   of  t h e   d i a p h r a g m  
to   be  e s t a b l i s h e d   in   t r a n s i t o r y   o p e r a t i n g   c o n d i t i o n s  
to   c a u s e   t h e   a c t u a t i o n   of  t h e   a l a r m   s i g n a l .   M o r e  

10  p a r t i c u l a r l y ,   t h e   c a p i l l a r y   means   s e r v e   to   b a l a n c e   t h e  
p r e s s u r e   in   t h e   two  t u b e s   when  a  d i s t u r b a n c e ,   w h i c h  
s h o u l d   n o t   h o w e v e r   be  s i g n a l l e d   as  an  i n t r u s i o n ,   c o m e s  
to   a f f e c t   t h e   two  t u b e s   p e r m a n e n t l y   in   a  d i f f e r e n t  
m a n n e r   . 

15  In  v i e w   of  t h e   s t a t e   of  t h e   a r t   e x a m i n e d ,   t h e   o b j e c t   o f  
t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   an  improved  a p p a r a t u s  
which  i s   h i g h l y   r e l i a b l e   and  p r o v i d e s   a  c o n s t a n t   r e sponse   s i g n a l   o v e r  
the  work ing   l i f e   of  the  a p p a r a t u s ,   and  which  r e q u i r e s   minimum  m a i n t e -  
n a n c e .  

20  T h i s   o b j e c t   i s   a c h i e v e d   by  m e a n s   of  a p p a r a t u s  
c o m p r i s i n g :  

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

25  -  a  t w o - d i r e c t i o n a l   d i f f e r e n t i a l   p r e s s u r e   t r a n s d u c e r  
i n c l u d i n g   d i a p h r a g m   means   a s s o c i a t e d   w i t h   p r e s s u r e  
s e n s o r   m e a n s ,   c o n n e c t e d   to   one  end  of  e a c h   t u b e   a n d  
a r r a n g e d   to  o u t p u t   an  e l e c t r i c a l   s i g n a l   as  a  r e s u l t   o f  
a  d e f o r m a t i o n   of  t h e   d i a p h r a g m   means   c a u s e d   bv  a  

30  d i f f e r e n c e   b e t w e e n   t h e   p r e s s u r e s   e x i s t i n g   in  t h e   t w o  
t u b e s   ,  a n d  

c a p i l l a r y   means   w h i c h   p u t   t h e   two  t u b e s '   i n t o  
f - l u i d   c o m m u n i c a t i o n ,  

c h a r a c t e r i s e d   in  t h a t   i t   f u r t h e r   i n c l u d e s :  
35  -  v a l v e   means   m o u n t e d   in  a t   l e a s t   one  b y p a s s   d u c t   o f  
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t h e   t r a n s d u c e r   and  a r r a n g e d   t o   p u t   t h e   two  t u b e s  

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

t h e   p r e s s u r e s   in  t h e   two  t u b e s   e x c e e d s   a  p r e d e t e r m i n e d  

t h r e s h o l d ,   and  in  t h a t  

5  -  t h e   c a p i l l a r y   means   a r e   i n t e r p o s e d   in  t h e  

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

means   . 

O t h e r   p r e f e r r e d   c h a r a c t e r i s t i c s   of  t h e   a p p a r a t u s  

a c c o r d i n g   to   t h e   i n v e n t i o n   a r e   d e f i n e d   in  t h e   d e p e n d e n t  

10  c l a i m s   2  to   9  . 

T h e s e   c h a r a c t e r i s t i c s   and  f u r t h e r -   a d v a n t a g e s   w i l l   b e  

e x p l a i n e d   in   d e t a i l   w i t h   r e f e r e n c e   to   t h e   a p p e n d e d  

d r a w i n g s   p r o v i d e d   p u r e l y   by  way  of  n o n - l i m i t i n g   e x a m p l e ,  

in  w h i c h :  

15  F i g u r e   1  i s   a  d i a g r a m m a t i c   v i e w   i l l u s t r a t i n g   t h e  

a r r a n g e m e n t   of   t h e   a p p a r a t u s ;  

F i g u r e   2  i s   a  p a r t i a l l y - s e c t i o n e d   v i e w   i l l u s t r a t i n g   a  

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

F i g u r e s   3  and  4  a r e   s e c t i o n a l   v i e w s   of  e n l a r g e d   d e t a i l s  

20  of  F i g u r e   2 .  

Wi th   r e f e r e n c e   to   t h e   d r a w i n g s ,   F i g u r e   1  i l l u s t r a t e s  

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

i n t e n d e d   to   be  b u r i e d   a l o n g   t h e   b o u n d a r y   of  a  

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

25  i n t r u d e r   a c r o s s   t h i s   b o u n d a r y .  

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

t u b e s   2  and  4  w h i c h   a r e   i n t e n d e d   to  be  f i l l e d   w i t h  

p r e s s u r i s e d   l i q u i d   L  and  b u r i e d   a t   a  t y p i c a l   d e p t h  
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of  a b o u t   4  0 - 6 0 c m s ,   s u b s t a n t i a l l y   p a r a l l e l   to   e a c h   o t h e r  

and  a b o u t   1 - 1 .   5m  a p a r t .   The  t u b e s   2  and  4  a r e   made  of  a  

y i e l d a b l e   m a t e r i a l ,   s u c h   as  r u b b e r ,   and  t h e   l i q u i d   i s  

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

5  i t s   f r e e z i n g   p o i n t .  

The  two  y i e l d a b l e   t u b e s   a r e   c o n n e c t e d   a t   one  end  to   a  

p r e s s u r e   t r a n s d u c e r   d e v i c e   8  of  t h e   t w o - d i r e c t i o n a l  

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

16,  and  p r e s s u r e   s e n s o r   means   4  2  ( F i g u r e   3) ,   w h i c h   w i l l  

10  be  d e s c r i b e d   in   more   d e t a i l   b e l o w   and  w h i c h   can  o u t p u t  

an  e l e c t r i c a l   s i g n a l   in   r e s p o n s e   to   a  v a r i a t i o n   b e t w e e n  

t h e   p r e s s u r e s   in  t h e   two  t u b e s .   A  p r o c e s s i n g   c i r c u i t  

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

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

15  a l a r m   s i g n a l   by  an  a l a r m   d e v i c e   14  when  t h e   s i g n a l  

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

t h r e s h o l d .  

A  b y p a s s   d u c t   18  i s   c o n n e c t e d   a t   i t s   e n d s   to   t h e  

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

20  means   16.  The  b y p a s s   d u c t   i n c l u d e s   two  b r a n c h e s   20a  a n d  

20b  w h i c h   a r e   h y d r a u l i c a l l y   c o n n e c t e d   in   p a r a l l e l   a n d  
in  w h i c h   a r e   m o u n t e d   two  o n e - w a y   o n - o f f   v a l v e s   22  t h a t  

a r e   h y d r a u l i c a l l y   in   a n t i p a r a l l e l   to   e a c h   o t h e r .   T h e s e  

v a l v e s   22  a r e   a r ranged   to  put  t h e   two  t u b e s   2  and  4 

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

b e t w e e n   t h e   p r e s s u r e s   in  t h e   two  t u b e s   e x c e e d s   a 

p r e d e t e r m i n e d   t h r e s h o l d .   C a p i l l a r y   means   24  a r e  

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

in  p a r a l l e l   w i t h   e a c h   v a l v e   2 2 .  

30  A c c o r d i n g   to   a  p r e f e r r e d   c h a r a c t e r i s t i c ,   a  p r e s s u r e  
s w i t c h   d e v i c e   25  i s   c o n n e c t e d   to   a t   l e a s t   one  of  t h e   t w o  

t u b e s ,   or  i s   in  l i q u i d   c o m m u n i c a t i o n   w i t h   t h e r e w i t h - ,   f o r  
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p r o v i d i n g   an  a l a r m   s i g n a l   when  t h e   p r e s s u r e   in  t h e   t u b e  

w i t h   w h i c h   i t   i s   a s s o c i a t e d   f a l l s   b e l o w   a  t h r e s h o l d .  

In  F i g u r e   1  a  d u c t   f o r   s u p p l y i n g   l i q u i d   f rom  a  s o u r c e  

30  i s   i n d i c a t e d   26;  t h e   d u c t   26  c o m m u n i c a t e s   by  means   o f  

5  two  b r a n c h e s   26a  and  26b  w i t h   t h e   b y p a s s   d u c t   1 8 .  

P r e f e r a b l y ,   a  d i f f e r e n t i a l   v a l v e   28  i s   c o n n e c t e d   in   t h e  

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

l i q u i d   to  t h e   t u b e s   2  and  4  s h o u l d   t h e   p r e s s u r e   in   t h e  

two  t u b e s   f a l l   b e l o w   an  o p e r a t i v e   v a l u e   f o r   t h e  

10  a p p a r a t u s .  

The  o t h e r   e n d s   of  e a c h   t u b e   2  and  4  a r e   n o t  

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

v e n t   v a l v e   32  f o r   v e n t i n g   a i r   f rom  - the   two  t u b e s   d u r i n g  

t h e   r e f i l l i n g   of  t h e   t u b e s   w i t h   p r e s s u r i s e d   l i q u i d  

15  s u p p l i e d   t h r o u g h   t h e   d u c t   2 6 .  

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

i l l u s t r a t e d   in   g r e a t e r   d e t a i l   in   F i g u r e s   2,  3  and  4 .  

E l e m e n t s   c o r r e s p o n d i n g   to  e l e m e n t s   of  F i g u r e   1  a r e  

i l l u s t r a t e d   in   F i g u r e s   2,  3  and  4  w i t h   t h e   s a m e  

20  r e f e r e n c e   n u m e r a l s .  

F i g u r e   2  i l l u s t r a t e s   a  h o u s i n g   10  made ,   f o r   e x a m p l e ,   b y  

d i e - c a s t i n g   and  c o n s t i t u t e d   by  a  number   of  s e c t i o n a l  

p a r t s .   The  h o u s i n g   10  d e f i n e s   an  i n t e r n a l   c h a m b e r   34  

c o m m u n i c a t i n g   t h r o u g h   r e s p e c t i v e   d u c t s   36,  38  a n d  

25  c o n n e c t o r   m e m b e r s   40  w i t h   t h e   two  t u b e s   2  and  4.  T h e  

t r a n s d u c e r   d e v i c e   8  i s   m o u n t e d   in  t h e   c h a m b e r   3  4 

b e t w e e n   t h e   two  c o n n e c t o r s   36,  3 8 .  

P r e f e r a b l y ,   t h e   t r a n s d u c e r   8  i n c l u d e s   f i r s t   and  s e c o n d  

d i a p h r a g m s   16a ,   16b  f i x e d   to  t h e   w a l l s   of  t h e   c h a m b e r   34  

30  w i t h   a  l i q u i d - t i g h t   s e a l .   Each  d i a p h r a g m   is   o p e r a t i v e l y  
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a s s o c i a t e d   w i t h   a  r e s p e c t i v e   p r e s s u r e   s e n s o r   4 2 ,  
p r e f e r a b l y   of  p i e z o e l e c t r i c   t y p e .   The  two  d i a p h r a g m s  
16a  and  16b  a r e   mounted  wi th   t h e i r   r e s p e c t i v e   o p p o s i n g  

sensors   p r e f e r a b l y   f a c i n g   e a c h   o t h e r   and  a r e   c o n n e c t e d  
5  t o g e t h e r   by  t h e   i n t e r p o s i t i o n   of  a  w a t e r p r o o f   g l u e   4 4 .  

The  s u r f a c e   of  e a c h   d i a p h r a g m   f a c i n g   t h e   l i q u i d   m a y  
o p t i o n a l l y   be  c o v e r e d   w i t h   a  l a y e r   of  w a t e r p r o o f i n g  
m a t e r i a l   . 

F i g u r e   4  i l l u s t r a t e s   in  d e t a i l   a  o n e - w a y   f l o w   v a l v e   2 2  
10  c o n n e c t e d   in   t h e   b y p a s s   d u c t   18.  Each  v a l v e   2  2  has   a  

t u b u l a r   body  4  6  i n s e r t e d   in  a  c h a m b e r   4  8  d e f i n e d   by  t h e  

h o u s i n g   10  and  c o m m u n i c a t i n g   w i t h   t h e   r e s p e c t i v e  
b r a n c h   20a  or  20b  of  t h e   b y p a s s   d u c t   t h r o u g h   a p e r t u r e s  
50  and  52.  The  t u b u l a r   b o d y   46  d e f i n e s   an  a x i a l   d u c t   4 7  

15  w i t h   an  i n l e t   o p e n i n g   49  and  has   an  i n t e r n a l l y -  
t h r e a d e d   end  56  m o u n t e d   in   t h e   body   10  and  a n o t h e r  

i n t e r n a l l y - t h r e a d e d   end  60.  The  t u b u l a r   body   46  has   a  
r a d i a l   c a p i l l a r y   d u c t   64  w h i c h   c o n s t i t u t e s   t h e  

c a p i l l a r y   c o m m u n i c a t i o n   means   w h i c h   e n a b l e   t h e   p r e s s u r e  
20  in  t h e   two  t u b e s   to   b a l a n c e   s l o w l y .   The  t u b u l a r   body   4  6 

has  two  or  more   r a d i a l   ducts  62  ad jacen t   to  a  s u r f a c e  
66  w h i c h   a c t s   as  a  v a l v e   s e a t   and  c o o p e r a t e s   w i t h   a  
s p h e r i c a l   o b t u r a t o r   member   6  8  w h i c h   is   h e l d   in  a  c l o s e d  
p o s i t i o n   u n d e r   t h e   a c t i o n   of  r e s i l i e n t   means   7  0 

25  i n s e r t e d   in  t h e   t u b u l a r   body   4  6  and  i n t e r a c t i n g   a x i a l l y  
b e t w e e n   t h e   o b t u r a t o r   and  an  i n t e r n a l l y - h e x a g o n a l   s c r e w  
62  i n s e r t e d   in  t h e   end  60.  A  s u d d e n   p r e s s u r e   d r o p   i n  

one  of  t h e   t u b e s   2  and  4  c a u s e s   t h e   o n e - w a y   f l o w   v a l v e  
to  o p e n ,   a l l o w i n g   r a p i d   p a s s a g e   of  l i q u i d   t h r o u c h   c h e  

30  b y p a s s   d u c t   to   e q u a l i s e   t h e   p r e s s u r e   in  t h e   two  t u b e s  

a g a i n .   T h i s   s h a r p   p r e s s u r e   d r o p   may  be  c a u s e d .   f o r  

e x a m p l e ,   by  f a i l u r e   of  t h e   m a t e r i a l   or  d a m a g e   to   t h e  
t u b e s   c a u s e d ,   f o r   e x a m p l e   by  a  r o d e n r .   In  v i e w   of-  t h e  

use   of  t h e s e   v a l v e s ,   t h e   p r e s s u r e   in   t h e   t u b e s   i s  
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b a l a n c e d   i m m e d i a t e l y   and  d a m a g e   to   t h e   t r a n s d u c e r  
d e v i c e   i s   t h u s   a v o i d e d .   The  c a p i l l a r y   m e a n s  
c o n s t i t u t e d   by  the  d u c t   64  ,  h o w e v e r ,   e n a b l e   s l o w  
b a l a n c i n g   of  the  p r e s s u r e s   in   t h e   two  tubes  w h i l e  

5  a l l o w i n g   a  p r e s s u r e   d i f f e r e n c e   to   be  e s t a b l i s h e d  
b e t w e e n   t h e   two  t u b e s   in  t r a n s i t o r y   c o n d i t i o n s   in   o r d e r  
to   a c t i v a t e   t h e   a l a r m   s i g n a l .  

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

10  d e v i c e   ( n o t   i l l u s t r a t e d )   f o r   i n d i c a t i n g   t h a t   t h e  
t r a n s d u c e r   i s   o p e r a t i o n a l .   T h i s   t e s t   d e v i c e   i s  
p r e f e r a b l y   c o n s t i t u t e d   by  means   f o r   s u p p l y i n g   one  o r  
o t h e r   of  t h e   s e n s o r s   i n d e p e n d e n t l y   w i t h   an  e l e c t r i c a l  
s i g n a l   w h i c h   can  c a u s e   t h e   d e f o r m a t i o n   of  t h e   s e n s o r  

15  and  t h e   d i a p h r a g m   a s s o c i a t e d   t h e r e w i t h .   T h e  
d e f o r m a t i o n   of   t h e   d i a p h r a g m -   in   i t s   t u r n   c a u s e s   t h e  
d e f o r m a t i o n   of  t h e   o t h e r   d i a p h r a g m   r i g i d l y   c o n n e c t e d  
t h e r e t o   and  of   t h e   r e s p e c t i v e   s e n s o r ,   c a u s i n g   a  
r e s p o n s e   s i g n a l   w h i c h   i s   p r o c e s s e d   by  t h e   p r o c e s s i n g  

20  c i r c u i t   12.   T h i s   t e s t   s y s t e m   a l l o w s   t h e   f u n c t i o n i n g   o f  
t h e   t r a n s d u c e r   to  be  c h e c k e d   e x t r e m e l y   s i m p l y .  

The  p r o c e s s i n g   c i r c u i t   12  and  i t s   a l a r m   d e v i c e   a r e  
p r e f e r a b l y   l o c a t e d   w i t h i n   t h e   h o u s i n g   10.  T h e  
p r o c e s s i n g   c i r c u i t   12  may  c o n v e n i e n t l y   be  a r r a n g e d   t o  

25  d i f f e r e n t i a t e   t h e   d i r e c t i o n   in   w h i c h   t h e   i n t r u d e r  
c r o s s e s   t h e   b o u n d a r y   of  t h e   r e g i o n   d e f i n e d   by  t h e  
y i e l d a b l e   t u b e s   on  t h e   b a s i s   of  t h e   s i g n a l   p r o v i d e d   b y  
t h e   t r a n s d u c e r .   C o r r e s p o n d i n g l y ,   t he   a l a r m   d e v i c e   14  i s  
p r o v i d e d   w i t h   s e p a r a t e   o p t i c a l   or  a u d i b l e   s i g n a l l i n g  

30  d e v i c e s   w h i c h   a r e   a c t i v a t e d   by  t h e   p r o c e s s i n g   c i r c u i t   t o  
s i g n a l   w h e t h e r   t h e   c r o s s i n g   or  a p p r o a c h   to  t he   b o u n d a r y  
has   o c c u r r e d   in  one  d i r e c t i o n   or  t h e   o t h e r ,   '  

or  t o  
p r o v i d e   an  i n d i c a t i o n   of  t h e   t y p e   of  i n t r u s i o n  
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o c c u r r i n g .  

A c c o r d i n g   t o   a  f u r t h e r   p r e f e r r e d   c h a r a c t e r i s t i c ,   t h e  

h o u s i n g   10  h a s   a  p l u r a l i t y   of  p a i r s   of  c o n n e c t o r s   of  t h e  

t y p e   i n d i c a t e d   4  0  w i t h   r e s p e c t i v e   p a i r s   of  d u c t s  

5  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   34  on  o p p o s i t e   s i d e s   o f  

t h e   t r a n s d u c e r .   T h e s e   a u x i l i a r y   c o n n e c t o r   m e m b e r s  

e n a b l e   a  p l u r a l i t y   of  p a i r s   of  y i e l d a b l e   t u b e s   to   b e  

c o n n e c t e d   t o   t h e   t r a n s d u c e r   to   e x t e n d   t h e   r a n g e   o f  

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

10  a r r a n g e d   t o   r e c e i v e   r e s p e c t i v e   o b t u r a t o r s   when  t h e  

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

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

same,   t h e   f o r m s   of  e m b o d i m e n t   and  d e t a i l s   o f  

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

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

f rom  t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  
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1.  A p p a r a t u s   f o r   i n d i c a t i n g   t h e   p a s s a g e   of  .an  i n t r u d e r  

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

c o m p r i s i n g :   ■-  .  -  -  •  . - . - . .  
a t   l e a s t   one  p a i r   of  f l u i d - f i l l e d   y i e l d a b l e   t u b e s  

5  (2,  4)  i n t e n d e d   f o r   b u r y i n g   s i d e   by  s i d e  

a l o n g   t h e   b o u n d a r y   of  t h e   r e g i o n ,  

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

(S)  i n c l u d i n g   d i a p h r a g m   means   ( 1 6 a ,   16b)  a s s o c i a t e d   w i t h  

p r e s s u r e   s e n s o r   m e a n s   ( 4 2 ) ,   c o n n e c t e d   t o   one  end  o f  

10  e a c h   t u b e   and  a r r a n g e d   to  o u t p u t   an  e l e c t r i c a l   s i g n a l ,   a s  
a  r e s u l t   of  a  d e f o r m a t i o n   of  t h e   d i a p h r a g m   means   c a u s e d  

by  a  d i f f e r e n c e   b e t w e e n   t h e   p r e s s u r e s   e x i s t i n g   in  t h e  

two  t u b e s ,   and  -  ,  ■  •  -  • 

c a p i l l a r y   means   (24)   w h i c h   p u t   . the   two  t u b e s   i n t o  
15  f l u i d   c o m m u n i c a t i o n ,   -  . - . . - .  

c h a r a c t e r i s e d   in  t h a t   i t   f u r t h e r   i n c l u d e s :  

v a l v e   m e a n s   (22)   m o u n t e d   in  a t   l e a s t   one  ;  b y p a s s  
d u c t -   (18)  of  t h e   t r a n s d u c e r   and  a r r a n g e d   to   p u t   t h e   t w o  
r u b e s   s u d d e n l y   i n t o   c o m m u n i c a t i o n   when  t h e   . . . d i f f e r e n c e  

20  b e t w e e n   t h e   p r e s s u r e s   in   t h e   two  t u b e s   e x c e e d s   a  
p r e d e t e r m i n e d   t h r e s h o l d ,   and  in   t h a t  

t h e   c a p i l l a r y   means   (24 ,   64)  a r e   i n t e r p o s e d   in  t h e  

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

25  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  
- h a t   t he   v a l v e   means   i n c l u d e   two  o n e - w a y   o n - o f f   v a l v e s  
m o u n t e d   in  h y d r a u l i c a l l y - p a r a l l e l   b r a n c h e s   of  t h e   b y p a s s  
d^cz   and  c o n n e c t e d   h y d r a u l i c a l l y   in   a n t i p a r a l l e l   . »̂ v_- 

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   2,  c h a r a c t e r i s e d   i n .  
e a c h   of  t he   o n - o f f   v a l v e s   c o m p r i s e s :  

a  t u b u l a r   body  (46)  h a v i n g   an  i n l e t   o p e n i n g   ( 4 9 )  
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and  an  o u t l e t   o p e n i n g   ( 6 2 ) ,  

an  o b t u r a t o r   member   (68)   c o o p e r a t i n g   w i t h   a  v a l v e  

s e a t   ( 66 )   c a r r i e d   by  t h e   t u b u l a r   body   a d j a c e n t   t h e  

o u t l e t   o p e n i n g   (62)   and   h e l d   in   i t s   c l o s i n g   p o s i t i o n   b y  

5  r e s i l i e n t   m e a n s   ( 7 0 ) ,   t h e   t u b u l a r   body   h a v i n g   a  

c a p i l l a r y   d u c t   (64)   c o n s t i t u t i n g   t h e   c a p i l l a r y   m e a n s .  

4.  A p p a r a t u s   a c c o r d i n g   to   any  one  of  C l a i m s   1  and  3 ,  

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

a  h o u s i n g   (10)   d e f i n i n g   an  i n t e r n a l   c h a m b e r   ( 3 4 )  

10  h a v i n g   a t   l e a s t   one  p a i r   of  a p e r t u r e s   e a c h  

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

p a i r ,  
f i r s t   and  s e c o n d   d i a p h r a g m s   ( 1 6 a ,   16b)  e a c h  

c a r r y i n g   a  r e s p e c t i v e   p r e s s u r e   s e n s o r   member   (42)   o n  

15  one  f a c e ,   t h e   f i r s t   and  s e c o n d   d i a p h r a g m s   b e i n g   f i x e d  

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

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

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

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

20  g l u e   m a t e r i a l   ( 4 4 ) .  

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   4,  i n c l u d i n g   a  t e s t  

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

o p e r a t i o n a l ,   c h a r a c t e r i s e d   in   t h a t   t h e   t e s t   d e v i c e  

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

25  s e n s o r s   i n d e p e n d e n t l y   w i t h   an  e l e c t r i c a l   s i g n a l   w h i c h  

can  c a u s e   i t s   d e f o r m a t i o n .  

6.  A p p a r a t u s   a c c o r d i n g   to   any  one  of  C l a i m s   1  t o   5 ,  

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

v e n t   v a l v e   means   f o r   v e n t i n g   t h e   g a s e s   in  t h e   t u b e s ,  

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

c o m p r i s e   a  d u c t   (26)   c o n n e c t e d   to  t h e   b y p a s s   d u c t .   of  t h e  

t r a n s d u c e r ,   and  a  d i f f e r e n t i a l   v a l v e   (28)  f o r   a l l o w i n g  
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t h e   s u p p l y   of  l i q u i d   to   t h e   b y p a s s   d u c t   when  t h e   l i q u i d  
p r e s s u r e   f a l l s   b e l o w   a  p r e d e t e r m i n e d   o p e r a t i o n a l   v a l u e ,  
and  in  t h a t   t h e   v e n t   v a l v e   means   (32)  a r e   m o u n t e d   a t   t h e  
o t h e r   f r e e   end  of  e a c h   t u b e ' .  

5  7.  A p p a r a t u s   a c c o r d i n g   to  any  one  of  C l a i m s   1  and  6 ,  
c h a r a c t e r i s e d   in  t h a t   i t   f u r t h e r   i n c l u d e s   a t   l e a s t   o n e  
p r e s s u r e   s w i t c h   d e v i c e   (25)  c o m m u n i c a t i n g   w i t h   one  o f  
t h e   t u b e s   and  a b l e   to   o u t p u t   an  e l e c t r i c a l   s i g n a l   w h e n  
t h e   l i q u i d   p r e s s u r e   in  t h e   t u b e   a s s o c i a t e d   t h e r e w i t h  

10  f a l l s   b e l o w   a  p r e d e t e r m i n e d   min imum  v a l u e .  

S.  A p p a r a t u s   a c c o r d i n g   to  any  one  of  C l a i m s   1  to   7 ,  
c h a r a c t e r i s e d   in  t h a t   t h e   h o u s i n g   (10)  has   a  p l u r a l i t y  
of  p a i r s   of  c o n n e c t o r   members   (40).  f o r   c o n n e c t i n g   p a i r s  
of  y i e l d a b l e   t u b e s   in  l i q u i d   c o m m u n i c a t i o n   w i t h   t h e  

15  t r a n s d u c e r ,   t h e   c o n n e c t o r   members   of  e a c h   p a i r   b e i n g  
l o c a t e d   on  o p p o s i t e   s i d e s   of  t h e   d i a p h r a g m   means   a n d  
e a c h   of  t h e   c o n n e c t o r   members   b e i n g   a r r a n g e d   to   r e c e i v e  
a  r e s p e c t i v e   o b t u r a t o r   m e m b e r .  

c 9.  A p p a r a t u s   a c c o r d i n g   to   any  one  of  C l a i m s   1  to   8 ,  
20  i n c l u d i n g ,   in   known  m a n n e r ,   a  p r o c e s s i n g   c i r c u i t   ( 1 2 )  

a s s o c i a t e d   w i t h   t h e   t r a n s d u c e r   and  a r r a n g e d   to   p r o v i d e  
an  e l e c t r i c a l   s i g n a l   w h i c h   i s   c o n v e r t e d   i n t o   an  a l a r m  
s i g n a l   by  an  a l a r m   d e v i c e   (14)  when  t h e   s i g n a l   o u t p u t  
cy  r h e   t r a n s d u c e r   e x c e e d s   a  p r e d e t e r m i n e d   t h r e s h o l d ,  

25  c h a r a c t e r i s e d   in  t h a t   t h e   p r o c e s s i n g   c i r c u i t   i s  
a r r a n g e d   r.o  d i f f e r e n t i a t e   t h e   d i r e c t i o n   in  w h i c h   t h e  
J i r . z r u d e r   c r o s s e s   t h e   b o u n d a r y   of  t h e   r e g i o n   d e f i n e d  
by  t h e   y i e l d a b l e   t u b e s ,   and  in  t h a t   t h e   a l a r m   d e v i c e  
i n c l u d e s   s e p a r a t e   o p t i c a l   and  a u d i b l e   s i g n a l l i n g   m e a n s  

3?  f c r   a c t i v a t i o n   by  t h e   p r o c e s s i n g   c i r c u i t   to   i n d i c a t e  
w h e t h e r   t h e   c r o s s i n g   or  a p p r o a c h   has   o c c u r r e d   "in  o n e  
c i r e c r i o n   or  t h e   o t h e r ,   or  to   p r o v i d e   an  i n d i c a t i o n   o f  
t he   a c t .  
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