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I n  t h e  c o u r s e  of s t u d y i n g  t h e  TL  characteristic:^ o f  p o t t e r y  i t  
h a s  o c c a s i o n a l l y  been n e c e s s a r y  t o  sample t h e  same p o t s h e r d  
more t h a n  once ,  and t o  make up  and measure d i f f e r e n t  sets of  
d i s c s  at .  d i f f e r e n t  t i m e s  from d i f f e r e n t  p i e c e s  of t h e  same 
s h e r d .  I t  h a s  been found t h a t  a l t h o u g h  t h e  TL d a t a  o b t a i n e d  
from t h e s e  d i f f e r e n t  sets of  d i s c s  from one s h e r d  may have 
e x c e l l e n t  i n t e r n a l  r e p r o d u c i b i l i t y  w i t h  l i n e a r  growth c u r v e  
c h a r a c t e r i s t i c s  b o t h  on f i r s t  and second glow, and a good 
p l a t e a u  r e g i o n ,  n e v e r t h e l e s s  t h e  v a l u e s  o b t a i n e d  f o r  t h e  
e q u i v a l e n t  d o s e ,  EJ, i n t e r c e p t ,  I ,  and a v a l u e  a r e  n o t  com- 
p a t i b l e .  To i l l u s t r a t e  t h i s ,  daea  from-4 a r c h a e o l o g i c a l  
samples from d i f f e r e n t  s i tes ,  and one modern ganuna i r r a d i a t e d  
s h e r d  a r e  p r e s e n t e d  i n  t a b l e  1 .  I t  must be emphasized t h a t ,  
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c o n s i d e r e d  on its own merits,  each of t h e s e  e v a l u a t i o n s  f o r  
e a c h  s h e r d  wou1.d be c o n s i d e r e d  e n t i r e l y  a c c e p t a b l e ,  and y e t  it 
can be s e e n  t h a t  t h e r e  a r e  s i g n i f i c a n t  v a r i a t i o n s  i n  a11  t h r e e  
o f  t h e  p a r a m e t e r s  o b t a i n e d  from TL data .  I n  a d d i t i o n  it h a s  
been found t h a t  some s h e r d s ,  which on one  d e p o s i t i o n  appear  t o  
g i v e  good 1. i .neari t .y  i n  t h e  f i . r s t  and second glow growth c u r v e s ,  
may show u n a c c e p t a b l e  non-l inear  behaviour  on a  subsequen t  
d e p o s i t i o n ,  a1,though s t i l l  w i t h  good d i s c  t o  d i s c  r e p r o d u c i b i . l i t y .  

A l l  05 t h e s e  samp1,es appeared  homogeneous, and t h e r e  was no 
o b s e r v a b l e  d i f f e r e n c e  i n  t .he r a d i o a c t i v i t y  measurements ( a l p h a  
countl .ng and B TLD) made on t h e  d i f f e r e n t .  samples from t h e  same 
s h e r d .  Thus it must be concluded t h a t  t h e  d i f f e r e n c e s  i n  t h e  
v a l u e s  of  ED, I and a  o b t a i n e d  a r e ,  a t .  l e a s t  i.n p a r t ,  due t o  
some unknown d ~ f f e r e ~ c e s  i n  e x p e r i m e n t a l  p r o c e d u r e ,  r a t h e r  t h a n  
t.o i n t . r i . n s i c  d i f f e r e n c e s  i n  t h e  TI, behaviour  of: d i f f e r e n t  por-  
t i o n s  o f  t h e  s h e r d .  F o r t u n a t e l y  t h e  e f f e c t  o f  these  v a r i a t i o n s  
on t h e  a g e  i s  o f t . e n  w i t h i n  t h e  expeximent.al  e r r o r ,  p a r t l y  
because  t h e  s p r e a d  i.n t h e  ar.chaeoloy.i.ca1 dose  (EL) + I )  i s  n e a r l y  
always less t h a n  t h e  v a r i a t i o n  i n  t h e  i n d i v i d u a ~ v a 1 ' ~ e s  o f  t h e  
ED and I ,  are p a r t l y  because  t h e  v a r i a t i o n  i n  t h e  a  v a l u e  u s u a l l y  ,- m 

t.ends tz compensate f o r  t h e  v a r i a t i o n s  i n  t h e  ED. N e v e r t h e l e s s  
, t h i s  d a t a  s e r v e s  t o  i l l u s t r a t e  t h e  o f , t e n  repeaTed warning t h a t  
a l l  o f  t h e  TL measuremen.ts n e c e s s a r y  f o r  a  f i n e  g r . a in  d a t e  shou ld  
be o b t a i n e d  from d i s c s  from a  s i n g l e  depositi .or1 o n l y .  I t  i s  v e r y  
u n s a f e  t:.o u s e ,  f o r  i n s t a n c e ,  an - ED from one d e p o s i t i o n ,  and an -, I 
from a n o t h e r .  

Table 1 ..-..- 

TL data obtained different  -- depositions -- of the same potsherd -- 
Sample ED(rads) U I ( rads)  o a 0 Age(years) a 

1 i )  
i i )  

2 i )  
,i i ) 

3 i )  
i i )  

4 i )  
i i )  

y irradiated 643 13 30 5 0 A 
S herd 

(modern 650 6 0 145 2 0 B 
Peruvian) 657 40 54 15 

Notes: a )  the gamma irradiated sherd was given a total  dose of 690 2 10 rads -- 
b )  i and i i  represent the same worker a t  different  times; A and B 

represent different  workers 
c )  the errors in the ages are experimental errors only 
d) errors are  i n  the leas t  significant figures 
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DK-4000 Roskilde, Denmark 

I N T R O D U C T I O N  - PAGT I - 
The problem of b e t a  s o u r c e  c a l i b r a t i o r ,  h a s  been d i s c u s s e d  i n  some d e t a i l  

r e c e n t l y  (Lf int le  and Ai tken,  1977; Wint le  and f lurray,  19'77; f lurray and W i n t l e ,  
1979) and t h e  methods sugges ted  f o r  c a l i b r a t i o n  have u s u a l l y  been based on 
t h e  u s e  o f  a  TL phosphor such a s  ca lc ium ' l u o r i d e  f o r  in tercompar i r lg  t h e  b e t a  

l s o u r c e  w i t h  a  w e l l - c a l i b r a t e d  gamma s o u r c e .  Ai tken (1979) proposed t h e  i n t e r -  
l a b o r a t o r y  c a l i b r a t i o n  o f  b e t a  s o u r c e s  u s i n g  100 pm g r a i n s  o f  n a t u r a l  f l u o r i t e  
and t h e n  c a l c u l . a t i o n  o f  t h e  e q u i v a l e n t  dose - ra te  t o  q u a r t z .  He d i d  s u g g e s t ,  
however, t h a t  q u a r t z  i t s e l f  would be a b e t t e r  phosphor t o  u s e  i f  s u f f i c i e n t  
q u a n t i t i e s  p o s s e s s i n g  s a t i s f a c t o r y  1L. c h a r a c t e r i s t i c s  were a v a i l a b l e .  Pe rn icka  
and Wagner (1979)  d e s c r i b e d  t h e  u s e  of commercial ly a v a i l a b l e  llerck q u a r t z  
f o r  b e t a  s o u r c e  c a l i b r a t i o n  and proposed t h a t  i r r a d i a t e d  samples  of t h i s  q u a r t z  
c o u l d  b e  d i s t r i b u t e d  f o r  i n t e r l a b o r a t o r y  c a l i b r a t i o n .  Although t h e  use  o f  
q u a r t z  f o r  c a l i b r a t i o n  purposes  e x c l u d e s  t h e  u n c e r t a i n t y  invo lved  i n  t h e  c a l -  
c u l a t i o n  o f  t h e  d o s e - r a t e  t o  q u a r t z  from t h e  measured d o s e - r a t e  t,o t h e  TL 
phosphor,  c a r e  must s t i l l  be a p p l i e d  t o  every  d e t a i l  o f  t h e  procedure  i n  o r d e r  
t h a t  t h e  most a c c u r a t e  r e s u l t  p o s s i b l e  may be  a t t a i n e d .  

Th i s  paper  h a s  been prompted p a r t l y  by t h e  l a c k  o f  adherence t o  t h i s  
l a t t e r  p r i n c i p l e  by P e r n i c k a  and Wagner (1979) - r e s u l t i n g  i n  a  minor un- 
c e r t a i n t y  i n  t h e i r  s o u r c e  c a l i b r a t i o n  - and p a r t l y  by t h e  d e s i r e  t o  r ecoun t  
some o the r  c o m p l i c a t i n g  f a c t - o r s  a s s o c i a t e d  w i t h  t h e * t r a n s p a r e n c y  of t h e  q u a r t z  
g r a i n s  themse lves  which can a l s o  have i m p o r t m t  e f f e c t s  f o r  TL d a t i n g .  I n  
P a r t  I ,  g iven  h e r e ,  t h e  e f f e c t s  of t h e  gamma i r r a d i a t i o n  of m a t t e r  i n  g e n e r a l  
and i n  p a r t i c u l a r  t h e  problems which a r i s e  when a n  i n t e r f a c e  d i v i d e s  two d i f -  
f e r e n t  media b e i n g  i r r a d i a t e d  by gamma r a y s  a r e  d e s c r i b e d .  I n  P a r t  11, whlch 
w i l l  be  p u b l i s h e d  i n  t h e  n e x t  i s s u e  of  t h i s  n e w s l e t t e r  (No. 11, June 1980) ,  
t h e  i r r a d i a t i o n  o f  q u a r t z  g r a i n s  f o r  b e t a  s o u r c e  c a l i b r a t i o n  purposes  is d i s -  
cussed  and some unwelcome phenomena a s s o c i a t e d  w i t h  t h e  t r a n s p a r e n c y  o f  t h e  
q u a r t z  g r a i n s  a r e  d e s c r i b e d .  

l 

THE EFFECTS OF GAlltlA IRRADIATION OF HATTER 
1 

I n  t h e  energy  range and f o r  t h e  m a t e r i a l s  of  i n t e r e s t  t o  u s ,  t h e  primary 
i n t e r a c t i o n  o f  t h e  gamma r a y s  (pho tons )  w i t h  a b s o r b e r  atoms is v i a  t h r e e  
q u i t e  d i s t i n c t i v e  p r o c e s s e s :  - 

(i) The p h o t o e l e c t r i c  e f f e c t :  a  photon g i v e s  up a l l  o f  i ts energy t o  
a bound e l e c t r o n  ( u s u a l l y  from t h e  K o r  L s h e l l )  which is  then  e j e c t e d  
from t h e  atom w i t h  a  k i n e t i c  ene rgy  e q u a l  t o  t h e  i n c i d e n t  photon energy 
minus t h e  b i n d i n g  energy o f  t h e  e l e c t r o n  i n  t h e  atom. T h i s  e f f ' e c t  is 
p a r t i c u l a r l y  i m p o r t a n t  a t  low photon e n e r g i e s ,  i.e. less than  100 KeV, 
and f o r  h i g h  a tomic  number a b s o r b e r s .  The p h o t o e l e c t r i c  a b s o r p t i o n  
c o e f f i c i e n t  v a r i e s  r a p i d l y  w i t h  a t o m i c  number Z ,  approx imate ly  a s  
24. 



( i i )  The Compton e f f e c t :  a  photon is s c a t t e r e d  from i ts  o r i g i n a l  d i r e c t i o n  
of  motior? by a c o l l i s i o n  wi th  an  a tomic  e l e c t r o n ,  T h i s  r e s u l t s  i n  a 
Compton s c a t t e r e d  photon and a Compton r e c o i l  e l e c t r o n .  The Compton 
e l e c t r o n s  w i l l  have a range of e n e r g i e s  d i s t r i b u t e d  around a mean value .  
Compton s c a t t e r i n g  is  i m p o r t a n t  f o r  photon e n e r g i e s  around 1 fleV and f o r  
low and medium v a l u e  a tomic  number m a t e r i a l s .  The compton s c a t t e r i n g  
c o e f f i c i e n t  is a lmos t  independent  o f  Z.  

( i i i )  P a i r  p roduc t ion :  a photon t r a v e l l i n g  i n  t h e  f i e l d  of a n u c l e u s ?  
and to  some d e g r e e  t h e  f i e l d  o f  an  e l e c t r o n ,  can be comple te ly  a n n i h i l a t e d  
g i v i n g  rise t o  a n  e l e c t r o n - p o s i t i o n  p a i r .  P a i r  p r o d u c t i o n  predominates  
a t  h i g h  photon e n e r g i e s  and f o r  h i g h  a tomic  number m a t e r i a l s .  A minimum 
t h r e s h o l d  photon energy of  .1.02 MeV is r e q u i r e d  f o r  p a i r  p r o d u c t i o n  i n  
t h e  f i e l d  o f  a n u c l e u s ,  and a t h r e s h o l d  o f  2.04 IleV is r e q u i r e d  i n  t h e  
f i e l d  o f  an  a t o m i c  e l e c t r o n .  

These t h r e e  e f f e c t s  a r e  d e s c r i b e d  i n  d e t a i l  by Evans (1958,  1968) and 
Davisson (1968) .  

Thus t h e  i n t e r a c t i o n  of gamma r a y s  wi th  m a t t e r  u s u a l l y  i n v o l v e s  t h e  
p roduc t ion  of  e n e r g e t i c  secondary e l e c t r o n s  and it is t h e  i n t e r a c t i o n  of 
t h e s e  secondary e l e c t r o n s  which  account.^ predominant ly  f o r  t h e  i o n i z a t i o n  
and e x c i t a t i o n  of t h e  a b s o r b e r  atoms. For  example, t h e  i n t e r a c t i o n  o f  a 
1 lleV gamma r a y  t r a v e l l i n g  i n  q u a r t z - l i k e  m a t e r i a l  w i l l  produce a secoridary 
e l e c t r o n  whose most p robab le  energy w i l l  be 440 KeV. T h i s  e l e c t r o n  can then  
go on t o  i o n i z e  over  10,000 f u r t h e r  atoms b e f o r e  be ing  b rough t  t o  rest. The 
e l e c t r o n s  l i b e r a t e d  i n  t h e s e  i o n i z a t i o n s  can themselves  go on t o  produce 
f u r t h e r  showers of lower  energy e l e c t r o n s  and t h i s  p r o c e s s  c o n t i n u e s  u n t i l  
a l l  of t h e  energy impar ted  by t h e  i n i t i a l  photon c o l l i s i o n  i s  d i s s i p a t e d  
w i t h i n  t h e  m a t e r i a l .  

Within  t h e  bulk  of  a gamma-irradiated m a t e r i a l  t h e r e  w i l l  e x i s t  an 
e q u i l i b r i u m  f l u e n c e  o f  e l e c t r o n s  where t h e  number o f  e l e c t . r o n s  produced w i t h i n  
a s m a l l  volume is ba lanced  by t h e  number absorbed.  A t  t.he s u r f a c e  of a 
m a t e r i a l  exposed t o  a gamma r a y  beam, however, t . h i s  e q u i l i b r i u m  w i l l  n o t  
exist because  t h e r e  w i l l  have been no e l e c t . r o n s  produced b e f o r e  t h e  s u r f a c e .  
A s  we move i n t o  t h e  m a t e r i a l ,  t h e  i n c r e a s e  i n  t.he p r o d u c t i o n  o f  e l e c t r o n s  
i n i t i a l l y  outweighs  t h e  i n c r e a s e  i n  a b s o r p t i o n ,  s o  t h a t  t h e  e l e c t r o n  f l u e n c e  
b u i l d s  up u n t i l  e v e n t u a l l y  t h e  p r o d u c t i o n  and a b s o r p t i o n  r a t e s  become e q u a l  
and e q u i l i b r i u m  v a l u e  is a t t a i n e d .  T h i s  secondary e l e c t r o n  e q u i l i b r i u m  
is  ach ieved  a t  a  d i s t a n c e  from t h e  s u r f a c e  of t h e  r i a t e r i a l  e q u a l  t o  t h e  
average  range o f  t h e  i n i t i a l  photon c o l l i s i o n  e l e c t r o n s .  Thus t h e r e  w i l l  be 
a t h i n  s u r f a c e  l a y e r  of  t h e  m a t e r i a l  i n  which t h e  e q u i l i b r i u m  v a l u e  o f  t h e  
e l e c t r o n  f l u e n c e  is  be ing  b u i l t .  up and t h e  r e l a t i v e  importance  8 f  t h i s  l a y e r  
w i l l  depend on t h e  a c t u a l  dimensions o f  t h e  m a t e r i a l  b e i n g  i r r a d i a t e d .  

The f o l l o w i n g  t h r e e  c a s e s  w i l l  now b e  cons ide red :  

( i )  t h e  d.imensions of t h e  i r r a d i a t e d  m a t e r i a l  a r e  l a r g e  compared t o  t h e  
secondary e l e c t r o n  range ,  

( i i )  t h e  d imensions  a r e  s m a l l  compared t o  t h i s  r ange ,  and 

( i i i )  t h e  d imensions  a r e  comparable t o  t h e  range.  

F i g u r e  1 shows t h e  gamma i r r a d i a t i o n  i n  a i r  o f  n TL phosphor whose 
dimensions  a r e  l a r g e  compared t.o t h e  average  secondary e l e c t r o n  range ,  s o  
t h a t  t h e  s u r f a c e  l a y e r  i n  which secondary e q u i l i b r i u m  is b e i n g  b u i l t  up w i l l  
be very  s m a l l  compared t o  t h e  t o t a l  phosphor volume. Thus t h e  build-up l a y e r  
can be  n e g l e c t e d  and i t  can be assumed t h a t  secondary e q u i l i b r i u m  e x i s t s  
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FIGURE 1: The Gamma I r r a d i a t i o n  i n  Air of  a TL Phosphor 
whose Dimensions a r e  Large compared t o  t h e  
Average Secondary E l e c t r o n  Range (Range). Secondary 
e l e c t r o n  e q u i l i b r i u m  e x i s t s  w i t h i n  t h e  bu lk  o f  t h e  
phosphor e x c e p t  f o r  t h e  t h i n  s u r f a c e  l a y e r  i n  which 
it is b e i n g  b u i l t  up, 

throughout  t h e  phosphor volume. However two a d d i t i o n a l ,  a l t h o u g h  r e l a t i v e l y  
s m a l l ,  e f f e c t s  a r e  n e g l e c t e d  i n  t h i s  assumption - ( i )  t h e  
r i r n a x ~ m m  .&hh---%-_attg~ K---- bul ld-up o f  secondary ,  s c a t t e r e d  photons .  

d i r e c t i o n s  though,  and f o r  t h e  s i t , u a t i o n s  c o n s i d e r e d  h e r e  t h e y  w i l l  t e n d  t o  
be s e l f - c a n c e l l i n g ,  The dose  d e p o s i t e d  i n  t h e  phosphor by t h e  gamma beam is 
given by,  

D = 0.869 X phosphor X X (1) 

(bn'" a i r  

where D is t h e  dose  t o  t h e  phosphor i n  r a d s  ( 1  Gray = 100 r a d s ) ,  

X is t h e  gamna exposure  i n  9Bntger1, 

0.869 i s  t h e  number o f  r a d s  d e p o s i t e d  i n  a i r  by an exposure  o f  one RBntgen, 
&L$ k% p&%% 

and (pen'p) phosphor,  a i r  a r e  t h e  photon mass-energy a t t e n u a t i o n  2 c o e f f i c i e n t s  

f o r  t h e  phosphor and a i r  r e s p e c t i v e l y ,  i n  cm /gm a t  t h e  energy o f  
the gamma r a y s .  



Hence t h e  d o s e  t o  t h e  phosphor w i l l  be d e l i v e r e d  by t h e  secondary , e l e c t . r o n s  
e n t e r i n g  t h e  phosphor volume from t h e  build-up medium. I f  t h e  t h i c k n e s s  o f  
t h i s  bui ld-up medium is s u f f i c i e n t  t o  g i v e  secondary e l e c t r o n  e q u i l i b r i u m  
t h e n  t h e  dose  t o  t h e  phosphor is given by, 

S 
D = 0.869 X 

('en") medium m phosphor 
X 

S 
X X 

(%en') a i r  m medium 

where S a r e  t h e  mass e l e c t r o n  s t o p p i n g  powers f o r  t h e  m phosphor,medium 2 phosphor and medium r e s p e c t i v e l y ,  i n  MeV. cm /gm, a t  t h e  mean secondary  
e l e c t r o n  energy .  

I n  t h e  i n t e r m e d i a r y  s i t u a t i o n ,  phosphor d imensions  comparable t o  t h e  
secondary e l e c t r o n  r a n g e ,  t h e  dose  t o  t h e  phosphor w i l l  come p a r t l y  from 
e l e c t r o n s  g e n e r a t e d  i n  t h e  build-up medium and p a r t l y  from e l e c t r o n s  produced 
w i t h i n  t h e  phosphor i t s e l f .  I n  t h i s  c a s e ,  C h a r l t o n  and Cormack (1962) have 
shown that., assuming t h e  e l e c t r o n s  a r e  g e n e r a t e d  i s o t r o p i c a l l y ,  t h e  dose  
a t  any p o i n t  X wit.hir1 t h e  phosphor,  D(x) ,  w i l l  b e  g iven by, 

S 
D ( x )  =0.869 X ('en'~)mediurn m phosphor 

X - X G(x) + ('en/')phosphor 

('enlf')air m S medium ('en")a.ir 

where G(x) is  t h e  g e o m e t r i c a l  f u n c t i o n  f o r  a p l a n e  i n t e r f a c e  d e f i n e d  by 
Char l ton  and Cormack (1962). 

It can b e  s e e n  t h a t  e q u a t i o n  ( 3 )  is a combinat ion o f  e q u a t i o n s  ( 1 )  and 
( 2 )  t o g e t h e r  w i t h  t h e  g e o m e t r i c a l  f u n c t i o n  G(x). I t  must b e  remembered, 
however, t h a t  t h e  assumpt ion of i s o t r o p i c  e l e c t r o n  g e n e r a t i o n  w i l l  n o t  a lways  
be v a l i d  p a r t i c u l a r l y  f o r  low a tomic  number m a t e r i a l s  and h i g h  photon e n e r g i e s .  
Th i s  is  because  i n  low atomic  number m a t e r i a l s  t h e  s c a t t e r i n g  of t h e  h igh  
energy  e l e c t r o n s  g e n e r a t e d  by t h e  h i g h  energy  photons  is n o t  very  pronounced. 
Hence t h e  e l e c t r o n s  remain b i a s e d  i n  t h e i r  o r i g i n a l  d i r e c t i o n  o f  motion,  i.e. 
i n  t h e  d i r e c t i o n  o f  t h e  photons ,  and the s p a t i a l  c h a r a c t e r i s t i c s  o f  t h e  
e l e c t r o n  f i e l d  s h o u l d  be taken i n t o  accoun t  when d e t e r m i n i n g  t h e  dose  t o  t h e  
phosphor,  a l t h o u g h  t h i s  w i l l  n o t  always ~e p o s s i b l e .  Another p a r t i c u l a r l y  
complex e f f e c t ,  t h e  d i f f e r e n t i a l  s c a t t e r i n g  o f  e l e c t r o n s  a c r o s s  t h e  i n t e r f a c e  
between two media,  must a l s o  b e  t aken  i n t o  accoun t  when t h e  a tomic  numbers 
o f  t h e  two media a r e  s i g n i f i c a n t l y  d i f f e r e n t  and t h i s  is d i s c r i b e d  below. 

E l e c t r o n  s c a t t e r i n q  a t  an  i n t e r f a c e .  

have shown t h a t  f o r  h i g h  energy  X-rays and 
terface s e p a r a t i n g  media of  d i f f e r e n t  a tomic  ._ # I , - Z  

g can ' E G G  a sZ@i fi'iZari'E-iSTET-i%Y Tfie.-cflose 
o f  t h e  i n t e r f a c e .  F i g u r e  2 is t a k e n  from 

D u t r e i x  and B e r n a r d ' s  (1966) work and it shows t h e  dose  d i s t r i b u t i o n  a t  t h e  
i n t e r f a c e s  between copper  and w a t e r  i r r a d i a t e d  by CO-60 gamma r a y s .  The 
e q u i l i b r i u m  e l e c t r o n  f l u e n c e  g e n e r a t e d  by t h e  photons  w i t h i n  t h e  copper  
r e g i o n  is composed o f  e l e c t r o n s  movinguin t h e  forward d i r e c t i o n ,  i.e. t h e  
same g e n e r a l  d i r e c t i o n  a s  t h e  photon beam, and e l e c t r o n s  which have been 
s c a t t e r e d  s o  t h a t  t h e y  a r e  movinq i n  t h e  backward d i r e c t i o n .  Within  t h e  



FIGURE 2: The Dose D i s t r i b u t . i o n  i n  Water i n  t h e  V i c i n i t y  of 
a n  I n t e r f a c e  wi th  Copper. The o r d i n a t e s  co r respond  
t o  t h e  r a t i o  o f  t h e  absorbed dose  D t o  t h e  d o s e  De 
i n  w a t e r  under e l e c t r o n i c  e q u i l i b r i u m  c o n d i t i o n s .  
The dott .ed c u r v e  cor responds  t o  t h e  dose  i n  an  i n -  
f i n i t e l y  s m a l l  mass o f  w a t e r  l o c a t e d  i n  t h e  copper  
and t h e  arrow shows t h e  d i r e c t i o n  of  t h e  CO-60 
gamma rays .  There is a n  underdosage i n  t h e  v i c i n i t y  
of t h e  copper-vat.er i n t e r f a c e  and an overdosage i n  
t h e  v i c i n i t y  o f  t h e  water-copper i n t e r f a c e .  

wa te r  r e g i o n  t h e  e l e c t r o n s  a r e  assumed t o  b e  moving p redominan t ly  i n  t h e  
forward d i r e c t i o n  a s  s c a t t e r i n g  is very  much less pronounced than  i n  copper  
and hence t h e r e  is  n e g l i g i b l e  b a c k - s c a t t e r e d  e l e c t r o n  f l u e n c e .  

A s  t h e  copper-water i n t e r f a c e  is approached ( F i g u r e  2 ) ,  t h e  backward 
component o f  t h e  e l e c t r o n  f l u e n c e  b e g i n s  t o  d e c r e a s e  as t h e  amount of back- 
s c a t t e r i n g  m a t e r i a l  d e c r e a s e s ,  s o  t h a t  a t  ttie i n t e r f a c e  o n l y  t h e  forward 
component o f  t h e  e l e c t r o n s  from t h e  copper  e x i s t s .  I n  t h e  w a t e r  behind t h e  
i n t e r f a c e ,  t h e  e l e c t r o n s  from t h e  copper  p r o g r e s s i v e l y  v a n i s h ,  b u t  a t  t h e  
same time t h e  e l e c t r o n  f l u e n c e  i n  w a t e r  is g e n e r a t e d  and b u i l d s  up t o  t h e  
e q u i l i b r i u m  value .  1 h e  a t t e n u a t i o n  o f  t h e  copper  e l e c t r o n s  is more r a p i d  
t h a n  t h e b u i l d - u p o f  t h e  w a t e r  e l e c t r o n s  and hence t h e  dose  d i s t r i b u t i o n  c u r v e  
p a s s e s  th rough  a minimum. 

As t h e  water-copper i n t e r f a c e  is approached t h e  number o f  b a c k - s c a t t e r e d  
e l e c t r o n s  from t h e  copper  b e g i n s  t o  i n c r e a s e  s o  t h a t  t h e  d o s e  a t  t h e  i n t e r -  
f a c e  is c o n s i d e r a b l y  h i g h e r  t h a n  t h e  e q u i l i b r i u m  d o s e  i n  wa te r .  In t h e  copper  
behind t h e  i n t e r f a c e  t h e  d o s e  d i s t r i b u t i o n  p a s s e s  through a nlaximum a s  t h e  
forward component o f  t h e  e l e c t r o n s  from t h e  copper  b u i l d s  up,  w h i l e  t h e  
water component is s i m u l t a n e o u s l y  a t t e n u a t e d .  The Q a n s i t i o n  zones  o f  under- 

P--- "--*-y-..~-r+- IC. IC.+ 1- *--1 - 4- 
d o s _ a q ~ . ~ - g ~ ~ ~  arar~~oxima c wh l c  h i n  cer tairl circum- 
5Eances c a n  have i m p o r t a n t  dos=c consequences  ( D u t r e i x  and Bernard ,  



Carlsson (1973) showed tha t  electron sca t te r ing  m u s t  be taken in to  
consideration fo r  much lower photon energies (100 and 200 KeV) when a high 
atomic number material  forms arl in te r face  w i t h  a low atomic number material.  
She showed t h a t  a t  a plane in terface  between lead and mylar t,he measured 
dose i n  the mylar was about a fac tor  of two l e s s  than the  dose calculated 
n e g l e ~ t i n g  e lect ron sca t te r ing ,  i.e. a calculat ion based on a form of equation 
(3). T h i s  is because a t  the in te r face  the electrons created i n  the lead and 
crossing the in te r face  for the f i r s t  time a re  not nearly so  e f fec t ive ly  back- 
scat tered a s  from the high atomic number material ,  which r e su l t s  in  a reduced 
electron fluence a t  the  in terface .  The t rans i t ion  zones on eit,her s ide  of the 
in te r face  a re ,  however, only a f ract ion of a millimetre thick because of the 
shor t  range of the low energy secondary e lect rons  and hence t h i s  e f fec t  w i l l  
be of minor importance i n  most s i tuat ions .  

I t  is worth noting here the r e su l t s  of Wintle and Aitken (1977), who 
showed tha t  e lect ron back-scatter . --- is a l so  important for beta source i r -  
radiat ions.  They i r rad ia ted  a 350 pm thick s l i c e  of the TL phosphor CaF2:Dy 
with a Sr-90 beta source on a nichrome pla te  and on perspex. By measuring 
the TL from the s l i c e  they found tha t  the average dose t o  the 350 pm s l i c e  
i r rad ia ted  on the nichrome pla te  was 17% higher than when i r rad ia ted  on 
perspex. The increase is en t i re ly  due t o  back-scattered electrons from the 
nichrome, 

Thus we have seen how the motion of the secondary e lect rons  plays a 
v i t a l  ro le  i n  the energy deposition by gamma rays i n  two media separated by 
an in terface ,  In Par t  I1 of t h i s  paper i t  w i l l  be shown how t h i s  e f f ec t  must 
be taken i n to  account when quartz grains are  i r rad ia ted  by a gamma source for 
the purpose of beta source cal ibra t ion.  In addit ion,  Part I1 describes the 
problems which can a r i s e  due t o  differences i n  grain transparency between 
d i f fe ren t  quartz samples. 
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SUMMARY: The dating of f ive samples from different  depth levels of the same --.. archaeological "si  t e n  Toconce was made by TL measurements. These resul ts  
' agreed with the estimated values obtained by the archaeological context and 

the radiocarbon method. 

INTRODUCTION: The study of the natural therm01 uminescence (NTL) and the 
a r t i f i c i a l  thermoluminescence (ATL) produced by i r radiat ion with the beta 
source was made on f ive  pottery samples from the archaeological " s i t e "  
Toconce a t  Antofagasta in the north of Chile. The pieces of pottery were 
chemical ly washed and sieved in order to get the quartz grains with a 
diameter of 100 microns. The radiation dose received by each sample, a f t e r  
i ts  original f i r ing ,  was determined by the "plateau" and the "pre-dose" 
methods. The annual dose was calculated from the concentration of radio- 
active trace elements of the sample and the burial so i l .  An analysis of 
the TL glow showed that  the l igh t  emission i s  proportional to  the dose 
received by the sample. The calculated ages of the f ive samples d i f f e r  
by about 10% from the values given by the radiocarbon and context methods. 

1 

METHODS AND MATERIALS: The quartz grains, were poured onto a s ta in less  
353-sampfehomer,and p1 aced on a heater plate. The heating rate  of 20°C/sec i 
was control led electronical ly and measured with a chrome1 -alumel thermocouple 
welded t o  the heating plate. The luminescent emission was detected w i t h  a 
photomultiplier (Phi l l ips  56-AVP) connected to  a high tension source (Keithley 246). , 
The signal from the photomul tip1 i e r  was amp1 i f icated w i t h  an electrometer (Kei thley 
610 c ) ,  and recorded through channel Y of a Hewlett-Packard 7004-B recorder. The k 
signal from the thermocouple was recorded through channel X of the same recorder i 

li 
giving the glow curve. The quartz grains were irradiated w i t h  a 85 rad/min 
dose ra te  from a fixed position Sr-90, 10 mCi source. 1 /j 

l 

SAMPLE PREPARRTION: The pottery samples were crushed and washed with "Aqua regia" -- 
and 1% HF solution'. The quartz inclusions were sieved t o  obtain grains with 
100-200 microns diameter i n  order t o  use the quartz inclusion technique ( l ) .  

THE EQUIVALENT DOSE (ED),: The dose received by the sample a f t e r  i t s  original f i r ing ,  -- the equivalent dose (ED) ,was calculated by the "p1 ateau" and the "pre-dose" methods. 
In the plateau method the curves of NTL and ATL, for  850 rad B dose, were recorded. 



These measurements f o r  a par t i cu la r  pottery were repeated in order t o  obtain a 
mean value o,f the  plateau. In the  pre-dose method, the  samples received a t e s t  
dose and a laboratory dose of 850 rads. The obtained E D  value i s  a l so  a mean 
value of a s e r i a l  of measurements. Figure 1 ,  2 and 3 show the  curves obtained 
f o r  two of the  studied samples. 

A preliminary examination of the  luminescent emission, as a function of the  
received radia t ion dose was made f o r  each dated sample. After a heating of 
4500 during 3 hours, the  samples were i r radia ted from 0.5-12 min. w i t h  the Sr-90 
source. The l i n e a r i t y  exis t ing i n  t h i s  zone made possible the calculation of the 
equivalent dose. 

THE ANNUAL DOSE (D) : The concentrations of radioactive t race  elements i n  one of --- 
the  pottery samples and the burial so i l  were determined by the  Neutron Activation 
Analysis Department of "Comision C h i  lena de Energia Nuclear", La Reina a t  
Santiago-Chi 1e. These concentration values a re  i n  Tab1 e I .  

Table I -- 

Pottery (IFUC-3) 3.8 + 0.3 16.4 + 0.4 1.5 + 0.3 
Soil 4.0 + 0.3 13.3 + 0.8 2.1 + 0.4 

The contribution of each 0.f these elements t o  D was calculated by Aitken's method 
(2 ) .  Since the  quartz grain diameter i s  about 100 microns the  alpha contribution 
t o  D was neglected. The calculated D was 0.43 rad/yr. and was used fo r  dating 
each sample, i n  s p i t e  of the f a c t  t ha t  these were not found i n  the  same depth level 
(50-100 cm). 

RESULTS: The calculated dates fo r  the Toconce po t te r ies  a re  i n  Table 11. --- 
Table I1  -- 

Sample # ~ ~ ( r a d s  ) Method D (  rad/yr) TL age(yrs . ) Estimated age (yrs  , ) 

I FUC- 1 41 0 Predose 0.43 950 850 + 50 context 
and Plateau 

IFUC-2 430 P1 ateau 0.43 1000 1050 + 150 context 
IFUC-3 490 P1 ateau 0.43 1140 1075 + 75 context 
IFUC-4 460 Predose 0.43 1070 950 + 50 context 
I FUC-5 330 P1 a teau 0.43 770 700 + 10 radiocarbon 

CONCLUSIONS: The dating of ancient  pottery by thermoluminescence measurement was - 
ma-fore f i r s t  time i n  t h i s  country. The calculated TL ages d i f f e r  by about 
10% from the  values determined by the other methods. These r e su l t s  can be 
improved w i t h  an accurate determination of D by means of "in s i t u "  dosimetry w i t h  
CaS04 : Dy dosimeters. 
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Fig. 3 I 

F i g .  1: IFUC-3 TL c u r v e s .  

a )  ATL f o r  8 5 0  r a d  B d o s e  
b )  NTL 
c )  T h e r m i q u e  r a d i a t i o n  

F i g .  2 :  IFUC-3 p l a t e a u  t e s t  

F i g .  3 :  IFUC-1 p r e - d o s e  e f f e c t  

a )  S o  r e s p o n s e  
b) S N  r e s p o n s e  

C )  ' N + B  r e s p o n s e  
The  e x p e r i m e n t a l  c o n d i t i o n s  f o r  a l l  g l o w -  
c u r v e s  w e r e :  H e a t i n g  r a t e  2 0 ° C / m i n ;  sam- 
p l e  w e i g h t  8  mg, a n d  N 2  f l o w  4 l / m i n .  



A BETA I RRAD IATOR FOR USE IN TL DATI ffi 
I .  K.  B a i l i f f  

TL D a t i n g  U n i t ,  Dept .  Archaeology, Old F u l l i n g  Mill 
The Banks,  Durham DH1 3EB England 

An i r r a d i . a t o r  u n i t  i s  b r i e f l y  desc r ibed  which houses a  4 0  m C i  
Sr90/Y90 b e t a  sou rce  (RCC Amersham; type  SIP, lcm2 a c t i v e  a r e a ,  
19mm o v e r a l l  d i ame te r ) .  I t  has  been des igned wi.t.h t h e  fo l lowing  
aims i n  mind; 

a )  t o  remove t h e  hazard of  a c c i d e n t a l  exposure of t h e  
o p e r a t o r  t o  t h e  source .  

b )  t o  obt .ain r a d i a t i o n  l e v e l s  e x t e r n a l  t o  t.he i r r a d i a t o r  
of t h e  o rde r  of mrad h - l  o r  l e s s  i n  r o u t i n e  ope ra t i on .  

c )  t o  i r r a d i a t e  samples l o c a t e d  on t h e  h e a t e r  p l a t e  of 
t h e  TL oven. 

Cons t ruc t  i o n  - 
A c r o s s - s e c t i o n  of  t h e  i r r a d i a t o r  u n i t  (without i t s  t r a n s p o r t  
mechanism) l o c a t e d  on t h e  TL oven i s  shown i n  f i g u r e  1. The 
oven body and l e a d  housing of t h e  i r r a d i a t o r  have c y l i n d r i c a l  
symmetry about t h e  same v e r t i c a l  a x i s .  The l e a d  housing,  
manufactured i n  two p a r t s ,  has  a  s p h e r i c a l  c a v i t y  w i t h i n  which 
t h e  source-car ry ing  mechanism i s  l o c a t e d .  

The s t a i n l e s s  s t e e l  a x l e  runs  i n  p r e c i s i o n  bea r ings  which a r e  
suppor ted by two p i l l a r s  mounted on t h e  s t e e l  b a s e p l a t e .  Two 
rods  a r e  f i x e d  t o  t h e  c e n t r e  of t h e  a x l e  a t  r i g h t  a n g l e s  t o  i t s  
a x i s  and i n  t h e  same p l ane .  The source ,  surrounded by a  l e a d  
s h i e l d ,  i s  mounted on one rod and on t h e  o t h e r ,  a  l e a d  
counte rweigh t /ph ie ld .  Both l ead  s h i e l d s  a r e  shaped s o  t h a t  t h e  
whole assembly can  be r o t a t e d  w i t h i n  t h e  s p h e r i c a l  c a v i t y .  An 
ex t ens ion  of  t h e  a x l e  pas se s  through t h e  l ead  housing and i s  
a t t a c h e d  t o  a c o n t r o l  handle .  The o p e r a t o r ,  by t u r n i n g  t h e  handle  
through 180°, t a k e s  t h e  source  from i t s  SAFE p o s i t i o n  t o  
IRRADIATION p o s i t i o n  f a c i n g  v e r t i c a l l y  downwards ( t h e r e  i s  a  
s t o p  t o  l o c a t e  t h e  source  i n  i t s  c o r r e c t  p o s i t i o n ] .  The l e a d  
housing and b a s e p l a t e  have been c u t  so  a s  t o  p rov ide  a  c i r c u l a r  
a p e r t u r e  i n  t h e  unde r s ide  of  t h e  u n i t .  When i n  t h e  SAFE 
p o s i t i o n  ( a s  shown) t h e  l e a d  counterweight  b locks  t h e  a p e r t u r e  
p rov id ing  s h i e l d i n g  from bremsstrahlung and s c a t t e r e d  low 
energy b e t a  r a d i a t i o n  ( M . J .  Ai tken,  TLS 60, PACT 3 ) .  The l i p  
shown along t h e  o u t e r  edge of t h e  h o r i z o n t a l  d i v i s i o n  of t h e  
housing a l s o  p reven t s  t h e  escape of s c a t t e r e d  low energy 
b e t a  r a d i a t i o n .  The source  is l o c a t e d  a t  a  f i x e d  d i s t a n c e  - 
15.3mm - above t h e  h e a t e r  p l a t e  (nichrome] by means of t h r e e  
r e f e r e n c e  l o c a t o r s ,  one of which i s  shown i n  t h e  f i g u r e .  The 
l o c a t o r s  a r e  manufactured from t i t a n i u m  but  s t a i n l e s s  s t e e l  
would be e q u a l l y  s u i t a b l e .  

Use i n  Laboratory  

The oven body, a s  shown i n  f i g u r e  1, i s  surrounded by a  25mm 
t.hi.ck l ead  c o l l a r  from t h e  bench l e v e l  upwards (6.5cm). The 



bench i,s l m  above f l o o r  l e v e l  and wi r e  mesh i s  f a s t ened  t o  t h e  
bench s t r u c t u r e  t o  p reven t  any acces s  t o  t h e  unde r s ide  (where t h e  
maximum dose - l eve l  dur ing  i r r a d i a t i o n  i.s i n  excess  o f  50 mrad h - l ) .  

The i r r a d i a t o r  u n i t  i s  t r a n s p o r t e d  t o  and l o c a t e d  on t h e  oven 
by means of a  g a n t r y  running on r a i l s  ( f i g u r e  2 ) .  The u n i t  i s  
s t o r e d  i n  a  f i r e  proof s t e e l  s t o r a g e  box, ad j acen t  t o  t h e  oven. 
The i r r a d i a t o r  housing i s  lowered on and r a i s e d  from t h e  oven 
by means of a  h y d r a u l i c  ram. 

Once l o c a t e d  on t h e  oven, a  sa . fe ty  ba r  ( f i g u r e  2) i s  pul.l.ed towards 
t ,he o p e r a t o r ,  lock ing  t h e  u n i t  onto  t h e  oven and a l lowing  t h e  
c o n t r o l  handle t o  be ro ta t , ed .  The housing cannot be r a i s e d  u n t i l  
t h e  handle  i s  r e s t o r e d  t o  t h e  SAFE p o s i t i o n  a s  shown and t h e  
s a f e t y  ba r  r e t u r n e d  t o  i t s  o r i g i n a l  p o s i t i o n .  A f t e r  i r r a d i a t i o n  
t h e  u n i t  i s  simply r a i s e d  and wheeled back i n t o  t h e  s t o r a g e  box. 

Radia t ion  Levels  
.p-- 

Measurements w i t h  u n c a l i b r a t e d  b e t a  and gamma contaminat  i on  mete rs  
have i n d i c a t e d  maximum dose - r a t e s  on t h e  s u r f a c e  of t h e  housing 
t o  be i n  t ,he r e g i o n  of s e v e r a l  mrad h - l  a.nd over a  s u b s t a n t i a l  
a r e a  surroundi,ng t h e  u n i t ,  below 1 mrad h-1. The maximum d o s e - r a t e  
measured a t  t h e  w i r e  mesh (below bench l e v e l )  du r ing  an i r r a d i a t i o n  
was 2 mrad h-1. 

Subsequent measurements w i t h  L i F  dos imete rs  (NRPB, Marwell) p laced 
a t  v a r i o u s  l o c a t i o n s  on t h e  bench and i r r a d i a t o r  dur ing  r o u t i n e  
u se  confirmed t h a t  t h e  r a d i a t i o n  l e v e l s  a r e  below 2 mrad h-1. 
C a l i b r a t i o n  

The source  has  been cal . ibra , ted  u s ing  a s imi . l a r  procedure  t o  
Murray and. Wint,le (PACT 3, 1 9 7 9 )  wi t11  calci.um f l u o r i d e  g r a i n s  on 
s t a i n l e s s  s t e e l  d i s c s  ( c a l i b r a t e d  gamma i r r a d i a t i , o n s  by NRPB, 
Harwe1,l). The son rce  d e l i v e r s  a  d o s e - r a t e  of l 6 2  + 1.5 rad min -l 
( s t d .  e r r o r  of s i x  measurements) t o  90-105 pm g ra i , i i s  of q u a r t z  on 
0.48mm t h i c k  d i s c s  of s t a i n l e s s  s t e e l  r e s t i n g  on t h e  h e a t e r  p l a t e .  
The c a l i b r a t e d  d o s e - r a t e  i s  some 7% l e s s  f o r  g r a i n s  l o c a t e d  
d i r e c t l y  on t h e  h e a t e r  p l a t e .  For pre-d.ose d a t i n g  work, a n  
a1umin:ium abso rbe r  (3m t h i c k ) ,  i n t e r p o s e d  between sou rce  and 
sample, g i v e s  a  1.00 f o l d  reduc t ion  of t h e  f u l l  dose - r a t e .  

A ' p robe t  d i s c  (wi th  CaF2 g r a i n s  spread  w i t h i n  a  c i r c l e  of 3mm 
diamete r )  has  been used t o  map t h e  d o s e - r a t e  a t  d i f f e r e n t  
p o s i t i o n s  on t h e  heat.er p l a t e .  The r e s u l t s  show a  10% f a l l - o f f  
i n  d o s e - r a t e  a t  a  d i s t a n c e  of Smm from t h e  c e n t r e  of t h e  p l a t e  
which i s  s i m i l a r  t o  Zimmermants f i n d i n g s  ( see  Ai tken,  TLS 60, 
PACT 3 ) .  The mapping procedure ,  b e s i d e s  p rov id ing  a u s e f u l  
check on t h e  a l ignment  o f  t h e  sou rce ,  g ives  an  important  reminder 
t o  t h e  o p e r a t o r  t h a t  ' c a l i b r a t e d '  d o s e - r a t e s  app ly  only  over a  
defined a r ea .  For samples spread  over a  g r e a t e r  a r e a  c o r r e c t i o n s  
may be necessary .  

The Oxford l a b o r a t o r y  a l s o  c u r r e n t l y  t e s t i n g  v a r i o u s  des igns  
of i r r a d i a t o r  housing,  r e q u i r i n g  l e s s  l e a d  t h a n  we have used he re .  

The au tho r  a p p r e c i a t e d  d i scuss i .ons  w i t h  D r .  M. Weston (Un ive r s i t y  
Radia t ion  Pro tec t i .on  O f f i c e r )  and M r .  A. Su ther land  o f  NRPB, Leeds. 



PRECISION BEARINGS 

INLESS STEEL AXLE 

- H E N E R  PLATE 

FIGURE 1 Cross-section of irradiator housing 'located on TL-oven 
(Oxford de~ign).~ The locators and pillars are spaced at 
intervals of 120 as indicated in Figure 2, 

LEAD SHIELDING HYDRAULIC RAM 

FIGURE 2 A plane view of the irradiator unit, located on the TL 
oven, with its transportation gantry. The cut-away shows 
a detail of the safety mechanism. The rails and steel 
storage cabinet are omitted. 



READERS' CUES AND QUERIES 

FELLOWSHIP INFORMATION 
The Therm01 uminescence Laboratory of the University of Missouri provides 

one research ass i s tan t sh ip  earmarked f o r  a graduate student of Archaeometry. 
The holder must be enrolled i n  a degree program i n  Anthropology, Physics o r  
log ica l ly  re la ted d i sc ip l ines .  The t o t a l  sa la ry  depends upon j u s t  how much 
research the  student has time t o  do, b u t  i s  nominally $4,000 f o r  a half 
time. Address enquiries t o  Professor Ralph M.  Rowlett, Department of 
Anthropology, University of Missouri-Columbia, Columbia, MO. 65211. 
The ass i s tan t sh ip  has already been f i l l e d  f o r  the  academic year 1980-1981. 

LABORATORY SAFETY MANUALS 
Listed below a r e  several references which provide useful information 

on various aspects of laboratory safety.  Additional re.ferences would be 
g ra te fu l ly  received and should be sent  to  the  ed i to r .  

"Handbook of Laboratory Safety", edited by Norman Steere ,  C . R . C .  Press, 
Cleveland, Ohio, 1967. Fire,  chemical , tox ic ,  r ad ia t ion ,  e lec t r i ca l  
and mechanical hazards; protective equipment; laboratory design; 
f i r s t  aid.  

"Health Physics: Principles of Radiation Protection", D. J .  Rees, M .  I .T.  
Press, Cambridge, Mass., 1967. Radiation dosimetry, biologica'l e f f ec t s ,  
protection standards, protection against  in ternal  and external radia t ion,  
laboratory design. 

"Handbook of Radioactive Nuclides", edited by Yen Wang, C . R . C .  Press, 
Cl eveland, Ohio, 1969. Nucl ear  data,  instrumentation, dosimetry, 
biochemistry, medical and industr ia l  appl ica t ions  , radiat ion protection 
and regulations,  reference data.  

"Fundamentals of Radiation Protection", Hugh F. Henry, John Wiley & Sons, Inc. ,  
1969. Radiation principles and e f f ec t s ,  permissible l im i t s ,  radiat ion 
detection,  i n t ens i t y  reduction, practical  protect ive  measures, emergency 
procedures. 

"Radiation Protection Instrumentation and I t s  Application", International 
Commission on Radiation Units and Measurements (ICRU) Report No. 20, 
Washington, D.  C . ,  1972. 

"Dangerous Propert ies of Industrial  Material S",  N .  Irving Sax, Reinhold 
Book Corp. , New York, 1963. Toxicology, radia t ion hazards, storage and 
handling, shipping regulations. 

"Handbook of Reactive Chemical Hazards", L. Bretherick, C. R.C.  Press, 
1975. An indexed guide t o  published data on chemical hazards. 

"Fire Protection Guide on Hazardous Material S" ,  National Fire Protect ion 
Association, Boston, Mass., 1975. Hazardous reactions;  f lashpoints ,  
flammabil i t i es ,  and other data.  



TRANSLATION 
- I h - a v e a d  translated from Geokhronologiya SSSR 
Vol 3, 1 9 7 4  the sections on the thermolominescent 
method; these are headed "general principles" and 
"the age det.ermination of loess deposits". The latter 
by V . N .  Shelkoplyas contains 92 TL dates and a few 
(too few) details of the method. It is too long for 
Ancient TL but copies may be obtained by writing to 
me if you enclose $2. D.J. Muntley, Physics Dept., 
S.F.U. Burnaby, B.C. V5A 1S6 ,  Canada. 

RESEARCH POSITION AVAILABLE 

Position: Museum Research Sc i en t i s t  

Responsibil i t ies:  Technica'l examinat,ion and authentication of f i n e  
a r t  objects  and archaeology material i n  a museum Objects 
Conservation Department. 

Facul t i e s  : Therm01 umi  nescence dating , x-ray f'l uorescence, x-ray 
radiography, i n,fra-red spectrophotome,try , optical  microscopy. 

Experience: Advanced degree i n  physical sciences, thermoluminescence 
and/or x-ray fluorescence experience highly desi rable .  

For mpre information: Dr. Gary Carriveau 
Senior Research Physicist  
Metropol i tan Museum of Art 
Fif th  Avenue a t  82nd S t r ee t  
New York, New York 10028 
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"Calculation of the  Average Energy Absorbed i n  Photon Interact ions ,  'l  
J .  R .  Cunningham and H .  E. Johns, Medical Physics 7 ( 1 ) ,  Jan./Feb., 
1980, p. 51-54. 

"TLD Reader w i t h  Photon Counting and DC Techniques f o r  Wide Range 
Radiation Dose Measurement , l 1  A .  Sankaran, S, Kannan, and P. Gang- 
adharan, Medical Physics 7 (1 ) ,  Jan ./Feb., 1980, p.  73-75. 

"Pal aeointensi t y  and Therm01 uminescence Measurements on Cretan Ki l ns 
from 1300 to  2000 B.C.," Y. L i r i t z i s  and R .  Thomas, Nature vol. 
283, no. 5742, Jan. 3 ,  1980, p. 54. 

There i s  s t i l l  some space avai lable  i n  t he  next 
issue of Ancient TL. Deadline f o r  acceptance 
of contributions i s  May 31, 1980. 


