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P R E F A C E ,

The fo llow ing  th e s i s  co n ta in s  an account o f re se a rch es  

perform ed "by th e  au thor in  th e  Research L a b o ra to rie s  o f th e  

N atu ra l Philosophy Department a t Glasgow U n iv e rs ity . The sequence 

o f th e  experim enta l work i s  g iven in  th e  o rd e r  in  wnich i t  was 

c a rr ie d  o u t, each p a r t le ad in g  on n a tu ra l ly  to  th e  fo llo w in g  one. 

The in v e s t ig a t io n  of d i f f r a c t io n  by methods s im ila r  to  th o se  used  

in  cathode ray  work f a i l e d  to  produce r e s u l t s ,  but on th e  o th e r  

hand an e f f e c t  was o b ta in ed  which gave r e s u l t s  very s im ila r  in  

th e i r  n a tu re  to  d i f f r a c t io n .  T his was th e re fo re  in v e s tig a te d  

and th e r e a f te r  a t te n t io n  was tu rn ed  to  o r ig in a l  methods which 

might be u t i l i s e d  in  th e  study of d i f f r a c t io n .  As th e  method of 

d e te c tio n  was of fundam ental im portance th e  a c tio n  of e l e c t r i c a l  

counters was s tu d ied  and t h i s  re s u lte d  in  th e  d iscovery  o f new 

types o f e l e c t r i c a l  ’c o u n te rs ’ , the  d e te c t in g  v e s se ls  be ing  H.F. 

d isch a rg e -tu b es  o f  v arious k in d s . F in a lly  an e n t i r e ly  o r ig in a l  

method was devised  to  in v e s t ig a te  d i f f r a c t io n  and r e s u l t s  were 

ob ta ined  by tran sm iss io n  o f - ra y s  from radium E through f ilm s  

of gold and aluminium.

The au thor performed th e  experim ents under th e  

su p e rv is io n  o f P ro fe sso r  S. Taylor Jones whom he thanks fo r  th e  

advice and encouragement wnich he gave throughout th e  course o f 

th e  re sea rch . He i s  a lso  much indeb ted  to  him fo r  th e  many 

h e lp fu l suggestions which he made. The au thor thanks Dr. John 

Thomson fo r  h is  in te r e s t  in  th e  work on th e  H.F. d isch arg e -tu b e  

coun ters and fo r  h is  u se fu l suggestions in  connection w ith i t .



I

The d i f f r a c t io n  o f e le c tro n s  i s  a su b je c t which 

has rece iv ed  co n s id erab le  a t te n t io n ,  b o th  th e o r e t i c a l  and 

exp erim en ta l, in  rece n t y e a rs . S ince E ls a s s e r  ^ s u g g e s t e d  

th a t  evidence fo r  th e  w ave-nature o f  e le c tro n s  would be 

found in  t h e i r  in te r a c t io n  w ith  c r y s ta ls  co n s id e rab le  

a t te n t io n  has been devoted to  th e  m a tte r , th e  fundam ental 

p r in c ip le  b e in g  th a t  s tro n g  support f o r  th e  wave th eo ry  o f  

p a r t ic le s  would be o b ta in ed  i f  i t  were p o s s ib le  to  measure 

some q u an tity  which could be regarded  as a w ave-length , 

and i f  i t  were found th a t  th e  v a lu es  agreed w ith  th e  de 

B rog lie  ^  equa tion  A  where A i s  th e  w ave-length ,

h i s  P la n c k 's  co n s ta n t, m and v th e  mass and v e lo c ity  

o f  th e  p a r t i c l e  re s p e c tiv e ly . The experim ents o f  Davisson 

and Germer (3) mark  th e  beg inn ing  o f a s e r ie s  o f  in v e s t ig a t io n s  

o f th e  d i f f r a c t io n  o f e le c tro n s . They showed th a t  e le c t ro n s , 

o f  energy between 65 and 600 e le c t ro n -v o l ts ,  were d if f r a c te d  

by a s in g le  n ic k e l c ry s ta l  and th a t  t h e i r  measurements 

s a t i s f i e d  th e  equation  A In  t h i s  work th e  e le c tro n s

were ob ta ined  from a hot cathode, a tu n g sten  f ilam en t.

The next s te p  was made by G. P. Thomson and A. Reid ^ w h o  

passed  a beam o f cathode rays from a d isch arg e-tu b e  through 

a th in  c e l lu lo id  f ilm . They v e r i f ie d  th a t  D J p  was 

constan t where D i s  th e  diam eter o f th e  d i f f r a c t io n  r in g  

( th e  p a t te rn s  being  formed on photographic p la te s )  a^d p i s  

th e  vo ltage  a c c e le ra tin g  th e  e le c tro n s . R e su lts  f o r  m etal 

f i lm s , c e l lu lo id  f ilm s , mica f ilm s  and so on have been 

ob ta ined  by th e se  and o th e r w orkers. ^  The d if f r a c t io n
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p a t te rn s  sometimes took  th e  form o f a s e r ie s  o f  co n cen tric  

r in g s  round th e  spot formed by th e  u n d e f le c te d  beam and in  

o th e r  cases th e  in te n s i ty  was more o r le s s  co n cen tra ted  in  a 

s e r ie s  o f  sp o ts  on th e  circum ference* The agreement in  

v e lo c ity  between th e  rays form ing th e  r in g s  and th o se  in  th e  

c e n tra l  spo t was exact to  w ell w ith in  1%9 th e  r in g s  being  

formed by e le c tro n s  which had undergone e l a s t i c  c o l l is io n s  

th e re fo re . Rupp(6) made a s e r ie s  o f  experim ents on th e  

d if f r a c t io n  p a t te rn s  formed by slow e le c t ro n s , o f  energy 

150 to  290 e le c t ro n -v o l ts ,  going through th in  m etal f i lm s .

He used b o th  s p e c ia l ly  s e n s i t i s e d  photographic p la te s  and a 

Faraday cy lin d e r  as d e te c to rs  o f  th e  e le c tro n s . The problem 

o f  th e  d i f f r a c t io n  o f e le c tro n s  has been s tu d ie d  c a re fu l ly  

f o r  th e  lower en e rg ie s , corresponding  to  p o te n t ia ls  from 50 

to  100,000 v o l t s ,  bu t few experim ents have been t r i e d  w ith  

e le c tro n s  o f  energy g re a te r  th an  100,000 v o l t s .  The de 

B rog lie  equa tion  *Jo/TK\Thas however been v e r i f ie d  up to  

250,000 v o l ts  by Rupp (?) employing th e  method o f tran sm iss io n  

th rough th in  po ly  c r y s ta l l in e  f ilm s  w ith  photographic 

d e te c tio n . Kosman and A lichan ian  ^  o b ta in ed  d i f f r a c t io n  

p a tte rn s  f o r  e le c tro n s  up to  520,000 e le c tro n -v o lts  energy 

w ithout v e r ify in g  th e  law fo r  th e  w ave-lengths employed.

The problem o f  th e  d i f f r a c t io n  o f - ra y s  becomes im portant 

fo r  two re a s o n s :-

(1) th e  v e lo c ity  o f - p a r t i c l e s  i s  norm ally  g re a te r  th an  

th a t  o f  a r t i f i c i a l l y  produced cathode rays;

(2) i t  i s  im portant to  c o - r e la te  th e  $  - p a r t i c l e  w ith  th e
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e le c tro n  in  th e  p ro p e rty  o f  b e in g  d i f f r a c te d  by 

c r y s ta l s .

Many te c h n ic a l  d i f f i c u l t i e s  a re  encountered  on 

approaching t h i s  problem. For one th in g , in  most 

experim ents perform ed w ith  cathode rays care  i s  tak en  to  make 

th e  beam homogeneous and th e  d i f f i c u l t y  can be s a t i s f a c to r i l y  

overcome in  t h i s  case . ^  In  th e  case o f  - ra y s  however 

t h i s  i s  a very  se rio u s  d i f f i c u l t y .  The |?> - r a d ia t io n  

em itted  by a r a d io a c tiv e  source i s  n o t homogeneous and in  

most cases th e  p a r t i c le s  have a co n s id erab le  range o f 

v e lo c i t ie s .  To o b ta in  a homogeneous beam i t  i s  n ecessary  

to  adopt some k ind  o f re so lv in g  device such as a m agnetic 

f i e l d  w ith  th e  r e s u l t  th a t  th e  prim ary beam i s  o f  very  low 

in te n s i ty .  A fu r th e r  com plication  i s  in tro d u ced  by th e  

f a c t  th a t  th e re  i s  g e n e ra lly  a s tro n g  - r a d ia t io n  p resen t 

em itted  by th e  j j - r a y  sou rce . The measurement o f  a weak 

beam o f - p a r t i c l e s  in  th e  presence o f  s tro n g  V ~-radiation  

i s  a m a tte r o f  some d i f f i c u l ty .

The f i r s t  experim ents were c a rr ie d  out w ith  1 mg. 

o f radium i t s e l f  bu t i t  was found th a t  even w ith  long 

exposures s tro n g  c e n tra l  sp o ts  could not be o b ta in ed . The 

rays were no t homogeneous in  t h i s  case as th ey  sim ply passed  

through a system o f c o l l in e a r  ap e rtu re s  and f e l l  on a 

photographic p la te  a t  some d is ta n c e . I t  was r e a l is e d  th a t  

work could no t be advanced w ith  a source o f th i s  s tre n g th  

and in  th e  p lace  o f radium, radon c a p i l l a r i e s ,  vary ing  

according  to  requirem ents from 10 to  80 m il l ic u r ie s  in
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c a p ac ity  were used . These were analysed  by means o f th e

se m i-c irc u la r  fo cu ss in g  ap p ara tu s

in  f i g  1.

( 10) shown d iag ram m atica lly

I t  was found th a t  th e  g la ss  w alls  o f th e  c a p i l l a r i e s  were 

s u f f ic ie n t ly  th ic k  to  cause a consid erab le  amount o f 

s tra g g lin g  o f  th e  - ra y s  em itted , bu t th e  more in te n se  

l in e s  in  th e  radium £ spectrum could be p icked  out e a s i ly  

w ith  exposures of th e  o rder o f an hour. In  f i g .  1 H i s  th e  

radon c a p i l la ry ,  L a le ad  sc reen , P a photographic p la te .

The radon c a p i l la ry  R was u s u a lly  from 0*3 to  0*3 mm. 

diam eter e x te rn a lly  and about 3 nun. long. AB was a s l i t  

3 mm. long and 1*3 mm. wide and R was held  on a l in e  through 

th e  m id-point o f AB p erp en d icu la r to  AB and a t  1 cm. from th e  

s l i t .  The len g th  o f R was p e rp en d icu la r to  th e  

p lane of th e  f ig u re  and th e  wnole box was arranged  to  go
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between th e  la rg e  p o le -fa c e s  o f  an e lec tro m ag n e t, th e  

l in e s  o f m agnetic f lu x  being  p e rp en d icu la r  to  th e  p lan e  

o f th e  f ig u re .  When th e  f i e l d  i s  uniform  over th e  a re a  o f  

th e  box p a r t i c le s  o f th e  same v e lo c ity  d e sc rib e  p a r ts  o f  

c i r c le s  as shown, th e  r a d i i  o f th e se  c i r c le s  be ing  th e  same. 

Even w ith  r e la t iv e ly  wide s l i t s  rays o f l ik e  v e lo c ity  

converge to  a focus on th e  p la te  th e  ray  p ass in g  th rough  

th e  cen tre  o f th e  s l i t  reach ing  th e  p o in t f a r th e s t  from th e  

source and those  on e i th e r  s id e  f a l l i n g  a t  a p o in t c lo se  

below i t .  The edge f a r th e s t  from AB , th e  h igh  v e lo c i ty  

edge o f th e  s p e c tr a l  l in e ,  i s  th e re fo re  sharp . The

electrom agnet was c a l ib ra te d  by means o f a G rassot 

f lu x m eter, a curve o f f i e l d  s tre n g th  and c o i l  cu rren t 

being  p lo t te d .

An attem pt was made to  o b ta in  a homogeneous beam 

o f - p a r t i c l e s  f o r  th e  in v e s t ig a t io n  o f d i f f r a c t io n  w ith  th e  

ap p ara tu s  shown in  f i g .  2.

Fuj.2..

A gssssssssssssiS

The re so lv in g  apparatus o f f ig .  1 was m odified so th a t  a 

tube  passed through th e  w all and en te red  th e  box. This
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tu b e  made connexion w ith  a camera K and th e  tuhe 

con ta ined  a s o f t - i r o n  tu b e  s  th rough  wnich was bored  an 

a p e rtu re  o f ^ mm* diam eter* The f i e l d  a c te d  ac ro ss  th e  

shaded area  so th a t  th e  rays f a l l i n g  a t  A passed  th rough  S 

b e in g  sh ie ld e d  from th e  m agnetic f o r c e , and emerged a t  B 

as a homogeneous beam* A pho tographic p la te  F was pu t 

in  K to  d e te c t th e  rays* I t  was found however th a t  th e  beam 

was very  weak* Using very  s tro n g  radon c a p i l l a r i e s  (about 

70  m e .), w ith  exposures o f 1 to  7 days, dense sp o ts , adequate 

f o r  work on d i f f r a c t io n ,  were no t obtained* The le a d  sc reen  

marked Fb sh ie ld ed  th e  p la te  from V - r a d ia t io n  and th e  most 

in te n se  p a r t  o f th e  spectrum  o f RaB was focussed  on A #

The in t e n s i t i e s  and en e rg ie s  o f  th e  l in e s  o f th e  RaB spectrum  

are  given in  ta b le  1 , tak en  from R utherfo rd  Chadwick and 

B l l i s ^ 10) page 362.

Tahlel — The natural ray spectrum  of radm m B .

of line
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On account o f th e  lack  o f in te n s i t y  o f th e  J3 - ra y  beam 

th e  method was abandoned* I t  had i l l u s t r a t e d  however th e  

major d i f f i c u l t y  o f th e  in v e s t ig a t io n  -  th e  f a c t  th a t  a 

p e n c il  o f  homogeneous ji - p a r t i c l e s  i s  n ever in te n s e  when i t  

has been o b ta in ed  by some re so lv in g  device* The methods o f 

fo cu ss in g  a v a ila b le  do not produce th in  p e n c ils  o f ^  - r a y s ,  

which i s  what i s  to  be d e s ire d  in  d i f f r a c t io n  work, and th e  

presence o f  m agnetic f i e ld s  between th e  f ilm  and th e  p la te  

d i s t o r t s  any p a t te rn  th a t  would be formed* Thus suppose 

th a t  by p u tt in g  a sm all c i r c u la r  ap e rtu re  a t  A,B ( f ig u re  1) 

in  p lace  o f th e  u su a l s l i t  we focussed  th e  ray s  in  a spot a t  

K,K** and th a t  a film  was mounted a t  A,B. The ray s d i f f r a c te d  

on th e i r  way through th e  f ilm  would no t form a r in g  round 

th e  spot owing to  th e  a c tio n  o f  th e  m agnetic f i e l d  on t h e i r  

paths*

I t  was decided th a t  an attem pt to  show d i f f r a c t io n  

e f f e c ts  should be made w ith th e  non-homogeneous rays em itted  

by radon -  th e  - ra y s  o f Ra(B+C)* The two elem ents have a 

continuous - ra y  spectrum and a s tro n g  l in e  spectrum 

superposed upon i t ,  p a r t ic u la r ly  RaB* I f  re fe re n ce  i s  made 

to  Table 1 we see th a t  a la rg e  percen tage o f th e  Line spectrum 

in te n s i ty  i s  concen tra ted  in  th re e  p r in c ip a l  l in e s  o f  th e  

RaB spectrum -  namely l in e s  17, 20 and 24. The t o t a l  in te n s i ty  

o f th e  l in e s  between 17 and 24 =

80-0 + 3*9 + 2 .1  ♦ 91*0 + 10.0 + 2*5 + 0*5 ♦ 100*0 = 280 

The l in e s  below l in e  15 do not appear in  th e  spectrum o f  th e  

radon c a p i l l a r i e s  ( th is  was proved experim enta lly ) be ing  

Absorbed in  th e  g la s s . The t o t a l  f t “ra y in te n s i ty  o f  th e



l in e  spectrum  from l in e  15 to  l in e  32 » 3*0 + 333*1 «■ 336*1 

Prom R u therfo rd  Chadwick and E l l i s  page 364* we f in d

RaC has a t o t a l  l in e  in te n s i ty  o f 18*99 + 9*98 * 29*0. The 

p a r t  o f  th e  spectrum  whose energy l i e s  w ith in  th e  range 

sp e c if ie d  hy l in e s  17 and 24 o f RaB has in te n s i ty  1*6.

Hence f o r  Ra(B*C)

I n te n s i ty  in  g iven  range = 280* 0*1* 6

I n te n s i ty  in  t o t a l  spectrum  s  336* 1*29*0

§§5^1$ ® 77^ o f tlie  t o t a l  l in e  spectrum

o f  Ra(B'iC) has an energy ( in  v o l ts  x 10~5) ly in g  hetween th e  

l im its  1*529 and 2*638. T his means th a t  o f th e  - p a r t i c l e s  

forming th e  t o t a l  l in e  sp e c tra  em ission o f Ra(B+C) 77% have 
energy between 152,900 and 263,800 e le c tro n  v o l ts .  The 

continuous sp e c tra  o f th e  elem ents snould  be considered  b u t 

i f  we assume th a t  t h e i r  in te n s i ty  i s  more o r le s s  un ifo rm ly  

d is t r ib u te d  throughout th e  co n s id erab le  range o f en e rg ies  

covered by them they  w il l  no t a f f e c t  d i f f r a c t io n  e f f e c t s  

except in  so f a r  as th ey  in c re a se  th e  background on th e  p la te s  

showing d i f f r a c t io n  p a t te rn s .  To f in d  th e  <$.ameter o f th e  

d i f f r a c t io n  r in g s  we have th e  fo llo w in g  eq u a tio n s :-

&P/300 = ~ ' • • ( ! )

\  * J tJ l ~lryc*/*n>oV'

• • eliminating y  dnd approx, tmah ny

^ = ^ //5 'o /eP *u  f(j+  eP /noon^c3)  . . .(3)  

The symbols have Hie usual meamnqs <n equations 
( 0 }(&)yand(3) <xnd e P  /i the eneryq in electron-volts.



I f  D = d iam eter o f r in g ,  L s  le n g th  from f i lm  to  p la t e ,  

d = p la c in g  “between th e  c r y s ta l  p lan es

^  • i i i

S u b s ti tu t io n  o f th e  known v a lu es -

Ii s  35*0 cm ., h sb 6* 56* 10 "^erg—sec* , 6  s  4*774* 10 ^ 0 # s# u * ,

d =s 2*032 A.U. (th e  spacing  o f th e  (200) p lan es  in  go ld  l* e « , 

one h a l f  o f th e  s id e  o f th e  cubic c e l l  from X-ray d a ta ) , 

b 0 = 8 . 9 8 .IO -2 8  gm.

may be made in  equation  (5 ) . When P = 153,000 v o l ts  i s  

employed we f in d  by c a lc u la t io n  o f (5) th a t  D = 10*02 mm. 

L ikew ise, c a lc u la tio n  o f D fo r  P = 264,000 v o l ts  g ives 

D sr 7*63 mm. These r e s u l t s ,  to g e th e r  w ith  th e  above 

c o n s id e ra tio n  o f j i  - ra y  in te n s i ty  in  th e  s p e c tra , in d ic a te  

th a t  i t  should be p o ss ib le  to  d e te c t d i f f r a c t io n  o f  |3  - r a y s ,  

employing th e  non-homogeneous p a r t i c l e s  em itted  by radon*

The d i f f r a c t io n  r in g , formed by th e  (200) p lan es o f g o ld , 

should  appear as a r a th e r  d if fu s e  r in g  round th e  c e n tr a l  sp o t, 

th e  in n e r  d iam eter being  7*63 mm* and th e  o u te r  d iam eter b e in g  

10*02 mm*, s in ce  77% o f th e  rays in  th e  l in e  spectrum , on 

d i f f r a c t io n  by th e  (200) p la n es , f a l l  w ith in  th e se  lim its*  

Experiments w ith  radon were c a rr ie d  out f o r  th e se  reasons*

Apparatus*

The appara tu s used in  th e  in v e s tig a tio n  i s  shown 

diagram m atically  in  fig* 3* In  o rder to  snow d e ta i l s  o f  

c e r ta in  p a r ts  fig*  3 i s  no t drawn to  scale* 8 i s

a s o f t - i r o n  sh ie ld in g  tube p reven ting  magnetic f i e ld s
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d e f le c t in g  th e  J6 - p a r t i c l e s ,  C i s  a tu b e  o f b ra s s  

f i t t i n g  in to  and h e ld  by S. I t  i s  c lo sed  by a th in  b ra s s  

p la te ,  i  mm. th ic k , a t  i t s  r ig h t-h an d  end. At th e  c e n tre  

o f  th e  p la te  i s  a sm all c i r c u la r  a p e rtu re  A11, vary ing  

between 0*1 and 0*5 mm. in  d iam eter. The le f t-h a n d  s id e  o f 

0 i s  occupied  by a sh o rt flan g ed  tube F having a sm all 

ap e rtu re  A1, s im ila r  to  A ^ .  W ithin F i s  the  source R, 

which r e s t s  in  a narrow  groove im m ediately behind A1, and 

i s  h e ld  in  p o s it io n  by th e  p lug  W. The system i s  c lo sed  

a t  t h i s  end by th e  cap £ f i t t i n g  over S. The main body o f  th e  

camera i s  denoted by X and th e  pump connexion by B. The 

l a t t e r  i s  covered by a m etal screen  M to  prevent l ig h t  from 

en te r in g  th e  appara tus and fogging th e  p la te s .  The 

photographic p la te -h o ld e r  on th e  extreme r ig h t  co n ta in s th e  

p la te  P . A remark must be made here about tube T shown 

in  f i g .  3 , This tube  was a l a t e r  m o d ifica tio n  o f th e  

appara tus which was added in  o rder to  study  th e  re f le x io n  

phenomenon explained  below. When d i f f r a c t io n  was being  

in v e s tig a te d  i t  was not p re se n t, and C in  t h i s  case had an 

in n er diam eter o f 1*5 cm. The f ilm  h o ld e r was mounted in

F iq. 3.
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front o f  A11 so that rays passing through A** and A11 passed

alm ost norm ally  through th e  f ilm . Most o f  th e  jo in t s  a re  

screw j o i n t s ,  se a led  w ith  "P ic ien " . The c h ie f  dim ensions 

a r e : -  le n g th  o f tuhe T, 8 cm; d is ta n c e  A11 P , 35 cm; d iam eter 

o f  K, 9 cm; in n e r  d iam eter o f C 1«5 cm. The camera was 

la rg e r  th an  req u ired  f o r  purposes o f measurement, th e  advantage 

being  th a t  th e  la rg e r  th e  dim ensions th e  c le a re r  th e  

background on th e  p la te s .  The pumping system co n s is te d  o f  a 

ro ta ry  oi1-pump backing an o i l - d i f f u s io n  pump, u s in g  Apiezon 

o i l  B, and capable of producing vacua down to  lCT? mm. o f 

mercury. Between th e  pumping system and th e  camera was 

in s e r te d  a d iech arg e-tu b e  f o r  p re ssu re  measurement, i t  b e ing  

found n ecessa ry  to  i s o l a t e  t h i s  by means o f stopcocks as  

running th e  d ischarge  fogged th e  p la te s .  The customary le ak  

tot th e  atmosphere was in s e r te d  between th e  d isch arg e -tu b e  and 

th e  camera. The body o f th e  camera was h e ld  v e r t i c a l l y ,  

source-end upperm ost, by supports no t shown in  th e  f ig u re .

A system o f grooveswas cut in  th e  v ario u s p a r ts  S, C, T, V to  

allow  f r e e  passage o f a i r  in  pumping, any p re ssu re  on th e  

c a p i l la ry  R, w ith  consequent r i s k  o f breakage, being  the reby  

avoided.

In  work on |$ - r a d ia t io n  th e  sources used are  o f g re a t 

im portance and in  th i s  work v ario u s types were t r i e d  in  an 

e f f o r t  to  secure th e  most s u i ta b le  one. The c h ie f  drawback 

to  almost a l l  o f them was lack  o f in te n s i ty .  As mentioned 

above radium i t s e l f  was t r i e d  bu t w ith no success as la rg e  

su p p lie s  were not a v a ila b le . S p ec ia lly  prepared  a c tiv e



d ep o s it sources were employed a ls o .  A lthough th e se  

were very in te n s e  t h e i r  sh o rt p e r io d  o f a c t i v i t y  made t h e i r  

u se in co n v en ien t, a p la te  o f  th e  re q u ire d  d e n s ity  seldom 

b ein g  ob ta in ed  w ith  le s s  th an  about s ix  of th e se  p re p a ra t io n s . 

This meant th a t  th e  p rocess o f ta k in g  an exposure was 

te d io u s  as th e  system had to  be l e t  up to  atm ospheric 

p re ssu re  every tim e a f re s h  a c t iv e  w ire was in s e r te d .  The 

sources which were f i n a l l y  adopted were radon c a p i l l a r i e s ,  

l ib e r a t in g  (% - ra y s  o f  energy 130,000 e le c t ro n -v o l ts  

upwards, th e  range o f  v e lo c ity  being  determ ined by th e  

se m i-c irc u la r  fo cu ss in g  ap p ara tu s  of f i g .  1. Each radon 

c a p i l la ry  could g e n e ra lly  be used  tw ice , i t s  a c t iv i ty  f a l l i n g  

in  th e  course o f th e  exposures from about 60 to  40 me. and 

from about 40 to  10 me. A n o te  w il l  be added a t  t h i s  

p o in t on th e  method of p re p a ra tio n  o f a c tiv e  d ep o sit sources 

as  th e  method dev ised  i s  im portant on i t s  own account even 

though th e  sources were no t s u i te d  to  th e  requ irem ents o f  t h i s  

p a r t ic u la r  research*

Mote on A c tiv a tio n . When a la rg e  supply o f radium i s  not 

a v a ila b le  i t  i s  no t p o ss ib le  to  adopt th e  u su a l p ra c t ic e  o f 

p rep arin g  b are  a c tiv a te d  sources by exposure o f  w ires and so 

on to  radon c o lle c te d  over th e  radium. The problem th e re fo re  

a r is e s  as to  th e  b e s t method o f  a c t iv a t in g  w ires , g iven a 

supply o f th e  o rd in ary  type o f radon c a p i l la ry  so ld  

com m ercially. Commercial c a p i l l a r i e s  are  too  th ic k -w a lled  

to  allow  oL - ra y s  and slow -ra y s  to  pass through. The 

fo llow ing  sim ple yet e f f ic ie n t  method was devised  as a 

so lu tio n  to  th e  problem which becomes one o f g en e ra l in te r e s t
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when i t  i s  r e a l i s e d  th a t  w ires coa ted  w ith  an a c t iv e  

d ep o s it o f Ra A,B,C form one o f  th e  b e s t ty p es  o f sources 

f o r  much o f  th e  work being  done a t  p re se n t w ith  - ra y s  in  

th e  f i e l d  o f  a r t i f i c i a l  r a d io a c t iv i ty  and so on. I t  i s  

im portant th a t  i t  should be p o s s ib le  to  u t i l i s e  o rd in a ry  g la s s  

c a p i l l a r i e s  s in ce  la rg e  su p p lie s  o f radium a re  in  g en e ra l 

no t a v a ila b le . G lass radon c a p i l l a r i e s  a re  o b ta in ab le  w ith  

c a p a c it ie s  rang ing  from 10 to  100 me. and very  s tro n g  

a c t iv a te d  w ires can be made from them. I t  i s  an advantage 

to  use th e  s tro n g e s t su p p lie s  as a la rg e r  number o f  s tro n g  

sources a re  p repared  from th e  one c a p i l la ry  b e fo re  i t s  

a c t iv i ty  decays to  a value p rev en tin g  su c c e ss fu l a c t iv a t io n .

About s ix  to  e ig h t inches o f th ic k -w a lle d  g la s s

c a p i l la ry  tu b in g  i s  taken  -  o f  bore approxim ately 1 mm.

This i s  drawn out in  a sm all flam e a t one end, t h i s  re q u ir in g

to  be c a re fu l ly  done as i t  has an im portant e f f e c t  on th e

subsequent co n c en tra tio n  o f th e  radon. The bore must be

kept as n ea r 1 mm. as p o ss ib le  down to  very n ear th e  end where

i t  ta p e r s  sharp ly  to  a very f in e  opening o f th e  o rd er o f  
1TO mm. d iam eter. The sm all g la s s  radon tube i s  then in s e r te d  

a t  th e  o th e r  end (1 mm. diam eter) and as th e  tubes a re  

norm ally  i  to  i  mm. in  d iam eter they  s l id e  e a s i ly  in to  th e  

g la s s  tube  a f te r  which they  can be moved g e n tly  down to  th e  

narrow  end where they  remain f ix e d . Now a mercury re s e rv o ir  

i s  connected by rubber tu b in g  to  th e  g la ss  tu b in g  (see f ig .  4) 

and when th e  mercury le v e l  o f th e  r e s e rv o ir  i s  ra is e d  mercury 

flow s up th e  tube fo rc in g  th e  a i r  in s id e  p as t th e  radon 

c a p i l la ry  in to  th e  atmosphere. The sm all stopcock in s e r te d



■between th e  tube and th e  r e s e rv o ir  c o n tro ls  th e  mercury 

flow* When the  mercury has almost reached  th e  radon 

c a p i l la ry  i t  i s  stopped by c lo s in g  th e  stopcock* A sm all 

flame i s  allow ed to  p lay  on th e  narrow  end, th e reb y  

e f f e c t in g  a s e a l .  When th e  rubber tu b in g  i s  d isconnec ted

th e  radon c a p il la ry  i s  h e ld  in  a sm all cavity* The g la s s  

tube  i s  h e ld  h o r iz o n ta lly  and a f in e  s te e l  w ire , not more than

i  mm* d iam eter, i s  in s e r te d  through th e  mercury* The 

c a p i l la ry  being  broken by b rin g in g  th e  w ire in to  co n tac t w ith  

i t  th e  radon escapes in to  th e  sm all pocket. The s te e l  w ire 

i s  g en tly  withdrawn and about 50 me. say o f radon, in  f a i r l y  

co n cen tra ted  form, i s  sea led  o f f  from th e  atmosphere by a 

column o f  mercury. The sources a re  ob ta ined  from th i s  radon 

supply by in s e r t in g  a platinum  w ire, a few te n th s  o f a 

m illim e tre  in  d iam eter, through th e  mercury so th a t  perhaps 

i  cm* i s  exposed to  th e  radon* I t  i s  kep t th e re  f o r  two hours 

be ing  m aintained a t a p o te n t ia l  o f about 200 v o l ts ,  n eg a tiv e  

r e l a t iv e  to  e a r th  and th e  surrounding ap p ara tu s . The type

Fig. If



vs,
o f a c t iv e  deposit Source, whether o f  Radium A o r o f  radium 

A, B, C in  eq u ilib riu m  and so on, can he determ ined by 

changing th e  co n d itio n s  o f exposures (see  R u th erfo rd ,

Chadwick and E m s ,  page 558). On w ithdraw ing th e  w ire

and c u t t in g  o f f  th e  a c tiv a te d  end th e  radon supply rem ains 

in ta c t  and can be used  to  p repare  many such sources b e fo re  i t s  

a c t i v i t y  f a l l s  below a working v a lu e . I t s  h a l f -p e r io d ,

3*825 days, i s  consid erab ly  longer than  th o se  o f most o f  i t s  

p ro d u c ts . Since minute q u a n t i t ie s  o f radon may escape in to  

th e  atmosphere on w ithdraw al o f  th e  w ires th e  work should 

no t be done n ear app ara tu s used f o r  measurements in  

ra d io a c tiv ity *  I t  should p re fe ra b ly  be c a r r ie d  out in  a 

p la ce  s e t a s id e  fo r  th e  purpose. A sim ple appara tu s which 

ra p id ly  es tim a tes  th e  a c t iv i ty  o f  the  p repared  sources 

i s  an advantage and one found s u i ta b le  f o r  th i s  purpose i s  th a t  

due to  Chalmers th e  microammeter read ing  g iv in g  a good

es tim a te  o f th e  s tre n g th . Before use  th e  w ires should  be 

washed in  a lco h o l and hea ted  to  400°C. in  an evacuated 

q u a rtz  tube to  remove radon occluded in  th e  m etal su rfa c e .

Experim ental P rocedure.

I t  has been shown th a t  u sin g  radon as a source o f |3  - ra y s  

and gold  film  as th e  d i f f r a c t in g  medium a r in g  o f e x te rn a l 

and in te rn a l  d iam eters equal to  1*00 and0*76 cm. re s p e c tiv e ly  

might be expected , and th i s  id ea  was experim en ta lly  te s te d .

The radon c a p il la ry  was f i r s t  p laced  in  th e  ho lder imm ediately 

behind ap e rtu re  A1 , ( f ig .  3) and then  p lug  W was in s e r te d  to  

ho ld  i t  in  position*  The source end o f  the  camera was then  

dea led  w ith "Ficien'*, th e  p la te  was in s e r te d , and th e  

appara tu s exhausted. The vacuum in  th e  course o f an exposure
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was u su a lly  s u f f ic ie n t  to  wipe out a d isch arg e  w ith  70,000 

v o l ts  between th e  e le c tro d e s . Exposures were long , 

vary ing  between one day and fo u r  days accord ing  to  th e  

i n i t i a l  a c t iv i ty  o f th e  sou rce . The method adopted f o r  

m easuring th e  in te n s i ty  of the  sources was th a t  o f 

C h a lm e rs^ 1) .
D iscussion  o f  R e su lts .

The photographs ob ta in ed  showed th a t  a s tro n g  

beam o f non-homogeneous fi) - ra y s  had been o b ta in ed  and 

very  good sp o ts  were formed on th e  photographic p la te s ,  

comparable in  d e n s ity  w ith  th o se  g iv in g  d i f f r a c t io n  e f f e c t s  

in  cathode ray work. The spot was d e f le c te d  by magnetic 

f i e ld s  proving th a t  i t  was formed by f i - r a y s .  Many 

photographs were taken  w ith  v a rio u s  film s o f c e l lu lo id ,  

go ld  and aluminium over th e  a p e rtu re  a t A1-* but no s ig n  o f 

d i f f r a c t io n  r in g s  was o b ta in ed . The background on th e  

p la te s  was somewhat denser th an  th a t  norm ally encountered in  

th e  d i f f r a c t io n  o f cathode rays bu t i t  seemed c le a r  enough

to  allow  any p a t te rn  to  show up. An experim ent s im ila r  to
(9)th a t  o f E. T aylor Jones '  w ith  d isp e rsed  p e n c ils  o f cathode 

rays was perform ed w ith  th e  - ra y s . They were drawn out 

in to  a sh o rt l in e  by a magnetic f i e l d  but th e re  was no tra c e  

o f a c i r c le  as in  th e  corresponding case w ith  cathode ra y s , 

nor was th e re  any sign  o f an envelope of c i r c l e s ,  such as 

might be expected i f  th e  ray s o f d if fe re n t  v e lo c i t ie s  

formed c i r c le s  of d if f e re n t  d iam eters round p o in ts  on th e  

l in e  as c e n tre s . In  th i s  case we should expect to  f in d  

l in e s  on e i th e r  side  of th e  l in e  formed by th e  prim ary beam .
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The f a i lu r e  o f t h i s  method o f a t ta c k  on d i f f r a c t io n  

seemed to  in d ic a te  th a t  new methods would have to  he adopted 

i f  th e  problem w as to  he so lved . The au th o r however 

thought i t  d e s ira b le  to  pursue a t t h i s  s tag e  o f the  re se a rc h  

an in v e s t ig a t io n  in to  th e  n a tu re  o f an o th er phenomenon 

which had a r is e n  in  th e  course o f th e  experim ents and which 

i s  c lo se ly  s im ila r  in  i t s  r e s u l t s  to  d i f f r a c t io n .  The . 

fo llo w in g  account of i t  i s  taken  la rg e ly  from th e  a u th o r ’s 

paper on th e  s u b j e c t ----

"An Apparent R eg u la rity  in  f t  - ra y  R eflex ion".

In  th e  fo llow ing  pages an account i s  g iven o f an 

e f f e c t  o f co n s id erab le  experim ental im portance. I t  i s  shown 

to  be ex p lic a b le  th e o r e t ic a l ly  as due to  re f le x io n  o f the 

rays by a p o r tio n  of th e  ap p a ra tu s . By th e  term  re f le x io n  

i s  meant th e  m u ltip le  s c a t te r in g  o f th e  ft - ra y s  from a 

su rfa c e , th e  r e f le c te d  rays being  those  s c a t te re d  back, away 

from th e  su rfa c e . The r e f le c te d  f t  - p a r t i c l e s  causing  th e  

phenomenon a re  shown to  have v e lo c i t ie s  approxim ately th e  

same as th e  in c id e n t p a r t i c l e s ,  th e  energy lo s s  in  th e  

m u ltip le  s c a t te r in g  process be ing  th e re fo re  sm all. I t  i s  

shown th a t  th e  photographs o b ta in ed  in  th e  in v e s tig a tio n  can 

be used to  deduce th e  r e la t iv e  r e f le c t in g  powers o f v arious 

m a te r ia ls  by a sim ple photographic method.

A pparatus.

The appara tus need not be described  again  as i t  was, 

except in  c e r ta in  d e ta i l s ,  th e  same as th a t  used fo r  

d i f f r a c t io n  ( see f ig u re  3 ) .

When d if f r a c t io n  experim ents were performed tube C



was, a t  f i r s t ,  o f  narrow “bore and tube T was ab sen t. This 

arrangem ent gave r i s e  to  th e  e f f e c t  which was subsequently- 

proved to  a r is e  from re f le x io n  a t th e  su rface  o f C. For 

th i s  reason  when working on d i f f r a c t io n  C, as mentioned above, 

was made 1*5 cm. in  b o re  th e  e f fe c t  being  absent in  t h i s  ca se . 

In  th e  p re se n t in v e s t ig a t io n  however removable tubes T were 

used , th e se  b e in g  made o f v a rio u s  substances and v ary ing  in  

bore f ro m .l mm. to  6mm. The f ilm -h o ld e r  was removed and th e  

sources used  were radon c a p i l l a r i e s .

D iscussion  o f R e su lts .

The experim ental procedure was s im ila r  to  th a t  given 

above in  th e  account of th e  d i f f r a c t io n  experim ents. Thus 

when th e  tubes T were in  p o s it io n  and photographs o b ta in ed , 

th ey  showed a very s tro n g  c e n tra l  spot surrounded by a r in g  

in  a l l  cases , th e  appearance o f the  r in g  suggesting  th a t  i t  

might be due to  (b  - ra y  d i f f r a c t io n .  F ig . 5(a) i s  a 

photograph taken  w ith a carbon tube of 4 mm. bore in  th e  

appara tus of f ig .  3 ,  and f ig .  5 (b) i s  one taken w ith a b ra s s

tu b e  in  a second sm aller camera. The d iam etra l l in e  in  th e
ji-rdvj phohxjraphs : carbon lube,(b )w ith  brass tube in smaller camera.

F>g. 5(a).

■■■
l a t t e r  case i s  in te r e s t in g  as i t  a r is e s  from th e  fa c t  th a t  th e  

groove con tain ing  th e  radon c a p i l la ry  was cut r a th e r  deep so 

th a t  th e  very high energy P> - p a r t i c l e s  were ab le  to  p en e tra te



11.
to  a c e r ta in  ex ten t th e  p la te  a t A1. This meant th a t  th e  ray s  

formed a k ind  o f p in -h o le  image o f th e  source on th e  p la te  

a f t e r  p a ss in g  through A11.

In  th e  f i r s t  p lace  i t  had to  be e s ta b lis h e d  th a t  i t  was 

a c tu a l ly  th e  (?> - ra y s  which were causing  th e  e f f e c t  as th re e  

types o f r a d ia t io n  were p re s e n t, namely, b e ta , gamma and l i g h t .  

The l ig h t  r e f e r re d  to  i s  th e  green f lu o re sce n ce  o f th e  

c a p i l la ry .  The e f f e c t  o f th e  - ra y s  was sep a ra te d  from th a t  

o f  th e  V - r a y s  and l ig h t  by app ly ing  a very  s tro n g  magnetic 

f i e l d  ac ro ss  th e  camera. When th i s  was done th e  r in g  was 

absent and a very weak c e n tr a l  spot rem ained, marking th e  p o in t 

where th e  f lu o re sc e n t l ig h t  reached th e  p la te .  ( I t  should be 

m entioned here  th a t  sometimes w ith  b r ig h t m etal tubes a weak 

o u te r  r in g  was p re s e n t, formed by re g u la r  re f le x io n  o f  the  

l ig h t  a t  th e  m iddle p o rtio n  o f T ). I t  was next proved th a t  th e  

r in g  was caused by T, t h i s  be ing  v e r i f ie d  by removing T and shov- 

- in g  th a t  th e  r in g  was then  absent from the  p la te s .  To prove 

th a t  T was a f f e c t in g  th e  - p a r t i c l e s  en te r in g  a t  A1 was th e  

nex t s tep  as i t  was p o ss ib le  th a t  th e  c i r c le  formed by th e  

/ i  - ra y s  might a r i s e  from a secondary ac tio n  o f the  Y* - r a d ia -  

- t io n  impinging on th e  su rface  o f T and l ib e ra t in g  - ra y s  by 

th e  p h o to e le c tr ic  o r  th e  Compton e f f e c t .  This was done by 

p u tt in g  between th e  a p e rtu re  A1 and th e  tube T a th in  p la te  o f  

g la s s  ju s t  s u f f i c i e n t ^  th ic k  to  absorb th e  j& - ra y s  w hile 

a llow ing  th e  Y ~-rays to  e n te r  th e  c y lin d e r . In  t h i s  case

th e  r in g  was absent and a weak c e n tra l  spot remained. In  t h i s

case th e  spot was not due to  - ra y s  as i t  d id  no t d e f le c t

in  a m agnetic f i e l d .  I t  was p o ss ib ly  due to  th e  weak
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f lu o re sce n ce  o f th e  source . The Y* - r a y  e f f e c t  in  th e  

ap p a ra tu s  was very  s l i g h t .

The v a r ia t io n  o f th e  d iam eter o f th e  c i r c le  was 

in v e s t ig a te d , b ra s s  tubes o f  d i f f e r e n t  d iam eters  be ing  u sed .

In  a l l  cases i t  was found th a t  th e  diam eter o f  th e  c i r c le  

v a r ie d  d i r e c t ly  as th e  in te r n a l  diam eter o f th e  tube  T as i t  

was v a r ie d  from 1 mm. to  6mm. Measurements were taken  a t  th e  

in n e r edge o f th e  r in g  in  t h i s  case fo r  reasons wnich w il l  

appear l a t e r .  In  ta b le  11 a re  given specimen f ig u re s  f o r  b ra s s

Table U, — ---- ;----------- -
Diameter o f Diameter of

cylinder (cm.). ring (cm.).

0-2 0-9
0-4 1-8
0-6 2-7

D iffe re n t m etals -  le ad , copper, iro n , aluminium and a lso  

carbon were s u b s t i tu te d  fo r  b ra s s . The s iz e  o f th e  j& - ra y  

r in g  fo r  any one p a r t ic u la r  d iam eter o f  tube was found to  be 

th e  same fo r  th e  v arious m a te r ia ls  bu t a v a r ia t io n  in  th e  

in te n s i ty  o f th e  r in g  was n o tic e d  when photographs were taken  

under s im ila r  co n d itio n s w ith  d if fe re n t  substances. F in a lly , 

th e  c o n s t i tu t io n  o f the prim ary beam and th e  r in g  was s tu d ie d  

and se v e ra l photographs were tak en  w ith magnetic f i e ld s  ac ro ss  

th e  p a th  o f  th e  beam on i t s  way from source to  p la te .  The 

c e n tra l  spot was drawn out in to  a sh o rt l in e  w ith se v e ra l dark 

maxima on i t .  These corresponded to  th e  w ell known maxima o f 

in te n s i ty  in  th e  I* - ra y  spectrum o f radium B -  th a t  i s ,  

those  o f  en e rg ies  1*529.105, 2.06?*105 , 2*638.105 e le c tro n -v o lts  

(see  ta b le  1) This showed th a t  th e  spot co n s is ted  almost



e n t i r e ly  o f f i - r a y s .  At th e  same tim e th e  r in g  lo s t  i t s  

c i r c u la r  form and had th e  appearance o f two l in e s  running  

p a r a l l e l  to  th e  denser c e n tr a l  l in e  formed "by th e  /5 - p a r t i c l e s  

o f  th e  prim ary beam. The th re e  l in e s  were o f  th e  same form 

and approxim ately  equal in  le n g th , t h i s  p rov ing  th a t  th e  

r e f le c te d  - ra y s  had v e lo c i t ie s  approxim ately  equal to  th o se  

in  th e  prim ary beam.

The Theory o f th e  E ffe c t.

C a lcu la tio n  showed th a t  th e  r in g  o b ta in ed  in  th e se  

experim ents could not be due to  re g u la r  d i f f r a c t io n  o f th e  

- ra y s  by th e  l a t t i c e  p lan es o f  th e  m etal o f tube T. Thus 

i f  we consider th e  prim ary beam as s t r ik in g  th e  su rfa ce  o f  th e  

tube  a t  B in  f i g .  6 and being  d i f f r a c te d  in  th e  d ire c t io n  BA11 

we f in d  th a t  th e  observed angle o f d e flex io n  j6 would agreei.
w ith  th a t  c a lc u la te d  from th e  w ave-length and th e  spacing

o f th e  l a t t i c e  p lanes (as in  d i f f r a c t io n  experim ents) only i f  

th e  e le c tro n s  were a t th e  most o f energy 10,000 e le c t ro n -v o lts  

and i t  would be very  d if fe re n t  from th e  value o f j6 f o r  - ra y s .  

The c o rre c t ex p lan a tio n  o f th e  phenomenon seems to  l i e  in  th e  

g eo m etrica l d i s t r ib u t io n  o f th e  e le c tro n s  r e f le c te d  from th e  

in n e r  su rface  o f th e  tu b e . Thus consider f ig .  7. Suppose



a ray  e n te rs  a t  A1 and im pinges on th e  c y lin d e r  a t  A. Let 

AÂ  rep re se n t a r e f le c te d  |J  - p a r t i c l e  leav in g  A and m eeting 

th e  p la te  a t  a d is ta n c e  R from th e  c e n tr a l  spo t on th e  p la te ,  

marked by th e  p o in t where A1A ^ m eets th e  p la te ,  re p re se n te d  by 

th e  l in e  a t d is tan ce  L from A ^ . Suppose A i s  d is ta n t  X from 

and l e t  us co n sid er a sm all element d x  o f th e  c y l in d r ic a l  

su rface  around A. Let © be th e  angle o f  in c id en ce  and 0  th e  

angle o f  th e  r e f le c te d  ray  to  th e  su rface . I t  i s  assumed th a t  

e le c tro n s  impinge on th e  element and are  d if fu s e ly  r e f le c te d  -  

th a t  i s ,  w ith  equal in te n s i ty  in  a l l  d ir e c t io n s  independen tly  o f 

th e  d ire c t io n  o f inc idence o f the rays on any element such as 

th a t  a t A. AA1*1 re p re se n ts  one o f  th ese  d if fu s e ly  s c a t te re d  

e le c tro n s  t r a v e l l in g  in  th e  d ire c tio n  re q u ire d  to  reach  th e  p la te  

th rough  A ^ . The o th e r  r e f le c te d  j j  - p a r t i c l e s  from th e  elem ent, 

which i s  r e a l ly  a c tin g  as a source of r e f le c te d  e le c tro n s , a re  

absorbed fo r  th e  most p a r t  by th e  surrounding w alls o f  the  tube . 

Now th e  number of rays from A*1 to  elem ental cy lin d e r o f  le n g th  

c tx o c  Z i t r  d x  0  • Hence number o f r e f le c te d  rays

p assin g  through A^1 oc dxs^J&.dxSA^<f> f accordance w ith  

what i s  sa id  above about th e  n a tu re  o f th e  re f le x io n .

But L7Ul0 and ta/K (j> — T '/jc

• s number r e f le c te d
i

OG

th a t  i s ,  , , 2
C dx)

oC
yf [r'-i-xtJC r1 +

sin ce  V  i s  con stan t fo r  any p a r t ic u la r  tube . The ray s  from th e  

element dx  cover an annular element o f  the p la te  whose area
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to  a f i r s t  approxim ation. Hence number o f  ray s  h i t t i n g  u n i t  

a rea  o f  th e  p la te .
%

oC x
y j [ f a 2 m][mTx+(£'-*'Y'] cLk

th a t  i s .
X otac 

/ ~ f r V x xj£  7X+(£-*)*-]

I f  we assume th a t  the "blackening of th e  p la te  i s  p ro p o rtio n a l 

to  th e  number o f  - p a r t i c l e s  h i t t i n g  u n it  a rea  we o b ta in

th e  fu n c tio n  ~

I  .  — -

as  a measure o f  th e  d en s ity  o f  th e  p la te s  fo r  v a rio u s  v a lu es  o f 

X  o r a l te r n a t iv e ly ,  fo r  v arious values o f R s in ce  R «  r.Lfa 
We a re  th e re fo re  in  a p o s it io n  to  p lo t  th e  in te n s i ty  d is t r ib u t io n  

on a photographic p la te  by p lo t t in g  th e  fu n c tio n  T ag a in s t R.

I t  i s  to  be n o tic e d  th a t  th e re  i s  a maximum value o f  X  

corresponding to  th e  (& - ra y  ^hich  ju s t  en te rs  through th e  

a p e r tu re  A1 , and s in c e , in  t h i s  experim ent, i t  i s  a c i r c u la r  one 

o f  i  mm. diam eter in  a p la te  i  mm th ic k  th i s  l im itin g  value 

corresponds to  9 = 45°, as shown a t  B, f i g .  7. This in  tu rn  

determ ines a minimum value of R, and in s id e  a c i r c le  o f th i s  

ra d iu s  no r e f le c te d  (& - ra y s  are  d e tec ted  on th e  p la te .  To ta k e  

a p a r t ic u la r  case: suppose th e  fu n c tio n  I  i s  graphed ag a in st R,

as in  f i g .  8, f o r  a tube o f T  » 0*2 cm, where L = 35*0 cm., and 

L  = 8 cm. The minimum value o f  R in  t h i s  case i s  th a t  f o r  

X = (8*0 -  0*2) cm., i . e .  f o r  X  = 7*8 cm., and = 0*2.35*0/7*8cm



I 2 3  4
Distance (R cms) from central spot.

= 0*90 cm. T his i s  in d ic a te d  by th e  broken l in e  in  th e  f ig u re .  

Che fu n c tio n
X3

-y/ftf-l’-f **■][ 6-X1
f o r  t h i s  va lue  o f y  » and i t  i s  seen th a t ,  s ta r t in g  a t  R = 0 *9 cm. 

th e  curve f a l l s  very  ra p id ly , in d ic a t in g  th a t  th e  p la te  d en s ity  

w i l l  decrease  ra p id ly  o u ts id e  o f  R * 0*9 cm; and, s in ce  th e re  a re  

no r e f le c te d  /& - p a r t i c l e s  in s id e  t h i s  ra d iu s , we have a sudden 

in c re a se  in  p la te  d en s ity  a t R s  0*9 cm., w ith  a rp p id  decrease  

fo r  g re a te r  v a lues of R. This ex a c tly  corresponds to  th e  

d en s ity  d is t r ib u t io n  on th e  p la te s  ob tained in  th e  experiment^ 

in  theca*eT= 0*2 cm. f o r  example, th e  in n er edge o f th e  r in g  was 

a t  a d is tan ce  R = 0^9 cm. from th e  c e n tra l  sp o t, and i t  was 

sh arp ly  defined  w hile th e  o u te r  edge of th e  r in g  was more d if fu s e .  

The equation  R = r . l / x  shows th a t  th e  in n e r edge o f th e  c i r c le ,  

corresponding approxim ately to  X = n e g le c tin g  th e  end -co rrec­

t io n  BC d iscu ssed  above (fig*  7) should vary d i r e c t ly  as r  minSO 

we have R * r . l /X ,  and th i s  ag rees w ith  the  measurements given in  

ta b le  I I .
A remark should be added on th e  o th e r experim ental
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o b se rv a tio n , th e  d if fe re n c e  in  in te n s i ty  o f th e  r in g s  w ith  tubes 

o f d i f f e r e n t  m a te r ia ls  under s im ila r  co n d itio n s  o f exposure.

The method can he u t i l i s e d  as a convenient means o f m easuring 

th e  r e la t iv e  r e f le c t in g  powers of th e  d i f f e r e n t  substances 

composing th e  tubes w ith th e  p - ra y s . By photometry we can f in d  

th e  r a t io  o f th e  maximum in te n s i ty  in  th e  r in g  to  th e  in te n s i ty  o f 

th e  c e n tr a l  spo t and t h i s  f ig u re  g ives a measure o f  th e  r e f le c t in g  

powers o f th e  various su b stan ces. The s tr e n g th  o f th e  source and 

o th e r v a r ia b le s  a re  taken in to  account au to m a tica lly  by t h i s  device 

and th e  only e r ro r  i s  th e  s l ig h t  background e f fe c t  produced by 

l ig h t  and Y - r a d ia t io n .  This e r ro r  can be e lim in a ted  by 

s u b tra c tin g  th e  background in te n s i ty  from th e  o th e r  measurements 

i f  g re a te r  accuracy i s  d e s ire d . The method i s  f re e  from th e  

d i f f i c u l t i e s  a s so c ia te d  w ith  d e l ta  rays e tc .  in  th e  e l e c t r i c a l  

methods o f determ ining r e f le c t in g  powers.

The above in v e s tig a tio n  being  brought to  a s a t i s f a c ­

to ry  conclusion  a t te n t io n  was again  d ire c te d  towards th e  problem 

of d i f f r a c t io n .  I t  i s  d i f f i c u l t  to  understand  why th e  method 

d escrib ed  above, in  frhich th e  non-homogeneous ft - ra y s  em itted  

by Ra(B«*C) were u sed , snould have f a i l e d  to  produce r e s u l t s .

One ex p lan a tio n  o f th i s  may be th a t  o f th e  t o t a l  0  - ra y  

em ission from a radon source a p a r t  only i s  found in  th e  

l in e - s p e c t r a ,  th e  g re a te r  p a r t of th e  em ission being  found !

in  th e  continuous spectrum . Thus, a lthough 77% o f th e  l in e -  

sp e c tra  should produce d i f f r a c t io n  e f f e c t s ,  t h i s  d i f f r a c t io n  j

may be masked by th e  d i f f r a c t io n  o f rays forming the  I

continuous spectrum , co n tra ry  to  th e  assumption made above.

I f  we take th e  curve due to  C hadw ick^^  fo r  th e



number of p  - ra y s  em itted  by radon, shown in  f i g ,  9 (taken  from

R u th erfo rd , Chadwick and E l l i s p ,  40Q* curve B ), we see 
Ftg.l — (tara'ijs of vAd#n.
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th a t  th e  a rea  under th e  p a r t o f th e  curve enclosed  by th e  two 

d o tte d  l in e s  re p re se n ts  th e  e le c tro n s  which we have considered . 

T his a rea  i s  approxim ately th a t  between th e  o rd in a te s  a t Hp =

1400 and a t  Hp = 2000. The a rea  under th e  t o t a l  le n g th  o f th e  

curve re p re se n ts  th e  complete em ission o f th e  source*

C a lcu la tio n  o f th e se  two areas  shows th a t  th e  ra tio  o f  th e  f i r s t  

to  th e  second i s  approxim ately 0*23. In  o th e r  words i t  i s  

found th a t  th e  u s e fu l p a rt o f th e  ^ - r a y  em ission, so f a r  as 

d i f f r a c t io n  i s  concerned, i s  only  23$ o f th e  t o t a l  em ission o f 

th e  source* Perhaps th i s  a ffo rd s  some exp lanation  o f th e  

apparent d if fe re n c e  between (J-rays and cathode rays in  d i f f r a c ­

t io n .  There i s  no th e o re t ic a l  reason fo r  the  d i f f r a c t io n  

p a t te rn s  formed by - ra y s  being  le s s  in te n se  than  those  formed 

by slower cathode ray s . This can be proved by re fe ren ce  to  th e

th e o re t ic a l  v a lues f o r  th e  in t e n s i t i e s  o f th e  p a r ts  o f an e le c tro n
(1*5)d i f f r a c t io n  p a t te r n . .  Prom Mott v we have th e  r e s u l t  th a t  

th e  f r a c t io n  o f  th e  in c id en t fceam s c a tte re d  in to  th e  so lid  angle 

dw, in  d ire c tio n  making an angle % w ith th e  d ire c tio n  o f incidence;
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where * _  _
T f e ) « . 2 . ^ 4 r  • • • • ( oJA- / Jm v 1 Sl^& lz  '  ^

and -  e , m, v are  the  charge, mass, and v e lo c ity  o f  an e le c tro n  

i s  th e  atomic number o f  the  atom, and th e  X - ra y  fo ra  f a c to r .

F(e) = J » i r / ^ r W  . . . ( V
where u  = JtlLbuJSL^X being  th e  de B rog lie  w ave-length , and

X

th e  d e n s ity  o f  e le c tro n s . Now from
Fkj. 10.
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Hence f o r  a p a r t ic u la r  o rd er n  and a p a r t ic u la r  spacing d,

0  b e in g  sm all we have

s* ~ g / a = is~,eh/\  *  k /4 =

oO

.• f <$> I - d r l r - = c **.s / w
J - y - .  r

f o r  a p a r t ic u la r  d i f f r a c t in g  medium ,
. ex . 2 - F _ea 2.-F  .i& f)Ibid1

•• ~ Z ^1 s&*/z -
i s  constan t a lso  under th e  same co n d itio n s . This shows th a t  

corresponding p a r ts  o f d i f f r a c t io n  p a tte rn s  due to  f a s t  JS> - ra y s  

and slow er cathode rays should be eq u a lly  in te n se  s in ce  1 (0 ) i s  

snown to be independent ofXK For example th e  f i r s t  r in g  in  

d i f f r a c t io n  p a t te rn s  formed by a gold film  should be eq u a lly



in te n se  where th e  c e n t r a l  spo ts  a re  eq u a lly  in te n s e .

Longer exposures f a i l e d  to  produce d i f f r a c t io n  r e s u l t s ,  

th e  background d en s ity  merely in c re a s in g  in  p ro p o rtio n  to  th e  

le n g th  o f exposure. I t  was f e l t  th a t  i f  f u r th e r  p ro g re ss  was 

to  t e  made a t te n t io n  should be p a id  to  d if f e re n t  methods o f 

d e te c tio n . The photographic p la te  d id  no t seem to  be as 

s e n s i t iv e  to  th e  - ra y s  as might be d e s ire d , even though 

v a rio u s  ty p es were t r i e d  in  an e f f o r t  to  secure denser c e n tra l  

sp o ts  and c le a re r  backgrounds (m ostly  due to  r - r a d ia t io n ) . 

Schumann, P ro c e ss , and o th e r types were used  bu t those  wnich 

seemed le s s  a f fe c te d  by Y *-rays were a t  th e  same tim e le s s

a f fe c te d  by - ra y s .  Of course t h i s  alm ost fo llow s from th e  

f a c t  th a t  most o f  th e  a c tio n  o f  Y  - r a d ia t io n  on th e  p la te  comes 

th rough  a secondary a c tio n  o f th e  rays which l ib e r a te  (I - p a r t i c l e  

when th ey  impinge on any m a te r ia l  in  t h e i r  path* The d ir e c t  

a c tio n  o f  th e  Y* - r a d ia t io n  i t s e l f  on a photographic em ulsion 

i s  so sm all a s  to  be almost n e g l ig ib le .  The p la te s  g en e ra lly  

used  were Im p eria l E clipse ,K .and  D. 850. The s c in t i l l a t i o n  

method, so pow erful fo r  work w ith  weak sources o f  oL - p a r t i c l e s  

i s  no t a p p lic a b le  and indeed i t  was found im possib le to  d e te c t 

th e  s tro n g e s t beams o f - ra y s  o b ta in ab le  on a f lu o re sc e n t 

sc reen . T his i s  an i l l u s t r a t i o n  o f  the very consid erab le  

d if fe re n c e  in  in te n s i ty  o f  th e  cathode ray teams norm ally
j

employed in  d i f f r a c t io n  experim ents and th e  - ra y  beams used i 

in  r a d io a c t iv i ty .  One o f th e  most s e n s it iv e  forms o f instrum ent 

devised  i s  th e  e l e c t r i c a l  ’co u n te r1 and i t  was decided th a t  in  

t h i s  a more s e n s i t iv e  d e te c to r  than  th e  photographic p la te  would 

be found. P re lim in ary  experim ents w ith various forms o f



an.
coun ters snowed th a t  th e  a c tio n  o f many o f  th e se  was e r r a t i c  u n le ss

j

g rea t care  was tak en  in  th e  m a tte r  o f th e  h igh  v o ltag e  c o n tro l ,  the! 

e le c tro d e  trea tm en t and so on. A tte n tio n  was th e re fo re  p a id  to  

th e  p o s s ib le  use o f h igh-frequency  d isc h a rg e -tu b es  as e l e c t r i c a l  

coun ters and a su c ce ss fu l in v e s t ig a t io n  o f t h i s  q u estio n  was made. 

The new types o f  coun ter evolved in  t h i s  re se a rch  have many p o in ts
i

in  t h e i r  favour in  comparison w ith  th e  more s tan d ard  ty p es o f  D.C. 

co u n te rs . The fo llow ing  account o f  t h e i r  p ro p e r tie s  and o f t h e i r  

mode o f  a c tio n  i s  tak en  from th e  au thor*s paper on th e  s u b je c t  

ftThe Use o f  High-Frequency P is  charge-tubes a s  E le c t r ic a l  C ounters”

In tro d u c tio n .

The su b je c t o f  th e  e l e c t r i c a l  eounter i s  one which has 

re c e iv ed  co n s id erab le  a t te n t io n  s in c e  i t  was d esc rib ed  in  i t s  

f i r s t  form by R u th erfo rd  end G eiger v ario u s m o d ifica tio n s

and improvements have been made by numerous in v e s t ig a to r s  from 

tim e to  tim e. The p r in c ip le  embodies in  th e  d i f f e r e n t  ty p es i s  

th e  same -  when th e  p o te n t ia l  a p p lie d  to  a d isch arg e -tu b e  i s  

le s s  th an  th a t  re q u ire d  fo r  sp a rk in g , th e  en try  o f a s in g le  

io n iz in g  p a r t i c l e  w i l l  cause, under c e r ta in  c o n d itio n s , th e  

momentary passage o f  a d e te c ta b le  current*  In  th e  j
ji

p ro to ty p e  o f th e  e l e c t r i c a l  co u n ter, a s  described  by R utherford  

and G eiger one e le c tro d e  was th e  w all o f  th e  c y l in d r ic a l

v e sse l and th e  o th e r  was a f in e  a x ia l  w ire . This was changed 

to  a hem ispherica l v e s se l w ith a c e n tra l  sm all b a l l  by Geiger 

and R utherfo rd  l a t e r ,  and to  a cy lin d e r and sharp p o in t

by G eiger The sharp p o in t in  th e  l a s t  case was sp e c ia lly

s e n s i t is e d  b e fo re  u se . In  n e a rly  a l l  th e  e a r l i e r  types o f



coun ter what ta k e s  p la ce  i s  sim ply m a g n ifica tio n  o f th e  

io n iz a t io n  c u rre n ts  "by c o l l i s io n  in  th e  s tro n g  e l e c t r i c  f i e l d  

between th e  e le c tro d e s  and no " t r ig g e r  a c tio n " , in  which

th e  energy s to re d  in  th e  cap ac ity  o f th e  counting v e s s e l  i s  

re le a s e d  by th e  en try  of th e  p a r t i c l e ,  ta k e s  p la c e . T his means, 

in  th e se  cases , th a t  th e  c u rre n ts  to  "be d e tec ted  a re  extrem ely 

sm a ll, and co n s id erab le  a m p lif ic a tio n  lias to  he e f fe c te d .

Even in  th e  p o in t-c y lin d e r  type e f  coun ter working on th e  

p r in c ip le  o f  " t r ig g e r  ac tio n "  th e  c u rre n ts  p assin g  through th e  

tube  a re  s t i l l  o f  th e  o rder o f  a few microamperes a t  th e  most, 

and a m p lif ic a tio n  i s  req u ired  to  make them au d ib le  in  a loud­

speaker fo r  in s ta n c e . The sm all a rea  over which th e  ray s  can 

e n te r  and be e f f e c t iv e ly  counted i s  fo r  many purposes a d isadvan­

ta g e  o f  th e  p o in t-c y lin d e r  ty p e , and re c e n tly  some experim enters 

have re v e r te d  to  th e  w ire type^21^, which can be used  f o r  X -rays 

and V  - ra y s  as w ell as ^  - p a r t i c l e s  and - p a r t i c l e s ,  th e  

ray s  e n te r in g  through  th e  s id e s  o f  th e  tube . In  a d d itio n , i t  

has been found p o ss ib le  to  use p lane p a r a l le l  e le c tro d e  tu b es as 

co u n ters  ^22  ̂ a s teady  p o te n t ia l  be ing  m aintained ac ro ss  th e  I 

e le c tro d e s . These tubes a re  e r r a t i c  in  t h e i r  behaviour and have ( 

not th e  req u ired  s t a b i l i t y  o f  a c tio n .

In  the  fo llow ing  pages an account i s  g iven o f experim ents 

c a r r ie d  out on h igh-frequency  d isch arg e-tu b es o f v a rio u s k in d s , 

in  wnich i t  has been found th a t  such tubes can be adapted so th a t  j 

they  act very  e f f i c ie n t ly  as e l e c t r i c a l  coun ters o f good s e n s i t iv | 

i t y ,  and in  which th e  "energy t r ig g e r  r a t io "  i s  so la rg e  th a t  a 

sm all loudspeaker may be inc luded  in  th e  o s c i l l a to r  c i r c u i t  to  

d e te c t th e  counts as aud ib le  c l ic k s .  The use o f  th e  H.F. 

p o te n t ia ls  in  p lace  o f  th e  D.C. p o te n tia ls  makes i t  p o ss ib le  to
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work th e  coun ter from a D.C. supply o f 400 v o l ts  o r even l e s s ,  and 

th u s  th e  use o f  h igh  stead y  p o te n t ia ls  re q u ire d  in  most o th e r  

co u n ters  i s  avoided. The e r r a t i c  ‘behaviour a s so c ia te d  w ith  some 

D.C. d isc h a rg e -tu b es  i s  absen t f o r  reasons given l a t e r ,  and th e  

e f f e c t iv e  counting a rea  fo r  th e se  tu b es  i s  very la rg e .

A pparatus.

The pumping system co n s is te d  o f a ro ta ry  oi1-pump

backing an o i l - d i f f u s io n  pump, u s in g  Apiezon o i l  B, and capable o f
-7producing a vacuum o f th e  o rder o f  10 ' mm. o f  mercury. I t  was 

a tta c h e d  to  a manometer and v ario u s tubes snown in  diagrammatic 

form in  f ig ,  11. The gases adm itted  to  th e  tubes were passed  

through  a dry ing  system o f  calcium  ch lo rid e  and phosphorous 

p en tox ide .
Fie. ”  •

H .F. discharge-tube system.

In  f ig .  11 D re p re se n ts  th e  d ry ing  tu b e s , th e  gas being  

passed  in to  th e  system a t th e  l e f t  hand side  o f  th e  f ig u re .  R i s  

a la rg e  re s e rv o ir  f o r  s to r in g  th e  d ried  gas and fo r  use in  a d ju s t­

ing  th e  gas p re ssu re  in  th e  d isch arg e-tu b es T and V, th e se  being  

sep a ra ted  to  allow  fo r  p ressu re  v a r ia t io n  in  th e  manner d escrib ed  

by Thomson . The manometer M con ta in s Apiezon o i l  B o f very ! 

low vap o u r-p ressu re . Suppose i s  th e  volume o f V and Vb i s  th e  ; 

volume o f T, and th e  manometer, when pumped out com pletely on th e
; j

r ig h t hand s id e , reco rds a p re ssu re  F0 cm# mercuryp as read  by | 

a t r a v e l l in g  mi’croscope. T i s  cut o f f  from V. V i s  pumped o u t, 

and the  gas in  T i s  th en  shared between th e  v e sse ls  T and V. I f



32..
th e  r e s u l t in g  p re ssu re  i s  cm. o f  m ercury, then 

•f» (V f \+ ^ b)  = ^>Vfl

P, = p0 - ^ -----  = k R  SaM.A*.

Thus k i s  determ ined from read ings p-j and pq, and proceeding  w ith  

th e  same p ro cess , subsequent p re s su re s , P2 = V  = ^ o -

p3 =
n, pn as k pn , can a l l  he c a lc u la te d . The

h ig h e s t p re ssu re  which could he measured d i r e c t ly  on M was 22 cm. 

o f  o i l  o r 1.41 cm. H g., hut hy s ta r t in g  a t h ig h e r p re ssu re s  and 

ta k in g  th e  read ings pm and pm ♦ 1 wnen they  were helow th i s  v a lu e , 

p re ssu re s  ranging  from 7  cm. to  0*001  mm. o f mercury were recorded  

The o s c i l l a to r  used fo r  th e  g en e ra tio n  of th e  H.F. 

p o te n t ia ls  was o f  th e  p u sh -p u ll type  shown in  f ig .  1 2 .

Fk?/ 12'
400v:

V

♦ 6v>

H .F. push-pull oscillator.

The matched values V1 and V2 were Mmrconi-Osram L .S .6A, 

d is s ip a t in g  about 25 w atts  each. The o s c i l la to ry  c i r c u i t  L101 , 

was tuned to  th e  g r id  c i r c u i t  L2C2 by v a r ia tio n  of th e  capac ity  

C-j o r according as circum stances req u ired . Ej and H2 a re  two 

high-frequency chokes, A i s  an audio-fmequency tran sfo rm er, L i s



th e  loudspeaker, M i s  an ammeter m easuring f ilam en t c u r re n t,  R i s  

a m illiam m eter m easuring p la te  c u r re n t, and R i s  a p a i r  o f  v a r ia ­

b le  r e s is ta n c e s  g iv in g  f in e  adjustm ent o f th e  output o f th e  

o s c i l l a to r .

Three o f  th e  d isc h a rg e -tu b es , w iich were found to  a c t as  , 

e l e c t r i c a l  co u n te rs , w ill  be d esc rib ed , though se v e ra l o th e rs  |

were used  in  an attem pt to  f in d  those  most s u ita b le  f o r  t h i s  

purpose.
Ffq.1300. F/fl. 15(b).

Discharge-tube number I. Discharge-tube number II.

P ig . 13 (a) i s  a sk e tch  o f tube 1. This co n s is te d  o f a j 

la rg e  g la s s  v e s se l G c o n s is tin g  o f two p a r ts  sea led  to g e th e r  along J 

ground f la n g e s . Copper tubes bearing  te rm in a ls  E passed  th rough   ̂

th e  ends and were connected by a c o i l  o f  copper w ire c o n s is tin g  o f j 

th re e  tu sn s  w ith  a f in e  cent r e - t  app^lng w ire T connected to  i t ,  and I
! i

p assin g  through th e  side  o f th e  v esse l a t  th e  jo in t .  Three sm all I 

windows through th e  g la s s  wal^ Vf, W2 0114 v3 » were corere& *>y th in  ! 

sh ee ts  o f  mica. The v esse l G was 13 cm. in  diam eter and 15 cm. 

long. The to  t a l  len g th  o f th e  c o i l  was 80 cm. and th e  w ire had 

a c ro ss—se c tio n  o f diam eter 2*5 mm* Pig* 13(b) shows tube 1 1 , 

which co n s is ted  o f  a g la s s  v e s se l 20 cm. long , c losed  a t  i t s  ends 

by two m etal p la te s  b ea rin g  te rm in a ls  B and two rods, which



supported  two copper p la te s  P o f 2 cm. diam eter a t  a d is ta n c e  

a p a r t  o f 3 mm. The v e s se l was prov ided  w ith  a window W covered 

w ith  mica and a pumping tube U. Tube I I I  was e x a c tly  s im ila r  to  | 

tube I ,  except th a t  in  p lace  of a c o i l  and c e n tre - ta p p in g  T th e re  j 
were two la rg e  copper p la te s  supported  in  th e  c e n tre  o f  th e  v e s s e l ,  

a t  a d is ta n c e  o f  1 mm. from each o th e r . T heir d iam eters were 

7*8 cm. each. I t  i s  to  be n o tic e d  th a t  in  u s in g  tube I  th e  c o i l  i 

L-j was re p la ced  by th e  c o i l  o f th e  d isc h a rg e -tu b e , th e  c e n tre -  

tap p in g  T going through H-j to  *400 v o l ts .  With th i s  v o ltag e  

ac ro ss  th e  v a lv es  i t  was p o ss ib le  to  g enera te  a peak p o te n t ia l  of 

1000 v o l ts  acfross th e  ends o f th e  c o i l .  When tube I I  was used  i t  

was connected ac ro ss  11} as in d ic a te d  by d o tte d  l in e s  in  F ig . 12. i i  

L-j in  t h i s  case was a c o i l  o f  20 tu rn s ,  each tu rn  2*3 cm. in  

d iam eter, and o f t o t a l  len g th  8 cm. 1*2 was u s u a lly  a c o i l  of 12 j  

tu r n s ,  each tu rn  3*6  cm. in  d iam eter, th e  t o t a l  le n g th  being  8*3  

cm. w hile and C2 were 100 jjlF v a r ia b le  condensers. When tube 

I I I  was used  th e  condenser C-j was removed and th e  d isch arg e-tu b e  

connected ac ro ss  I*} # The cap ac ity  between th e  p la te s  was about 

40 juiF , and tu n in g  was c a r r ie d  out by means o f  Cg. I t  was possible 

to  have a peak p o te n t ia l  o f 1000 v o lts  ac ross tube I I I  in  th i s  case,
i

Measurements o f  v o ltag e  ac ross th e  tubes were seldom  re ­

q u ired  in  f tso lu te  va lues so a method g iv in g  r e la t iv e  values 

lu ic k ly  and a c c u ra te ly  was u su a lly  adopted. A loop o f th ic k  

copper w ire about 15  cm. in  diam eter was connected to  th e  h e a te r  

te rm in a ls  o f a vacuum therm o-couple, which was in  tu rn  connected 

to  a microammeter. I t  can be proved th a t  th e  h e a te r  cu rren t se t 

up in  th e  loop when i t  i s  p laced  n ea r th e  o s c i l l a to r  i s  p ro p o rtio n ­

a l  to  th e  v o ltag e  g enera ted , and th e re fo re  from a c a l ib r a t io n  

curve connecting  h e a te r  cu rren t and th e  cu rren t in  microamperes in
1



J*.
th e  therm o-couple c i r c u i t  i t  i s  p o s s ib le  to  f in d  r e l a t i v e  v alues 

o f th e  v o lta g e s  from read in g s o f  th e  microammeter. T his method 

has th e  a d d i t io n a l  advantage th a t  th e  o s c i l l a t o r  i s  u n a ffe c te d  in  

ta k in g  read in g s . In  th e  case o f th e  h ig h e s t frequency  employed, 

2 *3 *1()7 cy c les  p er second, th e  use o f  an e l e c t r o s t a t i c  v o ltm e te r 

i s  no t f e a s ib le  because o f the  cap ac ity  i t  in tro d u ces  in to  th e  

system , bu t in  s e v e ra l cases read ings o f th e  spark ing  p o te n t ia ls  

e tc .  were taken  w ith  th e  e l e c t r o s t a t i c  vo ltm eter when working a t 

fre q u en c ie s  o f  th e  o rd e r o f  1C)7 c / s .  These were taken  by 

connecting  an e l e c t r o s t a t i c  v o ltm e te r, in  s e r ie s  w ith a diode 

v a lv e , a c ro ss  th e  e le c tro d e s  o f  th e  tubes*

T h e o r e t ic a l  D is c u s s io n .

S e v e ra l  i n v e s t i g a t o r s  have  s tu d i e d  th e  mode o f  ac tio n  

o f v a r io u s  form s o f  e l e c t r i c a l  c o u n te r s ,  i n  th e  e lu c id a t io n  o f  

wnich many prob lem s a r is e *  The mode o f  a c t io n  o f  th e  H*F* tu b es 

can  b e  b e s t  e x p la in e d  by  com parison  w ith  t h a t  o f  th e  s ta n d a rd
/ oj, N

p o i n t - c y l i n d e r  type*  A p p le to n , Bmel^us and  B a rn e tt  v c a rr ie d  j 

o u t a s e r i e s  o f  e x p e rim e n ts  on t h i s  s u b je c t ,  and su g g e s te d  th e  idea; 

o f  t h r e s h o ld  c u rre n t*  T h is  id e a  was e x p e r im e n ta lly  v e r i f ie d  by 

T aylor ^  c a r r i e d  t h e i r  e x p la n a t io n  a  s te p  f u r th e r *

-pca!_
3U

V o lts .

General volts-amperes characteristic.



Thus suppose ABCDEP in  P ig . 14 i s  th e  g en e ra l v o l t s -  

amperes c h a r a c te r i s t ic  o f  a d isch arg e  tu b e , where AB i s  th e  

s t a t i c a l  boundary c o n d itio n , CD i s  th e  reg io n  o f normal cathode 

f a l l ,  and DP i s  th e  corona c h a r a c te r i s t ic .  T aylor showed th a t  DP 

th e  corona c h a r a c te r i s t i c ,  i s  th e  same as th e  reg io n  o f th re sh o ld  

cu rre n t proposed by A ppleton, Emeleus and B a rn e tt, in  t h e i r  

ex p lan a tio n  o f th e  a c tio n  of th e  co u n te r, and h is  ex p lan a tio n  o f 

th e  counting  a c tio n  i s  th a t  Mi f  in  a d ischarge tube  having a 

v o lta g e  V ac ro ss  th e  e le c tro d e s , a th re sh o ld  cu rren t i  i s  produced 

e i th e r  by e x te rn a l o r  in te rn a l  io n iz in g  f a c to r s ,  a s e lf - s u s ta in e d  

d isch arg e  w il l  be i n i t i a t e d  i f ,  and only i f  th e  v o ltag e  V ac ro ss  

th e  e le c tro d e s  i s  equal to ,  o r  g re a te r  th a n , th e  v o ltag e  on th e  

corona c h a r a c te r i s t ic  corresponding to  th e  cu rren t i M (26 ) .  The 

th re sh o ld  c u rren t i s ,  o f  cou rse , the  cu rren t s e t  up by m agnifica­

t io n  o f  io n iz a t io n  by c o l l is io n  in  th e  e l e c t r i c  f i e l d  between th e  

e le c tro d e s . T his exp la in s how th e  p o in t-c y lin d e r  v e s se l works, 

s in ce  in  t h i s  case th e  corona c h a ra c te r i s t ic  DEP l i e s  very c lo se  

to  th e  a x is  n ea r  P b efo re  i t  f i n a l l y  cu ts  i t  th e re . Thus a sm all j 

th re sh o ld  c u rre n t can hare a considerab le  e f f e c t ,  allow ing a d is ­

c h a rg e  to  be i n i t i a t e d  a t  th e  p o te n tia l  V In s tea d  o f Vc . With 

p lane p a r a l l e l  e le c tro d e  tubes th e  corona c h a ra c te r i s t ic  r i s e s  

r a th e r  p e rp en d icu la rly  to  th e  a x is  a t  P, and Taylor considers th e  

th re sh o ld  c u r re n ts  a re  in s u f f ic ie n t  to  allow  th e  d ischarge to  pass 

a t some p o te n t ia l  V le s s  th an  Vc . The a c tio n  in  th i s  case i s  

th e re fo re  considered  to  depend on p o la r is a tio n  o f  th e  e le c tro d e s  

r a th e r  th an  on th e  shape o f  th e  volts-am peres c h a ra c te r is t ic  n ea r 

P, and since  such p o la r is a t io n  la y e rs  are  e r r a t i c  in  t h e i r  

behavioui) th e s e  coun ters a re  no t very s ta b le  in  th e i r  a c tio n . 

E lec tro n  l ib e r a t io n  a t th e  cathode causes n e u t ra l is a t io n  o f th e
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charged la y e r  lo c a l ly  and consequent low ering  o f th e  sp ark in g  

p o te n t ia l  to  a value a t  wnich a f la s h  may occur w ith  th e  e x is t in g

p o te n t ia l  ac ro ss  th e  tu b e . Suppose now we co n sid er a d isch a rg e -

tube such as th a t  o f  f i g .  13(a) o r f ig .  13(b) w ith  a h ign -frequeney

p o te n t ia l  a c ro ss  th e  e le c tro d e s  E. I t  appears th a t  when such

tu b es a c t as coun ters e i th e r  o f  th e  two a c tio n s  describ ed  above 

must tak e  p la c e . P o la r is a t io n  e f f e c t s  in  such H.F. tubes a re  

very  s l ig h t  compared w ith th o se  in  D.C. tubes (2?)^ would

seem to  be n ecessa ry  to  ex p la in  th e  ac tio n  o f such tubes on th e  

b a s is  o f corona c u r re n ts . The corona regime has not been system­

a t i c a l l y  in v e s t ig a te d  fo r  th e  H.F. d isch arg e , bu t Thomson 

has produced evidence o f i t s  ex is ten c e . Now i t  i s  probable th a t  

here  as in  D.C. p a r a l l e l  p la te  d isch arg e -tu b es  th e  corona 

c h a r a c te r i s t ic  r i s e s  s te e p ly  from th e  v o ltag e  a x is  a t  P , f ig .  1 4 , 

and th e  q u es tio n  i s  whether th e  th resh o ld  c u rre n ts  se t up by 

c o l l i s io n  on th e  e n try  o f  an io n iz in g  p a r t i c le  a re  s u f f i c ie n t ly  

la rg e  to  b r in g  about what i s  v i r tu a l ly  a low ering o f th e  spark ing  

p o te n t ia l  o f  th e  H.F. d ischarge  tube. For a tube such as th a t  

o f f ig .  13(b) w ith  a s teady  p o te n t ia l  ac ro ss  the  e le c tro d e s  such 

an a c tio n  i s  no t p o s s ib le , bu t th e  th re sh o ld  cu rren ts  brought 

about by io n iz a t io n  by c o l l i s io n  when th e  steady  p o te n t ia l  i s  

changed to  a h igh-frequency  p o te n t ia l  might conceivably be o f 

much g re a te r  magnitude since  in  t h i s  case th e  ions o s c i l l a t e  to  

and f ro  under th e  In flu en ce  o f  th e  a l te rn a tin g  e le c t r ic  f i e ld .

The o p p o r tu n itie s  f o r  c o l l is io n s  in  a very sh o rt in te rv a l  o f tim e 

in  a f i e l d  o f  frequency o f th e  o rd e r of 10^ c / s .  are  inc reased  

in  t h i s  way, provided  th a t  th e  conditions a re  such th a t  th e  lo s s  

of ions by co n tac t w ith th e  e le c tro d e s  e tc . during  th e  in te rv a l  i s  

sm all. I t  i s  p o ss ib le  th a t  th e se  conditions can be f u l f i l l e d  and



3*.
th e  experim ents on th e  H.F. tu b es  supported  t h i s  conclusion .

In  t h i s  connection  mention may he made o f an experim ent o f S ir .

J .  J .  Thomson \  wno snowed th a t  i t  i s  p o ss ib le  to  l ig h t  an 

e le c t ro d e le s s  d isch arg e  by passing  u l t r a - v io l e t  l ig h t  th rough 

th e  d isc h a rg e -tu b e  when i t  i s  c r i t i c a l l y  ad ju s ted  f o r  spark ing . 

T h is lends a d d it io n a l support to  th e  hypothesis th a t  some such 

a c tio n  as th a t  d escrib ed  above i s  resp o n sib le  fo r  b r in g in g  about 

a d isch arg e  on th e  e n try  o f an io n iz in g  p a r t ic le  in to  tube I .

Since then  i t  i s  unusual to  have p o la r is a t io n  e f f e c ts  g re a te r  than  

1 o r 2 v o l ts  in  a H.F. d isch arg e -tu b e , i t  seems reasonab le  to  

conclude th a t  th e  i n i t i a l  a c tio n  o f an io n iz in g  p a r t i c le  on en try  

i s  to  cause a b u ild in g  up o f th e  th re sh o ld  cu rren t to  a value equal 

to  th a t  o f  some p a r t  o f  th e  corona cu rren t c h a r a c te r i s t ic ,  and th a t  

th i s  p rocess r e s u l t s  in  a glow d isch arg e . Such an exp lanation  

does no t p rec lu d e , however, th e  p o s s ib i l i ty  th a t  a very  s l ig h t  

p o la r is a t io n  o f  th e  e lec tro d es*  o r  an a l te r a t io n  in  th e  f i e l d  

d is t r ib u t io n  o f  th e  e le e $ r ic  fo rc e  due to  th e  ex is ten ce  o f corona 

c u r re n ts , p lay s  some p a r t  in  th e  mechanism o f th e  f la s h in g  a lso . 

Indeed, i t  i s  q u ite  p o ss ib le  th a t  th e  a c tio n  i s  a com bination o f 

bo th  e f f e c t s ,  j u s t  as  T aylor concludes th a t in  th e  case o f  the 

p o in t-c y lin d e r  co u n te r , although  th e  corona can ex p la in  th e  a c tio n , 

i t  does no t p rec lu d e  th e  chance o f  bo th  p rocesses being  involved 

to  a g re a te r  o r  l e s s e r  degree.

T his b e in g s us to  th e  second im portant po in t in  th e  

working o f  any counter -  th e  s e l f - r e s to r in g  p roperty . The a c tio n  

in  the case  o f th e  p o in t-c y lin d e r  or the  D.C. p lane p a r a l le l  

e lec tro d e  tube  depends in  an in tim a te  way oh th e  presence of la rg e  

re s is ta n c e  in  th e  c i r c u i t  (2 5 ). The s e l f - r e s to r in g  p ro p erty  

° f  the  H.F. d isch arg e-tg b e  must be a lto g e th e r  d if fe re n t th e re fo re ,



and i s  as fo llo w s. When a d ischarge  p asses  th rough  th e  tube i t s

ca p a c ity  i s  a l te r e d ,  and t h i s  has a decided e f f e c t  on th e  tu n in g  

o f  th e  o s c i l l a to r .  The e f f e c t  i s  eq u iv a len t to  adding ca p ac ity  

to  th e  anode o s c i l la to r y  c i r c u i t .  Thus when th e  coun ter i s  work­

in g  th e  passage o f a c u rren t i s  th e  same as th e  sudden a d d itio n

o f c a p ac ity  to  th e  o s c i l la to r y  c i r c u i t  w ith consequent de tun ing .

I f  t h i s  i s  s u f f ic ie n t  to  lower th e  o s c i l la to r y  vo ltage  ac ro ss

th e  ends of th e  tube to  a momentary value below th a t  o f  th e  main­

tenance p o te n t ia l  o f  th e  tu b e , then  th e  d ischarge  ceases to  p a ss ,

and a f l a s h  ta k e s  p la ce . This was found to  occur in  p r a c t ic e ,

being  e s p e c ia l ly  marked a t th e  lower p re ssu re s , and when i t  d id

no t occur i t  was u su a lly  p o ss ib le  to  o b ta in  a f la sh in g  s t a t e  of

th e  d isch a rg e  e i th e r  by in c re a s in g  the  ca p a c ity  C-j o r by decreas­

ing  th e  ca p a c ity  Cg (Bee f ig .  12). Thus to  take an example, in

one case th e  o s c i l l a to r  when tuned to  resonance had a frequency

o f  1 *11 . 10^ c / s  and th e  frequency when i t  was detuned to  a c t as a

coun ter g iv in g  f la s h e s  was 1 »0 7 . 10^ c / s .

Experim ental Procedure and R esu lts .

Before u s in g  any o f th e  tubes they  were "conditioned*1. | 

The v e s se l was pumped out to  as  low a p ressu re  as th e  pumps were 

capable o f  producing* I t  was then  allow ed to  stand  fo r  some 

h o u rs , and th e  pumping was resumed. T his was rep ea ted  a t  i n t e r ­

v a ls  f o r  a few days. The gas to  be used was next passed  through ' 

th e  drying system in to  th e  thoroughly  evacuated d isch arg e-tu b e , 

and th e  p re ssu re  was ad ju sted  so th a t  when th e  glow discharge 

was running i t  covered th e  p la te s  in  the  case o f tube I I  o r  tube 

I I I .  In  th e  case o f  tube I  th e  discharge was run a lso . A fte r  j 

passin g  th e  d isch arg e  fo r  a few hours the tube was again exhaus­

te d , f r e s h  gas passed  in  and th e  wnole process repeated . This
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was done se v e ra l tim es b e fo re  th e  tubes were used as co u n ters .

In  th e  case o f  th e  p a r a l l e l  p la te  tu b e s , tubes I I  and I I I ,  th i s  

"c o n d itio n in g 11 was found to  have a m a te r ia l e f f e c t  in  improving 

th e  action* The p la te s  were c a re fu l ly  cleaned  and hea ted  fo r  

some tim e in  a Bunsen flam e b e fo re  assembly in  th e  g la s s  v e s s e ls .

Experim ents c a rr ie d  out w ith  tube I ,  wnich became L«j o f 

f i g .  1 2 , showed th a t  w ith  th e  3 tu rn  lo o se ly  wound c o i l  th e  gas 

p re ssu re s  a t  which d ischarges could be ob ta ined  were low. The 

range o f p re ssu re  in v e s tig a te d  was from 0*27 mm. Hg. to  0*001 mm. 

Hg. (Experim ents w ith  o th e r c o i l s ,  fo r  in s tan ce  one o f 20 tu rn s  

about 10  cm. lo n g , snowed th a t  although h ig n er gas p re ssu re s  

could be u sed , th ey  d id  not g iv e  a good counting s t a t e . )  A curve 

o f spark ing  p o te n t ia l  againBt p ressu re  was determ ined fo r  th i s  

range , and was o f  th e  u su a l form , snowing th e  c h a ra c te r i s t ic  

s t r a ig h t  p o r tio n  f a l l i n g  to  e i th e r  a s in g le  minimum ^2^  or in  

spme cases to  two minima. I t  was found th a t the  tube ac ted  as 

a coun ter on e i th e r  s id e  o f  th e  o r i t i c a l  p re ssu re , 0*02  mm. Hg,. 

w ith  a i r  as th e  f i l l i n g  gas. With th e  o s c i l l a to r  ad ju s ted  so 

th a t  th e  frequency was 2 *0 . 10? c / s .  and with th e  p ressu re  o f th e  

gas a t  0*05 mm. H g., a c h a ra c te r i s t ic  curve of counts per minute 

ag a in s t v o lta g e  ac ro ss  th e  ends o f th e  c o l l  was p lo t te d  as shown 

in  f i g .  15. The v o ltag e  was determined in  r e la t iv e  values 

only by th e  therm o-couple and galvanometer method d escribed  above 

The v o ltag e  was ra is e d  slow ly by adjustm ent of th e  filam en t 

re s is ta n c e  R o f  f ig .  12, and a t  a c e rta in  value counts began to

be heard . The d ischarges g iv in g  r i s e  to  th e se  could sc a rce ly

be seen in  a l ig h te d  room. With a i r  they  took the form of a j
d u ll  b lu e  f l a s h  confined alm ost e n tire ly  w ith in  the  c o i l  a t th e  ji
p ressu re  0*05 mm. H g., in  the  neighbourhood o f which tube I  was
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norm ally  u sed . As th e  v o lta g e  was s t i l l  f u r th e r  in c re ase d  th e  

number o f  counts per minute slow ly in c re a se d , and f i n a l l y  th e  

d isch arg e  became in te rm it te n t ,  f la s h in g  so ra p id ly  th a t  i t  p ro ­

duced a howl in  th e  loudspeaker. This behaviour i s  e x a c tly  

s im ila r  to  th a t  o f th e  p o in t-c y lin d e r  ty p e . I t  i s  seen from 

f i g .  15 th a t  th e re  i s  a p a rt o f th e  curve approxim ately 

p a r a l l e l  to  the  v o ltag e  a x is , th e  counts per minute rem aining 

stead y  through th e  range o f v o ltag e  corresponding to  255 to  260. i 

Thus th e  c o rre c t o p e ra tin g  v o ltag e  of th e  tube i s  about th e  mid­

p o in t o f t h i s  range , and  i s  seen from f i g .  15, curve A, to  be a t 

257»5. Prom t h i s  p a r t  o f  curve A, we can determ ine th e  

n a t u r a l  coun t f o r  tu b e  t .  t h i s  b eing  16 p e r m inute. j
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C urve A was d e te rm in ed  when th e r e  w ere no r a d io a c t iv e  |

s u b s ta n c e s  p r e s e n t ,  h u t cu rv e  B was p l o t t e d  w ith  * weak so u rce  

P la c e d  a t  a  d i s t a n c e  from th e  coun t« r. As i s  to  he  e x p e c te d  

cu rv e  B l i e s  above curve A, th e  f la t te n e d  p o r t io n  b e in g  n o t so |

w e ll  d e f in e d .  I t  i s  seen  from  th e  two c u rv e s  th a t  th e  so u rc e



has brought about 10 a d d i t io n a l  counts per m inute. Tube I  was J  
t e s te d  fo r  r a d ia t io n  by b rin g in g  a radon c a p i l la ry  con ta in ing  

1 mi 111:,--curie in to  i t s  v ic in ity *  As i t  was brought n ea re r  the  

r a te  o f counting  ro se  very ra p id ly  and a t ta in e d  a h igh v a lu e .

I f  we d e fin e  th e  s e n s i t iv i ty  o f th e  counter to  be measured by 

th e  d is ta n c e  a t  which 1 m il l ic u r ie  doubles th e  n a tu ra l count, 

then  fo r  tube 1 i t  i s  3*5 m etres. The counter was used to  

d e te c t o t- - ra y s  and -ra y s  a ls o , these  passing  in to  th e  j

v e s se l th ro u g h  th e  mica windows*

Experim ents on tube I I  were c a rr ie d  out on th e  same 

lin e s*  I t  was found th a t w ith  hrgon as th e  f i l l i n g  gas th e  

tube  could  be s tru c k  between th e  p ressu res  4*5 cm. H g., and 

0*05 mm. Hg. approxim ately when i t  was connected ac ro ss th e  

o s c i l l a to r y  c i r c u i t ,  as shown by the broken l in e s  o f f i g .  12 .

The r e a c t io n  o f  th e  passing  o f a d ischarge on th e  o s c i l la to ry  j
|

c i r c u i t  was n o t la rg e  enough a t  th e  upper end o f th e  p ressu re  

range to  make i t  p o ss ib le  to  a t t a in  a counting s t a t e .  This i s  

to  say a t  th e  h ig h e r p ressu res  the  s e lf - r e s to r in g  p roperty  

re g u ire d  in  a counting  tube was absen t, the  discharge s tay in g  

in  once i t  was s tru c k . At th e  lower end o f the  p ressu re  range 

th e  s e l f - r e s to r in g  p ro p erty  o f  the  system was e f f e c t iv e ,  the  

glow ta k in g  th e  form o f a sudden f la s h . The tube a t p ressu res j 

o f  th e  o rd e r  o f  0*10 mm* Hg. acted  as a counter g u ite  e f f i c ie n t ­

ly ,  th e  n a tu r a l  count being  determined as 9 P©* m inute.
i

In  o rd er to  in c re ase  th e  reac tio n  on the o s c i l la to ry  I 

c i r c u i t  due to  th e  passage o f a d ischarge-tube I I I  was construc­

te d , a s  i t  was hoped th a t  w ith the p la te s  o f the tube in  p lace 

o f th e  condenser of f i g .  1 2 , the s e lf - r e s to r in g  p roperty  

would be p re sen t a t  h igher p ressu res than  those used w ith tubes
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I  and I I .  I t  was found th a t  d isch a rg es  could  be o b ta in ed  in  

tu b e  I I I  w ith  a i r  as th e  f i l l i n g  gas over a range o f  p re ssu re s  

from 0*01 mm. Hg. to  7*00 cm. Hg. a t  l e a s t .  I t  was found 

a ls o  th a t  th e  tube  d id  ac t as a coun ter a t th e  h ig h  p re ssu re  o f 

7*00 cm. H g., each d ischarge  ta k in g  th e  form of a v ery  f in e  

b r ig h t  l in e  between th e  p la te s ,  w nile  a t th e  lower end o f  the 

p re ssu re  range th e  d ischarge  was a d u ll glow spread  round th e  

edges o f  th e  e le c tro d e s . The tube  was u su a lly  worked a t  th e  

low p re ssu re s  because in  th i s  reg io n  i t  was s te a d ie r  in  i t s  

a c t io n , th e  v a r ia t io n s  a t p re s su re s  around 7*00 cm. Hg. be ing  

p o ss ib ly  due to  th e  f a c t  th a t  th e  l in e  d isch arg e  was in c lin e d  

to  wander between d if fe re n t  p o in ts  on th e  p la te s .  The charac­

t e r i s t i c  curve f o r  tube  I I I  was determ ined w ith th e  o s c i l l a t io n  

frequency  a t  1 *1 0 . 10? c / s .  by means o f an e l e c t r o s t a t i c  

v o ltm e te r .
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Characteristic curve for tube III.

The ch ie f  d if fe re n c e  in  the  case o f tube I I I  was th a t  

th e  n a tu ra l  count was much h ig h er than th a t  o f e i th e r  o f  tubes



I  o r I I .  T his i s  to  he expected s in c e  th e  su rfa ce  a rea  o f th e  

e le c tro d e s  o f  tube  I I I  and th e  volume of th e  co n ta in in g  v e s se l 

a re  l a r g e r ,  t h i s  g iv in g  an in c re a se d  chance o f r a d ia t io n s  f a l l i n g  

on th e  w a lls ,  th e  co n ta in in g  g as , and th e  e le c tro d e s  causing  th e  

e je c t io n  o f e le c tro n s  e t c . # While co n s id erin g  th e  n a tu ra l  coun t, | 

which i s  seen from f ig .  16 to  be 37  > i t  i s  w ell to  p o in t out th a t

th e  c h a r a c te r i s t i c  curve had to  be tak en  in  th e  dark , o r w ith  th e  !
|

v e s s e l  sc reened  from l i g h t ,  as th i s  was found to  in c re a se  th e  coujfcj 

by a P h o to e le c tr ic  a c t io n . Thus a 100 w att lamp a t 1 m etre from ! 

th e  coun ter doubles th e  n a tu ra l  r a t e  o f counting . Experim ents j 

perform ed w ith  a D.C. tube a c tin g  as a d e te c to r ,  th e  tube be in g  an ! 

o rd in a ry  Osglim beeh ive lamp snowed th a t  th e  p h o to e le c tr ic  e f f e c t  

in  th e se  tu b es  was o f mucn g re a te r  m agnitude, a l ig h te d  match h e ld  

n e a r  b e in g  s u f f ic ie n t  to  cause very  ra p id  d isch arg in g . Prom th e  

curve o f f i g .  16, we see  th a t  th e  working p o te n t ia l  o f  tu b e  I I I  i s  

493 v o l t s ,  the  gas p re ssu re  being  0*05 mm. Hg.^and th e  v o ltag e  a 

r e q u ire s  to  be a d ju s te d  a t t h i s  va lue  w ith in  th e  l im i ts  *  7 v o l t s .

A t e s t  c a r r ie d  out w ith  tu b e  I I I  to  t e s t  i t s  s e n s i t iv i ty  to  Y-rays 

showed th a t  th e  n a tu ra l  count was doubled when 1 m i l l ic u r ie  o f 

radon was p laced  a t 4*3  m etres from th e  coun ter.

Experim ents c a r r ie d  out w ith a beam o f V - r a y s ,  d e fin ed  

by means o f  le ad  b lo c k s , showed th a t  d e te c tio n  o f th e  r - ra y s  was! 

e f f e c te d  when th e  Y - ra y s  passed  through th e  c o n ta in e d  gas o r 1 

when th ey  impinged on th e  e le c tro d e s . The e f f e c t  was g re a te s t  |  

when th e  beam f e l l  d i r e c t ly  on th e  m etal su rfa c e . I t  would appeal 

th a t  when th e  coun ters  a re  d e te c tin g  th e  *{ - r a d ia t io n  most o f  || 

th e  a c tio n  i s  due to  th e  V - r a y s  e je c t in g  e le c tro n s  from th e  met a l l  

th e se  producing io n iz a t io n  when they  o s c i l l a te  in  th e  H.F. f i e l d  |  

o f  e l e c t r i c  fo rc e .  This conclusion  i s  supported  by comparison o f  j



th e  s e n s i t i v i t i e s  of tu b es I  and I I I  With th e  su rfa c e  a re a s  o f th e

c o i l  o f tube I  and th e  p la te s  o f  tu b e  I I I .  j

Thus S e n s i t iv i ty  o f  tube I  _ 3*5? ^ /-, j
S e n s i t iv i ty  o f  'tu b a T H  "  " V P ~  = ° * 61  j

✓X, I
S urface  area  o f c o i l  o f tube I  = \\ .0*25.80 s  63 sq . cm. |

S u rface area  o f p la te s  of tube I I I  = 2 » p ^  = 2 ft(3 * 9 )^  = 94 sq . cm.

. . R a tio  o f su rface  a rea s  = 0*67.

Comparison of th e  f ig u re s  0*6l and 0*67 su pports  th e  view

th a t  th e  Y - ra y s  ac t f o r  th e  most p a r t  on th e  m etal su rfa c e s .

The "energy t r ig g e r  r a t io "  o f  a counter i s  th e  r a t io  o f

th e  energy o f th e  d isch arg e  to  th e  energy o f  th e  io n iz in g  p a r t i c l e .

The energy o f  th e  d isch arg e  in  th e  H.F. tu b e s  i s  /  i  Vdt where i
w'©

i s  o f th e  o rd e r o f  10 m illiam ps, and V o f th e  o rd er o f 102 to  10^ 

v o l t s .  The in te g r a l  cannot be ev a lu a ted , bu t th e  e f f e c t iv e  r a t i o  

f o r  th e  H.F. tubes must be la rg e  compared w ith th a t  o f th e  p o in t-  

cy lin d e r  ty p e , 10^ to  10^, as determ ined by A ppleton, Bmeleus and 

B a rn e tt Since a sm all loudspeaker could be inc luded  in  th e

c i r c u i t .  The "energy t r ig g e r  r a t io "  o f th e  p a r a l le l  p la te  D.C. 

tu b e  may be h ig h e r  than  th a t  o f  th e  p o in t-c y lin d e r  ty p e , bu t some 

o f th e  f a u l t s  o f  th i s  type  o f  d e te c to r  mentioned above and 

encountered  in  some experim ents w ith  i t  make i t  in f e r io r  in  i t s  

a c tio n  to  th e  H.F. tu b es . As has been sa id  i t s  a c tio n  depends 

on p o la r is a t io n  la y e r s ,  and th e se  g ive r i s e  to  e r r a t i c  behav iou r.

For in s ta n c e  a r e la t iv e ly  in te n se  source o f radon brought up c lo se  

to  an Osglim lamp a c tin g  as a d e te c to r  sometimes stopped i t  work­

in g  a l to g e th e r .  This ag rees w ith  two o b se rv a tio n s o f T aylor.

Taylor snows th a t  w ith  continued  f la s h in g  p o la r is a t io n  in  some
(29)

tu b es  can amount to  v a lues in  th e  reg ion  of 60 v o lts  • He 

f in d s ,  m oreover, th a t  a D.C. tube cannot ac t as a coun ter when th e



p o la r is a t io n  i s  much g r e a te r  th an  about 3 v o l ts ^ 2^ .  The

ex p lan a tio n  o f th e  above phenomenon would seem to  be th a t  th e

i n i t i a l  ra p id  f la s h in g  o f th e  tube  r a is e s  th e  p o la r is a t io n  to

co n s id e rab le  v a lu es  and p rev en ts  th e  subsequent a c tio n  o f  th e

tu b e  as a co u n te r . A nother f a c t  no ted  w ith  th e  D.C. tu b e  was

th a t  a f t e r  a c e r ta in  maximum th e  coun ting  r a te  could not be

in c re a se d  by in c re a s in g  th e  r a d ia t io n  in te n s i ty .  This fo llo w s

from th e  f a c t  th a t  th e re  i s  a tim e p e rio d  t  = CR lo g—""—
E—Vb

a s s o c ia te d  w ith  th e  e l e c t r i c a l  c i r c u i t ,  where E i s  th e  p o te n t ia l  

a p p lie d  to  th e  tu b e , i s  th e  p o te n t ia l  a t  which d ischarge  occu rs 

when r a d ia t io n  f a l l s  on th e  d e te c to r ,  Vc th e  minimum m aintenance 

p o te n t i a l .  This means th e re  i s  a c e r ta in  minimum tim e in te r v a l  

between in d iv id u a l d isc h a rg e s , and shows th a t  th e  maximum r a te  a t  

which p a r t i c l e s  can be reco rded  i s  determ ined by th e  tim e co n stan t 

CR o f th e  c i r c u i t .  I f  two p a r t i c l e s  e n te r  th e  chamber in  ra p id  

su ccessio n  th e  second cannot i n i t i a t e  a d isch arg e  u n le ss  th e  

b a t te r y  has had tim e to  recharge th e  condenser to  a s u f f i c ie n t ly  

h ig h  voltage* In  th e  case o f th e  p o in t-c y lin d e r  coun ter t h i s  i s  

t r u e  a ls o , though CR i s  u s u a lly  sm aller in  v a lu e . With th e  H.F. 

d isc h a rg e -tu b es  th e re  i s  no such tim e co n s tan t a s so c ia te d  w ith  th e  

c i r c u i t  l im it in g  th e  r a te  o f counting , as was proved by th e  h igh  

r a te s  o f coun ting  o b ta in ed  w ith  strong  ra d ia t io n  in t e n s i t i e s .

The q u estio n  o f  th e  red u c tio n  o f th e  spark ing  p o te n t ia l  

o f  th e  tu b es was s tu d ie d . A weak source o f  radon h e ld  n ear an 

Osglim beehive lamp showed th a t  th e  spark ing  p o te n t ia l  f e l l  from 

162 v o l ts  to  159 v o l t s .  I f  any meaning has to  be a tta c h e d  to  such 

r e s u l t s  read in g s have to  be determ ined in  a c e r ta in  way. Consid­

e r in g  th e  beehive tu b e , i f  i t  i s  put a t a d e f in i te  p o te n t ia l  o f  

160  v o l t s ,  read  on an ac cu ra te  e l e c t r o s t a t i c  v o ltm ete r, i t  w ill  not
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show f la s h e s  i f  th e re  i s  no r a d ia t io n  p re s e n t. Keeping i t  a t  

t h i s  s tead y  p o te n t ia l ,  and b r in g in g  radon n ea r to  i t ,  a d isch arg e  

i s  observed between th e  e le c tro d e s  ( e i th e r  continuous o r  f la s h in g ) .  

The behav iour o f tube I I  may be c o n tra s te d  w ith  t h i s .  I t  was 

found th a t  when th e  p o te n t ia l  ac ro ss  th e  e le c tro d e s  was in c re a se d  

ex trem ely  slow ly th e  d ischarge  commenced a t  very  n e a rly  th e  same I

value  whether r a d ia t io n  f e l l  on th e  tube  o r d id  n o t. th en  th e  

p o te n t ia l  was in c re a se d  more ra p id ly , however, th e re  was a 

d if fe re n c e  between th e  v a lu es a t  which d isch arg e  commenced o f  th e  j.

o rd e r of 5 to  1C$ o f  th e  spark ing  p o te n t ia l .  A lso , i f  th e  tube 1

was s e t a t an in te rm e d ia te  v a lue  o f p o te n t ia l  th e  d isch arg e  came 1

in  a f t e r  some delay  in  th e  absence o f  Y”- r a d ia t io n ,  bu t i t  came

in  as soon as radon was put n ear th e  v e s s e l .  The f i l l i n g  gas was

3rgon a t  a p re ssu re  o f  4*00 cm. H g., and w ith  a i r  a t  a p re ssu re  o f  j

1*31 cm. Hg. th e  r e s u l t s  were much th e  same. The same type o f  

behav iour was found w ith  tube  I .  The p o te n t ia l  a t which th e  

d isc h a rg e  commenced was th e  same in  th e  presence o r absence o f  

radon , th e  p o te n t ia l  be ing  in c rease d  very  slow ly. An in c re a se  o f  j
th e  o rd e r o f  5% was reco rded  when i t  was r a is e d  more ra p id ly . j

For tu b e  I I I ,  f i l l e d  w ith  a i r  a t  6*60 cm.Hg. p re ssu re , th e  counting  

commenced a t  very n e a r ly  th e  same values when th e  p o te n t ia l  was j 

in c re a se d  slow ly9 i t  b e in g  a very  o ccasio n a l f la s h  w ithout 

r a d ia t io n  and ra p id  f la s h in g  w ith radon. More ra p id  in c re a se  gave \ 

d if fe re n c e s  o f  th e  o rd e r o f  3$ to  %  however. There was evidence ! 

in  some cases f o r  a l l  th e  tu b es o f a sm all red u c tio n  in  th e  j

bp ark in g  p o te n t ia l  f o r  a very  slow ra te  o f in c rease  o f p o te n t ia l ,  |

bu t i t  was o f  th e  o rd er o f  1% and was n ear th e  l im it  o f accuracy |

o f th e  measurements. Thus specimen read ings are  g iven in  th e

ta b le  III ( in  a rb i ta ry  values o n ly ).



T a b le  1U Radium Present Radium Absent

Very slow in c re a se 49*3 4 9 .7

More ra p id  in c re a se 4 9 0 52*7

The a c tio n  o f th e  r a d ia t io n  on th e  H.F. tubes seems to  be essen ­

t i a l l y  a re d u c tio n  o f th e  tim e -lag  in  th e  p ass in g  of a dis charge, 

For in s ta n c e , w ith  tube  I I  which has a n a tu ra l  count o f  9 p e r 

m inute, th e re  e x is ts  on th e  average a p e rio d  o f  7 seconds between 

in d iv id u a l co u n ts , b u t t h i s  in te r v a l  i s  reduced by th e  a c tio n  o f 

th e  r a d ia t io n ,  becoming sm alle r and sm alle r w ith  s tro n g e r  and 

s tro n g e r  i n t e n s i t i e s .  The d if fe re n c e  in  th e  read in g s 52*7 and 

49*7  i s  due to  th e  r i s e  in  p o te n t ia l  which ta k es  p lace  du ring  th e  

7 seconds in  which no io n iz in g  p a r t i c l e s  e n te r  the  co u n te r , th e re  

b e in g  no r a d ia t io n  p re se n t except th e  normal cosmic r a d ia t io n  e tc .  

p re se n t in  any room. The d if fe re n t  a c tio n  o f r a d ia t io n s  on th e  

H .F. d is  ch arg e-tu b es and on D.C. tu b es was n o tic e d  in  th e  f a c t  th a t  

th e  D.C. tu b e  could be a d ju s ted  a t a p o te n t ia l  a t which no f la s h e s  

took  p la ce  under normal c o n d itio n s , a lthough th e  tube f la sh e d  when 

V " - ra d ia t io n  f e l l  on i t .  I t  was found on th e  o th e r hand th a t  

r a d ia t io n  had no e f f e c t  on th e  H.F. tube u n le ss  t h i s  was ad ju s te d  

a t  such a v o ltag e  th a t  an o ccasio n a l f la s h  was tak in g  p la c e .

These r e s u l t s  ag ree  w ith  th o se  given above fo r  the e f f e c t  o f 

V - r a d i a t i o n  on th e  spark ing  p o te n t ia l  o f bo th  ty p es o f tu b e , and 

prove th a t  th e  D.C. tube  may be ad ju s ted  a t a p o te n t ia l  such th a t  

i t  d e te c ts  - r a d ia t io n  b u t does not d e tec t th e  cosmic r a d ia t io n  

e tc .  p re sen t under normal co n d itio n s . For a t ru e  coun ter we 

should  expect th e  few ra d ia t io n s  norm ally p resen t to  have th e  same 

e f f e c t  as s tro n g  - r a d ia t io n  and to  be eq u a lly  capable o f
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a f f e c t in g  th e  co u n te r, and t h i s  i s  t r u e  o f  th e  H.F. tu b es d escrib ed ' 

above.

A few rem arks may be added here  on s e v e ra l o th e r  p o in ts  

connected w ith  th e  working o f th e  H.F. d ischarge  tu b e s . The 

f i l l i n g  gas was found to  have no m a te r ia l  e f f e c t  on t h e i r  behaviour 

though t h i s  may have been due to  th e  f a c t  th a t  th e  p u r i ty  was no t 

very  h igh . Commercial argon, 99*5$ pu re , was u sed , and th e  hydro - ! 

gen was passed  d i r e c t  from a Hoffmann appara tu s in to  th e  d ry ing  

tu b es  and th en  in to  th e  d ischarge  tu b es . The shape o f th e  c o i l  of!

tu b e  I  i s  no t c r i t i c a l ,  b u t i t  was found to  be th e  b e s t o f th o se  J
t r i e d ,  w nile th e  e le c tro d e  d is p o s i t io n  o f tu b es I I  and I I I  may be | 

v a r ie d  co n s id e rab ly . Tube I I I ,  form ing p a r t o f th e  H.F. c i r c u i t  jl 

Seemed to  be th e  b e s t arrangem ent however. This b r in g s  in  one o f  ||

th e  d isadvan tages o f t h i s  system , th e  f a c t  th a t  c a p ac ity  e f f e c t s  I
I

from surrounding  o b je c ts  may a l t e r  th e  v o ltag e  g en era ted  ac ro ss  

th e  tu b es  by th e  h igh-frequency  o s c i l l a to r  and th u s  a f f e c t  th e  

r e s u l t s .  This can be guarded ag a in s t in  p r a c t ic e .  I t  may be 

n o ted  th a t  an a ttem pt to  use  an e le c tro d e le s s  d isch a rg e , w ith  th e  

c o i l  o u ts id e  th e  co n ta in in g  v e s se l in s te a d  o f in s id e  as in  tube  I ,
Iproved u n su c ce ss fu l. Many causes may ex p la in  t h i s  r e s u l t  -  th e
I;

long l i f e  o f an io n  in  th e  g la s s  v e s se l being  a probable one. |

The work on th e  H.F. counters b e in g  advanced to  a s a t i s -  j

f a c to ry  s ta g e  i t  was decided th a t  f u r th e r  a tta c k s  should be made 1

on th e  d i f f r a c t io n  problem w ith  a counter as th e  d e te c to r  o f  th e  |jH |M
ray s  s in ce  i t  was obvious th a t  ’counting* was much more s e n s i-  j? 

t i v e  th an  photographic d e te c tio n . In  th e  meantime r e s u l t s  on |

j j - r a y  d i f f r a c t io n  had appeared. Hughes(3°) claim ed to  have |

d i f f r a c te d  —rays from radon fo r  values o f th e  momentum ranging  

from Ug = 1938 to  H, = 4866, where H i s  th e  value of th e  magnetic
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f i e l d  and i s  th e  ra d iu s  o f  cu rv a tu re  o f th e  path  d esc rib ed  

in  th e  f i e l d  H. The s iz e s  o f  th e  d i f f r a c t io n  r in g s  o b ta in ed  

agreed  w ith  those  expected from de B ro g l ie 's  eq u a tio n  to  w ith in  

5%• H is method depends on th e  p r in c ip le  o f  fo cu ss in g  th e

^  - ra y s  and s e le c t in g  th o se  o f a p a r t i c u la r  v e lo c ity *  I t  i sI
a m o d if ic a tio n  o f a method proposed by Lebedeff and i t

s u f f e r s  from two se rio u s  o b je c tio n s : -

(1) - ra y s  o f  s l ig h t ly  d i f f e re n t  energy from th o se  fo cu ssed

a t th e  c e n tre  form a background on th e  p la te ;

(2) la rg e  th in  f i lm s , about 5 cm. a c ro ss  and extrem ely

d i f f i c u l t  to  p rep a re , are req u ired .

Hughes o b ta in ed  photographs whose background d en s ity  was so 

g re a t th a t  p r in t s  could no t be made from th e  p la te s .  Only one 

type  o f f ilm  could be employed -  go ld  sp u tte re d  on a g e la t in e  

b ase . For th e se  reasons i t  seemed d e s ira b le  to  pursue th e  

problem f u r th e r ,  u sin g  th e  more s e n s i t iv e  e l e c t r i c a l  method o f 

d e te c t io n  which i s  found in  th e  coun ter.

The p re lim in ary  attem pt w ith  th e  new method o f |
i

d e te c t io n  was analogous to  th e  f i r s t  experim ents w ith  photograph-
( >

i c  d e te c t io n . A s p e c ia l  type o f monochromator was dev ised  

to  g ive  a homogeneous beam o f $  - ra y s  and s in ce  th e  p r in c ip le  

embodied in  t h i s  i s  o r ig in a l  a sh o rt ex p lan a tio n  o f  i t  i s  g iven . I
i

Suppose B i s  a ra d io a c tiv e  source ( f ig .  17) and th a t  th e  ray s 

em anating from R a re  to  be so rted  out in to  a beam o f a c e r ta in  

d is c r e te  v e lo c ity  and d e tec ted  in  the  d e te c to r  D (a counter in  

t h i s  in s ta n c e ) .  Let an a p e rtu re  be f ix e d  at A in  a re c ta n g u la r  

box, s i tu a te d  in  a m agnetic f i e l d  whose l in e s  are p erp en d icu la r 

to  th e  p lane o f  th e  f ig u r e .  The beam g a s to  be moving in  th e  

f ix e d  d ir e c t io n  Bb a f t e r  p a ssin g  through th e  ap ertu re  a t  B.
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Then we f in d  th a t  th e re  i s  a p a r t ic u la r  value o f BC such th a t ,  

no m atte r what th e  s tre n g th  o f  th e  m agnetic f i e l d  may h e , th e

heam p asses  th rough  B and t r a v e ls  in  th e  d ir e c t io n  BD, O ther-
♦ * 

w ise , th e  monochromator i s  such th a t  I ra r ia tio n  o f  th e

m agnetic f i e l d  s tre n g th  "brings ray s o f  d if fe re n t  v e lo c ity  to  th e

d e te c to r  f ix e d  a t D,

Draw AO X BA. and produce BC wnich i s  1  BD to  meet

AO in  0* Then i f  BO s  AO, 0 i s  th e  c e n tre  o f  a c i r c l e  w ith

ra d iu s  AO and ray s  leave th e  magnetic f i e l d  a t  B in  a d ir e c t io n

p e rp en d icu la r  to  th e  ra d iu s  BO, th a t  i s ,  in  th e  d ire c tio n  BD,

L et 9 s  th e  f ix e d  angle o f  d e f le c tio n  o f the  ray s (20° i n  t h i s

in s ta n c e ) ,  l e t  1 * th e  f ix e d  len g th  o f th e  s id e  o f th e  "box, and

l e t  r  = ra d iu s  o f  th e  c i r c le .

Then
^AOC » 9

r  m 1 cosec 9 

QO m 1 co t 9 

BC * l(co se c  9 -  cot 9 ) -  -  -
e

e ♦



T his i s  th e  c o n d itio n  th a t  must he f u l f i l l e d  in  th e  c o n s tru c tio n  

o f  th e  re s o lv in g  box i f  th e  a c tio n  i s  to  he as d esc rib ed . I t  

in c lu d es  as a p a r t i c u la r  case th e  arrangem ent commonly used  f o r  

b o th  - ra y  and cathode ray  work, namely 9 a 90° when BC = 1 „

W ith a 4 monochromator) designed fo r  9 = 20° and a coun ter a t  D, 

20 cm. from B, a weak beam o f fZ> - p a r t i c l e s  was o b ta in ed  w ith  

50 me. o f radon as th e  source R. With more th an  10 cm. o f  le a d  | 

sh ie ld in g  j th e  count due to  Y - ra y s  was 24  p e r m inute and w ith  

th e  m agnetic f i e l d  ad ju s ted  fo r  maximum (3 -coun t on ly  12 

a d d i t io n a l  counts p er minute were o b ta in ed  even w ith a su b s id ia ry  

f i e l d  between B and 0 fo r  f in e r  c o n tro l. I t  was r e a l i s e d  th a t  I 

th e  problem could  not be so lved  by t h i s  method s in ce  th e  |3 - ra y  

beam was to o  weak to  show sm all v a r ia t io n s  in  I n te n s i ty  a g a in s t | 

a s tro n g e r  background o f Y - ra y  coun ts.

One o f th e  <hief d i f f i c u l t i e s  in  u sin g  a coun ter as  | 

th e  d e te c to r  in  j8 - ra y  work i s  th e  d is tu rb in g  a c tio n  o f Y -ra d -  

i a t io n .  This cannot be e n t i r e ly  e lim in a ted  in  any (3 - ra y  

coun ter s in c e  th e  Y - r a y s  a re  d e tec ted  because they  form j
j l

secondary |3 - ra y s  in  p assin g  through m a te r ia l in  t h e i r  p a th . jj 

Thus when th ey  f a l l  on th e  w alls  o f  th e  counter o r pass through 

th e  con tained  gas they  l ib e r a te  e le c tro n s . Any counter which 

responds to  8̂ - r a d ia t io n  w il l  th e re fo re  respond to  Y ~rad l a -  jj 

t io n .  The a c tio n  o f th e  Y  - r a d ia t io n  can however he minimised 

by th e  choice o f  m a te r ia l f o r  th e  counter w a lls , e le c tro d e  shape 

and d isp o s tio n  e tc .  I t  i s  g e n e ra lly  th e  case th a t  ra d io a c tiv e  

sou rces which l ib e r a te  (3 - ra y s  l ib e r a te  Y ~ raya . There i s  

however an im portan t excep tion  to  th i s  g en e ra l s ta tem en t, namely 

radium E. T his element em its a normal continuous spectrum o f 

- ra y s  o r d is in te g ra t io n  e le c tro n s  wnose energy l im i ts
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correspond to  Hp = 1600 and Hp = 5000. The spectrum  has a 

s in g le  maximum o f  in te n s i ty  a t  Hp = 2100. There a re  no 

homogeneous groups o f e le c tro n s  superim posed in  th e  form o f  a 

lin e -sp ec tru m  and no S  - r a d ia t io n  i s  em itted  ( a c tu a l ly  an  

extrem ely sm all q u a n tity  i s  em itte d  hu t i t  can he n e g le c te d  in  

p r a c t i c e ) .  I t  was decided th a t  RaE was th e  b e s t  source fo r  

t h i s  work because o f th e se  un ique p ro p e r t ie s  which i t  p o sse sse s  j< 

and experim ents c a r r ie d  out w ith  a s p e c ia l ly  p rep ared  source j 

were th e  f i r s t  to  g ive  evidence o f d i f f r a c t io n .

A pparatus.

(a ) The C ounter, S ince th e  |3 - ra y s  in  a narrow  p e n c il  e m itte d  

from Rg'g were to  be d e te c te d  th e  G eiger coun ter was chosen in  

p re fe ren ce  to  o th e r  ty p e s . The e f f e c t iv e  coun ting  volume in  j 

t h i s  form i s  l im ite d  to  a sm all narrow cone w ith  i t s  apex j

a t  th e  p o in t and i t s  base on th e  m etal f r o n t ,  c lo se  to  th e  Bmall 

mica window, ( t h i s  i s  only t r u e  i f  th e  p o in t i s  n e a re r  th e  

f ro n t  th an  th e  s id e s  o f  th e  v e s s e l  and t h i s  arrangem ent was 

ad o p ted ). One r e s u l t  o f  t h i s  i s  th a t  th e  n a tu ra l  count i s  I

. . . n  -  an im portan t th in g  in  measuring weak sources o f  - r a d -  j 

i a t io n  a c c u ra te ly . The e f f ic ie n c y  o f  t h i s  type  f o r  Y -ra y s  i s  

low er th an  f o r  most o th e r  ty p es  and i t  may be reduced to  

extrem ely  low v a lu es  by u s in g  an eb o n ite  cy lin d e r  54 . The 

co u n te r d esc rib ed  below had a low Y  - ra y  e f f ic ie n c y  and t h i s  

seemed to  depend on th e  sharpness o f  th e  p o in t and i t s  p o s i t io n  

in  th e  c y lin d e r . The most s u i ta b le  v a lu es  were determ ined 

ex p e rim en ta lly  to  be th o se  g iven  below ( f ig .  18). The Y - r a y  j 

response i t s e l f  i s  not o f  any im portance in  work w ith RaE which | 

does no t emit ^ - r a d i a t i o n .  The sm all window of th e  G eiger 

ty p e  o f cou n ter s u ite d  th e  experim ental co n d itio n s  imposed in



$h-
th e  d i f f r a c t io n  in v e s t ig a t io n .  The G eiger coun ter i s  shown in  j

f i g .  18. The c h ie f  dim ensions a r e : -  le n g th , 8 cm; d is ta n c e

from p o in t to  fa c e  0* 8 cm; d is ta n c e  from p o in t to  s id e , l*0cm;

a p e r tu re ,  0 8  mm. d iam eter. The c y lin d e r  was o f  copper and th e

fa c e  screwed in to  p o s i t io n .  A th in  mica window covered th e

a p e r tu re . The s e a ls  were e f f e c te d  w ith  a m ix ture o f  beeswax and

r e s in .  A copper ro d , 0*5 cm. d iam ete r, passed  th rough  an ebon ite!

in s u la t in g  p lu g , co rru g a ted  along  i t s  su rface  to  in c re a se  i t s

r e s is ta n c e .  I t  supported  a sh o r t s t e e l  need le  wnose shape was

ground to  th e  form suggested  by Emel&is • The form o f th e

p o in t and i t s  trea tm en t a re  im portant and th e  views o f v a rio u s

experim en ters do n o t agree on t h i s  subject. Thus h ea t trea tm en t
(33)i s  sometimes s a id  to  be more im portan t th an  form o r p o lis h  

b u t i t  was found by th e  au th o r th a t  w ith  s t e e l  p o in ts  (p rep ared  

from gramophone n eed les) hea t trea tm en t was d e trim e n ta l in  i t s  

a c t io n  s in ce  i t  seemed to  produce i r r e g u l a r i t i e s  on th e  su rfa c e .

Jk smoothly ground p o in t washed in  a lco h o l and g iven  no o th e r  

tre a tm en t worked very s a t i s f a c to r i l y .  C ontrary  to  some views 

i t  was found th a t  sharpness o f  th e  po in t was an im portant f a c to r .  

Thus w ith  th e  p o in t approxim ately  hem ispherica l in  shape, t e s t s  

were made w ith  p o in ts  o f  d iam eters  equal to  0*01 cm, 0 .03 cm, 

q .o 6  cm. and th e  0*06  cm. p o in t was found to  be much more re g u la r  

in  i t s  resp o n se . Very sharp  p o in ts  (d iam eter le s s  th an  0*01 cm) 

were e r r a t i c  in  behav iour. This i s  probably  due to  th e  f a c t  

th a t  sp u rio u s d isch arg es were much more l i a b le  to  pass between 

sm all p ro je c tio n s  on th e  p o in t and th e  cy lin d e r  in  th e  very 

s tro n g  e l e c t r i c  f i e l d  which e x is ts  in  th e  neighbourhood o f a 

very  sharp p o in t .  The in n e r su rface  o f th e  copper v e s se l had 

to  be p o lish e d  and washed in  ab so lu te  a lco h o l as o therw ise th e
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tu b e  u su a lly  f a i l e d  to  ac t as  a co u n ter. An a l te r n a t iv e

method found even more s u ita b le  was to  hea t th e  copper tube  in

a Bunsen flam e and to  immerse i t  in  a lc o h o l . . This leav es  a

b r ig h t  c lean  copper su rface  when th e  re a c tio n  i s  com plete.

In  t h i s  connection  a remark may be made on the  f a c t  th a t  on

many occasions th e  coun ter seemed to  ac t on assembly w ithout

any e x te rn a l io n is in g  agent be ing  p resen t and in  some in s ta n c e s

th e  counts were in c lin e d  to  ta k e  p lace  in  sm all b u r s ts .  The

e f f e c t  seemed to  be most marked a f t e r  th e  copper v e s se l had been

most c a re fu l ly  p o lish ed  and i t  was not so prominent when th e

su rfa ce  was h ea ted  and cleaned  by red u c tio n  in  a lco h o l. This

e f f e c t  u s u a lly  d isappeared  w ith  tim e and an in c re a se  in  th e

v o lta g e  a p p lie d  to  th e  coun ter had to  be made to  b r in g  i t  to

th e  c o rre c t s tead y  working s t a t e .  These o b se rv a tio n s agree

w ith  th o se  o f Lewis and Burcham ^-^ who ex p la in  t h e i r  r e s u l t s  in

term s o f su rfa ce  re a c tio n  (probably o x id a tio n ) accompanied by

io n iz a t io n .  The coun ter should  th e re fo re  be given some tim e

to  s e t t l e  i f  i t  i s  assem bled in  th e  above way. The v e sse l was

f i l l e d  w ith  dry a i r  by means o f th e  dry ing  system in d ic a te d  in

f i g .  19. L iqu id  a i r  was used  in s te a d  of th e  more u su a l calcium



c h lo rid e  and phosphorous p en to x id e . F ive stopcocks d iv id e  th e  

system in to  fo u r  p a r t s .  F i r s t  i t  was evacuated  and th e n  gas was
i

p assed  in to  th e  p a r t  A round wnich l iq u id  a i r  was kep t f o r  

s e v e ra l h o u rs . The dry  gas from A was passed  in to  th e  co u n ter 

C. By ex h au stin g  v a rio u s  p a r ts  o f  th e  system  and sh a rin g  th e  

gas th e  p re s su re  in  th e  coun ter could  be a d ju s te d  a t p r a c t i c a l ly  

any value (as  re a d  by th e  mercury manometer M). The coun ter 

when removed was ready f o r  u se . The p re ssu re  was v a r ie d  

co n s id e rab ly  a t d i f f e r e n t  tim e s , v a lu es between 2 cm. and atmos­

p h e r ic  be in g  used  b u t norm ally  7 cm. was th e  p re ssu re  o f th e  

f i l l i n g  gas . B efore use  th e  coun ter was a d ju s te d  to  th e  c o r re c t 

o p e ra tin g  v o lta g e . The p o s i t iv e  p o te n t ia l  on th e  case was 

g ra d u a lly  r a is e d  by re g u la r  s te p s  and th e  t o t a l  number o f  counts 

due to  cosmic ray s e tc .  determ ined over a f ix e d  in te r v a l  o f tim e , 

say  10 m inu tes, f o r  each v a lu e  o f  th e  p o te n t ia l  ( th e  counts b e in g  

r e g is te r e d  as d esc rib ed  below ). A ty p ic a l  s e t  o f read in g s 

ta k en  in  t h i s  way i s  graphed in  f i g .  20. We see th a t  between 

1345 v o l ts  and 1390 v o l ts  th e  curve i s  approxim ately  p a r a l l e l  

to  th e  v o ltag e  a x is .  For th e  maximum e f f ic ie n c y  of counting

B
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th e  v o lta g e  on th e  case should  he 1390 v o l ts  and th i s  was th e  

p o te n t ia l  a p p lie d  in  t h i s  instance*  H igher p o te n t ia ls  g ive  

sp u rio u s counts w hile below 1350 v o lts  a co n sid erab le  number 

o f  p a r t i c l e s  can be m issed in  counting . Prom th e  curve th e  

n a tu ra l  count i s  seen to  be 2*4 p er m inute. T his low value  

ag rees  w ith  th e  observed f a c t  th a t  t h i s  coun ter was r e l a t iv e ly  

in s e n s i t iv e  to  Y - r a y s .  The im portance o f determ in ing  th e  

c o r re c t  v o lta g e  i s  seen from ta b le  IV g iv in g  counts a g a in s t 

v o lta g e s  over a co n s id e rab le  range o f v a lu e s . I t  was determ ined 

w ith  a source  o f  RaE n ea r th e  counter and i t  shows a continuous 

v a r ia t io n .

T able iV.

V o lts 1272 1296 1320 1344 1368 1392 1416 1437 1452 1480

Count b/  
miS..

OiOC 112 27^ 332 374 397 420 440 456 472

B efore use a coun ter should  be te s te d  fo r  th e  probab le e r ro r  in  

any read in g  due to  s t a t i s t i c a l  f lu c tu a t io n s  in  th e  number of 

eoun ts reco rded . The coun ter was t e s te d  fo r  t h i s  by p la c in g  

a weak source o f RaB n ea r th e  window and ta k in g  a number o f



read in g s  over 10 min. in te rv a ls *  Thus fo u r  se p a ra te  t o t a l  

counts f o r  10 min. were found to  he 2 4 4 2 , 2 4 1 8 , 2 4 2 4 , 2 4 4 5 , wnich 

g ivea  an average count o f  243*2 p e r min. Taking 2432 as th e  ) 

c o r re c t r e s u l t ,  th e  maximum e r r o r  in  th e  d e te rm in a tio n  i s  seen to  

he 1 4 > which means th a t  any one o f  th e  counts can he tak en  as 

c o rre c t to  w ith in  ±  14 in .  2432. T h is  proves th a t  in  ta k in g  

any count o f  th e  o rd e r o f 2500  th e  r e s u l t  can he tak en  as c o rre c t 

to  w ith in  ±. 0 *58$*

(b) The A m p lifie r and R e g is te r .  S ev era l good a m p lif ie rs  (37) 

f o r  u se  w ith  D.C. co u n te rs  have heen d esc rib ed . The a m p lif ie r  

used  in  th e  p re se n t work d i f f e r s  in  some ways from th e s e .  The 

c i r c u i t  i s  shown in  f i g .  21. The com plete a m p lif ie r  was 

en c lo sed  in  an ea rth ed  met& s h ie ld  in d ic a te d  by th e  broken l in e s .
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 ____________F 1 q 21 . Two- S r  a<; e  A m p l i f i e r .  “
The v a lu e s  o f  t h e  v a r io u s  com ponents w e re : -

(1 ) IL  *  lO^w, H2 = J .0 .107w , H3 «= 2 *0 .1 0 6w , = 105w,

R5 = 5*0.1cAw, Rg = 106w.

(2 ) C | = O'OO^iP, C2 = 0-003/tP , O3 = 0.01H F, C = 2pF.

(3) H « 30 h e n r ie s .

L .S .  denotes a speaker, V1 a 210 HF Cossor v a lv e ,

V2 a 220 HFT Cossor v a lv e . The r e s is ta n c e s  ILj and R2 were o f
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d iam eter pyrex tu b in g  about 6U long w ith  tu n g s te n  e le c tro d e s

and f i l l e d  w ith  th e  c o r re c t  m ix tu re o f  a b so lu te  a lco h o l and 

z y lo l  (o r  benzo l) to  g ive th e  p ro p er v a lu es  to  th e  r e s i s t a n c e s ^ 8  ̂

They were c a r e f u l ly  mounted on eb o n ite  in s u la t in g  s ta n d s .

For coun ting  a t  a co n s id e rab le  speed o r  f o r  long 

p e rio d s  o f  coun ting  i t  i s  n ecessa ry  to  couple th e  a m p lif ie r  to  

a th y ra tro n  valve  c o n tro l l in g  an au tom atic  r e g i s t e r .  In  th e
i

- 0 - ^ v v w ^

AMR
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i r ~ ^ 2 3 3 3 s P C

Ftc. 2.2. . Rs-LftV AMP R sq iS T t iR .
_________  —  ---------------------- ( 3 9 )

p r e s e n t  in s t a n c e  t h e  m ethod o f  r e c o rd in g  due t o  W ynn-W illiam s

was a d o p te d . I n  f i g .  22 T i s  t h e  t h y r a t r o n  v a lv e  an d  B a f l a t

s p r in g  c o n ta c t - b r e a k e r  w ire d  i n  s e r i e s  w ith  t h e  m agnet o f  t h e

r e g i s t e r  R w hich  was m o d if ie d  so t h a t  th e  paw ls  were s p r in g

c o n t r o l l e d  i n s t e a d  o f  g r a v i t y  c o n t r o l l e d .  The th y r a t r o n  was

c o u p le d  t o  t h e  a m p l i f i e r  b y  a  t r a n s fo r m e r .  In  f i g .  22 l j  =

25000 w9 and  Eg = 1000 w. C o u n tin g  a t  500 p e r minute very  few

p a r t i c l e s  w ere m is se d  by  th e  r e g i s t e r .

(c) The Source and Source-H older. The source of - ra y s  was 

s p e c ia l ly  p rep ared  from o ld  g la s s  radon c a p i l l a r i e s .  Twelve o f 

th e s e ,  which had each con ta in ed  from 60 to  80 me. of radon 

o r ig in a l ly  but which had decayed fo r  p erio d s between 2 and 3 y ea rs  

were opened and mounted in  a sm all c y l in d r ic a l  c a v ity  0*6 mm. in



d iam eter and 1*5 cm. long as shown a t  A in  f i g .  23. They were
Fiq,23. Source -  Holder .

h e ld  in  p o s i t io n  by th e  m etal cap B and th e  th in  mica f ilm  a t G. 

The source was on th e  a x is  o f a cy lin d e r  S o f 2*4 cm. e x te rn a l  

d iam eter, 1*5 cm. in te rn a l  d iam eter. I t  was c lo sed  a t  b o th  

ends and was made in  two s e c tio n s . The a p e r tu re  D was o f  0*5 

mm. d iam eter and in  f ro n t o f  i t  was th e  f ilm -h o ld e r  . A ir 

passages were cu t in  th e  w a lls .

(d) The Experim ental Arrangement. The assem bly o f  th e  v a rio u s  

p a r ts  i s  in d ic a te d  in  f i g .  24. The so u rce -h o ld e r and th e  

G eiger coun ter were mounted in  a Pyrex g la ss tu b e  which was 20 

cm. long , th e  d is ta n c e  from th e  f ilm  to  th e  a p e r tu re  o f  th e

Fiq. Ztf_, FFRRcriNq Apparatus.
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co u n te r b e in g  10* Ocm. A sm all electrom agnet M was arranged  

so th a t  i t  could be ro ta te d  round th e  ax is  o f  th e  camera. I t  

was used fo r  m agnetic d e f le c tio n  o f th e  $  - ra y  beam on i t s  way 

from film  to  coun ter. I t s  p o le -fa c e s  were 2 cm. in  d iam eter^ 

The pumps were connected on th e  extreme l e f t  o f th e  f ig u re  as



'&l.
in d ic a te d  and th e  coun ter was connected to  th e  a m p lif ie r ,  which 

c o n tro l le d  th e  th y r a t r o n - r e g is te r  arrangem ent o f f i g .  22.

E xperim ental.

Owing to  th e  f a c t  th a t  th e  source c o n s is te d  o f decayed 

radon tu b es  th e  a c t iv e  m a te r ia l  was o f  radium (D * E + P ) , th e  

q u a n t i t ie s  o f th e  l a s t  two "being to  w ith in  2r/o in  t h e i r  eq u ilib riu m  

r a t i o  The p - r a d ia t io n  from radium D i s  very  s o f t ^ " ^  and

i s  unab le  to  p ass  th rough  th e  mica window o f th e  coun ter, ^adium 

D i s  th e re fo re  n e g le c te d . Radium P em its 0( - ra y s  and th e se  

were d e te c te d  when th ey  f e l l  on th e  window o f th e  coun ter.

EmeleCL8v 1 has shown th a t  in  t h i s  case th e o r e t ic a l ly  to  every 

1*7*1 oC - p a r t i c l e s  from th e  source th e re  a re  24*5 |S - p a r t i c l e s  

To p rev en t some red u c tio n  in  p  -coun t th e  o (,-ray s  were no t 

absorbed by f i lm s . They do no t in f lu e n c e  th e  r e s u l t s  s in c e  w ith  

th e  m agnetic f i e ld s  used th e  o(, - ra y s  su f fe re d  no d e v ia tio n  and 

any p a r t  o f th e  t o t a l  count due to  th e se  rem ained c o n s ta n t. The 

- p a r t i c l e  count and th e  n a tu ra l  count due to cosmic ra y s  e tc .  

made sim ply a constan t background to  th e  experim enta l re a d in g s . 

These v a r ie d  only w ith a change in  th e  number o f  /3 - p a r t i c l e s  

from radium S reach ing  th e  counter* The p r in c ip le  o f  th e  method

Fi<;,2S, Magnetic Control.
i s  i l l u s t r a t e d  in  f i g .  25. SuppoleU  re p re se n ts  th e  p o le s  o f  th e  

magnet producing a f i e l d  H and l e t  th e  f ro n t of th e  coun ter be as 

in d ic a te d , th e  ap e rtu re  A being  shown (look ing  along th e  ax is  o f
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th e  cam era). Suppose th e  $  - ra y s  f a l l  a t  S. They w il l  not  

he r e g is te r e d .  At a c e r ta in  v alue  o f H (w ith  th e  p o le -fa c e s  in  

th e  s e t t in g  shown) S w il l  he co in c id en t w ith  A and they  w i l l  he 

d e te c te d . Now i f  d i f f r a c t io n  a t  th e  f ilm  ta k e s  p lace  a r in g  w i l l  

he formed round S and th e  - ra y s  in  t h i s  r in g ,  p ass in g  ac ro ss  

A under th e  in f lu e n c e  o f  H, w il l  he observed as an in c re a se  in  

th e  count. From th e  d i f f e r e n t  v a lu es  o f th e  d e f le c t in g  f i e l d -  

s tre n g th  H th e  d isp lacem ents o f  th e  beam a t th e  coun ter a re  

c a lc u la b le  and th e  d iam eter o f th e  d i f f r a c t io n  r in g  o b ta in ed .

I t  i s  im portan t to  no te  th a t  th e  method depends la rg e ly  on th e  

f a c t  th a t  RaE has no lin e -sp ec tru m . This would com plicate 

m a tte rs  as v a r ia t io n s  in  count due to  d i f f e r e n t  l in e s  c ro ss in g  A 

would he reco rded . RaE has a s in g le  la rg e  maximum of ^  - ra y  

in te n s i t y  a t  H p = 2100. In  t h i s  connection  i t  may he m entioned 

th a t  th e  ap p a ra tu s  was t e s te d  w ith  a very  weak source o f Ra(B+C). 

The fo u r p r in c ip a l  maxima in  th e  RaB spectrum  were reco rded  as 

th e y  passed  ac ro ss  th e  a p e r tu re  A. They correspond to  l i n e  17, 

in te n s i ty  80, a t  H p  s  1410 (see ta b le  I ) ;  l in e s  (2 0 ,2 1 ), 

i n t e n s i t i e s  (91 #10), w eighted mean value Hp s  1687; l in e s  

(2 4 ,2 5 ), i n t e n s i t i e s  (1 0 0 ,1 2 ), w eighted Hp = 1946; l in e s  (28,29) 

i n t e n s i t i e s  (1 6 ,8 ) , w eighted H p •  2273* The se p a ra tio n  o f 

th e se  maxima was approxim ately  as expected  from th eo ry . The 

m agnetic c o n tro l does no t len d  i t s e l f  to  a c c u ra te  d e te rm in a tio n  

p t  r in g  d iam eters s in ce  th e  f i e l d  between th e  p o le s , which were 

2 cm. in  d iam eter and a t  a d is ta n c e  a p a rt o f  2*5 cm.j i s  not 

uniform . The f a c t  th a t  non-homogeneous ray s  from RaE were u®ed 

made t h i s  o f l i t t l e  moment s in ce  approxim ate values only were 

expected . In  view of th e  d i f f i c u l t i e s  encountered  above w ith  

(^ -ra y s  as compared w ith  cathode rays even q u a l i ta t iv e  r e s u l t s  

fo r  d i f f r a c t io n  of (3 - ra y s  a re  o f co n s id erab le  value. A c tu a lly



f a i r l y  good agreement in  num erical v a lu es  i s  o b ta in ed  by th e  

method. C a lc u la tio n  showed th a t  e l e c t r o s t a t i c  c o n tro l o f th e  

beam, though p re fe ra b le  in  many ways, re q u ire d  la rg e  vo3.tages and 

i t  was no t adopted f o r  t h i s  reason .

D iscu ssio n  o f  R e su lts .

C onsider an e le c tro n  moving a c ro s s  th e  m agnetic f i e l d  

whose a re a  i s  bounded by th e  c i r c le  AGD, Let AB be th e  u n d e fle c ­

te d  p a th  o f  th e  e le c tro n  along  a d iam ete r o f th e  c i r c le  and 

suppose th e  l in e s  o f  th e  m agnetic f i e l d ,  o f  s tr e n g th  H, a re  

p e rp e n d icu la r  to  th e  p lane  o f th e  f ig u r e .  Assume th e  f i e l d -  

s tr e n g th  H i s  uniform  over th e  area  o f th e  c i r c le ,  o f d iam eter 

AC s  X  • The d isp lacem ent X a BE o f th e  e le c tro n  from B, a t 

d is ta n c e  L from C, where BE i s  p e rp en d icu la r  to  AB, i s  re q u ire d . 

The e le c tro n  d e sc r ib e s  an arc  AD o f  a c i r c le  and le av es  in  th e  

d i r e c t io n  DE, a tan g en t a t  D to  th e  c i r c l e  d esc rib ed . The r a d i i  

o f t h i s  circle^AO perp. to  AB and DO perp . to  DBjmeet in  0. Let

j Fiq 2 Cj>. M agnetic, D e fl e c t io n  of (J -rav B e a m .

ED meet" AC in  0 . Then G i s  th e  ce n tre  o f  th e  c i r c le  acd because

AG = GD ( ta n g e n ts ) , and G i s  on a d iam eter.

Thus GB = &C + CB = L -*• ^/2

but X = GB ta n  ©, where © = *A0D = ^BGE

and tan  ©/2 a ^ 2 p  , where p  = rad iu s  AQ.



Hence X  -  l j - A b/o)  ■h on Q

For ray s  o f  giv

X  = ( L  +  % ) € H  -  t 1-Hxl h ' k z)

Here Hp = k = 2100, L = 5*6 cm, t  = 2*0 cm., 

X= 0 - 00 63 m/ (l -  Hl l2Hto)
S ince H i s  se ldon  g r e a te r  th an  40 we have as a very  good 

approxim ation

%  = 0*0063 H

For changes in  d isp lacem ent corresponding  to  changes in  H we 

have

Cou&ts were made a t  d i f f e r e n t  s e t t in g s  o f  th e  magnet and w ith  

d i f f e r e n t  f i e ld - s t r e n g th s  t i l l  th e  s e t t in g  and th e  value o f H 

g iv in g  a maximum were o b ta in ed . T his meant th e  maximum number 

o f  j3 - ra y s  w as e n te r in g  th e  co u n te r , th a t  i s ,  th e  ray s  o f  

Hp = 2100 in  th e  spo t S o f f ig .  25 were now d e f le c te d  to  e n te r  

a t  A. This search  fo r  th e  beam was th e  most d i f f i c u l t  p a r t  o f 

th e  whole p rocess and when th e  c o rre c t p o s i t io n  o f  th e  magnet was ]

o b ta in ed  i t  was clamped in  p o s it io n  and counts tak en  over long 1

p e r io d s  f o r  d i f f e re n t  v a lu es o f f i e l d  cu rre n t in  th e  neighbour­

hood o f th e  value fo r  which th e  count was a maximum. The 

minimum counting  p e rio d  fo r  each value  o f  H was 10 m inutes. The 

r e s u l t s  were graphed, f i e l d  cu rren t b e in g  p lo t te d  a g a in s t count. ] 

The count in c lu d es  th e  n a tu ra l  count and th e  - ra y s  from RaF 

which e n te r  th e  cou n ter in  a d d itio n  to  th e  v a r ia b le  p a r t  due to  

th e  (3 - ra y s  d e f le c te d  by th e  m agnetic f i e l d .  With no f ilm  in  

th e  camera th e  curve took th e  form shown in  f i g .  27, A, b e in g  a

smooth curve w ith a s in g le  la rg e  maximum. With a film  p re sen t

two very  sm all maxima were d e tec ted  on e i th e r ,s id e  o f th e

SX. = 0*0063 , * *(!<>)
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Magnetic Field Current. (Amps.)

Fiq.£7. A , n o  fi lm p r e s e n t  B j  wiMi a l u m i n i u m  f i l m .

p r in c ip a l  maximum. Curve B, f ig .  27 i s  fo r  an aluminium f ilm .

The sm all maxima a re  at, s  0*25 amp, i z % 0*05 amp.,
• .

. . Change in  f i e l d  cu rren t = 5 t  = 0*20 amp. The correspon­

d ing  value  o f  SH from th e  c a l ib r a t io n  curve f o r  th e  magnet = 34*6 

gauss

• • S X  = 0*0063* 34*6 cm * 0*22 cm.

Thus, from th e  curve, f o r  th e  d i f f r a c t io n  o f aluminium we have th e  

d iam eter D of th e  f i r s t  r in g  given by D » 0»22 cm.

But from e q ia tio n  (5) we f in d  by c a lc u la tio n  f o r  H p s 2100 ( i . e .

P = 300,700 v o lts )  th a t  D f o r  th e  (2 ,o ,o )  r in g  =■ 0*193 cm. T his 

i s  very  s a t i s f a c to ry  agreement between th e o r e t ic a l  and experim enta l 

v a lu es wnen the  sm all s ize  o f the d i f f r a c t io n  p a t te rn ,  th e  non­

u n ifo rm ity  o f th e  magnetic f i e l d ,  and th e  non-homogeneity o f the 

(3 - ra y s  are  p resen t as f a c to r s  which d e tra c t  from th e  accuracy o f j



th e  r e s u l t .

For "P = 3 0 0 ,7 0 0  v o l t s  e o la t io n  (5 ) g iv e s  f o r  th e  

( 2 ,o ,o )  r in g  w ith  g o ld  th e  r e s u lt  D = 1*92 mm. Prom th e  curve o f  

f i g .  2 8 , 51 corresp on d in g  to  th e  s h i f t  from one d i f f r a c t io n  

maximum t o  th e  o th e r  « 0*19  amp. hence S X  = 0*21 cm,, i s  th e  

diam eter D o f  th e  d i f f r a c t io n  r in g  o b ta in ed  ex p e r im en ta lly

330
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Magnetic Field Current (A m ps.). 
p/I}. ZS.  dif fraction Curve for Qold f i l m .

In th e  curves o f  f i g s .  27 and 28 each v a lu e  o f  th e  

o r d in a te s  was th e  average o f  a number o f  sep a ra te  10 m inute co u n ts .
|

D if f r a c t io n  experim ents w ith  c e l lu lo id  f i lm s  f a i l e d  

tp  produce d e f in i t e  r e s u l t s .  The sm a lln ess  o f  th e  p a tte r n  in  j 

t h i s  c a se  would e x p la in  th e  f a i lu r e  however as the instrum ent i s  

n o t  cap ab le  o f  r e s o lv in g  th e  d if fe r e n t  maxima when th e y  occur so



c lo s e  to  one an o th er . H igher r e s o lu t io n  might he o b ta in ed  w ith  

sm a lle r  a p er tu res  b u t t h i s  reduces th e  number o f  counts and adds 

t o  th e  exp erim en ta l d i f f i c u l t i e s  v ery  c o n s id e r a b ly .

£ ,*■ * >•  ̂ ? t

v J * ' ' V  _ * V ’ -

* -  * “  * -  '  -
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