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A B S T R A C T .

The o b je c t o f t h i s  uorK to s  f i r s t  to  In v e s tig a te ,b y - th e  

io n is a t io n  method the  dependence on th e  wall-mate*?4a l . o f . the 

Io n is a tio n  produced w ith in  chambers by h igh  vo ltage ra d ia tio n s  

o f  wave len g th s  from 0.018 A ,Ü. to  0 .5  A.Ü. The io n isa tio n  

chambers were p re sse d  from m ix tu res o f  b a k o li te  powder and 

g ra p h ite  powder e i th o ^ i th  vanadium o r  cerium  oxide. Secondly 

to  In v e s tig a te  the  p o s s i b i l i t y  o f  m easuring the q u a li ty  o f 

r a d ia t io n  by means o f  the  r a t i o  o f  Io n iz a tio n s  in  two chambers 

one o f  them i s  a i r  w alled  and th e  o th e r  o f  h igher atomic 

number. A study  was a lso  made o f the  v a l id i ty  o f  G ray 's 

th eo ry  fo r  c a lc u la t in g  the  r a t i o  o f  io n iz a tio n  in  such sm all 

chambers.

The r e s u l t s  o f  th e se  in v e s t ig a tio n s  have shown th a t :  

Chambers moulded from th e  above m entioned m ixtures a re  

s a t i s f a c to r y  e l e c t r i c a l  conductors and behave c o n s is te n tly  

in  t h e i r  in te r a c t io n s  w ith  the  r a d ia t io n s  used.

2 * The method may be u se fu l in  examining the  q u a l i ty  o f the  

s c a tte re d  r a d ia t io n s  from harder beams o f X-rays generated  

a t  say between 400 and 1000 KV. The r a t i o  o f  io n iz a tio n  

c a lc u la te d  accord ing  to  G ray 's  th eo ry  ag rees w ith  the  

experim en ta l one up to  a wave lengh o f 0 .08A IJ.
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3 -  Ih s  e f f e c t iv e  wave le n g th s  o f  th e  X -ray beams ware 

o b ta in e d  f r a a  th e  c o i ^ l s t e  s p e c t r a l  d i s t r i b u t i o n  o f  

th e  en e rg y  and frcan m easurement o f  th e  h a l f  value la y e r s  

o f  th e  beams • I t  was found th a t  in  n » s t  c a se s  i t  i s  s u f f ­

i c i e n t l y  a c c u ra te ,  when c o n s id e r in g  th e  c a lc u la t io n  o f  

th e  r a t i o  o f  io n iz a t io n s  in  two cham bers, to  re g a rd  th e  

beam as  hav ing  t h a t  e f f e c t i v e  wave le n g th  co rrespond ing  

to  i t s  h a l f  v a lu e  l a y e r .
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mTRODUOTIOK

The method whereby th e  r t i t i o  o f th e  io n iz a tio a B  in  

two cham bers (one a i r  w a lle d  and th e  o th e r  w ith  w a lls  o f 

h ig h e r  a tom ic  number) i s  used a s  an in d ex  o f  q u a l i ty ,  has 

been a p p lie d  by many o b s e rv e rs  f o r  th e  s tu d y  o f  th e  q u a l i ty  

o f  th e  t o t a l  r a d ia t io n s  w ith in  m edia i r r a d i a t e d  by X
/ 4 \

and 2ft-rays. Mayneord  ̂  ̂ m easured th e  r a t i o s  o f

io n iz a t io n  i n  t h in  w a lled  c h a ab e rs  o f  d i f f e r e n t  m a te r ia ls

and found th e y  d isa , re ed  w ith  h i s  t h e o r e t i c a l  c a lc u la t io n .
I 2\C la rk so n  and Mayneord  ̂ ' used sm a ll io n a iz a t io n  chambers 

o f  carbon  (a s  an a i r  w a ll  m a te r ia l )  and copper in  t h e i r  

i n v e s t i g a t io n s .  They o b ta in e d  r e s u l t s  f o r  th e  io n is a t io n  

in  th e  two chambers w hich were a p p re c ia b ly  low er th an  th e  

v a lu e s  c a lc u la te d  from  th e  th eo ry  o f  Bragg o r  Gray 

B ecause th ey  used  cham bers o f Acheson g ra p h i te  e le c t r o p la te d  

from  th e  in s id e  by l a y e r s  o f  copper o f th ic k n e s s  8 ,

th ey  a t t r i b u t e d  th e  d isc re p a n c y  p a r t ly  to  the i n s u f f i c i e n t  

th ic k n e s s  o f  copper p la t in g  to  g iv e  f u l l  e q u il ib r iu m  e le c ­

t r o n i c  e m iss io n  ov er th e  s h o r t  wave re g io n . W ilson 

u s in g  sm a ll cham bers o f carbon  and e le c t r o n  m eta l o r  copper 

f o r  i n v e s t ig c t in g  th e  q u a l i ty  o f  th e  r a d ia t io n  used in  

radium  ^ - ra y  th e rap y  ( 5 ^ 2 0 9  X .U.) c a lc u la te d  th e  r a t i o
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o f  th e  io n iz a t io n  and found i t  d e v ia te d  c o n s id e ra b ly  from
(IN

Mayneord*s '  ' e x p e rim e n ta l r e s u l t s .  T h is i s  p a r t ly  due 

to  th e  f a c t  t h a t ,  i n  t h i s  cac?e, th e  chambers cou ld  n o t be 

re g a rd ed  as  t h i n .  In  one case  th e  ohamber was o f magnesium 

4 mm. th ic k  and in  th e  o th e r  o f copper 1 mm. th ic k .

C l a r k s o n , i n  h i s  a tte m p ts  to  m easure by th e  io n iz a t io n  

m ethod, th e  r e a l  energy  a b s o rp t io n  in  d i f f e r  n t  g ases  fo r  

X r a d ia t i o n  o f  wave le n g th  0 .2 0 8  A.U. $ a r r iv e d  a t  a  

s im i la r  r e s u l t  i . e .  th e  e x p e rim e n ta l v a lu e s  f o r  the  

i o n iz a t io n  d e v ia te d  c o n s id e ra b ly  from  th e  t h e o r e t i c a l  ones. 

He su g g es ted  th a t  th e  d e v ia t io n  m ight p o s s ib ly  be due to  

c o n ta m in a tio n  on  th e  in n e r  s u r fa c e  of th e  io n iz a t io n  

cham ber. A ll th e s e  in v e s t ig a t io n s  were made w ith  chambers 

c o n s tru c te d  from  m a te r ia l s  c o n s is t in g  o f  a s in g le  elemcuit.

In  r e c e n t  y e a rs  c o n d u c tin g , th e rm o -se tt ir ig  r e s in s  have 

been used f o r  th e  If  rge  s c a le  p ro d u c tio n  o f  io n iz a t io n  

cham bers and i t  seemed l i k e l y  t h a t  by s u i t a b ly  a d ju s t in g  

th e  m a te r ia l  p ro p o r t io n s  in  th e  r e s i n s ,  w a ll m a te r ia ls  o f 

v a r io u s  e f f e c t iv e  a tom ic numbers cou ld  e a s i ly  be made. I t  

seemed p o s s ib le  th e r e f o r e ,  to  p re s s  sm all condenser 

io n iz a t io n  cham bers, i d e n t i c a l  ex c ep t f o r  e f f e c t i v e  atom ic 

numbers o f  th e  w a l ls .  P a i r s  o f  them ( i f  one was a i r -w a l le d )
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ap peered  l i k e l y  to  be o f use f o r  s im u ltan eo u s  measurement

o f ”d ep th -d o se^  and **depth qua lity "* . In  p a r t i c u l a r ,

s in c e  i t  i s  p o s s ib le  e a s i l y  to  mould very  sm a ll cham bers,

such  p a i r s  appeared  s u i t a b l e  f o r  th e  s tu d y  o f  th e  q u a l i ty

o f  th e  s c a t t e r e d  r a d ia t i o n  g e n e ra te d  in  a  medium i r r a d ia te d  
(7)x - ra y s   ̂ \  B efo re  t h i s  s ta g e  cou ld  be a r r iv e d  a t ,  

how ever, i t  seemed n e c e s sa ry  to  i n v e s t i g a t e  th e  behav iour 

o f  such p re sse d  io n i z a t io n  cham bers in  o rd e r  to  examine : -

1. W hether th e  p re s se d  m a te r ia l  made o f  such  d i f f e r e n t  

m ix tu re s  cou ld  be r e l i e d  upon to  produce a s p e c i f ic  

i n t e r a c t i o n  w ith  x - r a y s  i . e .  an  i n t e r a c t i o n  which i s  

th e  same from  sam ple to  sam ple.

2, Over what range  o f  w ave len g th s  i t  m ight be s a t i s f a c to r y  

to  use Lhe method f o r  q u a l i ty  d e te r i i in a t io n s  and in  

t h i s  r e s p e c t  w heth e r a  m ix tu re  o f  one p a r t i c u l a r  atom ic 

number m ight be b e t t e r  th a n  a n o th e r .

5. How th e  e x p e r im e n ta lly  o b served  r a t i o s  compare w ith  

th o se  c a lc u la te d  from  th e  th e o ry  and w hether t h i s  

com parison  le a d s  to  any new in fo rm a tio n  concerM ilg  th e  

i o n iz a t io n  i n  a w a lled  cham ber.

An in s tru m e n t f o r  m easuring  d i r e c t l y  th e  r a t i o  o f th e
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i o n i z a t io n  c u r r e n ts  was used a s  b e in g  th e  most a p p ro p ria te ^ ^ )

The r a d ia t io n s  ( X ^  Y ) a v a i l a b l e ,  en ab led  us to  tak e

m easurem ents o v er a w ide range  o f  q u a l i t i e s  from  0 .012 A.U.^a-

0 . 4 . A.U. F or th e  l a t t e r  th e  fo llo w in g  so u rc e s  were used .
(S)1. A radium  u n it^  ' o f  4 gm. c o n te n t  was used to  o b ta in  

r a d ia t i o n  o f  0 .0 1 5  A.U.

2. The M e tro p o lita n  V ick e rs  c o n s ta n t  p o t e n t i a l ,  

c o n tin u o u s ly -e v a c u a te d  m i l l io n  v o l t s  tube  a t  S t .  

B artholom ew ’s H o s p i t a l ^ w a s  used  f o r  o b ta in in g  wave 

le n g th s  0 .041 ana 0 .0 5  A.U.

5. A V ic to r  Ptaximar tu b e  h av ing  e le c t r o d e s  designed  such

th a t  i t  o p e ra te s  a lm ost a s  a c o n s ta n t  p o te n t i a l  x -ra y  

g e n e r a to r ,  th e  e x c i t in g  v o lta g e  b e in g  n e a r ly  the  peak 

k i lo  v o l t  ag e . Y/ith 220 kVp and s u i t a b le  f i l t e r s ,  

x - r a y s  o f  e f f e c t i v e  w av e len g th s  from  abou t 0 .1  A.U. to

0 .0 8 2  A.U. were o b ta in e d .

4 . A W estinghouse tu b e  w ith  V i l l a r d  c i r c u i t  was used to r

m easurem ents i n  th e  re g io n  o f  0 .1 0  -  0 .3 0  A.U.

5* A S iem en’s tu b e  f o r  m easurem ent i n  th e  medium k i l o -

v o lta g e  re g io n  (60 -  110 xVp) was used f o r  o b ta in in g  

q u a l i t i e s  i n  th e  range 0 .5  to  0 .5  A.U.



- 5 -

J T

DETEIIMIHATIOM OP THE QUALITY Of X-RAYS y

(p) C o n s id e ra tio n  o f th e  D i f f e r e n t  Methods Used
f o r  th e  D e te rm in a tio n  o f  th e  Q u a li ty .

• • • • • •

The q u a l i ty  o f x - r a y s  h as been th e  s u b je c t  o f i n v e s t i ­

g a t io n  s in c e  th e  tim e o f  i t s  d isc o v e ry  by R oentgen, who 

s tu d ie d  th e  q u a l i ty  by o b se rv in g  th e  p e n e tr a t io n  th rough  a 

’’P la tin u m  Aluminium window” .

T h is was fo llo w ed  by s e v e ra l  o th e r  a t t e m p t s ^ i ) ,
-15 N

* based  on th e  same p r in c ip le  o f a b s o rp tio n  o r on o th e r s .  

A v a r i e ty  o f  m ethods were u se d , b u t f o r  a  lon^  tim e no 

s a t i s f a c t o r y  c o n c lu s io n s  were re a c h e d >

R a d ia t io n  q u a l i ty  f o r  a  m onochrom atic beaia can be 

s p e c i f ie d  by s t a t i n g  the w ave leng th  o f  th e  r a d ia t i o n ,  which 

g iv e s  an e c o u ra te  p h y s ic a l  p ic tu r e  o f  th e  beam ana i t s  

b eh a v io u r upon i n t e r a c t i o n  w ith  m a tte r .  On th e  o th e r  

hand , r a d i a t i o n  q u a l i ty  f o r  beams o f  x - ra y s  such  as th o se  

d e a l t  w ith  i n  th e  fo llo w in g  in v e s t ig a t io n  canno t be so 

e a s i l y  s p e c i f ie d  by such  a  s im p le  s ta te m e n t as ”th e  wave­

le n g th ” used in  th e  ca se  o f homogeneous r a y s .  T his i s  

because  o f  i t s  h e te ro g en eo u s  n a tu r e ,  i . e .  i t  i s  composed o f



a m ix tu re  o f w av e le n g th s , th e  minimum b e in g  d e f in e d  by th e  

v o l ta g e ,  w h ile  th e  t o t a l  co m p o sitio n  depends on th e  

g e n e ra to r  waveform , ta e  x - ra y  t a r g e t ,  th e  tu b e  w a l l ,  th e  

f i l t e r s ,  e to .  T h e re fo re  no s in g le  param eter o f  th e  

v o l ta g e  a p p lie d  to  th e  tu b e  o r th e  w aveleng th  d e s c r ib e s  

i t  c o m p le te ly .

The fo llo w in g  a re  th e  m ethods m ost commonly used in  

th e  s p e c i f i c a t i o n  o f  x - ra y  q u a l i ty .

( i )  The sp e c tro m e te r  m ethod:

The sp e c tro m e te r  can  be used f o r  mapping th e  x -ra y  

s p e c t r a  in  th e  same way as  i t  i s  used  f o r  o rd in a ry  l i g h t .  

But a s  th e  wave le n g th s  in v o lv ed  in  th e  beaoi a re  u su a lly  

s h o r te r  th a n  th o se  o f  o rd in a ry  l i g h t ,  a  l a rg e  c r y s t a l  

r e p la c e s  th e  g r a t in g  and th e  ra y s  a re  r e f l e c t e d  from  th e  

d i f f e r e n t  atom s and reco rd ed  p h o to g ra p h ic a lly  o r  by means 

o f a  c u r r e n t  i n  an io n iz a t io n  cham ber.

S e a m a n ^ m a d e  a  sp e c tro m e te r  f o r  m easuring  th e  

minimum w ave leng th  o f th e  beam as  an i  id ic a t io n  o f th e  

q u a l i t y .  B u t, a s  th e  spectrum  o f  th e  beam i s  a  fu n c tio n  

o f  th e  waveform and th e  l a t t e r  i s  ex c eed in g ly  v a r i e i, i t  

fo llo w s  th a t  th e  minimum w avele^igth canno t s a t i s f a c t o r i l y
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d e s c r ib e  th e  q u a l i t y .
( 1 7  N

Mayneord and R oberts^  ^ ' used th e  Seeman sp ec tro m e te r

In  s tu d y in g  th e  problem  o f  f i l t e r s  and concluded th a t  i t

i s  to o  co m p lica ted  to  be a p p lie d  f o r  th e r a p e u t ic  pu rposes.

I t  n e c e s s i t a t e s  a  g r e a t  re f in e m e n t o f th e  ex p erim en ta l 

te c h n iq u e  and ta k e s  e  lo n g  tim e . A lso i f  th e  sp ec tro g rap h  

i s  used in s te a d  o f  th e  io n iz a t io n  s p e c tro m e te r , a sim ple 

d e n s i ty  cu rve  o f  th e  p h o to g ra p h ic  p la t e  may be m is lead in g  

because  o f  th e  many f a c to r s  one h a s  to  d e a l  w ith  such as 

th e  p h o to g ra p h ic  h a la t io n  due to  s c a t t e r in g  and th e  

co m p lex ity  o f  th e  em u lsion  re sp o n se  to  r a d ia t io n .

( i i )  The H a lf v a lu e  l a y e r :

One o f  th e  e a r l i e s t  m ethods o f  m easuring  th e  q u a l i ty  

was th e  method o f  th e  **Half V alue l a y e r ” which was i n t r o ­

duced by O ris te n ^ ^ ^ )  i n  1912. He c la im ed  th a t  i t  gave 

d e s i r e d  in fo rm a tio n  f o r  th e  s p e c i f i c a t io n  o f  th e  q u a lity *  

The h a l f  v a lu e  l a y e r  i s  th e  amount o f a  s p e c i f ie d  m a te r ia l  

w hich , when th e  x - ra y  beam p a s se s  th ro u g h  i t ,  red u ces  i t s  

i n t e n s i t y  to  h a l f  i t s  o r i g i n a l  v a lu e . T h ere fo re  th e  more 

p e n e tr a t in g  th e  r a d i a t i o  i, th e  g r e a te r  th e  h a l f  v a lu e  

l a y e r  ”H .V .L .” .
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H o lth u sen  and G o l l w i t z e r ^ a r r i v e d  a t  th e  con­

c lu s io n  th a t  th e  d e te rm in a t io n  o f th e  H.V.L. in  copper o f 

f i l t e r e d  r a d ia t i o n  i s  a more e x a c t method o f ex p ress in g  

th e  p e n e tr a t in g  power o f  an  x - ra y  beam.

P ho le  and B ernes^^^) fo llo w in g  Mayer^^^) o b ta in ed  

th e  H.V.L. i n  Aluminium and copper p h o to g ra p h ic a lly  bu t 

concluded  t h a t  th e  p h o to g ra p h ic  e s t im a t io n  was no t 

r e l i a b l e •

O ther o b se rv e rs^  , 2 2 ,2 5 ,2 4  ,25 ) th e  method o f

d e te rm in a t io n  o f  th e  h a l f  v a lu e  la y e r  in  copper f o r  

s p e c ify in g  th e  q u a l i ty  and th ey  ag ree  f a i r l y  w e ll amongst 

th e  ise lv e s  when u s in g  c o n s ta n t  h ig h  p o t e n t i a l .
( 17 \

Mayneord and R oberts^   ̂ i n v e s t ig a te d  t h i s  problem  

th o ro u g h ly . They in tro d u c e d  a  s e r i e s  o f  f i l t e r s  o f a 

s u i t a b l e  m a te r ia l  o f  in c r e a s in g  th ic k n e s s e s  and m easured 

th e  i n t e n s i t y  i n  each  c a s e , th e n  c o n s tru c te d  a b s o rp tio n  

cu rv es  from  w hich th ey  o b ta in e d  th e  h a l f  v a lu e  la y e r .

They a ls o  in v e s t ig a te d  th e  q u e s tio n  o f  th e  most 

s u i t a b l e  m e ta l f o r  m easuring  th e  H .V.L. o f  h ig h  v o lta g e  

r a d ia t i o n  and su g g es ted  t h a t  t i n  i s  th e  most s u i t a b le  

m a te r ia l  i n  t h a t  c a s e . They a ls o  recommended th e  m easure­

ment o f  a second H.V.L; th e  r a t i o  o f  th e  f i r s t  to  th e
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second H.V.L. in d ic a te d  th e  h e te ro g e n ity  and gave a more 

com plete  id e e  o f  th e  q u a l i ty  o f th e  r a y s .

A lthough th e  H.V.L* method seeu s  to  be th e  moat" 

c o n v e n ie n t ana th e  l e a s t  open to  c r i t i c i s m ,  i t  does no t 

g iv e  a l l  th e  in fo rm a tio n  r e q u ir e d  f o r  th e  s p e c i f i c a t io n  o f 

th e  q u a l i t y .  But n e v e r th e le s s  i t  can  be used in  many ca ses  

s a t i s f a c t o r i l y  and i t  i s  one o f  th e  b e s t  methods of 

e x p re s s in g  th e  q u a l i ty  by a s in g le  p aram eter which re p re s e n ts  

a  p h y s ic a l  p ic tu r e  o f th e  q u a l i t y .  P rov ided  th e  g e n e ra l 

w e ll  known precf u t io n s  a re  taJkan in to  a c c o u n t, th e re  a re  

no s e r io u s  d i f f i c u l t i e s  i n  o b ta in in g  i t .

As th e  x - ra y  beam g e n e ra l ly  c o n s i s t s  o f  a  wide range 

o f  w av e len g th s  i t  h as been  found t h a t  one m a te r ia l  could  

n o t be used  in  th e  whole range o f e x c i t in g  k i lo v o l ta g e s .

For exam ple, alum inium  i s  s u i t a b l e  f o r  lo n g e r  w aveleng ths 

w h ile  f o r  s h o r te r  ones a g r e a t  th ic k n e s s  i s  needed to  ou t 

down th e  i n t e n s i t y  in to  h a l f  i t s  v a lu e  ana t h i s ,  b e s id e s  

i t s  in c o n v e n ie n c e , p roduces s c a t t e r e d  r a d ia t io n  which 

in c r e a s e s  th e  io n iz a t io n  above i t s  r e e l  v a lu e . So i t  was 

ag reed  a t  th e  f i f t h  i n t e r n a t i o n a l  co n g ress  o f  R adio logy 

t h a t  : /

For m ed ica l p u rposes i t  i s  s u f f i c i e n t  to  s p e c ify  th e
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q u a l i ty  o f th e  x - r e d i^ t i o n  by th e  H.V.L. i n  s u i ta b le  

m a te r ia ls  w hich a r e :

For x - ra y s  up to  20 k i l o v o l t s  peak v a lu e  (kVp) 

c e llo p h a n e  o r  c e l lo n e  i s  used as  an a b so rb e r . 

Between 20 end 120 kVp: Aluminium 

From 120 to  400 kVp : Copper 

Above 400 kVp : T in  o r  Lead.

Mayneord and R o b e r t s ^ f o u n d  th a t ' T in  i s  more 

s e n s i t i v e  a t  h ig h  p o t e n t i a l s  and found i t  was s u p e r io r  to  

Lef d .

F or a  more d e f i n i t e  s p e c i f i c a t io n  o f th e  q u a l i ty  a 

com plete  a b s o rp t io n  cu rve  i s  p r e f e r a b le .

( i i i ) The e f f e c t i v e  wav e le n g th

T h is  method was su g g es ted  by Duane 1922 in

an e f f o r t  to  e x p re ss  th e  q u a l i ty  o f an x - ra y  beam by a 

s in g le  q u a n t i ty .

When a l a y e r  o f  m a te r ia l  i s  in tro d u c e d  in  th e  p a th  o f 

th e  x - r a y s  a  c e r t a i n  amount o f  th e  r a d ia t i o n  i s  absorbed  

and a r e d u c t io n  i s  n o t ic e d  in  th e  f i n a l  i n t e n s i t y  o f th e  

beam a f t e r  le a v in g  th e  a b s o rb e r . The w avelength  o f th e  

m onochrom atic r a d ia t i o n  w hich would be absorbed  i n  th e
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same la y e r  by th e  same amount as th e  h e te ro g en eo u s  x -ra y  

beam i n  q u e s t io n  i s  c a l l e d  th e  ’’E f f e c t iv e  w ve le n g th  )ie ” • 

In  th e  ca se  o f  m onochrom atic r a d ia t io n  th e  fo llo w in g  

e q u a tio n  d e s c r ib e s  th e  phenomenon ta k in g  p la c e :

< • )

w here lo  and Ix  a re  th e  i n t e n s i t i e s  o f  th e  racii? t io n  b e fo re  

ana a f t e r  p a s s in g  th rough  a th ic k n e s s  x o f th e  a b so rb e r , 

i s  th e  t o t a l  l i n e a r  a b s o rp t io n  c o e f f i c i e n t  o f th e
y 1/

m a te r ia l  o f  th e  a b s o rb e r  f o r  a s p e c i f ie d  w avelength  /

In  th e  ca se  o f  th e  h e te ro g en eo u s  r a d ia t io n  th e  

e q u a tio n  w i l l  bo:

I , = I

y tt  i n  t h i s  ca se  i s  a  com posite  a b s o rp t io n  c o e f f i c i e n t  

co rre sp o n d in g  to  th e  e f f e c t i v e  w aveleng th  ” ” d e f in e d

as  p re v io u s ly  s t a t e d .

The e q u a tio n

(3)
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l e  a c tu a l ly  used to  re p re s e n t  th e  a b so rp tio n  o f  a bean o f  

h e te ro g en eo u s  r a d ia t io n  b e a rin g  in  mind th e  meaning o f  th e  

d i f f e r e n t  symbols as/bhey a re  d e f in e d  In  e q u a tio n  (2)

To o b ta in  Duane m easured th e  in t e n s i ty  o f  th e  beam

b e fo re  and a f t e r  p a s s in g  th rough  a s ta n d a rd  sh e e t o f  copper 

1 mra, in  th ic k n e s s .  Using e q u a tio n  (3 ) and R ich tm eyer's  

^2^8) foj|.niuia o r  t a b l e s  he o b ta in e d  th e  co rrespond ing /*^*

He m o d ified  t h i s  method by c o n s tru c tin g  a s ta n d a rd  

a b s o rp tio n  cu rve  re p re s e n t in g  th e  p e rc e n ta g e  tra n sm iss io n  

in  .8 5  nan. copper a g a in s t  th e  w av e len jth . He th e n  

m easured th e  y e rc e n ta g e  tra n s m is s io n  in  .8 5  mm. copper 

o f  th e  beam in  q u e s tio n  and re a d  th e  co rresp o n d in g  ^  

d i r e c t l y  frcan th e  s ta n d a rd  cu rv e .

Duane *s method h as th e  advantage th a t  i t  needs on ly  

one i n t e n s i ty  m easurem ent b e s id e  th e  o r ig in a l  one and a 

r e fe re n c e  to  a s ta n d a rd  cu rve . I t  g iv e s  a p h y s ic a l 

d e s c r ip t io n  o f  th e  q u a l i ty  and i s  more conven ien t and 

s im p le  th a n  o th e r  m ethods. T h is s im p lic i ty  i s  outw eighed 

by th e  in d e f in i te n e s s  o f  th e  r e s u l t s .  The o b ta in ed

depends on th e  th ic k n e s s  o f  th e  copper used as  a 

s ta n d a rd . T h e re fo re  a s ta tem en t o f  th e  th ic k n e s s  used 

shou ld  be e x p re sse d . As th e  s p e c i f ic a t io n  o f  th e  

q u a l i ty  re q u ire d  sm all th ic k n e s s e s  (a s  1 nan. o r .  28 lan. ) 

to  be u sed , th e  m easurem ents o f  th e se  sm all th ic k n e s s e s
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a re  l i a b l e  t o  be in  e r r o r .  Any a l ig h t  e r r o r  in  th e  

th icknesB  may r e s u l t  in  c o n s id e ra b le  e r r o r  in  Ae . '

A lso th e  s ta n d a rd  used a s  an a b so rb e r  shou ld  be c a r e fu l ly  

chosen f o r  what i s  s u i ta b le  f o r  s o f t  ra y s  i s  n o t so fo r  

h ard  ones.

( i v )  The t r u e  e f f e c t iv e  w avelengths

A nother way o f  ap p ly in g  a b so rp tio n  d a ta  to  sp e c ify  th e  

q u a l i ty  was su g g ested  b jjitay lor He ex p ressed  th e

q u a l i ty  in  what he c a l le d  th e  " tru e  >e. " which he o b ta in ed

from  a b s o rp tio n  cu rv es  by draw ing a ta n g e n t a t  th e  re q u ire d  

p o in t ,  th e  s lo p e  o f  th e  a b s o rp tio n  curve a t  t h i s  p o in t 

gave th e  a b s o rp tio n  c o e f f i c i e n t .  Prom ta b le s  f o r  mono­

chrom atic  r a d ia t io n ,  th e  t r u e  e f f e c t iv e  w avelength  was 

o b ta in e d .

T h is method i s  l e s s  p r a c t i c a l  th a n  D uane 's method, f o r  

i t  needs a s e r i e s  o f  m easurem ents f o r  f i l t e r s  o f  d i f f e r e n t  

th ic k n e s s e s  w hile  D uane 's method needs o n ly  two. The 

draw ing o f  a ta n g e n t a t  th e  p o in t  in  q u e s tio n  i s  not easy and 

any s l i g h t  e r r o r  in  t h i s  p ro c e ss  le a d s  to  an  a p p re c ia b le  e r r o r  

in  th e  val ue o f  th e  a b so rp tio n  c o e f f i c ie n t  and hence in  th e  

d e te rm in a tio n  o f  . T h is  i s  outw eighed by th e
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o ls im  o f  th e  a u th o r  th a t  drawxrio a  com plete  a b s o rp tio n  

cu rv e  w i l l  av e rag e  o u t th e  e r r o r  i n  th e  u ieasu reaen t o f 

th e  th ic k n e s s  o f  f i l t e r s .

An ad v an tag e  in  t h i s  method i s  t h a t  a  s ta te m e n t o f th e  

th ic k n e s s  used  i s  n o t in c lu d e d  in  th e  e x p re s s io n  f o r  th e  

q u a l i ty ;  th e  s ta n d a rd  m a te r ia l  used as  f i l t e r  m ust, o f 

c o iirs e , be. s p e c i f ie d .

(v ) The av e rag e  w ave leng th  method

The term  ”av e rag e  w ave leng th" was proposed  by 

M u t s c h e l l e r . ) I t s  d e te rm in a tio n  c o n s is te d  i n  o bserv ing  

th e  p e rc e n ta g e  tr a n s m is s io n  th ro u g h  an in c re a s in g  th ic k n e s s  

o f a  m e ta l axia p l o t t i n g  th e s e  v a lu e s  a g a in s t  th e  co rrespond ­

in g  th ic k n e s s e s  on a  s e m ilo g a r i t lm ic  p a p e r . He observed 

t h a t  f o r  g r e a t e r  th ic k n e s s  (above .5  m. copper) th e  curve 

became a s t r a i g h t  l i n e  i n d i c a t in g  a  hom ogeneity  i n  th e  

r a d i a t i o n .  He a c c o rd in g ly  d iv id e d  h i s  curve in to  two p a r ts ;

1. The p o r t io n  from  ze ro  f i l t r a t i o n  to  th e  s ta g e  where i t  

became a  s t r a i g h t  l i n e . In  t h i s  p a r t  he determ ined  

h i s  av e rag e  w aveleng th  a t  any p o in t  by driiw ing a 

ta n g e n t  a t  t h a t  p o in t  and d e te rm in ed  yu  and 

In  t h i s  c a se  th e  av e rag e  w aveleng th  c o in c id e s  w ith  th e  

50 c a l l e d  t r u e  o f  f a y lo r ,  h av in g  i t s  ad v an tag es
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X d iead v ax itag es .

2. The s t r a i g h t  p o r t io n  o f th e  c u rv e . In  t h i s  case  he 

m easured th e  s lo p e  o f  th e  l i n e  w hich  g a v e a n d  

c o n se q u e n tly  th e  av e rag e  w aveleng th  was read  o i l  from 

t a b l e s .  T h is  method i s  n o t sound from  th e  th e o r e t i c a l  

p o in t  o f  view  f o r  th e  p l o t t i n g  o f  lo g  a g a in s t  x 

does n o t g iv e  a  s t r a i n g t  l i n e ;  a f t e r  e  c e r t a in  amount 

o f  f i l t r a t i o n ,  th e  q u a l i ty  o f th e  beam changes very  

l i t t l e  w ith  th e  in c r e a s e  o f th ic k n e s s  of f i l t e r  and th e  

cu rv e  ap p ro ach es l i n e a r i t y  b u t does n o t become e x a c tly  

l i n e a r .

( v i )  The com plete  a b s o rp t io n  cu rv e  method

As i t  was th e  aim  o f th e  d i f f e r e n t  i n v e s t ig a to r s  to  

e x p re ss  th e  q u a l i ty  by as  few p a ram e te rs  a s  p o s s ib le  

p ro v id ed  th e  m ain re q u ire m e n ts  a re  f u l f i l l e d ,  T aylor^^*) 

approached  t h i s  aim  from  a r a th e r  d i f f e r e n t  a n g le .

An x - ra y  spec trum  i s  a f u n c t io n  o f  th e  p o t e n t i a l  a p p lie d  

to  th e  tu b e . I f  a  c o n s ta n t  p o t e n t i a l  i s  a p p l ie d ,  a  sim ple 

spec trum  r e s u l t s .  T h is s im p le  sp ec tru ia  i s  re p ro d u cea b le  

and i s  a  f u n c t io n  o f th e  v a lu e  o f  th e  e x c i t in g  v o lta g e  and 

th e  t a r g e t  m a te r ia l .  On th e  c o n t r a r y ,  when a f lu c tu a t in g  

p o t e n t i a l  i s  a p p lie d  (a s  i t  i s  u s u a l ly  th e  ca se ) to  th e  

tu b e , a  ”com posite  sp ec tru m ” i s  o b ta in e d . Hence th e
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a b s o rp t io n  cu rv e  o f  a  c o n s ta n t  p o t e n t i a l  x - ra y  beam can 

be used  a s  a  s ta n d a rd  o f r e f e r e n c e .

The method ad o p ted  was th e r e f o r e  t h a t  an a b so rp tio n  

cu rve  o f  th e  beam in  q u e s t io n  was p lo t t e d  on a  t r a n s p a re n t  

p a p e r. T h is p ap e r was moved on th e  s e t  o f s ta n d a rd  ca rv es  

o f  r e f e r e n c e  and a  s ta n d a rd  a b s o rp t io n  cu rve  was found which 

f i t t e d  -  as  re j:a rd s  g e n e ra l  c h a r a c te r  a s  s lo p e  and c u rv a tu re  

th e  cu rv e  under i n v e s t i g a t io n  f o r  th e  same a b so rb e r . Then 

th e  p h y s ic a l  p r o p e r t ie s  o f  th e  ^ iv e n  beait were s im ila r  to  

th o se  o f th e  beam o b ta in e d  w ith  a  c o n s ta n t  p o te n t i a l  

g e n e r a to r .  Hence T ay lo r d e s c r ib e d  th e  q u a l i ty  o f the beam 

by two q u a n t i t i e s Î

1. The c o n s ta n t  p o t e n t i a l  w hich ^ iv e s  a s im i la r  a b so rp tio n  

cu rv e  as th e  one i n  q u e s t io n . He c a l le d  i t  *"The 

e q u iv a le n t  c o n s ta n t  p o te n t ia l '* .

2. The i n i t i a l  f i l t r a t i o n .

T h is method o f r e p r e s e n t in g  th e  q u a l i ty  seems to  be 

j u s t i f i a b l e  f o r ,  b e s id e s  g iv in g  a p h y s ic a l  p i c tu r e ,  i t  

in c lu d e s  in io rm a tio n  o f x - ra y  tu b e  t a r g e t ,  tube  w a ll and 

p rim ary  f i l t r a t i o n .
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(b ) D e te rm in a tio n  o f th e  e f f e c t i v e  w ave leng th  from 
th e  x - ra y  energy  d i s t r i b u t i o n  c u rv e .

In  view  o f  th e  above d is c u s s io n  one can see  th a t  th e  

most r e l i a b l e  and a c c u ra te  method f o r  s p e c ify in g  th e  

q u a l i ty  ( l e s id e s  th e  sp e c tro m e te r  method w hich , as  p re v io u s ly  

s t a t e d ,  in  n o t e a s i l y  a p p l ic a b le  i n  th e  th e r a p e u t ic  use o f 

x - r a y s ,  i s  th e  c o n s t r u c t io n  o f  a com plete a b s o rp tio n  curve^^^^ 

u s in g  th e  a p p r o p r ia te  m a te r ia l  f o r  each  range o f  ic ilo v o lta g es  

u sed . The d i f f e r e n c e  betw een th e  v a r io u s  methods a r i s e s  

in  th e  way th e  d a te  in c lu d e d  in  th e  a b s o rp t io n  curve a re  

u t i l i s e d  to  o b ta in  a  s i g n i f i c a n t  p i c tu r e  o f th e  q u a l i ty  o f 

r a d ia t i o n .

We s h a l l  d e s c r ib e  th e  method adop ted  f o r  o b ta in in g  )ie 

from  th e  energy  d i s t r i b u t i o n  cu rye  based  on a b s o rp tio n  d a ta .

The method o f  o b ta in in g  th e  i n t e n s i t y  d i s t r i b u t i o n  of 

an x - ra y  beam t h e o r e t i c a l l y  from  a b s o rp t io n  d a ta  was f i r s t  

exam ined by S i lb e r s t e in ^ 5 5 ^ , He gave an approx im ate  method 

o f s o lv in g  th e  p roblem .

He showed t h a t  one i n t e n s i t y  d i s t r i b u t i o n  cu rve  can be 

d e r iv e d  t h e o r e t i c a l l y  from  a c e r t a i n  com plete a b s o rp t io n  

cu rv e  and a p p lie d  h i s  method in  a n a ly s in g  beams e x c i te d  by
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d i f f e r e n t  k i l o v o l t s  up to  100 kV. and found i t  to  be f a i r l y  

s a t i s f a c t o r y  f o r  p r a c t i c a l  p u rp o s e s .

i . The th e o ry  o f  th e  M ethod 

I n  a  h e te ro g e n e o u s  beaai o f  r a d i a t i o n ,  th e  t o t a l  

i n t e n s i t y  i s  g iv e n  by:

i  =  0)
9

,

w here /* ( ! ) =  T;> i s  th e  a v e ra g e  i n t e n s i t y  f o r  th e  range  

o f  w a v e le n g th s  Warn > to

I f  th e  fo rm  o f  f(^) i s  known th e n  can  be c a lc u ­

l a t e d .  When th e  beam p a s s e s  th ro u g h  a  f i l t e r  o f  th ic k n e s s  

X cm ., i t s  i n t e n s i t y  i s  g iv e n  by:

X  (X)* o'

w here i s  th e  a b s o r p t io n  c o e f f i c i e n t  o f  th e  w av e len g th s

ra n g in g  be tw een  ^ and 3+ jA . The s o l u t io n  o f  (2 ) 

g iv e s  th e  r e q u ir e d  i n t e n s i t y  d i s t r i b u t i o n  o f  a  c o n tin u o u s  

x - r a y  beam.

F o r ch a n g in g  th e  v a r i a b l e s  p u t :

( 3 )
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and d e n o tin g  and ^ (< v )  =  ^  , (2 ) becomes:

Tx ~f sf"* 4'('*̂) ̂ y**- (
An i n t e g r a l  e q u a tio n  f o r  unknown fu n c tio n

S l l b e r s t e l n  found t h a t  an  e q u a tio n  o f  the fo llo w in g

type

I ,  =  I  (6 )

where A and B a re  c o n s ta n te ,  g e n e r a l ly  f i t s  th e  

e x p e r im e n ta l  d a te  In  co p p e r and alum inium  f a i r l y  w e ll and 

i n  some c a s e s  w ith  g r e a t  a c c u ra c y .

From (4 ) and  (5 )

C  - MX ,  ̂ , T ' A x - B l / x  

Uo

A s o lu t io n  o f  t h i s  a q u a tio n  c a n  be o b ta in e d  from  

a c e r t a i n  i n t e g r a l  e v a lu a te d  by Laplace}

^(^/ujzro for A



U sing  ( 2) we can  r e tu r n  to  f  (} ) th u s

(8)

w hich I s  c h a r a c te r iz e d  by th e  c o e f f i c i e n t s  A and B.

E q u a tio n  (8 )  g iv e s  the co m ple te  s p e c t r a l  d i s t r i b u t i o n  

o f  a c o n tin u o u s  x - r a y  beam whose a b s o rp t io n  cu rve  i s  g iven  

by ( 5) .

The spec trum  i s  s h a rp ly  bounded on th e  s h o r t  w avelength 

s id e  by th e  l i m i t i n g  w a v e le n g th  = {Duane & Hunt)

th e  v a lu e  o f  w hich i s  governed  on ly  by the peak k i lo v o l t s  

a p p l ie d  to  th e  tu b e .  Prom m onochrom atic a b s o rp t io n  

t a b l e s  th e  v a lu e  o f  c o r re sp o n d in g  to  i s  taken

and hence  A , w hich  was found  I d e n t i c a l  w ith  .

Jo n e s  m o d ified  S l l b e r s t e l n 's  method in  the

fo llo w in g  way;

E q u a tio n  (5 )  can  be w r i t t e n  i n  the  form;

X .  j l '
7 "  8 *
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w here y  = —

I f ,  aa S i l b e r s t e i n  p ro p o s e d ,  e q u a t io n  (b )  r e p r e s e n t s  

t h e  a b s o r p t i o n  d a t a  g iv e n  by a  beam, th e n  th e  p l o t  o i  ^  

a g a i n s t  y sh o u ld  y i e l a  a  s t r a i g h t  l i n e  p a s s in g  th ro u g h  

th e  o r i g i n  a s  s u g g e s te d  by e q u a t io n  ( 9 ) .  T h is  was n o t  

found  to  be t h e  c a s e .  Whenever one can  o b t a i n  a  s t r a i g h t  

l i n e  from  t h e  p l o t t i n g  o f  ( ~  , y ) ,  w i th  a  r e a s o n a b le
y

p e r c e n ta g e  a c c u r a c y ,  from  t r a n s m i s s i o n  d a t a ,  t h e  l i n e  does

n o t  p a s s  th ro u g h  th e  o r i g i n  b u t  g i v e s  an  i n t e r c e p t  on th e

( ^  ) a x i s .  The f a c t  s u g g r s t s  t h a t  (9 ) sh o u ld  be m od ified  y
t o  t h e  fo rm :

- y - ÿ Z ^ r C  (10)

i n  o r d e r  t o  r e p r e s e n t  th e  e x p e r im e n ta l  d a t a ,  
of

The s o l u t i o n j (10) f o r  y i s :

f-fT" +i x+j J ^

C o n se q u e n t ly  (3 )  no l o n g e r  r e p r e s e n t s  th e  t r a n s m is s io n  d a t a  

I t  sh o u ld  be m o d if ie d  t o  th e  form :

-T- T - A x - e f f x t J
i v - 1  £ (11)
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T h e re fo re  e q u a t io n  (8) would become;

8/3" nĉ -K) ,

T h is  e q u a t io n  was found (^®) t o  g ive  the co n tin u o u s  

s p e c t r a l  d i s t r i b u t i o n  o f  beams o f  th e  k ind In  x - r a y  th e rap y  

p ro v id e d  tlie p l o t  o f  ( |  , y ) y i e ld e d  a s t r a i g h t  l i n e .

In  t h i s  c a se  the amount o f  o l w r a c t e r l a t l c  r a d ia t i o n  i s  

n e g l i g i b l e  ( e q u a t io n  (12) a l lo w s  only  on© maximum f o r  the 

i n t e n s i t y ) .

I f »  how ever, c h a r a c t e r i s t i c  r a d i a t i o n  i s  p re s e n t  in  

an a p p r e c ia b le  amount th en  th e  p l o t  o f  ( 5 , y ) w i l l  no t
y

g iv e  a s t r a i g h t  l i n e .

R ecen tly^  G rooning  ̂ h a s  e x ten d e d  the  S l l b e r s t e i n -  

Jo n e s  fo rm ula  to  c o v e r  beams h a v in g  a c e r t a i n  p e rcen tag e  o f  

c h a r a c t e r i s t i c  r a d i a t i o n .  A p p ly in g  t h i s  e x te n s io n  in  some 

o f  o u r c a s e s ,  where we f a i l  to  o b ta in  a s t r a i g h t  l i n e ,  we 

f in d  t h a t  by a l lo w in g  f o r  an amount o f  c h a r a c t e r i s t i c  

r a d i a t i o n  to  be p r e s e n t ,  we can  e l im in a te  th e  c u rv a tu re  

o f  th e  l i n e .
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11. C o r re c - t io n - fo r  c h a i - s c t e r i s t i c  R a d ia t io n

I f  I t  I s  assuiaed t h a t  a c e r t a i n  amount o f

c h a r a c t e r i s t i c  r a d i a t i o n  i s  p r e s e n t  and c o r r e c t i o n  f o r

t h i s  p ro d u c e s  a s t r a i g h t  l i n e  when p l o t t i n g  ( Jr » y)$

t h e n  f o r  th e  beams u sed  we c a n  s a f e l y  sa y  t h a t  th e

c o n t in u o u s  s p e c t r a l  d i s t r i b u t i o n  g iv e n  by (18) to g e th e r

w i th  th e  above amount o f  c h a r a c t e r i s t i c  r a d i a t i o n  g iv e s

a s a t i s f a c t o r y  d e s c r i p t i o n  o f  th e  t o t a l  r a d i a t i o n  in
(36 ) ‘

t h e  beams u sed , fo r ;©

L e t  p  be t h e  f r a c t i o n  o f  th e  t o t a l  r a d i a t i o n  

a t t r i b u t e d  t o  c h a r a c t e r i s t i c  r a d i a t i o n

and g. be t h e  f r a c t i o n  o f  c h a r a c t e r i s t i c  r a d i a t i o n  

due t o  Kg l i n e

Ip  and IX  have th e  p r e v io u s  m eanings.

i j  and I'x a r e  t h e  c o r re s p o n d in g  q u a n t i t i e s  f o r  th e

c o n t in u o u s  r a d i a t i o n  oiiLy.

Then
I. - X

and

pX [  ( '-W  J  ^

where y . , ^ a n d a r e  th e  a b s o r p t io n  c o e f f i c i e n t s  o f  th e  

c h a r a c t e r i s t i c  l i n e s .
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We have  from  Jon«a* a n a l y s i s  

y  = - à j ! ^ - y 4 xA-a
Thus f o r  t h e  c o n x in u o a s  r e a l a x i o n  i n  x n i s  c a se  

y  = -  - / f xJ- 0
S u b s t i x u t l n g  t h e  v a lu e s  o f  and X„ we g e t

The v a lu e  o f  p w hich  when i n s e r t e d  i n  (15) g iv e s  a  

s t r a i g h t  l i n e  o f  th e  p l o t s  o f  (~  y ' ) i s  t h e  f r a c t i o n  o f  

th e  c h a r a c t e r i B t i c  r a d i a t i o n  p r e s e n t  i n  th e  beam. p can 

be found  by t r i a l .

I n  th e  above t r e a tm e n t  i t  i s  supposed  t h a t  th e  r e l a t i v e  

i n t e n s i t i e s  o f  t h e  c h a r a c t e r i s t i c  l i n e s  p r e s e n t  a r e  known.

i i i .  E x p e r im e n ta l  Method ♦

The e x p e r im e n ta l  a rrangem e i t s  a r e  shown i n  the  f i g u r e  

( 1 ) .  A d iaph ragm  a b o u t  0 .5  cm. t h i c k n e s s  o f  l e a d  and 1 cm. 

t h i c k n e s s  o f  a lum in ium  w i th  a  h o le  a t  t h e  c e n t r e  h av in g  a  

d ia m e te r  j u s t  l a r g e  enough to  e n s u re  t h a t  t h e  whole

* T h is  method was a d o p ted  b e f o re  t h e  a p p a ra tu s  f i g . (34) 
was re a d y  f o r  u s e .
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i o n i z a t i o n  chamber was t o t a l l y  i r r a d i a t e d  (ab o u t 1 .8  om. i n  

d i a m e t e r ) . The f i l t e r s  used  were s h e e t s  o f  pure copper 

and t i n  s u p p l ie d  by i l e a s r s .  Jo h n so n -M a tth ey . The th ic k n e s s  

o f  th e  f i l t e r s  was d e te rm in ed  by w e ig h in g . Also i t  was 

checked by m easu rin g  th e  th i c k n e s s  o f  s e v e r a l  s h e e ts  to g e th e r  

and c a l c u l a t i n g  th e  th i c k n e s s  o f  each . The aluminluia 

f i l t e r s  w ere s t a n d a r d  f i l t e r s  p ro v id e d  w ith  th e  x - ra y  tube 

and t h e i r  t h i c k n e s s e s  were known.

S iem en’s i o n i z a t i o n  chamber was u sed  i n  some of the 

i n v e s t i g a t i o n s .  I t  i a  b u i l t  up from  p re sse d  t e r i a l  which 

i s  e l e c t r i c a l l y  c o n d u c t in g ,  and i s  w ave leng th  independen t 

over a w ide ran ge  c o r re sp o n d in g  to  peak v a lu e s  from 80 

400 kV. T h is  was a s su re d  by th e  makers and has  been con- 

l irm ed  by Eddy^^^^. The i n t e n s i t y  (w hich i s  p ro p o r t io n a l  

t o  th e  dosage r a t e  re a d  on th e  s c a le )  was measured by th e  

S iem en’s Momentum d i r e c t  r e a d in g  dosemei#er. The i o n i z a t i o n  

c u r r e n t  s e t  up i n  th e  i o n i z a t i o n  chamber when i t  i s  i r r a d i ­

a te d  i s  p a sse d  th ro u g h  a  r e s i s t a n c e  connec ted  w i th  th e  

c e n t r a l  e l e c t r o d e .  The d rop  o f  p o t e n t i a l  a c ro s s  th e  h ig h  

r e s i s t a n c e  caused  by th e  i o n i z a t i o n  c u r r e n t  i s  measured 

by an  e l e c t r o m e t e r .  The r e a d in g  o f  th e  in s tru m e n t  was 

n o te d  b e fo re  th e  i n s e r t i o n  o f  any f i l t e r s  to  r e p r e s e n t
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and then  %% was re ad  f o r  v a r io u s  f i l t e r s  to  c o n s t ru c t  an 

a b s o rp t io n  curve f o r  each  k i lo v o l t a g e  ap p lied  to  th e  tube,

I v .  E v a lu a t io n  o f  the c o n s ta n ts  

The v a lu e s  o f  Zx I  To were o b ta in e d  ex p e r im e n ta l ly  to ­

g e th e r  w i th  th e  c o r re sp o n d in g  th ic k n e s s  in  cm. (x) of the 

f i l t e r s  u sed . k  smooth curve was drawn between

Âÿ and X from w hich the v a lu e s  of y and' To
X X ’-  were c a lc u la te d *  The va lue  o f  -  was p lo t te d  a g a in s t  y .
y y
In  th e  cas© o f a s t r a i g h t  l i n e  the  i n t e r c e p t  was taken to 

be th e  v a lu e  o f  the c o n s ta n t  c . The slope  was ev a lu a ted  

and i s  a measure o f  ( e q u a t io n  10) .

J was e v a lu a te d  from th e  r e l a t i o n

, Bfcfnr
The va lue  o f  was o b ta in e d  from a knowledge of

the  k i lo v o l t a g e  used and the r e l a t i o n

'X =  -  ^ 7 — V in  K i lo v o l ts
 ̂ V

The c o r re sp o n d in g  value o f  ^  f o r  \  f o r  the  m a te r ia l
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used  s s  a b s o rb e r  was ta k e n  from th e  fo l lo w in g  so u rces  as 

s t a t e d  above each  t a b l e .

(1) L am erton^s^58) u n p u b l ish e d  work.

( 2 ) G re e n in g ’s ^ 56) t a b l e .

The v a lu e s  o f  th e  c o n s t a n t s ,  B, Cj Aj A  ,  yu and ^
J A

were a l l  i n s e r t e d  i n  e q u a t io n  (12) and th e  v a lu e  o f  

was c a l c u l a t e d  f o r  v a lu e s  o f  > c o v e r in g  a range w ith in  

th e  a r e a  under th e  cu rv e  p l o t t e d  betw een and

In  th e  ca se  where no s t r a i g h t  l i n e  was o b ta in e d  from 

th e  p l o t  o f  ( 7  , y ) e q u a t io n  (15) was a p p l ie d .

The r a t i o  o f  th e  i n t e n s i t i e s ^   ̂ cr3 w ith  noKyî
p rim ary  f i l t e r  b u t ,  i f  th e  r a d i a t i o n  h as  p assed  through an 

added f i l t e r  t h i s  r a t i o  i s  ohgmged accord ii^"  to  th e  m a te r ia l

and th e  t h i c k n e s s  o f  th e  f i l t e r .  When u s in g  a  f i l t e r

( .5  am. Ou 4 - 1 mm. Al) and hence ^  = ^ 3  .

The v a lu e  o f  was i n s e r t e d  i n  (13) th e n  y  was

e v a lu a te d  f o r  each  o f  th e  f i l t e r  th i c k n e s s e s  (x) used , w ith  

Ÿ h a v in g  a r b i t r a r y  v a lu e s  25^, 50^ and 40yS as  shown in  

th e  t a b l e s .  The v a lu e  o f  p  which reduced  th e  p lo t  of 

( §  # y ) ^ s t r a i g h t  l i n e  ( i n  t h i s  ca se  30^) was th ey
amount o f  c h a r a c t e r i s t i c  r a d i a t i o n  p r e s e n t .  From th e



A
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re s u i t in g  s t r a ig h t  l in e  the v a lu es  o f  the co n sta n ts  B, C 

and d were ob ta in ed  a s  p r e v io u s ly  s ta te d  and the eva lu ation  

o f  (13 ) was c a r r ie d  o u t. 1

V . T o  o b t a i n  V f r o m  t h e  i n t e n s i t y  d i s t r i b i ^ i w
c u r v e

T h e  a r e a  u n d e r  e a c h  (T̂  w u r v e  w a s  d i v i d e d  i n t o  

s t r i p s  ( f i g .  ( 2 ) ]  o f  a r e a s  / ) ,  , .............e t c . w h e r e

I - ^ ^ t ) ~  ̂ ..........

T h u s  t h e  t o t a l  a r e a  u n d e r  t h e  c u r v e  

/4 ^

and
_

w h e r e  A , i s  t h e  m ea n  w a v e l e n g t h  i n  t h e  s t r i p  o f  a r e a  

/\ I  ̂ e  t o  * • • .

v i .  E x p e r i m e n t a l  r e s u l t s  

T h e  f o l l o w i n g  t a b l e s  c o n t a i n  t h e  o b s e r v a t i o n s  a n d  

r e s u l t s  o b t a i n e d  w i t h  t h e  c o n d i t i o n s  s t a t e d  a t  t h e  t o p  o f  

e a c h  o n e  o f  t h e m .

P i g s .  (3 ,4 ,5 ,6 4 -7 )  r e p r e s e n t  th e  d a ta  i n  the  t a b l e s .



F igu i'e(3 )
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ï h e  e x o i t i n g  v o l t a g e  -  90kVp.

Added f i l t e r  ■= 2 a im . o f  s lu m in ia a

A. =  -  0 .1 5 7  A.TJ.

.497  om“  ̂ ( from  G re e n in g 's  t a b l e  ) ' 

/4 ■= .49 7

X i« <m-Al 4 % y y

.05 1 .9 2 2 " .1 7 9 . 2 5 . 1 5 4 . 3 2 5

.1 1.8!) - . 3 4 5 .05 . 2 9 5 .340

.15 1. 78y - . 4 9 0 .075 .-V15 .3 ^ 1

.2 1 . 7 3 5 - . 6 1 0 .099 . 5 1 1 .391

.25 1 .6 8 ^ - . 7 2 2 . 1 2 5 . 5 9 7 . 4 1 9

.3 1 .6 4 - .8 2 7 .149 .678 .443

.35 1 .5 9 y - . 9 2 7 .174 .7 63 .465

.4 1 . 5 5 5 -1 .0 2 2 . 19g .823 .48g

.5 1 . 4 7 4 - 1 .2 1 0 .24g .96^ . 5 2 ^

. 6 1 . 3 9 3 - 1 .3 8 y .2 9 a 1 .0 8 g .55^

.7 1 . 3 2 ^ - 1 . 5 5 ; •54 q I . 2O5 .58^ *



-so-

Two l i n e s  a re  shown in  f i g .  (3 )  fo r  90 tone o f  them 

fo r  A l, ab sorb er (co rresp on d in g  to  th e  above data in  the  

t a b le )  and th e  o th e r  fo r  Ou, ab sorb er.

m  th e  fo l lo w in g  t a b le  f (A )  corroaponding to  A l. and Cu. 

ab sorb ers were c a lc u la te d  and th e  mean was taken. The energy 

d is t r ib u t io n  curve was drawn betw een  f  and A as

shown in  f i g . (4 )  nuuber(X ).

The corresp o n d in g  a b so r p tio n  cu rves are shown in  f i g .  (10) 

e u r v e (8 ) .
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E f f e c t iv e  w avelength  fo r  90 kVp

r— ---

.1875 .15 .025 .0037 .0007

.2125 .775 .025 .0194 .004

.23?5 2.10 .025 .0525 . .0125

.2625 3.00 .025 .075 .0197

.28?5 3.463 .025 .086g .025

.3125 3.525 .025 .088g .0276

.3373 3.30 .025 .0825 .0278

.3625 2.90 .025 .0725 .0262

.5875 2.575 .025 .064^ .025

.4125 2.28g .025 .0575 .0236

.4375 2.025 .025 .050g .022

.4625 1.78 .025 * 04-4 Y .0207

.4875 1.58q .025 .0394 .0192

.575 .975 .15 .146g .084

.75 .34 .20 .068 .051

.95 .07 .20 .014 1 .0133

The t o t a l  area  under th e curve 4  -  t  A, -  -SCSI

A\ - 4o3

>  -  J i£ l .4 /^  /) (/
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E f f e c t iv e  w avelen g th  fo r  150 kVp

125 002 0004

157 025 058 005

162 5 .1 7 02 079 012

187
212

02
02

102
109

019
025

257 4 .5 2 02 , 108 025

270 5 .7 8 04 040151

0461462.92

06570 044

450 095 042

057 021

750 025

The t o t a l  area  under th e  curve



The e x c it in g  v o lta g e  s. 1 7 Ü kyp

added f i l t e r  = o

X  = =0.0726
«392 c*n~f from Jones ' ta b le s

A = .3 9 2

z

. 4 ^ A x / /

0 7 0 .9 1 , 0 2 . 0 0 .0 '0 .0 . 0 .0 0 ,0

0 ,1 6 1 .5 0 , 868 ' 1, 93a 0;148 ■0.039 0 .1 0 3 0 .971

0 ,2 5 3 ,8 0 . 759 1 .8 8 0 .2 7 5 $ 0 ,0 7 8 0 .1 9 7 1 .0 1

0 ,3 4 8 .6 0 . 686 180Q Ü.3777 0 .1 1 6 0 .8 6 0 1 .1 5

0 .4 4 3 .0 0 .6 0 7 1 .7 8 a 0 . 4 9 9 9 0.&55 0 . 343 1 .1 7

0 ,6 3 5 .5 0 .5 0 1 1 .7 0 0 .6 9 1 a 0 . 833 0 .4 5 7  , 1 .31

0 ,8 30*0. 0 .4 2 3 1.687 0 , 85 9g 0 .8 1 0 0 .546 1.46a
1 .0 8 5 .3 0 .3 5 7 1. 56a 050 0. 392 0 .6 3 8 1 .5 7

1 .2 21 .1 0*298 1.474 1 .2 1 0 0 .4 6 6 0 ,741 1 .6 2

1 .4 , 1 8 .9 0*267 1 .4 2 a 1 .3 4 7 0 .5 4 3 0 . 798 1 , 75

The s tr a ig h t  l in e  betw een (y , f  ) fo r  170 k%) 
i s  shown in  f i g . (3 )

A b so lu tio n  curve f i g .  (1 0 )
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f o r  170 kVp

J>i JA, A(h£«k ^  1

.0975 .35 .015 >0055 .0005

.115 1 .7 5 .0 2 .055 .004

.155 5 .4 2 ^ .02 .069 .0093

.155 4 .2 5 .0 2 .085 .0152

.175 4 .4 4 .0 2 .089 .0155

.205 4 .1 8 g .0 4 .168 .0545

.245 3 .525 .04 .141 .054g

.285 2 .625 .04 .105 .029g

.53 0 1 .965 .05 .098  , .032

.445 .85 .0 8 .068 .030

.575 .2 62 .18 .047 .027

.750 .025 .1 7 .0045 .0052

The t o t a l  area  under th e  curve A c ^  / f ,  = .914

^  /4, 5-.254

= ' 0 . 2 5 6  A.1J«



A b so rp tio n  (Curves i n  Cu.& Sn.

X  IN  CM.TIN O R Cu

J-

M Æ

•Hi

X  IN  CM. CU

F ig u r e (5 )
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The e x c i t i n g  v o l t a g e  -  220 KVp

Added f l l  uer rr m .  Ou 1 ioa* A1

X  -  .0614 A.Ü.

^  1 # ^ O sii

/) r  1 .3

(from  Sreeairje;'8  ta b le )

The a b s o r p t i o n  c u rv e s  a r e  shown i n  f i^ ; .  (5) 
cu rve  (4 ) f o r  Ou f i l t e r s ,^ ( 1 )  f o r  t i n  f i l t e r s .

5t li* & x / y

.025 .828 1.918 .157 .159

.05 .705 1.847 .288 .174

.075 .610 1 .785 .5 9 » .189

.100 .555 1.727 .500 .200

, .125 , .475 1 .677 . .582 .215

.150 .428 1,631 , .655 .229

.175 .588 1 .589 .720 .243

.200 .35 6 1.531 .775 .258

.225 .527 1 .514 .829 .271

.250 .301 1.479 .878 .285
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co n t.

P r  25^

.179

.129

.093

.067

.049

.035

.026

.019

.014

.01

.649

.574

.517

.466

.426

.393

.362

.337

.313

.291

.866

.767

.689

.621

.568

.524

.483

.449

.417

.388

.144

.257

.373

.477

.567

.647

.728

. f X ) 2

.875

.247

ts
7C

y-ts'

.0325

.065

.0976

.13

. 162_5

.195

.227g

.26

.292^

.325

.112

.203

.276

.348

.406

.453

.502

.544

.585

.625

.223

.846

.272

.288

.308

.331

.349

.368

.385

.400
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co n t.

P =  40#

)d.0

.286

.206

.149

.107

.078

.056

.041

.030

.022

.016

.542 

.497 

.461 

.426 

,397  

.372  

. 347 

.326 

.305 

.285

......1

.903

.829

.768

.711

.662

.620

.579

.544

.508

.475

. 101

.186,

.264

.412

.479

.545

.607

.677

.744

.069

. 122,

.167

. 2 1 1

.251

.285

.319

.349

.387

.422

.362

.408

.449

.474

.497

.526

.549

.573

.581

.593
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c o n t.

P =  50ÿb

—42—

& — )

.215

.155

. 1 1 2

.080

.059

.042

.031

.023

.017

.012

.613

.548

.4 98

.4 53

.416

.386

.5 57

.3 33

.310

.28 9

I

.875

.78 3

.711

.647

.594

.551

.510

.476

.443

.413

H  -V '

.133,

.244

.341

.455

.521

.59 6

.672

.7 4 2

.615

.8 84

y .

. 101,

.180

.244

.306

.360

.402

.446

.484

.525

.562

.246

.278

.307

.327

.347

.392

.413

.430

.445

f i g  ( 6 ) :  l i n e  (3) f o r  Ou a b so rb e ra  
c o r r e s p o n à in g  to  th e  above t a b l e  
and l i n e  ( 1 ) when t i n  a b s o rb e r  
u s e d .



F i g u r e (7)
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f o r  220 kVp w ith  l i g h t  f i l t e r

> , „ / )  U  I m A  - f M y  <̂4

.0655 4 .4 .009 .039g .0025

.072 13.8 .008 •IIO4 .0079

.08 14.52 .008 .1162 .0093

.088 13.15 .000 .1052 .0093

.096 11.2 .008 .09 .0086

.104 9.5 .008 .076 .0079

.112 8.1 .008 .0648 .0073

,122 6.74 .012 *0809 .0091

.134 5 .3 .012 .0636 ,0085

.148 4.02 .016 .0543 .0095

.166 2.8 .02 .056 .0093

.183 1̂ — .1259 .023

.188 1.9 .024 .0456 ,0086

.21 .2934 .0616

.214 1.22 .028 .0341 .0073

.244 .7 .037 .0224 .0055

.284 .2 .05 .01 .0028

T o ta l area under th e  curve A = ^  Ay  ̂* ^98

-- •'»*
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E x c i t i r ig  v o l ta g e  ^

P rim ary  f i l t e r  =

,  x  =

~ — 1 • )0  OiE

220 kVp.
 ̂Cu. A' / m

=  .0562 A.ÎJ.
-1 {from  G -reeaiiîg*3 ta b le s )

P ig .  (5 ) shows th e  a b s o r p t io n  c u rv e s .
C urve (2 ) f o r  t i n  f i l t e r s  and (5 ) f o r  c u . f i l t e r s .

jy cmi> 4.. I x
%

.0287 .920 1.964

.080 .790 1 .898

.132 .688 1 .8 3 8

.191 . 5 8 2 1.765

.243 . 5 2 2 5 1 .718

,306 . 4 5 2 1.655

.358 .396  • 1 .598

.421 .343 1.535

.473 .304 1 .483

.519 .281 i.V fg

.634 . 2 2 5 1 . 3 5 2
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c o n t.

The fo l lo w in g  v a lu e s  o f  T%/J„ and x  a re  ta k e n  
from  th e  t r a n s m is s io n  c u rv e  a f t e r  sm oo th ing .

A x

625

632

663

694

145 080

10 130 158

226195 - .4 2 1

260 - .5 4 820 288

346671 723

- .7 9 1 401390

455 - .9 0 8 453 772

79840 520 501

546 824585

650

715

- 1.131

856583

622 884

655 915-1 .4 3 560 780

F ig  (6 ) :  shows l i n e  (2 )  f o r  Cu a b s o rb e r  c o rre sp o n d in g  
to  th e  above t a b l e  and l i n e  (4 ) when t i n  a b s o rb e rs  
a r e  u s e d .
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)le f o r  220 kVp w ith  heavy  f i l t e r

. 0 6 4

. 0 7 2

.0 8

.088

. 0 9 6

.104  

.114  

.128  

. 146 

.168  

.1 9 6  

. 2 4

9 .2 0

2 1 . 0 5

1 8 . 8 0

1 4 . 9 0

11 .70

9 .30

7 . 2 5

4 .8 0  

5 . 00

1 .75  

.75  

.10

.008

.008

.008

.008

.008

.008

.012

.016

.0 2 0

.024

. 0 3 2

.056

. 0 7 3 6

. 1 6 3 ^

. 1 5 0

.1192

. 0 9 3 6

. 0 7 4

.087

.076

.0 6 0

.0 4 2

.024

.005,

4

8

>

.0047 

.0127 

.0121 

. 0 1 0 5

.009

.001 Q

.009g

.0098

.0088

.0071

.0047

.0013

T o ta l  a r e s  u n d er th e  cu rv e  /  — /!,-=: *975

= .0984 
_ .0984 C 0* \Ù\
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The fo l lo w in g  t a b l a s  g iv e  th e  d a ta  deduced 

from  th e  t a b l e  on page (^7 ) when e x t r a  th ic k n e s s e s  

o f  t i n  w ere added to  th e  p rim a ry  f i l t e r .  Each f(^) 

w i l l  be re d u ced  to

f a )  X"'. t ' M

w here i s  th e  a b s o r p t io n  c o e f f i c i e n t  o f  t i n  

and i s  th e  th ic k n e s s  o f  t i n  added to  th e  

p r im a ry  f i l t e r .

E nergy  d i s t r i b u t i o n  c u rv e s  w ere drawn f o r  

^ (h) a g a in s t  ?) . From th o s e  c u rv e s  and

i n  th e  seme m anner a s  d e s c r ib e d  b e fo re  on 

page  (2$') >£ was c a l c u l a t e d .
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fo r  220 kVp

P rim ary  f i l t e r  r  (*5 jb.Gu +  .6 6  m«v.5*f.4l - jm .A l)+ ,1 0 8 <w.6m

A=

. 0 6 2 7 .6 .004 .018^ . 0 0 1 1

.066 10 .9 .004 .043g . 6 0 2 9

.07 14 .76 .004 . 0 5 9 0 .0041

.075 1 3 . 9 2 .004 .055y .0042

.08 1 1 . 6 1 .008 •0 9 2 y .0074

.088 8 . 2 .008 .065g . 0 0 5 8

. 0 9 7 5 .5 . 0 1 . 0 5 5 . 0 0 5 5

.107 5 .4 . 0 1 . 0 5 4 .(X)36

. 1 1 7 2 .08 .01 .020g .0024

. 1 2 7 1 .24 .01 .012^ . 0 0 1 6

.158 .62 .012 . 0 6 7 .OOIO5

. 1 5 2 .24 . 0 1 5 .0038 .0005q

.17 .12 ,0 2 .002 .00041

»08 . 1 9 5 . 0 5 .0058 .00047

^4: '

.041
7Î7F9 =r .086
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fo r  220 teVp

P rim ary  f i l t e r  — ( .5  laa.Cu + .66i«w.i»^1 mm. Al .175  Aw.6?, )

^MAul

.0 6 2 4 .7 5 .004 .0 1 9 .00118

.066 9 .4 5 ,0 0 4 .0578 .,0025

•07 1 1 .9 7 ,0 0 4 .0479 .00555

.074 11 .25 .004 ,0 4 5 0 .00355

.078 9 .4 ,0 0 4 .0576 .00295

.084 7 .0 5 .008 .0564 .00474

.095 4 .5 .01 .045 .00418

.1 0 4 2 .5 5 .012 .028 .0029

.117 1 .0 2 .014 .0145 .00167

.152 0 .5 8 .016 .0061 .0008

.16 0 .05 .0 4 0 .002 .0005

= .0822y
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G -  M easurem ent o f  t he H a lf  V a lae  L ay er (H .V .L .)  
and D é te rm in a tio n  o f  th e  O o rre sp o n d in g  E f f e c t i v e  W aveleng th

As a  r e s u l t  o f  th e  p re v io u s  c a l c u l a t i o n s  ( t a b l e  p .  5 3  ) 

i t  was seen  to  be s u f f i c i e n t l y  a c c u r a te  f o r  o u r  p u rp o se  to  

use th e  v a lu e  o f  d e te rm in ed  from  th e  m easurem ent o f

th e  H.V.L. o f  th e  beam.

The H.V.L.’s  o f  a  number o f  beajas c o v e r in g  a  c o m p a ra tiv e ly  

wide range  o f  w av e len g th s  w ere m easu red . Prom th e s e  beams 

th e  q u a l i t i e s  r e q u ir e d  f o r  th e s e  i n v e s t i g a t i o n s  w ere o h o sen .

1 . E x p erim en ta l method

The method ad o p ted  c o n s i s t s  i n  th e  d i r e c t  m easurem ent 

o f th e  r a t i o  o f  th e  i n t e n s i t y  o f  th e  beam b e fo re  and a f t e r  

i t  p a sse s  th ro u g h  each  f i l t e r .

The a p p a ra tu s  d e s c r ib e d  l a t e r  on page ( i i t )  f i g .  (? 4 ) 

was a ls o  u sed  f o r  th e  m easurem ent o f  th e  H .V .L .s ; in d e e d  

i t  i s  em in en tly  s u i t a b l e  f o r  t h i s  p u rp o se .

Two o f  th e  " a i r  w a ll"  cham bers w hich had been  t e s t e d  

fo r  w aveleng th  in d ep en d en ce  w ere m ounted on th e  a p p a ra tu s  

®ud s e t  up i n  th e  beam. A th i c k  le a d  d iaphragm  w ith  two 

c i r c u la r  h o le s  was u sed  to  d e f in e  th e  beams f a l l i n g  on th e



-Figure (8)

TO MEASURING ^  
APPARATUS

TARGET

F IL TE R S

DIAPHRAGM

TO MEASURING 
APPARATUS

m m . .
EXPER IMENTA L ARRANGEMENT FOR M E A S U R E M E N T

OF T H E  H.V.  L’s
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cham bers . P ig .  ( 1T ) shows th e  w hole a r ra n g e m e n t.

The f i l t e r s  w ere i n s e r t e d  i n  th e  beam c o v e r in g  one o f  

th e  cham bers and i n  e a c h  c a s e ,  th e  s c a l e  r e a d in g  was n o te d  

and th e  r a t i o  c o r re s p o n d in g  to  i t  was ta k e n  from  th e  

c a l i b r a t i o n  c u rv e  f i g .

T h is  p ro c e d u re  h a s  th e  a d v a n ta g e  t h a t  th e  re a d in g  o f  

th e  s c a le  ( i . e .  t h e  r a t i o  o f  th e  two i n t e n s i t i e s )  i s  n o t  

a f f e c t e d  by any f l u c t u a t i o n s  i n  th e  beam f o r  b o th  th e  

cham bers a r e  e q u a l ly  a f f e c t e d  by th e s e  f l u c t u a t i o n s ,  

i i .  E x p e r im e n ta l  r e s u l t s

The fo l lo w in g  t a b l e s  c o n ta in  th e  o b s e r v a t io n s  and th e  

r e s u l t s  o b ta in e d .  P ig s .  [9) and (1l) show th e  r a t i o  a g a in s t  

th ic k n e s s  o f  f i l t e r  and m arks on them  c o r re s p o n d  to  th e  

number o f  t a b l e  th ey  r e p r e s e n t .  P ig s .  (1 0 )and (12)a re  th e  

a b s o r p t io n  c u rv e s  f o r  t a b l e s  from  1 to  11 .

The r a t i o  o f  th e  i n t e n s i t i e s  a t  th e  two ohf m bers b e fo re  

th e  i n s e r t i o n  o f  ny f i l t e r s  i s  ta k e n  a s  u n i ty  and th e  o th e r  

v a lu e s  a r e  e x p re s s e d  i n  te rm s  o f  t h i s .



I n t e n s i t y  R a t io  C urves I n  AL.

X IN m  m.AL. 

f i g u r e (» )
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The H .V .L .s  o f  th e  above b ea iis  w ere ta isen  from  

f i g s .  ( \o  <4' 111 ) • The c o r re s p o n d in g  e f f e c t i v e  wave 

l e n g th s  w ere  ta k e n  from  f i g s .  ( /y  ^  itf ) w hich  e r e  

c a l c u l a t e d  from  G r e e n in g 's  t a b l e s .

Ho. o f  
t a b l e fcVp Added f i l t e r H .V.L

1 60 z e ro 0 . 7  mia.Al. 0 .6 3 0

2 . 90 2 mm. A l. 2 .4  mm.Al. 0 .4 0 2

5 1 0 6 .8 4 una.Al. 4 .0 5  mm.Al. 0 .3 2 2

4 120 .11 mmCu 4 -1  mmAl .o.356.m i.O u. 0 .2 3 6

5 120 . 5  !simOu 4-1 ffliflAl. 0 . 591mm.Cu. 0 .1 9 2

6 130 4 - .  2 1 4  mmOu 
4- 1 iiim.Al

0 .7 1 6iii-.... 0 u. 0 .1 7 7

7 1 5 0 . 5  lamOu 4- 1 maiAl. 0 .7 8  mmOu. 0 ,1 7 2

8 170 . 5  ramCu 4 - 1 wmAl. 0 .8 7 5  maiOu. 0 .163

9 200 . 5  mmCu 4- 1 mmAl. 1.072  imaGu. 0 .150

10 180 1 . 5 mmOu. 4- 
4 . 1 .ma. A l.

1.55  iJimCu. 0 . 1 3 7

11 200 1 .5  mmCu 4- 
1 mm,A l .

1 .7 7  mmOu. 0 .120
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I I I

THEORSTICÂIi DETEmiIEÀTION OF THB RATIO OF THE 
IONIZATION CURRENTS IN CHAINER PftlRS OF 
DIFFERENT MA.TEHIAL0 ACCORDING TO THK THEORY 
OF BRAGG AND GRAY.

(a )  I n t r o d u c t io n
The th e o ry  o f  th e  i o n i z a t i o n  p roduced  by x - r a y s  i n  an

a i r  f i l l e d  c a v i ty  was f i r s t  s tu d ie d  by B r a g g , ^  In  th e

c o u rse  o f  t h i s  s tu d y  o f  th e  prob lem  he a r r iv e d  a t  th e  r e s u l t

t h a t  th e  t o t a l  l e n g th  o f  th e  t r a c k s  o f  th e  ^ - p a r t i c l e s  in

m a t te r  depends o n ly  on th e  n a tu r e  i . e .  a to m ic  number o f  th e

s u b s ta n c e ,  and n o t on th e  d e n s i ty .  In  o th e r  w ords he
I

d e f in e d  th e  ran g e  o f  th e  - p a r t i c l e s  i n  te rm s o f  th e  amount 

o f  m a t te r  t r a v e r s e d  and n o t th e  d i s ta n c e  t r a v e l l e d .  T here­

f o r e  i f  we in tro d u c e  a c o m p le te ly  empty c a v i ty  i n  th e  medium, 

we sh o u ld  n o t  e x p e c t th e  ran g e  and th e  number o f  - p a r t i c l e s  

t r a v e r s in g  th e  c a v i ty  to  be a l t e r e d .  I f  th e  c a v i ty  i s  f i l l e d  

w ith  a i r  i t  w i l l  make no d i f f e r e n c e  to  th e  /9 - r a y  d e n s i ty  

w i th in  i t  u n le s s  th e  a to m ic  number o f  th e  medium d i f f e r s  

v e ry  much from  t h a t  o f  a i r  o r  u n le s s  th e  p re s s u r e  o f  th e  a i r  

i s  to o  g re a v  so  t h a t  a  b ig  f r a c t i o n  o f  th e  /9 -ra y  en e rg y  i s  

u sed  i n  p a s s in g  th ro u g h  th e  c a v i ty .  To av o id  t h i s ,  e i t h e r  

th e  c a v i ty  sh o u ld  be sm a ll o r  th e  p re s s u r e  re d u c e d .
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{ b) The Theory

G ray( ^ , i n  p ro v in g  t h a t  th e  in t r o d u c t io n  o f  a  sm a ll

a i r  f i l l e d  c a v i ty  i n t o  a  s o l id  meium does n o t  d i s t u r b  th e  

e l e c t r o n i c  a tm o sp h ere  a s  r e g a rd s  d i r e c t i o n  and v e l o c i t y ,  

e s t a b l i s h e d  h i s  p r i n c i p l e  o f  e q u iv a le n c e ,  w hich  i s :

"The en erg y  l o s t  p e r  u n i t  voluuae by /9 - p a r t i c l e s  i n  th e  

c a v i ty  i s  l / /  t im e s  th e  en e rg y  l o s t  by y - r a y s  p e r  u n i t  

volum e o f  th e  s o l i d . "  y o  i s  th e  r a t i o  o f  th e  energy  l o s t  

by an e l e c t r o n  i n  t r a v e r s i n g  a  c e r t a i n  d i s ta n c e  ( a  sm a ll 

' f r a c t i o n  o f  i t s  ra n g e )  i n  th e  two m ed ia , ( a i r  and s o l i d ) .

I n  t h i s  c o n s id é r a t io n  th e  v o iu a e  o f  th e  cham ber i s  assumed to  

be v e ry  sm a ll so t h a t  th e  i o n i z a t i o n  p roduced  d i r e c t l y  i n  

th e  a i r  i t s e l f  i s  n e g l i g i b l e .

The en erg y  r e q u ir e d  f o r  th e  i o n i z a t i o n  o f  a i r  h a s  been

th o ro u g h ly  in v e s t i g a t e d  e x p e r im e n ta l ly  and t h e o r e t i c a l l y . '  '
iLi%\

The r e s u l t s  o f  th e s e  in v e s  L ig a tio n s  can  be sum m arised ; '

1 . The a v e ra g  en e rg y  l o s t  by th e  p ro d u c tio n  o f  an io n -  

p a i r  i n  a i r  i s  W — 53 e - v o l t a .

2 . W i s  in d e p e n d e n t o f  th e  speed  o f  th e  p a r i c l e s  i . e .  i s  

th e  same f o r  a l l  p a r t i c l e s  h av in g  e n e rg ie s  betw een 

a  10^ and 10^ v o l t s .

From (1 ) th e  en e rg y  l o s t  by seco n d ary  e l e c t r o n s  i n  c r o s s in g
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th e  c a v i ty  p e r  u n i t  v o l .  nr W x J  w here d i s  th e  number o f  

i o n - p a i r s  p roduced  p e r  c . c .  i . e .  th e  i o n i z a t i o n  p e r  u n i t  

volum e.

From (2 ) we f in d  t h a t  th e  c o n s ta n t  f o r  c o n v e r t in g  from  

i o n i z a t i o n  to  en e rg y  i s  th e  same o v e r a w ide ra n g e  o f  energy  

o f  th e  sec o n d a ry  e l e c t r o n s  end hence f o r  a l l  ty p e s  o f  r a d i ­

a t i o n  from  th e  s o f t e s t  x - r a y s  to  th e  h a r d e s t  K -ra y s .

Thus th e  t o t a l  e n e rg y , E, o f  sec o n d ary  e l e c t r o n s  

g e n e ra te d  in  u n i t  volume o f  th e  m ed iu i i s  g iv e n  by

£ = / >  y  j
o r

...................................................

i s  p r o p o r t io n a l  to  th e  e lo t r o n  d e n s i ty ,  s in c e  th e  r a t e  

a t  w hich ch a rg ed  p a r t i c l e s  lo s e  en e rg y  i s  due to  e n c o u n te r in g  

th e  e l c t r o n s  o f  th e  medioia th ro u g h  w hich  th e y  p a s s .

S.
/  =  t  t  ...............................

w here r\̂  and a r e  th e  e l e c t r o n  d e n s i t i e s  o f  th e  medium 

and th e  a i r  r e s p e c t iv e ly  and s, and s a r e  th e  e l e c t r o n i c  

s to p p in g  power i n  th e  medium and th e  a i r  r e s p e c t i v e l y .
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I n s e r t  in g  th e  v a lu e  o f  y a  i n  (1 ) we g e t ,

cr /t, ( é ^  -H ,) Ï  * * . .  (4 )

and a r e  th e  a b s o rp t io n  s c a t t e r i n g  and p h o to e l e c t r i c  

a b s o r p t io n  c o e f f i c i e n t s  r e s p e c t i v e ly .  I  i s  th e  i n t e n s i t y  

o f  r a d i a t i o n  f a l l i n g  on th e  m a te r ia l  and i s  c o n s id e re d  

c o n s ta n t  th ro u g h o u t th e  volum e.

From (3 ) and (4 )

-j* __ 4" } %

E q u a tio n  (3 ) r e p r e s e n t s  th e  i o n i z a t i o n  p e r  u n i t  volume 

i n  a  cham ber s p e c i f i e d  by th e  d i f f e r e n t  c o e f f i c i e n t s  i n  th e  

r i g h t  hand s i d e .

S im i la r ly  f o r  an i o n i z a t i o n  cham ber o f  a n o th e r  m a te r i a l ,  

th e  i o n i z a t i o n  p e r  u n i t  volum e i s  g iv e n  by:
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c. The r a t i o  P of the ionization c u r r e n t s  in the two 

chambers will be:

= (7 ). . . .
T h is  e q u a tio n  i s  t r u e  when no r e d u c t io n  o f  i n t e n s i t y  

due to  a b s o r p t io n  i n  th e  w a l l s  o f  th e  cham bers takes p la c e  

To a llo w  f o r  th e  a b s o r p t io n  i n  th e  w a l ls  (7 ) becom es:

. . . (8) if absorption to be 
allowed for is true 
absorption only.

o>L

| r  e<rk + ^  ^  £   . . . (9 )  i f  a b s o rp t io n  to  be
+ Sj a llo w ed  f o r  i s  t o t a l

a b s o r p t io n .

w here x  i s  th e  th ic k n e s s  o f  th e  w a l ls  i n  cm.

J y**!- (e^

and

A  -teT i) f -  = (e<ni + t^ -h ^ )n ,
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(î - ( 16}

E x p re s s io n s  (8 ) and (9 )  h o ld  when th e  th ic k n e s s  t r a v e r s e d  

by th e  beam i s  c o n s ta n t  and e q u a ls  x cm.

In  o u r e x p e r im e n ts , how ever, th e  oham bers w ere mounted 

i n  su ch  a  way t h a t  th e  le a d s  w ere o u t­

s id e  th e  f i e l d  o f  r a d i a t i o n  i n  o rd e r  

to  m in im ize th e  r a d i a t i o n  r e a c h in g  

them , i . e .  th e  a x e s  o f  th e  cham bers 

w ere t o  th e  d i r e c t i o n  o f  th e  

beam (see  f i g .  ( i5 )J . t h e r e f o r e  th e  

th ic k n e s s  o f  th e  w a l l  m a te r ia l  th ro u g h  

w hich  th e  beam p a s s e s  i s  n o t  a lw ays th e  

sam e. C o r r e c t io n  f o r  a b s o r p t io n  was 

c a r r i e d  o u t a s  f o l lo w s .  See f i g ,  { 1 6 ) .

The amount o f  r a d i a t i o n  in c id e n t  i n  an 

a r c  o f  l e n g th  r Jff r, Jff oafi 

The amount t r a n s m i t te d  = Tn; Jfi

Aw /2w 9
k
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The f r a c t i o n  t r a n s m i t te d
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_ ,£ w J 5_ a .  1 g J .  ^ . (10)

f -  f f  - ^ , , f j f f : - A ' ' ' '- « 'J
_ ,^ +  <7t ^  _______________
' e n  + tT, it

w here a r e  th e  e x te r n a l  and i n t e r n a l  r a d i i  o f

th e  cham ber.
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Having e s ta b l i s h e d  an e x p re s s io n  f o r  th e  r a t i o ,  we 

proceed  to  e v a lu a te  th e  t h e o r e t i c a l  r a t i o  P o f  th e  io n iz a ­

t i o n s .  Then, e v a lu a t in g  f  we d e te rm in e   ̂ ta k in g  in to  

acooon t th e  a b s o rp t io n  in  th e  w a l ls  o f  th e  cham ber.

For tM s  p u rp o se , th e  d i f f e r e n t  c o e f f i c i e n t s  ap p e a rin g  

in  (9 ) and (10) were d e te rm in ed  a s  fo llo w s ;

(c )  T h e o r e t ic a l  D e te rm in a tio n  o f  th e  E f f e c t iv e  Atomic 
Number o f  th e  W a lls .

The a tom ic  noraber o f  th e  m a te r ia l  o f th e  chambers i s  

r e q u ir e d  in  th e  e v a lu a t io n  o f  th e  p h o to e le c t r i c  a b s o rp t io n  

c o e f f i c i e n t .  The e f f e c t  o f  v a ry in g  th e  a tom ic  number o f  

th e  chamber w a l l ,  on th e  io n iz a t io n  in s id e  i t ,  i s  a ls o  one 

o f  th e  problem s to  be i n v e s t ig a te d .  Hence th e  need a r i s e s  

to  d e te rm in e  th e  a to m ic  number o f  th e  d i f f e r e n t  m ix tu re s  

used  f o r  c o n s t ru c t in g  th e  cham bers. A s ta te m e n t o f " e f f e c t iv e  

atom ic nuaiber,’* Z"’ o f th e  p re sse d  m a te r ia l  r e p la c e s  th e  a tom ic 

number 2 w hich i s  u sed  f o r  th e  s im p le  e le m e n ts .

As th e  a tom ic  nuraber i s  one o f  th e  fundam en ta l f a c to r s  

g o v e rn in g  th e  a b s o rp t io n  i n  a  m ediua, i t s  d e te rm in a tio n  

sho u ld  be based  on th e  c o n s id e r a t io n  o f  th e  two components 

o f  th e  a b s o rp t io n  c o e f f i c i e n t  namely^'

(a )  th e  s c a t t e r i n g  a b s o rp t io n  c o e f f i c i e n t ,  

and (b ) th e  p h o to e le c t r i c  a b s o rp t io n  c o e f f i c i e n t .
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I t  i s  known t h a t  th e  s c a t t e r in g  a b s o rp t io n  c o e f f i c i e n t  

i s  in d ep en d en t o f th e  atom ic number f o r  th e  range  o f 

w av e len g th s  used i n  t h i s  i n v e s t ig a t io n ;  w h ile  th e  p h o to ­

e l e c t r i c  a b s o rp t io n  c o e f f i c i e n t  T “ depends to  a  la r g e  ex­

t e n t  on th e  a tom ic number. T h e re fo re  an e x p re s s io n  f o r  Z 

i s  u s u a l ly  d e r iv e d  from  th e  r e l a t i o n  betw een t  a n d “̂ .

W orkers i n  t h i s  f i e l d  have g iv e n  d i f f e r e n t  fo rm ulae  

f o r  t h i s  r e l a t i o n  le a d in g  to  d i f f e r e n t  v a lu e s  f o r  S ’ • 

F r ic k e  and Glasser^'^'^^ d e r iv e d  a fo rm u la  f o r  th e  e f f e c t i v e

atom ic number based  on th e  f a c t  t h a t  th e  p h o to e le c t r i c
3a b s o rp t io n  c o e f f i c i e n t  i s  p ro p o r t io n a l  to  2 . As th e  

a b s o rp t io n  c o e f f i c i e n t  i s  p u re ly  a d d i t iv e  and in d ep en d en t 

o f  th e  chem ica l co m p o sitio n  o f  th e  m a te r ia l ,  t h e i r  fo rm u la  

to o k  th e  form :

A, ........

where th e  a's d en o te  th e  number o f  atoms p e r c . c .  o f  each  

e lem en t o f  th e  compound and th e  Z*s a re  th e  atom ic num bers.

T h is  fo rm u la  i s  n o t q u i te  a c c u ra te  s in c e  i s  n o t 

e x a c t ly  p ro p o r t io n a l  to  2 ^ . '

The e x p re s s io n  we have used f o r  c a lc u la t in g  Z i s  based  

on W a l t e r s f o r m u l a

7^:; ,  zr' jr;
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w hich was found to  f i t  th e  e x p e r im e n ta l d a ta  b e t t e r  them 

th e  p re v io u s  one and i t  i s  used  f o r  c a lc u la t in g  th e  

a b s o rp t io n  c o e f f i c i e n t  i n  t h i s  w ork. We have th u s  ta k e n  

^  to  be g iv e n  by:
 —

where A, i s  th e  f r a c t i o n a l  c o n te n t  o f  e le c t r o n s  f o r  an

elem ent o f  a tom ic number 2^ and ^  i s  made f o r  a l l  th e

e lem en ts  p re s e n t  i n  th e  compound.

S u b s t i tu t in g  i n  th e  above e q u a tio n  th e  v a lu e s  o f  

" a's " and f o r  d i f f e r e n t  e lem en ts  p re s e n t  in  th e  fo llo w in g  

compound :

100 p a r t s  o f b a k e l i t e  (CgH^.GHg)

20 p a r t s  o f  g r a p h i te  (C)

2 p a r t s  o f  vanadium  o x id e  (VgO^)

^  i s  found to  be 7 .64  w hich i s  th e  e f f e c t i v e  a tom ic 

number o f  a i r  d e r iv e d  from  th e  p re v io u s  fo rm u la . Chambers 

o f  t h i s  m ix tu re  w ere m anu fac tu red  [ s e e  p . ( fif) J  and used 

a s  js^ " a i r - w e l l "  cham ber.

^  was c a lc u la te d  f o r  a n o th e r  m ix tu re  o f :

100 p a r t s  b a k e l i t e  

20 p a r t s  g r a p h i te
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X p a r t»  oeriu iû  ox ide  (Ce^g) 

where x may ta k e  d i f f e r e n t  v a lues*

A cu rv e  between x and Z was drawn ( s e e  fx g . /7  ) 

from  w hich th e  v a lu e  o f  x  r e q u ir e d  to  o b ta in  a  c e r t a i n  2 

can be i n t e r p o la t e d .

The fo llo w in g  t a b le  c o n ta in s  th e  c a lc u la te d  Z f o r  th e  

c o rre sp o n d in g  v a lu e s  o f  x chosen

The Mo. o f p a r t s  
o f  OeOg In  th e  
m ix tu re

0 2 b 10 1b 20

The correapoadin iS  
2 6 . 0 9 5 1 2 . 8 2 1 6 . 9 8 20.84 2 b .b 2b. 79

( d ) G a lc u la t io n  o f  th e  d e n s i ty  and th e  E le c t ro n  -density  
o f  th e  chamber w a ll  m a t e r i a l *

The e l e c t r o n  d e n s i ty  was d e te rm in ed  from  th e  fo rm u la (4^)

e le c t r o n s  p e r c . c .  
2)

& -  y  ^

w here /V i s  Avogactro^s number y  =̂: 6 .0 6  x 10

i s  th e  number o f  e le c t r o n s  i n  th e  m o lecu le  o f  w e ig h t / I  

yO i s  th e  d e n s i ty  i n  g m ./c .c .

The fo llo w in g  t a b l e  in c lu d e s  th e  w hole d a ta  f o r
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c a lc u la t in g  Wg and a lso  th e e le c tr o n  d e n s ity  corresponding  

to  the e f f e c t iv e  numbers o f  the d if f e r e n t  chambers used  

in  th e in v e s t ig a t io n .

z / f * / /

7 . 6 4 4 6 .9 24.87 1.44 4 . 6 5  X 10^5
12.84 4 6 . y 24.84 1.44 4 . 6 5  X 10^^

1 7 . 0 4 ' 47 .75 25.13 1 «44g 4 .6 5  X 10^3

20.84 4 9 . 1 5 2 5 . 7 4 1 . 4 6 4 . 6 4  X  10^^

From th e ta b le  we se e  th a t th e e le c tr o n  d en sity  i s  

th e  same fo r  a l l  th e chambers used i . e .  independent o f  the  

atom ic number which i s  a c h a r a c te r is t ic  phenomenon in  the  

ca se  o f  t h i s  kind o f  p la s t i c .

The d e n s ity  ^  in  th e p rev iou s ta b le  was determ ined  

as fo llo w s;

Uniform d is c s  were made o f  each m ixture by the same 

p rocess as th a t (d escr ib ed  la t e r )  in  making th e cnambers. 

The dim ensions o f  each d is c  were measured a ccu ra te ly  and t 

th e ir  m asses were determ ined on a chem ical b a lan ce . From 

th ese  data  th e d en s ity  o f  each m ixture was computed.
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z Cm- e-m-
Wyt- in ■ 

\a/

7 .64
1 .5 1 6
1 .5 1 6
1 .5 1 6

.494

.494

.492

1.281
1.281
1.287

1 .4 4 4

12.84
1 .507
1.507 
1 .5 1 6

.525

.483

.505

1.359
1 .2 5 2
1.316

1.44^

17.04
1 .512
1 .5 1 0

.550 , 

.432
1 . 3 6 2
1 .1 6 0 1 .44g

20.84
1 . 5 0 8 ĵ

1 .5 0 2 ,

.542

.541

1.403

1.415
1 .4 6 ,

I t  i s  seen  from th e l a s t  coluian th a t the d e n s ity  i s  

alm ost con stan t fo r  a l l  th e  e f f e c t iv e  atom ic numbers used .

( e ) D eterm ination  o f  th e A bsorption C o e f f ic ie n ts  fo r  
v a r io u s P la s t ic  Wall M a te r ia ls .

I f  a homogeneous bema o f  r a d ia t io n  f a l l s  on an absorber,

th e in t e n s i t y  o f  th e  beam i s  reduced according to  the

fo llo w in g  form ula:

se e  eq u ation  (3 ) p. ( f f )  

where % i s  th e i n i t i a l  in t e n s i t y  o f  the beam, Xc i s  the  

f i n a l  in t e n s i t y  o f  the beam a f t e r  tr a v e r s in g  a th io k n ess  x
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o f  th e  a b so rb e r  and ^  i s  term ed th e  l i n e a r  a b s o rp t io n  

c o e f f i c i e n t  o f  i t s  m a te r ia l ,

^  i s  p a r t l y  due to  t r u e  a b s o rp t io n ,  p a r t l y  due to  

a b s o rp t io n  by s c a t t e r i n g  and p a r t l y  to  t r u e  s c a t t e r i n g .

A lso i n  th e  c a se  o f  very  h a rd  x - ra y s  and. % -rays o f  more th a n  

1 OW one may have to  ta k e  in to  acco u n t th e  c o e f f i c i e n t  o f  

p a i r - p r o d u c t io n ,  i f  th e  a tom ic number o f  th e  a b so rb e r  i s  

s u f f i c i e n t l y  g r e a t ,  îiîhia c o e f f i c i e n t  i s  n e g l ig ib le  f o r  

l i g h t  m a te r ia l s  we a re  c o n s id e r in g .

T h e re fo re  th e  com ponents o f  ^  (p e r  e l e c t r o n  ) a r e :

1. The s c a t t e r in g  c o e f f i c i e n t  (p e r  e l e c t r o n ) 

w hich i s  th e  suia o f :

(a )  The s c a t t e r in g  a b s o rp t io n  c o e f f i c i e n t ,  p e r 

e l e c t r o n

and (b ) The t r u e  s c a t t e r in g  c o e f f i c i e n t ,  p e r  e le c t r o n

2# The p h o to e le c t r i c  a b s o rp t io n  c o e f f i c i e n t ,  p e r  e le c t r o n

1, The e v a lu a t io n  o f  th e  s c a t t e r in g  a b s o rp t io n  c o e f f i c i e n t  
p e r  e le c t r o n

The s c a t t e r in g  a b s o rp t io n  c o e f f i c i e n t  p e r  e le c t r o n  i s  

in d ep en d en t o f  th e  n a tu re  o f th e  s c a t t e r e r  a s  shown e x p e r i ­

m e n ta lly  by d i f f e r e n t  o b se rv e rs  i n  th e  range o f

w av e len g th s  and m a te r ia ls  used  i n  t h i s  in v e s t i g a t io n .  I t s
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magnitude depends on th e  w avelength o f th e  r a d ia t io n ,  being  

predom inant in  the  sh o r t  wave le n g th  re g io n  w hile  fo r  long 

w avelengths i t  becomes alm ost n e g l ig ib le  compared w ith  th e  

p h o to e le c tr ic  c o e f f i c ie n t .

S ev era l form ulae have been deriv ed  (Thomson, Compton,

D irac) fo r  c a lc u la t in g  . Bone e x a c tly  f i t s  the  

experim en ta l o b se rv a tio n s , e s p e c ia l ly  when th e  frequency o f 

r a d ia t io n  i s  la rg e .

The most s a t i s f a c to r y  ex p ress io n s  a re  those  g iven  by 

th e  K le in  and Bishina^^'^^ quantum m echanical fo rm ulae, based 

on D ira c ’s r e l a t i v i s t i c  theo ry  o f th e  e le c tro n , namely:

-  ■??

and
tf- — 2Tre‘*f  tO+‘(r  _ 1+3» I —-
 ̂ (<+/<<)* ?(i+i“r

rc c :^ ,th e  charge o f the  e le c tro n  <f=:4.8025 X

^ ^  9.1066 X v e lo c ity  o f l i g h t  2.9977 X 10^^ca/%gc

k i s  p la n c k ’s c o n s ta n t 6.624 X

The fo llo w in g  v a lues  o f and a t  d i f f e r e n t  

a re  computed from th e se  form ulae.
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The ueB o f  g<r- and f<rx i n  t h i s  t a b le  a re  used 

th roughou t th e  p re s e n t  in v e s t ig a t io n  whenever re q u ire d . 

P ig s  (18) and(19) diow th e se  d a ta  g ra p h ic a l ly

 ̂ ffl (/.

.0 1 3 LI. 6 9 .370 .3 1 57. 87 3. 863

.4 0 Zb.OO 9 .670 .3 2 58.11 3. 776
,0 6 40. 93 8. 860 .3 3 58. 33 3.675
.0 8 43 .94 8.158 ' .3 4 68. 54 3.576
.0 9 46 .49 7. 805 .3 6 58.73 3.492
.1 0 4 6 .79 7.488 .36 58.92 3.426
.1 1 47 . 87 7.185 .3 7 59.11 a  362
.18 48. 90 6.906 .38 59.28 a  300

.1 3 49. 89 6 .631 .3 9 49.45 a  242
.1 4 50.63 6. 365 .4 0 59.61 , 3 187
,1 5 61 .38 6 .138 .41 59. 76 3.123
.16 62.10 5.933 .4 9 59. 90 3.066
.1 7 58.66 6 .738 .4 3 60^05 a  010
.1 8 53 .84 5. 663 .4 4 60.17 2.956
.1 9 63. 77 6. 388 .45 60. 30. a 903
.80 64. 96 5^225 .46 60.41 2.852
.ft l 64. 78 5.065 .4 7 60. 51 2.804
.8 8 55.13 4 . 90c .4 8 60 .61 2 754
.8 3 55.53 4 . 763 .4 9 60.71 2.71(7
.8 4 56. 90 4 .626 .5 0 60. 80 2.668
.8 5 56. 83 5.500 .576 2.375
.8 6 56. 55 4 . 382 .7 5 1.890
.87 56. 85 4 . 271 .9 5 1 .600
.8 8 57.12 4 .160
.8 9 57.38 4.Q60 1
.3 0 67.63 a  950
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2• E v a lu a tio n  o f  th e  p h o to e le c t r ic  abs o rp t io n  o o e f f ic ie n t  
p e r  e le c t r o n

The p h o to e le c t r ic  a b s o rp tio n  c o e f f i c i e n t  i s  r e f e r r e d  

to  as  th e  t r u e  a b s o rp tio n  s in c e  th e  whole energy o f th e  

quantum i s  absorbed  w ith in  th e  atom w ith  th e  e je c t io n  o f a 

p h o to -e le c tro n *  T h ere fo re  i t  i s  dependent b o th  upon th e  

n a tu re  o f  th e  a b so rb e r  and th e  wave le n g th  o f th e  in c id e n t  

r a d ia t io n .

Lany em pirical^^^ ' e x p re s s io n s  based on

ex p e rim e n ta l d a ta  have been su g g ested  f o r  i t s  c a lc u la t io n  

b u t none o f  them cover a r e l a t i v e l y  wide range o f wave 

le n g th s  o r atom ic numbers r e a l l y  w e ll .

W a lte r 's  form ula^

where th e  p h o to e le c t r ic  a b s o rp tio n  c o e f f i c i e n t  per

e le c t r o n

%. = th e  atom ic number o f  th e  a b so rb e r ,

^  zr th e  wave le n g th  o f th e  r a d ia t io n ,  

has been found to  f i t  th e  o ld e r  e x p e rim e n ta l o b se rv a tio n s  

f a i r l y  w e l l .  More r e c e n t ly  V ic to re e n ^ ^ ^  review ed a l l  th e  

a b s o rp tio n  d a ta  a v a i la b le  and came to  th e  co n c lu s io n  th a t  th e  

fo llo w in g  e x p re s s io n
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h o ld s  f o r  a l l  e lem en ts whery^iiitable v a lu e s  f o r  th e  c o n s ta n ts  

^  and /3 a re  chosen , p rov ided  th e  wave le n g th  o f th e  

r a d ia t io n  used i s  l e s s  th rn  th e  K a b s o rp tio n  l i n e .

Where ( ^  ) c o r r e c t s  f o r  th e  v a r ia t i o n  in  th e  number 

o f atoms/gia due to  th e  p resen ce  o f i s o to p e s ,  and A i s  th e  

atom ic w t.

b z  -  c

/S^ =

The v a lu e s  o f «: and /3  ch inge  a t  each  c r i t i c a l  wave

le n g th .  The c o n s ta n ts ,  a , b . c . d . e  and f  change a t  each 

c r i t i c a l  wave le n g th  and on each  s id e  o f 5 .

The v a lu e s  o f th e  c o n s ta n ts  used in  c a lc u la t in g  th e  

p h o to e le c t r ic  a b s o rp tio n  c o e f f i c i e n t  a re  th o se  co rrespond ing  

to  s in c e  we a re  i n t e r e s t e d  only  in  m a te r ia ls  o f

atom ic number g r e a te r  th an  5 :

a  ^  0 .0000400 d -  0.000380

b -  0 .00728 e = 0.00152

c -  0.0114 f  -  2.35

The v a lu e s  o f ^  a re  th e n  o b ta in e d  from  th e  fo llo w in g  

r e l a t i o n :

Z  =  —  = Z
/*)
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where i s  w eigh t o f  th e  m o lecu le

yjytf i s  th e  number o f  e le o tro n s /m o le o u le .

th e  fo l lo w in g  t a b l e s  g iv e  th e  ^  v a lu e s  c a lc u la te d  

by a p p ly in g  V a l t e r ’ s and T ic to r e e n ’ s fo rm ulae  to  th e  

m a te r ia l  o f  th e  d i f f e r e n t  cham bers u se d ,

The v a lu e s  p r e v io u s ly  c a lc u la te d  on p , (74^; a re

used  h e r e .

The c o n s ta n ts  u sed  in  th e  c a lc u la t i o n  o f ^  from 

V io to re e n ’ s  fo rm u la  a re  in c lu d e d  in  th e  fo llo w in g  t a b l e .

2 : X-z
A

7 .6 4 5 8 .3 198 X 10^ 1 .0 2 6 0 .0466 2*361 2*78 0*479

12*84 165*. 0 . 300 X 1Q3 1 ,025 0.0887 2 ,393 13. 77 0*85

17 ,0^ 2 3 0 .0 , 244 2  10* 1 .0 3 0 .1245 2 .4 3 5 37*25 6 ,1 4 ,

20 .84 435.1. . 394 2  10* 1*024 *1579 2 ,4 8 4 70 .30 10 ,06

The v a lu e s  in  th e  fo l lo w in g  ta b le  a re  used  in  

e s t a b l i s h i n g  th e  t a b l e s  o f  th e  p h o to e le c t r i c  a b s o rp tio n  

o o e f f ic  e n t s .

.
z. 71^4 12*84 1 7 .0 4 20 .8 4

1052 y 480 0 y 11000 20380

VuftrteJi .311  ^ .311 .*313g ^ .315 ^
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The P h o to e l e c t r i c  a b s o r p t io n  c o e f f i c i e n t  

The m p te r i a l  o f  th e  a i r  w a l l  cham ber

P ig .  ( r e p r e s e n t s  a g a in s t  ^

^ m /V. (/. Uit- P~iiO \/ict-

.015 . 0.0611 .0019 .0023

.04 1.768 .055 .067

.06 5.948 .135 .227

.08 14.05 .4365 .539

.09 22.49 .70 .767

.10 27.35 .855 1.05

.11 36.34 1.13 1.40

.12 47.12 1.47 1.37^

.15 59.78 1.86 2.31

.14 74.56 2.32 2.88

.15 91.48 2.84 3.55

.16 110.9 3.45 4.31

.17 132.9 4.13 5.17^

.18 157.6 4 .9 6.14

.19 184.8 5.75 7.21

.20 214 .96 6.69 8.42

.21 243.4 7.75 9.75

.22 285.3 8.87 11.21
l23 324.9 10.1 12.80
.24 369.1 11.55 14.54
.25 416.3 12.95 16.45
.26 467.6 14.5 18.50



c o n t .

- 8 4 -

 ̂IN -4' U.

.27 5 2 1 .5 1 6 .2 2 0 .7 0

.28 5 8 1 .6 1 8 .0 9 2 p .1 0

.2 9 6 4 2 .6 1 9 .9 9 2 5 .6 0

.50 7 1 3 .2 2 2 .2 0 2 8 .4 0

.31 7 8 5 .6 2 4 .4 0 31 .55

.3 2 8 6 2 .2 2 6 .8 0 3 4 .5 0

.3 3 9 4 3 .3 2 9 .3 0 3 7 .8 0

.34 1028 3 1 .9 9 4 1 .4 0

.35 1119 3 4 .0 0 4 5 .1 0

.36 1219 3 7 .9 0 4 9 .1 0

.3 7 1320 4 1 .0 5 5 3 .3 8

.3 8 1425 4 4 .3 0 5 7 .6 5

.3 9 1529 4 7 .8 3 6 2 .4 5

.4 0 1657 5 1 .5 0 6 7 .4 0
, .41 1785 5 5 .5 0 7 2 .5 0
, .4 2 1911 5 9 .5 0 78 00

.43 2051 6 3 .8 0 8 3 .7 0

.44 2190 6 8 .1 3 8 9 .5 0

.45 2343 7 2 .9 9 6 .0 0

.4 6 2493 7 7 .5 1 0 2 .2

.47 2652 8 2 .5 109.1

.4 8 2825 8 8 .0 0 1 1 6 .2

.49 3001 9 3 .5 1 2 5 .9
. .5 0 3180 9 9 .0 1 31 .0

.575 4767 148 .4 2 00 -0

.7 5 10230 318 4 4 4 -0
.95 19940 ' 620 902 .0
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Ifae P h o t o e l e c t r i c  a b s o r p t io n  C o e f f ic ie n t

The m a te r i a l  o f  th e  cham ber N o .( 2 )  z  = <2 
P ig .  (21)  r e p r e s e n t s  th e  d a t a  i n  th e  fo l lo w in g  t a b l e  

i . e .  a g a in s t  > g r a p h i c a l l y .

« yl U

.013 0 .3 0 0 .0 0 9 3 . 0 1 0 5

.04 8 .7 5 0 .2 7 2 .307

.0 6 2 9 .4 9 0 . 9 1 7 5 1 . 0 3 7

.0 8 7 0 .1 5 2 .1 8 2 .4 6

.0 9 1 0 3 .2 3 . 1 5 3 . 5 0

.1 0 1 3 6 .9 4 . 2 5 4 .8 0

.11 1 8 2 .0 5 .6 6 6 .3 9

.1 2 2 3 4 .6 7 .3 0 8 .2 8

.1 3 3 1 5 .6 9 .81 1 0 .5 4

.1 4 3 7 4 .7 1 1 .^ 4 1 3 . 2 0

.15 4 6 0 .6 1 4 . 3 1 1 6 .2 0

.16 5 5 8 .9 1 7 . 3 5 19.65

.1 7 6 6 9 .4 1 0 .8 0 2 3 . 6 0

.1 8  ' 794 .1 2 4 .6 8 2 8 .0 0

.1 9 9 3 3 .9 2 9 . 0 0 3 2 . 9 5

.2 0 1088 3 3 .8 0 3 8 .4 0

.21 1261 3 9 . 2 0 4 4 .5

.2 2 1445 4 5 . 0 0 5 1 . 1 0

.23 1650 5 1 .4 0 5 8 .4 0

.2 4 1876 5 8 .4 0 6 6 .4 0

.25 2118 6 5 . 8 8 7 5 . 0 0

.2 6 2378 7 4 .0 0 8 4 .2 5

.2 7 2660 8 2 .8 0 9 4 .4 0



c o n t.

- 8 6 -

l'H/4 (/ 1/^ ,
.2 8 3148 9 2 .5 0 105 .5
.2 9 3300 102 .5 117 .0
.3 0 3646 1 1 3 .3 1 2 9 .6
.31 4022 1 2 5 .0 143 .0
.5 2 4416 137 .3 157 .3
.33 4850 150 .5 172 .4
.34 5297 1 6 4 .8 189 .0
.35 5773 1 7 J .5 2 0 6 .0
.36 6282 195 .4 2 2 4 .0
.3 7 6817 2 1 2 .0 243 .5
.38 7373 2 2 9 .1 263 .7
.3 9 7969 247 .7 284 .5
.4 0 8603 267 .2 3 0 7 .0
.41 9260 2 8 8 .0 3 3 0 .5
.4 2 9941 3 0 9 .0 3 5 6 .0
.43 10680 3 3 2 .0 3 8 2 .0
.44 11420 3 5 5 .4 4 0 9 .0
.45 12220 3 8 0 .0 4 3 9 .5
.46 13030 4 0 5 .0 4 6 7 .0
.47 13870 4 3 1 .3 4 9 7 .5
.4 8 14760 4 5 9 .0 5 3 0 .0
.49 15710 4 8 9 .0 5 6 4 .5
.5 0 16670 5 1 8 .8 6 0 0 .0
.575 25170 7 8 2 .0 9 1 2 .5
.75 55310 1720.0 2022.0
.95 111100 3450.0 4112.0
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The P h o t o e l e c t r i c  A b s o rp tio n  C o e f f i c i e n t  f o r  Ohaiaber ■z.-i'î-oii 

P ig .  ( )  r e p r e s e n t s  a g a in s t;  > g r a p h i c a l l y .

)l‘'x ^-U

.013 0 .8 1 6 0.025(^ 0 .0 2 4

.0 4 2 3 .5 9 0 .7 4 3 .704

.0 6 7 9 .7 2 2 .5 0 2 .3 8

.08 1 8 8 .2 5 .9 0 5 .6 3

.0 9 267 .5 8 .3 8 8 .0 2

.1 0 3 6 6 .4 1 1 .4 8 1 1 ,0 0

.11 4 8 7 .0 15 .26 14 .6 4

.1 2 6 3 1 .3 19 .7 8 19.01

.1 3 8 0 1 .2 2 5 .2 0 24 .17

.1 4 9 9 7 .7 3 1 . 2 / 30 .1 8

.15 1226 3 8 .4 3 3 7 .1 3

.16 1485 4 6 .5 5 4 5 .0 6

.1 7 1781 5 5 .8 2 5 4 .0 4

.1 8 2106 6 6 .0 0 6 4 .1 5

.1 9 2474 7 7 .6 0 7 5 .4 5

.2 0 2882 9 0 .4 0 0 8 .0 0

.21 3330 10 4 .4 10 1 .9

.2 2 3821 11 9 .8 117.1

.2 3 4359 13 6 .6 1 3 5 .8

.24 4941 1 5 4 .9 152.1

.25 5585 1 7 5 .0 1 7 1 .9

.2 6 6265 196 .4 19 3 .3

.27 6994 217 .5 216 .5

.2 8 7798 2 4 4 .2 241 .5



c o n t.

—88—

> in A. U- Uit WJf-

.2 9 8728 2 7 3 .6 2 6 8 .3

.3 0 9553 2 9 9 .2 2 9 7 .0

.31 10520 3 3 0 .0 3 2 8 .0

.3 2 11560 3 63 .5 3 6 0 .5

.3 3 12660 3 9 7 .0 3 9 5 .3

.3 4 13000 4 3 2 .5 4 3 2 .3

.35 15040 4 7 1 .5 4 7 1 .6

.3 6 16350 5 1 2 .5 5 1 3 .2

.3 7 17730 5 5 6 .0 5 5 7 .2

.3 8 19130 6 0 0 .0 6 0 3 .6

.3 9 20680 6 4 8 .0 6 5 2 .5

.4 0 22260 6 9 8 .0 7 0 4 .0

.41 23930 7 5 0 .0 758 .1

.4 2 25680 8 0 5 .0 8 1 5 .0

.4 3 27500 8 6 2 .0 8 7 4 .6

.4 4 29380 9 1 9 .0 9 3 7 .0

.45 31430 9 8 4 .0 1002
' .4 6 33460 1048 1071

.47 35630 1117 1142

.4 8 37870 1187 1216

.4 9 40220 1261 1294
1 .5 01 42610 1342 1375

.575 64050 2007 2090

.75 137600 4310 4640

.95 269000 8440 9450
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The P h o t o e l e c t r i c  A b s o rp tio n  C o e f f i c i e n t  o f
f o r  cham ber No. (4 )

P ig .  (23 ) shows th e  r e l a t i o n  b e tw een

A*{J.

.013 1 .5 4 0 .0 4 8 g 0 .0 4 5

.0 4 4 4 .7 4 1 .41^ 1 .31
*06 15 0 .7 4 .7 6 4 .4 2
*08 3 5 9 .6 1 1 .3 2 1 0 .4 4
.0 9 50 5 . 4/ 1 5 .9 0 14 .85
.1 0 702*9 22 .15 2 0 .3 8
.11 9 2 1 .8 2 9 .0 0 2 7 .1 2
.1 2 1193 37 .55 3 5 .1 9
.15 1511 4 7 .5 5 4 4 .7 5
.14 1891 5 9 .5 0 5 5 .9 0
i15 2321 7 3 .0 5 6 8 .8 0
.16 2824 8 8 .9 0 8 3 .5 0
.17 3369 106.1 1 0 0 .0
.1 8 3994 1 2 5 .9 1 1 8 .8

. .19 4709 1 4 8 .9 1 3 9 .8
.2 0 5463 172 .2 1 6 3 .0
.21 6)14 1 9 9 .0 188 .5
.2 2 7251 2 2 8 .8 2 1 6 .8
.25 8269 260 .5 2 4 7 .6
.24 9386 295 .5 281 .5
.23 10610 3 3 4 .0 3 1 8 .2
.26 11890 3 7 4 .0 3 5 8 .0



c o n t .

- 9 0 -

> W AU Vùt-

' .2 7 13300 4 1 8 .0 4 0 1 .0
.2 8 14760 4 6 4 . 0 4 4 7 .0
.2 9 16480 5 1 8 .0 4 9 7 .0
.5 0 18180 5 7 2 .0 5 5 0 .0
.51 200O0 6 2 9 . 0 6 0 7 . 0

.5 2 22000 6 9 0 . 5 6 6 8 .0

.3 3 24060 7 5 7 . 5 7 3 2 . 0

.3 4 26260 8 2 7 .0 8 0 1 .0

.35 28600 9 0 0 .0 8 7 4 .0

.3 6 31110 9 7 9 .0 9 5 2 . 0

.3 7 33710 1062 1 0 3 2

.3 8 36450 1148 HI 7 .5

.3 9 39380 1240 1208

.4 0 42420 1337 1304

.41 45650 1438 1405

.4 2 48970 1 5 4 4 1 5 1 0  ,

.4 3 52410 1 6 5 0 1620

.4 4 5 6 1 2 0 1770 1734

.4 5 59880 1882 1856 • .

.4 6 6 3 9 0 0 2 0 1 5 1983

.4 7 68000 2140 2112

.4 8 7 2 3 0 0 2280 2 2 5 1

.4 9 76800 2420 2395 ■

.5 0 81570 2 5 7 0 2 5 4 5

.575 1 2 2 5 0 0 3880 3870 .
.7 5 264700 8400 8587
.95 5 2 1 0 0 0 1 6 5 2 0 n V 5 o
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Prom th e above ta b le s  anc/ graphs we se e  th a t th e  v a lu es  

o f  th e p h o to e le c tr ic  a b sorp tion  c o e f f i c i e n t  c a lc u la te d  

from V ic to r e e n ’s  and W alter^s formula© d isa g r ee  con sid er­

a b ly , © sp e c ia lly  a t  low atom ic numbers anj lon g  wave 

le n g t h s .

For Z 7 .6 4 ,  t h e  v a lu e  o f  JT g iv e n  by W a l te r ’ s 

fo rm u la  i s  h ig h e r  th a n  t h a t  g iv e n  by Y ic to r e e n ’ s by 22#

a t  #08 A#U# T h is  d e v i a t i o n  i n c r e a s e s  a s  th e  w aveleng th
,

i n c r e a s e s  r e a c h in g  45#b)G a t  #9b A#U#

For 2 := 12#84 th e  d e v i a t i o n  i s  12#8^ a t  .08 A.IT# 

in c r e a s i n g  to  19^ when we re a c h  #95 A#U.

For Z ^  17.04# The v a lu e  g iv e n  by W a l te r ’ s fo rm u la  

i s  low er th a n  t h a t  g iv e n  by Y ic to r e e n ’ s by 5.1?4 a t  #08 A#U. 

This  d e v i a t i o n  d e c r e a s e s  a s  th e  w av e len g th  i n c r e a s e s  t i l l  

th e y  become e x a c t ly  th e  same a t  .54 A/U, th e n  th e  v a lu e s  

g iv e n  by  ̂ a l t e r ’ s  b e g in  to  be more and more th a n  V ic to r e e n ’ s 

a s  th e  w av e len g th  i n c r e a s e s ;  th e  d e v i a t i o n  amounts to  

12^ a t  .95 A . i r #

In  th e  c a se  o f  Z =  20 .84  a l s o  th e  v a lu e  o f  ^7" by 

W a l te r ’ s i s  low er by 7#8^ a t  #08 A.U# T h is  d e v i a t i o n  

d e c r e a s e s  w i th  w av e len g th , b e in g  #5^ a t  #575 A.U# Then 

g iv e n  by W a lte r  exceeds  t h a t  g iv e n  by Y ic to reen #  The 

amount o f  d e v i a t i o n  i s  5 .6 ^  a t  #95 A.U.
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The L in e a r  a b s o r p t io n  c o e f f i c i e n t  f o r  th e  a i r - w a l l  
chamber o f  e f f e c t i v e  a to m ic  number 7 .6 4 .

t h e  e l e c t r o n  d e n s i t y  4 .6 5  x  lO ^ ^ e le c t ro n  / c o

/^j^+Xf,r)^.when ta k in g  i n t o  acco u n t th e  e f f e c t  o f  th e  t r u e
s c a t t e r i n g .

F i g . (24)

^ in (/• yt* Vii^ y*-' WiM- yt* l/ii/.

.013 .0436 .0436 .100 .100

.04 .0447 .0448 .163 .163

.06 .0421 .0422 .188 .188

.08 .0399 >.040 .205 .207

.10 .0388 .039 .221 .223

.12 .0389 .041 .234 .236

.14 .0404 .043 .246 .249

.16 .0436 .0 4 8 , .258 .262

.18 .0486 .055 .270 .276

.20 .0554 .064 .284 .292

.22 .064 .075 .298 .309

.24 .076 .089 .315 .328

.25 .081 .097= .322 .338

.28 .104 .127^ .350 .373

.30 .122 .150 .371 .400

.32 .142 .178 .395 .431

.34 .165 .209 .421 .465

.35 .178 .226 .435 .483

.38 .222 .284 .481 .544

.40 .254 .328 .516 .590

.42 .291 .377 .555 .640

.44 .330 .430 .596 .695

.45 .352 .460 .620 .727

.48 .425 .552 .694 .822

.50  ■ .473 .621 .743 .890
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The L in e a r  absorptioM c o e f f i c i e n t  f o r  chamber H o .(2) 
o f  a to m ic  number 12 .84

F ig .  25.

where 25Mg = 4 .6 5  z 10 e le c t r o D /c c

Taking i n t o  a c co u n t  th e  e f f e c t  o f  t r u e
s c a t t e r i n g .

Vipf- yt*

.015 .0434 .0434 .10 .10

.04 .0455 .0457 .163 .163

.06 .0453 .0458 .191 . 190.

.08 .048 .049 .213c .215®

.10 .0 5 4 . .060 .236^ .239

.12 .056^ .070 .260 .265

.14 .083 .091 .288 . 2 9 6

.16 .108 .118 .322 .333

.18 .140 .155 .361 .376

.20 .181 .205 .407 .429

.2 2 .231 .260 .463 . 4 9 2

.2 4 .292 .329 .529 .566

.25 .326 .368 .565 .609

.28 .446 .508 .626 .753

.30 .544 .618 .791 .867

.52 .654 .745 .905 .996

.34 .780 .890 1 .0 3 , 1 . 1 5

.35 .846 .970 1 .1 q5 1 . 2 3

.38 1 .0 8 1 .24 1 .3 3 . 1.49ft

.4 0 1.25 1 .44 1 .5 V 1.70^

.42 1 .4 4 . 1 .66 1.71 1 . 9 2 .

.44 1 .66^ 1.91 1 .9 2 . 2 .18^

.45 1 .77 2 .04 2 .04^ 2.31

.48 2 .14 2 .47 2.41 2 .7 4

.50 2.41 2 .79 2 .68 3 .05
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The l i n e a r  a b s o r p t io n  c o e f f i c i e n t  f o r  chamber No# (5) 
o f  Atomic Nwaber 17 .04

F ig .  (26)

yu'̂ {ê r̂P̂ )ŷ 2L where /fg,^4.6) a 10^^ e le c tro n s /c .c .

Taking i n t o  acco u n t th e  e f f e c t  o f  t r u e
s c a t t e r i n g .

^ M A' U'

.015 .0425 .0425 .098 .098

.04 .0467 .0465 .1619 . 161^

.06 .0514 .0508 .195= .195°

.08 .065 .0657 .251> .250

.10 .088 .0855 .269 .267%

.12 .124 .120 .518 .515

.14 .174 .169 .580 .574

.16 .245 .256 .457 .450

.1 8 .552 .525 .552 .544

.20 .444 .452 .670 .650

.2 2 .576 .565 .010 .799

.24 .758 .725 .977 .964

.25 .854 .816 1 .07 1.058

.28 1.15 1 .14 1 .59g 1 .5 8 ,

.50 1.405 1.59 1 .6 5 ° 1 .64^

.52 1 .708 1 .68„ 1 .96 1 .94

.54 2 .02 2 .0 2 ' 2 .28 2 .27

.55 2 .2 0 2 .20 2 .4 6 2 .46

.5 8 2 .79 2.81 5 .06 5.07

.4 0 5 .25 5 .2 8 5.51 5 .59

.42 5 .74 5 .7 9 4 .0 4 .0 5

.44 4 .2 8 4 .5 5 4 .5 5 4 .6 2

.45 4 .5 8 4 .6 5 4 .85 4 .9 2

.48 5 .5 0 5 .6 4 5 .77 5.91

.50 6 .2 5 6 .58 6 .5 0 6 .65
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Th© l i n e a r  a b s o r p t io n  c o e f f i o i e n t  f o r  chamber So. (4) 
o f  a tom ic  number 20 .84

f i g .  (27)

a *  ■= If.éif 7 / / ^  e l e o t r o n s / c c .

^-(fe+.<‘y.7)ljjïak:ing i n t o  a c co u n t  th e  e f f e c t  o f  t r u e
s c a t t e r i n g .

/*«' \/Cd.

.015 .0456 .0456 ' . 1 0 0 . 1 0 0

.04 . 0 5 0 8 .0504 . 1 6 8 ., 
.2085

.168
. 0 6 .0651 .0515 .207
.08 . 0 9 1 .086 . 2 5 6 . 2 5 2
. 1 0 . 157g .129 .519 . 5 1 1
. 1 2 . 2 0 6 ^ .195 .401 - 5 9 0
.14 . 5 0 6 .288 . 5 1 0 .494
: i 6 .440 .414 . 6 5 4 . 6 2 8
.18 .609 .576 . 8 5 0 .798
. 2 0 .822 . 7 8 0 1.05 1 . 0 0 7
.2 2 1.084 1.028 1 . 5 1 5 1.26
.24 1 .59 1.527 1 . 6 5 1 .5 6 ,
.25 1 .57 1.51c 1.81 1 .75?
.28 2 .1 7 2.09^ 2 .4 2 2 .54^
.50 2 .67 2 .57 2 .92 2 .82
.52 5 .17 5.11 5 .47 5 . 5 7
.54 5.85 5 .75 4 .1 0 5 .99
.55 4 .1 9 4 .066 4 .4 4 4 . 5 2
.58 5 .5 4 5 .2 0 5 .6 0 5 .45
.40 6.21 6 .05 6 .4 8 6 . 5 2
.42 7 .16 7 .0 0 7 .4 4 7 .2 8
.44 8 .2 2 ni.05 8 .4 8 8 . 5 1
.45 8 .7 5 8,61 8 . 9 4 8 .8 8
.'48 10 .59 10.44 10.85 10.70
.50 11.91 11.80 11.20 12.08
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( f ) The S to p p in g  power p e r  e l e c t r o n

T h ii3  q u e s t io n  has  been  in v e s ^ ig f i t e i  by many a u th o rs  

and seems to  p r e s e n t  p r a c i t c a l  d i f f i c u l t i e s *  From 

Madgwick’ s m easurem ents th e  r e l a t i v e  s to p p in g  power

S, i s  found to  be in d e p e n d e n t  o f  th e  a tom ic  number*

From Z = 13 to  Z = 7 9 ^ 8  showed l i t t l e  tendency  to  

d e c re a s e  as  Z in c re a se d *  Gray s tu d ie d  t h i s  q u e s t io n  

e x p e r im e n ta l ly  and came to  the c o n c lu s io n  t h a t  th e  s to p p in g  

powers o f  any two m edia a r e  in d ep en d e n t o f  th e  speed o f  

th e  p a r t i c l e a .  I t  i s  a l s o  in d ep en d e n t  o f  th e  wave le n g th  

o f  th e  r a d i a t i o n  w h a tev er th e  n a tu r e  o f  th e  w a l l  m a te r i a l  

may be . Gray a l s o  found a change o f  abou t 9^ from Z -  6 

to  Z CL 1) and a n o th e r  8^  betw een 2 13 and 2 29.

H is  r e s u l t s  a r e  i n  good agreem ent w i th  B a th e ’s ( ^ ^ ^ th e o re t i -  

o a l  v a lu e s  *

The fo l lo w in g  v a lu e s  o f  th e  r a t i o  o f  th e  s to p p in g  

powers f o r  v a r io u s  a tom ic  numbers a r e  c a l c u la t e d  from 

G ray ’ 8^"^  ̂ v a lu e s  f o r  8 .

= ^  i - B é Ü l r - ”
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(9 ) C a l c u l a t i o n  o f  th e  R a t io  o f  I o n i s a t i o n  F

These v a lu e s  o f  th e  r a t i o  o f  th e  s to p p in g  powers 

t o g e t h e r  w i th  th e  v a lu e s  o f  th e  q u a n t i t i e s  ^

c a l c u l a t e d  i n  th e  p re v io u s  t a b l e s  (ff* (vf were

u sed  f o r  th e  d e te r m in a t io n  o f  th e  t h e o r e t i c a l  r a t i o  o f  

th e  i o n i z a t i o n  c u r r e n t s  F from  e q u a t io n  { f> (4" )̂ h

which sh o u ld  be o b ta in e d  i f  th e  th e o ry  i s  a  f u l l  

e x p la n a t io n  o f  th e  f a c t s .  i s  d e te rm in ed  by i n s e r t i n g

th e  v a lu e  o f  ^  from  V i c t o r e e n ’s fo rm u la  w h ile  i s  th e  

v a lu e  o f  th e  r a t i o  when u s in g  W a l t e r ’ s v a lu e  f o r  ^  .

i s  th e  same f o r  b o th  s in c e  i t  i s  in d ep en d en t on 

Z ( s e e  p . (7^7 ) .

The fo l lo w in g  t a b l e s  t o g e t h e r  w i th  th e  accompneying 

g ra p h s  f i g .  (2 8 ,2 9  and 30) r e p r e s e n t  th e  r a t i o  o f  th e  

i o n i z a t i o n  f o r  th e  chambers u sed  i n  th e  i n v e s t i g a t i o n  

c a l c u l a t e d  on th e  b a s i s  o f  G ray ’s th e o ry  f o r  th e  

i o n i z a t i o n  i n  sm a l l  cham bers.
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ï h e o r e t i c e l  r a t i o  o f  i o n i s a t i o n  i n  o h aab er p a i r s  o f  
e f f e c t i v e  a tom ic  numbers 12.84 and 7 .64  ( F ig .  28) f o r  
Z = 7 . 6 4  a r e  ta k e n  from i 'a b le  p . ( f? )  and ^7' 
f o r  12 .84  on p .( fy ) ,« fro m  i a b l e  (y f  ) .

yilh A (J- Fv 3 /li AV- Tw Fv'

.013 0 .9 5 0 .9 5 .23 3 .4 2 . 3 .57

.04 1.01 1.01 .24 3.53^ 3.695

. 0 6 1.065 1.06 .25 3.61 3 .82

.08 1.16 1.14 .26 3 .69 3 .94

.09 1.25^ 1 .23 .27 3.76 4 .0 3

.10 1 . 36y 1.34 .*28 3.81 4 . I I 5

.11 1.50 1.47 .29 3 .87 4 .2 0

.12 1.64 1.61 .30 3 . 9 \ 4. 26

.15 1.82^ 1.84 .32 4 .00^ 4 .38

.14 2.01-' 1 .97 .34 4 .07 4 .5 9

.15 2 .19 2 .16 .36 4.11 4 . 57 ,

.16 2.37 2 .3 5 . .38 4 .1 5 r 4 .63^

.17 2.55 2.55< .40 4.rr 4. 6 8 .

.18 2.72,. 2 . 7 4 : .42 4.20,. 4 . 1 - y

.19 2.895 2.925 .44 4 .2 2 ' 4 .78p

.20 3 .068 3.11 .46 4 .24^ 4.81^^

. 2 1 3 .18 3 .276 .48 4 .2 5 , 4 .83

.22 3 .3 0 3 .4 2 .50 4 .28^ 4 .86
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T h e o r e t i c e l  r a t i o  o f  i o n i z a t i o n  i n  cham ber p a i r s  o f  
e f f e c t i v e  a to m ic  num bers 17 .04  arid 7 .6 4  ( i '% .  29) 

/T's Are t a k e n  from  Stables p . { 0 ee-  ̂ P . (7 ^  ) .

^ 14 /i'U- Fw ^ 11. AU' Fw

.0 1 3 .923 .926 .23 7 .2 8

.0 4 .960 .968 .24 7 .5 5 9 .11

.0 6 1 .05 1 .07 .25 7 .7 7 9 .45

.0 8 1 .4 6 1.51 .2 6 7 .9 7 9 .7 5

.0 9 1 .6 8 1 .7 6 .2 7 8 .1 6 10 .02

.1 0 2 .0 0 2 .1 0 .2 8 8 .3 0 10.31

.11 2 .3 8 2 .4 9 .29 8 .4 8 1 0 .5 0

.1 2 2 .7 5 2 .94 .3 0 3 .5 8 10.70

.1 5 3 .1 8 3 .4 6 .3 2 8 .7 8 1 1 . 3

.14 3 .6 5 4 .01 .3 4 8 .9 5 11.34

.15 4 .1 3 4 .5 8 .36 9 .0 8 11.55

.1 6 4 .5 9 5 .1 7 . 3 3 9 .2 0 11.71

.17 5 .0 5 5 .7 6 .4 0 9 .2 5 11 .8 5

.18 5 .51 6 .3 3 .4 2 9 .3 2 11 .96

.1 9 5 .9 3 6 .8 8 . 4 4 9 .3 6 12 .03

.20 6 .3 2 7 .4 2 .45 9 .4 2 12 .08

.21 6 .6 5 7 .8 8 .48 9 .4 5 12 .12

.2 2 6 .9 8 8 .3 5 .5 0 9 .5 0 12 .16
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T h e o r e t i c a l  r a t i o  o i  i o n i z a t i o n  i n  ohemher p a i r s  o f  
e f f e c t i v e  a to m ic  num bers 2 0 .8 4  end 7 .6 4  ( F ig .  3 0 ) .  

/T~’s  a r e  t a k e n  from  1‘a b l e s  on p .  ( f g )  
from  T a b le  on p .  ( 7 9 ) .

‘h I'A A U- &  ̂tfV A'U’ fvj

.013 .914 .915 .23 13.10 16.24

.04 1.03 1.04 .■24 13.60 16.95

.05 1.53 1.37 .25 14.04 17.65

.08 1.95 2.06 .26 14.40 18.26

.09 2.41 2.53 .27 14.80 18.85

.10 2.98 :3.24 .28 15.07 19.16

.11 3.64 3.96 .29 15.40 19.70

.12 4.37 4.83 .30 15.00 20.07

.15 5.23 5.80 .32 15.97 20.68

.14 6,12 5.90 .34 16.30 21.30

.15 7.04 8.03 .36 16.55 21.67. 16 7.94 9.20 .38 16.75 22.00

.17 8.90 10.30 .40 16.85 22.29

.10 9.67 11.44 .42 16.99 22.45

.19 10.50 12.50 .44 17.10 22.62

.20 11.24 13.54̂ . i 6 17.16 22.80

.21 11.88 14.50 .48 17.24 22.90

.22 12.46 15.44 .50 17.35 23.00
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Bo f a r  t h e  r a t i o  o f  th e  i o n i z a t i o n  c u r r e n t s  h a s  been 

d e te rm in e d  w i th o u t  a b s o r p t i o n  i n  t h e  w a l l s  o f  th e  cham bers. 

E q u a t io n  (10 ) p .  ( 7h) g iv e s  th e  r a t i o  t a k i n g  i n t o  a c c o u n t  

t h e  a b s o r p t i o n  i n  t h e  w a l l a  when i a  n e g l e c te d » ,  and 

(11 ) when i t  i s  p u t  i n t o  th e  c o e f f i c i e n t  yu. . i t  was 

fo u n d  t h a t  t h e  two e q u a t io n s  gave th e  same v a lu e  f o r  P 

f o r  a  c e r t a i n  w a v e le n g th  and a  c e r t a i n  p a i r  o f  cham bers .

We p ro c eed  now b e v a l u a t i n g  th e  f a c t o r  f  r e s p o n s i b l e  

f o r  t h e  a b s o r p t i o n  i n  t h e  w a l l s :
TT

I  g  J s

T h is  e x p r e s s i o n  was d e te rm in e d  g r a p h i c a l l y  f o r  each

i n  t h e  T a b le s  pp . ((<? /̂o5y lo6) •

The f o l l o w in g  exam ple i l l u s t r a t e s  th e  p ro c e d u re  

fo l lo w e d  f o r  c a l c u l a t i n g  ” f .

E v a l u a t i o n  o f  th e  f a c t o r  ' f  , f o r  > = 0 .5  A.U. f o r  

cham ber p a i r s  o f  " 2  (1 2 .8 4  and Y .5 4 ) :

I — E v a l u a t i o n  o f

yi ~  ̂.0 0  cm. 1 ^ = 1 .15cm.
1 . 322

* I d e a l l y  i t  m igh t be d e s i r a b l e  to  . e g l e c t  i n  th e  
a b s o r p t i o n  c o e f f i c i e n t  s i n c e  t h i s  ty p e  o f  s c a t t e r e d  
r a d i a t i o n  would p resum bbly  c o n t r i b u t e  t o  t h e  p r o d u c t io n  
o f  i o n i z a t i o n .
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0 0 0 1 1 . 3 2 2 1 . 1 5 0 . 1 5 0
10 0 .1 7 3 6 0 .0301 0 .9 8 5 1 .2 9 2 1 .13 6 0 . 1 5 1
20 0 .3 4 2 0 0 .1 1 7 0 0 .9 4 0 1 . 2 0 5 1 .098 0 . 1 5 8
30 O.3Q00 0 .2 5 0 0 .8 6 6 1 . 0 7 2 1 . 0 3 5 0 .1 6 9
40 0 .6 4 2 8 0 .4 1 3 0 . 7 6 6 0 . 9 0 9 0 .9 5 3 0 .1 8 7
50 0 .7 6 6 0 0 .5 8 7 0 .6 4 3 0 .7 3 5 0 .8 5 6 0 . 2 1 3
60 0 .8 6 6 8 0 .7 5 0 0 . 5 0 0 0 . 5 7 2 0 . 7 5 6 0 . 2 5 6
70 0 .9 3 9 7 0 .8 8 3 0 .3 4 2 0 .4 3 9 0 .6 6 2 0 . 3 2 0
80 0 .9 3 4 8 0 .9 7 0 0 .1 7 4 0 . 3 5 3 0 .5 9 3 0 .4 1 9
90 1 .0 0 1 .0 0 0 0 . 3 2 2 0 .5 6 7 0 .5 6 7

2 -  E v a l u a t i o n  o f  th e  i n t e g r a l s  en v o iv e d  i n  th e  f a c t o r  " f

=  0 .621  from  t a b l e  on Ç. ( % )

yHt -  2 .7 9  fro m  t a b l e  on p .  (9 J )

e J
r # 3 r V k f  ]

^ W

0 0 . 0 9 3 2 0.911 0 . 9 1 1 0 .4 1 8 0 . 6 5 9 0 .6 5 9
10 0 .9 3 8 0 . 9 1 1 0 .8 9 6 0 .4 2 2 0 . 6 5 6 0 . 6 4 6
20 0 .9 8 2 O. 9 0 6 0 .8 5 2 0 .441 0 .6 4 3 0 .6 0 5
3 0 0 . 1 0 5 0.901 0 .7 8 0 0 . 4 7 1 0 .6 2 4 0 .5 4 0
40 0 .1 1 6 0 .89 1 0 .6 8 2 0 . 5 2 1 0 . 5 9 4 0 .4 5 5
5 0 0 . 1 3 2 0 .8 7 6 0 .5 6 4 0 . 5 9 4 0 . 5 5 2 0 . 3 5 5
60 0 . 1 5 9 0 .8 5 3 0 .4 2 6 0 . 7 1 4 0 .4 9 0 0 .2 4 5
70 0 . 1 9 9 0 .8 1 9 0 .2 8 0 0 .8 9 3 0 .4 0 9 0 .1 4 0
80 0 .2 6 0 0 . 7 7 1 0 . 1 3 4 1I . I 6 9 0 . 3 1 1 0 . 0 5 4
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The v a l u e s  o f  ^  'i-'K* ĉ 0  i s  p l o t t e d

d ^ a i n s t  aud th e  a r e a  A,j u n d e r  th e  c u rv e  i s  d e te rm in e d  

g r a p h i c a l l y .  S i m i l a r l y  f o r  t h e  a r e s  Ag c o r re s p o n d in g  

t o  p u t t i n g  t h e  i n  p ie c e  o f  y u ,' i n  t h e  above e x p r e s s io n  

f  =  0.563
F ' = 0 .6 6 3  X 4 .2 8  =  2 .81
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/  t
T h e o r e t i c a l  v a lu e s  f o r  t h e  r a t i o  Fî  Y  g iv e n  by

e q u a t i o n  (10 ) p .  (7 ? )  f o r  cham ber p a i r s  o f  e f f e c t i v e  

a to m ic  num bers 12 .84  and 7 .5 4  ( P i g .  2 8 ) .

The v a lu e s  o f  a r e  t a b l u l a t e d  on p p . ( 7 ^  ) and

/w / on p p . ( and P^ a r e  t a k e n  from  t a b l e s  ou

P . ( f f ) .

f ^  end fy  a r e  o b ta in e d  by i n s e r t i n g  /T  from  W a l t e r ' s  and 

V i c t o r e e n ' s  e q u a t i o n s  r e s p e c t i v e l y  i n  th e  e x p r e s s io n  o f  

f  on p e {(ùl) »

> iVï A'O' Fw 4

.013 1 0 .9 5 1 0 .9 5

.04 1 1.01 1 1.01

.06 1 1.065 1 1 .0 6

.08 1 1 .1 6 1 1144

.1 2 1 1 .6 4 .998 1.61

.16 .984 2 .3 3 .985. 2 . 3 2

.20 .974 2 .9 8 .974 3 .0 3

.25 .974 3 .4 2 .956 3 .6 5

.2 8 .9 28 3 .5 4 .9 4 1 3 .8 7

.3 0 .910 3 .5 6 .925 3 .9 4

.4 0 .805 3 .3 6 .820 3 .8 4

.50 .6 53 2.8% .693 3 .3 5
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ï h e o r e t i c a l  v a l u e s  f o r  7 v  ¥■ fJ  (E q u a t io n  10, p .  ( ‘7e')

f o r  cham ber p a i r s  o f  e f f e c t i v e  a to m ic  num bers 17 .04  and 

7 .6 4  ( P i g .  2 9 ) .

The v a lu e s  o f  and a r e  t a k e n , from  t h e  t a b l e s

on p p .  ( ( 9 ‘e ) r e s p e c t i v e l y .

Fiff ¥■ Fy a r e  t a k e n  from  t a b l e  o f  p  ( ^9) .

>IM A-U. 4 / 4

.0 13 1 .923 1 .Q26

.0 4 0 1 .9 60 1 .968

.0 6 0 1 1 .05 1 1 .0 7.0 8 .9 99 1 .4 6 .997 1 .505.12 .998 2 .7 5 .9 8 0 2 .8 8.1 6 .9 60 4 .41 .9 6 0 4 .9 6

.2 0 .93 5 .8 8 .927 6 .8 7.25 .871 6 .7 8 .8 70 8 .21

.3 0 .786 6 .7 5 .784 8 .3 8.4 0 .5 72 5 .2 9 . 5 6 5 6 .7 0.5 0 .346 3 .2 7 . 3 4 5 4 . 1 9
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T h e o r e t i c s l  v e lu e s  f o r  Fy/ ¥■ F / (E q u a t io n  10 P . ('Tû )

f o r  cham ber p a i r s  o f  e f f e c t i v e  a to m ic  num bers 20 .84  and 7 .6 4  

( P i g .  5 0 ) .

The v a lu e s  o f  and a r e  t a k e n  from  th e  t a b l e s  on

p p . ( 72 ) and ( 9 5  ) r e s p e c t i v e l y .  The v a l u e s ^4^

Py a r e  t a k e n  from  t a b l e  on p  ( /z'<f ) .

> M A V- ■C 4 = 4 4 4

.013 1 .914 1 .915

.0 4 1 1 .026 1 1.039

.06 .999 1 .328 .997 1.366

.08 .990 1 .9 3 .989 2.037

.12 .971 4 .2 4 .9 6 0 4 .6 4

.16 .927 7.41 .923 8 .4 9

.20 .871 9 .8 0 .863  , 11 .70

.22 .828 1 0 .3 2 .832 12 .86

.25 .7 60 10 .68 .761 13 .44

.28 . 686 10 .34 .680 13.05

.30 .628 9 .8 0 .616 12 .40

.35 .475 7 .4 3 .457 9 .8 0

.40 .346 5 .8 6 .332 7 .3 8

.5 0 .135 2 .33 .129 2.97
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(k ) Com parison  betw een F c o r re s p o n d in g  to  th e  com plete  
é i r e - t r ib u t io n  c u rv e  and t h a t  c o r re s p o n d in g  to  H>Y,L.

I t  was th o u g h t  th a x  a  p o in t  o f  i n t e r e s t  m ight be to  

d e te rm in e  th e  i o n i z a t i o n  r a t i o  from  th e  com plete  

d i s t r i b u t i o n  cu rv e  and to  compü r e  i t  w i th  th e  r a t i o  ta k e n  

from  th e  r a t io - w a v  l e n g t h  c u rv e s  f i g .  (2 8 ,2 9 ,3 0 )  t o  see  

how f a r  th ey  a g re e  w i th  each  o t h e r .

The P -re  t i p  c o r re s p o n d in g  to  th e  co m p le te  d i s t r i b u t i o n  c u r v e .

For t h i s  p u rp o se  th e  e f f e c t i v e  was c a l c u l a t e d

from  th e  s p e c t r a l  d i s t r i b u t i o n  c u rv e ,

w here ( ^  -A- éT )\ i s  th e  v a lu e  c o r re s p o n d in g  to  th e
At

mean w a v e le n g th  o f  a v e r t i c a l  s t r i p  on th e  g ra p h  o f  a r e a  A 

f i g .  (2 )  and th e  sum m ation c o v e rs  t h e  w hole s r e i  under 

th e  c u rv e .

The v a l u e s  o f  ( f —v ^  —t- ÿ  ' — e t c .

wore t a k e n  from  f i g .  (19^20 ,21 ,22^ ,23) f o r  6̂% and ^  

r e s p e c t i v e l y .  The t o t a l  a r e a s  u n d e r  t h e  c u rv e s  were 

t a k e n  from  T a b le s  on pp . { s z ,  3 5 .

The f o l lo w in g  example shows th e  e v a l u a t i o n  o f  ( gf-i* +  ')

f o r  a d i s t r i b u t i o n  c u rv e  o f  159 kVp and H .V .L. 5mm.Al. f o r  

cham ber p a i r s  o f  2 0 .84  and 7 .6 4 .
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The v a lu e s  o f  ( «<?-i -^^T' ) u sed  f o r  c a l c u l a t i n g  p 

i n  t h e ' f o l lo w in g  t a b l e  w ere d e te rm in e d  i n  th e  same manner 

f o r  a l l  t h e  Z used  and a l l  t h e  kVp s t a t e d  i n  th e  t a b l e .  

Column (1 ) g i v e s  t h e  kVp a, p l i e d  to  th e  X -ray  tu b e .

* (2 )  g iv e s  th e  e f f e c t i v e  w a v e len g th  d e te rm in ed

from  th e  co m ple te  s p e c t r a l  d i s t r i b u t i o n  

e n e rg y .

" (5 ) g iv e s  t h e  e f f e c t i v e  w a v e le n g th  c o r re sp o n d ­

in g  to  th e  H .V.L.
" (4 ) g i v e s  th e  e f f e c t i v e  a to m ic  number o f  each

p a i r  o f  cham bers u s e d .

" (5 ) c o n t a i n s  th e  r a t i o  P c a l c u l a t e d  by & rsy*s

th e o r y  u s in g  th e  ( «sTt + 3 ^  ) e v a lu a te d

from  t h e  s p e c t r a l  d i s t r i b u t i o n .

(6 )  i a  t h e  r a t i o  ta k e n  from  f i g s .  (2 8 ,2 9 ,3 0 )  

w hich  c o r re s p o n d s  to  o f  th e  H.V.L. 

o f  t h e  beam.

(7 )  t h e  r a t i o  t a k e n  from  f i g s .  (2 8 ,2 9 ,3 0 )

f o r  )i  ̂ f rom  th e  e n e rg y  d i s t r i b u t i o n  cu rv e
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IV.

Il _  "KKPFIRIMWI^AL DETERIsINATION OP ÎHK RATIO P

( s  ) The p ro c e a a in f î  o f  th e  cham bers

The h a k e l i t e  s y n t h e t i c  r e s i n  was o b ta in e d  from  

M e ss rs .  " B a k o l i t e  L t d . " ,  t h e  c e r iu m  o x id e  (OeOg) end 

vansd lum  (VgO^) from  M e ss rs .  G r i f f i n  and T a t lo c k  and th e  

g r a p h i t e  from  M e ss rs .  C ro m ile  and P i e r o y .  The l a t t e r  was 

g u a r a n te e d  v e ry  p u re .

Chambers w ere made from  th e  m ix tu r e s  g iv e n  i n  th e  

f o l lo w in g  t a b l e  :

No. C o m p o s itio n glby c a l c u l a t i o n

1. 50 gram o f  b e k e l i t e  
10 gram o f  g r a p h i t e  

1 gram o f  VgOt^
7 .6 4

2. 50 gram o f  b a k e l i t e  
10 gram o f  g r a p h i t e  

1 gram o f  CoOg
12.84

5 . 50 gram o f  b a k e l i t e  
10 gram o f  g r a p h i t e  

2 .55  gram o f  CeOg
17 .04

4 . 50 gram o f  b e k e l i t e  
10 gram o f  g r a p h i t e  

5 gram o f  OeOg
20 .84



F ig u re(31)

5 7  ntm.

2o /»w.

—  T H E  C H A M B E R  MOULD —



F ig u re(SE)
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I

—  GUARD RING MOULD —
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The b a k e l i t e  r e s i n  was f i r s t  g round  i n  a  b a l l  m i l l ,  

f o r  a b o u t  e i g h t  h o u r s .  I t  was th e n  s ie v e d  th ro u g h  a 

mesh 60 t o  t h e  i n c h .  The f i n e  b a k e l i t e  powder so ob­

t a i n e d  was mixed w i th  th e  g r a p h i t e  and th e  p ro p e r  amount 

o f  VgO^ o r  GeOg. The co m p le te  m ix tu re  was p la c e d  i n  th e  

b a l l  m i l l  and ground  f o r  a n o th e r  e i g h t  h o u rs  to  e n s u re  

good m ix in g .

The moulds i n  w h ich  th e  o h a a b e r  p a r t s  were moulded 

f i g s .  (51*52) wore made o f  h ig h  t e n s i l e  s t e e l .  The mould 

was f i r s t  warmed on a  Bunsen f lam e and l u b r i c a t e d  w i th  

p a r a f f i n  wax a f t e r  w hich  i t  was f i l l e d  w i th  powder. I t  

was th e n  p u t  i n  a  s u i t a b l e  h y d r a u l i c  p r e s s  and h e a te d  by 

a  g a s  r i n g  up to  270°C. S im u l ta n e o u s ly  th e  p r e s s u r e  

was r a i s e d  g r a d u a l ly  up t o  a b o u t  2000 pounds t o  th e  sq u a re  

i n c h .  Under th e s e  c o n d i t i o n s  t h e  s y n t h e t i c  r e s i n  

p o ly m e r i s e s ,  p a s s e s  i n t o  a  s t a t e  o f  f l u x  and t a k e s  up th e  

shap e  o f  th e  m ould. A f t e r  t h i s  i t  was k e p t  i n  th e  mould 

u n t i l  i t  became a h a rd  s o l i d  m a t e r i a l .  The t im e  r e q u i r e d  

f o r  th e  p o ly m e r iz a t io n  p ro c e s s  was ab o u t f i v e  m in u te s .

A f te r  "c o o k in g " ,  t h e  chamber p a r t s  may be removed 

from  th e  m ould. The method o f  c o n s t r u c t i o n  th u s  e n a b le s  

t h e  cham bers and a u x i l i a r y  p a r t s  t o  be made e x a c t l y  t o  one 

p a t t e r n . A l l  t h e s e  m ix tu r e s  w ere found  ea sy  to  m a n u fa c tu re .



F igu re  (i»3>
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They p rov ed  to  be s t r o n g e r  th a n  th e  c a rb o n  cham bers.

They a l s o  p ro v ed  t o  be r e l i a b l e  e l e c t r i c a l  c o n d u c to r s  

and c o n s i s t a n t  i n  t h e i r  i n t e r a c t i o n  w i th  r a d i a t i o n  as  

s e e n  i n  t h e  e x p e r im e n ta l  d a t a .

Two cham bers o f  e a c h  m ix tu re  w ere made, 

h p e t a l l s  o f  th e  I o n i z a t i o n  cham bers

The cham bers u se d  i n  th e  i n v e s t i g a t i o n  a r e  meide i n  

t h e  moulds a l r e a d y  d e s c r ib e d  ( f i g s .  5 1 .5 2 ) .  The e s s e n t i a l  

p a r t s  a r e  i l l u s t r a t e d  i n  11^ . ( 5 5 ) .

The g u a rd  r i n g  was p ro v id e d  so t h a t  t h e  i o n i z a t i o n  

w i l l  be due t o  th e  one m a t e r i a l .  By t h i s  d e v ic e  we e n su re  

t h a t  t h e  e l e c t r o n s  from  th e  w a l l s ,  which p roduce  th e  

i o n i z a t i o n ,  come a lm o s t e n t i r e l y  from  th e  w a l l  m a t e r i a l  

b e in g  si-uàveA- Those coming from  th e  amber i n s u l a t o r  

a r e  p re v e n te d  from  c o n t r i b u t i n g  v e ry  much to  th e  i o n i z a t i o n .  

g -The l e a d s  :

The l e a d s  a r e  t e l c o t h e n e  c a b le s  a b o u t  f o u r  m e tre s  i n  

l e n g t h  c o n n e c te d  a t  one end t o  t h e  c e n t r a l  e l e c t r o d e  and 

th e  cham ber. The o t h e r  ends c o n n e c t  to  p lu g s  i n  th e  

i n s t r u i s e n t  v i a  amber i n s u l à t i o n '  and make th e  n e c e s s a ry  

c o n n e c t io n  t o  th e  c o n d e n se rs  and h ig h  t e n s i o n  t e r m i n a l s .

The c a b le s  a r e  s c re e n e d  and p r o t e c t e d  by m e t a l l i c
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tu b in g  c o v e r in g  t h e i r  whole l e n g t h .  I t  i s  assumed i n  

t h e  th e o r y  o f  th e  in s t ru m e n t  used  (p .  1/4) t h a t  G' and C”  

{which a r e  a lm o s t  e n t i r e l y  th e  c a p a c i t i e s  o f  th e  lo a d s )  

a r e  e q u a l .  Thus g r e a t  c a r e  was t a k e n  to  make th e  c a b le s  

e q u a l  i n  l e n g t h  t o  f u l f i l  t h i s  c o n d i t i o n .

I n  o u r  e x p e r im e n ts ,  how ever, i t  was n e v e r  n e c e s s a ry  

t o  in t e r c h a n g e  th e  l e a d s  and i f  any s l i g h t  d i f f e r e n c e  i n  

t h e  c a p a c i t y  e x i s t s  i t  w i l l  be in c lu d e d  i n  th e  c a l i b r a t i o n '  

o f  th e  a p p a r a t u s .

(b )  A p p ara tu s  f o r  m easu r in g  th e  r a t i o s  o f  th e  i o n i z a t i o n  
c u r r e n t s  i n  p a i r s  o f  ch am b ers .

(1 )  The e l e c t r i c a l  c i r c u i t

The e l e c t r i c a l  c i r c u i t  u sed  i s  e s s e n t i a l l y  t h a t

d e s c r ib e d  by Eemp^  ̂ and i s  shown i n  f i g .  ( 3 4 ) .  The
f £/ \

th e o ry  o f  i t s  a c t i o n ,  w hich  h a s  been g iv e n  by Kemp' ' 

i s  88 f o l lo w s .

( i i )  The Theory  o f  th e  A p p ara tu s

The two cham bers A and B i n  w hich  th e  i o n i z a t i o n  

c u r r e n t s  a r e  to  be compared a r e  co n n e c te d  i n  su ch  a  way 

t h a t ,  when th e y  a r c  i r r a d i a t e d ,  th e  c e n t r a l  e l e c t r o d e  o f  

one o f  them , say  A, a c c u m u la te s  a  p o s i t i v e  ch rg e  w h ile  

t h a t  o f  th e  o t h e r  accumul. t e s  a  n e g a t i v e  c h a rg e .  l e t  th e
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p o t e n t i e l  d i f f e r e n c e  o f  t h e  c o l l e c t i n g  aystera  o f  A be

V,| and i t s  c a p a c i t y  G* and t h a t  o f  B be Vg and i t s  c a p a c i ty

Thas

end Vo -  ” ^2 ,2 _  ( 2 )

w here Q.j and Qg a r e  uhe c h a rg e s  c o l l e c t e d  on th e  e l e c t r o d e s  

i n  a  c e r t a i n  t im e .

I Vp I Qo Gi i O ’1 2  1 2  1 ( ) )
T p i ^ Q . ,  G g4-G " '

I f  t h e  p o in t  P be tw een  and Cg i s  a t  e a r t h  p o t e n t i a l ,  

th e n  V  ̂ and Vg w i l l  be th e  p o t e n t i a l  d i f f e r e n c e s  a c r o s s  

th e  c a p a c i t i e s  0.j and Cg and hence

2̂ I °1
Vi I -  Cg (4)

From (3 )  and (4 ) we g e t :

_üg, _ Og ^  0
. . . ( 3 )

Ql Cg Oi +  0 ’

O' and G** a r e  a lm o s t  e n t i r e l y  t h e  c a p a c i t i e s  o f  th e
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l e a d s .  They can  be made p r a c t i c a l l y  e q u a l  and much 

g r e a t e r  th a n  0^ o r  Cg f o r  a l l  p o s s i b l e  v a lu e s  o f  0^ and Cg. 

I f ,  how ever, any s l i g h t  d i f f e r e n c e  betw een  th e  v a lu e s  o f  

0 '  and 0 * * e x i s t s  i t  w i l l  be in c lu d e d  i n  th e  c a l i b r a t i o n  

o f  t h e  in s t r u m e n t  and t h e r e f o r e  w i l l  n o t  a f f e c t  th e  

o b s e r v a t i o n s .  Hence (3 ) can  be w r i t t e n :

P -  %  „  “ l (6 ,
•  •  •  •Ql Cg

T h e re fo re  th e  s e t t i n g  o f  th e  c a p a c i ty  p o t e n t i a l  d i v i d e r

w h ich  keep s  P a t  e a r t h  p o t e n t i a l  a f t e r  open ing  th e

s w i tc h e s  S . ,  8» and S i s  a m easure  o f  th e  r a t i o  2 i . e .
Ql

th e  r a t i o  F o f  th e  i o n i z a t i o n  c u r r e a t s  i n  th e  two cham bers .

The mbcroammeter i n  th e  anode c i r c u i t  o f  th e  v a lv e  

p ro v id e s  a  f i n e  means f o r  d e t e c ^ i a ^  th e  p ro p e r  s e t t i n g  

f o r  th e  b a la n c e .

( i i i )  P r a c t i c a l  C o n s t r u c t io n  f o r  t he C i r c u i t ;

C^and Cg a r e  two o r d in a r y  w i r e l e s s  a i r  c o n d e n s e r s .

The c a p a c i t y  o f  each  i s  a p p ro x im a te ly  120 They

w ere m o d if ie d  t o  s u i t  th e  p u rp o se  to  w hich  th ey  a r e  p u t  

by t a k i n g  o u t  some o f  th e  p l a t e s  to  re d u c e  th e  c a p a c i t y .
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The i n s u l a t i o n  i s  o f  amber th ro u g h o u t .  One o f  th e  con­

d e n s e r s  i s  k e p t  f i x e d  n e a r l y  a t  i t s  f u l l  c a p a c i ty  w h i le  

th e  c a p a c i t y  o f  th e  o t h e r  can  be v a r i e d .  The l a t t e r  i s  

j o in e d  th ro u g h  amber i n s u l a t i o n  t o  s  d i a l  c o n t r o l .  B oth  

c o n d e n s e rs  a r e  p ro v id e d  w i th  amber i n s u l a t e d  l e a d s  to  th e  

r e s t  o f  th e  a p p a r a t u s .  These two c o n d e n se rs  c o n s t i t u t e  

t h e  c a p a c i t y  p o t e n t i a l  d i v i d e r .

An e l e c t r o m e t e r  t r i o d e  v a lv e  was used to  i n d i c a t e  

b a la n c e .  I t s  e s s e n t i a l  c h a r a c t e r i s t i c  i s  th e  e x tre m e ly  

low v a lu e  o f  g r i d  c u r r e n t  when o p e r a te d  u n d e r  c e r t a i n  

c o n d i t i o n s .  T h is  i s  v e ry  u s e f u l  f o r  m easu r in g  sim ill 

c u r r e n t s  su ch  a s  th e  i o n i z a t i o n  c u r r e n t s  p roduced  i n  th e  

cham bers by r a d i a t i o n .  I t  p ro v id e s  an a l t e r n a t i v e  to  

th e  more u s u a l  form s o f  e l e c t r o m e t e r s  w hich  may be v e ry  

d e l i c a t e  and need  e l a b o r a t e  p r e c a u t i o n s  and a d ju s tm e n t .

The v a lv e  i s  mounted on a ru b b e r  b a se  to  p r e v e n t  v i b r a t i o n s  

a f f e c t i n g  th e  f i l a m e n t  w hich  r e s u l t  i n  a  change o f  

f i l a m e n t  c u r r e n t .  I n  o u r  e x u e r im e n ts  th e  v a lv e  was u sed  

a s  a  s e n s i t i v e  means f o r  d e t e c t i n g  th e  c o r r e c t  s e t t i n g  o f  

t h e  c a p a c i ty  p o t e n t i a l  d i v i d e r  and t h e r e f o r e  th e  o b s e rv a ­

t i o n s  a r e  in d e p e n d e n t  o f  i t s  c h a r a c t e r i s t i c s .  A a ic o ra m -  

m e te r ,  r e a o in g  50 i i s  c o n n e c te d  i n  th e  anode c i r c u i t
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o f  t h e  v a lv e  t o  p ro v id e  a  s e n s i t i v e  i n d i c a t i o n  o f  th e  

c o r r e c t  s e t t i n g .

( i v )  O th e r  p a r t s  o f  th e  c i r c u i t

The g r i d  b i a s  c o n s i s t s  o f  a  p o te n t io m e te r  a r ra n g e m e n t .  

Two a c c u m u la to r s  a r e  u sed  w i th  a  r h e o s t a t  o f  th e  o r d e r  o f  

4 0 ,0 0 0 iX  . T h is  a r ran g em en t i s  found u s e f u l  f o r  i t  p r e ­

v e n t s  th e  anode c u r r e n t  from  d r i f t i n g  when th e  g r i d  i s  

d i s c o n n e c te d  from  th e  e a r t h .  The g r i d  p o t e n t i a l  i s  k e p t  

a t  a  v o l t a g e  s l i g h t l y  l e s s  th e n  -2  v o l t s .

A r e s i s t a n c e  o f  10 ohms i s  in c lu d e d  i n  th e  f i l a m e n t  

c i r c u i t  t o  a d j u s t  th e  c u r r e n t  t o  th e  r e q u i r e d  v a lu e .

Two h ig h  r e s i s t a n c e s  H and E c o n n e c t  t h e  t e r m in a l s  

o f  t h e  cham bers to  th e  h ig h  t e n s i o n  b a t t e r y  to  p re v e n t  

any p o s s i b i l i t y  o f  s h o r t  c i r c u i t .

Two a c c u m u la to r s  e a c h  o f  two v o l t s  a r e  u sed  f o r  th e  

anode p o t e n t i a l .

The a r ran g em en t f o r  b a c k in g  o f f  th e  c u r r e n t  c o n s i s t s  

o f  two v a r i a b l e  r e s i s t a n c e s  S and S ' ,  one f o r  c o a r s e  and

t h e  o t h e r  f o r  f i n e  a d ju s tm e n t ,  co n n e c te d  to  t h e  anode i n
\

t h e  meaner shown i n  f i g .  ( 5 4 ) .

( v) The s w i tc h e s

The s w i tc h e s  c o n s t i t u t e  a  v e ry  im p o r ta n t  p a r t  o f
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t h e  c i r c u i t .  They c o n s i s t  o f  t h r e e  l i g h t  s t r i p s  o f  s p r in g

(60  mm. X 7 mm. x 24 8 .W .G .) mounted a t  one end on a

b lo c k  o f  b r a s s  and each  c a r r y i n g  a  p la t in u m  c o n ta c t  a t

i t s  f r e e  en d . These c o n t a c t s  a r e  h e ld  a g a i n s t  s i m i l a r

p la t in u m  c o n t a c t s  mounted i n  amber i n s u l a t o r s  s e t  i n  a

b r a s s  blocK- The t h r e e  s e t s  o f  c o n t a c t s  a r e  s e p a r a te d  to

b re a k  th e  c i r c u i t  by th ref"  cams w hich  a r e  mounted on a

s h a f t  and p r e s s  on to  th e  s t e e l  s p r i n g  so a s  t o  d e f l e c t  
«

them when r o t a t e d .  The cams a r e  o p e r a te d  t o g e t h e r  by a  

l e v e r  w hich  i s  a t t a c h e d  t o  th e  cam s h a f t*  The t h r e e  

amber i n s u l a t e d  c o n t a c t s  a r e  p r o v id  d w i th  l e a d s  w hich  

c o n n e c t  them w i th  th e  r e s t  o f  th e  c i r c u i t  w h i le  th e  con­

t a c t s  on th e  s t e e l  s p r i n g s  a r e  co n n e c te d  th ro u g h o u t  th e  

fram e t o  e a r t h .  The b r a s s  b lo c k  c a r r y i n g  th e  e a r t h  and 

t h e  i n s u l a t e d  c o n t a c t s  a r e  b o th  mounted on to  a b a se  

p l a t e  o f  b r a s s .  The cam s h a f t  i s  h e ld  i n  p o s i t i o n  by 

two b r a c k e t s  a l s o  mounted on th e  b a se  p l a t e .  The t im e  

o f  o p e n in g  e a c h  c o n t a c t  w i th  r e s p e c t  t o  th e  o t h e r s  i s  

a r ra n g e d  by th e  s e t t i n g  o f  i t s  cam on th e  cam s h a f t .

F ig .  (55) shows d i f f e r e n t  v iew s o f  th e  s w i t c h e s .

F ig s .  (5 6 ,5 7 )  show p h o to g ra p h s  o f  th e  a p p a r a tu s  and 

cham bers .



I n t e r i o r  o f  th e  A p p a ra tu s  showing v a lw e , c a p a c i t y  

p o t e n t i a l  d i v i d e r  , s w i tc t ie s  , e t c .

Figure (36)
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( v i )  A d ju s tm en t o f  t h e  o r d e r  o f  o p en in g  th e  s w i t c h e s .

A c i r c u i t  such  &s th a x  ahowa i n  

f i g .  (38) may be used  f o r  a d j u s t i n g  t h e  

o r d e r  o f  o p en in g  o f  th e  s w i t c h e s .  In  

o u r  e x p e r im e n ts  th e  s w i tc h  3 w h ich  i s  

c o n n e c te d  t o  t h e  g r i d  o f  th e  e l e c t r o ­

m e te r  v a lv e  sh o u ld  open f i r s t  i n  a l l  

c a s e s  a s  s e e n  from  th e  th e o r y  o f  th e  

a p p a r a t u s .  8 ^and 8g a r e  a d ju s t e d

b y , t h e i r  sc rew s  so  t h a t  th e y  open a lm o s t  a t  t h e  same t im e  

a f t e r  S . The iaovemerit o f  th e  n e e d le s  o f  t h e  g a lv a n o m e te r s

\

and G i n d i c a t e s  t h e  o r d e r  o f  o p en in g  th e  s w i tc h e s .
' 2

( v i i )  P r e c a u t io n s  and p ro c e d u re

The i n s u l a t i n g  p i r t s  i n  t h e  a p p a r a tu s  must be 

a b s o l u t e l y  c l e a n .  The c l e a n in g  i s  done by w ash ing  them 

w i t h  a l c o h o l ,  d ry in g  c a r e f u l l y ,  p o l i s h i n g  them w i th  amber 

powder and b low ing  them v i g o r o u s ly  w i t h  a b lo w e r .  A l l  

t h e  o t h e r  p a r t s  o f  t h e  a p p a r a tu s  must a l s o  be c le a n e d  and 

d r i e d  th o ro u g h ly  and th e n  a l a r g e  q u a n t i t y  o f  a  d ry in g  

a g e n t  (magnesium p e r c h l o r a t e )  m ust be e n c lo s e d  i n  th e  

a p p a r a t u s .  I t  i s  v e ry  im p o r ta n t  t h a t  t h e  a p p a r a tu s  sh o u ld
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be k e p t  d ry  and c l e a n  f o r  any s l i g h t  d i r t  o r  m o is tu r e  

may g iv e  r i s e  to  a  d r i f t  i n  th e  m ioroam m eter n e e d le  and 

make i t  d i f f i c u l t  t o  g e t  a  s te a d y  n u l l  p o i n t .  A l l  th e  

i n s u l a t i n g  p a r t s  w ere t e s t e d  f o r  good i n s u l a t i o n  on a  

Wulf e l e c t r o m e t e r .

I n  th e  method ad o p ted  h e re  f o r  m easu r in g  th e  r a t i o  

F , i t  was found  u n n e c e s s a ry  to  m a .e te m p e ra tu r e  and p r e s s u r e  

c o r r e c t i o n s  f o r  th e  two f a c t o r s  a f f e c t  t h e  two chambers 

s im u l ta n e o u s ly  and t h e r e f o r e  w i l l  have  no e f f e c t  on th e  

r a t i o .

The c i r c u i t  i s  o o n n ec ted  and l e f t  f o r  a b o u t  20 m in u te s  

t o  s e t t l e  down i . e .  u n t i l  t h e  n c d le  o f  th e  m icroam m eter 

i n d i c a t e s  no m o tio n .  The b a c k in g - o f f  d e v ic e  may be used  

i f  n e c e s s a r y .  The g r i d  p o te n i i i e l  i s  a d ju s t e d  u n t i l  w i th  

t h e  g r i d  i s o l a t e d  t h e r e  i s  no d r i f t  o f  th e  n e e d le .  The 

g r i d  b i s e  i s  checked  e v e ry  now and th e n  t o  e n s u re  t h a t  

t h e r e  i s  no d r i f t  o f  th e  n e e d le  when th e  g r i d  i s  d i s c o n n e c te d  

from  t h e  e a r t h  and t h a t  c o n d i t i o n s  a r e ,  t h e r e f o r e ,  a s  th ey  

w ere o r i g i n a l l y .

The w hole a p p a r a tu s  i s  t e s t e d  a f t e r  c o n n e c t in g  th e  

cham bers w i th  th e  h ig h  t e n s i o n  to  e n s u re  t h a t  t h e r e  i s  no
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le s k a ü *  i l l  any p a r t  o f  th e  a p p a r a t a s ,  l e a d s  o r  cha^uber 

i n s u l a t i o n .  T h is  i s  done by o p en in g  th e  s w i tc h e s  and 

o b s e rv in g  th e  .n e e d le  o f  th e  xaicroaaim eter. I f  no c u r r e n t  

f lo w s  i n  th e  ia ic roa im aeter, t h e n  th e  i n s u l a t i o n  i s  good 

and th e  a p p a r a tu s  i s  re a d y  f o r  t a k i n g  r e a d in t i s .

The cham bers w ere  p u t i n  th e  beam so  a s  t o  f u l f i l  

t h e  r e q u i r e m e n ts  o f  th e  d i f f e r e n t  e x p e r im e n ts  to  be c a r ­

r i e d  o u t .  I n  each  c a s e  th e  s e t t i n g  o f  th e  v a r i a b l e  con­

d e n s e r  C.̂  i s  found  w hich  m a in ta in s  t h e  n e e d le  o f  th e  

m icroam m eter i n  th e  sfju® p o s i t i o n  b o th  b e f o r e  and a f t e r

op en in g  th e  s w i t c h e s .  T h is  i n d i c a t e s  t h a t  t h e  co r e c t  
01

r a t i o  0 ?  h a s  b ee n  o b ta in e d  w hich  m a in ta in s  th e  p o i n t  P 

a t  e a r t h  p o t e n t i a l  a f t e r  d i s c o n n e c t in g  th e  s w i tc h e s  from  

e a r t h ,  th e  c o n d i t i o n  r e q u i r e d  by th e  t h e o r y .

The r e a d in g  o f  t h e  s c a l e  co n n e c te d  to  th e  c a p a c i ty  

C.J i s  n o te d  and from  th e  c a l i b r a t i o n  c u rv e  P ig .  (40) th e  

c o r r e s p o n d in g  r a t i o  o f  th e  i o n i z a t i o n  c u r r e n t s  i n  th e  

two cham bers i s  o b ta in e d .

( v i i i )  C a l i b r a t i o n  o f  t h e  a p p a r a t u s .

The c a l i b r a t i o n  o f  th e  in s t r u m e n t  was made i n

two s t e p s :



-123-

1. Au i ï i v e s t i g e t i o n  o f  th e  i n v e r s e  s q u a re  law f o r  e 

s p e c i f i c  x - r a y  b ea u .

2. D e te rm in a t io n  o f  th e  v a r i a t i o n  o f  th e  s c a l e  r e a d in g  ■ 

w i th  c h a rg e  r a t i o .

1 . An I n v e s t i g a t i o n  o f  th e  i n v e r s e  s q u a re  la w .

The c a l i b r a t i o n  may be c a r r i e d  oufc m ost r e a d i l y  by
f 8 )making u se  o f  th e  i n v e r s e  s q u a re  law^ * I t  was t h e r e ­

f o r e  n e c e s s a r y  to  d e te r iu in e  t h e  ra n g e  o f  d i s t a n c e s  a lo n g  

th e  beam a x i s  w i t h i n  w hich  th e  law  i s  obeyed .

A S iem en’s tu b e  was used  t o g e t h e r  w i th  a  S iem en’s 

and Y io to re e n  d o s e m e te r .

The befim was d i r e c t e d  h o r i z o n t a l l y  away from  any 

s c a t t e r i n g  m a te r i a l*  The e x c i t i n g  v o l t a g e  o f  th e  beam 

was 103*5 kVp. The added f i l t e r  was 2 mm. A l . , so t h a t  

th e  H.Y.L* o f  th e  beam was betw een  3*3 and 4 A l. A 

c y l i n d r i c a l  a p p l i c a t o r  o f  d ia ia e te r  8 cm. was used  to 

c o l l i m a t e  th e  beaia. The Siem en^s i o n i z a t i o n  chamber was 

p u t  a t  t h e  s i d e  o f  th e  a p p l i c a t o r  to  s e rv e  a s  a m o n i to r ,  

w h i le  t h e  V ic to r e e n  i o n i z a t i o n  chamber was moved a lo n g  

th e  a x i s  o f  th e  beam.

The dose  r e c e iv e d  by th e  V ic to r e e n  chamber i n  t h e
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t im e  r e q u i r e d  "by th e  S le rsen 'e  ehsm her t o  I n t e g r e t o  f r o a  

^  y t o  180 f  was found f o r  e a c h  d l e t a m e .  Each 

r e a d in g  w  t a k e n  tw ic e  and a good a g re d u s n t  was found 

betw een  th e  dose  o b ta in e d  i n  e a c h  e a s e .

The r é s u l t a  a r e  sho«n In  th e  fo l lo w lr®  t a b l e  and 

g r a p h io e l l y  i n  ? l g . (53)

Oi'sfrwce
A/fer i.
6 r  d /  

J Ù*-

■̂e,H Oase D 
irt r  f» d'ckr- 
een'S

1
V D

11 . s s m ,  G 0 ,106
1 5 .8 5 0 8 .7 0 .121
I G .  ;#e 6 8 . 0 0 .1 3 0
BL. SO 3&.0 0 .1 6 7
5 0 .1 0 8 3 . 4 o .  S O ?

SO. SO 8 3 , 0 ,206
So. 00 1 7 .0 0 .2 4 5

5 ' : . 0 1 6 .6 0 , 246
4 7 . S 1 1 ,4 0.8iï6
5 € ,  2 6 .1 0 .351
6 3 . 5 6 . 1 0 . 4 0 3

7 7, & 0 .4 8  a

8 7 .6 . 5 * 8 6 0 .5 1 0
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P ig  (59) r e p r e s e n t s  th e  r e l a t i o n  betw een  

a, and \ jfQ  which i s  a s t r a i g h t  l i n e ,  showing t h a t  t h e  

i n v e r s e  sq u a re  law  i s  obeyed w i th in  th e  ran g e  o f  d i s t a n c e s  

shown i n  th e  above t a b l e .

Using th e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  we c o u ld  

c a l i b r a t e  th e  in s t ru m e n t  w ith  th e  same beam u s in g  p o i n t s  

w i th in  th e  e a ^ e r i a e n t a l  d is ta iK ses  shown above.

The sane c o n d i t i o n s  a s  in  th e  above e :^ e r im e n t  b e in g  

u s e d ,  two o f  th e  s i r  w a l l  cham bers (N o.1 )  were mounted on 

th e  in s t ru m e n t  f i g .  (3 4 ) .  They were sy m m e tr ic a l ly  

d i s p o s e d  w i th  r e s p e c t  t o  th e  a x i s  o f  th e  beam. ■ One o f  

them  was k e p t  f i x e d  and th e  o t h e r  was moved in  sm a ll  s t e p s  

a lo n g  th e  beam.

At e a c h  p o s i t i o n  o f  th e  moving cham ber, th e  n u l l  p o in t  

r e a d in g  o f  th e  s c a l e  was o b se rv e d . T h is  was c a r r i e d  on 

u n t i l  a s e t  o f  r e a d in g s  c o v e r in g  th e  whole s c a le  o f  th e  

in s t ru m e n t  had  b ee n  o b ta in e d .

The fo l lo w in g  t a b l e  g iv e s  th e  o b s e r v a t io n s  ta k e n  on 

t h r e e  d i f f e r e n t  d ay s .  I t  sh o re  a l s o  th e  c o n s i s t e n c y  

and th e  r e p r o d u c i b i l i t y  o f  th e  r e a d in g s  o f  th e  s c a l e .
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l£he d i s t a n c e  betw een th e  c e n t r e  o f  th e  f i x e d  
chamber and th e  t a r g e t  = 2 8 . 8 9  cm.

Oi'siAnet ffWAf

L> (w w /'t /w  ....  ̂%

Y Sctte

(II

S C .U

Cf) ^
28. g f 3 .1 1 .3
30 .94 12 .9 12 .6
32 .4 4 19 .3 19.1
34 .14 2 5 .6 25 .5
36 .54 3 4 .0 5 3 .4
39 .14 41 .1 4 1 .2
4 1 .3 4 4 8 .4 47.1
4 3 .9 4 5 3 .3 5 2 .9
4 7 .0 4 5 9 .7 5 9 .3
49 .9 4 6 3 .0 6 4 .6
5 3 .3 4 7 0 .9 7 0 .0
5 7 .3 4 7 5 .8 -

6 1 .4 9 8 1 .4 81 .1
6 5 .7 6 8 6 .9
68 .34 91.1 90 .2
71 .3 4 9 6 .2

SChI«. Men.n
(3;

iOiU Re*U- <J, '(■tfKif-
3.1 ,2.5 1 .00

12 .8 12 .7 1 .1 4 ,
1 9 .6 19 .3 1 .26^
2 5 .6 2 5 . 6 1 ,40
3 4 .0 3 3 .7 1 .6 0
41 .1 41 .1 1 .836

2.00®4 8 .0 4 7 .8
5 3 .3 5 3 .2 2 .3 0
5 9 .7 5 9 .6 2 .65
6 5 .0 6 4 .9 3 .0 0
7 0 .5 7 0 .4 5 .41
7 5 .8 7 5 .8 3 .9 3
8 1 .4 8 1 .5 4 .5 4
----- 8 6 .9 5 .1 8

91.1 9 0 .8 5 .6 0
9 6 .2 9 6 .2 6 .1 2

P ig  (40) r e p r e s e n t s  th e  r e l a t i o n  
s c a l e  r e  d in g  and ^2

tween th e

Q.
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( i x ) l a v e a t i g a l i o a  i n  th e  Saxar&i^iQu "Voltage o f  
th e  Ohembf^re.

To d e te m x u e  th e  s a t u r a t i o n  v o l ta g e  f o r  the  

chambers th e  fo l lo w in g  e x p e r im e n ts  were o a m e d  o a t :

One o f  th e  " a i r  w a l l ’* chambers (Mo. I )  and chamber 

[No.4) p. ( 111) were mounted on th e  in s t ru m e n t .  They 

were pu t sy m m etr ica l ly  w ith  r e s p e c t  to  th e  a x i s  o f  an 

x - r a y  beam ( e f f e c t i v e  wave l e n g th  0.150i\f) a t  a  p o in t  

where t h e  dose-rafce  was o f  th e  o rd e r  o f  8 r /m in .

1. The fo l lo w in g  t a b l e  shows Lĥ  ̂ v a r i a t i o n  o f  th e  

v o l t a g e  a p p l ie d  to  th e  chamber (N o.(1)), w i th  th e  r a t i o  

o f  th e  c h a rg e s  c o l l e c t e d  by th e  two c e n t r a l  e l e c t r o d e s  

o f  th e  cham bers, k eep in g  th e  v o l ta g e  o f  th e  chamber (No. 4) 

c o n s t a n t .

F ig .  (41d.) •

Ar 
•iV ciuhXê 48 60 72

l?<6’o 3 .97 3 .68 3 .54

108

) .3 7

120 156 168

) .2 9

180

3 .27
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2. ^*he fo l lo w in g  t a b l e  c o n ta in s  th e  o b s e r v a t io n s  o f  th e  

r a t i o  w i th  v a ry in g  v o l t a g e s  a p p l i e d  to  chamber (No. 4) 

k e e p in g  th e  v o l t a g e  a p p l i e d  (N o .1) c o n s ta n t  a t  228.

F ig .  (4l:b)

V o lta g e  o f  
chamber 

N o . (4)

R a t io

72

3 .0

108

3 .1 5

120

3 .15

As a r e s u l t  o f  th e  above i n v e s t i g a t i o n  th e  w ork ing  

c o n d i t i o n s  f o r  th e  W estinghoaae  s e t  were as  fo l lo w s ;

1• The minimum v o l t a g e  a p p l ie d  to  th e  chambers f o r  a t t a i n ­

in g  s a t u r a t i o n  was 228 v o l t s .

2. th e  chambers were pu t a t  a  p o in t  where th e  dose was 

o f  th e  o r d e r  o f  8 r /m in .

I n  th e  ca se  where th e  V ic to r  Maximar and th e  m i l l i o n  v o l t  

s e t  were u sed  th e  chambers were p u t  a t  a  d i s t a n c e  from  

th e  t a r g e t  where th e  d o s a - r a t e  was a b o u t th e  same as  

m en tioned  a b o v e .

S in c e  th e  g r e a t e s t  i o n i z a t i o n  c u r r e n t  was a n t i c i p a t e d  

i n  th e  chamber (No. 4) o f  a tom ic  Ho. 20 .84  i t  was s a f e  t o
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u se  t h i s  v o l tB g e  f o r  \!ae o t h e r  cham bers o f  lo w er a tom ic  

number i n  w h ich  th e  i o n i s a t i o n  c u r r e n t  was e x p e c te d  to  be 

l e s s .

(X) W aveleng th  In depen den ce  o f  th e  S a t i o  g iv e n  by 
two I d e n t i c a l  A ir  W all Chamber a

The a i r  w a l l  cham bers d e s c r ib e d  e ls e w h e re ,  w hich  w ere 

m a n u fa c tu re d  from  b a k e l i t e  g r a p h i t e  -  vanadium  o x id e  

m ix tu re  w ere t e s t e d  f o r  s i m i l a r i t y  a t  d i f f e r e n t  w a v e le n g th s  

w i th  th e  same a p p a r a t u s .  P ig .  ( 3 4 ) .

U sing  q u a l i t i e s  o f  r a d i a t i o n s  ch osen  to  co v e r  n e a r l y  

t h e  w hole ra n g e  ne Hied f o r  th e  i n v e s t i g a t i o n ,  a  p a i r  o f  

th e  cham bers was exam ined , i . ? .  t h e  r a t i o  o f  t h e i r  

i o n i z a t i o n  c u r r e n t s  vvas m easu red .

The fo l lo w in g  t a b l e  c o n ta in s  th e  r e s u l t s .

\(Vf>. aWJfj f i l Ur h  AU.

60 0 .65 .98
yo 2 mm. A i. .4 02 .99

106 .8 4 ima. A1. .522 .98
120 0 .1 1  mm.Ou. 4 -1  A l. mm. .236 1.01
180 0 .2 1 4  mm.Ou +  1 ma.Al .1 / 7 1 .0 0
200 0 .5  mm.Ou. 4- 1 mm.Al. .150 1 .00
220 .5 mm.Ou 4- .274 mm.ün .086 1.05

■f- 1 ram. A l .
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The l a s t  column shows a p p ro x im a te  const£incy o f  th e  

r a t i o  w i th  th e  v a r i a t i o n  o f  q u a l i t y  o f  th e  beam. T h is  

g iv '- s  e v id e n c e  o f  th e  c h a r a c t e r i s t i c  p r o p e r ty  o f  th e  

s i m i l a r i t y  o f  th e  cham bers .

8 .  ^Experim ental r e s u l t s ;

The p ro c e d u re  d e s c r ib e d  on p .  (lio) was u sed  when 

m ea su r in g  th e  r a t i o  o f  th e  i o n i z a t i o n  c u r r e n t s  i n  each  

p a i r  o f  cham bers w i th  t h e  e q u i v a l e n t  a to m ic  number re c o rd e d  

i n  th e  f o l lo w in g  t a b l e s .  The e f f e c t i v e  wave l e n g t h s  f o r  

w hich  th e  r a t i o s  a r e  re q u ire d ,  a r e  ta k e n  from  th e  t a b l e s  

on pp . ( 5 5 9 ^/5 ) .  The c o n d i t i o n s  under w h ich  th e  X -ray  

tu b e  was o p e r a te d  are  a l s o  s t a t e d  i n  th e  same t a b l e s  

pp .

Two o f  th e  cham bers ( t h e  a i r  w a l l  and a n o th e r  h a v in g  

a to m ic  number a s  s t a t e d  i n  th e  t a b l e s )  were mounted on 

th e  a p p a r a tu s  F ig .  ( 3 4 ) .  They w ere p u t  sy m m e lr ic a l ly  

w i th  r e s p e c t  to  th e  a x i s  o f  th e  beam au a  p o in t  where th e  

d o s e - r s t©  was o f  t h e  o r d e r  o f  8 r /m in .  For  t h i s  o r d e r  o f  

d o s e - r a t e  i t  was found  by ex p e r im e n t  p .  (1^7)  t h a t  a  chamber 

p o t e n t i a l  o f  t h e  o r d e r  o f  228 v o l t s  was s u f f e i c i c n t  f o r  

s a t u r a t i o n  even  f o r  th e  g r e a t e r  i o n i z a t i o n  c u r r e n t s
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produced. i n  th e  ohaiabers w i th  w a l l s  o f  t h e  h i g h e s t  e l f e o t i v e  

a to m ic  nom bar. Dry b a t t e r i e s  w ere u se d  t o  p ro v id e  th e  

cham ber p o t e n t i a l .  The f o l lo w in g  t a b l e s  g iv e  th e  r e s u l t s  

o b t a in e d .

The r a t i o s  r e c o rd e d  i n  t h e s e  t a b l e s  w ere t a k e n  from  

t h e  c a l i b r a t i o n  c u rv e  f i g .  ( 4 0 ) .  They c o r re sp o n d  to  

th e  s c a l e  r e a d in g s  o b se rv e d  i n  th e  e x p e r im e n ts .
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E x p eg jiaen ta l  D a ta  I  

P ig .  42 A.

\

A ir  w a l l  chamber (Aj^ Z •=. 7 #64 and Chambers AdcB,  Z -= 12 .84

/\fo r a t i o  
Ay &A

r a t i o  
Ay &B

mean
r a t i o

1 .013 1 ,0 7 1 .045 1 . 0 5 7 5
2 .041 1 . 6 1 . 0 1 . 0

3 .0 6 1 .0 6 1 .06^ 1 .063
4 ,082 1 .28 1 .28 1 .28
5 .086 1.315 I . 5 I 4 1 . 3 1 4 5
6 . 0 9 8 1 .4 0 1 .3 9 ? 1 . 3 9 8 5
7 . 1 2 0 '1 . 5 2 1.415 1 . 4 6 7 5
8 .137 1 .366 1 .47 1 . 3 1 8

9 .172 1 . 6 2 1 . 5 * 1 .57
1 0 .192 1 . 6 6 1 .37 I . 6 I 5
11 . 2 3 6 1 .43^ 1 .47 1 . 4 6 2 5
1 2 . 2 7 0 1 .44^ 1.41 1 .42 7
13 .288 1.42^ 1 .4 0 . 1 . 4 1 3
14 .322 1 . 3 8 ^ 1.35 1 .368
13 .402 1 .23^ 1 . 1 9 ^ 1 . 2 1 3
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B x p e r lm a a ta l  d a t a  I I  

F ig .  42 B.

A ir  w a l l  chamber =  7 .6 4  end chem bers A & B ,  Z =  17 .04

p lo .
r a t i o  
Ay &A

r a t i o
Ay (k'A

iieen
r a t i o

1 .013 1 .0 8 1 .0 8 1 .0 8
2 .041 1.1 1.11 1.105
3 .06 1 .27c 1 .27g 1.275
4 .082 1.75 1 .75 1.75
5 .086 1 .8 04 1.81 1 .807
5 .098 2 .0 3 3 2 .043 2 .040 .
7 .120 2 .2 9 2 .32 2.30_

5
8 .137 2 .413 2 .4 2 2.416g
9 .172 2 .525 2 .63 6 2 . 5 8 O5

1 1 .192 2 . 6 6 2 .795  , ' 2 . 7 2 / 5

11 . 2 3 6 2 . 3 6 2 .3 9 2 .37g
1 2 .270 2 .09 2 .25 2 . 1 7

13 .288 2.075 2 .2 2 2 .147
14 .322 2 .12 2 .10 2.11
15 .402 1 .70 1 .696 1 . 7 0
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B x p e r i a e n t s I  D a ta  1 1 1  

P ig .  42 G.

A ir w a l l  chamber Ay Z ■= 7 .6 4  and cham bers A & B Z =■ 20 .84

fl -U
r a t i o  
A y &A

r a r i o
Ay &B

mean
r a t i o

1 .013 1 .104 1 .104 1 .104
2 ..041 1 .26^ 1 .26^ 1 . 2 6 ^
3 . 0 6 0 1 .5 9 1 . 5 6 3 1 . 5 7 3
4 .082 2.31 2.31 2 . 3 1
5 .086 2.51 2 .465 2 . 4 3 7 5
6 .098 2.935 2 .9 0 2 . 9 1 / 5
7 .120 3 .3 9 3 .3 8 3 .385
a .137 3 .5 7 3 .5 2 3 . 5 4 5
9 .172 3 .7 8 3 . 7 9 3 .78^

10 .192 3 .9 6 4 .11 4 .035
11 .236 3 .4 1 . 3 . 5 0 5 3 . 5 4 7 5
12 .270 3 .018 3 .1 0 3 . 0 5 9
13 .288 3 .0 3 . 0 7 5 3 . 0 3 7 5
14 .32 2 2.71 2 .7 9 2 .75
15 .402 2.01 2 . 1 1 5 2 .06
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I

AND EXPERIMrTNTAl DATA

In  e q u a t io n s  (10) and (11) p . ( <fO), f o r  s h o r t  wave 

l e n g t h s ,  th e  s c a t t e r i n g  a b s o r p t io n  c o e f f i c i e n t  i s  p re ­

dom inant w h ile  th e  p h o t o e l e c t r i c  a b s o r p t io n  c o e f f i c i e n t  

i s  n e g l i g i b l e .

Thus F ’ — ^ 1  f o r  s h o r t  w av e - le n g th s

For in t e r m e d ia te  w av e len g th s  th e  im p o r ta n t  f a c t o r
— t'ftf

i s  f"  . As t h i s  c o e f f i c i e n t  i s  p r o p o r t i o n a l  to  Z

( i n  th e  ca se  o f  W a l t e r ’ s fo rm u la ) ,  we hav e ,
"3p2-94

"'1

where 3^ and a r e  th e  e f f e c t i v e  a tom ic  numbers o f

th e  a i r  w a l l  and h e a v ie r  m a t e r i a l  r e s p e c t i v e l y .

T h e re fo re  F ’ i n c r e a s e s  c h i e f ly  a o c o rd in ,  to  t h i s  

r e l a t i o n .  The amount o f  i n c r e a s e  depends oh th e  v a lu e s  

o f  %2 b e in g  g r e a t e r  f o r  g r e a t e r

For lo n g e r  w av e len g th s  th e  f a c t o r  g o v e rn in g  th e  r a t i o  

i s  th e  a b s o r p t io n  i n  th e  w a l ls  i . e .  th e  f a c t o r  *‘f!! T h is  

f a c t o r  d e c re a s e s  emd becomes very  sm a ll  s in c e  th e  a b s o r p t io n  

c o e f f i c i e n t  becomes g r e a t e r  and g r e a t e r  a s  th e  wave­

l e n g th  i n c r e a s e s .  T h is  h a s  th e  e f f e c t  o f  c a u s in g  F* to
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d e c re a s e  a f t e r  i t  h as  reach ed  a c e r t a i n  maximal v a lu e .

The amount o f  d im in u t io n  depends on th e  l i n e a r  a b s o r p t io n  

c o e f f i c i e n t  o f  th e  h e a v ie r  w a l l  m a t e r i a l .

T h e re fo re ,  we shou ld  ex p e c t  a  maximu/ji i n  th e  i n t e r ­

m ed ia te  r e g io n  o f  w a v e le n g th s .  T h is  maximum depends on 

th e  m a t e r i a l  o f  th e  chamber which i s  compared w i th  th e  

a i r  w a l l  chamber, b e in g  g r e a t e r  f o r  g r e a t e r  Zg.

Also we sh o u ld  e x p e c t  th e  r a t e  o f  d e c re a s e  i n  F% 

o v e r  th e  lo n g  w a v e le n g th s ,  t o  depend on t h i s  r a t e  i s  

l e s s  f o r  4" ^ n e a r e r  t o  Z* o f a i r ,  w h ile  f o r  

i t  i s  c o n s id e r a b le .

The fo l lo w in g  t a b l e s  c o n ta in  e x p e r im e n ta l  v a lu e s  

o f  th e  r a t i o  ( t a k e n  from th e  smooth cu rv es  f i g .  (4 2 ))  

t o g e t h e r  w i th  t h e o r e t i c a l  v a lu e s  a t  d i f f e r e n t  q u a l i t i e s ,  

f o r  th e  d i f f e r e n t  p a i r s  o f  chambers u sed .

The t h e o r e t i c a l  and e x p e r im e n ta l  v a lu e s  were made to  

c o in c id e  a t  0 .01 5  A..IT. and hence a l l  th e  t h e o r e t i c a l  V alues  

were m u l t i p l i e d  by th e  r e q u i r e d  f a c t o r  t o  a g re e  w i th  t h i s  

a l t e r a t i o n .  T h is  w ave leng th  was chosen  because  one would 

a n t i c i p a t e  t h a t  th e  th e o ry  would be most a c c u r a te  a t  t h i s  

p o in t  and in d é e d ,  i t  m ight be e x p e c ted  to  be a  p r e c i s e  

s ta te m e n t  o f  th e  i o n i z a t i o n s  produced (Gray 195b).
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Also ^  i s  p r a c t i c a l l y  n e g l i g i b l e  a t  t h i s  w av e len g th  

so t h a t  a m b ig u i t ie s  abou t th e  v a lu e s  o f  t h i s  q u a n t i ty  

a r e  o f  l i t t l e  consequence .

The f i n a l  ooluaJiB g iv e  th e  r a t i o  o f  th e  t h e o r e t i c a l  

to  th e  e x p e r im e n ta l  r a t i o s .
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Z (1 2 .84  and 7 .64 )

M j f  (Ocf )̂ F j / F j /
f J  ( ‘̂ ■)

pexf>-

0 .0 1 3 0 .9 5 0 .95 1 . 0 5 8 1.05^ 1 . 0 6 1 1
0 .0 4 1.0(7 1 . 0 1 1 .IO 2 1.114 1 - 1 2 6 1 . 0 1 1 . 0 2
.06 1 . 0 6 5 1 .06 1 . 1 7 1.186 1 .18 1 . 0 1 3 1.01
0 .0 8 1.16 1.14 1 . 2 7 5 1 . 2 9 1 1 . 2 7 1.012 .995
0 .1 2 1.64 1.61 1 .467 1.827 1 . 7 9 5 1.245 1 . 2 2 4
0 .1 5 2.185 2 . 1 5 1 ■56. 2 . 4 3 2 .4 0 1.55 1 . 5 3
0 .1 8 2 .7 0 2 .10 1 .61 3.01 3.01 1.87 1 .87
0 .1 9 2.845 2.87 1 .61^ 3 . 1 6 5 3.2(7 1.96 1 .98
0 .2 0 2 . 9 B5 3 . 0 5 1 .606 3 .32 3 . 4 0 2.07 2 .12
0 .2 2 3 .2 0 3 . 3 I 5 1 . 5 5 7 3 . 5 6 5 3 .69 2 .29 2.37
0 .2 4 3 .36 3 . 5 5 1 .506 3 . 7 4 3 .96 2 . 4 8 5 2 . 6 2 5
0 .2 8 5 .54 3 .87 1 .4 28 3 . 9 5 5 4.31 2.11 3 .0 2
0 .3 2 3 . 5 5 4 3 .98 1 .357 3.96 4 .4 3 \2. ;2 3 .26^
0 .3 8 3.42^ 3 . 9O5 1 . 2 5 2 3 .82 4 . 3 5 3 . 0 5 3 .47
0 .4 2 3 . 2 7 3 .76 1 .tB g 3 . 6 4 5 4 . 1 9 3 .07 3 .5 3
0 .4 6 3 . 0 5 5 3 . 5 7 1 . 1 2 5 3.4(7 3 .98 3 . 0 3 3 . 5 4
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I I

Z (1 7 .0 4  and 7 .6 4 )

^ tM A'U / v  (eU] P{e<p} A ' / F / / F; /'-V PJ(f.l-)
R ^ fJ

0 .0 1 5 .926 .926 1 .08 1.08 1 .08 1 1
0 .0 4 .96 .96 1.21 1 .12 1 .12 . 9 2 5 . 9 2 5
0 .0 6 1.10 1 .10 1.41 1 . 2 8 5 1 .2 8 ,  3

1.75
. 9 1 . 9 1

0 .0 8 1.46 1 .5 0 1.71 1 .69 .996 1.02
0 .1 0 2 .00 2 .10 2 .06 2 . 5 3 2.45 1 . 1 3 1 . 1 9
0 .1 2 2 .76 2 .88 2.505 3 .22 ■ 3 .36 1 - 3 9 5

1 . 9 7 5

1 .46
>.16 4 .4 2 4 .9 6 2.61 5 . 1 5 5 . 7 9 2 .18

0 .1 8 5 .1 9 5.97 2.71 6 . 0 5 6 .96 2 .2 5 . 2 . 5 7
0 .2 0 5 .8 8 6 .87 2 .69 6 .85 8.01 2 .98
0 .2 2 6 .55 7 .5 6 2 .55 7.41 8 .8 3 2 . 9 0 3 .4 6
0 .2 4 6 .67 8 .0 4 2.41^ 7 .77 9 .3 8 3 . 2 2 3 .89
0 .26 6 . 8 6 8 .54 2.305 8.01  ̂ 9 . 7 4 3 .48 4 .2 2
0 .2 8 6 .87 8 .45 2 .206 8 .0 0 9 . 8 6 3 .63 4.47
0 .5 2 6 .5 0 8 .1 2 2 .02 7 .58 9.46 3 .75 4 .6 9
0 .5 b 5 .95 7 .47 1 .86 6 .94 8 .7 3 .7 3 4 .68
0 .4 0 5 .2 8 6 . 6 8 1 .70 6 . 1 5 7 .7 9 3 .6 2 4 .55
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I I I

Z (20*84 and 7 .64 )

> .« A-U F w f
_ /
Fy F

Fj {eJ’-t
fiAP-)

0 .0 1 5 .915 .915 1.104 1.104 1.048 1 1
0 .0 4 1 .03 1 .03 1.27 1 . 2 4 5 1.24g . 9 8 0 . 9 8 0
0 .0 6 1.33 1 .37 1 . 5 8 I . 6O5 1.65g 1.016 1.047
o .o a 1 .93 2 .037 2 . 2 2.33 2 .46 1 .06 1 . 1 2
0 . 1 0 2 . 9 8 3 . 2 2 2 . 9 6 2.59c 3 . 8 8 I . 2 I 4 1 . 3 1
' 1 . 1 2 4 .24 4 .6 4 3 .38 5 . 1 1 5 . 6 1 . 5 1 1 . 6 5 5
0 .15 6.61 7 .55 2.78g 7 .97 9 . 1 1 9.11 2.41
0 .1 9 9 .34 -11.00 4 .05 11.26 13.28 2 .78 3 . 2 7
0 .2 2 10.32 12.86 3 .69 12.47 1 5 . 3 3 .3 8 4.'14
0 .25 10.68 13.44 3 .3 7 1 2 .S 16.22 3.83 4 .8 2
0 .2 8 10.34 13.05 3 .10 12.48 1 5 . 7 5 4 . 0 3 5 .08
0 .3 2 9.01 11 .34 2 .7b 10.89 1 3 . 7 7 .94 4 .95
0 .3 8 6.61 8 .35 2 .26 7 .97 10.08 3 .53 4 .45
0 .44 4 .4 5 .4 7 1.76 5 . 3 1 6 .6 3 . 0 2 3.75
0 .4 8 2.99 3.71 1.44^ 3.61 4 .4 8 2 . 5 3 . 1
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Prom th e  t a b l e s  and g ra p h s  we se e  t h e t  th e  e x p e r im e n ta l  

r e s u l t s  ag re e  w i th  th e  t h e o r e t i c a l  v a lu e s  q u a l i t a t i v e l y ;  

t h e  e x p e r im e n ta l  r a t i o  b e ing  n e a r ly  u n i t y  f o r  s h o r t  wave­

l e n g t h s ,  th e n  i n c r e a s e s  r a p id l y  t i l l  i t  a t t a i n s  a  maximum 

a t  ab ou t 0*19 A .U ., th e n  d e c re a s e s  as  th e  w av e len g th  i n c r e a s e s .  

I t  i s  a l s o  n o t i c e d  (P ig .  4 2 ) ,  a s  was p r e d ic t e d  by th e  th e o ry ,  

t h a t  th e  v a lu e s  o f  th e  maxima v a ry  w i th  th e  n a tu r e  o f  th e  

m a t e r i a l  t o  be compared w i th  th e  a i r  w a l l  cham ber. The 

g r e a t e s t  maximum v a lu e  o f  P ’ i s  f o r  Z -= 20*84 and l e a s t  

f o r  Z 1= 12*84. I t  may a l s o  be seen  t h a t  th e  r i g h t  hand 

s id e  b ran ch  o f  th e  c u rv es  i s  f l a t t e s t  f o r  Z 12*84, b u t  th e  

d e c re a s e  i s  more r a p id  as  "T i n c r e a s e s .

T h e re fo re  th e  g e n e ra l  q u a l i t a t i v e  f e a t u r e s  o f  th e  

e x p e r im e n ta l  c u rv e s  ag re e  w i th  th e  th e o ry  f a i r l y  w e l l .

Q u a n t i t a t i v e l y  we f i n d  c o n s id e r a b le  d i f f e r e n c e s  betw een 

th e  e x p e r im e n ta l  and th e  t h e o r e t i c a l  c u rv e s  e s p e c i a l l y  f o r  

th e  lo n g e r  w a v e le n g th s .  They seem to  ag re e  i n  a l l  th e  

oha iber p a i r s  u sed , up to  .08  A.TJ*, th e n  b e g in  to  d e v ia t e  

c o n s id e r a b ly ,  th e  t h e o r e t i c a l  i n  one c a se  b e in g  more th a n  

f o u r  t im e s  th e  e x p e r im e n ta l  as  se e n  i n  Pig* ( 4 5 ) .

When V i c t o r e e n ’ s fo rm u la  i s  used i n  th e  c a l c u l a t i o n  o f  

th e  I th e  r a t i o s  d e v ia t e  more from  th e  e x p e r im e n ta l  ones
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th a n  i n  th e  ca se  when W a l t e r ’s  fo rm u la  i s  used f o r  c a l c u l a t ­

in g  gr • I t  seems t h a t  W a l t e r ’s fo rm u la  f i t s  e x p e r im e n ta l  

o b s e r v a t io n s  o f  t h i s  k in d  b e t t e r  th a n  V ic to r e e n ’s .
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1 1

])j[;)(3UtS&JL0Br 4LN1) (3(2KiC;]Lljy)J[()BrE3

1. In  t h e  c a l c u l a t i o n  o f  t h e  v a lu e  o f  P c o r re s p o n d in g  

to  t h e  co m p le te  s p e c t r a l  d i s t r i b u t i o n  o f  e n e rg y  i n  th e  x -  

r a y  beam, i t  i s  i n  m ost c a s e s  s u f f i c i e n t l y  a c c u r a t e  t o  r e g a r d  

th e  beam as  h a v in g  th e  e f f e c t i v e  w a v e le n g th  w hich  c o r re s p o n d s  

t o  i t s  h a l f  v a lu e  l a y e r  i n  c o p p e r .  T h is  i s  i l l u s t r a t e d  

by t h e  c a l c u l a t i o n s  i n  which we o b ta in e d  th e  r a t i o  c o r r e s ­

po n d in g  t o  th e  e f f e c t i v e  w a v e le n g th  o f  th e  H.V* j. o f  th e  

beam.

From th e  t a b l e s  on  p .  { Ih)  i t  i s  c l e a r  t h a t  t h e  r a t i o  

c a l c u l a t e d  from  th e  e f f e c t i v e  w a v e le n g th  c o r re s p o n d in g  to  

th e  H .V .L . o f  th e  beam a g r e e s  f a i r l y  w e l l  w i th  th e  r a t i o  

c a l c u l a t e d  from  th e  co m p le te  s p e c t r a l  d i s t r i b u t i o n  c u r v e .

The d i f f e r e n c e  be tw een  th e  r a t i o s  does  n o t  exceed  4^  

( a p p ro x im a te ly )  i n  a l l  t h e  c a s e s  shown i n  th e  t a b l e  e x c e p t  

on^ (170 KVp) where i t  am ounts to  a b o u t  7 ^ .  I n  th e  l a t t e r  

c a s e  th e  d i f f e r e n c e  can  be a t t r i b u t e d  t o  th e  f a c t  t h a t  th e  

e f f e c t i v e  w a v e le n g th s  d i f f e r  among th e m s e lv e s  by a b o u t  5î^.

I t  may be s t a t e d  t h a t  th e  d i f f e r e n c e  be tw een  th e  two r a t i o s  

i n c r e a s e s  a s  t h e  v o l t a g e  a c r o s s  t h e  tu b e  in c re a s e . . , .  T h is  

i s ,  p e r h a p s ,  b e c a u se  th e  t h e o r i e s  a d o p ted  i n  d e te r m in in g  th e
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t h e  s p e c t r a l  d i s t r i b u t i o n  o f  e n e rg y  do n o t  c o m p le te ly  f u l f i l  

t h e  r e q u i r e m e n ts  f o r  h a rd  r a d i a t i o n .  I n  s u p p o r t  o f  t h i s  

o p in io n  i t  was o b se rv e d  i n  some c a s e s  t h a t  we w ere xinable 

t o  g e t  a  s t r a i g h t  l i n e  f o r  ( “ , y ) s e e  p .  ( j? i) ev en  i f  

we a l lo w  f o r  th e  o h a r a c t e r i s t i c  r a d i a t i o n .  T h is  s u g g e s t s

t h a t  f a c t o r s  o t h e r  th a n  t h e  c h a r a c t e r i s t i c  r a d i a t i o n  sh o u ld  

be a c c o u n te d  f o r  i n  o r d e r  t h a t  J o n e s - S i l b e r s t e i n  fo rm u la  

s h o u ld  f i t  t h e  a b s o r p t i o n  d a te  f o r  h a rd  r a d i a t i o n .  T h e re fo re  

i t  was t a k e n  a s  b e in g  s u f f i c i e n t l y  a c c u r a t e  and more c o n v e n i­

e n t  t o  u s e  th e  e f f e c t i v e  w a v e le n g th  c o r r e s p o n d in g  to  th e  

H .V .L . o f  th e  beam, i n  e s t a b l i s h i n g  th e  r a t i o  w a v e le n g th  

c u r v e s .  The m easurem ents  o f  t h e  H .V .L .’ s  w ere c a r r i e d  o u t  

by an  i n s t r u m e n t  ( f i g .  54) w hich  p ro v id e d  a  good means f o r  

m easurem ents  o f  such  n ; t u r e .  The r a t i o  o f  th e  i n t e n s i t i e s  

o f  t h e  beam b e f o r e  and a f t e r  i t  p a s s e s  th ro u g h  a  f i l t e r  

w ere  o b ta in e d  d i r e c t l y  and in d e p e n d e n t ly  o f  any f lu c tu e t io n M  

w hich  may o c c u r  i n  t h e  v o l t a g e  a c r o s s  th e  X -ray  tu b e  and 

r e s u l t  i n  e r r o r  i n  th e  m easurem ent o f  th e  H .V .L . i f  t h e  

l a t t e r  i s  t a k e n  by one cham ber.
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2é OhaiQbers w hich were moulded from  m ix tu re s  o f  b a k e l i t e ,  

vanadium  o r  ce r iu m  o x id e  w i th  20 p a r t s  o f  g r a p h i t e  were 

found  to  behave rem ark ab ly  w e l l  a s  r e g a r d s  t h e i r  e l e c t r i c a l  

c o n d u c t i v i t y  and t h e i r  c o n s i s t e n t  i n t e r a c t i o n  w i th  th e  

r a d i a t i o n s  u sed  i n  th e  i n v e s t i g a t i o n s .

As shown i n  th e  t a b l e  o f  p . ( l i 5 )  i n d i v i d u a l  ”a i r - w a l l ” 

cham bers (n o .1 )  p r e s s e d  from b a k e l i t e  g r a p h i t e  w i th  2 p a r t s  

added o f  were found  t o  be p r a c t i c a l l y  i d e n t i c a l  i n  t h e i r

b e h a v io u r  o v e r  th e  ra n g e  o f  w a v e le n g th s  exam ined. The r a t i o  

o f  th e  i o n i z a t i o n  c u r r e n t s  i n  a  p a i r  o f  th e s e  chambers was 

p r a c t i c a l l y  c o n s t a n t  and e q u a l  to  u n i t y  o v e r  a  wide wave­

l e n g t h  ra n g e  (from  0 .6 3  to  0 .0 8 6  A ) .

From th e  d a ta  i n  t h e  t a b l e s  on pp. (/3i/ / J i  ^  13  ̂ ) i t  

may be s e e n  t h a t  w here one o f  th e  cham bers i s  o f  a  h ig h e r  

e f f e c t i v e  a tom ic  number, i n d i v i d u a l  cham bers do n o t  n e c e s s a r i l y  

g iv e  e x a c t l y  th e  sajne r a t i o  b u t  th e  v a r i a t i o n s  a r e  r e l a t i v e l y  

s m a l l :  i t  would seem t h a t  chambers h a v in g  s p e c i f i c  **wall 

c h a r a c t e r i s t i c s ” can  be p re s s e d  f a i r l y  r e l i a b l y .  T h is  

p o i n t  may be o f  some i n t e r e s t  and v a lu e  i n  r e l a t i o n  t o  th e  

p r o d u c t io n  o f  p re s s e d  chambers h a v in g  s p e c i f i c  ”w a l l  c h a r a c t e r ­

i s t i c s ” f o r  th e  i n v e s t i g a t i o n  o f  X -ra y s  o r  th e  m easurem ent 

o f  n e u t r o n s .  The maximum d i f f e r e n c e  i n  r a t i o  o f  i o n i z a t i o n
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re c o rd e d  by two sam ples  o f  th e  seme a tom ic  number d id  n o t  

exceed  5/^. I n  th e  c a se  o f  th e  cham bers made o f  a m ix tu re  

o f  7i -  12',.'84, th e  maximum v ^ i r i a t io n  i n  r a t i o  o f  i o n i z a t i o n  

amounted to  ab ou t 6^ .

I n  e l l  c a s e s  th e  v a r i a t i o n s  o f  th e  r a t i o  from  sam ple 

t o  sam ple show th e m se lv e s  most m arked ly  a s  th e  lo n g  wave­

l e n g t h s  a r e  a p p ro ach ed . The maximum v a r i a t i o n s  a r e  a lw ays 

i n  th e  in t e r m e d ia to  r e g io n  o f  w a v e le n g th s  i . e .  when th e  

r a t i o  a t t a i n s  i t s  maximal v a lu e  ( s e e  p p . i j i iy /3  5/ ) .

They a r e  a lm o s t  n o n - e x i s t e n t  i n  th e  s h o r t  w av e len g th  r e g io n .  

T h is  may be a t t r i b u t e d  to  th e  f a c t  t h a t  i o n i z a t i o n  i n  t h i s  

r e g io n  i s  c h i e f l y  due to  Compton r e c o i l  e l e c t r o n s  w hich a r e  

in d e p e n d e n t  o f  th e  w a l l  m a t e r i a l ,  th e  p h o t o - e l e c t r o n s  fo rm in g  

a  v e ry  s m a l l  f r a c t i o n  o f  uhe t o t a l  e l e c t r o n i c  e m isa lo n  from  

th e  w a l l s .

T hat th e  o b s e r v a t io n s  a r e  r e p ro d u c a b le  from  day to  day 

can  be e a s i l y  see n  from th e  r e s u l t s  on p . (  ) .  The

v a lu e s  i n  t h i s  t a b l e  were ta k e n  on d i f f e r e n t  days ; a l l  o f  

them a r e  p r a c t i c a l l y  th e  same w i t h i n  e x p e r im e n ta l  e r r o r s .
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5 . P re v io u s  m easurem ents o f  tn e  r a t i o  o f  i o n i z a t i o n  

c u r r e n t s  produced  i n  s m a l l  cham bers w i th  w a l l s  o f  d i f f e r e n t  

a to m ic  numbers by h ig h  v o l t a g e  r a d i a t i o n  w ere found^ 3/ ^  ̂ )

t o  g iv e  r e s u l t s  c o n s id e r a b ly  s m a l l e r  th a n  th o s e  c a l c u l a t e d  

from  th e  th e o r y ;  and i n  g e n e r a l  th e  d i f f e r e n c e s  betw een  

th e o ry  and e x p e r im e n t  i n c r e a s e d  w i th  i n c r e a s e  i n  w av e len g th  

o f  th e  r e l a t i o n . One o f  th e  c a u se s  o f  t h i s  d is a g re e m e n t  

i s  p e rh ap s  becau se  i t  i s  n o t  y e t  f u l l y  r e a l i s e d  how sm a ll  

t h e  chajuber m ust be to  f u l f i l  t h e  t h e o r e t i c a l  r e q u ir e m e n ts ;  

in d e e d  i t  may be im p o s s ib le  t o  f u l f i l  th o s e  r e q u ir e m e n ts  

i n  p r a c t i c e .  Gray^^^^ sug ,^ested  th e  fo l lo w in g  ap p ro x im a te  

l i m i t s  t o  th e  l i n e a r  d im en s io n s  o f  th e  chamber a t  which th e  

th e o r y  and ex p e r im e n t  m igh t be e x p e c te d  to  a g re e  i n  th e  

c a s e  o f  a i r - w a l l  ohember^;

(1 ) a  few aim. f o r  % - r a y s .

(2 )  0 .1  im. f o r  h a rd  X -ray s  (200 KV c o n s t a n t  p o t e n t i a l  

f i l t e r e d  w i th  1 .5  mm. OU)

(5) s t i l l  l e s s  f o r  s o f t e r  X - ra y s .

I t  i s  p o s s i b l e  t h a t  o t h e r  f a c t o r s  may a l s o  be p r e s e n t  

when th e  c h a u b e rs  a r e  n o t  a i r - w a l l e d .

Chambers o f  d im en s io n s  o f  t h e s e  m ag n itu des  a r e  d i f f i c u l t  

to  m a n u fa c tu re .  A lso  th e  i o n i z a t i o n  c u r r e n t s  i n  such  

cham bers a r e  v e ry  s m a l l  and d i f f i c u l t  t o  m easu re . Any s l i g h t
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e r r o r  i n  m easu reu en t w i l l  le a d  to  c o n s id e r a b le  e r r o r  i n  th e  

f i n a l  r e s u l t s .  I f  v a lv e  a m p l i f i c a t i o n  i s  used  to  i n c r e a s e  

th e  d e g re e  o i  s e n s i t i v i u y , th e  ac c u ra c y  o f  m easurem ent o f  

th e s e  i o n i z a t i o n  c u r r e n t s  may be c o n s id e r a b ly  a f f e c t e d  by 

th e  v a r i a t i o n s  which may o c c u r  due to  th e  d eg ree  o f  a m p l i f i ­

c a t i o n  and to  th e  co m p lex ity  o f  th e  r e s u l t i n g  c i r c u i t .

% h ile  many^^^^^^ ^ ^  ̂ o b s e rv e r s  u s in g  cha mbers o f  v a ry in g

s i z  s ,  ra n g in g  from  th e  above o rd e r s  o f  d im ensions  upw ards, 

f a i l e d  to  co n f irm  G ray ’ s th e o ry  e x p e r i m e n ta l ly , other^^^^^^'' 42/^3 ) 

e x p e r im e n ta l  r e s u l t s  a g reed  w i th  th e  th e o r y .  F r ic k e  and
/ Lfx \

G la sse r^  ' showed e x p e r im e n ta l ly  t h a t  th e  i o n i z a t i o n  p e r  

u n i t  volume i s  in d e p e n d e n t  o f  th e  s i z e  o f  th e  cham bers up 

to  a  volume o f  a b o u t 4.7.C.C.  i n  ca rb o n  o r  aluuiiinium chambers 

i r r a d i a t e d  w i th  x - r a y s  o f  th e  q u a l i t i e s  used i n  deep th e ra p y  

w hich  a t  th e  t im e  were o f  th e  o r a e r  0 .1  to  0 .2  A.XJ. I t  

th u s  seems t h a t  th e  q u e s t io n  o f  th e  volume o f  th e  chambers 

i s  n o t  th e  o n ly  ia ip o r ta n t  one when \*he r a i i o  i s  c o n c e rn e a .

The d e v i a t i o n  i n  th e  c a se  o f  l a r g e  chambers o f  h ig h  

a tom ic  number h a s  been a t t r i b u t e d  to  th e  f a c t  t h a t  th e  ra n g e s  

o f  th e  e l e c t r o n s  become s m a l le r  bb th e  w av e leag tu  i n c r e a s e s  

u n t i l  th ey  on ly  i o n i z e  a  sm a ll  l a y e r  o f  a i r  n e a r  th e  w a l l s .

A sm a ll  p a r t  o f  t h i s  d e v i a t i o n  h a s  been a t t r i b u t e d ^  ^  ̂ to
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c h a r a c t e r i s t i c  r a d ia t io n  from the w a l l s .

Oa th e  o th e r  hand i t  i s  to  be expected^ th a t  i f  

we u se  chambers o f  m a te r ia l o f  low  atom ic number, w ith  

voluiiies co n s id e r a b ly  la r g e r  than th a t  req u ired  by th e  

th e o r y , th e  io n iz a t io n  w i l l  be th e  same as in  sm a ll chambers 

i . e .  b e in g  eq u a l to  th e  t h e o r e t ic a l  v a lu e . T h is i s  because  

th e  d ecr ea se  in  th e  e m iss io n  from th e w a lls  should  be 

cou n terb a lan ced  by th e  e le c t r o n s  g en era ted  in  th e  a ir  

i t s e l f .  The volume o f  th e  cha.ibers used was about 4 c . c .  

which i s  w ith in  th e  l i m i t s  s ta te d  by F rick e  and Glasser^^^^  

req u ired  to  f u l f i l  th e  t h e o r e t ic a l  c o n d it io n s  fo r  chambers 

o f  Z s im i la r  to  th o se  used in  th e  exp er im en t.

I t  was thought th a t  a p o in t  o f  in t e r e s t  in  t h i s  

con n ex ion  m ight be th e  d e te rm in a tio n  o f  th e mean ran ges  

in  s i r  o f  th e  secondary e le c tr o n s  em itted  from th e  w a lls  

o f  th e  d i f f e r e n t  chaübers u sed , s in c e  th ey  m ight co n ce iv a b ly  

be re lz  Led to  th e  r e s u l t s  o b ta in e d .

T h erefore in  th e  follow ing* ta b le s  th e  ranges in  a ir
/

have been c a l c u l a i,ed u s in g  W ilso n ’ s  form ula :

^  -  4?0
where R i s  th e  range in  cm. and E has been taken  a s  th e  

mean energy in  eKV o f  th e r e c o i l  e le c t r o n s  and the p hoto­

e le c t r o n s  from th e  chamber w a l l s .
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We have fo llo w ed  l e a ’ s method^ o f  c a l c u l a t i n g  th e  

mean energy  o f  th e  r e c o i l  and p h o to e le c t r o n s  and th e  

fo l lo w in g  t a b l e  c o n ta in s  th e  moan ra n g es  o f  th e  secondary  

e l e c t r o n s  o r i g i n a t i n g  from th e  a i r  w a l l  m a t e r i a l  o i  th e  

chambers t o g e th e r  w i th  th e  d a ta  used i n  th e  c a l c u l a t i o n .

Ooluuan (1) g iv e s  th e  w av e len g th  i n  A.IT.

” (2) g iv e s  th e  quantum energy  h i . e .  th e  p h o to -

e l e c t r o n  energy  Ep tax en  from L ea’ s tab le^ '^ ^ ^ .

” (3) g iv e s  th e  mean en e rg y ^o f  th e  r e c o i l  e le c t ro n ^

” (4) g iv e s  e<5^a ta k e n  from th e  t a b l e s  on p . ( 7ÿ).

” (5) g iv e s  eT ta k e n  from the t a b l e s  on p p . (

and th e  v a lu e s  o f  e ^  f o r  o th e r  chambers a r e  

• ta k e n  from t a b l e s  on pp . .................. 5^^).

” (6)> (7) g i  e th e  p r o p o r t io n  o f  t o t a l  energy A

which ap p e a rs  as  r e c o i l  e l e c t r o n s  and B as 

photo e l e c t r o n s  where

e  ̂ a

B —

e ^ e T '

E r

(
e + e T

Ep
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Golumn (1 0 )  g i v e s  t h e  r r a g e  o f  th e  r e c o i l  e l e c t r o a

" (11 ) g i v e s  t h e  ra n g e  o f  p h o to  e l e c t r o n s
_  2

" p  - - T i g —  -

(1 2 )  g i v e s  t h e  mean e n e rg y  Rm o f  t h e  r e c o i l  

and p h o to  e l e c t r o n s

Rm *=• RfC 4- Rpl)
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The rarig’e s  i n  "Lhie t a b l e  a r e  c a l c u l a t e d  i n  uhe 'same manner 

d e s c r ib e d  i n  th e  p r e v io u s  t a b l e  f o r  cham bers o f  3 a s  s t a t e d .

^ in 4-U

f?i„ MC/Mfl 
1 i*. (M

f.r- Rm ■

.015 249 249 249 250

.0 3 5 8 .7 4 0 .4 6 4 3 .2 5 4 7 .7 6

.0 6 4 .8 7 .1 2 9 .8 7 1 4 .0 2

.08 2 .3 9 4 .4 5 7.61 11.85

.1 0 1 .6 0 4 .0 5 7 .5 3 11 .2 2

.15 1 .2 2 5 .8 5 6 .9 0 9 .8 4

.15 1 .0 2  ' 3 .51 6 .0 5 8 .1 9

.1 6 1 .065 5 .4 3 5 .7 4 7 .5 9

.17 1 .06 3 .4 0 5.51 7 .1 2

.1 8 1 .07 3 .3 8 5 .5 4 6 .7 5

.1 9 1 .1 6 3 .485 5 .3 5 6 .6 2

.2 0 1 .2 4 3 .65 5 .3 8 6 . 5 6

.50 1 .27 2 .7 0 3 .3 0 3 . 5 1

.4 0 1 .16 1 1 .8 2 2.01 2 .0 9

.5 0 0 .9 7 1 1 .32 1.34 1 .37
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I f  t h e  d i f f e r e n c e s  betw een  th e  t h e o r e t i c a l  and 

e x p e r im e n ta l  r e s u l t s  a r e  to  be a t t r i b u t e d  to  th e  ra n g e s  o f  

th e  e l e c t r o n s ,  b e in g  sm a l l  compared w i th  th e  d im en s io n s  

o f  th e  cham bers , i t  m igh t be s u g g e s te d  t h a t  up to  a  ra n g e  

o f  2#59 cm. ( t h e  ra n g e  a t  0 .0 8  A#U.) th e  i o n i s a t i o n  due t o  

th e  e l e c t r o n s  o r i g i n a t i n g  i n  th e  a i r  i n s i d e  i/he chamber i s  

n e g l i g i b l e  compared w ith  th e  i o n i z a t i o n  o r i g i n a t i n g  i n  th e  

chamber w a l l s ,  s i n c e  th e  t h e o r e t i c a l  and e x p e r im e n ta l  r a t i o s  

a g re e  f a i r l y  w e l l  up t o  th e  above m en tioned  w a v e le n g th ,

0 .0 8  A.U.

We n o t i c e  t h a t  a t  th e  w a v e le n g th  0 .0 8  A,TJ. where th e  

th e o ry  and e x p e r im e n t  seem to  b e ^ in  to  d i s a g r e e  th e  e l e c t r o n  

r a n g e s  i n  the  a i r  w a l l  chamber a r e  j u s t  o f  th e  o r a e r  o f  

t h e  chamber d im e n s io n s .  T h is  ma , be r e l a t e d  to  th e  o b s e rv a ­

t i o n s  and f u r t h e r  s i m i l a r  e x p e r im e n ts  w i th  muon s m a l l e r  

cham bers m igh t be o f  i n t e r e s t  i n  o r d e r  to  see  w h e th e r  t h e r e  

i s  any r e a l  f o u n d a t io n  f o r  t h i s  po ino  o f  v iew .
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The c a l c u l a t i o n s  { t a b l e  i'îjSS ^ luo 2 8 ,2 9 , 50 )

show t h a t  no m a t t e r  w hat e f f e c t i v e  a to m ic  number be used 

f o r  th e  w a l l  m a t e r i a l  o f  th e  chamber o f  h i^ h  a to m ic  num ber, 

( a t  l e a s t  up to  2 =% 20* 84 ), t h i s  method w i l l  n o t  a l lo w  us  

r e l i a b l y  to  r e l a t e  th e  r a t i o  c a l c u l a t e d  w i th  th e  q u a l i t y  

above .50  A.U. a l th o u g h  i t  can  bo used  f o r  s h o r t e r  wave 

l e n g t h s .  The r e a s o n  i s  e v id e n t  from  th e  c u r v e s o f  f i g .  

(2 8 ,2 9 ,3 0  ) w here i t  i s  s e e n  t h a t  t h e  r a t e  o f  c h tn g e  o f  

th e  r a t i o  w i th  wave l e n g t h  i s  v e ry  s m a l l  above 0 .3 d  A.U.

When a  c o r r e c t i o n  i s  made f o r  a b s o r p t io n  i n  th e  w a l l  

o f  th e  chamber th e  l i m i t  i s  s t i l l  f u r t l e r  red u ced  and we 

c o n c lu d e  t h a t  th e  method i s  u n s u i t a b l e  f o r  wave l e n g t h s  

beyond 0 .2  A.U.

The e x p e r im e n ta l  o b s e r v a t io n s  show t h a t  th e  chamber 

p a i r  method may, i n  p r a c t i c e ,  s u f f e r  oven more s e v e re  

l i m i t a t i o n s .  The p o i n t  o f  i n f l e c t i o n  i n  th e  c a t i o  wave­

l e n g t h  c u rv e  o c c u rs  i n  a l l  c a s e s  a t  a  w av e len g th  o f  nbou t 

0#19 A.U. ( f i g . 42) so  t h a t  q u a l i t y  m easurem ents  c o u ld  n o t  

be made f o r  w a v e le n g th s  lo n g e r  th a n  t h i s ;  i t  would n o t  be 

p o s s i b l e  to  say  w h e th e r  th e  r e a d in g  was o f  th e  s h o r t e r  o r  

lo n g e r  w a v e le n g th  c o r r e s p o n d u ig to  th e  r a t i o .



This method therefore, is ruled out as unsuitable for 
the examinatiOii of the quality of the scattered radiations 
generated in a light atom medium by 200 KV x-rays or other 
softer X-rays. In these cases the secondary radiations 
may be expected to contain wavelengths which are much longer 
than 0 .1 9  A.U. Wilson . It is apparent that for the 
study of this particular problem some other method is 
needed* The method would seem to h: ve its uses however, 
for the examination of the quality of the radiations 
scattered by harder beams of X-rays generated at say between 
400 and 1000 KV.

I f  we assuuae t h a t  th e  th e o ry  and ex p e r im e n t  a g re e  a t  

v e ry  s h o r t  w a v e le n g th s  o f  x - r a y s ,  o u r  e x p e r im e n ts  show 

t h a t  th e  r a t i o s  p r e d i c t e d  by Gray * s  th e o ry  a g re e  w i th  th e  

e x p e r im e n ta l  o b s e r v a t io n s  up to  a  w av e len g th  o f  a b o u t  0.08A.U, 

( s e e  f i g .  43) f o r  t h e  i o n i z a t i o n  cham bers used  i n  th e s e  

e x p e r im e n ts .  O la rk so n  and Mayneord^*^^ d id  n o t  f i n d  such  

ag reem en t be tw een  th e o ry  and ex p e r im e n t  even  f o r  w a v e le n g th s  

down to  0 .0 4  A.U. when th e y  used  cham bers o f  g r a p h i t e  and 

c o p p e r .  I t  sh o u ld  t h e r e f o r e  be s u f f i c i e n t  f o r  i n v e s t i g a ­

t i o n s  o f  t h i s  ty p e  by t h i s  m eans, u s in g  p rim ary  r a d i a t i o n s
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t h e  secoad& ry o f  which, a r e  iiof g r e a t e r  i-hen 0 .0 8  A.U. i a  

w a v e le n g th  to  u se  c a lc u la te c i  r a t i o  v a lu e s  so t h a t  th e  need  

f o r  d i r e c t  c a l i b r a t i o n  o f  th e  c h a m b e r-p o irs  would be ob­

v i a t e d .  In  o r d e r  to  o b t a i n  th e  g r e a t e s t  r a t e  ox' change 

o f  r a t i o  w i th  w a v e le n g th  i t  i s  p r e f e r a b l e  o f  th e  chamber 

p a i r s  we have s t u d i e d ,  t o  u se  p a i r  N o .( 3 ) .
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l a  c o n c lu s io n  th e  a u th o r  w ish es  to  e x p r e s s  h e r  thanJxt ; - 

t o  P r o f e s s o r  H .S .P l in i .  f o r  h i s  c o n t in u o u s  g u id an ce  and 

a d v ic e ,  to  D r. G.Y/.Wilson o f  th e  P h y s io s  D epartm ent 

W e s tm in s te r  h o s p i t a l  ( i n  whose l a b o r a t o r y  th e  work was 

done) f o r  s u g g e s t in g  th e  f i e l d  o f  r e s e a r c h ,  f o r  the  r e s e a r c h  

f a c i l i t i e s  he made a v a i l a b l e  and h i s  a s s i s t a n c e  and 

i n t e r e s t  th ro u g h o u t  th e  w ork . A lso to  Mr. N .H .P ie rc e  and 

h i s  s t a f f  f o r  t h e i r  a s s i s t a n c e  i n  th e  c o n s t r u c t i o n  o f  th e  

a p p a r a t u s ,  and f i n a l l y  to  Mr. ü . ü . I n n e s  f o r  making a v a i l a b l e  

th e  S t .  B a r th o lo m ew 's  H o s p i t a l  M i l l i o n  V o l t  tu b e  f o r  th e  

m easurem ent i n  th e  s h o r t  w a v e len g th  r e g io n .
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