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F O R E W O R D 

Minute q u a n t i t i e s  of  r ad ioac t ive  i so topes  are sometimes 

used t o  enhance the performance of e l e c t r o n  tubes.  Because 

of t h e  Gery low level  involved; i t  is  imprac t i ca l  'to d i r e c t l y  

measure t h e  r a d i o a c t i v i t y .  This Publ ica t ion  e s t a b l i s h e s  a 

recommended p r a c t i c e  f o r  c a l c u l a t i o n  of t hese  levels on a per  

tube bas i s .  It was developed by t h e  JEDEC JT-16 Committee 

on Government Spec i f i ca t ions  and Standards and approved f o r  

Publ ica t ion  by the JEDEC Electron Tube Council, 
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INTRODUCTION 

Radioactive i so topes  are, on occasion, i n t e n t i o n a l l y  added by manufacturers 
of e l e c t r o n  tubes t o  improve tube performance. 
may be required t o  determine t h e  t o t a l  r a d i o a c t i v i t y  i n  microcuries p e r  tube 
(pc/tube) t o  comply wi th  e x i s t i n g  Federal  regulat ions.  

It is  usual ly  imprac t i ca l  t o  measure t h e  r a d i o a c t i v i t y  wi th  any degree of 
p rec i s ion ,  The radionucl ide is o f t e n  surrounded by e l ec t rodes ,  spacers ,  
and an envelope 
c a l i b r a t i o n  of a measuring device; and t h e  amount of radionucl ide in t en -  
t i o n a l l y  added i n  t h e  tube is o f t e n  so  s m a l l  t h a t  t h e  amount of r a d i a t i o n  
is  d i f f i c u l t  t o  d i sce rn  from t h e  normal background r a d i a t i o n  t h a t  exists 
i n  t h e  atmosphere. 

For t h i s  reason, manufacturers 

such t h a t  t h e  geometry considerat ions preclude a realist ic 

Therefore, t h e  r a d i o a c t i v i t y  f o r  e l ec t ron  tubes s h a l l  be determined by a 
ca l cu la t ion  technique i n  terms of t h e  known radionuclides which have been 
i n t e n t i o n a l l y  added t o  t h e  e l e c t r o n  tube t o  e i t h e r  i nc rease  tube l i f e  o r  
t o  improve t h e  o v e r a l l  tube perforniance. 

BASIC THEORY 

The number of atoms (dN) i n  any one r ad ioac t ive  element t h a t  w i l l  d i s i n t e g r a t e  
i n  a small interval  d t  is  proport ional  t o  t he  number of atoms (N) present  a t  
the beginning of t h e  time period dt.' 

The fundamental l a w  of na tu re  which descr ibes  t h e  rate of d i s i n t e g r a t i o n  
o r  decay of a r ad ioac t ive  element i s  t h e r e f o r e  as. follows: 

I i 

where A = a p ropor t iona l i t y  constant f o r  t h e  p a r t i c u l a r  r a d i o a c t i v e  
element; o f t e n  c a l l e d  t h e  decay o r  d i s i n t e g r a t i o n  constant 

N = number of r ad ioac t ive  atoms of t h e  element a t  any time t 

-- dN 
d t  

= rate of d i s i n t e g r a t i o n  ( the  rate change of N is negat ive  
because N is decreasing with t i m e )  

Rearranging equation (1) gives  : 

(3) - dN = -Adt 
N 

i n t e g r a t i n g  equation (3) gives : 
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( 4 )  I n  N = - A t  + C 
at  t = . O ;  N = No 

therefore ,  equation ( 4 )  can be rewr i t ten :  

In  No = -A(O) + C 
o r  C = I n  N o  

Referr ing t o  equation ( 4 )  again and replacing C: 

I n  N = - A t  + In No 

and I n  N - In No = - A t  

( 5 )  1-1 n a t u r a l  logari thmic form t o  base E 

Rewriting equation (5) : 

r c 
(7) or ,  I N t  = No E -At 1 exponential  f o h  

Defini t ions:  where No = o r i g i n a l  number of rad ioac t ive  atoms of t h e  element 
a t  time t = O 

N = N t  = number of rad ioac t ive  atoms a f t e r  a given decay 
time t 

X = a porpor t iona l i t y  constant  (decay constant)  f o r  a given 
r ad ioac t ive  element 

t = decay time 

Equations(5) (6)and(7)are w r i t t e n  i n  t e m  of t h e  n a t u r a l  logarithm t o  t h e  base  
E ( &  = 2.7183), a fundamental constant  which der ives  from o t h e r  n a t u r a l  phenomena 
as w e l l  as r ad ioac t ive  decay. 

The t i m e  T required f o r  1 /2  t h e  number of atoms t o  d i s i n t e g r a t e  is  def ined as t h e  
h a l f - l i f e  of t h e  r ad ioac t ive  element o r  "nuclide". 

I 
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