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UDIOISOTOPE APPLICATIONS 

H .  A .  O'Byien, Jr. 

ABSTRACT' 

The review of nuc lea r  b a t t e r y  cons t ruc t ion  and a p p l i -  

c a t i o n  inc ludes  : (1) t h e  pyi-nciples  u t i l i z e d .  i n  developing 

a nuc lea r  b a t t e r y ;  (2)  t h e  major problems such as in su la t ion .  

breakdown a n d  r a d i a t i o n  dmage  t o  materials i n  con tac t  with 

t h e  source ;  (3) b a t t e r y  design and e f f i c i e n t  d i . e l e c t r i c s .  

Several. nuc l ides  are compared Tor possib1.e use as b a t t e r y  

components. 

The at tachment  o f  a Co60 source t o  the f l i g h t - r e c o r d e r  

of an airplane has been i n v e s t i g a t e d  f o r  use  i n  l o c a t i n g  the:  

ins t rument  i n  t h e  event  of  a c rash .  



1 . 0  REVIEW OF NUCLEAR BATTERY CONSTRUCTION AND A P P L I C A T I O N  

1.1 In t roduc t ion  

A nuc lea r  b a t t e r y  i s  a device which i s  capable  o f  del.i-v-e:ring a, f e w  

microwatts of power and which is ,  i n  c o n t r a s t  t o  t h e  electrochemfcal  o r  

sol.ar c e l l ,  i nhe ren t ly  f r e e  from teri:perature and env i ron ien ta l  f a c t o r s .  

'The inair, coi-rponerlts of -tile b a t t e r y  are t h e  source and t h e  corrverter; an 

enc losure  i s  a l s o  necessary as a p r o t e c t i v e  s h i e l d .  T'ne power o f  t h e  

source i s  determined by t h e  rate of  decay o f  t h e  nuc l ide  and t h e  energy 

of  t h e  emi.tted r a d i a t i o n .  Since t h e r e  i s  no problen of fu.el  dep1.etj-m 

f o r  a l o n g - l i v e e  i so tope ,  t h e  b a t t e r y  l i f e  i s  l i m i t e d  only by t h e  break- 

down o f  t h e  conver t ing  device which t ransforms t h e  r a d i o a c t i v e  energy t o  
e l e c t r i c a l  energy. 

T'ne f i r s t  d i r e c t  conversion o f  r a d i o a c t i v e  decay energy i n t o  e l e c -  

t r i c a l  energ j  was perforxed by Moseley i n  1913 by suspendi-ng a radiKn 

sphere insid-e a second sphere which acted as t'ne amode c o l l e c t i n g  t i le 

eni i t ted beta p a r t i c l e s .  Voltages up t o  100 kev were obta ined .  

Recent developments i.n nuc lea r  b a t t e r i . e s  have centered  around f o u r  

b a s i c  ce l l .  t j ipes-- the cons tan t -cur ren t  c e l l ,  t h e  p-n junc t ion  c e l l ,  tile 

con tac t -po ten t i a l -d i f f e rence  c e l l ,  and. t h e  double conversion ce1.3.. 'The 

constarit  -curren-t c e l l  colI .ects  t h e  emi t t ed  b e t a s  without  aiiy c u r r e n t  

magni f ica t ion .  T'ne p-n juncti-on c e l l  magnif ies  t h e  beta c u r r e n t  and de- 

c reases  i t s  vo l t age  by means of a diode juinction. The con tac t -po ten t i a l -  

dj-fference c e l l  employs a radi-oactive gas conf ined  between t h e  anode and 

3. cathode made of two d i s s i m i l a r  m e t a l s ;  t h e  outnut  poten' i ial  i s  t h e  

d i f fe re l ice  i n  t h e  work func t ion  of  t h e  two meta ls .  A phosphor used i n  

t h e  double conversion c e l l  converts  the b e t a  t o  l i g i i t  e n e r r j  which i s  

then  t r a n s f o r m a  t o  e l  e c t r i c a l  energy- by a photocell. 
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The geometr ica l  design of a p a r t i c u l a r  c e l l  type  i s  p a r t l y  d e t e r -  

mined by t h e  phys ica l  form of  t h e  b e t a  source- - tha t  is ,  gas,  powcler, o r  
metal. The shape and th i ckness  of t h e  source are d.etemined by i t s  se l f -  

abso rp t ion  c o e f f i c i e n t .  

c o e f f i c i e n t s  a r e  used, a very t h i n  source i s  necessary t o  o b t a l n  maxini~~~i 

use  of t h e  e l e c t r o n s .  Tne design of t h e  source i s  f u r t h e r  d.etermined. by 

t h e  d i e l e c t r i c  which s e p a r a t e s  t h e  emit ter  from the c o l l e c t o r .  A d i -  

e1ectr i .c  which w i l l  n o t  apprec iab ly  absorb t h e  b e t a  energy a,nd w??ic'n will 

not  break d-own under t h e  h igh  vo l t age  developed by t h e  betgas i s  d e s i r a b l e .  

The e f f e c t s  of r a d i a t i o n  on va r ious  d i e l e c t r i c s  and i n s u l a t o r s  such as 

decreased d i e l - e c t r i c  r e s i s t a n c e  and l a t t i c e  d e f e c t s  have been i n - v e s t i -  

ga ted .  Also important  t o  t h e  design. i s  t h e  choice of  c o l l e c t o r s  which 

have low secondary.-electron emission. and l i t t l e  outgass ing .  

When materials wi th  h igh  s e l f - a b s o r p t i o n  

The e f f i c i e n c y  of the f o u r  main t ypes  of  nuc lea r  b a t t e r i e s  i s  l o w ,  

f o r  bo th  theory  and experiment show t h a t  sl$ energy conversion seems maxi- 

mum. This  va lue  d i f f e r s  b y  only a few percent  from p resen t  t he rmoe lec t r i c  

conve r t e r s  which conver t  4-5% of t h e  beta energy t o  e l e c t r i c a l  energy. 

1 .2 .  Constant-Current C e l l  

I n  t h e  cons t an t - cu r ren t  c e l l ,  h igh  speed b e t a s  emerging from t h e  

i so tope ,  which i s  coa ted  on an e m i t t e r  e l e c t r o d e ,  p e n e t r a t e  an i n s u l a t i n g  

medium and are c o l l e c t e d  by a conduct ing e l e c t r o d e  which then  becomes 

negat ive ly  charged. The i n s u l a t i n g  medium between t h e  e l e c t r o d e s  may be 

a vacuum or a d i e l e c t r i c .  Th i s  type  c e l l  has  t h e  g r e a t e s t  vo l t age  ard 

t'ne l eas t  c u r r e n t  of  t h e  f o u r  types ,  f o r  t'liere i s  no rmgn i f i ca t ion  o f  

t h e  c u r r e n t .  

A cons t an t - cu r ren t  c e l l  u s ing  S r  ''-Yg0 i s  shown i n  F ig .  1 .2 .1 .  Two 

m i l l i c u r i e s  of S r  'O-Y'O w a s  impregnated i n  a sma1.1 gold l e a f ,  0 .001-in.  

t h i c k  (a f te r  t h e  Leaf was degassed and free from o i l ) ,  and t h e  leaf was 
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a t t a c h e d  t o  one end of a 0.001-in.  s t a i n l e s s  s teel  f o i ~ l .  An a1minui:i 

cy l inde r  was mapped x i t h  0.015 i n .  of polystyrene d i e l e c t r i c  an3 t h e  

l e a f  p laced  aroumd i t .  The cylind-er was then  covered v i t h  0.015 i n .  of 

polystyrene so that t h e  alurni ilu:<q elec’ilaode c o l l e c t s  t h e  b e t a s  emi t t ed  i l - i  

a l l  d i r e c t i o n s .  N a t i ~ r a l  mica, Styimn-Gk~, and Corning-1723 b o r o s i l i c a t e  

g l a s s  have been determined t o  be b e t t e r  insu1.Lator.s. The a v a i l a b l e  

cui-rerlt c a l c u l a t e d  for a 2-mc S r  90-Y90 source i s  1 2  x 10 

average energy (0,91 Mev) of t h e  Ygo h igh  eiiergy b e t a  i s  used i n  ca lcu-  

l a t i n g  t h e  power si i ice t h e  Srgo b e t a  and t h e  o t h e r  low energy b e t a s  of 

Y9’ do not  a f f e c t  t h e  rough ca lcu la t i .on .  The a v a i l a b l e  power obta ined  

by mul t ip ly ing  t h e  vol-Lage by t h e  c u r r e n t  i s  10.9 pw. Wi~th an assumed 

power conversion of 2$, t‘ne output  o f  power of  t h i s  b a t t e r y  i s  - 0.22  pw. 

-12 amps. The 

There a r e  two major causes  for t h e  low converrsi.on f a c t o r .  F i r s t ,  

secoiidary e l e c t r o n s  are e j e c t e d  on lmpact of  t h e  primary b e t a s  wi th  t h e  

c o l l e c t o r  su r face  and a r e  a t t r ac t ed .  back t o  t h e  source by rile p o s i t i v e  

e l e c t r l c  f i e l d  (Fi.g . 1 .2 .2 )  . 
col lected.  e l e c t r i c  charge and. t hus  l i n i t  t h e  output  c u r r e n t .  A t  p resent ,  

toll-ector su r faces  are o n l y  - 50% e f f e c t i v e - - t h a t  i s ,  t h e  ratj.0 of second- 

ary 
conversion f a c t o r  i.s t h a t  t h e  vo l t age  across t h e  e x t e r n a l  t e rmina l s  r ises  

t o  several. thousan3 v o l t s  and leakage produced by air i o n i z a t i o n  around 

t h e  t e rmina l s  limits f u r t h e r  vo l t age  inc rease .  

These secondary el.ectr.ons d.ecrease t h e  

emission t o  prir-ary impact i s  1./2. The second cause o f  t h e  low 

When a solid- dj.eleci;r.ic s epa ra t e s  t h e  e m i t t e r  and. c o l l e c t o r  e l e c -  

t r o d e s ,  a coinpromise must be made. A t h i c k  d i~e l - ec t r i c  i s  aes i r ed  i n  

o rde r  t o  g ive  t’ne iriaxi.niin vo l t age  breakdown; however, a thj.n 6 i e l e c t r i c  

i s  desii-eti t o  iIiinj.rrlj.ze beta  absorpt-ion, s ince  the power output  i s  pro- 

port ional .  t o  Dhe number of b e t a s  reaching t h e  col- lector .  A p l o t  of 

-car-ge ve r sus  b e t a  einargji for a given di.elec’iric s a s t  be kilown, as w e l l  

as t h e  mean energy o f  t h e  b e t a .  
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Fig. 1.2.1. Constant-Current-Charging Nuclear Battery: A Cross 
Sectional View. 
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4 E L E C T R O N  

E L E C T  R O N  

sou RCE- 
S O U R C E  BACKING 

Fig.  1.2.2. Ejection of Secondary Electrons upon Impact o f  
Primary Electrons with the Collector Surface .  
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The r e s i s t a n c e  of  most i n s u l a t o r s  when exposed t o  b e t a  radia-Lion w a s  

observed t o  decrease i n  time t o  a minirriuni and the11 inc rease  t h e r e a f t e r .  

Thus, t h e  i n s u l a t o r s ,  i n  bu lk  f o m  o r  a f t e r  f ab r i ca t i -ng  an3  nol.ding i ~ n t o  

posit i-on, were i r r a r l i a t e d  'LO t h e  n;aximum resi s tance  regi.on before  use  ir, 

t h e  c e l l .  I n  doi~ng so ,  t h e  leakage cu r ren t  through khe i n s u l a t o r  was 

irLnimi z ed  . 
Anotner example o f  a cons tan t -cur ren t ,  d i r ec t - cha rg ing  nuc lea r  

b a t t e r y  i s  t h e  K r o 5  gas b a t t e r y ,  showin i n  Fig. 1.2.3. 

byr  which t h e  gas soui-ce i s  in t roauced  i n t o  -the g l a s s  chamber seriies as 

t h e  anode; the cathode i s  a copper coa-Ling which c o l l e c t s  t'ne e l e c t r o n s .  

The bat'iery contaj-ns - l cc o f  K.r , corresponding to 110 pw o f  r ad io -  

a c t i v e  power. 

ve r s ion .  

The f i l l i n g  tube  

85 

The b a t t e r y  has  a 2 - p ~  0utpu.t which i s  - l .8$ power con- 

Tr i t i im-z i  rconiurn soiirces have been i n v e s t i g a t e d  r,~id used t o  rr-ake 

a working H3 model. 

It has been shown 'cha t  carbon c o l l e c t o r s  i n  g a s - f i l l e d  b a t t e r i e s  

show an e r r a t i c  c u r r e n t  output, with time due t o  outgass ing  of  t h e  carbon. 

Thins, rnetho8.s reducing t h e  gas conten t  should be studi.ed i f  a carbon 

e l ec t rode  i s  des i r ed .  

1.3 _I T h e  p-n Juncti-on Cell 

A high-energj  b e t a  impinging or1 a p-n diode produces many hole-  

e l e c t r o n  p a i r s .  If t h e  p a i r s  a r e  pi-oduced- l e s s  than  an e l e c t r o n  d i f f u s i o n  

l e n g t h  from t h e  p-n junc t i~on ,  x o s t  of  t h e  e l e c t r o n s  t r a v e l  toward t h e  - n 

s i d e  and t h e  ho le s  toward t h e  1 s i d e  of t h e  junc t ion .  These separa ted  

p.ai.::s produce a Poiward b i a s  on t h e  junc t ion  and del.i.ver power t o  a load .  

Junc t ion  c e l l s  .thus convert  a small cu r ren t  of  h igh  vo l t age  e l e c t r o n s  

i n t o  a much larger c u r r e n t  o f  low vo l t age  e l e c t r o n s .  The c u r r e n t  mu l t i -  
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K ri8' GAS 

UNCLASSIFIED 
ORNL-LR-DWG. 76352 

Fig. 1.2.3.  Gas-Filled, Di-rect-Charging N?rcl.eaz* Battery. 
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5 5 p l i c a t i o n  f o r  si.licon i s  - 1 . 5  x 10 and f o r  ge-rnianiuly- - 1.9  x 7.0 . 'The 

p-r. j unc t ion  type  b a t t e r y  d e l l v e r s  c u r r e n t s  of a few microamperes a t  a 

few t e n t h s  of a v o l t .  

A -ty-pical p-n junc t ion  cel.1. i s  shown ir. Fig. 1.3.1.  A source of  50 rnc 

o f  Srgo corresponding t o  200 p,w o f  r a d i o a c t i v e  power has been used f o r  

b c t h  s i l i c o n  and germanj.uhl j unc t ions .  Because of  vol-me a,nd su r face  re- 

combination, back s c a t t e r i p g ,  bucking c .urrents ,  j unc t ion  I-eskage, and 

soiii-ce se l f - abso rp t ion ,  an output  of oniji 1 : ~ L W  was obta ined  which c o n e -  

Q O ~ S  t o  an ene ra -conve r s io r -  e f f i c i e n c y  of about 0.5%. 

a t  250 TI~V were observed f o r  s i l i c o n  and 20 p a  a t  30 :?iv f o r  ge.rrr;anium. 

S i l i c o r .  has  a h ighe r  e f  f lc ienc j ;  thari gemani.uri p r i n c i p a l l y  because o f  

'ihe l a r g e r  j unc t ion  r e s i s t a n c e .  

Currents  o f  10 Fa 

This  ce1.l f a i l e d  a f t e r  a few weeks' ope ra t ion  due t o  t h e  producti.on 

o f  l a t t i c e  d e f e c t s .  If t h e  b e t a  ene rg le s  exceed a c e r t a i n  va lue ,  t h e  

Freinkel d e f e c t s  c r e a t e d  cause a r e l a t i v e l y  f a s t  d-ecrease of ou tput  c u r r e n t  

due t o  an S-ncrease i n  t h e  reconycination v e l o c i t y  o f  e l e c t r o n s  and ho le s  

i n  t h e  s t rucbxre .  The t h e o r e t i c a l  a n d  expei-irnental va lue  f o r  t h e  t h r e s h -  

old energy f o r  r a d i a t i o n  damage i n  s i l i c o n  i s  ... 300 kev amd i n  gemaiiium 

j.s - 600 kev. 

source  hose b e t a  energy i s  1.ess t'nan t h e  t h r e s h o l d  el?ei-gy for 1.a t t ice  

d e f e c t s  i s  necessary .  

'1'0 use  e i t h e r  s i l i c o n  o r  gerinaniur i n  t h e  p-n cell.., a 

I.!+* Contact-Potent id . -Dif fe rence  Cell 

The contact-potent ia l -dif l"er .encc type, shown i n  F i g .  1.4.1 i s  ca- 

p a h k  o f  d e l i v e r i n g  4 few Iri l l imicroamperes a t  a few v o l t s .  

An e l e c t r o n  t ;aveling through a heavy gas such a s  argon will produce 

ion-electi.oli p a i r s ,  e x h  p a i r  absorbing about 30 ev from t h e  e l e c t r o n .  

For  each i n i t i a l  el-eciron, -1 100 ion-eleccron p a i r s  w i l l  be produced 



Fig.  1.3.1.. p-n JunctLon Nuclear BUa-t-tery. 
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Fig. 1.4-1. Contact-Potential-Difference Cell. 
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g iv ing  a c u r r e n t  magnif i c a t i o n  and a v o l t a g e  decrease.  

gas  wi th  two metal e l e c t r o d e s  o f  d i f f e r e n t  work func t ions  which a r e  

connected by an e x t e r n a l  load ,  the gas ions  w i l l  be c o l l e c t e d  on t h e  

e l e c t r o d e  of oppos i te  charge.  The c u r r e n t  i s  dependent on t h e  source 

material; t h e  p o t e n t i a l  i s  t h e  d i f f e r e n c e  between t h e  work fun.cti.ons of  
t h e  two e l e c t r o d e s .  The open c i r c u i t  voltage between an a l k a l i  meta l  

e lectrod-e such as l i t h i u m  wi th  a work func t ion  of 2.39 ev and a noble  

metal e l e c t r o d e  such as g o l d  wi th  a work f u n c t i o n  o f  4.58 zv wo1,iil.d. be 

2.10 ev.  Although t h e  work func t ions  o f  t h e  meta ls  a r e  known, the prob- 

lem has  been t o  determine a couple  having a h igh  c o n t a c t - p o t e n t i a l -  

d i f f e r e n c e  without  i ngass ing  and without  vary ing  apprec iab ly  with tirile 

and temperature .  

By enel.osirig t h e  

E lec t rodes  of A1-Pb02, Pb-Pb02, and AI-C have been used wi tb  a mix- 

ture  of tritium and argon as  t h e  f i l l i n g  gas  t o  obta in  c u r r e n t s  of  100 

rnka at 1 v .  The r e s u l t s  ind-icated t h a t  t h e  output  c u r r e n t  v a r i e d  wi th  

temperature  and was no t  l i n e a r  w i th  source s i z e  and t h a t  t h e  vo l t age  

ac ross  the l o a d  w a s  e r r a t i c  with t ime.  

A c e l l  u s i n g  Mg-Pb02 e l e c t r o d e s  and new inorganic  i n s u l a t i o n  through- 

o u t  t o  minimize leakage provided a much more s t a b l e  c u r r e n t  and v o l t a g e .  

The inorganic  i n s u l a t o r s  i nc reased  the  temperature  range stnd decreased 

the ingass ing;  p r e i r r a d i a t e d  Alsiiiiag-243 seemed t o  provide t h e  best t e r -  

mina l  i n s u l a t o r  su r face .  Resu l t s  show that tritium i s  t h e  most promising 

i so tope  f o r  use i n  the gaseous- ioniza t ion ,  c o n t a c t - p o t e n t i a l - d i f f e r e n c e  

b a t t e r y  and t h a t  2% power conversion i s  a rnaxiriium. 

1 . 5 .  Double Conversion C e l l  

The t r ans fo rma t ion  o f  b e t a  energy t o  l i g h t  energy and t hen  t o  e:lec- 

t r i c a l  energy i s  c a l l e d  double conversion.  A double-conversion c e l l  



- .l/2 by 1/4 i n .  has been developed us ing  ,111~~. 
5 mg of  h , c .  povd-er contairi ing 4.5 c u r i e s  was mixed wi 'c i i  50 mg o f  pow- 

2 5  
dered phosphor containirig e i t h e r  cadmi.um s u l f i d e ,  z-inc sulf id-e ,  or both.  

T:ie emi t ted  b e t a s  are absorbed a f t e r  t i -axers ing  0.03. cin i n  thc  phosphor 

and produce l i g h t  ii?_ t h e  red and i n f r a r e d  reg ions .  The l i g h t  passes  

through t h e  s o u r c e  conLairer  nade of t r anspa ren t ,  rad ia-Lion-res i s tan t  

p las - t ic ,  impirges oc a. si ].icon p h o t o e l e c t r i c  o r  photo junctiion su r face  

which surrounds the source,  and 1.i .berates photoe lec t rons  fyom t h e  sur- 

f a c e .  

v e r t e d  t o  e l e c t r i c a l  energy, y i e l d i n g  an o u t p i t  of  20 1-m. a t  1 v.  

To form t h e  source,  

Of the 1800 pw of  a v a i l a b l e  radi-oact ivc energy, only 1% was con- 

Fur the r  s t u d i e s  haxe shcwn t h a t  -the f a c t o r  l i i l  i t i n g  t h e  e f f i c i e n c y  

rrras t h e  th i ckness  of t h c  luminophor l a y e r  which absorbed i t s  owl1 i l l u n r -  
2, i n a t i o n .  A t h i ckness  of 0.02 cni (80 m g / c m  was sue;ge,ted, 

The b a s i c  a.dvantage of t h e  double conversion b a t t e r y  i.s t h a t  t h e  

s i l i c o n  photoce l l ,  which is s m z i t i v e  t o  h t t i c e  defects, i s  p ro tec t ed  

from t h e  b e t a  r a d i a t i o n  o f  t h e  i so tope ;  oril_ji t h e  phosphor i s  sub jec t ed  

t o  r a d i a t i o n ,  t o  which i t s  r e s i s t a n c e  i s  r e l a t i v e l y  high. 

1 .6 .  Appl ica t ioas  

The small. sj.ze and. long l i f e  of nuclear  b a t t e r i e s  should make them 

u s e f u l  i n  such instrurr,enl;s as rad ios ,  heai-j-ng a i d s ,  wrist ivatches, and 

t h e  c u t i e - p i e  i o n i z a t i o n  chzliiher, which r e q u i r e s  only- 90 v and 1 mpa o f  

curren-i;. 

A cons tan t  vo l t age  p o ~ e r  supply, another  a p p l i c a t i o n  of t h e  nuc lear  

b a t t e r y ,  i s  shown i n  F i g ,  1.6.1. The c a p a c i t o r  i s  charged u n t i l .  t h e  

pro-per vol-Lage i.5 reached a f te r  which the .  regl la t i . f lg  d.i.ode maintains  

t h i s  vo l t age .  
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UNCLASSI FlED 
ORNL-LR-DWG. 76355 

NUCL€AR 
BATTERY 

Fig.  1.6.1. Constant-Voltage Power Supply. 

SWITCH 
M U C L € A R  
B A T T E R Y  

L O A D  

L O A D  

Fig.  1.6.2. Nuclear-Battery-Powered Switching Device. 
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A self-powered system with only one rroving p a r t  f o r  d e l i v e r i n g  a 

t ime-delayed e l e c t r i c a l  s igna l  t o  a loud i.s shown i n  F ig .  1 .6 .2 .  'The 

c a p a c i t o r  s i z e  2nd bi-eakdown vol tage  of -the c o l d  cathode di.0rl.e d-eter- 

mines t h e  tirrie delay betwem the switch opening mid t h e  discha,rge o f  thi. 

c a p a c i t o r  t'nrougb t h e  d lode  t o  t h e  l o a d .  An example of its use  as a 

self  -contained a c t u a t i n g  i.ii:puI_se i s i n  an a c c e l e r a t i o n  " Q I t  s enser  using 

an i n e r t i a  switch.. The self-powered system could  be used as an al-ti-Lude 

or p r e s s w e  sensing switch sjis-teri;.. One-shot t r i g g e r  devices  f o r  f i r i n g  

squibs, primers,  and de tona tors  c o u l d  a l s o  be made. Other uses of nii'- 

clear bat ter? ' .es  inc1.iia.e e l ~ e c - t r o s t a t i c  genera tors ,  count ing devices, reset 

ci.evi.ces, and relay opera t  ior-s . 
Vari.ous be ta - -emi t t ing  i so topes  used  as sources  i n  nuc lear  h a t t e r 5 e s  

are compared i n  Table 1 . 6 . 1 .  The vilues shown f o r  t h e  c o s t  pe r  mi.cro- 

srat t  of a v a i l a b l e  power a r e  depe-adent upon the c o s t  per  c u r i e  and t h e  

average b e t a  er:ergy. On a cost-per-r- icrowatt  b a s i s ,  a Si: 9'-~9' source 

appea:r.s t h e  most p - r ac t i ca l .  Ifoweve-, due t o  t h e  t o x i c i t j  of strontium 

and the g r e a t e r  sh i e ld ing  necessary f o r  t h e  high-energy be-La, Pm 147 i s  

gene ra l ly  prefeyred  a s  t'ne b a t t e r y  source. 

'The varialnl-es a f f e c t i n g  t h e  va lues  f o r  t h e  amount of source m a t e r i a l  

i-eqiii-red. to produce a I-pw output  g?.ven i n  t h e  Last c o l w n  o f  'Table 'll.6.1 
a r e  t h e  s p e c i f i c  a c t i v i t y  and t'oe average b e t a  energy. 

Krypton-85 and ti-itiui a r e  p a r t i c u l a r l y  u s e f u l  i n  tine con tac t -  

poi;ential-diffevenc--e type  b a t t e r y  i n  t h a t  e i t h e r  of t h e  two may be nlixed. 

wi th  t h e  f i l l i n g  gas,  i n  a d d i t i o n  t o  t h e  beta-emi.t t ing,  p l a t e d  source 

m a t e r i a l .  

ou tput  of t h e  ba t - ie ry  . 
The corb ina t ion  of t h e  two b e t a  e m i t t e r s  erthailces t h e  power 

The proper-Lies of T'cg9, from Table 1.6.1, appear to l i m i t  i t s  use  

i n  nuc lear  ba t t e r i - e s  as compared with t h e  o t h e r  l i s t e d .  i-sotopes.  The 
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disadvantages,  however, rria,>r be balanced. i n  t h e  p-n junc t ion  c e l l ,  b~here 

hi.gh cu r ren t  and 1 . o ~  voltage are fiestred.  The niaximurii b e t a  energy of  

,e9’ (290 kev) i s  l e s s  thaiz the t h r e s h o l d  energy f o r  t h e  procuet ion o f  

l a t t i c e  d.efec-Ls in e i t h e r  si.llicon o r  ge;rnaniurri (300 and 600 kev respec- 

t i - v e l y ) .  A Tc 

vious p-n ce1l.s using o t h e r  i so topes  have failed i n  - 2 weeks. 

99 uncti.on c e l l  ::iigli-t, have a lor-g life whereas all .  pre- 



2.0. RADIOACTIVE LOCATOR BEACON 

2.1. In t roduc t ion  

The Federa l  Avia t ion  Agency has i n  recen-t yea r s  beeii concerned by 

t h e  l o s s  of f l i g h t  - record ing  instruments  which have been t o r n  away frorii 

t h e  fuse l age  of t h e  a i r c r a f t  dur ing  the  impact of a c ra sh .  The r a p i d  

recovery of' t h i s  instrument  i s  considered. e s s e n - L i d .  A r a d i o a c t i v e  l o -  
cat,o:r beacon has  been proposed. as a xeans of  l o c a t i n g  t h e  p ro tec t ed  ta,pe 

deck o f  t h e  recorder ,  e s p e c i a l l y  i n  i -nstances where it may be under water 

o r  ilnbeilded iil mud. 

The beacon shou1.d. be at-t:ached t o  o r  l o c a t e d  v i t h i n  t h e  t a p e  deck it- 

se l f ,  should not  o p e r a t e  unti.1. a predetermined "G" force has been appl ied ,  

and  should. have a long  l i f e ,  low weight,  small size, and c ra sh  s u r v i v -  

a b i l i t y .  The n a t u r e  of t h e  source r a d i a t i o n  and t h e  amount present  i n  

the beacon should y i e l d  a range of  d e t e c t i o n  of at leas t  10 f t  i n  air ,  

3 f t  i n  sea  water, and 2 ft i n  earth. I n  add i t ion ,  t h e  equipment shou1.d 

'De so designed th .a t ,  when it i s  mounted anywher-e i n  the a i r c r a f t ,  persons 

may work nearby f o r  prolonged per iods  of tirile without  exceedi.ng c u r r e n t  

s tandards  of safe r a d i a t i o n  dosage. F i n a l l y ,  t h e  beacon shou1.d have a 

s h e l f  - l i f e  (non-operat ing condi t ion) .  of  a t  l e a s t  6 months followed. by 

an o p e r a t i n g - l i f e  of 1 4  days after a c r a s h  and should r e q u i r e  rio extern:t l  

power. 

2.2, Conceptual Design 

A 'r.8 mc Co60 source enc losed  i n  a s t a i n l e s s  s tee l  capsule  i s  mounted 

at, t h e  c e n t e r  of a b-in., sphe r i ca l ,  uranium s h i e l d .  

s igned  so t ha t  it will s e p a r a t e  i n t o  two sec t ions ,  t h e  l a r g e r  of which 

w i l l  f a l l  away exposing t h e  r a d i o a c t i v e  source .  The smaller. s e c t i o n  t o  

which t h e  radiat i .on source i s  a t t a c h e d  i s  held. f i rmly  t o  t h e  p ro tec t ed  

The sphere i s  de- 



t a p e  deck by a mounting bracke t .  I n  t h e  event of a c rash ,  t h e  t a p e  deck 

w i l l  be l o c a t e d  by a por tdble ,  s c i n t i l l a t i o n - t y p e  instrumelit .  'The ' iota1 

weight of  t h e  proposed l o c a t o r  beacon i s  30 l b s .  A c ros s  s e c t i o n a l  view 

of  t h e  b e w o r  i s  shown i n  F ig .  2.2.1.. 

Cobalt-60 was sel .ected as t h e  :;ource f o r  radiatl ion s i n c e  it provides  

t h e  required. gamma r a d i a t i o n  t o  pene t r a t e  3 f t  o f  water and will func t ion  

s a t i s f a c t o r i l y  i n  t h e  environiilerital condi t i~ons  s p e c i f i e d  by t h e  FAA. A 

very  s m a l l  sou.i:ce i s  necessary t o  minimize ?,lie amount of sh i e ld ing  r e -  

quired- and t o  reduce t h e  rad.i.ati-on hazards involved i.n t h e  recovery oper- 

a t i o n .  

The ; e l ec t ion  of  uranium r a t h e r  t h m  lead f o r  s h i e l d i n g  i s  necess i -  

t t t  Led by t h e  requirerr-ents of  c rash  s u r v i v a b i l i t y  A p r o t e c t i v e  meta l  

coa t ing  w i l l  be placed %round t h e  uranium t o  prevent i i s  ox ida t ion  i n  

t h e  event  of € i r e .  

Two t r i g g e r  mechanisms have been proposed f o r  s epa ra t ing  t h e  two 

s e c t i o n s  of t h e  uranium s h i e l d  and exposing -the source.  F i r s t ,  t h e  r e -  

movable s e c t i o n  o f  t h e   shield^ i.s a t t a c h e d  -to t h e  source-containing s e c t i o n  

wi th  shear  p ins ;  t h e  o t h e r  end i s  f i r m l y  anchored 'GO t h e  fuse?.e.ge. Upon 

ilnpact, t h e  e n t i r e  t a p e  deck assembly wil.1. cont inue cnoving forward b;r 

v i r t u e  of i t s  i n e r t i a .  The removable sec t ion  w i l l  be hel-d back, t h e  shear  

p ins  u i l l  bi-ertk, ar,d t h e  soiirce will be exposed. The secon. t r i g g e r  mech- 

anisiii u ses  explos ive  b o l t s  t o  a t t a c h  t h e  uraniuni shield.  to t h e  soiirce 

i.louiit. A t  a predetermined impact shock t h e  b o l t s  explode and t h e  shield 

f a l l s  away, thereby  exposiiig t h e  source.  

A s t a i n l e s s  s teel .  guard. i.s p laced  over t h e  end of t h e  source t o  pre-  

ver.t i t s  beiing dislodged a f t e r  t h e  zhiield has  f a l l e n  away. An a l t e r n a t e  

xethod i s  t o  a t t a c h  the source t o  the instrument  by means of a cha in  so 

t h a t  a1.l s h i e l d i n g  could be dropped away a t  t h e  momer,t of  impact.  This 

nethod  would^ i nc rease  the e f f e c t i v e  angle  of  -kJ.nsh.ielded ra -d ia t ion  t o  360" . 
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2.3. Experimental  Resu l t s  

Radia t ion  :neasureinents have he-n made i n  nilld., water,  and ai .r  by u s e  

of t e s t  equipment s e t  up i n  a ma,ni.p:ilator cel.1. ( s e e  F ig .  2.3.1.). The 

dosage itas neasured i n  a i r  ,at di.staiices of 30, 39.4, and 47 i n .  from t h e  

source.  B a n  t h e s e  da t a  t h e  s t r e n g t h  of  t h e  Co6' source was c a l c u l a t e d  

to be 2.38 c u r i e s .  

The source Fas contdiried i n  a 1/4-in.-diam by 19/32-in.- long staiii- 

l e s s  s t e e l  capsule ,  which was -then placed i n s i d e  2 5 / 1 6 - i n . - d i a ~  hole  

d r i l l e d  i n  t h e  end of  a 2-1/2-in.-diam l e a d  cy l inde r .  

s c a t t e r e d  r a d i a t i o n  i n  t h e  c e l l  w a s  minimized by p l ac ing  l e a d  b r i c k  

s h i e l d i n g  around both  t h e  source and t h e  d e t e c t o r .  

'The e f f e c t  o f  

I n  o rde r  t o  ob ta in  measurements through mud and water,  t h r e e  boxes 

(12 x 1 2  x 1 2  i n .  ID) made of  1 /2 - in .  plywood were p laced  end-to-end 

between t h e  source and t h e  d e t e c t o r .  The boxes were l i n e d  wi th  a t h i n  

shee t  of p l a s t i c  t o  prevent leakage of t h e  mud and water .  The r e s u l t s  

of t h e  t e s t  nieasurernents a r e  l i s t e d  i n  Table 2.3.1. Figures  2.3 .2 ,  2.3.3, 
and 2 .3 .4  show t h e  v a r f a t i o n  o f  t h e  l o g  of t h e  close r a t e  wi th  vary ing  

amounts of mud, water,  and a i r  p laced  between the source and the  detec-  

t o r .  Table 2.3.2 conta ins  a lis-i; of  calcul.a'cc-.d dosages from small Co 

source:;. 

60 
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TmLE 2.3.1 

Cobalt-60 Source Measurements i n  S i r r t u l a t e d  

A i r ,  Mud, and Water Condit ions 

A b  s o r p t  j.on 
Me diu111 

- 

Distar ce From 
Source (in.) Dose 

A i r  

A i r  

Air 

3 empty boxes 

i .box water  - 2 empty boxes 

2 boxes water - I empty box 

3 boxes w a t e r  

30 
39.h 
l+ 7 

47 
47 
47 

47 
47 
47 

6.8 r /hr  

3.i r/hr 

2.3 r /hr  

1.1 r/hr 

TABU 2.3.2 
Calcula ted  Dosages i n  Small Cobalt-60 Sources 

- I o s ~ o s e  Rate \mr/hr) 

Coho Source (mr/hr) S phe r i csl- Ura,n ium 
(mc 1 2 ft. mu.d 3 I"t. water 10 f t .  air Shaelding 

Calculated Environmental Readings at Surface of  4 I n .  

1.000 

500 

250 

125 

62.5 

15.63 
31.25 

7.81 

5.9 
2.95 
1.48 
0 '77 
0.37 
0.19 
0.09 

0.05 

1.0.9 

5.45 
2.73 
1.36 
0.68 
0.34 
0.1'1 

0.09 

1400 

700 
350 
175 
87.5 
43.8 
21 *g 
10.9 

1634 
817 
40 8 
204 
102 

51 
25 

12.8 

'. 
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UNC L ASS1 FI ED 
OWL-LR-DWG. 76358 

"0 IO 2 0  3 0  40 5 0  
I N C H E S -  M U D  ( D E N S I T Y  1.7) 

Fig. 2.3.2. Co60 Radia t ion  Readings i n  Mud (Cons tmt  Source -to 
Probe Distance, 47 i n . ) .  



UNtLASSl  FlEB 

2.0 30  40 
I N C H E S  - W c Q  

Fly,. 2.3.3. Co6' Radiation Readings i-il H , O  (Constant Source to 
Probe Distance, 47 i n . ) .  
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'0 3 0  40 5 0  
I N C H E S - A I R  

Fig. 2.3.4. Co60 Rad.iatTos Readings i n  Air. 
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