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[ 5 7 ] ABSTRACT 

A radioactive isotope relay device in which ionizing 
radiation is registered by a detector unit converting it 
into electric pulses fed to an electronic-relay unit. The 
latter comprises a discrete comparison device , a relay 
e lement and a setter of threshold frequencies of a reg-
ular series of electric pulses, the setter being charac-
terized by two frequency thresholds. One input of the 
discrete comparison dev ice is c o n n e c t e d to the detec-
tor unit which delivers a statistic series of electric 
pulses. The outputs of the comparison device are con-
nected to the relay e lement. T h e inputs of the thresh-
old frequency setter are connec ted to the outputs of 
the relay e l ement while the output of the former is 
connec ted to the second input of the discrete compar-
ison device due to which arrangement the device will 
acquire either the "yes"- or the "no"-state depending 
upon the ratio be tween the compared frequencies of 
the statistic and regular pulse series. 

9 Claims, 5 Drawing Figures 
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1 2 
R A D I O A C T I V E R A D I A T I O N D E T E C T I O N S Y S T E M c o n n e c t e d t o t h e re lay e l e m e n t s o that t h e r e s p e c t i v e 

f r e q u e n c y t h r e s h o l d is e n s u r e d e i ther f r o m o n e or f r o m 
T h e p r e s e n t i n v e n t i o n re la t e s t o r a d i o a c t i v e i s o t o p e t h e o t h e r g e n e r a t o r d e p e n d i n g u p o n t h e s tate o f the 

d e v i c e s a n d , in part icu lar , t o r a d i o a c t i v e i s o t o p e re lay re lay e l e m e n t ( " y e s " or " n o " ) , 
d e v i c e s u s e d to c o n t r o l a n d a u t o m a t e t e c h n o l o g i c a l 5 T o i n c r e a s e t h e rel iabi l i ty o f t h e d e v i c e a n d t o raise 
p r o c e s s e s in var ious industr ies , t ransport a n d agr icul - t h e stabi l i ty o f the hys teres i s rat io it is f e a s i b l e that the 
ture . t h r e s h o l d f r e q u e n c y se t t er s h o u l d c o n t a i n a p u l s e g e n -

K n o w n in the art are relay d e v i c e s in w h i c h t h e ioniz- e r a t o r w i t h t w o f r e q u e n c y se t t ing m e a n s c o n n e c t e d to 
ing radia t ion is reg i s t ered b y a d e t e c t o r unit w h i c h c o n - t h e s e c o n d input o f the d i s cre te c o m p a r i s o n d e v i c e , as 
ver t s it i n t o e l e c t r i c p u l s e s f e d t o an e l e c t r o n i c - r e l a y 10 wel l as a s w i t c h i n g e l e m e n t c o n n e c t e d to t h e o u t p u t s o f 
unit . t h e relay e l e m e n t a n d c o u p l e d w i t h t h e f irst a n d s e c o n d 

S u c h an i s o t o p e re lay d e v i c e u s e s an a n a l o g e l e c - f r e q u e n c y se t t ing m e a n s s o that the r e s p e c t i v e fre-
t ron ic - relay un i t a n d a d i rec t s ignal c o n v e r t e r d e - q u e n c y t h r e s h o l d is e n s u r e d d e p e n d i n g u p o n the s tate 
s igned a r o u n d an in tegrat ing R C - n e t w o r k . T h e pres- o f t h e re lay e l e m e n t ( " y e s " or " n o " ) , 
e n c e o f this n e t w o r k p r e v e n t s t h e re lay d e v i c e s f r o m 15 T h e d i s c r e t e c o m p a r i s o n s d e v i c e m a y c o m p r i s e a re-
h a v i n g h ighly s table r e s p o n s e a n d re l ease t h r e s h o l d s vers ible c o u n t e r with the requ ired m e m o r y c a p a c i t y 
a n d a h igh stat ist ic rel iabi l i ty o f o p e r a t i o n in c a s e o f a n d t w o s imi lar c o m p a r i s o n e l e m e n t s t o s e n s e the o n e -
smal l ion iz ing radiat ion d i f f e r e n c e s . B e s i d e s , th is R C - s ign d i f f e r e n c e b e t w e e n n u m b e r s o f p u l s e s , o n e o f sa id 
n e t w o r k l imits t h e range of the r e s p o n s e a n d r e l e a s e c o m p a r i s o n e l e m e n t s h a v i n g o n e o f its inputs c o n -
t h r e s h o l d a d j u s t m e n t in t h e d e v i c e a n d m a k e s it i m p o s - 20 n e c t e d t o t h e d e t e c t o r un i t a n d t h e o t h e r input c o n -
sible to raise the rat io b e t w e e n the s p e e d o f o p e r a t i o n n e c t e d t o t h e inputs o f t h e revers ib le c o u n t e r , w h i l e in 
and t h e stat ist ic re l iabi l i ty . A n d f inal ly , w h e n a b r o a d o r d e r to e n s u r e u n a m b i g u o u s o p e r a t i o n o f the latter in 
range o f p e r f o r m a n c e c h a r a c t e r i s t i c s is r e q u i r e d t h e c a s e o f m e m o r y o v e r f l o w it has its o u t p u t s c o n n e c t e d 
p r e s e n c e o f this n e t w o r k l eads t o i n c r e a s e d c o m p l e x i t y t o t h e inputs o f t h e o t h e r c o m p a r i s o n e l e m e n t w h i c h , 
o f t h e des ign w h i c h n a r r o w s the f i e ld o f a p p l i c a t i o n s o f 25 in its turn, has its o u t p u t s c o n n e c t e d to t h e inputs o f the 
s u c h r a d i o a c t i v e i s o t o p e relay d e v i c e s to c o n t r o l a n d re lay e l e m e n t . 
a u t o m a t e t e c h n o l o g i c a l p r o c e s s e s . It is a l so pre ferab le tha t e a c h c o m p a r i s o n e l e m e n t 

A n 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 is t o p r o v i d e a ra- s h o u l d c o m p r i s e a tr igger wi th s epara ted inputs a n d 
d i o a c t i v e i s o t o p e re lay d e v i c e a l l o w i n g the c o n t r o l o f t w o g a t e s w i t h t w o inputs a n d o n e o u t p u t h a v i n g the ir 
the l eve l s o f l iquid and bulk m a t e r i a l s in c o n t a i n e r s o f 3 0 inputs c o n n e c t e d in paral le l to the r e s p e c t i v e inputs 
var ious s h a p e s h a v i n g a p r e s e t t h i c k n e s s a n d m a d e of a n d o u t p u t s o f the trigger. 
a s p e c i f i e d mater ia l . T h e p r o p o s e d r a d i o a c t i v e i s o t o p e re lay d e v i c e has a 

A n o t h e r o b j e c t o f the p r e s e n t i n v e n t i o n is to p r o v i d e high s p e e d o f o p e r a t i o n wi th a h igh stat ist ic rel iabil i ty 
a r a d i o a c t i v e i s o t o p e relay d e v i c e m a k i n g it p o s s i b l e t o in a w i d e range o f ion iz ing radiat ion d i f f e r e n c e s , a w i d e 
c o n t r o l p o s i t i o n s and d i s p l a c e m e n t s o f i t ems , parts o f 3 5 range o f r e s p o n s e a n d r e l e a s e t h r e s h o l d a d j u s t m e n t a n d 
m e c h a n i s m s a n d m e a n s o f t ransporta t ion . a h igh stabi l i ty o f the r e s p o n s e and r e l e a s e t h r e s h o l d s 

Still a n o t h e r 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 is t o pro - wi th in a w i d e range of a m b i e n t t e m p e r a t u r e a n d supply 
v ide a rad ioac t ive i s o t o p e re lay d e v i c e a l l o w i n g t h e v o l t a g e variat ions . 
c o n t r o l o f the dens i ty o f f lu ids . T h e i n v e n t i o n will b e be t t er u n d e r s t o o d f r o m the fo l -

T h e s e o b j e c t s are a c h i e v e d by m e a n s o f d e s i g n i n g a 4 0 l o w i n g d e s c r i p t i o n o f its e m b o d i m e n t s g iven by w a y o f 
r a d i o a c t i v e i s o t o p e relay d e v i c e in w h i c h ion iz ing radi- e x a m p l e wi th r e f e r e n c e t o the a c c o m p a n y i n g d r a w i n g s , 
a t ion is reg i s tered by a d e t e c t o r unit c o n v e r t i n g it in to in which: 
e l ec tr i c p u l s e s to b e f e d to an e l e c t r o n i c - r e l a y uni t a n d FIG. 1 p r e s e n t s a b l o c k d iagram of the r a d i o a c t i v e 
in w h i c h , a c c o r d i n g to t h e i n v e n t i o n , t h e e l e c t r o n i c - i s o t o p e re lay d e v i c e a c c o r d i n g to the i n v e n t i o n , 
relay uni t c o m p r i s e s a d i s cre te c o m p a r i s o n d e v i c e hav- FIG. 2 p r e s e n t s a vers ion o f the p r o p o s e d r a d i o a c t i v e 
ing t w o inputs , o n e o f w h i c h is c o n n e c t e d to t h e d e t e c - i s o t o p e re lay d e v i c e w i t h t w o p u l s e genera tors ; 
tor unit de l iver ing a stat ist ic ser i e s o f e l e c t r i c pulses ; a FIG. 3 p r e s e n t s a s c h e m a t i c d iagram o f t h e d e v i c e as 
relay e l e m e n t c o n n e c t e d t o t h e o u t p u t s o f the d i s c r e t e s h o w n in FIG. 2; 
c o m p a r i s o n d e v i c e a s we l l as a se t ter o f t h r e s h o l d fre - FIG. 4 p r e s e n t s a b l o c k d i a g r a m o f a n o t h e r v e r s i o n 
q u e n c i e s o f e l ec tr i c p u l s e regular ser ie s c h a r a c t e r i z e d of p r o p o s e d r a d i o a c t i v e i s o t o p e relay d e v i c e wi th o n e 
by t w o f r e q u e n c y t h r e s h o l d s a n d h a v i n g its t w o inputs pulse genera tor ; 
c o n n e c t e d to the o u t p u t s o f the relay e l e m e n t serv ing FIG. 5 p r e s e n t s a s c h e m a t i c d iagram of t h e d e v i c e as 
as the o u t p u t o f the d e v i c e , a n d h a v i n g its o u t p u t c o n - s h o w n in FIG. 4 . 
n e c t e d to t h e s e c o n d input o f t h e d i s cre te c o m p a r i s o n 5 5 T h e r a d i o a c t i v e i s o t o p e relay d e v i c e a c c o r d i n g t o the 
d e v i c e , w h i c h insures that the d e v i c e a c q u i r e s e i ther i n v e n t i o n c o m p r i s e s a s o u r c e 1 ( F I G . 1 ) o f i on i z ing ra-
the " y e s " - s t a t e or the " n o " - s t a t e d e p e n d i n g u p o n t h e d iat ion ( in t h e vers ion t o b e d e s c r i b e d it is g a m m a -
rat io b e t w e e n t h e f r e q u e n c i e s o f t h e s tat is t ic a n d regu- radiat ion b u t it c a n as wel l be any o t h e r type o f radia-
lar p u l s e ser ie s that are b e i n g c o m p a r e d . t i o n ) a n d a d e t e c t o r uni t 2 reg i s ter ing th is radiat ion a n d 

T h e thresho ld f r e q u e n c y set ter m a y c o m p r i s e t w o 6 Q c o n v e r t i n g it i n t o e l e c t r i c p u l s e s to b e f e d to an e l e c -
pu l se g e n e r a t o r s , t w o log i ca l A N D - e l e m e n t s w i t h t w o t r o n i c < e l a y uni t 3 . 
inputs and o n e o u t p u t a n d a c o m m o n log ica l O R - T h e e l e c t r o n i c - r e l a y uni t 3 c o n t a i n s a d i s c r e t e corn-
e l e m e n t with t w o inputs a n d o n e o u t p u t , the o u t p u t o f par ison d e v i c e 4 hav ing t w o o u t p u t s a n d t w o inputs o n e 
e a c h g e n e r a t o r b e i n g c o n n e c t e d t o o n e input o f i ts log i - o f w h i c h is c o n n e c t e d t o the d e t e c t o r unit 2 de l i ver ing 
cal A N D - e l e m e n t , w h i l e t h e o u t p u t s o f the log ica l 6 5 a statist ic ser i e s o f e l ec tr i c p u l s e s , a n d a relay e l e m e n t 
A N D - e l e m e n t s are c o n n e c t e d , via t h e log ica l O R - 5 c o u p l e d wi th said o u t p u t s o f the c o m p a r i s o n d e v i c e 
e l e m e n t , to the s e c o n d i n p u t o f t h e c o m p a r i s o n d e v i c e 4 . T h e un i t 3 c o n t a i n s a l s o a set ter 6 o f thresho ld fre-
and w h i l e e a c h log ica l A N D - e l e m e n t has its o t h e r input q u e n c i e s o f the e l e c t r i c pu l se regular ser ies . T h e se t t er 
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is p e c u l i a r in tha t it h a s t w o f r e q u e n c y t h r e s h o l d s a n d 
its t w o i n p u t s are c o n n e c t e d t o t h e o u t p u t s o f t h e re lay 
e l e m e n t 5 s e r v i n g a s t h e o u t p u t o f t h e d e v i c e i t se l f ( t h e 
o u t p u t o f the d e v i c e is i n d i c a t e d by the d i r e c t i o n o f ar-
r o w s A in t h e d r a w i n g ) . T h e o u t p u t o f t h e s e t t e r 6 is 5 
c o n n e c t e d to t h e s e c o n d i n p u t o f t h e c o m p a r i s o n d e -
v i c e 4 . D u e t o th is a r r a n g e m e n t t h e d e v i c e wi l l b e e i -
t h e r in the " y e s " or in t h e " n o " — s ta te d e p e n d i n g 
u p o n t h e rat io b e t w e e n t h e f r e q u e n c i e s o f the s tat i s t ic 
a n d r e g u l a r p u l s e s e r i e s t h a t are b e i n g c o m p a r e d . T h e 10 
p o w e r supp ly is p r o v i d e d b y unit 6 ' . 

In t h e first e m b o d i m e n t vers ion o f t h e r a d i o a c t i v e 
i s o t o p e re lay d e v i c e t h e f r e q u e n c y t h r e s h o l d s e t t e r 6 
( F I G . 2 ) c o m p r i s e s t w o p u l s e g e n e r a t o r s 7 , 8 , t w o l o g i c 
A N D - e l e m e n t s 9 , 1 0 w i t h t w o inputs and o n e o u t p u t , 15 
and a c o m m o n l o g i c O R - e l e m e n t 11 w i t h t w o inputs 
and o n e o u t p u t . T h e o u t p u t o f the g e n e r a t o r 7 is c o n -
n e c t e d to o n e i n p u t o f the l og i c A N D - e l e m e n t 9 w h i l e 
the o u t p u t o f the g e n e r a t o r 8 is c o n n e c t e d to o n e input 
o f t h e l o g i c A N D - e l e m e n t 1 0 . T h e o u t p u t s o f t h e l og i c 20 
A N D - e l e m e n t s 9 , 1 0 are c o n n e c t e d to t h e inputs o f t h e 
l o g i c O R - e l e m e n t 11 t h e o u t p u t o f w h i c h is c o n n e c t e d 
to t h e s e c o n d i n p u t o f t h e c o m p a r i s o n d e v i c e 4 . T h e 
o t h e r inputs o f t h e l o g i c A N D - e l e m e n t s 9 , 10 are c o n -
n e c t e d to t h e r e s p e c t i v e o u t p u t o f the relay 5 s o tha t 25 
o n e o f the g e n e r a t o r s 7 or 8 will h a v e a f r e q u e n c y 
t h r e s h o l d c o r r e s p o n d i n g t o t h e s ta te o f the re lay e l e -
m e n t 5 ( " y e s " or " n o " ) . 

In the e m b o d i m e n t v e r s i o n o f t h e d e v i c e that is b e i n g 
d e s c r i b e d t h e d e t e c t o r un i t 2 ( F I G . 3 ) c o n t a i n s a n ion - 3 0 

i z ing r a d i a t i o n d e t e c t o r 1 2 c o u p l e d wi th a p u l s e s h a p e r -
a m p l i f i e r 1 3 . 

T h e d i s c r e t e c o m p a r i s o n d e v i c e 4 c o m p r i s e s a revers -
ib le c o u n t e r 14 w i t h the r e q u i r e d m e m o r y c a p a c i t y d e -
t e r m i n e d by the n u m b e r o f its d ig i ts , a n d t w o s imi lar 3 5 

c o m p a r i s o n e l e m e n t s 1 5 , 1 6 t o s e n s e t h e o n e - s i g n d i f -
f e r e n c e b e t w e e n n u m b e r s o f pu l ses . T h e c o m p a r i s o n 
e l e m e n t 15 has o n e o f its i n p u t s c o n n e c t e d t o t h e s h a p -
e r - a m p l i f i e r 1 3 , w h i l e its o t h e r input is c o n n e c t e d to the 
l og i c O R - e l e m e n t 11 o f t h e se t t er 6 . T h e o u t p u t s o f t h e 4 0 

c o m p a r i s o n e l e m e n t 1 5 are c o u p l e d w i t h t h e i n p u t s o f 
t h e r e v e r s i b l e c o u n t e r 14 . T o e n s u r e u n a m b i g u o u s o p -
erat ion o f t h e c o u n t e r 1 4 in c a s e o f m e m o r y o v e r f l o w 
t h e c o m p a r i s o n e l e m e n t 1 6 has its inputs c o n n e c t e d t o 
t h e o u t p u t s o f the r e v e r s i b l e c o u n t e r 1 4 w h i l e t h e o u t - 4 5 

p u t s o f t h e e l e m e n t 16 are c o u p l e d w i t h t h e i n p u t s o f 
t h e re lay e l e m e n t 5 a r r a n g e d as a tr igger. 

T h e c o m p a r i s o n e l e m e n t 15 c o n t a i n s a tr igger 1 7 
wi th s e p a r a t e d inputs a n d t w o g a t e s e v e r y o n e of w h i c h 
h a s t w o inputs a n d o n e o u t p u t . T h e i n p u t s o f t h e g a t e s 
are c o n n e c t e d in paral le l to the r e s p e c t i v e inputs a n d 
o u t p u t s o f t h e tr igger 17 . O n e o f t h e g a t e s c o n t a i n s a 
c a p a c i t o r 1 8 , a d i o d e 19 and a res i s tor 2 0 w h i l e the 
o t h e r g a t e u s e s a c a p a c i t o r 2 1 , a d i o d e 2 2 a n d a res i s tor 
2 3 . 

T h e c o m p a r i s o n e l e m e n t 1 6 c o n t a i n s a t r igger 2 4 
w i t h s e p a r a t e d i n p u t s a n d t w o g a t e s e v e r y o n e o f w h i c h 
has t w o i n p u t s a n d o n e o u t p u t . T h e i n p u t s o f t h e g a t e s 
are c o n n e c t e d in paral le l to the r e s p e c t i v e inputs and 6 Q 

o u t p u t s o f t h e tr igger 2 4 . O n e o f the g a t e s c o n t a i n s a 
c a p a c i t o r 2 5 , a d i o d e 2 6 a n d a res i s tor 2 7 , w h i l e t h e 
o t h e r g a t e u s e s a c a p a c i t o r 2 8 , a d i o d e 2 9 , a n d a resis-
tor 3 0 . T h e d i o d e s 2 6 , 2 9 are c o u p l e d w i t h t h e inputs 
o f t h e re lay e l e m e n t 5 . 6 5 

T h e pu l se g e n e r a t o r s 7 , 8 c o m p r i s e p u l s e s h a p i n g cir-
c u i t s 3 1 , 3 2 r e s p e c t i v e l y a n d f r e q u e n c y s e t t i n g m e a n s 
u s i n g c a p a c i t o r s 3 3 , 3 4 a n d var iab le res i s tors 3 5 , 3 6 . 
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T h e l o g i c A N D - e l e m e n t s 9 , 1 0 c o m p r i s e trans is tors 
3 7 , 3 8 r e s p e c t i v e l y , the c o l l e c t o r c i rcu i t s t h e r e o f c o n -
t a i n i n g res i s tors 3 9 , 4 0 , w h i l e t h e b a s e s o f the transis-
tors are c o n n e c t e d , v ia res i s tors 4 1 , 4 2 a n d 4 3 , 4 4 , to 
t h e p u i s e s h a p i n g c i rcu i t s 3 1 , 3 2 a n d t o the o u t p u t s o f 
t h e re lay e l e m e n t 5 , r e s p e c t i v e l y . T h e b a s e s o f the tran-
s i s tors 3 7 , 3 8 are f e d w i t h a bias v o l t a g e U i , w h i c h ar-
r ives via res i s tors 4 5 , 4 6 . T h e c o l l e c t o r s o f the transis-
tors 3 7 , 3 8 are c o u p l e d , via c a p a c i t o r s 4 7 , 4 8 , wi th the 
inputs o f t h e l og i c O R - e l e m e n t 11 . 

T h e l o g i c O R - e l e m e n t 11 c o n t a i n s d i o d e s 4 9 , 5 0 , 
e a c h h a v i n g o n e o f its l eads c o n n e c t e d t o c a p a c i t o r s 4 7 , 
4 8 , r e s p e c t i v e w h i l e their c o m m o n l ead is c o n n e c t e d to 
t h e input o f t h e tr igger 17 . T h e c o m m o n l ead of the di-
o d e s 4 9 , 5 0 is c o n n e c t e d , via a res is tor 5 1 , to the b o d y 
( s h o w n in t h e d r a w i n g o u t o f true p o s i t i o n ) o f the e l e c -
t r o n i c - r e l a y uni t 3 . 

T h e s e c o n d e m b o d i m e n t v e r s i o n o f t h e p r o p o s e d ra-
d i o a c t i v e i s o t o p e re lay d e v i c e is i d e n t i c a l to the first 
e m b o d i m e n t v e r s i o n d e s c r i b e d a b o v e . 

T h e d i f f e r e n c e c o n s i s t s in that the t h r e s h o l d fre-
q u e n c y s e t t e r 6 (FIG. 4 ) c o m p r i s e s o n l y o n e pu l se g e n -
e r a t o r 5 2 w i t h t w o f r e q u e n c y s e t t i n g m e a n s 5 3 , 5 4 , the 
g e n e r a t o r b e i n g c o u p l e d w i t h the s e c o n d i n p u t o f the 
c o m p a r s i o n d e v i c e 4 . B e s i d e s , the se t ter 6 c o m p r i s e s 
a l s o a s w i t c h i n g e l e m e n t 5 5 c o n n e c t e d to t h e o u t p u t s 
o f the relay e l e m e n t 5 a n d c o u p l e d with the f r e q u e n c y 
s e t t i n g m e a n s 5 3 , 5 4 s o that t h e r e q u i r e d f r e q u e n c y 
t h r e s h o l d is o b t a i n e d d e p e n d i n g o n the s ta te o f the 
re lay e l e m e n t 5 ( " y e s " or " n o " ) . 

T h e p u l s e g e n e r a t o r 5 2 ( F I G . 5 ) c o m p r i s e s a p u l s e 
s h a p i n g c i rcu i t 5 6 t h e o u t p u t o f w h i c h is c o n n e c t e d to 
t h e tr igger 1 7 a n d w h i c h has its input c o n n e c t e d to the 
first 5 3 a n d t o t h e s e c o n d 5 4 f r e q u e n c y se t t ing m e a n s . 
T h e m e a n s 5 3 , 5 4 u s e var iab le res i s tors 5 7 , 5 8 (FIG. 5 ) , 
r e s p e c t i v e l y , a n d a c o m m o n c a p a c i t o r 5 9 . 

T h e f u n c t i o n s o f the s w i t c h i n g e l e m e n t 5 5 are per-
f o r m e d by trans i s tors 6 0 , 6 1 w h o s e c o l l e c t o r s are c o n -
n e c t e d to the var iab le res i s tors 5 7 , 5 8 , r e s p e c t i v e l y , a n d 
w h o s e b a s e s are c o n n e c t e d t o t h e o u t p u t s o f the relay 
e l e m e n t 5 . T h e c o l l e c t o r c i rcu i t s o f the trans i s tors 6 0 , 
6 1 c o n t a i n res i s tors 6 2 , 6 3 the c o m m o n p o i n t o f w h i c h 
is c o u p l e d w i t h the c a p a c i t o r 5 9 . T h e b a s e s o f the tran-
s i s tors 6 0 , 6 1 are f e d with a b ias v o l t a g e U 2 w h i c h ar-
r ives via res i s tors 6 4 , 6 5 . 

T h e f u n c t i o n s o f the s w i t c h i n g e l e m e n t 5 5 c a n be 
p e r f o r m e d by thyris tors , s w i t c h i n g d i o d e s or e l e c t r o -
m a g n e t i c re lays . 

T h e o p e r a t i o n o f the f irst e m b o d i m e n t vers ion of the 
p r o p o s e d r a d i o a c t i v e i s o t o p e re lay d e v i c e c a n be de -
s c r i b e d as f o l l o w s . 

T h e e n e r g y of g a m m a - r a y q u a n t a e m i t t e d by the 
s o u r c e 1 ( F I G . 3 ) is r e c e i v e d by the i o n i z i n g rad ia t ion 
d e t e c t o r 1 2 and c o n v e r t e d into e l e c t r i c p u l s e s t o be 
f o r m e d a n d a m p l i f i e d in the p u l s e s h a p e r - a m p l i f i e r 1 3 
f r o m t h e o u t p u t o f w h i c h t h e y are f e d to o n e o f the in-
puts o f the tr igger 17 o f the c o m p a r i s o n e l e m e n t 15 . 
U n l i k e t h e stat is t ic ser i e s o f e l e c t r i c p u l s e s p r o d u c e d by 
t h e d e t e c t o r unit 2 , the s e c o n d input o f t h e tr igger 1 7 
is f e d w i t h a regular s e r i e s o f e l e c t r i c p u l s e s d e l i v e r e d 
f r o m the t h r e s h o l d f r e q u e n c y s e t t e r 6 . 

T h e r e s p o n s e t h r e s h o l d is set by the f r e q u e n c y o f the 
regular p u l s e ser ies p r o d u c e d by the pu l se g e n e r a t o r 8 

w h i l e t h e r e l e a s e t h r e s h o l d is se t by t h e p u l s e g e n e r a t o r 
7 . T h e r e s p o n s e a n d r e l e a s e t h r e s h o l d s are ad jus t ed in 
t h e p u l s e g e n e r a t o r s 7 , 8 w i t h the h e l p o f the var iab le 
res i s tors 3 5 , 3 6 , r e s p e c t i v e l y . 
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The stability of the electronic-relay unit 3 is deter-
mined in terms of stability of the response and release 
threshold frequencies which depend upon supply volt-
age fluctuations (the supply voltage source is not 
shown in the drawing) and ambient temperature varia-
tions. Regular pulse series from the outputs of the gen-
erators 7, 8 are applied respectively to the bases of the 
transistors 37, 38 in the logic AND-elements 9, 10 via 
the resistors 41, 42. 

When the relay element 5 is in the "no"-state the 
base of the transistor 37 will receive a negative voltage 
arriving from an output of the relay element 5 via the 
resistor 43 and a voltage approaching zero arriving 
from the other output of the relay element 5 via the re-
sistor 44, while the second input of the trigger 17 will 
be fed with a regular pulse series which arrives from the 
pulse generator 8 via the logic OR-element 11. 

When the relay element 5 passes to the "yes"-state 
the voltages applied to the bases of the transistors 37, 
38 from the outputs of the relay 5 via the resistors 43, 
44 will be switched over. In this case the second input 
of the trigger 17 will be fed with a regular pulse series 
arriving from the generator 7 via the logic OR-element 
11. 

One of the functions of the discrete comparison de-
vice 4 is to compare statistic pulse series with regular 
pulse series and to control the relay element 5 driving 
it either to the "yes"-state of to the "no"-state depend-
ing upon the ratio between the compared frequencies. 
The second function of the comparison device 4 is to 
average the statistic pulse series, the degree of averag-
ing being determined by the memory capacity of the 
reversible counter 14, i.e., by the number of its digits. 

The comparison device 4 is designed to operate so 
that a pulse can appear at the output of one of its chan-
nels only after the pulses that were registered earlier in 
the opposite channel will have all be written off. 

Three characteristic situations can occur in the 
course of operation of the radioactive isotope relay de-
vice. 

In the first characteristic situation, when the average 
frequency of the statistic pulse series is less than the 
frequency of the regular pulse series, pulses of the dif-
ference frequency (negative difference between num-
bers of pulses) are applied to the input of the reversible 
counter 14 via the capacitor 21 and the diode 22 of the 
comparison element 15. In case the memory capacity 
of the reversible counter 14 gets overflown by data ar-
riving through one of the channels a pulse from its out-
put is fed, via the capacitor 28 and the diode 29 of the 
comparison element 16, to the input of the relay ele-
ment 5. The pulse will either confirm the "no"-state of 
the relay element 5 or drive the latter to this state, pro-
vided the input of the comparison element 16 has re-
ceived no pulses arriving to it earlier via the opposite 
channel, the appearance of a pulse at the output of the 
reversible counter 14 causing the simultaneous erasing 
of previously registered data. If the opposite channel 
was registering pulses before, the pulse from the output 
of the reversible counter 14 will drive the trigger 24 of 
the comparison element 16 to the opposite, state. Si-
multaneously, the gate containing the capacitor 28, the 
diode 29 and the resistor 30 will unlock and in case of 
another overflow of the reversible counter 14, a pulse 
from the output of the latter will pass through this gate 
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to the input of the relay element 5 driving it to the "no" 
state. 

In the second characteristic situation, when the aver-
age frequency of the statistic pulse series exceeds the 

5 frequency of the regular series, pulses of the difference 
frequency (positive difference between the number of 
pulses) are applied to the input of the reversible 
counter 14 via the capacitor 18 and the diode 19 of the 
comparison element 15. A pulse appearing at the out-

10 put of the reversible counter 14 will cause the erasing 
of data registered in it before. Simultaneously, this 
pulse is fed, via the capacitor 25 and the diode 26, to 
the input of the relay element 5 confirming its "yes" 
state or driving it to this state if there were no pulses ar-

15 riving to it via the opposite channel of the comparison 
device 4. In case pulses did arrive via the opposite 
channel, a pulse from the output of the reversible 
counter 14 will drive the trigger 24 to the opposite 
state. Simultaneously, the gate containing the capacitor 

20 25, the diode 26 and the resistor 27 will unlock and 
pass pulses after another overflow of the reversible 
counter 14. 

In c a s e o f t h e third charac ter i s t i c s i tuat ion , w h e n the 
a v e r a g e f r e q u e n c y of t h e s tat is t ic pu l se ser ie s is e q u a l 

25 to t h e f r e q u e n c y o f t h e regular p u l s e ser ie s w i t h t h e 
hys teres i s rat io ( t h e ratio o f the r e l e a s e t h r e s h o l d fre -
q u e n c y to t h e r e s p o n s e t h r e s h o l d f r e q u e n c y ) b e i n g 1, 
the c o m p a r i s o n d e v i c e 4 wil l register t h e d i f f e r e n c e fre-
q u e n c i e s c a u s e d by f l u c t u a t i o n s o f the instant fre-

3 0 q u e n c y o f t h e s tat is t ic p u l s e s er i e s a b o u t its a v e r a g e 
va lue . T h e probabi l i ty o f a p u l s e a p p e a r i n g at the o u t -
put o f this or that c h a n n e l o f the c o m p a r i s o n d e v i c e 4 
d e p e n d s u p o n the m e m o r y c a p a c i t y o f the revers ib le 
c o u n t e r 1 4 a n d u p o n t h e v a l u e s o f the f r e q u e n c i e s that 

3 5 are b e i n g c o m p a r e d . 

In case the hysteresis ratio is less than 1, when the av-
erage frequency of the statistic pulse series lies between 
the response threshold frequency and release threshold 
frequency, the probability of pulses appearing in this or 

4 0 that channel will be still less and this is what determines 
the statistic reliability of the device as a whole. 

The operation of the second embodiment version of 
the proposed radioactive isotope relay device is similar 
to that of the first embodiment version. 

4 5 The difference consists in that relay element 5 (FIG. 
4) controls the switching element 55 which, in its turn, 
depending upon the state ("yes" or "no") of the relay 
element 5, will connect either the first 53 or the second 
54 frequency setting means to the pulse shaping circuit 
56. The first frequency setting means 53 ensures that 
the pulse generator 52 produces a regular pulse series 
at its output with the response threshold frequency. 
The second frequency setting means 54 insures that the 

5„ generator 52 produces a regular pulse series at its out-
put with the release threshold frequency. 

When the relay element 5 (FIG. 5) is in the "no" 
state one of its outputs produces a voltage approaching 
zero which is applied to the base of the transistor 61, 

6 Q while the other output produces a negative voltage ap-
plied to the base of the transistor 60 driving the latter 
to conduction and saturation. The transistor 61 is cut 
off by the positive bias voltage U2. The output of the 
generator 52 produces a regular pulse series with the 

6 5 response threshold frequency. 
When the relay element 5 is in the "yes" state one of 

its outputs produces a negative voltage applied to the 
base of the transistor 61 while the base of the transistor 
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6 0 is f e d w i t h a v o l t a g e a p p r o a c h i n g z e r o . T h e g e n e r a -
tor 5 2 p r o d u c e s at its o u t p u t a r e g u l a r p u l s e s e r i e s w i t h 
t h e r e l e a s e t h r e s h o l d f r e q u e n c y . 

T h e s e c o n d v e r s i o n o f t h e p r o p o s e d r a d i o a c t i v e i so-
t o p e re lay d e v i c e d i f f e r s f r o m t h e first v e r s i o n in t h a t 5 
it has a h i g h e r stabi l i ty o f the h y s t e r e s i s ra t io w h i c h is 
q u i t e i m p o r t a n t in c a s e t h e d e v i c e is u s e d t o r e a c t t o 
s m a l l d i f f e r e n c e s in t h e i o n i z i n g r a d i a t i o n in tens i ty . 

T h e p r o p o s e d r a d i o a c t i v e i s o t o p e re lay d e v i c e h a s a 
n u m b e r o f a d v a n t a g e s if c o m p a r e d aga ins t its k n o w n 10 
c o u n t e r p a r t s u s i n g a n a l o g e l e c t r o n i c - r e l a y units . T h u s , 
it a l l ows : 
t o d e t e c t a re la t ive r a d i a t i o n d i f f e r e n c e o f 10 p e r c e n t 
o f t h e l imit v a l u e w h e r e a s the r e s p e c t i v e f i g u r e for t h e 
k n o w n d e v i c e s wil l b e 1 0 0 p e r c e n t ; to raise the s p e e d 1 5 

o f o p e r a t i o n by a f a c t o r o f 10; t o br ing t h e ins tabi l i ty 
o f t h e r e s p o n s e a n d r e l e a s e t h r e s h o l d f r e q u e n c i e s d o w n 
to 5 p e r c e n t ( i n s t e a d o f 4 0 - 5 0 p e r c e n t ) a n d 0 . 0 5 per-
c e n t ( i n s t e a d o f 1 0 - 1 5 p e r c e n t ) r e s p e c t i v e l y w i th in t h e 
to ta l r a n g e o f t h r e s h o l d a d j u s t m e n t s i r r e s p e c t i v e o f 
s u p p l y v o l t a g e f l u c t u a t i o n s , a n d t o i n c r e a s e the g a m m a -
ray rad ia t ion sens i t iv i ty u p t o 0 . 0 4 raR/h. 

T h e d e s i g n o f t h e p r o p o s e d r a d i o a c t i v e i s o t o p e re lay 
d e v i c e c a n b e u s e d t o d e v e l o p r a d i o a c t i v e i s o t o p e d e - 2 5 

v i c e s f or v a r i o u s p u r p o s e s , e . g . , l iquid d i s p e n s e r s , s e r v o 
l e v e l i n d i c a t o r s f o r f lu ids , l e v e l c o n t r o l l e r s f o r b u l k m a -
ter ia ls , l iqu id dens i ty regu la tors , i t e m c o u n t e r s f o r c o n -
v e y e r s , m e t e r c o u n t e r s , t a c h o m e t e r s , e t c . 

W h a t w e c l a i m is: 3 0 

1. A r a d i o a c t i v e rad ia t ion d e t e c t i o n d e v i c e c o m p r i s -
ing: a d e t e c t o r u n i t reg i s t er ing i o n i z i n g rad ia t ion a n d 
c o n v e r t i n g s a id i o n i z i n g r a d i a t i o n in to e l e c t r i c pu l ses ; 
an e l e c t r o n i c relay uni t c o u p l e d e l e c t r i c a l l y to said d e -
t e c t o r uni t ; a d i s c r e t e c o m p a r i s i o n d e v i c e in sa id e l e c - 35 
t r o n i c - r e l a y un i t a n d h a v i n g t w o o u t p u t s a n d t w o inputs 
a f irst o n e of w h i c h is c o n n e c t e d to said d e t e c t o r un i t 
p r o d u c i n g a s tat i s t ica l s er i e s o f pu l se s ; a re lay e l e m e n t 
h a v i n g t w o i n p u t s a n d t w o o u t p u t s s e r v i n g as the o u t p u t 
o f said d e v i c e , t h e inputs o f sa id relay e l e m e n t b e i n g 40 
c o n n e c t e d t o the o u t p u t s o f sa id d i s c r e t e c o m p a r i s o n 
d e v i c e ; a s e t t e r o f t h r e s h o l d f r e q u e n c i e s o f a regular se -
ries o f e l e c t r i c p u l s e s in sa id e l e c t r o n i c un i t a n d h a v i n g 
t w o inputs a n d o n e o u t p u t , sa id s e t t e r h a v i n g t w o fre -
q u e n c y t h r e s h o l d s , said t h r e s h o l d f r e q u e n c y set ter hav- 45 
ing t w o inputs c o n n e c t e d to sa id t w o o u t p u t s o f sa id 
relay e l e m e n t and h a v i n g its o u t p u t c o n n e c t e d to the 
s e c o n d input o f sa id d i s c r e t e c o m p a r i s o n d e v i c e 
w h e r e b y said d e v i c e a c q u i r e s a first or s e c o n d s ta te d e -
p e n d i n g o n the rat io b e t w e e n t h e f r e q u e n c i e s o f t h e s ta- 5 0 

t ist ical and regular s er i e s o f sa id p u l s e s . 
2 . A d e v i c e as c l a i m e d in c l a i m 1 in w h i c h sa id 

t h r e s h o l d f r e q u e n c y s e t t e r c o m p r i s e s : a f irst p u l s e g e n -
e r a t o r , a f irst l o g i c A N D - e l e m e n t w i t h o n e o u t p u t a n d 
t w o i n p u t s o n e o f w h i c h is c o n n e c t e d t o t h e o u t p u t o f 5 5 

the f irst g e n e r a t o r ; a l o g i c O R - e l e m e n t w i t h o n e o u t p u t 
a n d t w o inputs h a v i n g o n e o f its i n p u t s c o n n e c t e d t o 
s a id o u t p u t o f t h e f irst l o g i c A N D - e l e m e n t a n d its o u t -
p u t c o n n e c t e d t o t h e s e c o n d i n p u t o f sa id c o m p a r i s o n 
d e v i c e ; a s e c o n d l o g i c A N D - e l e m e n t w i t h t w o inputs 
a n d o n e o u t p u t c o u p l e d w i t h the s e c o n d input o f sa id 
l o g i c O R - e l e m e n t ; a s e c o n d p u l s e g e n e r a t o r t h e o u t p u t 
o f w h i c h is c o n n e c t e d to o n e o f sa id inputs o f t h e s e c -
o n d l o g i c A N D - e l e m e n t ; t h e s e c o n d i n p u t s o f t h e f irst 6 5 

a n d s e c o n d log i c A N D - e l e m e n t s b e i n g c o m p l e d w i t h 
sa id re lay e l e m e n t s o t h a t a r e s p e c t i v e f r e q u e n c y 
t h r e s h o l d is o b t a i n e d f r o m e i t h e r t h e first or t h e s e c o n d 
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g e n e r a t o r d e p e n d i n g u p o n t h e s ta te o f sa id re lay e l e -
m e n t . 

3 . A d e v i c e as c l a i m e d in c l a i m 1 in w h i c h sa id 
t h r e s h o l d f r e q u e n c y se t t er c o m p r i s e s : o n e pu l se g e n e r -
a t o r c o n n e c t e d to the s e c o n d input o f sa id c o m p a r i s o n 
d e v i c e , sa id p u l s e g e n e r a t o r h a v i n g a f irst a n d a s e c o n d 
f r e q u e n c y s e t t i n g m e a n s ; a s w i t c h i n g e l e m e n t c o n -
n e c t e d t o sa id o u t p u t s o f sa id re lay e l e m e n t a n d c o u -
p l e d wi th the first and s e c o n d f r e q u e n c y se t t ing m e a n s 
s o that a r e s p e c t i v e f r e q u e n c y t h r e s h o l d is o b t a i n e d d e -
p e n d i n g u p o n t h e s ta te o f sa id relay e l e m e n t . 

4 . A d e v i c e as c l a i m e d in c l a i m 1 in w h i c h said dis-
c r e t e c o m p a r i s o n d e v i c e c o m p r i s e s : a revers ib l e 
c o u n t e r h a v i n g a r e q u i r e d m e m o r y c a p a c i t y , t w o i n p u t s 
a n d t w o o u t p u t s ; a first c o m p a r i s o n e l e m e n t t o s e n s e 
t h e o n e - s i g n d i f f e r e n c e b e t w e e n n u m b e r s o f p u l s e s hav-
ing t w o inputs a n d t w o o u t p u t s o n e o f the inputs o f 
w h i c h is c o n n e c t e d to sa id d e t e c t o r uni t , t h e o t h e r 
i n p u t o f w h i c h is c o n n e c t e d to sa id t h r e s h o l d f r e q u e n c y 
s e t t e r a n d t h e o u t p u t s o f w h i c h are c o n n e c t e d t o sa id 
inputs o f sa id revers ib l e c o u n t e r ; a s e c o n d c o m p a r i s o n 
e l e m e n t to s e n s e t h e o n e - s i g n d i f f e r e n c e b e t w e e n n u m -
bers o f p u l s e s h a v i n g t w o i n p u t s a n d t w o o u t p u t s the in-
p u t s o f w h i c h are c o n n e c t e d t o said o u t p u t s o f said re-
vers ib le c o u n t e r to e n s u r e u n a m b i g u o u s o p e r a t i o n o f 
t h e latter in c a s e o f m e m o r y o v e r f l o w a n d the o u t p u t s 
o f w h i c h are c o n n e c t e d t o sa id inputs o f sa id relay e l e -
m e n t . 

5 . A d e v i c e as c l a i m e d in c l a i m 2 in w h i c h said dis-
c r e t e c o m p a r i s o n d e v i c e c o m p r i s e s : a r e v e r s i b l e 
c o u n t e r h a v i n g a r e q u i r e d m e m o r y c a p a c i t y , t w o inputs 
a n d t w o o u t p u t s ; a first c o m p a r i s o n e l e m e n t to s e n s e 
t h e o n e - s i g n d i f f e r e n c e b e t w e e n n u m b e r s o f pulses hav-
ing t w o inputs a n d t w o o u t p u t s , o n e o f the inputs b e i n g 
c o n n e c t e d t o sa id d e t e c t o r unit , and the o t h e r to sa id 
t h r e s h o l d f r e q u e n c y se t t er a n d t h e o u t p u t s , to said in-
p u t s o f said revers ib le c o u n t e r ; a s e c o n d c o m p a r i s o n 
e l e m e n t t o s e n s e the o n e - s i g n d i f f e r e n c e b e t w e e n n u m -
b e r s of p u l s e s h a v i n g t w o inputs and t w o o u t p u t s , t h e 
inputs b e i n g c o n n e c t e d to sa id o u t p u t s o f said revers-
ib le c o u n t e r to e n s u r e u n a m b i g u o u s o p e r a t i o n o f t h e 
latter in c a s e o f m e m o r y o v e r f l o w , a n d the o u t p u t s 
b e i n g c o n n e c t e d t o sa id i n p u t s o f sa id re lay e l e m e n t . 

6 . A d e v i c e as c l a i m e d in c l a i m 3 in w h i c h said dis-
c r e t e c o m p a r i s o n d e v i c e c o m p r i s e s : a revers ib l e 
c o u n t e r h a v i n g a r e q u i r e d m e m o r y c a p a c i t y , t w o i n p u t s 
a n d t w o o u t p u t s ; a f irst c o m p a r i s o n e l e m e n t t o s e n s e 
t h e o n e - s i g n d i f f e r e n c e b e t w e e n n u m b e r s o f p u l s e s hav-
i n g t w o inputs a n d t w o o u t p u t s , o n e o f t h e inputs b e i n g 
c o n n e c t e d to sa id d e t e c t o r uni t , the o t h e r input , to said 
t h r e s h o l d f r e q u e n c y se t t er , a n d t h e o u t p u t s , t o sa id in-
p u t s o f said revers ib l e c o u n t e r ; a s e c o n d c o m p a r i s o n 
e l e m e n t to s e n s e t h e o n e - s i g n d i f f e r e n c e b e t w e e n n u m -
b e r s o f p u l s e s h a v i n g t w o inputs a n d t w o o u t p u t s , the 
inputs b e i n g c o n n e c t e d t o sa id o u t p u t s o f sa id revers -
ib le c o u n t e r to e n s u r e u n a m i b g u o u s o p e r a t i o n of the 
lat ter in c a s e of m e m o r y o v e r f l o w a n d the o u t p u t s 
b e i n g c o n n e c t e d t o sa id inputs o f said re lay e l e m e n t . 

7 . A d e v i c e a s c l a i m e d in c l a i m 4 in w h i c h e v e r y sa id 
c o m p a r i s o n d e v i c e c o m p r i s e s : a tr igger h a v i n g t w o o u t -
p u t s a n d t w o s e p a r a t e d inputs; a f irst ga te h a v i n g t w o 
i n p u t s a n d o n e o u t p u t the inputs o f w h i c h are c o n -
n e c t e d in paral le l to the r e s p e c t i v e inputs and o u t p u t s 
o f sa id tr igger; a s e c o n d gate h a v i n g t w o inputs and o n e 
o u t p u t t h e inputs o f w h i c h are c o n n e c t e d in paral le l to 
t h e r e s p e c t i v e inputs a n d o u t p u t s o f said tr igger. 
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8. A dev i ce as c l a i m e d in c la im 5 in w h i c h every said 

c o m p a r i s o n e l e m e n t comprises : a trigger having two 
outputs and two separated inputs; a first gate hav ing 
two inputs and o n e output , the inputs be ing c o n n e c t e d 
in parallel to respect ive inputs and outputs o f said trig-
ger; a s e c o n d gate having t w o inputs and o n e output , 
the inputs be ing c o n n e c t e d in parallel to the respect ive 
inputs and outputs o f said trigger. 

9 . A dev i ce as c l a i m e d in claim 6 in w h i c h every said 
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c o m p a r i s o n e l e m e n t comprises : a trigger having two 
outputs and t w o separated inputs; a first gate having 
t w o inputs and o n e output , the inputs be ing c o n n e c t e d 
in parallel to the respect ive inputs and outputs of said 

5 trigger; a s e c o n d gate having t w o inputs and o n e out-
put , the inputs being c o n n e c t e d in parallel t o the re-
spec t ive inputs and outputs of said trigger. 

* * * * * 
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