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A REVIEW OF ALPHA RADIATION SOURCE PREPARATION 
METHODS _I AND APPLICATIONS -~ 

R. E. Gresne, K, 5'- P~essZy. m.d 8'. N. CGP 

ABSTRACT 

A review of t h e  l i t e r a t u r e  on t h e  p r e p a r a t i o n  methods, e v a l u a t i o n ,  
and a p p l i c a t i o n s  of a l p h a  soi i rces  of Po,  Th,  U .  Np, Pu, Am, and 
Cm i s o t o p e s  is  p resen ted .  The c h a r a c t e r i s t i c s  and p r o p e r t i e s  
of  a l p h a  par t ic les  and t h e  s e l e c t i o n  o f  an a l p h a  emitter f o r  a 
p a r t i c u l a r  a p p l i c a t i o n  are also d e s c r i b e d  b r i e f l y ,  The review 
does n o t  i n c l u d e  in fo rma t ion  on radium sources  o r  on t h e  use  of 
a l p h a  emitters as s o u r c e s  of  h e a t  and energy .  About 200 r e f e r -  
ences  are c i t e d .  

I NT RODU CT I ON 

Alpha p a r t i c l e s ,  i . e . ,  he l ium n u c l e i  of mass 4, are e j e c t e d  from t h e  
nuclei. of  s e v e r a l  r a d i o a c t i v e  elements.  T h e i r  high-energy,  h igh-  
s p e c i f i c  i o n i z a t i o n ,  l o w  p e n e t r a t i o n  power, and a b i l i t y  to excite 
c h a r a c t e r i s t i c  x r a y s  w i t h  l i t t l e  i n t e r f e r i n g  bremss t rah lung  r a d i a t i o n  
are p r o p e r t i e s  t h a t  t e n d  t o  complement those  of b e t a  and g a m  rad ia -  
t i o n s .  Thus, a lpha  r a d i a t i o n s  provide  means f o r  c e r t a i n  measurements 
and a p p l i c a t i o n s  t h a t  are n o t  f e a s i b l e  u s i n g  convent iona l  b e t a ,  gamma, 
and n e u t r o n  r a d i a t i o n  s o u r c e s .  S ince  q u a n t i t i e s  of va r ious  n u c l i d e s  
t h a t  are u s a b l e  as alpha sources are becoming i n c r e a s i n g l y  a v a i l a b l e  
and a t  reduced c o s t ,  a survey  of t h e  l i t e r a t u r e  on a l p h a  s o u r c e s  has  
been made. 
a l p h a  p a r t i c l e s ,  a l p h a  s o u r c e s ,  and a lpha-emi t t ing  n u c l i d e s ;  t h e  
p r e p a r a t i o n  of a l p h a  s o u r c e s ,  i n c l u d i n g  t h o s e  f o r  a n a l y s i s  and spectrum 
measurements; i n t e g r i t y ;  e v a l u a t i o n  and s t a n d a r d i z a t i o n ;  and uses.  
T h e  n u c l i d e s  of pr imary i n t e r e s t  are 241A,, 23BPu,  239Pu, and 210Po 
s i n c e  t h e s e  are most commonly used a t  p r e s e n t  because of r e l a t i v e l y  
h i  h s p e c i f i c  a c t i v i t y  a v a i l a b i l i t y ,  and r easonab le  c o s t ;  however, 
'"Cm, 244Cm,  237Np, 2'8Th, and t h e  i s o t o p e s  o f  uranLum are a l s o  
cons ide red ,  The use  of a lpha -emi t t i ng  sources  f o r  t h e  product ion  of  
neu t rons  by t h e  (ce,n> r e a c t i o n  and f o r  h e a t  o r  energy sources  i s  not 
inc luded  i n  this su rvey .  

This survey  i n c l u d e s  a d i s c u s s i o n  on t h e  p r o p e r t i e s  of 

The i d e a l  a l p h a  source  waul.$ c o n t a i n  t h e  d e s i r e d  a c t i v i t y ,  e m i t  a l p h a  
p a r t i c l e s  w i thou t  deg rada t ion  of t h e i r  energy ~ and be of such i n t e g r i t y  
t h a t  no l o s s  of t h e  a l p h a  emitter would occur du r ing  normal hand l ing  
and use ,  However, such i s  no t  t h e  case and compromises must be made, 
Highly a c t i v e  s o u r c e s  are r e q u i r e d  t o  have a cover ing  (window) t o  
r e t a i n  any a l p h a  emitter t h a t  may become f r e e  of  t h e  s o u r c e  material 
arid t o  p r o t e c t  t h e  active d e p o s i t  from a b r a s i o n  and p o s s i b l e  c o r r o s i o n  
by t h e  atmosphere,  which in t u r n ,  would c o n t r i b u t e  t o  l o s s  of material .  



2 

'Thus f o r  s a f e t y ,  act ive S Q U T C ~ S  are covered w i t h  e i t h e r  a n  e l e c t r o p l a t e d  
f i l m ,  u s u a l l y  s i l v e r  o r  gold,  o r  f o i l ,  frequent1.y o f  s t a i n l e s s  s t ee l ,  
p la t inum,  ctcr With t h e  cove r ing  o f  t h e  source  t h e  t n e v i c a b l e  r e d u c t i o n  
of  a l p h a  p a r t i c l e  energy  occurs ,  and of  course,  1;he t h i c k e r  t h e  cove r ing  
t h e  less t h e  energy .  
o f  t h e  210Po  a l p h a  p a r t i c l e  by approximately h a l f  e T f  no d e g r a d a t i o n  
o f  a lpha  p a r t i c l e  energy  C ~ P A  be  tolerated, as f o r  a lpha  spectrum meas- 
urements, t h e  o t h e r  a l t e r n a t i v e  i s  ?XI use  n much less q u a n t i t y  of  he 
a c t i v i t y ,  s o  t h a t  i f  s o u r c e  material  does  become free, no severe 
contaminat ion  problem r e s u l t s .  Thus,  f o r  some r e f e r e n c e  s o u r c e s ,  f o r  
example f o r  c o u n t e r  o r  spec t ra l  s tandards ,  low s p e c i f i c  a c t i v i t y  may 
b e  d e s i r a b l e  since,  f o r  a given weight  l o s s ,  much lower a c t i v i t y  l o s s e s  
occur .  S O U K C ~ S  w i t h  l i t t l e  a c t u a l  a c t i v i t y  m a s s  may a l s o  b e  d e s i r a b l e  - 
and can o f t e n  b e  p repa red  t o  p rov ide  a r e l a t i v e l y  smear-free surface.  
Never the l e s s ,  h i g h l y  active s o u r c e s  do p r e s e n t  p r o b k m s  a2d some com- 
mercial s u p p l i e r s  s t a t e  t h a t  t h e  li.fe o f  even a gold-p la ted  h i g h l y  
a c t i v e  s o u r c e  i s  on ly  s i x  months. 

A 0.17-mil pl-at inum f o i l  w i l l  decrease t h e  energy 

Re fe rence s 

1, Monsanto Nuclear  Products  and Services c a t a l o g ,  Monsanto Research 
Corpora t ion ,  Dayton, Ohio. 

CHAF&4CPERIS'TIrZS AND PROPERTIES OF ALPHA PARTICLES 

T h e  characterist ics and p r o p e r t i e s  of a lpha  p a r t i c l e s  will b e  d e s c r i b e d  
o n l y  b r i e f l y  since t h i s  i n fo rma t ion  i s  inc luded  i n  s e v e r a l  good tex ts .  1-4 

The a l p h a  p a r t i c l e ,  made up of  two neu t rons  and two p r o t o n s  bound 
t o g e t h e r ,  has a mass o f  4 amu and a charge  of  4-2 and i s  i d e n t i c a l  t o  
the nuc leus  o f  a hel ium atom. It i.s t h e  Least p e n e t r a t i n g  o f  t h e  t h r e e  
c o m o n  types  o f  r a d i a t i o n  ( a lpha ,  b e t a ,  and gamma) e m i t t e d  by r ad io -  
active materials. The a b i l i t y  o f  the alpha p a r l i i c l e  t o  f o r m  i o n  p a i r s  
i n  a g a s  .through which i t  p a s s e s  i s  one o f  i t s  most . important p r o p e r t i e s .  
I n  t h i s  p r o c e s s  t h e  alpha p a r t i c l e  l o s e s  energy by removing an o u t e r  
e l e c t r o n  from atoms t o  produce ton  pai-rs .  
i s  p o s i t i v e l y  charged and i s  sne pan t  of  t h e  i o n  p a i r ;  t h e  f r e e  e l e c t r o n ,  
n e g a t i v e l y  charged,  i s  t h e  o t h e r  

T h e  atom less t h e  e l e c t r o n ,  

The heavy a lpha  p a r t i c l e  moves more S ~ O G J ~ ~  t h a n  a b e t a  p a r t i c l e  of t h e  
same energy  and produces approximate ly  100 thousand ion p a i r s  p e r  c e n t i -  
m e t e r  o f  p a t h ;  a b e t a  p a r t i c l e  w i t h  t h e  s a m e  energy produces on ly  a few 
hundred i o n  p a i r s  p e r  c e n t i m e t e r .  A 5-NeV a l p h a  p a r t i c l e  i s  capable  of 
producing  approximate ly  1.5 x l o 5  i o n  p a i r s  i n  i t s  normal range of %3 crn 
i n  a i r .  The i n t e n s i t y  o f  the i o n i z a t i o n  produced by a moving charged 
p a r t i c l e  th rough a gas ik expressed as s p e c i f i c  i o n i z a t i o n ,  i .e . ,  t h e  
number o f  i o n  p a i r s  formed p e s  centimeter o f  pa-th.  'The to t a l .  number of 
i o n  p a i r s  produced by a charged p a r t i c l e  is determined l a r g e l y  b y  i t s  
energy  sicice an approximately c o n s t a n t  amount of energy i s  l o s t  f o r  
each  i o n  p a i r  forned .  'The s p e e i  fi.c. i o n i z a t i o n  i n c r e a s e s  as t h e  energy 
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of t h e  a l p h a  p a r t i c l e  dec reases .  
v e r s u s  t h e  energy ( d i s t a n c e  t h e  a l p h a  p a r t l c l e  travels from t h e  s o u r c e ) ,  
a Bragg curve  i s  ob ta ined .  The curve  shows t h a t  t h e  s p e c i f i c  i o n i z a t i o n  
i n c r e a s e s  w i t h  i n c r e a s i n g  d i s t a n c e  from t h e  sou rce .  
t h e  a l p h a  p a r t i c l e  i s  s p e n t ,  t h e  ra te  of i o n i z a t i o n  i n c r e a s e s  u n t i l  i t  
reaches  a maximum and then  f a l l s  s h a r p l y .  When i t s  energy is  n e a r l y  
exhaus ted ,  t h e  a l p h a  p a r t i c l e  c a p t u r e s  two e l e c t r o n s  t u  form a n e u t r a l  
he l ium atom and produces no f u r t h e r  i o n i z a t i o n .  The a b r u p t  dec rease  
i n  i o n i z a t i o n  i n d i c a t e s  t h a t  a l p h a  p a r t i c l e s  (from t h e  s a m e  sou rce )  
i n i t i a l l y  have approximate ly  t h e  same energy and cease t o  produce i o n i -  
z a t i o n  a f t e r  having  t r a v e l e d  approximate ly  t h e  same d i s t a n c e .  

If t h e  s p e c i f i c  i o n i z a t i o n  is  p l o t t e d  

A s  t h e  energy of 

The d i s t a n c e  t h a t  an  a l p h a  p a r t i c l e  w i l l  t r a v e l  b e f o r e  l o s i n g  a l l  i t s  
energy i s  des igna ted  range and depends on t h e  medium through which i t  
t r a v e l s .  Th i s  range i s  f r e q u e n t l y  given f o r  a i r .  The comparison of 
t h e  range  of  an  a l p h a  p a r t i c l e  i n  a i r  w i t h  t h a t  i n  ano the r  medium 
p rov ides  a conven t iona l  e x p r e s s i o n  - relative s t o p p i n g  power - of t h e  
medium, i .e 

Range o f  a l p h a  p a r t i c l e  i n  a i r  R e l a t i v e  s t o p p i n g  power = Range of a l p h a  par t ic les  i n  medium 

The range of t h e  medium i s  t h e  minimum t h i c k n e s s  of that:  medium t h a t  w i l l  
j u s t  p r e v e n t  the passage  of  a l p h a  particles and, by comparing w i t h  t h e  
known range  i n  a i r  t h e  r e l a t i v e  s t o p p i n g  power i s  de termined .  For  
example, Glass tone '  g ives  a r e l a t i v e  s t o p p i n g  power of 2000 f o r  mica, 
1700 f o r  aluminum, 3800 f o r  copper ,  and 4900 € o r  gold .  The range  of 
a l p h a  p a r t i c l e s  i n  v a r i o u s  mediums, which can be determined by expe r i -  
ment o r  from t h e  s topp ing  power i f  known, i s  u s e f u l  i n  de te rmining  
t h e  maximum t h i c k n e s s  of p r o t e c t i v e  c o a t i n g s  f o r  a l p h a  s o u r c e s  and 
a l s o  e s t a b l i s h e s  t h e  i n f i n i t e  t h i c k n e s s  of  t h e  r a d i o a c t i v e  sou rce  mate- 
r ia l .  The i n f i n i t e  t h i c k n e s s  i s  t h e  t h i c k n e s s  above which a d d i t i o n  of 
s o u r c e  material. w i l l  y i e l d  no i n c r e a s e  i n  a c t i v i t y  p e r  u n i t  area. 

F requen t ly  i n  s t u d i e s  of a b s o r p t i o n  ( s topp ing)  of r a d i a t i o n ,  e . g . ,  a lpha  
p a r t i c l e s ,  a q u a n t i t y  which i s  t h e  p roduc t  of  t h e  th i ckness  of t h e  
material ( i n  cm) and i t s  d e n s i t y  4g/cm3) i.5 used.  
p e r  u n i t  area, i . e . ,  g/cmz o r  mglcm', which is  e q u i v a l e n t  t o  a c e r t a i n  
t h i c k n e s s  and h a s  been r e f e r r e d  t o  as areal  d e n s i t y ,  t h i c k n e s s  d e n s i t y ,  
e q u i v a l e n t  t h i c k n e s s ,  o r  j u s t  t h i c k n e s s .  

The r e s u l t  i s  mass 

The range i n  c e n t i m e t e r s  of an a l p h a  p a r t i c l e  i n  any medium can  b e  
expressed  as mi l l i g rams  p e r  s q u a r e  c e n t i m e t e r .  When t h i s  areal d e n s i t y  
(mg/cm2) i s  d i v i d e d  by t h e  a l p h a  p a r t i c l e  range i n  a i r  (em) f o r  t h e  
s a m e  energy a l p h a  p a r t i c l e ,  t h e r e  i s  ob ta ined  a t h i c k n e s s  i n  mi l l i g rams  
p e r  squa re  centimeter t h a t  i s  e q u i v a l e n t  t o  L c m  of a i r .  This  t h i ck -  
n e s s  (rng/cm'>, e q u i v a l e n t  i n  s t o p p i n g  power t o  1.0 c m  o f  a i r ,  i s  propor-  
t i o n a l  t o  t h e  s q u a r e  r o o t  of  t h e  atomic number and is  approximate ly  e q u a l  
t o  0.30 A l l 2  ( r e f .  I), where A is  the atomic number of t h e  element  o r  
ave rage  mass number of the compound material. Thus, if exper imen ta l  
d a t a  are n o t  a v a i l a b l e ,  t h e  e x t e n t  of alpha a b s o r p t i o n  in  v a r i o u s  media 
can  be  approximated 
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SELECTING AN ALPHA EMITTER 

The a p p l i c a t i o n  f o r  which an  a l p h a  s o u r c e  w i l l  be  used de termines  t o  a 
l a r g e  p a r t  t h e  s e l e c t i o n  of t h e  p a r t i c u l a r  a l p h a  emit ter .  'Two of t h e  
n o r e  impor t an t  q u a l i t i e s  of t h e  e m i . t t e ? :  are a c t i v i t y  and half-1.i.Ee. 
The a l p h a  emitter must provide  the a c t i v i t y  r e q u i r e d ,  y e t  t h e  h a l f - l i f e  
i n  many a p p l i c a t i o n s  shou1.d be  long  enough t h a t  replacement  o r  f r e q u e n t  
ca l ib ra t . i on  of t h e  s o u r c e  i s  n o t  r equ i r ed .  A s h o r t e r  h a l f - l i f e  i n d i c a t e s  
a h i g h e r  s p e c i f i c  a c t i v i t y  and a h i g h e r  energy  si.nce i n  g e n e r a l ,  the a l p h a  
energy  i s  i n v e r s e l y  r e l a t e d  t o  t h e  h a l f - l i f e  of  t h e  e m i t t e r .  Tine a c t i v i t y  
of t h e  a l p h a  s o u r c e  (per  u n i t  a r e a )  can b e  i n c r e a s e d  by u s i n g  (1) more of 
t h e  act ive material (however, t h i s  is s e l f - l i m i t i n g  f o r  a l p h a  p a r t i c l e s  
when an " i n f i n i t e  thickness" o f  source. material  is  reached) ,  o r  ( 2 )  an 
e m i t t e r  o f  h i g h e r  s p e c i f i c  a c t i v i t y  (shorter h a l f - l i f e )  Except Eor 
r e f e r e n c e  s o u r c e s ,  e s p e c i a l l y  f o r  a l p h a  spec t romet ry ,  i n i t i a l  e n e r g i e s  
are n o t  u s u a l l y  a prime c o n s i d e r a t i o n  s i n c e  p r o t e c t i v e  cove r ings  of 
go ld ,  s t a i n l e s s  steel ,  e t c . ,  reduce t h e  energy  o €  t h e  a l p h a  p a r t i c l e s  
by as much as 50% o r  more. 

The c o s t  o f  t h e  a l p h a  emic ter  is  f r e q u e n t l y  only a minor p a r t  of the  
t o t a l  c o s t  o f  a n  a l p h a  s o u r c e  s i n c e  t h e  quantl*ty of  sou rce  material  i s  
u s u a l l y  s m a l l  and thus  i t s  c o s t  modest compared w i t h  t h a t  o f  f a b r i c a t i o n .  

A l l  t h e  a lpha  emitters are hazardous and on an ac" t iv i%y b a s i s  (1iCi body 
burden) are cons ide red  dangerous.  Polonium-210 has a somewhat h i g h e r  
t o l e r a n c e  level  b e c a m e  of i t s  p h y s i o l o g i c a l  behav io r  and because i t  
h a s  no r a d i o a c t i v e  daugh te r s  and decays d i r e c t l y  t o  s t a b l e  206Pb ,  
1 g i v e s  some p r o p e r t i e s  of many of t h e  a lpha -emi t t i ng  n u c l i d e s .  

Tab le  

PREPARATION OF ALPHA SOURCES 

Although s e v e r a l  methods f o r  t h e  p r e p a r a t i o n  o f  alpha sources  are reviewed,  
c e r t a i n  e s s e n t i a l  p r o p e r t i e s  f o r  a s u i t a b l e  sou rce  are common f o r  a l l  
p r e p a r a t i o n  methods. Probably  t h e  most importang q u a l i t y  is adherence ~ 

and i t  i s  e s s e n t i a l  from two s t a n d p o i n t s  - t h e  loss of active material 
w i l l  cause  bo th  contaminat ion  and a change i n  t h e  emission ra te  of t h e  
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Table 1. Propert ies  of So- Alpha Emitting Nuclides 

P r inc ipa l  Alpha Curies per klphaa Maximutt Body Burden 
Nuclide Half-Life b i a s i o n  Energies Gram of 

CMeW Nuclide ( V W b  (PPI  (cPQ/QP) 

138 d 

1.91 y 

72 Y 

1.59 105 

2.14 x 106 y 

4.47 x l o 9  y 

87.5 y 

2.44 104 

6540 y 

433 y 

7400 y 

163 d 

30 Y 

18.0 y 

2.47 105 

7.04 x lo8 y 

2.40 x l o 7  y 

5.30 (100%) 

5.43 (71%) 
5.34 (28%) 

5.32 (68x1 
5.26 (32%) 

4.82 (84%) 
4.78 (14%) 

4.78 (80%) 
4.65 (9%) 

4.20 (77%) 
4.15 (23%) 

5.50 (72%) 
5.46 (28%) 

5.15 (88%) 
5.11 (11%) 

5.17 (76%) 
5.12 (24%) 

5.48 (85%) 
5.44 (13%) 

5.28 (87%) 
5.23 (11%) 

6.11 (74%) 
6.07 (26%) 

5.79 (73%) 
5.74 (11x1 

5.81 (76%) 
5.77 (24%) 

4.77 (72%) 
4.72 (28%) 

4.40 (57%) 
4.37 (18%) 

4.49 (74%) 
4.44 (26%) 

4500 

821 

21.5 

1.0 x 10-2 

7.07 10-4 

3.36 10-7 

17.2 

6.13 x 10-2 

0.227 

3.43 

0.20 

3.32 10”~ 

49.1 

81.0 

6.2 x 10’~ 

2.16 x lom6 

6.3 

5.19 x 10l2 

9.48 x 1011 

2.47 x l O l o  

1.11 107 

8-14 105 

388 

1.99 X 10’0 

7.08 x 107 

2.64 x 108 

3.96 109 

2.30 x lo8 

3.84 x 10l2 

5.66 x 1010 

9.38 x 1 0 I D  

7.15 ’* 106 

2.50 x i o 3  

7.32 x I O 4  

0.4 

0.09 

0.07 

0.04 

0.06 

0.02 

0.04 

0.04 

0.04 

0.1 

0.05 

0.05 

0.09 

0.1 

0.05 

0.06 

0.06 

8.8 x 

1.1 x 10-4 

3.2 x 10-3 

4 

84.9 

>1000 

2.32 x 

0.65 

0.176 

0.029 

0.25 

1 .5  10’~ 

1.9 1 8  

1.24 x lo-? 

8.1 

>1000 

950 

_. 
a b52X geometry. 
Prom t k x i r n z r m  Permissible Amounts of Radioisotopes in the Hunmn Body and MaxLmuni Permissible 
Concentration8 i n  A i r  and, Water, Handbook 52, U.S. Department of Conroerce, National Bureau 
of Standards. 
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s o u r c e .  
w i t h  a l p h a  so1irces, s i n c e  v a r i a t i o n s  i n  t h i c k n e s s  l e a d  t o  changes i n  the 
a l p h a  spectrum because  of  changes i n  s e l f  a b s o r p t i o n .  
which t h e  s o u r c e  i s  deposi . ted i s  a l s o  a f a c t o r  t o  be cons ide red .  
t h e  s u b s t r a t e  must be  c l e a n  f o r  t h e  d e p o s i t  t o  adhere  w e l l ,  and the  degree  
of roughness  o f  t h e  s u r f a c e  i s  impor t an t .  FOK t h e  optimum i n  a l p h a  source  
s u r f a c e  geometry,  a p o l i s h e d ,  smooth s u b s t r a t e  i s  necessa ry .  T h i s  may b e  
ac.hieved e i t h e r  by mechanical. p o l i s h i n g  o r  by e l e c t r o p o l i s h i n g .  Electro- 
p o l i s h i n g  i.s p r e f e r r e d  because i t  provides  an u l t r a c l e a n  s u r f a c e  f o r  depo- 
s i t i o n  of  t h e  s o u r c e  material, Conversely,  i f  t h e  s u r f a c e  smoothness i s  
n o t  impor t an t ,  l a r g e r  q u a n t i t i e s  of source  material ,  e s p e c i a l l y  when us ing  
the e l e c t r o d e p o s i t i o n  p r o c e s s ,  can be  d e p o s i t e d  01-1 a rough o r  e t c h e d  
s u r f a c e  t h a n  on a smooth p o l i s h e d  s u r f a c e .  
t h e  rea l  s u r f a c e  area wi thou t  changing t h e  appa ren t  s u r f a c e  area ,  
source  material may no t  always adhe re  w e l l  t o  al.1 substrates ; t h e r e f o r e  
c o a t i n g  o r  p l a t i n g  o f  such  s u b s t r a t e s  with a mutua l ly  compat ib le  material  
i s  sometimes r e q u i r e d .  For  example,  i n  t h e  e l e c t r o d e p o s i t i o n  of uranium 
o n t o  aluminum, the aluminum, because. its s u r f a c e  i s  u s u a l l y  covered by 
an ox ide  . f i l m ,  i s  coa ted  w i t h  z i n c  p r i o r  t o  t h e  d e p o s i t i o n  of u r a n i m .  
T h i s  t echn ique  can  a p p l y  t o  o t h e r  s u b s t r a t e s  and so1.1rce mater ia ls .  
F requen t ly ,  t o  p reven t  l o s s  of r a d i o a c t i v e  material and contaminat ion ,  
a p l a t i n g  o r  cove r ing  of  a n o t h e r  material, e .g . ,  gold ,  may b e  znccessary 
a v e r  t h e  s o u r c e  material  t o  h e l p  p reven t  l o s s  and che a s s o c i a t e d  contami- 
n a t i o n .  Although such  a cove r ing  changes t h e  a lpha spectrum, c o a t i n g s  
are f r e q u e n t l y  essentda l - ,  e s p e c i a l l y  w i t h  h i g h - a c t i v i t y  s o u r c e s .  A b r i e f  
d e s c r i p t i o n  o f  each  p r e p a r a t i o n  method i s  g iven  bel-ow. Methods f o r  
p r e p a r a t i o n  o f  s o u r c e s  f o r  coun t ing  and alpha-spectrum measurements are 
inc luded  s i n c e  t h e  t echn iques  used € o r  t h e i r  p r e p a r a t i o n  can b e  a p p l i c a b l e  
t o  p r e p a r a t i o n  o f  l a r g e r  o r  more act-ive sources .  

Good un i fo rmi ty  of t h i c k n e s s  i s  a l s o  h i g h l y  d e s i r a b l e  e s p e c i a l l y  

The s u b s t r a t e  on 
Obvious ly ,  

I n  e f f e c t ,  e t c h i n g  i n c r e a s e s  
The 

E l  ectrodeposi t i  on Methods 

From t h e  l i t e r a t u r e ,  e l e c t r o l y t i c  methods appear  t o  be t h e  most comotz 
technique  o f  a l p h a  s o u r c e  p repa ra t i -on .  I n  g e n e r a l ,  i n  t he  e l ec t rodepo-  
s i t i o n  met:hod t h e  a l p h a  emit ter  i s  e l e c t r o l y t i c a l l y  d e p o s i t e d  f r o m  an  
e l e c t r o l y t e ,  ammonium o x a l a t e  s o l u t i o n ,  on to  a meta l l ic  substrate, e .g . ,  
s t a i n l e s s  s t e e l ,  which serves as the ca thode .  The anode i s  u s u a l l y  
p la t inum and can a l s o  serve as t h e  s t i r r i n g  dev ice .  The area of  t h e  
act ive d e p o s i t  i s  d e f i n e d  by a gaske t  between t h e  d e p o s i t i o n  c e l l  and 
t h e  s u b s t r a t e  o r  by a masking material, With t h e  a c t i n i d e s ,  t h e  d e p o s i t  
i s  n o t  i n  t h e  me ta l l i c  s t a t e  b u t  i s  depos i t ed  as n hydrous ox ide  o r  o t h e r  
forms o f  u n c e r t a i n  composi t ion that. are subseqiierntl-y conver ted  t o  oxide  
by i g n i t i o n  i n  a i r .  The e l e c t r o d e p o s i t i o n  method i n  many i n s t a n c e s  i s  
q u a n t i t a t i v e  o r  n e a r l y  s o ,  and a good estimate of  t h e  q u a n t i t y  of t h e  
material d e p o s i t e d  can b e  o b t a i n e d  by knowing the arnount of a l p h a  a c t i v e  
material d ispensed  i n t o  t h e  c e l l  and then  de termining  t h e  r e s i d u a l  amount 
remaining i n  t h e  s p e n t  e l e c t r o d e p o s i t i o n  s o l u t i o n .  The amount d e p o s i t e d  
i s  e s s e n t i a l l y  t h e  d i f f e r e n c e  between t h e  two v a l u e s .  

Somewhat s imilar  t o  e l e c t r o d e p o s i t i o n  i s  a method c a l l e d  molecular  p l a t i n g  
and developed by W .  Park.er (Table  2 ,  r e f s ,  5 ,  8, and 3 2 ) .  A compound9 t h e  



Source 
Po Th U No Pu Am €an Substrate  E lec t ro ly t e  Recovery 

(X I  Thicknese 

x x x x x  Hastelloy B 

x x x  
X 

x x  
x x  

X 
x x  
x x  

x x x  

x 

X 
x x x x x  

x x  x x  
X 

X 
x x x x  

x x  
x x  

X 

x 

Y 

Sta in l e s s  steel 
Ni, Ni pla ted  Al, 
s t a i n l e s s  steel 
Platfnuna 
S ta in l e s s  steel 

S ta in l e s s  steel 

S ta in l e s s  steel 

P t  o r  Au 

StaLnless steel 
o r  Cu 

Nickel 
Au on A 1  

Polished 8 tee1 
Steel,  A1 

N1 pla ted  Cu 

StainSesa steel 

99.8 f o r  Pu; 

Quant i ta t ive  

o the r s  94-99 

up to 96 

U as c a r r i e r  

For alpha spectrometry 

C r  c a r r i e r  increases  yield 

954 ethanol  %loo 
U 0 2  (NO3) 2 & isopropanol 
o r  Th(NOg)4 in acetone 

98-99.5 

Quant i ta t ive  
96-100 

Th(N03)% i n  acetone or Quan t i t a t ive  
uoP (N03) 2 & isopropanol 

(NIf4 ZC2O4 

HCOO (Nf14) 

(m4)2c204 

Ni t ra t e  e a l t  on nucl ide 
i n  isopropanol 

NH4Cl 

M4F 

m4c2°4 

Isopropanol medium 
N H 4 C l  

Nf l4Cl  and H2C204 

NIf4N03 

Isopropyl alcohol and 
a l k a l i  hydroxide 

99.5 
>95 

Quan tit& t ivea 

85-95 
99 
99.4 
%loo 

Quant i ta t ive  

For a lpha epectrometry 
Molecular p l a t i n g  

100 i.lg/cm2 

Molecular p l a t i n g  

2 mg/cm2 u 
800 ug/cm2 Np 
700 pg/cm2 Pu 

0.8 %/ern2 
TO 100 ug/cm2 f i l e c u l a r  p l a t i n g  

For alpha spectrometry 

up to  1 mg/cm2 

Fos depos i t ion  of a c t i n i d e s  
10 ug U a s  c a r r i e r  

EO2NM4 ' KCSO4 Quant i ta t ive  150 pg/cm2 

Molecular p l a t i n g  



 abl le 2. continued 

Elec t ro l y t e  Recovery 
( X  1 

Source 
Bo Th V Na Pu 9Lm CXI Reef. Substrate  

x Ni, Pt, 'Fa, and 
s t a i n l e s s  steel 
S i lve r  
Nickel 

S t a in l e s s  steel 
Kefxactory s tee l  

0.57 mgIcm2 ThicItneeses up to I mg/cna2 
with successive deposi t ions 

Used B i  carrSer X 

X 

S o d i m  c i t r a t e  and HC1 

?IC l 

Fluoride so lu t ion  
MNO3 o r  HC3 solution 

Dimethyl sulfoxide 

Isopropyl alcohol-HbJ03 
NH4C1 

Quantitative 
96 

Y 
x x x x x  

X 

x x  
x x  

X 

Quanti ta t ive Molecular p l a t i n g  

Nickel 
S t a in l e s s  steel 
A l d n m  Chemicai deposi t ion of 

U on A l  f o i l s  

Au-Pd metalized 
p l a s t i c  f i l n  

Platinum 

90-100 X X 

x x x x x  100 

85 
96-100 

Q w n  t i  ra t ive  
%El 0 
Quantitative with 
small amounts of Fe 

3 90 50-500 'Sglctlr2 

x 
X 

x x x x  
x x  

x x x x x x  

Sta in l e s s  steel 
Stainless steel 

Sta in l e s s  steel 
Stainless steel 
Stainless steel 

X Stainless; steed, Isopropanol 
A l ,  cu, Tb 
S t a i n l e a s  s t e e l ,  SDTA o r  (NI i4)2C2Q4 
Xi, P t ,  A l ,  gsaphire 

Mercury Isopropyl alcohol 

MooPerular p l a t i n g  

Pu t o  660 ug/crn2 X I 

50 L g / C d  
self-supposting 

X 

w Sta in l e s s  steel hXL+N03 o r  HCOOH Quanti ta t ive 
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same as t h a t  i n  t h e  p l a t i n g  s o l u t i o n ,  i s  depos i t ed  n e a r l y  q u a n t i t a t i v e l y  
u s i n g  h i g h  v o l t a g e  ('?.600-1000 V) and low c u r r e n t  (1.100-200 UA). In t h i s  
method a s m a l l  q u a n t i t y  o f  t h e  s o u r c e  compound i s  d i s s o l v e d  i n  a minimum 
anrcaennt o f  water,  and t h i s  s o l u t i o n  i s  added t o  an o r g a n i c  medium, e . g . ,  
i s o p r o p y l  a l c o h o l ,  i n  which t h e  compound is a t  least s l i g h t l y  s o l u b l e .  
Under p rope r  c o n d i t i o n s  bo th  t h e  e l e c t r o d e p o s i t i o n  and t h e  molecular  
p l a t i n g  t echn ique  g i v e  good adherence and e s s e n t i a l l y  q u a n t i t a t i v e  
recovery  when f i l m  d e p o s i t s  are n o t  too t h i c k .  

A t a b u l a t i o n  of  d e p o s i t i o n  s t u d i e s  by v a r i o u s  i n v e s t i g a t o r s  i s  g iven  i n  
Table 2 ,  and t h e  a l p h a  emitters most commonly e l e c t r o d e p o s i t e d  are shown. 
The s u b s t r a t e s ,  e l e c t r o l y t e s  o r  d e p o s i t i o n  s o l u t i o n s ,  p e r c e n t  r e c o v e r i e s ,  
and t h i c k n e s s e s  o f  t h e  d e p o s i t  are a l s o  i n d i c a t e d  f o r  s e v e r a l  of t h e  
methods. 

Table  2 i s  n o t  i n t ended  t o  b e  an exhaus t ive  l i s t i n g  of e l e c t r o d e p o s i t i o n  
work, b u t  i t  does i n d i c a t e  t h e  v a r i e t y  o f  e l e c t r o d e p o s i t i o n  methods. 
The molecular  p l a t i n g  technique  is  i n d i c a t e d  where a p p l i c a b l e .  No l i s t i n g  
of  s p e c i f i c  i s o t o p e s  of  t h e  e lements  has been made s i n c e  any i s o t o p e s  o f  
a g iven  e lement  can be depos i t ed  by t h e  same procedure  as t h a t  f o r  t h e  
e lement .  
w i t h  uranium and polonium. 

F ~ r b y ~ ~  h a s  reviewed some of  t he  ear l ier  e l e c t r o d e p o s i t i o n  work 

Another less f r e q u e n t l y  used  e l e c t r o l y t i c  d e p o s i t i o n  method i s  t h a t  of 
e l e c t r o p h o r e s i s .  I t  i s  of importance,  however, because q u a n t i t i e s  up 
t o  1 2  mg/cm2 o r  more can be  d e p o s i t e d . 3 1  F i n e l y  d i v i d e d  par t ic les  of 
me ta l  o r  o x i d e s  are suspended i n  a p o l a r  o r g a n i c  l i q u i d  having  low 
e lec t r i ca l  c o n d u c t i v i t y .  C e r t a i n  s u b s t a n c e s ,  e.g., o r g a n i c  and i n o r g a n i c  
a c i d s ,  added t o  t h e  o r g a n i c  l i q u i d  cause  t h e  p a r t i c l e s  t o  mig ra t e  t o  the 
ca thode  o r  anode under t h e  i n f l u e n c e  of a high- tens ion  f i e l d  up to 3000 V. 
Coat ings  formed are q u i t e  adhe ren t .  The adherence of  t h e s e  d e p o s i t s  is  
v a r i a b l e  and is  i n f l u e n c e d  by  t h e  e l e c t r o d e  m e t a l ,  A I ,  Pt, Cu, e t c . ,  
q u a n t i t y  o f  d e p o s i t ,  cho ice  of  a d d i t i v e ,  t r ea tmen t  of t h e  sample a f t e r  
p r e p a r a t i o n ,  and p a r t i c l e  s i z e  of  t h e  suspended material. 
has also d e s c r i b e d  t h e  p r e p a r a t i o n  of s o u r c e s  by e l e c t r o p h o r e s i s  and 
e l e c t r o s p r a y i n g  i n  ano the r  paper .  

V e r ~ l i n g h ~ ~  
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E l  ec t rosprayi  n g  

E l e c t r o s p r a y i n g  i s  a technique. of p r e p a r i n g  t h i n  l?.yers o f  r a d i o n u c l i d e s  
from a f e w  micrograms p e r  squa re  c e n t i m e t e r  up t o  sevexal. mi.lligsams p e r  
squa re  c e n t i m e t e r  and a c t i v e  areas from a few s q u a r e  millimeters t o  
s e v e r a l  hundred s q u a r e  c e n t i m e t e r s  on even u l t r a t h i n  (10 pg/cm2> backing  
materials. The e s s e n t i a l  p a r t  o f  t h e  equipment i s  a c a p i l l a r y  f rom which 
a sol .ut ion ( a l c o h o l ,  ace tone ,  chloroform,  ett:.) o f  t h e  a c t i v e  material i s  
e j e c t e d  by means o f  an e l ec t r i ca l  f i e l d .  In  t h i s  p rocess  a c o n t a c t  w i r e  
i s  i n s e r t e d  i n  t h e  c a p i l l a r y  1 /8  t o  1 i n .  from t h e  t i p  and i s  connected 
t o  a 3 -  t o  10-kV high  voltage supp ly .  The h igh  v o l t a g e  forces  t h e  l i q u i d  
through t h e  narrow c a p i l l a r y  as a s p r a y  of t i n y  d r o p l e t s  which i s  p r o j e c t e d  
townrtl. t h e  grounded backing  which may b e  t h i n  m e t a l  O F  metal-coated p l a s t i c  
f o i l .  The s o l v e n t  must b e  s u f f i c i e n t l y  v o l a t i l e  t o  evapora t e  d u r i n g  i t s  
passage  from capillary t o  back ing  material The e l e c t r o s t a t i c .  a c c e l e r a t i o n  
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i n  t h e  h i g h  v o l t a g e  f i e l d  i s  h igh  enough t o  ensu re  good adherence of t h e  
depos i t ed  p a r t i c l e s  t o  t h e  backing .  The r a d i o a c t i v e  material t o  b e  
d e p o s i t e d  must be  s o l u b l e  i n  t h e  s o l v e n t  used,  and t h e  compound should  
be  s t a b l e  and nonhydroscopic  o r  b e  c o n v e r t i b l e  t o  such a compound by hea t -  
i n g .  The d e p o s i t  is q u i t e  uniform and y i e l d s  are h i g h ,  75-100%. The 
method has  che advantage t h a t  even where on ly  a small  amount of  sou rce  
material is a v a i l a b l e  s o u r c e s  can be prepared  because of  t h e  h igh  e f f i -  
c i ency  of  t h e  technique .  The shape  of t h e  d e p o s i t  is d e f i n e d  by a mask 
s o  some edge  e f fec t  can b e  expec ted ,  and ,  i n  some i n s t a n c e ,  a guard r i n g  
and collimatar a t  a p o t e n t i a l  somewhat less t h a n  that  of the c a p i l l a r y  
can b e  used t o  focus  t h e  sp ray . '  
by e l e c t r o s p r a y i n g  has  been d e s c r i b e d  by s e v e r a l  a u t h o r s .  '-l 

The product ion  of r a d i o a c t i v e  sou rces  
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Vacuum E v a p n r a t i  on 

T h e  vacuum e v a p o r a t i o n  t echn ique  h a s  wide a p p l i c a t i o n  s i n c e  any of t h e  
a c t i n i d e  metals 01- ox ides  can b e  evapora ted  o r  subI.i.ined at t empera tu res  

?23OO"C. Because o f  t h e  h i g h  tempera ture  invo lved ,  r e f r a c t o r y  m e t a l  o r  
ox ide  c r u c i b l e s  must be  used  for compatibility. Taritalum, tungs t en ,  
timlybdenm, b e r y l l i u m  ox ide  t h o r i a  , and z i r c o n i a  are examples of s u i t a b l e  
c r u c i b l e  materials, T h i s  technique. has  t o  a l a r g e  e x t e n t ,  e s p e c i a l l y  w i t h  
t h e  a c t i n i d e s ,  r e p l a c e d  the olden: r e s i s t a n c e  fi lament:  t echnique  which w a s  
o n l y  about  1% e f f i c i e n t  and coa ted  much o f  t h e  equipment i n  addi.t:ion t o  
t h e  d e s i r e d  t a r g e t  o r  s o u r c e  s u b s t r a t e .  

Fo r a c h i e v i n g  t h e  e v a p o r a t i o n  tempera tures  ne  cess a r y  , e L e  c tron.-boznl> a rdment 
o r  r ad io f requency  i n d u c t i o n  h e a t i n g  i s  t h e  method of cho ice .  One e l e c t r o n -  
bombardment t echn ique  makes use  of a water-cooled copper h e a r t h  i.n which 
a n  a p p r o p r i a t e  ceramic c r u c i b l e  i s  p laced  and used t o  c o n t a i n  t h e  rvaporan t .  
A h e a t e d  t u n g s t e n  f i l a m e n t  s u p p l i e s  a n  e l e c t r o n  beam which i s  t h e m  b e n t  i n  
an a n g l e  of  approximately 270" by a magnet ic  f i e b d  and can b e  focused t o  
d i r e c t l y  bombard the ox ide  o r  metal. co.ntained i n  t h e  c r i l c ib l e .  Unfortu- 
n a t e l y ,  t h i s  t echn ique  produces a vapor  beam whose c ros s - sec t ion  ang le  i s  
u s u a l l y  120" a 

a i m a t e r i a l  i s  wasted or must be  rec la imed from t h e  walls of  the system. 
Thus, d i s p e r s i o n  o f  evaporan t  ove r  a l a r g e  area occiirs , 

Most f r e q u e n t l y  a narrow vapor  a n g l e  i s  p r e f e r r e d  i n  an e f f o r t  t o  conserve 
material  and reduce  sys tem contaminat ion .  Idhen a r e f r a c t o r y  metal o r  
g r a p h i t e  c r u c i b l e  w i t h  a l eng th  much longe r  than  i t s  i n t e r n a l  d iameter  
( a t  l eas t  t e n f o l d )  i s  used,  vapor  flow can b e  made t o  approximate a lami- 
n a ~  c o n d i t i o n  and t h u s  a p e n c i l  o f  vapors  can b e  d i r e c t e d  toward t h e  
s u b s t r a t e  w i t h  e f f i c i e n c y  g r e a t e r  t han  t h a t  ob ta ined  w i t h  low-proc i le  
c r u c i b l e s .  R e l a t i v e l y  h i g h  y i e l d s  o f  condensed material can b e  a t t a i n e d  
by t h i s  method (about  20x3 as compared to less than  1% r e a l i z e d  using the  
bent-beam e l e c t r o n  bombardment sys tem,  Heat ing  of  t h e  t u b u l a r  c r u c i b l e  
i s  performed by e i t h e r  e l e c t r o n  bombardment o r  i n d u c t i o n .  

Appropr i a t e  metal, ceramic,  o r  even o r g a n i c  s u b s t r a t e s  can b e  p l aced  a t  
v a r i o u s  d i s t a n c e s  from the vapor  s o u r c e  and can be mechanica l ly  manipu- 
l a t e d ,  e . g . ,  s i n g l e  r o t a t i o n  o r  p l a n e t a r y  r o t a t i o n ,  t o  achieve  maximum 
un i fo rmi ty  of t h e  condensed l a y e r .  F i l m  t h i c k n e s s e s  va ry ing  €ram <k  wg/ 
cm2 t o  >50,000 i.lg/cm2 have been achieved by t h i s  techni-que, and t h e  
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d e p o s i t e d  l a y e r  i s  q u i t e  adhe ren t  e 

subs t r a t e - to - source  d i s t a n c e ,  and evapora t ion  rate are a l l  i n t e r r e l a t e d  
and depend upon t h e  t a r g e t  c o n f i g u r a t i o n ,  t h i ckness  of  t h e  d e p o s i t ,  and 
t h e  evaporan t  p r o p e r t i e s .  The vacuum evapora t ion  t echn ique  f o r  t h e  
p r e p a r a t i o n  of  a1 ha-emi t t ing  s o u r c e s  and t a r g e t s  h a s  been d e s c r i b e d  by 
numerous a u t h o r s ,  

Choices of t h e  s u b s t r a t e  material 
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S p u t t e r i n g  

The t echn ique  o f  argon s p u t t e r i n g  r e q u i r e s  t h a t  a t a r g e t  d i s k  of  
p re s sed  o r  fused  ox ide  o r  metal be  used as a material sou rce .  
l o c a t e d  d i r e c t l y  benea th  o r  above a s u b s t r a t e  on to  which s p u t t e r e d  mate- 
r i a l  i s  t o  b e  c o l l e c t e d .  The p r i n c l p l e  involved  i n  t h i s  technique  i s  
the. g e n e r a t i o n  o f  an  a rgon  plasma ( p r e s s u r e  o f  ~ 1 0 0 0  t o r r )  t h a t  creates 
e n e r g e t i c  argon i o n s  which i n  t u r n  impinge on t h e  t a r g e t  caus ing  spu t -  
te . r ing  or s p a l l a t i o n  of  t h e  t a r g e t  material .  The argon plasma is  
gene ra t ed  e i t h e r  by a h igh  e lectr ic  p o t e n t i a l  (1000 t o  6000 V> between 
an e l e c t r o n - g e n e r a t i n g  f i l a m e n t  and t h e  t a r g e t s  i f  m e t a l  t a r g e t s  are 
used ,  a r  by r ad io f requency  i n d u c t i o n  which i s  a p p l i c a b l e  i f  ceramic 
t a r g e t s  are used .  The d i s t a n c e  between t h e  t a r g e t  and t h e  s u b s t r a t e  
m u s t  b e  c a r e f u l l y  r e g u l a t e d  t o  p r e s e r v e  the Crooks dark  space. Groups 
o f  atoms o r  molecules  s p u t t e r e d  from t h e  t a r g e t  are c o l l e c t e d  on t h e  
s u b s t r a t e ,  and, be ing  e n e r g e t i c ,  d e p o s i t  energy  on t h e  s u b s t r a t e  i n  
t h e  form of  h e a t ;  t h e r e f o r e ,  a c a r e f u l  choice  of s u b s t r a t e  material 
and/or  o f  t h e  energy  a p p l i e d  t o  t h e  s p u t t e r i n g  p rocess  must be  made, 

Th i s  i s  

The advantage of  s p u t t e r - d e p o s i t i o n  i s  t h a t  (1) t h e  s u b s t r a t e  can be 
c l eaned  i n  p l a c e  by b a c k s p u t t e r i n g  t h e  s u r f a c e  l a y e r  of t h e  s u b s t r a t e ,  
( 2 )  e x c e l l e n t  adhes ion  of  t h e  condensed molecules  is  achieved  because  
o f  t h e  c l e a n  s u b s t r a t e  s u r f a c e  and t h e  e n e r g e t i c  n a t u r e  of  t h e  p rocess , ,  
( 3 )  mix tu res  of material can be  c o s p u t t e r e d ,  e .g . ,  g l a s s e s  composed of 
twa o r  more molecu la r  s p e c i e s ,  and ( 4 )  m u l t i p l e  targets can b e  used t o  
g e n e r a t e  m u l t i l a y e r  d e p o s i t s  w i t h  consecu t ive  s p u t t e r i n g s .  
d i sadvan tage  of t h e  s p u t t e r i n g  technique  i s  t h a t  a l a r g e  t a r g e t  con- 
t a i n i n g  grams of t h e  a c t i n i d e  material  must be used .  The r a d i a t i o n  
f i e l d  gene ra t ed  by t h i s  l a r g e  t a r g e t  and t h e  low abundance of t h e  
material i t s e l f  f r e q u e n t l y  p r o h i b i t s  t h e  use of  t h i s  method, e s p e c i a l l y  
when a s imple  g love  box containment area hav ing  on ly  minor r ad ia tPon  
s h i e l d i n g  i s  used. 'Ef f ic iency  of  t h e  s p u t t e r i n g  p rocess  i s  about  IO%, 
Mare than  one s u b s t r a t e  can be  used  s imul t aneous ly  provided t h e  area 
subtended  by the m u l t i p l e  s u b s t r a t e s  does n o t  exceed 80% of t h a t  o f  
t h e  t a r g e t .  

The b i g g e s t  

B o t h  the vacuum e v a p o r a t i o n  and the s p u t t e r i n g  p rocesses  are u s e f u l ,  
b u t  g e n e r a l l y ,  when h igh  a s say  a c t i n i d e  i s o t o p e s  are be ing  depos i t ed ,  
t h e  e v a p o r a t i o n  t echn ique  i s  s u p e r i o r  bo th  i n  terms of  e f f i c i e n c y  and 
c a p a b i l t t y  of u s ing  o n l y  submi l l ig ram q u a n t i t i e s  of  material .  The 
s p u t t e r i n g  t echn ique  has been d e s c r i b e d  i n  a r e c e n t  conference ,  ' 

1. G. S l e t t e n  and P. Knudsen, ' ?? repara t ion  of I s o t o p e  T a r g e t s  by Heavy 
Ion  S p u t t e r i n g ,  " Proe.  of  the Th i rd  I n t e r n a t i o n a l  Symposium on 
Research Materials f o r  Nuclear  Measurements, Ga t l inburg ,  Tennessee, 
O c t .  5-8, 1971, py .  109-15 (Conf. 711002). 
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2 .  5 .  H.  Jarret t ,  "Thin Fi lm Rad ia t ion  Sources  by Radiofrequency 
S p u t t e r i n g , "  Proc.  o f  t h e  Thi rd  I n t e r n a t i o n a l  Symposium on 
Research Materials f o r  Nuclear  Pkasurements G a t  1 inburg  Tennessee 
Qct.  5-8, 1971,  pp.  147-59 (Conf. 712002). 

Evapora t i on  o f  S o l u t i o n  

A s imple  method f o r  t h e  p r e p a r a t i o n  of  a l p h a  s o u r c e s ,  f r e q u e n t l y  f o r  
a l p h a  spec t romet ry  and count ing ,  i s  t h e  p r e c i p i t a t i o n  method where 
e i t h e r  an  aqueous o r  o r g a n i c  s o l u t i o n  of t hp  SOIPL'CE" material i s  evapo- 
r a t e d  t o  dryness  on a s u b s t r a t e .  Although t h e  method may n o t  produce 
as adhe ren t  a d e p a s i t  as t h a t  o f  e l e c t r o d e p o s i t i  on,  vacuum evapora t ion  
o r  e l e c t r o s p r a y i n g  methods,  i t  Cs f a s t  an3 g i v e s  100% y i e l d s ,  The 
s u b s t r a t e  material ,  p la t inum,  s t a i n l e s s  steel ,  g l a s s ,  e t c . ,  i s  c leaned  
and i n  some cases a masking material might be a p p l i e d  o r  t h e  s u b s t r a t e  
might have a s m a l l  d e p r e s s i o n  i n  i t s  c e n t e r .  The s o l u t i o n  i s  added In 
s m a l l  p o r t i o n s  and i s  c a r e f u l l y  evapora ted .  If ammonium s a l t s  are 
p r e s e n t ,  t h e  p l a t e  i s  hea ted  t o  a h i g h e r  temperature t o  fume t h e s e  s a l t s  
away; however, b o i l i n g  a t  any s t a g e  i s  avoided t o  p r e v e n t  l o s s  o f  material .  
AIter t h e  e v a p o r a t i o n  i s  complete ,  t h e  s u b s t r a t e  p l a t e  i s  flamed O K  
i g n i t e d  a t  a red h e a t  f o r  f u r t h e r  removal of  any v o l a t i l e  material. Th i s  
method h a s  been  used by several. a u t h o r s ,  most f r e q u e n t l y  f o r  a lpha  
spec t romet ry  e 1-3 

Re f e  rence s 

1.. K. A. D e a l  and R. N .  Chanda, "A Rapid Source P w p a r a t i o n  Technique 
f o r  High-Resolution Alpha-Part: i c le  Spec t roscopy,  Nuel. 1 ~ ~ s l t r w m .  
Methods 69 ,  89-92 (1969).  Same as Report  IN-1081 Idaho Nuclear  
C o r p o r a t z n ,  A p r i l  196 7. 

2 ,  H. W. Kirby and J. J. Dauby, "P repa ra t ion  of Sources  f o r  Alpha 
Spectrometry,"  Radiochimica Acta I__ 5(3 ) ,  133-7 (1966) , 

3 .  K. H.  Koenig, "P repa ra t ion  of C a l i b r a t e d  Rad ia t ion  Sources  f o r  
Alpha-Ray Spec t rometry  ,'I Atomprmis 9, 365-7 (1963)  ( I n  German) . 

P a i n t i n g  

The p r e p a r a t i o n  o f  a l p h a  sources  by p a i n t i n g  i s  more an a r t  than a 
s c i e n c e .  The p a i n t i n g  p rocess  h a s  been discussed by Furby, '  and by 
Glover and Robinson.' 
by t h i s  method, t h e  q u a l i t y  and un i fo rmi ty  of t h e  sou rce  depends on 
t h e  skill of t h e  o p e r a t o r .  Lt i  g e n e r a l ,  t h e  act ive material i s  evapo- 
r a t e d  t o  dryness  i n  a vacuum d e s i c c a t o r ,  and t h e  r e s i d u e  i s  d i s s o l v e d  
i n  a s m a l l  amount of  alCOhQ1. A d i l u t e  s o l u t i o n  of c e l l u l o s e  n i t r a t e  
i s  then  added, and t h e  mix tu re  i s  f u r t h e r  d i - lu t ed  w i t h  a l c o h o l .  The 
backing  f o i l  can b e  masked to d e f i n e  the act ive area. The p a i n t  

Although r e l a t i v e l y  t h i c k  f i . 1 m s  can b e  p r e p a r e d  
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s o l u t i o n  i s  a p p l i e d  t o  t h e  backing material w i t h  a b rush  and al lowed t o  
d ry ;  t h e  r e s i d u e  i s  t h e n  f i r e d .  The procedure  can b e  r epea ted  u n t i l  t h e  
d e s i r e d  t h i c k n e s s  of d e p o s i t  h a s  been acqu i red .  Applying t h e  b rush  
s t r o k e s  i n  d i f f e r e n t  d i r e c t i o n s  f o r  each  l a y e r  of deposit: improves 
un i fo rmi ty .  

Re f e r e  II c e s 

2.  K.  M. Glover and P. S. Robinson, "E lec t rosp rya ing ,  Vacuum Sublima- 
t i o n  and P a i n t i n g , "  Proc ,  of t h e  Seminar on t h e  P r e p a r a t i o n  and 
S t a n d a r d i s a t i o n  of I s o t o p i c  T a r g e t s  and F o i l s ,  Harwell ,  Oct. 20-%1., 
1965, pp.  50-7, M, L.  Smith ( e d . ) ,  mRE-R-5097 (December 1965) 
(Conf. 651055). 

Other Source Prepara t ion  Methods 

A f e w  o t h e r  s o u r c e  p r e p a r a t i o n  methods can be  found i n  t h e  l i t e r a t u r e ;  
however, they  are n o t  wide ly  used.  Bjoernholm and Ledeaer '  have prepared  
t h i n  c a t i o n  exchange f o i l s  as s u b s t r a t e s  f o r  a lpha  sources .  Commercial 
p o l y s t y r e n e  s h e e t s  t r e a t e d  w i t h  fuming s u l f u r i c  a c i d  produce a t h i n - l a y e r  
c a t i o n  exchanger .  A, s p e c i f i c  c a p a c i t y  o f  5.6 m i l l i e q u i v a l e n t s  p e r  grsrii 
w a s  o b t a i n e d ,  and t h e  t h i c k n e s s  can be v a r i e d  from a f e w  t o  s e v e r a l  
liundred micrograms p e r  s q u a r e  c e n t i m e t e r .  The f o i l s  have been used t o  
p r e p a r e  a l p h a  s a u r c e s  of  Cm,  C f ,  E s ,  and Frn i n  20 t o  30 rnin w i t h  y i e l d s  
of 70 t o  90%. The s o u r c e s  are uni-form, and c a t i o n s  can b e  absorbed 
s e l e c t i v e l y  w i t h  good y i e l d .  
a l so  d e s c r i b e d  t h e  p r e p a r a t i o n  of a l p h a  and b e t a  spec t romet ry  sou rces  
on p l a s t i c  f o i l  backings  w i t h  t h i c k n e s s e s  o f  about  30 ug/cm2. 
f o i l s  can  b e  made h y d r o p h i l i c  w i t h i n  a s m a l l  s p o t ,  def in ing ,  t h e  s o u r c e  

Bjoernholm, Johansen,  and Nordby2 have 

Po lys ty rene  

area. 

Other  workers3  have made a l p h a  sources  by a d s o r p t i o n  on i n o r g a n i c  
s u b s t r a t e s .  
s o u r c e s  o f  plutonium by a d s o r p t i o n  from h y d r o c h l o r i c  a c i d  s o l u t i o n s  onto  
g l a s s ,  aluminum, arid p l a t inum s u r f a c e s .  
i n v e s t i g a t e d  t h e  p r e p a r a t i o n  of  a l p h a  and be t a  sources  by a d s o r p t i o n  of 
the r a d i o a c t i v e  n u c l i d e  on t h i n  Layers of aluminum oxide  produced by 
anod ic  o x i d a t i o n .  Var ious  parameters a f f e c t i n g  a d s o r p t i o n  behav io r  
were i n v e s t i g a t e d ,  and s o u r c e s  of  241Am and n a t u r a l  uranium w e r e  p repared .  

E l  GuebePy and Sikkeland3 have prepared  i n f i n i t e l y  t h i n  

T h i e l e ,  Cheng, and Yanglb have 

A few workers  have prepared  a l p h a  sources  i n  the form of glasses and 
enamels on a m e t a l  hack ing ,  o r  i n  o t h e r  forms. 
glasses c o n t a i n i n g  plutonium ox ide .  The g l a s s e s  e f f e c t i v e l y  reduce  t h e  
haza rds  normally a s s o c i a t e d  w i t h  plutonium o x i d e  and can  be formed int.a 
f i b e r s ,  microspheres ,  and rods .  The plutonium-bearing g l a s s e s  w e r e  used 
f o r  s t a n d a r d  a l p h a  s o u r c e s  because of  t h e i r  freedom of contaminat ion  and 
t h e i r  chemical  d u r a b i l i t y .  

Jones5  prepared  s i l i c a t e  



Pe t rova  e t  a2.' have shown t h e  adv i sab i  Iity ~f t h e  p r a c t i c a l l y  u n i v e r s a l  
methods of  p r e p a r i n g  a l p h a ,  b e t a ,  and g a m a  sources  Erom i n o r g a n i c  enamels.  
Such soiirces allow f o r  a wide range  bo th  I n  i n t e n s i t y  and i n  form. 

A French p a t e n t 7  h a s  been awarded t o  Cimetiere, Desroches, and Rou t i e r  
and d e s c r i b e s  a p r o c e s s  for manufac tur ing  s o u r c e s .  
c o n t a i n i n g  2't1Ain i n  t h e  form of americium s i l i c a t e  is  produced by 
m e l t i n g  an  enamel powder c o n t a i n i n g  t h e  a41Am on t h e  surface of a backing  
material. 

A l a y e r  of enamel 
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EVALUATION OF ALPHA SOURCES 

Once a n  alpha source  has been a b t a i n e d ,  e i t h e r  by p r e p a r a t i o n  in t h e  
l a b o r a t o r y  o r  by purchase ,  i t  i s  d e s i r a b l e  to e v a l u a t e  the source a lpha  
emiss ion  rate ( u n l e s s  the vendor c e r t i f i e s  t h e  emiss ion  v a l u e  of the  
source )  arid t o  test f o r  adherence and contaminat ion .  

Adherence of  t h e  a l p h a  emitter t o  the s u b s t r a t e  ma1:erial i s  one of t h e  
most impor t an t  p r o p e r t i e s  o f  an a l p h a  s o u r c e ,  s i n c e ,  as mentioned else- 
where i n  this su rvey ,  l o s s  o f  the alpha e m i t t e r  has a twofold e f f e c t  - 
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change I n  emiss ion  ra te  and con tamina t ion  o f  t h e  s o u r c e  environment.  
F requen t ly  the a l p h a  s o u r c e s  are covered w i t h  a t h i n  f o i l  which h e l p s  
t u  r e t a i n  any l o o s e  a l p h a  emitter; however, movement of t h e  emitter 
under the f o i l  may change t h e  s o u r c e  emiss ion  c h a r a c t e r i s t i c s  by  changes 
i n  s e l f - a b s o r p t i o n .  A smear t e s t  on t h e  a l p h a  s o u r c e ,  e i t h e r  covered o r  
uncovered, shou ld  n o t  show a release o f  a c t i v i t y  g r e a t e r  t han  
o r  t h e  a p p l i c a b l e  s t a t u t o r y  l i m i t .  
is l e a c h  t e s t e d  by immersion i n  d i s t i l l e d  water a t  50°C f o r  4 h r .  
t o t a l  a c t i v i t y  removed should  a g a i n  n o t  exceed 0.005 1.1Ci o r  t h e  p re -  
s c r i b e d  l i m i t ,  A s  an added p r e c a u t i o n ,  t h e  a l p h a  source  can be g iven  a 
s h e l f  tes t ,  which i n v o l v e s  a second smear test a f t e r  a t  least a 7-day 
wai t - ing p e r i o d ,  t o  e n s u r e  a release OF a l p h a  emit ter  of no g r e a t e r  than 
t h e  e s t a b l i s h e d  l i m i t .  
t h e  emis s ion  ra te  of  an a l p h a  s o u r c e ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of 
a l p h a  s p e c t r a l  s t a n d a r d s  o r  r e f e r e n c e  s o u r c e s ,  i s  probably  t h e  most 
impor t an t  parameter  t o  be  cons ide red .  I f  t h e  i n t e n s i t y  o f  t h e  a l p h a  
p a r t i c l e s  (number e m i t t e d  p e r  u n i t  t ime)  from t h e  s o u r c e  is  w i t h i n  t h e  
coun t ing  c a p a b i l i t i e s  of an a l p h a  d e t e c t o r ,  coun t ing  is  a conven ien t  
method f o r  de t e rmin lng  t h e  emis s ion  rate. The rates can  b e  compared w i t h  
those  of s t a n d a r d  sources‘) t h a t  have been c a l i b r a t e d  f o r  example by a lpha-  
gamma co inc idence  coun t ing .  L f  t h e  eounf ing  rate of t h e  s o u r c e  exceeds  
t h a t  o f  t h e  a l p h a  d e t e c t o r  ( c o u n t e r )  a t h i n  metal mask c o n t a i n i n g  one or 
s e v e r a l  h o l e s  can be p l a c e d  on t h e  sou rce  du r ing  coun t ing  t o  reduce t h e  
number of  a l p h a  p a r t i c l e s  s t r i k i n g  t h e  d e t e c t o r .  
c o r r e c t e d  by a conve r s ion  f a c t o r  de te rmined  by coun t ing  an a l p h a  s o u r c e  
of lesser a c t i v i t y  w i t h  and w i t h o u t  t h e  mask, t h e  emiss ion  rate of  t h e  
s o u r c e  under  e v a l u a t i o n  i s  de termined .  Masking p l a t e s  can be f a b r i c a t e d  
t o  g i v e  t h e  d e s i r e d  r a t i o  o f  h o l e  area t o  sou rce  area. 

Sometimes an uncovered a l p h a  s o u r c e  
The 

A f t e r  s a t i s f a c t o r y  adherence  has  been es t a b l i s h e d ,  

From t h e  observed  count  

The i n t e n s i t y  of a l p h a  r a d i a t i o n  has  been measured by secondary  n u c l e a r  
r e a c t i o n s .  High-energy a l p h a  p a r t i c l e s  from t h e  sou rce  under test 
produced n e u t r o n s  by (ci,n) r e a c t i o n 5  on s u i t a b l e  l o w  Z m a t e r i a l .  These 
n e u t r o n s  impinging upon a moni to r ing  material cause  r a d i o a c t i v a t i o n .  The 
amount of r a d i o a c t i v i t y  induced  i n  t h e  mon i to r ing  material e s t a b l i s h e s  
t h e  r e l a t i v e  s t r e n g t h s  of a l p h a  s o u r c e s .  

The a l p h a  o u t p u t 6  from s o u r c e s  c o n t a i n i n g  l a r g e r  amounts of r a d i o a c t i v i t y  
e . g . ,  1 6  C i  o f  210Po, can be measured by measuring t h e  c u r r e n t  (energy)  
t r a n s f e r r e d  from the a l p h a  s o u r c e  t o  t h e  c o l l e c t o r  p l a t e  by  alpha p a r t i c l e s .  
The s o u r c e  and c o l l e c t o r  p l a t t i  are p l a c e d  i n  a vacuum t o  p r e v e n t  i o n i z a t i o n .  

I n  a somewhat similar manner, by t h e  use o f  an e x t r a p o l a t i o n  i o n i z a t i o n  
chamber, a l p h a  par t ic les  from a s o u r c e  i o n i z e  t h e  su r round ing  a i r  and 
cause  c u r r e n t  t o  Elow between t h e  s o u r c e  and t h e  c o l l e c t o r  p l a t e .  By 
measuring tlie c u r r e n t  a t  v a r i o u s  d i s t a n c e s  from t h e  s o u r c e  and ex t r apo-  
l a t i n g  t h e  r e s u l t s ,  dose rates7” can be de termined  t o  g i v e  f l u x  and dose  
at t h e  s u r f a c e  of  t h e  sample. 

For some. a p p l i c a t i o n s  o f  a l p h a  s o u r c e s ,  e s p e c i a l l y  f o r  s t a n d a r d  o r  
r e f e r e n c e  s o u r c e s ,  i t  i s  d e s i r a b l e  t o  know n o t  on ly  t h e  i n t e n s i t y  b u t  
al.so tlie energy  d i s t r i b u t i o n  of a l p h a  p a r t i c l e s  be ing  e m i t t e d .  Sources 
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<:hat c o n t a i n  0nl.y sma1.l q u a n t i t i e s  of  material uniformly d i s t r i - b u t e d  over 
t h e  backing  s u r f a c e  d i s p l a y  a minimum amount of  s e l f - a b s o r p t i o n  and 
s c a t t e r i n g .  They e m i t  a l p h a  p a r t i c l e s  t h a t  are a t  o r  n e a r  t h e i r  f u l l  
energy and are n e a r l y  monoenerge t i c .  As t h e  q u a n t i t y  of source mater ia l  
1.s i.ncreasec8 the energy  of some of  t h e  a lphas  i s  decreased  and a change 
i n  t h e  s e r t r u m  o c c u r s .  Th i s  change i s  r e l a t e d  t o  t h e  t h i c k n e s s  of t h e  
d e p o s i t  ,‘ . ’Studies have been made t o  de te rmine  t h e  alplaa-energy s p e c t r u m  
from s o u r c e s  of  known composi t ion ,  lo-“l” 
spectrums from o t h e r  complex a l p h a  s o u r c e s  can b e  p r e d i c t e d  and, i n v e r s e l y  
by knowi-ng the composi t ion of t h e  s o u r c e  and i t s  energy spectrum, t h e  
t h i c k n e s s  o f  t h e  r a d i o a c t i v e  d e p o s i t  can be  c ~ l c u l a t e d . ~  
spectrum of Lhe a l p h a  r a d i a t i o n  from a s o u r c e  i n c l u d e s  t h e  direct :  
r a d i a t i o n  and a l l  o t h e r  c o n t r i b u t i o n s  caused by b a c k s c a t t e r  a f  t h e  a l p h a  
p a r t i c l e  from t h e  backing15’  l 6  and scat ter  from t h e  m a t r i x  mater ia l .  

With t h e s e  d a t a ,  t h e  energy 

The energy  

Good un i fo rmi ty  o f  t h e  d e p o s i t  of t h e  a l p h a  act ive material i s  d e s i r a b l e ,  
and v a r i a t i o n s  i n  un i fo rmi ty  w i l l  c ause  d i f f e r e n c e s  i n  emiss ion  rate from 
d i f f e r e n t  p o r t i o n s  o f  t h e  act ive s u r f a c e  as well as d i s t o r t i o n  of t h e  
energy  spectrum. 
p l a t e s  coa ted  w i t h  n u c l e a r  emulsions h a s  been used w i . t h  a lpha  s o u r c e s  t o  
show t h e  d i s t r i b u t i o n s  of the r a d i o a c t i v i t y ,  Dens i tomet r ic ’  measurements 
taken  wn t h e  f i l m  o r  pl .a te  g ive  a r a t i o  o f  t h e  i n t e n s i t i e s  of  r a d i a t i o n  
€ram d i f f e r e n t  l o c a t i o n s  on t h e  s o u r c e  area,  These photographic  plates  
a l s o  show the p a t h  and relative energy  of  more p e n e t r a t i n g  protol i  r a d i a -  
t i o n ’  
w i t h  h i g h  energy  a lpha  r a d i a t i o n .  

A ~ t o r a d i o g r a p h y l ~  u s i n g  photographic  f i l m  o r  g l a s s  

which may emerge from a l p h a  S O U ~ C ~ S ,  p a r t i c u l a r l y  t h o s e  sources 

Uniformi ty  of  t h e  s o u r c e  d e p o s i t  can a lso be  e v a l u a t e d  hy u s i n g  a mask, 
e.g., a h o l e  i n  a t h i n  metal. plate,27 and coun t ing  v a r i o u s  areas of the 
act-i-ve d e p o s i t .  The area of t he  h o l e  can b e ,  f o r  example, a Few p e r c e n t  
o f  t h e  t o t a l  sou rce  area. 

Table  3 1 ists  r e f e r e n c e s  relative t o  e v a l u a t i o n  of aLpha S O U K C ~ S  n f 
v a r i o u s  n u c l i d e s  and i n d i c a t e s  t h e  parameter measured and t h e  nethod 
used a 
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Table 3. Source Evaluation 
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2 4 l b  

210Po 

23 BPU,  23 9Pu 

210P0 
Alpha emitters 

Alpha sources 

Alpha emitters 

234 241h 
U, 

Alpha emitters 
Alpha emitters 

9Pu 

Alpha emitters 
23eU 

Alpha emitters 

OPO 
24lh 238,, 
2 3 8  ’ 239pL Pu 9 

Po 2 1 0  

24  lArn 

Alpha emitters 

21 OPO 

21°P* 

24 lA, 

Standardization sources 
Alpha i n t e n s i t y  
Energy spectrum 

In tens i ty  of alpha 
Alpha i n t e n s i t y  
Alpha i n t e n s i t y  
Dose rate 

Alpha dose r a t e  
m i f  ormity 
Effect  of absorbers on 
alpha energy 
Energy spec t r a  
Effect  o f  thickness 
Ef fec t  of thickness 
Predict  energy spectrum 

Self -absorption 
Energy spectrum 
Alpha backscat ter  
c o e f f i c i e n t  
Energy spectrum 
Uniformity 

Alpha and proton emission 
Energy spectrum d i s to r -  
t i o n  and self-absorption 

Energy loss 
Charge of r e c o i l  
p a r t i c l e s  
Absorption of alpha i n  
s t a i n l e s s  steel 
Dose depth 
Radiation dose 

S t a b i l i t y  o f  sources 

Alpha angular i n t e n s i t y  
Alpha energy 

Alpha-gamma coincidence 
Alpha-gamma coincidence 

Alpha spectroscopy 
Counting standard source 
( ,n) and (n, ) r eac t ions  
Flow of cu r ren t  i n  vacuum 
Theoretical  and semi- 
empirical  r e l a t i o n s  
Actinometric p ho tographic 
p l a t e s  
Surface b a r r i e r  detector  

Comparison t o  standard (10) 

Energy spectra  (31) 
Angular i n t e n s i t y  
Comparison t o  spectrum (12) 
from source8 of known 
composition 

Energy spectrum (13) 
Nuclear emulsions ( 3 4 )  

I n t e n s i t y  measurement (15) 

Alpha spectroscopy (16) 
Autoradiography (17) 

Photographic p la tes  (19) 
Comparison t o  exper i - (20) 
mentall determined values 
from 2 3  il Pu microsphexes 

Ionizat ion chamber (21) 
Magnetic spectrography 

Energy spectrum (22) 

Calculations and. TLD (23) 

Extrapa l a  t i a n  chamber ( 2 4 )  

Loss by recoil, and (25) 
evaporation 
Surface b a r r i e r  detector  ( 2 6 )  



24 

5 .  

6 .  

7. 

8. 

9.  

10 

11 * 

12  I 

13. 

15. 

16  9 

1 7 .  

i n  ihe UK, USA, and Ccmada, AWR3-8-5?3/63, Atomic Weapons Research 
Es tab l i shmen t ,  Aldermaston, Berks I , England ( J u l y  1963).  

E .  G. Segr;, "Method and Apparatus  f o r  MeaaurLng S t rong  Alpha 
E m i t t e r s , "  American P a t e n t  2,573,069 Qct. 30, 1 9 5 1 ;  ass igned  t o  
U.  S . Atomic Energy Commission. 

-. 

Oak Ridge N a t i o n a l  Labora tory  , h'vacuabed Alpha Chamber, CAPE-1831. 

Dosimetq , MT'1'-952-5 ( P a r t  I), pp.  137-83, Massachusetts I n s t i t u r e  
of Technology, Cambridge, 

R. P. I t z h a k i ,  "An a-Ray Source and I ts  D o s i m e t r y , "  Physics  i n  Med. 
BioZ. - 5 ,  61-72 (19603. 

L. I I .  P e s h o r i ,  P .  P. V. J. Nambiar, and D. V. Gnpinath,  "Ef fec t  of 
Absorbers on Alpha S p e c t r a l  Measurements 9 1 1  Health Phys .  - 18, 685-91 
(1970). 

V .  P .  G-rrigorov, ApprozimaLe ?dethod of CaZcuZnting Alpha-Radiation 
Spectra from !Chick. Emi t ters ,  Gosudarstvennyi  Komitet PO I spo l ' aovan iyu  
A t o m o i  Energii SSSR, 1963. 

N .  K .  Abrosimov and G .  E.  Kocharow, "The E f f e c t  of  the Thickness  
of t h e  Source on the Shapc of  t he  Energy D i s t r i b u t i o n  and Angular  
D i s t r i b u t i o n  Curves of a - P a r t i c l e s , "  Tzvest .  Akad. Nauk S,b' .R. ,  
Ser .  Fiz.  - 2 6 ,  237-44 (1962) ( I n  Russ ian) .  

E. B. Ershov, A .  A.  Knram, and V. P.  Shamov, "On t h e  Problelns o f  
Energy D i s t r i b u t i o n  of  Alpha P a r t i c l e s  Emi t ted  froni a Thick Source 9 1 1  

At. Fnei-g. (USSR) - 1 8 ,  519-20 (1965) (In Russ i an ) .  

V.  P a  Grigorov,  '%atrix Method o f  Calculations of Alpha-Ray 
Spectrum of Thick Sources," A t .  Energ. (USSR) - 21, 517-18 (1966) 
(In Russ i an ) ,  

I .  ChudGcek, "Energy S p e c t r u m  af  c1 P a r t i c l e s  Emitted from Sources  
o f  D i f f e r e n t  Thickness ,"  Czechoszov. J .  P h y s .  - 8 ,  396-403 (1958) 
( I n  E n g l i s h ) .  

M. Movchet, M. Boulloud, and M. Gasc, Study of i=he Variat ion of the 
r:fficiency of ct Emitting ~ o u r c e s  as a ,?'unction of the  li7aturc' of the 
Support cxnd the Applied Y'hreshold, @EA-2128, Coiuri~i s s n r i a t  a 1 'Knerg ie  
Atornique Cent re  d'Etudes Nuclga i r e s ,  Saclay (1962).  

C.  P .  Browne and T.  A .  Hastwood, "Comparison o f  Alpha-Par t ic le  
Energ ies  from Various Poz1' Sources," Phys .  Rev. -.-.- 1 2 4 ,  1494-6 (1961) .  

A .  T. Kazakevich and V .  M. S u r i n ,  "Appl ica t ion  of Autoradiography 
fo r  Con t ro l  o f  I r r e g u l a r i t y  of A c t i n i d e  Element Layers ,'I A t .  E m ~ g .  
f USSR) - 21. 132-4 (1966) (In Russian)  . 



25 

18 * 

1.9 L 

20 0 

21. 

2 2  * 

2 3 .  

24. 

25.  

26. 

27. 

G .  
J .  

M, 

A. D u p e t i t ,  "P repa ra t ion  of Neptunium T a r g e t s  by E1.ec t rodepos i t ion  ," 
I w r g .  TJucl. Chem. - 2 4 ,  1297-8 (1962).  

Ader, J. Debiesse ,  and T. Kahan, "Study o f  t h e  Rad ia t ion  o f  
P O ~ O ~ I ~ W  Sources  w i t h  Photographic  Plates ," Cor/int. rwd. 2 3 4 ,  827-8 
(1952). 

I:. J. Kershner ,  ScZf-Absoi.ption an? Energy Spec tmm Distortion of 
Alpha Part ic le  Emission from Microspherical ,Sources, MLM-1655 
Mound Labora tory  (August 1969) .  

G. L. Canlo, B n e r p ~  Loss and Resu7,tant Charge of Recoiz ParL-icles 
f m m  A%phn Disintegrations in Surface Deposits of ?-loPo mad 
( T h e s i s ) ,  U n i v e r s i t y  of  New Mexico, 1964. 

241Am 

R. A. Fluegge,  fl Stady of A%pha Part-ic%c? fieactions in Abnosphei-ic 
Gases, NYO-5708-2, Cornell Aeronau t i ca l  Lab.,  I n c .  (November 1966). 

P. J. Walsh and D, I. McRee,  "Depth-Dose Curves f o r  u Part ic les  
from Area Sources  and P o i n t  Sources  ," Health Phys.  - 20, 352-3 (1971).  

G .  Scarpa ,  "Dosimetry of a F l a t  Circul-ar  210Po 01 Sourcess t  Minerva 
FisiconucZ. I 1 3 ,  109-20 (1969) ( I n  I t a l i a n ) .  

W .  S .  Die thorn ,  " S t a b i l i t y  of Bare 2 1 0 P ~  Sources ,"  Tntemz. J .  Appl. 
Rudiat. I so top .  - 1.6 705-10 (1965) . 
D. Yeates, S .  Harris, and C .  Doust,  "Study of t h e  Angular D i s t r i b u -  
t i o n  and Energ ie s  of Alpha Particles Emit ted by 241Am Sources ,"  
Nucl.  rnstrwn. Methods - 80, 320-4 (1970).  

R. E. Greene, p r i v a t e  communication. 

USES OF ALPHA SOURCES 

Because of  t h e  l i m i t e d  range  and high  s p e c i f i c  i o n i z a t i o n  of a l p h a  
p a r t i c l e s ,  most of t h e  a p p l i c a t i o n s  of  a lpha  s o u r c e s ,  o t h e r  than  
s t a n d a r d  o r  r e f e r e n c e  s o u r c e s ,  are a s s o c i a t e d  w i t h  gaging a p p l i c a t i o n s  
o r  i o n i z a t i o n  of  gases .  Gardner and Ely'  have d i scussed  several. p r i n -  
c i p l e s  used i n  a l p h a - p a r t i c l e  gaging  a p p l i c a t i o n s .  These i n c l u d e  t h e  
ion-gage p r i n c i p l e  - t h e  amount of c u r r e n t  produced i n  a gas ;  t h e  
energy p r i n c i p l e  - t h e  r e s i d u a l  energy of a lpha  p a r t i c l e s  a f t e r  t hey  
pass  through a sample; t h e  range  p r i n c i p l e  - t h e  number o f  a l p h a  
p a r t i c l e s  t h a t  traverse a sample; as w e l l  as the energy s p e c t r u m  
p r i n c i p l e  of a l p h a  s o u r c e s ,  which makes them u s e f u l  i n  d i g i t i z i n g  
mechanical  s e n s o r s .  

I n  t h e  ion-gage p r i n c i p l e  t h e  amount of  i o n i z a t i o n  produced by an a lpha  
s o u r c e s  i s  r e l a t e d  t o a t h e  p r e s s u r e  of  t h e  gas  be ing  measured, t h e  p r in -  
c i p l e  be ing  the same as t h a t  used  i n  conven t iona l  i o n  gages f o r  p r e s s u r e  
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measurement. The f i l a m e n t  o f  t h e  conven t iona l  i o n  gage i s  r e p  Laced w i t h  
an a l p h a  s o u r c e ,  and t h e  major advantages o f  t h i s  t ype  of gage are (I) no 
f i l a m e n t  t o  S u m  o u t ,  ( 2 )  no poss ib iZ icy  of a chc.mLcal r e a c t i o n  between 
t h e  gas  be ing  measured and t h e  f i l a m e n t ,  arid (3 )  t h e  source ol: i o n i z a t i o n  
i s  ve ry  c o n s t a n t  and not  s u b j e c t  t o  the normal power s u p p l y  i n s l a b b i l i t i e s  
o f  f i l a m e n t s  I This  rad iogaging  p r i n c i p l e  Iiaa t h e  pr imary advantage t h a t  
very h igh  “ e q u i v a l e n t “  coun t ing  rates c:an b e  ob tai  xlrd w i t h  an  i o n i z a t i o n  
chamber; i t s  main d i sadvan tage  i s  that o n l y  mean-level  o r  aimlog o u t p u t  
i s  p o s s i b l e  and thus i t  i s  i n h e r e n t l y  l e e s  s t a b l e  and  less vcrsa t i le  than  
t h e  pu l se -coun te r  d e t e c t o r s  Used w i t h  t h e  range p r i n c i p l e s  of  alpha r ad io -  
gaging.  S i n c e  i o n  c u r r e n t s  va ry  as a func t ion  of gas composi t ion,  a n a l y s i s  
o f  b i n a r y  gas composi t ions can also be made. 

The energy  p r i n c i p l e  i n v o l v e s  the  amo-mit of  i o n i  znt  loii energy remaining 
a f t e r  an  a l p h a  p a r t i c l e  has  pas sed  tlirc.,ugh a gas ,  l i q u i d ,  o r  s o l i d .  
Opera t ing  i n  t h e  mean-level o r  cu r ren t -ou tpu t  mode I an i o n i z a t i o n  chanber 
g i v e s  an o u t p u t  c u r r e n t  p r o p o r t i o n a l  t o  t h e  msi dua l  amount of  i on1 z a t i o n  
current t h a t  i s  deposited i n  t h e  chamber. Th i s  t ype  of gage can b e  used 
t o  measure t h i n  f i l m  i h i c k n e s s e s ,  t empera tu re ,  gas  d e n s i t y ,  and composi t ion 
o f  b i n a r y  rnixtures  a 

The range  p r i n c i p l e  i s  a b a s i s  fot- gaging t h a t  o f f e r s  extreme s e n s i t i v i t y  
over a narrow range  of dens i ty - th i ckness  when monoenergetic a1 pha p a r t i c l e s  
are used.  The p r i n c i p l e  can b e  used  et? measure f i l m  t h i c k n e s s  and gas 
d e n s i t y ,  t empera ture ,  and p r e s s u r e ;  however, t h e  measurement Tange i s  
ex t remely  l i m i t e d .  Two p o s s i b l e  ways t o  ex tend  t h e  measurement range 
w i t h  this method arc changing t h e  source- to-de tec tor  d i s t a n c e  01 changing 
t h e  gas  p r e s s u r e  o r  d e n s i t y  between t h e  sou rce  ,md d e t e c t o r .  

Several types  oE gages u s i n g  a l p h a  s o u r c e s  are desc r ibed  b r i e f l y ,  

References 

1. K. P .  Gardner and R .  L. E l y ,  .Jr , ,  Radioisotope Meaamement AppZiea- 
t i ons  in Engineering, p p .  287-302,  Reinhold,  New Xs rk ,  1967.  

Gas Pressure and Dens i t y  Gages 

The p r e s s u r e  range of i o n i z a t i o n  gages w i n g  rad i  onctive sources  has  been 
demonstrated by Andrieux and Lapte f f l l  w i t h  t h e  Alphavac-500 i o n i z a t i o n  
gage which p rov ides  p r e s s u r e  measusemeats between 5 x loeLb and 1000 torr 
w i t h  a p r e c i s i o n  o f  +?%. The gage 
e o m p r i s ~ s  t w o  s e c t i o n s ,  one f o r  p r e s s u r e s  between 5 x and 1 t o r r ,  
at id one f o r  p r e s s u r e s  of 1 t o  1000 t o r r .  

A B r i t i s h  p a t e n t 2  awarded t o  Boiziau d c s c r i b e s  a r a d i o a c t i v e  source i o n i -  
z a t i o n  p r e s s u r e  gage  f o r  measuring p r e s s u r e s  f r o m  0.75 x lQ3 t o  0.95 x 

nun o f  Hg. The gas ,  whose pressure  i s  t o  be measured, i s  admi t t ed  t o  
an e n c l o s u r e ,  and a l p h a  p a r t i c l e s  f r o m  t h e  plutonium source i o n i z e  the gas .  

The r a d i a t i o n  a l p h a  s o u r c e  i s  241Atn, 
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An i o n i z a t i o n  chamber measures t h e  number 
p r o p o r t i o n a l  t o  t h e  gas  p r e s s u r e .  

The Applied Phys ic s  S e r v i c e  o f  t h e  Sac lay  
Atomic Energy Au thor i ty )  has  des igned  and 

of i o n s ,  which is d i r e c t l y  

Nuclear S t u d i e s  Cen te r  (French 
b u i l t  a manometer w i t h  a r ad io -  

active s o u r c e ,  known as P lu ton . '  The ins t rumen t ,  u s i n g  a 24aYu a l p h a  
s o u r c e  ( h a l f - l i f e  6540 y e a r s ) ,  g i v e s  a l i n e a r  response  and cont inuous  
measurements w i t h  a s i n g l e  measuring head. 
u s i n g  radium and can  be  used i n  an ultravacuum s y s t e m .  A l l  parts are 
m e t a l  aDd can be  h e a t e d  t o  300°C. 

I t  is s a f e r  t han  manometers 

Nany o f  t h e  a l p h a  s o u r c e  gages f o r  measuring p r e s s u r e  o r  d e n s i t y  o f  gases  
are a s s o c i a t e d  w i t h  a e r o n a u t i c s  and p l a n e t a r y  atmosphere s t u d i e s .  Howard, 
Nelson, and Winckler4 have d e s c r i b e d  an a l p h a - p a r t i c l e  p r e s s u r e  gage f o r  
u se  on v e r y  h i g h  a l t i t u d e  c o n s t a n t - l e v e l  b a l l o o n  f l i g h t s  The in s t rumen t  
g i v e s  con t inuous  r e a d i n g s  from sea level p r e s s u r e  t o  p r e s s u r e s  less than 1 
m i l l i b a r  w i t h  an accu racy  In  t h e  1 t o  LO m i l l i b a r  range  of a few t e n t h s  of  
a m i l l i b a r .  A s e n s i t i v e  e l e c t r o m e t e r  measures t h e  i o n i z a t i o n  c u r r e n t  f rom 
a v e r y  weak polonium a l p h a  s o u r c e  c o n t a i n i n g  less t h a n  1 V C i .  P r e s s u r e  is 
read  o u t  by t h e  time i n t e r v a l  between resets of  t h e  d r i f t i n g  e l e c t r o m e t e r  
i n  a form convenlient f o r  r a d i o t e l e r n e t e r i n g .  Temperature c o r r e c t i o n  is 
made SO t h a t  t h e  i n s t r u m e n t  measures w i t h  s u i t a b l e  accuracy  p r e s s u r e  a t  
t empera tu res  between -25 and +25"C. The i n s t r u m e n t  has  been t e s t e d  on 
more t h a n  50 b a l l o o n  f l i g h t s  and g i v e s  r e p r o d u c i b l e  and accurate r e s u l t s .  

 gill^,^ f i r s t  i n  a l a b o r a t o r y  test ,  and then w i t h  Jourdan' i n  a b a l l o o n  
test s t u d i e d  t h e  d e t e r m j n a t i o n  and s t a b i l i z a t i o n  of a l t i t u d e  u s i n g  a l p h a  
s o u r c e s  and semiconductor d e t e c t o r s ,  A t h i c k  e n r i c h e d  uranium source  a 

90% 235U, w a s  used w i t h  a d e t e c t o r  f o r  de t e rmin ing  alt : i . tude,  and 2' t lAm 
was used w i t h  a n o t h e r  d e t e c t o r  €OK s t a b i l i z i n g  a l t i t u d e .  I n  a s t r a t o -  
s p h e r i c  b a l l o o n  test t h e  r e s u l t s  were i d e n t i c a l  w i t h  t h o s e  g iven  by a 
barometer .  

Gi l - ly  and coworkers7 ' have also developed a machmeter u s i n g  semiconductor 
d e t e c t o r s  and 741Am a l p h a  s o u r c e s .  
a m p l i f i e d  and d i s p a t c h e d  i n  two e l e c t r o n i c  c h a i n s  i n t o  a s i m p l i f i e d  ca l cu -  
l a t o r  which g i v e s  t h e  mach number. It i s  p o s s i b l e  t o  a s s o c i a t e  e l e c t r o n i c  
c h a i n s  for o b t a i n i n g  separate i n f o r m a t i o n  on bo th  a l t i t u d e  and m a c h  numbers, 
and t h e  a c q u i r e d  i n f o r m a t i o n  can a l s o  be  used f o r  s t a b i l i z i n g  a l t i t u d e .  
With t h e  two s o u r c e s  used,  t h e  one s o u r c e  and d e t e c t o r  u n i t  g i v e s  t h e  s t a t i c  
p r e s s u r e  and t h e  second u n i t  gives i n fo rma t ion  on the  impact p r e s s u r e .  

S e l l e r s  and Morel' have d e s c r i b e d  a des ign  and development program t o  
de te rmine  t h e  f e a s i b i l i t y  a f  u s i n g  a r a d i o i s o t o p i c  sou rce  and d e t e c t o r  
a s  t h e  b a s i c  s e n s i n g  u n i t  i n  an altimeter s e t t i n g  i n d i c a t o r  capab le  of 
aperat l ing up t o  10 d i g i t a l  d i s p l a y s  and having  an e r r o r  e q u i v a l e n t  t o  
no more than  +0.005 i n .  Wg. The i s o t o p i c  s o u r c e  is  '41Am, and t h e  b a s i c  
parameter measured i s  d e n s i t y .  I n  making p r e s s u r e  measurements by d i r e c t  
s e n s i n g  w i t h  such  a u n i t ,  i t  i s  n e c e s s a r y  e i t h e r  t o  p l a c e  t h e  u n i t  i n  a 
c o n t r o l l e d  t empera tu re  e n c l o s u r e  t h a t  i s  connected  to t h e  p o i n t  a t  which 
t h e  p r e s s u r e  i s  t o  be  measured o r  t o  moni tor  t h e  t empera tu re  of the  
e n c l o s u r e  and u s e  t h a t  i n fo rmnt ion  a l o n g  w i t h  t h e  d e n s i t y  t o  c a l c u l a t e  

P u l s e s  from each of t h e  d e t e c t o r s  are 
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t h e  p r e s s u r e .  
a n  accuracy  of abou t  +O.O2'C t o  meet t h e  des igned  o b j e c t i v e  on p r e s s u r e ,  
A temFsernture-controlled e n c l o s u r e  was rised. 

Hanser and Sellers'O have conducted a f e a s i b i l i t y  s t u d y  of a l p h a - p a r t i c l e  
dens i tome te r s  f o r  measuring g l a n e t a r y  a tmospher ic  d e n s i t y .  
uses  a n  a l p h a  source ,  e . g . ,  
d i s t a n c e ,  w5t .h  t h e  gas  iixider s t u d y  reduc.irig t h e  a l p h a  energy .  'lko v a r i a n t s  
o f  t he  system are (1) t h e  t h i n  s o u r c e  system, which uses a monoenerget ic  
a l p h a  sou rce  and measures tihe average  energy l o s s  and ( 2 )  t h e  t:h:ick source 
sys tem,  which u s e s  a broad-spectrum so~i rce  and measures the count  r a t e  
above a f i x e d  t h r e s h o l d .  F o r  e i ther  sys tem used i n  combinat ion with CO2, 
N 2 ,  and A r  - t h e  components thought  t o  be s i g n i f i c a n t  i n  t h e  Mar t ian  
atmosphere. t h e  d e n s i t y ,  p , i s  g iven  b y  

The tempera ture  mast e i t h e r  be  contrc:,I.led o r  measured t o  

The system 
4 1 A ~ 9  s e p a r a t e d  f rom a d e t e c t o r  by a f i x e d  

The t h i n  s o u r c e  system g i v e s  g r e a t e r  accuracy  a t  h igh  d e n s i t i e s  , whi le  
t h e  t h i c k  source sys tem can have an  accuracy  ad jus l ed  t o  be  be t t c r  a t  
low d e n s i t i e s .  

and o t o  be determined s e p a r a t e l y ,  Wkn no composi t ion o f  p 

i n fo rma t ion  i s  a v a i l a b l e ,  t h e  a l p h a  p a r t i c l e  s y s t e m  should  me3sure the 
d e n s i t y  of t h e  Mar t i an  atmosphere t o  " 8 % .  I f  t h e  composition i s  known, 
the e r r o r  may b e  dec reased  t o  +2%. 

Use with an x-ray a t t e n u a t i o n  sys tem would d 1 o w  Che values 

C O i  'N2' A r  

T h e  use O €  a l p h a  emitters f o r  measuring gas d e n s i t y  o r  pressure n o t  neees- 
s a r i l y  r e l a t e d  t o  a e r o n a u t i c s  and space  sr.-udies have been d e s c r i b e d  by  
several i n v e s t i g a t o r s .  11-15 
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t hus  a l lowing  t h e  c o n s t r u c t i o n  o f  a compa.ct probe t-o f a c i l i t a t e  measure- 
ments i n  conf ined  p l a c e s  e ,, E., i n  connec (:ion with warehouse v e n t i l a t i o n  
prob'l.cms. The hygroscopic  f i l m  i s  s p e c i a l l y  made from s u l f o n a t e d  
c ros s - l inked  po lys ty rene  and niolinted on a vane Kotated by a min ia tu re  
e l e c t r i c  motor.  Ro ta t ion  of  t h e  vane alterrnates the hygroscopic  f i l m  
wit.h an o t h e r w i s e  s imi la r  nonhygroscopic  one i n  the  source -de tec to r  
gap,  t h u s  providi.ng a means of compensating fo r  changes i n  tempera ture  
and p r e s s u r e  o f  t h e  a i r  i n  ~ h e  gap and f o r  d e t e c t o r  t:emperature, 
r o t a t i o n  a l s o  e n s u r e s  the necessa ry  c i r c i d a t i o n  o f  a i r  i n  t h e  immediate 
proxin l i ty  of t h e  hygroscopic  f i h .  'The o u t p u t  p rov ides  f o r  cont inuous  
d i r e c t  o r  remote i n d i c a t i o n ,  s e r v o  c o n t r o l ,  o r  r eco rd ing .  

The 

New p o s s i b i l i t i e s  f o r  t h e  de t e rmina t ion  o f  t h e  humidi ty  c o n t e n t  o f  w e t  
steam i n  steam t u r b i n e s  u s i n g  r a d i o a c t i v e  i s o t o p e s  has  been d i s c u s s e d  
by Csom and Benedek.2 
and flowing wet s t ream)  o f  two-phase mediums and steam h u m i d i t y  was 
inv(2sizigated. 
methods - measuring t h e  ener 
measurement of the range  of 949,u a l p h a  p a r t i c l e s .  ']'hey concluded t1la.t 
b o t h  procediires are u s a b l e  f o r  steam a t  p r e s s u r e s  f rom Q,03 t o  1 . 5  a t m  
with an e r r o r  o f  about  t 0 . 4  t o  -L191X humidi ty .  

K ~ b a y a s h i ~ ' ~  h a s  dev i sed  a method o f  determining  dew p o i n t  based on the  
p r i n c i p l e  that the a b s o r p t i o n  of  a l p h a  p a r t i c l e s  by t h e  d e p o s i t e d  dew 
weakens t h e  i o n i z a t i o n  c u r r e n t .  The cooled  d i s k  on whi.ch the dew i s  t o  
b e  d e p o s i t e d  i s  coa ted  w i t h  an  a l p h a  emitter, and an i o n i z a t i o n  chamber 
measures t h e  i o n i   ati ion c u r r e n t .  The i n t e n s i t y  of t h e  i o n i z a t i o n  c u r r e n t  
and the s u r f a c e  t e n p e r a t u e  0 5  t h e  d i s k  are r eco rded  against  t i n t .  The. 
temperature a t  which t h e  i o n i z a t i o n  c u r r e n t  undergocs a rdp id  decrease 
de termines  t h e  c o r r e c t  dew p o i n t .  The method i s  i n d i c a t e d  t o  be  free 
from the e r r o r s  that arise f r o m  supe r sa tu ra t - ion  o f  water vapor and 
i n c i d e n t a l  r i s k  of  d i s k  temper,%.ture from i l l u m i n a t i o n .  

The r e l a t i o n s h i p  hr lween the flow rates ( s t a g n a n t  

They s t u d i e d  t h e  t h e o r e t i c a l  problems of two measaring 
o f  239Pu a lpha  p a r t i c l e s  and compensation 
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Re1 a t i  ve Humi  d i  ty  Gages 

Hallowes and Hodgson 
measuring t h e  relative humidi ty  of a i r  by t h e  t r a n s m i s s i o n  of a l p h a  
p a r t i c l e s  through a very t h i n  f i l m  c o n t a i n i n g  an e q u i l i b r i u m  p r o p o r t i o n  
o f  m o i s t u r e .  The s c o p e  of  a p p l i c a t i o n  i s  s imi la r  t o  t h a t  of e lec t r ica l  
hygrometers i n  which the c o n d u c t i v i t y  o f  a hygroscopic  s u r f a c e  l a y e r  i s  
measured. 
r educes  t h e  i n t e r f e r e n c e s  from traces of s u l f u r  d i o x i d e  and t h e  l i k e  i n  
t:be a i r .  
o f  r e l a t i v e  h u m i d i t i e s  a t  normal a tmospher ic  t empera tu res .  
s o u r c e  i s  241Amq 

have developed an a l p h a - p a r t i c l e  hygrometer 5 or 

However, the employment of  t h e  a l p h a - p a r t i c l e  t echn ique  g r e a t l y  

The method p r o v i d e s  a r a p i d  response  and cove r s  t h e  f u l l  range  

The d e t e c t o r  i s  a s m a l l  s u r f a c e - b a r r i e r  semiconductor ,  
T h e  r a d i o a c t i v e  
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Thickness Gages and Other  Measurement Devices 

Howe, i n  a c r i t i c a l  su rvey  of methods f o r  de te rmining  f ’ l l m  t h i c k n e s s  
app1.icabl.e t o  n u c l e a r  measurement t a r g e t s  has desc r ibed  s e v e r a l  dev ices  
i n c l u d i n g  an a l p h a - p a r t i c l e  t h i c k n e s s  moni tor ,  f o r  weight  de t e rmina t ion  
o f  e n r i c h e d  s t ab le - i soEop ic  and na tura l .  t a r g e t s .  Each dev ice  i s  d i scussed  
b r i e f l y ,  and measurement c a p a c i t i e s ,  accuracy ,  and approximate c o s t  o f  
each  are g iven .  

I n  a s h o r t  su rvey ,  Noret2 h a s  d e s c r i b e d  t h e  most c o m o n l y  used  methods o f  
t h i c k n e s s  measurements, w i t h  emphasis on t h o s e  used a t  Euratom. S e v e r a l  
mcthsds a r e  d e s c r i b e d  b r i e f l y  and i n c l u d e  t h a t  of a b s o r p t i o n  o f  a l p h a  
p a r t i c l e s .  

Adai r3  i n  a r e c e n t  confe rence  d i s c u s s e d  t h e  use of  a l p h a  p a r t i c l e s  and 
fission f ragments  f o r  measuring t a r g e t  t h i c k n e s s  and uniformity a5 samples 
v a r y i n g  i n  areal d e n s i t y  from a few micrograms p e r  squa re  c e n t i m e t e r  t o  
several mi l l i g rams  p e r  s q u a r e  cen t ime te r .  Alpha p a r t i c l e s  from an 241h 
s o u r c e  p a s s  through a 1-mm a p e r t u r e  and impinge on t h e  t a r g e t  f o i l .  The 
energy  o f  the a t t e n u a t e d  a l p h a  beam is  determined by obse rv ing  t h e  a lpha  
energy  s h i f t  i n  a c a l i b r a t e d  mul t i channe l  a n a l y z e r  system. 
st lopping power d a t a ,  t h e  t a r g e t  t h i c k n e s s  can be  determined.  

From t h e  

A t  t h i s  same conference  Moret and Verheyen4 d i s c u s s e d  a l p h a  a b s o r p t i o n  
as one of  several methods f o r  a s s a y  of samples f o r  n u c l e a r  measurements 
by p h y s i c a l  methods. T h e  v a r i o u s  methods are compared. 

I n  Japanese work Te ran i sh i ’  has desc r ibed  t h e  measurement of t h e  t h i c k n e s s  
of t h i n  polymer f i l m s  w i t h  a semiconductor  a l p h a - p a r t i c l e  d e t e c t o r ,  and 
Nonaka and Sugai6 have desc r ibed  improvements ove r  an ear l ier  gage. By 
u s i n g  a l a r g e r  241A, source ,  a c c u r a c i e s  o f  t h e  measurements w e r e  much 
improved, 

A p a t e n t ’  on an  appa ra tus  f o r  measuring t h e  t h i c k n e s s  of a subs t ance  by 
de te rmining  t h e  s h i f t  i n  t h e  energy  spectrum o f  a l p h a  p a r t i c l e s  p a s s i n g  
through t h e  subs t ance  h a s  been awarded t o  Anderson. 
an a l p h a  s o u r c e  and semiconductor  j u n c t i o n  d iode  d e t e c t o r s ,  E l e c t r i c a l  
i n t e g r a t i n g  and comparing means are used t o  de te rmine  t h e  t h i c k n e s s  of 
the s u b s t a n c e  by  comparison w i t h  t h e  energy t r a n s m i t t e d  by samples  of 
s t a n d a r d  t h i c k n e s s e s ,  

The appa ra tus  i n c l u d e s  

An a p p l i c a t i o n  of  Ruther ford  s c a t t e r i n g  t o  t a r g e t  t h i ckness  measurements 
h a s  been  r e p o r t e d  by Burke and T i p p e t t . *  
s o u r c e  were s c a t t e r e d  from t h i n  f o i l s ,  and t h e  count ing  rate of t h e s e  
s c a t t e r e d  p a r t i c l e s  w a s  used t o  de te rmine  t h e  f o i l  t h i c k n e s s .  The method 
is p a r t i c u l a r l y  s u i t a b l e  f o r  t a r g e t  materials of  h igh  a tomic  number t h a t  
have been d e p o s i t e d  on s u p p o r t i n g  f o i l s  o f  low atomic number. 

Lewis ’  has d e s c r i b e d  an  a l p h a - p a r t i c l e  t h i ckness  gage s u i t a b l e  for s u r f a c e  
d e n s i t i e s  up t o  1 3  mg/cm2, 
t r a v e r s i n g  t a r g e t  f o i l s  i s  r e l a t e d  t o  s u r f a c e  d e n s i t y  when a s imple  e m p i r i c a l  

Alpha p a r t i c l e s  from an 241Am 

The energy  l o s s  of  8.78-MeV a l p h a  p a r t i c l e s  
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formula i s  used.  
produced i n   he decay of  228Th (1.91-year h a l f - l l f e )  t o  'OBPb, were used 
f o r  ihis work. 
can b e  achieved .  

The 8.78-MeV a l p h a  par t ic les  from the decay of 713Po ,  

The r e s u l t s  sugges t  t h a t  a.ccuracies o f  b e t t e r  than 5% 

Other  i n v e s t i g a t o r s  have a l s o  used a l p h a  gages t o  measure we igh t s  p e r  
u n i t  arc3 of  t h i n  matesials.10-12 
ac the a l p h a  s o u r c e ,  i t  appears  t h a t  2b1h might be used i n  some a l p h a  
weight  measuring gages I 

f a r  t h i s  t ype  of gaging ,  b u t  i t s  a l p h a  er ,ergies  are less t han  those  of 
some of t h e  daugh te r s  or 1 2 6 R a ,  thus t h e  upper 'limits of  t h i c k n e s s e s  
capab le  o f  b e i n g  measured would b e  less i o r  t h e  241Aiia 

Although a l l  of these c i t e d  used 2 2 6 K a  

The in te l l s i t -y  and h a l i - l i  f e  o f  24.1Am ape adequate  

T h e  smoke d e t e c t o r  might a l s o  be  cons ide red  an a l p h a  gage. These i n s t r u -  
ments use  an  i o n i z a t i o n  chamber conta in i -ng  an a l p h a  s o u r c e ,  e . g . ,  241.b, 
o f  about  10  t o  100 pCi. \ h e n  even a very  s m a l l  amount of smoke e n t e r s  
t h e  i o n  chamber t h e  c u r r e n t  p a s s i n g  through t h e  chamber i s  reduced.  The 
combustion p roduc t s  may be  of  p a r t i c l e s  t oo  small. t:o be  v i s i b l e  as smoke, 
b u t  t hey  arc d e t e c t e d  n e v e r t h e l e s s ,  Two i o n i z a t i o n  chambers sou rce  
u n i t s  are f r e q u e n t l y  used - one i s  open t o  a l low passage of smoke p a r t i c l e s  
and t h e  o t h e r ,  which serves as a r e f e r e n c e ,  i s  v i r t u a l l y  c l o s e d ,  The two 
chambers are connected w i t h  a p p r o p r i a t e  c i rcu i .  t r y  t h a t  activates an alarm 
when smoke. e n t e r s  t h e  open chamber. 'I'hese d e t e c t o r s  u s ing  a l p h a  s o u r c e s  
have been desc r ibed  i n  several pape r s  3-16 and two p a t e n t s .  7--18 

Bet tenhausen and G a l l a  gher  ' 
The ins t rumen t  measures t h e  energy increment  added t o  t h e  known energy 
of  a l p h a  p a r t i c l e s  from a 210Po source  as t h e  a l p h a  p a r t i c l e s  p a s s  through 
t h e  e l e c t r i c  f i e l d  produced by a v o l t a g e  d i f f e r e n c e ,  The meter measures 
v o l t a g e s  i n  t h e  range of l o 5  ts l o 6  V and can o p e r a t e  5.n h igh  vacuum. 

A p a t e n t  h a s  been awarded t o  Owenzo f o r  a bo reho le  d e v i a t i o n  d e t e c t o r  
t h a t  i s  e s s e n t i a l l y  an  i n c l i n o m e t e r .  A pendulum weight  p l a t e  w i t h  a 
r a d i o a c t i v e  a l p h a  s o u r c e ,  e .g . ,  2 1 0 ~ o  o r  2 3 9 ~ u ,  is :3uspendea w i t l x i n  a 
hous ing .  Rad ia t ion  d e t e c t o r s  are mounted on t h e  i n n e r  wad1 of  t h e  
hous ing  and measure t h e  amount of  r a d i a t i o n  r ece ived  from t h e  pendulum, 
As t h e  hous ing  i s  i n c l i n e d  wi.th the borehole  d f f f e r e n t  amounts of radia- 
t i o n  w i l l  be  r ece ived  by each  d e t e c t o r ,  and d i r e c t i o n  and d e v i a t i o n  from 
the  ve r t i ca l  can b e  determined.  A s p r i n g  mechanism i s  provided  f o r  
damping t h e  Various m o d i f i c a t i o n s  o f  the ins t rumen t  are a l s o  
desc r ibed .  

have developed an a l p h a - p a r t i c l e  vol- tmeter  a 
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May 21, 1968 ( f i l e d  May 25, 19641, a s s igned  t o  P h i l l i p s  Petroleum 
Company 

I o n i z a t j o n  o f  A i r  

excel lent :  a b i l i t y  o f  a lpha  p a r t i c l h s  t o  i o n i z e  a i r  has  found p a r t i c u -  
use i n  t h r e e  a p p l i c a t i o n s  -- e l i m i n a t i o n  of s t a t i c  e l e c t r i c i t y ,  p r o t e c -  

t i o n  from l i g h t n i n g ,  and i o n i c  conditioning of  a i r .  A11 t h r e e  of  t h e s e  
arc made p o s s i b l e  by t h e  h igh  s p e c i f i c  i o n i z a t i o n  of a lpha  p a r t i c l e s  (up 
t o  100,000 i o n  p a i r s  p e r  cen t ime te r  i n  a i r  compared w i t h  a f e w  hundred 
far  b e t a  p a r t i c l e s ) .  

Both t h e  e l i m i n a t i o n  of s t a t i c  e l e c t r i c i t y  and t h e  p r o t e c t i o n  from l i g h t -  
n i n g  ( a l s o  static e l e c t r i c i t y )  o p e r a t e  on t h e  p r i n c i p l e  t.hat t h e  a i r  
i o n i z e d  by an a l p h a  ( o r  b e t a )  s o u r c e  i s  conduct ive  and thus  all-ows t h e  
charge  t o  l e a k  away t o  ground. 

S t a t i c  Eliminators 

S t a t i c  e l e c t r i c i t y  i s  a c o s t l y  and troublesome hazard t o  bo th  p roduc t ion  
p rocesses  and pe r sonne l .  I t  can cause  f i r e s ,  e x p l o s i o n s ,  p roduc t ion  
i n t e r r u p t i o n s ,  poor  p roduc t  q u a l i t y ,  l o s t  tiine, and shocks t o  employees,  
S t a t i c  e l i m i n a t o r s  have found use e s p e c i a l l y  i n  the p r i n t i n g  and t e x t i l e s  
i n d u s t r i e s ,  Paper  f e d  i n t o  p r i n t i n g  p r e s s e s  may become charged as i t  
passes  between the guides  and r e s u l t  i n  t e a r i n g  u n l e s s  t h e  p r i n t i n g  speed  
i s  l i m i t e d .  I n  the t e x t i l e  i n d u s t r y ,  f i b e r s  become charged by rubbing  
a g a i n s t  t h e  many nonconduct ive p a r t s  of t h e  sp inn ing  and weavlng equipment 
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~ N L -  W G  70-7376 causes  a d d i t i o n a l  i o n i z a t i o n  of t h e  
g a s e s ,  t h e  n e t  e f f e c t  be ing  t o  create 
a n  i o n i z e d  c loud  around t h e  unit  t h a t  
w i l l  p rovide  a p a t h  f o r  t h e  l i g h t n i n g  
t o  t h e  rod where i t  w i l l  b e  grounded. 
A t  t h e  p r e s e n t  t i m e ,  e i g h t  "41h 
soiirces are provided on each e l e c t r o d e ,  
and i t  i s  claimed t o  p r o t e c t  an  area 
w i t h i n  a r a d i u s  of 250 meters. 

The i o n i z i n g  e f f e c t  of an  e x c e l l e n t  
F rank l in  i n s t a l l a t i o n  w a s  compared 
wi th  t h a t  of a n  E.F. i n s t a l l a t i o n  
du r ing  p e r i o d s  of stormy weather  i n  
1964. The measurements were t aken  
on t h e  Concord b u i l d i n g  ( 6 4  meters )  
i n  Toulon, France.  Under a l l  t r i a l  
c o n d i t i o n s  t h e  E.F. i n s t a l l a t i o n ,  
connected o n  t h e  s a m e  ground p l a t e  
as t h e  F r a n k l i n  u n i t ,  a t  t h e  s a m e  
g r a d i e n t  v a l u e s  gave an  approximate 
ra te  of i o n i z a t i o n  104 t i m e s  t l i a t  
of t h e  F r a n k l i n  u n i t .  

I n  such r e g i o n s  as I t a l y  and t h e  
Spanish Pen insu la  -examples  of 
European c o u n t r i e s  most a f f e c t e d  
by l i g h t n i n g  - e n t i r e  u n i t s  of 
te lecommunicat ion sys tems,  networks 
of e l e c t r i c i t y  p roduc t ion  and d i s -  

'- INSULATOR 

WUNDING CONNECTIOPI 

Fig .  1. Schematic Diagram 
o.E E.F, L igh tn ing  Rod. 

t r i b u t i o n ,  and f u e l  and gas  systems,  as w e l l  as a l a r g e  number of jmpor tan t  
i n d u s t r i e s ,  such  as F i a t ,  have adopted t h e  E.F. system f o r  l i g h t n i n g  
p r o t e c t  ion.  

The Pierrelat te  Plant f o r  i s o t o p e  s e p a r a t i o n  i n  France  has  been p r o t e c t e d  
s i n c e  1963 b y  25 E.F. i n s t a l l a t i o n s .  
p a r t i c u l a r l y  prone t o  l i g h t n i n g .  
Atamique has adopted t h e  E.F. system t o  assure t h e  p r o t e c t i o n  of i t s  
p l a n t s  a t  Fontenay-aux-Roses and Chinon. 
Au thor i ty  has  a l s o  chosen t h i s  t ype  of p r o t e c t i o n  f o r  its n u c l e a r  p l a n t  
a t  St. Laurent  des  Eaux. The I t a l i a n  government a s s u r e s  t h e  p r o t e c t i o n  
of i ts  n u c l e a r  p l a n t s  of Sa luggia  and G a r i g l i a n a  wi th  t h e  E.F. system, 
as Euratom h a s  done f o r  i t s  I s p r a  p l a n t .  

A r e c e n t  Euratom r e p ~ r t ' ~ ~ , ~  l i s t s  e i g h t  European f i rms  t h a t  make rad io-  
a c t i v e  l i g h t n i n g  rods  and states that t h e r e  are between 5 and 10 thousand 
such r o d s  i n s t a l l e d  i n  Europe. Lightn ing  rods  c o n t a i n i n g  alpha sources  
have also been  desc r ibed  i n  Electrical YorZd15 and i n  an  a r t i c l e  by 
Mars icanin  and Radosavl j e v i c  . 

This  p l a n t  i s  s i t u a t e d  i n  an area 
The French Commissariat a 1 'Ene rg ie  

The French Electr ic  Power 



35 

aiid can remain charged f o r  l ong  p e r i o d s  of t i m e .  I n  t h e  weaving p rocess  
t h e s e  f i b e r s  o r  t h r e a d s  l e f t  i n  t h e  loom O V ~ P  n i g h t  a t t r a c t :  d u s t  p a r t i e l - e s  
and cause  what i s  c a l l e d  “ f o g  marking” which reduces  t h e  v a l u e  of the 
c l o t h .  I n  t h e  p roduc t ion  of I.aminated g l a s s  s h e e t s ,  which hecome charged 
d u r h g  p o l i s h i n g ,  $~.rst a t t s a c t e b  by t h e  g l a s s  mars t h e  f i n i s h e d  product  
u n l e s s  p r e c a u t i o n s  are taken t o  e l i m i n a t e  the d u s t  c o l l e c t i o n .  

Stat:i.c e l i m i n a t o r s  can  b e  e i t h e r  e l e c t r i c a l  o r  r a d i o a c t i v e .  The e l ec t r i -  
cal  types  are used,  b u t  they have t h e  d isadvantage  t h a t  t hey  can produce 
shocks  u n l e s s  adequa te ly  p r o t e c t e d  and may produce s p a r k i n g  under c ,  0 F t ;%in 
c i rcumstances  and t h e r e f o r e  cannot  b e  s a f e l y  used i n  inf lammable atmospheres  
Vl1i~J-e t h e  r a d i o a c t i v e  s t a t i c  e l i m i n a t o r s  
2 2 6 R a ,  o r  241Am, cannot camse shocks o r  s p a r k s  adequate  p r e c a u t i o n s  must 
he  taken  t o  p reven t  r a d i a t i o n  h a z a r d s ,  Although t h e  e x t e r n a l  r a d i a t i o n  
hazard  i s  s l i g h t  wi th -  t h e  a l p h a  emit ters ,  care must be taken  t o  p reven t  
p h y s i c a l  damage t o  t h e  r a d i a t i o n  source  which might l e a d  t o  i n g e s t i o n  
o r  i n h a l a t i o n  of  acthve material. For t h i s  r eason  t h e  r a d i o a c t i v e  s t a t i c  
e l i m i n a t o r s  are u s u a l l y  covered e i t h e r  w i t h  a p ro tec t ive .  f o i l  o r  g r i d .  
Nuclear  s t a t i c  eJ.irninators u s i n g  a l p h a  emitters have been d e s c r i b e d  i n  
several  p u b l i c a t i o n s .  

which usuaSly c o n t a i n  210Po , 

R a d i o a c t i v e  L i  gh tn incg  Rods 

The use  o f  a l p h a  s o u r c e s  on l i g h t n i n g  rods  i-s becoming i n c r e a s i n g l y  
common, e s p e c i a l l y  i n  Europe. ’-‘ 
P r o t e c t i o n  Es tab l i shment  h a s  r e c e n t l y  improved12 ’ t h e  F rank l in  
l i g h t n i n g  rod ,  u s i n g  a theo ry  deweloped by S z i l a r d  t h a t  a i r  i o n i z a t i o n  
by r a d i a t i o n  would p rov ide  better p r o t e c t i o n  than a s t a n d a r d  F r a n k l i n  
rod.  T h i s  rod i s  marketed under t h e  name E.F. l i g h t n i n g  r o d ,  The 
let ters E . F .  s t a n d  f o r  “6 lec t r ic i t ;  f r o i d e , ”  which means e o l d ,  o r  
low-energy, h igh-vol tage  e l e c t r i c i t y .  
(F ig .  1) are a s t a i n l e s s  s t e e l  c y l i n d r i c a l  rod having a s h a r p  p o i n t  
a t  t h e  t o p  and several r i d g e s  running  l o n g i t u d i n a l l y  down t h e  rod ,  
an annu la r  e l . ec t rode  having s h a r p  edges d i r e c t e d  toward t h e  rod ,  .xi 
i n s u l a t o r  t ha t  s e p a r a t e s  t h e  rod and t h e  e l -ec t rode ,  and s e v e r a l  241A, 
S O U ~ C ~ S ~ ~  i n  t h e  e l e c t r o d e .  

A Liech tcns  t e i n  f i rm ,  General 

The b a s i c  p a r t s  of  t h e  dev ice  

When t h e  dev ice  i s  i n  o p e r a t i o n ,  t h e  rod i s  grounded and the e l e c t r o d c  
assumes t h e  p o t e n t i a l  o f  t h e  atmasphere.  Under thunders torm c o n d i t i o n s  
the p o t e n t i a l  g r a d i e n t  between t h e  rod aiid t h e  e l e c t r o d e  r eaches  h igh  
cnough v a l u e s  t h a t  t h e r e  w i l l  be  e lectr ical  d i s c h a r g e s  between t h e  
s h a r p  edges  o f  t h e  e l e c t r o d e  atid t h e  r i d g e s  o f  t h e  rod.  T h i s  d i s c h a r g e  
i s ,  o f  coursc,  a ided  by t h c  i o n i z a t i o n  o f  t h e  a i r  caused by t h e  a lpha  
p a r t i c l e s  e m i t t e d  by t h e  r a d i o a c t i v e  s o u ~ c e s .  The elect-rical- d i scha rge  

A 
C. G. I n v e r n i z z i ,  P r e s i d e n t ,  United States Radium Corpora t ion  (Europe) , 
3 4  Avenue Kr ieg  Geneva, R long-term proponent  of  r a d i o a c t i v e  l igh tn i -ng  
r o d s ,  h a s  been l a r g e b y  r e s p o n s i b l e  f o r  s t u d i e s  of li ghkning 

sources f o r  l i g h t n i n g  protection. 

r o t e c t i o n  
by i o n i z a t i o n  of  a i r  and f o r  the devclopmerit of the s p e c i a l  5 1 h  
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Ionic  Conditioning o f  A i r  

T h e  ion; i n  a i r  t h a t  man b r e a t h e s  are b e l i e v e d  t o  a f f e c t  t h e  f e e l i n g s  
of  wel l -be ing  - p o s l t i v e  i o n s  having  a d e t r i m e n t a l  e f f e c t  w h i l e  n e g a t i v e  
i o n s ,  p a r t i c u l a r l y  t h o s e  o f  oxygen2 f o r t i f y  t h e  f e e l i n g .  P o l l u t i o n  of 
t h e  a i r  and even f i l t e r i n g  of air f o r  a i r  c o n d i t i o n i n g  remove n e g a t i v e  
i o n s  from t h e  a i r ;  t h e r e f o r e ,  r e s t o r a t i o n  oE n e g a t i v e  i o n s  appears  
d e s i r a b l e .  This can be  done w i t h  ion g e n e r a t o r s  u s i n g  a l p h a  s o u r c e s  and 
Tnvern izz i17  h a s  desc r ibed  t h e  'IEnergie Fro ide"  i o n  g e n e r a t o r .  
source c a p a b l e  of producing 5 x l o 9  l o n s / s e c  i s  t h e  c e n t e r  of t h e  s y s t e m .  
The a l p h a  p a r t i c l e s  g e n e r a t e  bo th  p o s i t i v e  and n e g a t i v e  i ons ;  t h e  p o s i t i v e  
tons are e l e c t r o n i c a l l y  c o l l e c t e d  and e l i m i n a t e d ,  and t h e  n e g a t i v e  i o n s  
a r e  e m i t t e d  t o  t h e  ambient a i r .  When used in l o c a t i o n s  where a i r  i s  
c o n d i t i o n e d ,  t h e  g e n e r a t o r s  r e e s t a b l i s h  t h e  i o n i c  e q u i l i b r i u m ,  In 
poll.ulJed a tmospheres ,  which are e x c e s s i v e  i n  p o s i t i v e  i o n s ,  they  f a v o r  
the p r e c i p i t a t i o n  of  p o l l u t a n t s  suspended i n  t h e  a i r  and t end  t o  equi1.l- 
b r a t e  t h e  atmosphere i n  n e g a t i v e  ions .  S k i l l i n g  and Becket t18  have 
reviewed some o f  t h e  earlier work i n  c o n t r o l l i n g  a i r  i o n  d e n s i t y  i n  
rooms u s i n g  210Po a l p h a  s o u r c e s .  
t h e  u s e  of 21GPo i n  a n  i o n  c o n t r o l l e r ,  and a B r i t i s h  p a t e n t z Q  d e s c r i b e s  
an i o n i z e d  a i r -p roduc ing  d e v i c e  u s i n g  an a l p h a  o r  b e t a  emitter in a 
r e s i n  m a t r i x .  

h 2't 

A United States p a t e n t 1 3  d e s c r i b c s  

F1 OW Measurement 

Clayton?-' h a s  reviewed t h e  u s e  o f  r a d i o i s o t o p e s  t o  induce  i o n i z a t i o n  f o r  
gas-flow measurements. I n  most of t h e  a p p l i c a t i o n s  which use  a l p h a  
s o u r c e s ,  t h e  source  and i o n i z a t i o n  d e t e c t o r  are bo th  p l aced  i n  the  gas 
stream t o  b e  measured. I n  one d e s i g n ,  t h e  s o u r c e  and d e t e c t o r  are a t  
t h e  s a m e  l o c a t i o n  wit t t in  a p i p e ,  A t  l o w  gas v e l o c i t i e s  most of t h e  i o n s  
produced are c o l l e c t e d  by t h e  a p p l i e d  f i e l d  of t h e  i a n i z a t i o n  chamber, 
b u t ,  as t h e  gas  v e l o c i t y  i n c r e a s e s  a h i g h e r  p r o p o r t i o n  of i o n s  produced 
i s  s w e p t  ou t  of t h e  chamber r e g i o n .  Thus, the c u r r e n t  d e c r e a s e s  w i t h  
an i n c r e a s e  i n  gas  v e l o c i t y .  I n  a n o t h e r  a p p l i c a t i o n  t h e  s o u r c e  is  l o c a t e d  
upstream of  t h e  d e t e c t o r .  A t  low flow rates t h e  i o n s  produced i n  the 
s o u r c e  r e g i o n  move downstream toward t h e  i o n i z a t i o n  c h a d  er b u t  recombine 
b e f o r e  a r r i v a l .  A s  t h e  f l o w  rate i s  i n c r e a s e d  i o n s  begin  t o  arrive a t  
t h e  e l e c t r o d e s ,  and t h e  c o l l e c t o r  c u r r e n t  t hen  c o n t i n u e s  t o  i n c r e a s e  w. i th  
i n c r e a s i n g  f low rate. I f  t h e  v a r i a t i o n  i n  gas composition i s  n o t  s u f f i -  
c i e n t  t o  a f f e c t  the i o n i z a t i o n  s e r i o u s l y ,  t h e  in s t rumen t  i s  capab le  of 
be ing  c a l i b r a t e d  t o  measure mass flow. 

TAaCferty," i n  a review on the d e t e r m i n a t i o n  of  flow using r a d i o i s o t o p e s  
a l s o  b r i e f l y  d i s c u s s e s  t h e  measurement of gas flows us ing  a l p h a  sources. 
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Analytical  Appl i ca t ions  

An i n t e r e s t i n g  app l i ca t . i on l  of  a l p h a  sources  is  t h e i r  use i n  de t e rmin ing  
t h e  chemical composi t ion  of  t h e  l u n a r  s u r f a c e .  The method is  based on 
two o f  t h e  classical. exper iments  a s s o c i a t e d  w i t h  t h e  name o f  Lord Ruther- 
f o r d  - t h e  s c a t t e r i n g  of  a l p h a  p a r t i c l e s  and t h e  t r a n s m u t a t i o n  of  mtter 
where i t  was shown t h a t  p ro tons  are produced by n u c l e a r  r e a c t i o n  when 
a l p h a  p a r t i c l e s  h i t  atoms of  c e r t a i n  e lements  ( n i t r o g e n  i n  t h i s  c a s e ) ,  
The i n s t r u m e n t  used on s e v e r a l  Surveyor mis s ions  determined the composil- ion 
o f  the s u r f a c e  from t h e  energy  of s c a t t e r e d  a l p h a  par t ic les  and of t h e  
p r o t o n s  produced by t h e  ( a , p )  r e a c t i o n  w i t h  some of t h e  e lements  p r e s e n t ,  
T h e  i n s t r u m e n t  i s  packaged i n  a box (Q15 c m  on a s i d e  and open at the 
bottom) t h a t  i s  lowered from t h e  landed  space  c r a f t  t o  t h e  s u r f a c e  ~f t h e  
moon by a s t r i n g .  
des igned  t o  c o l l i m a t e  t h e  a l p h a  p a r t i c l e s  s o  t h a t  they s t r i k e  t h e  l u n a r  
s u r f a c e .  
are r e f l e c t e d  back  and r e g i s t e r e d  on two s i l i c o n  d e t e c t o r s .  From the 
number and energy  of the a l p h a  p a r t i c l e s  r e t u r n i n g  t o  t h e  d e t e c t o r s ,  t h e  
chemical elements and t h e  nmount p r e s e n t  i n  t h e  sample under s t u d y  can 
b e  de t e rmine.d .) 

The box c o n t a i n s  s i x  a l p h a  s o u r c e  c a p s u l e s  of 242Cm 

O f  the a l p h a  particles s t r i k i n g  t h e  s u r f a c e  a very s m a l l  number 
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Other a l p h a  p a r t i c l e s ,  on s t r i k i n g  t h e  sample,  produce p r o t o n s ,  and t h e s e  
are r r g i s t e s e d  on f o u r  p ro ton  d e t e c t o r s  t h a t  are l a r g e r  than t h e  a l p h a  
d e t e c t o r s  and are covered w i t h  gold  f o i l s  s o  t h e  a l p h a  p a r t i c l e s  w i l l  n o t  
b e  recorded.  The F l e c t r o n i c  system de termines  the energy of t h e  p ro tons  
coming i n t o  t h e  d e t e c t o r s .  The pntrance n f  each  p a r t i c l e ,  a l p h a  o r  p r o t o n ,  
i r i to  t h e  a p p r o p r i a t e  d e t e r  t o r  and in fo rma t ion  abou t  i t s  energy i s  t r a n s -  
m i t t e d  i m e d l a t e l y  t o  e a r t h .  The redundancy i n  $he number- of d e t e c t o r s  
i s  necessa ry  because  t h e s e  s i l i c o n  d e t e c t o r s  m e  somewhat un re1 iable 
part i c u l a r l y  a t  h i g h  temperature::. 

I n  t h e  a l p h a  mode t h e  Surveyor  h a s  good r e s o l u t i o n  f o r  t h e  l i g h t  e lements  
and r a t h e r  poor  r e s o l u t i o n  f o r  t h e  h e a v i e r  e lements .  The minimum semi.- 
t i v i t y  of  the a l p h a  mode i s  i n  t h e  r e g i o n  of  Na, Mg, A l ,  and S i ,  b u t  
f o r t u n a t e l y ,  these e lements  w i th  the minimum of t h e  a lpha  scat tear i i lg  
s e n s i t i v i t y ,  produce p ro tons  w i t h  r ea sonab le  y i e l d  and c h a r a c t e r i s t i c  
spectrums.  The h e a v i e r  e l emen t s ,  as well as carbon and oxygen, do n o t  
produce p ro tons .  The e lements  of pr imary i n t e r e s t  and those  t h a t  a lmost  
c e r t a i n l y  comprise t h e  b u l k  of t h e  l una r  s u r f a c e  are 0 ,  N a ,  Mg, A l ,  S i ,  
Ca, T i ,  arid F e ,  The method and r e s d t s  of l u n a r  ana lyses  have been 
desc r ibed  i n  several pape r s  ,2--11 

Anot:her a p p l i c a t i o n  of a l p h a  s o u r c e s  i n  space  work i s  i n  t h e  Gemini 
carbon d i o x i d e  se’cisor, l 2  an in s t rumen t  f o r  moni tor ing  CO2 p a r t i a l .  p res -  
s u r e  i n  ;% closed-loop b r e a t h i n g  sys tem,  
t h e  a i r  stream under  test  i s  d i v i d e d  i n t o  two substreams.  One, a 
r e f e r e n c e  stream, passes through an abso rbe r  that removes CO;?, The o t h e r ,  
t h e  measurement stream, p a s s e s  through a p a s s i v e  f i - I t e r  t h a t  does n o t  
remove 1:he C 0 2 .  Both streams then  p a s s  through i d e n t i c a l  ion chambers 
each of  which contai-ns  an a lpha  s a u r e e  of 2’t1L4m. 
r e a d i l y  than 0 2 ,  t h e  i o n  c u r r e n t  f r o m  the measurement stream w i l l  b e  
h i g h e r  t han  t h a t  from t h e  r e f e r e n c e  stream. The i o n  c u r r e n t s  are sub- 
t r a c t e d  by a b r i d g e  c i r c u i t ,  and t h e  d i f f e r e n c e  f lowing  i n  the common 
l e g  of t h e  b r i d g e  i s  p r o p o r t i o n a l  t o  the  a m n o ~ ~ n t  of CO2 i n  t h e  measurement 
stream. R e s u l t s  from ground and a i r b o r n e  use  i n d i c a t e  tlie d e v i c e  t o  b e  
r e l i a b t e ,  rugged, and e a s y  t o  u s e .  The bas ic  concept  can a lso be  adapted 
t o  t h e  d e t e c t i o n  of  other gases  by p rov id ing  an  adequate  s u b s t i t u t e  f o r  
t-he mscarite, t h e  abso rb ing  material  f o r  t h e  C O 2 ,  

I n  t h e  a p e r a t i o n  of t h e  s e n s o r ,  

S ince  C 0 2  i o n i z e s  more 

From data ob ta ined  f rorn b a s i c  experiments  , two r a d i o i s o t o p e  methanome ters 
w e r ~  des igned  and manufactured arid have been d e s c r i b e d  by Malsuguma and 
Oba.13 One o f  t h e s e  i s  f o r  0 t o  100% niethanr. and the o rhe r  f o r  0 t o  10% 
methane, bo th  having  almost  t h e  same s t r u c t u r e  and electrical c i r c u i t s .  
‘This methanometer, con ta ined  i n  an  e x p l o s i o n  proof  case, c o n s i s t s  mainly 
of  t w o  i o n i z a t i o n  chambers, a dc a m p l i f i e r ,  pow~lc  supply  and alarm 
c i r c u i t .  Its ou tpu t ,  which i s  i n d i c a t e d  on a m i c r o a m e r r r  (0-100 uA) 
s c a l e d  i n  methane p r r c e w t ,  can a l s o  bc  connected to a scPf-ba lanc ing  
type e l e c t r o n i c  r e c o r d e r ,  An a l p h a - e n i t t i n g  S Q U ~ C ~  i s  used i n  each 
i o n i z a t i o n  chamber, 100 u C i  o f  R2(D $. E + F) i s  used. 

4 patent h a s  been awarded t o  Cofiey and Rich1’+ on a ga4 convers ion  
appa ra tus  and a rnel-liotl f o r  producing condensa t ion  nuc le i  
relates t o  t h e  d e t e c t i o n  and measurement of  3 chemica l ly  r e a c t i v e  gas  

The i n v e n t i o n  
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such  as ammonia d i s p e r s e d  in a r e l a t i v e l y  chemica l ly  i n e r t  gas such as 
z i r .   he gas mix tu re  is exposed t o  a r a d i o a c t i v e  material, e , g ,  
which e m i t s  i o n i z i n g  r a d i a t i o n  and ionEzes the gas .  The  i o n i z e d  gas i s  
then t r e a t e d  w i t h  a cheniical r e a g e n t  vapor t o  produce condensnelon 
n u c l e i  from the cliemically r e a c t i v e  gas which are suspended i n  t h e  
carrier gas.  The condensa t ion  n u c l e i  are counted i n  a convenr iona l  
condensa t ion  n u c l e i  countex. 

2 1 Q ~ o ,  

Nechushkin et aZ. l 5  have i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of u s ing  s e m i -  
conductor  r a d i a t i o n  c o u n t e r s  t o g e t h e r  w i t h  a l p h a  s o u r c e s  i n  che measiie-e- 
ment o f  p r e s s u r e  and p e r c e n t a g e  composi t ion  of gas mixt-ures. 

Plaksin, Smirnov, and S t a r c h i k 1 6  
quamt.itative c o n t r o l  i n  p r o d u c t s  contianing B e ,  B ,  P ,  and AI . .  Two net:liods 
of a n a l y s i s  w e r e  used -- count:.ing n e u t r o n s  from t h e  (u,n> reaction and a lpha  
a c t i v a t i o n  a n a l y s i s .  F a r  d e t e r m i n a t i o n  o f  B e ,  B ,  and F in p r o d u c t s ,  the  
nuc,le.ar r e a c t i o n s  9Be(a,n)12C, 11B(a,n}14N9 and 19F(a,n)22Na w e r e  used. 
The nunber of n e u t r o n s  i s  p ropor t i . ona l  t o  t.he B e ,  B ,  and F c o n t e n t ,  A 
2 1 0 P ~  alpha source of 1.20 m C i  a c t i v i t y  was used f o r  a c t i v a t i o n  a n a l y s i s  
o.E A1 and B u s i n g  the r e a c t i o n s  27Al(a,n)30P and 10B(u,nB13N. 
r a d i o a c t i v i t y  w a s  measured wi,t'im an end-window coun te r .  
mina t ion  o f  B and AI. w a s  o b t a i n e d  from t h e  d i f f e r e n c e s  i n  t h e i r  maximum 
r a d i a t i o n  e n e r g i e s  and h a l f - l i .  Ee p e r i o d s .  The accuracy  o f t h e  determ:i.n.at- i on  
i s  2 t o  3%. 

have used 210Po a l p h a  r a d i a t i o n  f o r  

The induced 
T h e  separate detc3:r- 

The a n a l y s i s  of o r e s  and m i n e r a l s  by means of t h e  rad io lnminescence  induped  
b y  t h e  alpha r a d i a t i o n  o f  210Po has been s t u d i e d  b y  Plaksin, Belyakov, and 
L P Starchik, E 'The weight  of t h e  c a t h o d i c  luminescence dev ices  w i  ili.1.y 
used for the analysis of m i n e r a l s  makes them inconven ien t  t o  use i n  t hc  
f ie1 d I) On the other hand, a lpha  r a d i a t i o n  sources, in p a r t i c t i l a r  ' QPo 
are e a s y  to hand le .  PoPonium-210 emits  on ly  one gamma quantum f o r  each 
l o 5  alpha p a r t i c l e s  t h u s  r e q u i r i n g  l i t t l e  s h i e l d i n g .  The v i s u a l  a n a l y s i s  
can be  c a r r i e d  out very  s imply .  A 1 . 8 - C I  s o u i c e  w a s  useel successfully f u r  
obse rv ing  t h e  rad io luminescence  of  calcite?,  do lomi te ,  f l u o r i t e ,  sc'n~t-1 i tc,  
and b e r y l .  E X ~ Q S U L - ~  t o  aLpha r a d i a t i o n  induced a s t r o n g  rad io luminescence  
i n  diamonds and enabled  t h e  u s e  of  alpha r a y s  i n s t e a d  of gamma radiation 
f o r  s o r t i n g  them. T h e  c u r r e n t  gene ra t ed  w a s  ampl i f i ed  by a f a c t o r  of 
t o  I O 5 .  
problem. 

The low p e n e t r a t i o n  of t h i s  r a d i a t i o n  s i m p l i f i e s  the s h i e l d i n g  
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Reference A? pha Sources 

A few of t h e  less common a p p l i c a t i o n s  of alpha emitters as refer- "XICC sotlrccs 
w i l l .  b e  b r i e f l y  d e s c r i b e d .  
l l g h t  source  f o r  in - f l igh t .  c a l i b r a t i o n  o f  a photomu1tipPier  assembly tha t  
i s  used i n  Chc detection of high-energy neutrons i n  the atmosphere at. baP- 
l o o n  a l t i t u d e s .  T h e  detector ,  a thin C s I C T I )  crystal 5 mrl t h i c k  and Il--cm 
diameter was o p t i c a l l y  coupled t o  a .?-in. photomul t ipBier  

Dmle and Joseph '  have used a radioact ivi :  p u l s e  

High-energy n e u t r o n s  w e r e  d e t e c t e d  by n u c l e a r  d i s i n t e g r a t i o n s  prodiiccd b y  
them i n  t h e  d e t e c t o r ;  however, a good check on t h e  gain st&l. I . i ty  of the  
d e t e c t o r  was needed and some t y p e  of i n - f l i g h t  c a l i b r a t i o n  was essential 
S i n c e  none o f  t h e  ussiak methods of  c a l i b r a t i o n  cou ld  be  used  an UPICCPIIVE~-- 

t i o n a l  method, which consisted e s s e n t i a l l y  of  making a p u l s c  Bight  S O U B - C ~  
produced by a c o l l i m a t e d  241h alpha s o u r c e  kept on a t h i n  Csli('l 'E) d i s k ,  
wal j  used. Every a l p h a  par t ic le  entering the d i s k  produced a Fixed amount 
of  light which w a s  isotropieally propagated  throughout  the d i s k  wh ich  
glowed w i t h  t h e  7 ight e T h i s  pu l sed  Light. s o u r c e  was optically c w p l e d  to  
the d e t e c t o r  u s i n g  a s i l i c o n e  fluid. 
replaced a s t a n d a r d  r a d i a t i o n  source. The new c a l i b r a t i o n  method w o r k a d  
very s a t i s f a c t o r i l y  d u r i n g  an en t i r e  8-hr FJLight. 
s o u r c e  applications have  been reparted ear l ier  by H a k e ~ e s s d . 1 ~  and %gt" 

In e s s e n c e  the p d w  l i g h t  S O U ' P T ~ ~  

S i m i l a r  r.y rs of a l p h a  

hleksandrov, B e l y a l s k i i ,  and 3erkovich4 have developed a method f o r  fabri-  
c a t i o n  af 2 1  d i f f e r e n t  types o f  reference a lpha  s o u r c e s  w i t h  one  o r  a 
mix tu re  of  different i s o t o p e s  and for t h e  deterni inat ian of t h e  b a s i c  
physical c h a r a c t e r i s t i c s  of s p e c t p m e t r i c  sources i n  which ttae foElowing 
i s o t o p e s  are used; "'u, 7 3 9 ~ 3 , ~  i-''hs " 8 ~ i s ,  '446m9 ' 4 ' ~ m ,  and 'za~h. .  
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These r e f e r e n c e  s o u r c e s  are des igned  f o r  c a i f b r a t i n g  s e d c o n d v c f r o r  a l p h a  
spec t romete r s  and o the r  specz romet r i c  and coun t ing  appa ra tus  a The a l p h a  
pa r t i c l e s  e m i t t e d  by t h e  sou rce  have a s m a l l  energy sca t te r .  The S O U K C ~ S  

fall .  i n t o  t h r e e  ca tegc i r ies ,  depending on the  " i n t r i . n s i c  ha l f -wid th  of  t h e  
a lpha  l i n e s " :  up t o  10 keV, 10 t o  20 keV, and 20 to  50 keV. Most of t h e  
sources  f a l l  inCo t h e  f i r s t :  t w o  c a t e g o r i e s .  The e n e r g i e s  o f  t h e  a l p h a  
p a r t i d e s  emitted by t h e  r e f e r e n c e  s o u r c e s  were determined t o  w i t h i n  2 t o  
5 keV. With the h e l p  o f  a p r e c i s i o n  magnetic a l p h a  spectroiwter,  t h e  
shape  o f  t h e  a l p h a  l i n e s  was i n v e s t i g a t e d  i n  the process  of  deve loping  
tile method of manufac tur ing  t h e  s o u r c e ,  and a c o n s t a n t  cheek w a s  kept: on 
t h e  energy  s h i f t  o f  the a l p h a  l i n e s  due to  s e l f - - & s u r p t i o n  and to energy 
losses Erom the f i l m  c o a t i n g .  'The a v i t i e s  of t h e  r e f e r e n c e  soi i rces  
l i e  w i t h i n  t h e  r ange  o f  3 x 1.0' I:O 3 x LOs d i s / s e c  and are de termined  t o  
w i t h i n  2 t o  42, In most of t h e  r e f e r e n c e  s o u r c e s  t h e  l a y e r  of  r a d i o a c t i v e  
s u b s t a n c e  i s  f i r m l y  a t t a c h e d  t o  t h e  b a s e ,  and i i z  a number of cases covered  
by  a f i l m .  'The base  c o n s i s t s  o f  a rnetal.lj-c d i s k ,  and t h e  d i ame te r  of  t h e  
ac t ive  s p o t  i s  1 2  mm, The f a b r i c a t i o n  p rocess  i s  a l so  a p p l i c a b l e  t o  
r e f e r e n c e  s o u r c e s  o f  21QPo, 2 2 6 R a 9  and 227Ac.  

Stepanov arid T y u t i k o ~ ~ ' ~  have used  a l p h a  r a d i a t i o n  sources  f o r  the ca l i -  
b r a t i o n  and d e t e r m i n a t i o n  of  the b a s i c  parameters  o E semiconductor  t ype  
a l p h a  spec t romete r s .  'These basic parameters i n c l u d e  energy  r e s o l u t i o n ,  
i n t e g r a l  n o n l i n e a r i t y ,  t i m e  I n s t a b i l i t y ,  and behav io r  w i t h  r e s p e c t  t o  
f requency  changes and ampl i tude  overl.oad. I n  view of  t h e  g e n e r a l  unre- 
L i a b i l i t y  of  the p r e v i o u s l y  used  methods 8 new techn ique  based on t h e  
use  o f  a l p h a  s o u r c e s  w a s  developed.  The maxiinurn of t h e  ampl i tude  pulse 
d i s  t r i b u t i n n  of  monoenerget ic  alpha parti-cles s e r v e d  as r e f e r e n c e .  Tests 
w e r e  c a r r i e d  o u t  w i t h  v a r i o u s  a l p h a  s o u r c e s ,  such  as 2 3 3 U ,  239Pu,  and 
2'114iii, u s i n g  a s i l i c o n  s u r f a c e - b a r r i e r  d e t e c t o r  and a 226Ra  s o u r c e  for 
r e f e r e n c e .  The e f f e c t  o f  t h e  source on the r e s o l u t i o n  w a s  i l l u s t r a t e d  
by a numerical.. example. The  ti^^ i n s t a b i l i t y  was found t o  amount t o  0 .2% 
aEtcr 7 h r  o f  o p e r a t i o n .  I t  was also found t h a t  f requency l o a d i n g  causes  
a d r i f t  o f  t h e  energy  spec t rum o f  t h e  a l p h a  emit ters .  

Srocker eC aZ.' i n  t h e  comparison of  t:he n u c l e a r - r e a c t i o n  energy  scale 
w i t h  the gamma-ray eizer - scale measured t h e  e x c i t a t i o n  energy of  t h e  
f i r s t  e x c i t e d  s t a t e  o f  "Mg wi.t.h i n e l a s t i c  deu te ron  s c a t t e r i n g  u s i n g  t h e  
energy  o f  a l p h a  p a r t i c l e s  from 21QPo as a s t a n d a r d .  
1368.2 k 0.5 keV, and t h e  average  of r e c e n t  measurements of t h e  energy  
o f  gama r a y s  e m i t t e d  by t h i s  s t a t e  g i v e s  an  e x c i t a t i o n  energy  of  13678.67 
keV based on  t h e  e l e c t r o n  rat-mass energy .  Thus,  t h e  wide ly  used polo-  
nium c a l i b r a t i o n  energy  was found to be c o n s i s t e a t  w i t h  t h e  gaxrma-ray 
energy  standard t o  with:i.n 0.4% a 

The r e s u l t  was 

i n  the a n a l y s i s  o f  t h e  l u n a r  s u r f a c e  on t h e  Surveyor  rnissi-ons (p rev ious ly  
d e s c r i b e d )  small ad jus tmen t s  o f  t h e  energy  scales c f  the spectrums were 
made t o  c o r r e c t  changes i n  instrument characterist ics caused by  ternpera- 
t u r e  v a r i a t i o n s  on [:he 
a l p h a  mode9 these var ia t ions w e r e  based on t h e  observed  v a r i a t i o n s  i n  
t h e  p o s i t i o n  o f  an 2s''Es (6.64-MeV a lpha)  c a l i b r a t i o n  peak and on t h e  
prominent '60 f e a t u r e  i n  t i le  l u n a r  spectrt ims. 
p l a c e d  c l o s e  t o  the d e t e c t o r s  s e rved  as t h e  energy marker. A f t e r  t h e  

du r ing  measurement o f  a s a m ~ l e . ~ ' ~  In  t h e  

A s m a l l  amount 0: 2543s 



energy-sca le  c o r r e c t i o n s  were made 
f r o m  t h e  lunar d a t a .  

background s p e c t r a  were s u b t r a c t e d  
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Mi scel 1 aneous Appl i c a t i  ons 

Alpha s o u r c e s  i n  b i o l o g i c a l  s t u d i e s  appear  t o  have l i m i t e d  use .  
has used a l p h a  rad iography w i t h  polonium and plutonium soiirces and x-ray 

Belanger' 



microradiography f o r  o b s e r v a t i o n  of  c a n c e l l o u s  and compact bone from 
ch ick ,  r a t ,  dog, and man. Alpha s o u r c e s  have a l s o  been used t o  irra- 
d i a t e  ce l l s .  
p a r t i . c l e  microbeam f o r  t h e  i r r a d i a t i o n  of  l i v i n g  c e l l s ,  and Mikhai lova 
el; aZ. 

T r u j i l l o  , F e r r i n g s  
and Wel ln i t z "  have p repa red  a l i n e a r  a lpha  source  for expos ing  t i s s u e  
ce l l s  e i t h e r  i n  mass o r  i n  s i n g l e  l a y e r s .  The polonium w a s  e l e c t r o -  
p l a t e d  on a t h i n  w i r e  which could be  i i i t roduced  i n t o  t h e  c e l l  c u l t l ~ e .  

Simons2 lzas used poloza:i.um i n  an apparat:ns g i v i n g  an al-pha- 

have i r r a d i a t e d  i n - v i t r o  c u l t u r e s  of mammalian ce l l s  u s i n g  
39Pu07_ s o u r c e s  f a s t e n e d  t o  s t a i n l e s s  stcel rods .  

I n  a s t u d y  of  t h e  d e s t r u c t i o n  of  foam by a l p h a  a r t i c l e s ,  Exerowa and 
Zvanov' used a l p h a  sources  o f  235U, 239Pu, and '4cPu. They found a lpha  
s o u r c e s  much more e f f e c t i v e  i n  d e s t r o y i n g  foam than e t t h e r  b e t a  o r  Po- 
B e  neu t ron  s o u r c e s  * 

Van L t t e rbeek  et- aZ.6 have developed an appa ra tus  u s ing  a 21cPo al.pha 
source f o r  s t u d y i n g  t h e  e f f e c t s  of a l p h a  r a d i a t i o n  on supe rconduc to r s .  
Samples w e r e  i r r a d i a t . e d  a t  ve ry  low t empera tures  ( 4 . 2 O K )  t o  de te rmine  
the e f f e c t s  of l a t t i c e  d e f e c t s  on superconduct ing  p r o p e r t i e s  I 

Diethorn7  has  sugges t ed  the use  o f  2 1 a P o ,  2 3 a P u p  and 244Cm f o r  low-thrust: 
t a k s  i n  s p a c e ,  and Choong and Mason' have s t u d i e d  a p a s s i v e  n u c l e a r  
a t t i t u d e - c o n t r o l  sys tem f o r  so l a r  probes [:hat u s e s  a l p h a  S Q U ~ C C S .  A 
p a s s i v e  n u c l e a r  s p i n - s t a b i l i z e r  would use a t  least  two p a i r s  of n u c l e a r  
m i c r o t h r u s t e r s  t h a t  g e n e r a t e  t h r u s t  from the  r a d i o i s o t o p i c  emiss ion  of  
a l p h a  p a r t i c l e s ,  The c a p a b i l i t y  o f  t h i s  system appears  t o  b e  s u p e r i o r  
t o  t h a t  o f  o t h e r  p a s s i v e  sys tems.  

Luminescence induced i n  gases by 21aPo a lpha  s o u r c e s  has  been stiidj-ed by 
Harteck and Dondes -' 
s u p e r i o r  to  b e t a  o r  gamina s o u r c e s  because of t h e i r  shorter range and 
g r e a t e r  s p e c i f i c  i o n i z a t i o n .  
made s p e c t r o s c o p i c  s t u d i e s  o f  alpha-ray-lnduced luminescence i n  gases  
A p a t e n t 1 2  h a s  been awarded to  Pa rk ins  f o r  a n u c l e a r  b a t t e r y  o r  power 
supp ly  u s i n g  a r ad ioac t i . ve  s o u r c e ,  e.g.  2 3 8 P u p  deposited on 1 1 h e  i n t e r i o r  
s u r f a c e  of  a xenon- f i l l ed  sphe re  c o n t a i n i n g  photoce1l.s The a l p h a  par -  
t i c l e s  cause  luminescence i n  t h e  gas  w i t h i n  t h e  sphe re  and t h e  p h o t o c e l l s  
conve r t  t h e  r e s u l t a n t  l i g h t  i n t o  e lectr ical  energy .  
b a t t e r y  u s i n g  s e m i c o n d m t o r s  and a n  a l p l i a  s o u r c e  has  been awarded t o  
Rappaport .  l 3  The use of  semiconductors  and an a l p h a  p a r t i c l e  s o u r c e  has  
been s t u d i e d  by V o e l l e ~ - ] - ~  as a n u c l e a r  time base f o r  an e l e c t r o n i c  t i m e r .  
The sys tem w a s  de te rmined  f e a s i b l e  b u t  i m p r a c t i c a l  'Based on a somewhat 
sfrnilar concept. K ~ e h l e r l ' ' ~ ~  h a s  been awarded bo th  a United S t a t e s  and 
a B r i t i s h  p a t e n t  on a t i m e  base  combining a long- l ived  a l p h a  s o u r c e ,  2 3 5 U ,  
2 3 8 U ,  237Np,  or 239Pus  and a s o l i d  s ta te  d e t e c t o r .  

They concluded that  a lpha  sources  appeared  t o  be  

Kunz" '11 and t h e s e  two i n v e s t i g a t o r s  have 

A p a t e n t  on a n u c l e a r  

Although many examples of the  a p p l l c a t i o n s  and uses  of  a l p h a  S Q U ~ C ~ S ,  as 
w e l l  as t h e i r  p r e p a r a t i o n  methods,  have been c i t e d  in t h i s  review,  i t  i s  
b y  no means in t ended  t o  b e  ai e x h a u s t i v e  survey  of the l i t e r a t u r e ,  b u t ,  
i n s t e a d ,  a n  a i d  i o  t h o s c  i n t e r e s t e d  i n  o r  working w i t h  a l p h a  saurces. 
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A V A I L A B I L I T Y  OF ALPHA SOURCES 

Alpha s o u r c e s  are a v a i l a b l e  commercially.  A r e c e n t  buyers  guide '  lists 
approximatel-y 65 s u p p l i e r s  of  r a d i o a c t i v e  s o u r c e s ,  and t h e  Nuclear  News 
1.971 Radio iso tope  D L r e c t c J  ry2 l i s ts  i s o t o p e  a v a i l a b i l i t y  and g i v e s  t h e  
vendors  f o r  r e f e r e n c e  and h i g h - i n t e n s i t y  s e a l e d  sources  of s p e c i f i c  
r a d i o i s o t o p e s .  The pu rchase r  of a r a d j o a c t i v e  a lpha  source  must-, of 
cour se ,  o b t a i n  t h e  necessa ry  s ta te  and /o r  f e d e r a l  l i c e n s e ,  
t h e  D i v i s i o n  o f  Materials L icens ing  has  pub l i shed  a h e l p f u l  b o o k l e t 3  
e n r i t l e d  "How t o  G e t  .a License  to U s e  Radloisotopes."  Another pub l i ca -  
t i o n ,  whlch lists g e n e r a l l y  l i c e n s e d  q u a n t i t i e s  and exempt c o n c e n t r a t i o n s  $ 

shows t h e  o n l y  a l p h a  emitter a v a i l a b l e  on a g e n e r a l  l i c e n s e  t o  be 210Po 
arid then  o n l y  i n  q u a n t i t i e s  o f  0 . 1  u C i  o r  less,  

I n  t h i s  r e g a r d .  

La rge r  q u a n t i t i e s  o f  210Po and t h e  o t h e r  a l p h a  s o u r c e  materials r e q u i r e  a 
s p e c i f i c  l i c e n s e .  
a b i l i t y  of  r a d i o a c t i v i t y  s t a n d a r d s  as oE J u l y  1969,  and al ha-emi t t ing  
s t a n d a r d s  o f  21aPo,  228Th, 2 3 3 U 9  2 3 5 1 J 0  23"Np , 239Pu, and 2'lAm are inc luded .  

Th i s  l a t t e r  d o c m e n t 4  a lso g i v e s  a l i s t i n g  of  avail- 
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