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2KTiSD0UCTIOK

The o b je c t  o f t h i s  in v e s t ig a t io n  was to  study  th e  mechanism f o r  

th e  sp read  of th e  discharge along th e  len gth  of th e  w ire  of a G eiger-  

U n e lle r  c o u n te r . In  proportional coun ting  th e  jxtlses a re  lo c a lis e d  

and. have am plitudes proportional to  th e  prim ary io n is a t io n .  The 

sou rce  o f c u r re n t  a m p lif ic a tio n  i s  io n is a t io n  fey e lec tro n  la p s e t ,  

le a d in g  to  th e  fo rm atio n  of & Townsend Aval&rche.^ The G e ig e r-H u e lle r

IMm B. E. Ito»» and 5 . K orff. Phyt.. .Eev. >6

region i s  c h a ra c te r is e d  fey th e  sp read  o f th e  d isc h a rg e  a long  th e

le n g th  o f th e  tube  fey a p ro cess  p re v io u s ly  shown to  fee p h o to e le c tr ic  
o 3

in  n a tu re .  * The sp read in g  of the d isc h a rg e  i s  supposed to  depend on

2l c7'"'3'# '"and...................................................................................................................
p. >09 I t f l X ) ,

i>...-.A....arftlncr... Z.  P . .  ihJJ. gX. >U (19JJ1._____________________________

th e  e x c i ta t io n  o f c e r ta in  s p e c t r a l  l in e s  of th e  gas a t  a g iven  f i e l d  

s t r e n g th ,  corresponding to  th e  th re s h o ld  v o lta g e .^  O eiger-M ueller

I .  Brown. rn y a . .f t ,... 62  -  2U . C19/2J.

coun ting  i s  a lso  c h a ra c te r is e d  fey th e  se lf -q u e n c h in g  p ro cess  r e s u l t in g
3 6from th e  re d u c tio n  of the f i e l d  a t  th e  anode by th e  ion  ©heath. * At

>mr" C^&*'~M&r'Sm S>.' Montgomery, Fhys* E e v . 7 ?  -  1030' (X 9 lo ) \
6 . S tc v a r . H. P . .  Fhyg. key, f t  » jg„,(19tg)..--------------------------------------------

s u f f i c i e n t l y  h igh  v o lta g e s  a con tinuous corona d isc h a rg e  d evelops,

which s e ts  th e  l im i t  to  G eiger co u n tin g  a c t io n .

S e v e ra l experim en ts have been conducted to  determine th e

.mechanism f o r  th e  sp read  o f the  d isc h a rg e . G re in e r1 s  experim en ts^  on

slow c o u n te rs  came c lo s e s t  to  th e  in te n t  o f t h i s  I n v e s t ig a t io n .  lie

used  two e m it te r s  f a c in g  each o th e r ,  in  a common envelope . The anode®

were separatee! a t  a f ix e d  d is ta n c e  of about 1 cm. Measurement© were

made of th e  number of coun ts t h a t  o r ig in a te d  in  m e  counter and sp read
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a o r o e t #  the o th er , a t d if fe r e n t  pressures, 3y laeans o f the a® 

measurement* he was obi# to  detiae* a b so rp tio n  c o e f f ic ie n ts  fo r  

d iffe r e n t  g a se s . Thai the d ischarge  depended or photon absorption  

was proven with th e  aid  o f u lt r a v io le t  abso rb ing  f ilm s  of ce llu lo id *

The most p la u sib le  explanation fo r  the spread o f  the discharge through 

the f i lm  was phobo-csds s ion  is. the second counter produced fey u ltr a 

v io le t  rad ia tion  penetrating- the c e l lu lo id .  In. another experiment, 

in su la tin g  beads ©f d if fe r e n t  th ick n esses and dlm aeters spaced on the 

anode, lo c a l is e d  the discharge between the bead®.* In m  experiment

7 . g .  H. m o w in g ,  and « . K. Kaiuie. .pfays.» ...a^v, to  -  XH (19*27. '. 

conducted by Kaasey, two adjacent slow counters were tr iggered

8 . '». M. .itaiaaey, j . . /F 'r a ^ ,' ' ln e t .  '>21 -  i 9 i  ''dm )'."""." " . .'77""

c o in c id e n ta lly  when the d ischarge was in i t ia t e d  in. on® of the counters, 

b a t  discharged randomly when « se lf-q u e n ch in g  gas m ix tu re  was used. 

Sim ilar rem ilts  were obtained by Curran and S t r o t h e r * .  ̂ The arrange-

9 . 3 . C. Curran and J m E. Strother®, €aab . F h il. Soc. Froc.
 - 3> - _ M >  ________ _____________ ______________________ _________ ________ ______

a en ts  in  both experiments were suah m  to  minimise the p o s s ib i l i t y  th at  

the discharge was feeing- in i t ia t e d  by any mechanism other than photons, 

m oth er s e t  o f in te r e s t in g  experiments was perfumed fey Stever^ fo llo w 

ing  e a r l ie r  work by &, Brode. Stever used counters with divided  

cy lin d ers and bead® on the w ire. In one most su ggestive  experim ent, 

a g la ss  bead on a wire served to  stop the discharge spread a t low values  

o f E/p, but did not hinder the discharge at large  va lues o f E/p. This 

was in terp reted  to  mean th at the radius corresponding to  the c r i t i c a l  

value of S/p was pushed out t i l l  the bead was w e ll enclosed w ithin I t ,  

and the discharge could, then spread. The p o s s ib i l i t y  of lo  e a i i  % a tion
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of th e  d isc h a rg e  a t  th e  su rfa c e  of th e  w ire  was ru le d  o u t by th e se

experiment* which in d ic a te d  a mechanism in  th e  g a s , s t a r t i n g  a t  the

c r i t i c a l  va lue  of S /p . In  a n o th e r p ap e r, ofeever**^ used th e  d iv id ed

JLO. H. 0 . S te y e r . i : t e g  .igY^'>9 -  76> 11911). '...

co u n te r a s  a c o u n te r  te le sc o p e  where se p a ra te  io n is in g  ev en ts  were

n e ce ssa ry  in  each segment to  cause th e  segment to  count* O ther

lo c a l iz a t io n  e f f e c t s  have been s tu d ie d  through th e  u se  of d iv id ed
11cathode cylinder®  w ith  d i f f e r e n t  v o lta g e s  on each segment. The 

X I.  , 'w.  £ .  R aat»»y..iW f...a*y.^ 6 1 , - 9 6 . ( 1 9 * 2 ) .  ' .......

e f f e c t iv e n e s s  of in su la tin g  beads in  s topp ing  th e  d isch a rg e  from sp read -
7ing was a t t r ib u te d  by i i lk e n in g  and Kama to  m combination of re d u c tio n  

of f i e l d  in te n s i ty  by accum ulation of charge on th e  in su la to r® , and t© 

photon absorption fey th e  v ap o r. T h e ir r e s u l t s  were in te r p r e te d  to

mean th a t  th e  photon absorption in  th e  gas was com plete w ith in  a few 

e le c t r o n  m m  f r e e  p a th s .

THEORY OF THE EXPBRESEKTS FOE DSTEStXSXtfir 

ABSORPTXOI C0EFFIC1MT AJID m m r n  OF FHQTOHS

The fo llo w in g  work was undertaken  to  determ ine th e  n a tu re  of th e  

p ro cess  re sp o n s ib le  f o r  th e  sp read in g  o f th e  d isc h a rg e . In  o rd e r  to  

m easure the a b so rp tio n  c o e f f ic ie n t  o f th e  sp read ing  r a d ia t io n ,  a 

double c o u n te r arrangement was u se d . One of th e  co u n te rs  cou ld  fee 

moved along i t s  a x is  w ith  re s p e c t  to  th e  o th e r ,  in  th e  same g la s s  enclo 

su re  {See F ig . 1 ) .  The e le c t ro n ic  c ir c u it s  were so designed t h a t  a 

count cou ld  be k e p t o f a l l  d isc h a rg e s  which sp read  from one co u n te r to  

th e  o th e r .  S ince  th e  charge p er u n i t  le n g th  o f a co u n te r i s  a c o n s ta n t , 

th o se  d isc h a rg e s  which sp read  a c ro ss  th e  in te rv e n in g  gap, appeared as
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pulses* tw ice th e  s i s e  o f th o se  which developed, .in one of th e  c o u n te rs . 

Assuming an a b so rp tio n  to  ta k e  p la c e , th e  p ro b a b i l i ty  of d isch arg e  

spread  m a t  be a fu n c tio n  of th e  t o t a l  amount of in te rv e n in g  g a s , o r 

what amounte to  the  same th in g , the  p r o b a b i l i ty  of sp read  must depend 

on th e  c o n s t i tu t io n  of th e  gas m ixture, th e  d is ta n c e  between th e  

c o u n te rs , and th e  p ressure*  th e  r a t i o  of th e  number of la rg e  (d o u h ic- 

s ia e d )  p u lse s  to  th e  t o t a l  number of p u lse s  d e te rm in es , w, th e  prob

a b i l i t y  f o r  spread of th e  d isc h a rg e . In  subsequent paragraphs i t  w i l l  

be shorn how t h i s  measurement can be used  to  d e riv e  both th e  a b so rp tio n  

c o e f f i c i e n t ,  n ,  and. th e  t o t a l  number of photo-lon la  at Iona per  u n i t  

le n g th  of th e  w ire re s p o n s ib le  f o r  th e  sp read  o f  th e  d isc h a rg e .

Knowing the  number o f io n s  p e r  u n i t  le n g th  p e r  d isc h a rg e , th e  number o f 

p h o to - io n isa t io n s  produced p e r ion  In  th e  d isc h a rg e , may be computed.

Hie a b so rp tio n  c o e f f ic ie n t  may be determ ined d ir e c t ly  from 

measurements o f w. I f  e~^x  i s  th e  p ro b a b i l i ty  th a t % quantum appearing 

a t  th e  end of one co u n te r w ire w i l l  t r a v e r s e  a d is ta n c e , 3£, th en ,

1  -  e"*1*  i© the p ro b a b ility  th a t  a quantum w i l l  n o t t r a v e r s e  th at  

d is ta n c e .  The p ro b a b i l i ty  t h a t  a l l  o f I  quanta w il l  be absorbed i s  

(1  -  fo llo w s , th ere fo re , th a t

u >  *  = i  -  ( i  -

i s  th e  p ro b a b i l i ty  th a t  one o r  more w i l l  n o t be absorbed , o r ,

v  -03C
{2} w s  1 -

i s  th e  p ro b a b i l i ty  f o r  a d isc h a rg e  to  occur a t  la rg e  d is ta n c e s  o f jj. 

Taking th e  lo g a rith m  tw ic e , th e  r e s u l t  i s

( 3 ) lo g  ; -  lo g  (1 -  w )j -  log  K -  i*x»

t h i s  i s  th e  eq u atio n  of a  s t r a ig h t  l in e  whose slope  i s  g iven  by
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and th e  jr in te rc ep t fey la g  to  determine £ ,  th e  lo g arith m  o f 

(1  -  w) was p lo t te d  on a lo g a rith m ic  seal© as a fu n c tio n  o f x , and 

th e  slop© determ ined from th e  experim en ta l corves*

The value  o f 1 u sed  in  th e  c a lc u la t io n s  re p re se n te d  th e  t o t a l  

number o f photons capab le  o f p b o to - io n it& iio n , o c cu rrin g  a t  th e  end of 

the w ire, and Included the quantum e f f ic ie n c y , absorption , and 

r e la te d  fa c to rs*

feSSCRXmOK OF B4JXF 1. \T

The movable s p l i t  co u n te r was c o n s tru c te d  of b ra s s  c y lin d e rs  

(Fig* 1) 3 cm. long and 2*0? cm. d iam e te r, mounted in  a  pyrex g la s s  

envelope. The anodes were tungsten w ires 0 .031  inch  in  d iam e te r, one 

o f which was se a le d  d i r e c t ly  to  th e  pyrex  envelope, and th e  o th e r  

a tta c h e d  to  a sylphon bellow s and micrometer screw arrangem ent moving 

in  a vacuum -tigh t b ra ss  housing  to  minimise s id e  m otion o f th e  w ire .

The bottom  cathode was movable th rough  th e  same bellow s. The b ra s s  

housing  was se a le d  to  th e  pyreac envelop® w ith dm Ih o tln sk y  Cement. I t  

was found n e ce ssa ry  to  p rov ide  an o th e r sylphon bellow s system , coupled 

to  th a t  on th e  movable c o u n te r , so t h a t  the  p re ssu re  was m ain ta ined  

c o n s ta n t , i . e . ,  when th e  bellow s in  th e  co u n te r was com pressed, th e  

compensating bellow s expanded.

To c o r r e c t  f o r  sp u rio u s  e f f e c t s  in  th e  d e te rm in a tio n  of charge 

per p u ls e , th e  occurrence  of p o in t d is c h a rg e s , and error®  in  r e se tt in g  

th e  m icrom eter, c o n tro l  measurements of p la te a u , charge p er p u ls e , and 

photon p ro d u c tio n  were mad® on a s p l i t  co u n te r tube of th e  same g e n e ra l 

dim ensions as the movable co u n te r tub® com bination H, excep t t h a t  a 

f ix e d  d is ta n c e  between cathodes o f 1 .4  tea. was employed, and th e  in n e r  

w ire  was continuous th rough th e  tu b e .
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F ig u re  2 1® a block diagram, of th e  measuring c irc u it®  a s so c ia te d  

w ltb  counting th e  p u lse s , fo r  a b so rp tio n  d e te rm in a tio n s . th e  o u tp u t 

p u lse  v o lta g e  a c ro ss  r e s is ta n c e  E was fe d  through a condenser to  a 

cathode fo llow er*  . A low va lue  o f g r id  le a k  (10,000 Ohms/ was used in  

co n ju n c tio n  w ith  a >0#/#£d coup ling  condenser to  d i f f e r e n t i a t e  th e  p u ls e s , 

th e re b y  a c c e n tu a tin g  changes in  pulse shape* The purpose of th e  cathode 

fo llo w e r was to  i s o l a t e  th e  c o u n te r  tu b e  fro®  e x te rn a l  c i r c u i t s  by 

v i r tu e  ©f th e  h igh  in p u t impedance ty p ic a l  of cathode fo l lo w e rs , in  

a d d itio n  to  p ro v id ing  a  low*iapedence o u tp u t f o r  th e  in p u t c i r c u i t s  o f 

th e  two video a m p lifie r s . The one v ideo  a m p lif ie r  mm  u sed  to  amplify 

th e  s ig n a ls  which were fe d  to  a  s e l f - t r ig g e r e d  o s c illo sc o p e  w ith sweep 

tim es of >, 2 } ,  ICO and >00 m icroseconds* T his served as a m onitoring  

o s c illo sc o p e  to  In d ica te  the shape and c h a ra c te r is t ic ®  of th e  G eiger 

c o u n te r p u lse s . The band pass o f th e  vide© a m p lif ie r  was roughly  

100- c .p .s *  to  A m egacycles p er second* The o th e r  am p lifier  output was 

connected  to  a  co n v en tio n a l o s c il lo s c o p e  and to  th e  in p u t c irc u it®  of 

two s e a le r  u n i t s .  The s c a le r s  were c o n v en tio n a l, E cc les-Jo rdon  type 

s c a le  of two m u lt iv ib r a to r s ,  g iv in g  1 o u tp u t pulse to  every 16 input 

p u ls e s .  Mechanical in p u lse  re c o rd e rs  were operated fey a thyratron tube 

u sed  as o u tp u t stag® fro®  each s e a le r .  One of th e  s c a le r s  was su p p lied  

w ith  an a d d it io n a l  a m p lif ie r  tube  w ith  a d ju s ta b le  g a in , so t h a t  a l l  

p u lse s  would r e g i s t e r  on i t s  re c o rd e r , w hile  th e  g a in  of th e  video 

a m p lif ie r  was a d ju s te d  so th a t  on ly  th e  la rg e  pulse® , th o se  which 

p ropagated  a c ro ss  th e  gap, could r e g i s t e r  on th e  o th e r  re c o rd e r . A 

m echanical tim in g  c o n tro l  was connected  to  th e  s c a le r s ,  so th a t  th e  

t o t a l  number o f la rg e  p u lse s , a# w e ll as th e  t o t a l  number of a l l  

p u ls e s , both  la rg e  and sm a ll, cou ld  be recorded  in  th e  same tim e in te r v a l .
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For each f i l l i n g  th e  d a ta  taken  c o n s is te d  o f ; th e  t o t a l  number 

o f count© p e r m inute a s  a fu n ction  o f  c o u n te r voltage f o r  each co u n te r! 

th e  average c u r re n t  flow ing to  th e  co u n te r du ring  th e  same tim e 

i n t e r v a l , and f o r  th e  double c o u n te r , th e  number of d o u b le -s ia ed  pulse® 

appearing p er 16,000 t o t a l  p u lse s .

Measurements o f th e  c u rre n t  flow ing  through th e  co u n te r were made 

in  th e  ground re tu rn  c i r c u i t  o f th e  c o u n te r  anodes by means o f a  G eneral 

l&di© vacuum tube &~c a m p lif ie r ,  Model 7l> k a c ro ss  whose input a  2C^fd 

condenser was p laced  to  m in in is*  f lu e  tu  a t  io n s . During a g iven  tim e 

in te r v a l  th e  number of p u lse s  o ccu rrin g  were counted , th u s  g iv in g  the  

n e ce ssa ry  d a ta  f o r  c a lc u la t in g  th e  charge p e r p u lse .

MgASUEMMfS OF ABSORFTXOVI COIFFICraif

F igu re  3 shows a. ty p ic a l  curve of p ro b a b i l i ty  o f propagation  

th rough th e  gas pa th  between th e  cathodes of th e  movable double c o u n te r , 

f i l l e d  w ith  * m ixta re  of 10 p e rc en t and 90 p e rc en t argon a t  a

t o t a l  p re s su re  of 10 cm. Hg. f f o r  d i f f e r e n t  v o lta g e s  between m ode and 

ca th o d e . F igu re  I shows th e  v a lu e s  o f lo g  (1 -  w) p lo t te d  on se a l*  

logarthm lc graph p a p e r  am a fu n c tio n  of distan ce between th e  cathodes 

of th e  movable c o u n te r  system . From equation  (3) i t  i s  e a s i ly  seen th a t  

th e  ©lop# of th e se  cu rves de term ines th e  a b so rp tio n  c o e f f i c i e n t  f o r  the  

sp read in g  mechanism.

Table I  ta b u la te s  th re e  s e t s  of absorption, c o e f f ic ie n t s  computed 

from the cu rv e s . The f i r s t  s e t  l i s t s  measurements o f  th e  s lo p e , th e  

second s e t  c o n s is ts  of a b so rp tio n  c o e f f ic ie n t s ,  c o rre c te d  to  one cm. 

of p re s su re , assuming th e  a b so rp tio n  to  be due on ly  to  the  t o t a l  amount 

o f »rgon p re s e n t . The th i r d  s e t  c o n s is ts  o f ab so rp tio n  c o e f f i c i e n t s ,



a

fABLI 1

AKKHifTIGK C0&FICXSHT3

P re ssu re  Qm  M ixture Slop® Measured A bsorption  C o e f f ic ie n ts
From Curves C o rrec ted  C o rrec ted

f o r  1 cm. f o r  1 cm.
argon vapor

H ^2 *34 *1B *28

5 cm. m% CHjBa, 7.0 0 .-1 1.2? ca- * 14 era-1

$ 20 0%!% >.2 1.73 >.2

10 4 ce2b% io*£ >.& em~̂ i .  a 0 .6  <sr^ >3.7 15 ea"1

10 10 H .2 6 a 1.2$ 0.71 11. 5 6 .4

10 20 CHaB% 12.1 >*> l a x 0.68 6 .1 2.S

20 10 CH2Ba2 2 i 1.2$ 11.5

10 > i . s i *

10 10 ; 0.6/, >.8

10 20 c2h ôh ^ a ■0.6? 2.?

10 00' o ^m >.« O.EU 1.6

20 $

W eighted Average o f  &jj .sc l.J*>

% p  * °* 6*

* Low percen tage  o f a lc o h o l does n o t make c o u n te r -with O eiger-M uelle r 

c h & ra c te r is t ic a *
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c o rre c te d  to  one era. o f  p re s s u re , assuming th e  a b so rp tio n  to  be due 

s o le ly  to  th e  o rgan ic  vapor,

The c o rre c te d  value® o f and. ft shown in  Table 1 were o b ta in ed  

by d iv id in g  th e  v a lu es  o f ft^ and fi^ o b ta in ed  from th e  cu rves by th e  

a s so c ia te d  p a r t i a l  p re s su re s  o f argon . The w eighted v a lu e s  were o b ta in ed  

by e s tim a tin g  th e  accuracy  of each s e t  of re a d in g s , a ss ig n in g  r e l a t i v e  

w eigh ting  fac to r©  to  each, and averag ing  th e  r e s u l t s .

I t  may be assumed th a t  th e  v a rio u s  e r r o r s  invo lved  in  c o u n tin g , 

f i l l i n g  to  th e  c o r r e c t  p re s s u re , and measurement o f s lo p e , were s u f f i c i 

e n t  to  account f o r  th e  .minor v a r ia t io n s  observed in  both  th e  a b so rp tio n  

c o e ff ic ie n t®  l i s t e d  in  Table I ,  That th e  g eo m e trica l arrangem ent d id  

n o t  in tro d u c e  a p p re c ia b le  e r r o r  in  th e  measurements rmj be concluded 

from th e  f a c t  th a t  the  d a ta  i n  g e n e ra l showed th e  same slo p e  in  spit©  

of th e  d i f f e r e n t  d is ta n c e s  u se d , and th a t  th e  s lo p es  o f th e  5 © a., 10 a s . , 

and 3D cm. t o t a l  p re s su re , a b so rp tio n  curve® y ie ld e d  th e  same v a lu e s  of 

th e  a b so rp tio n  c o e f f i c i e n t .

Measurements made on m ethylene bromide were baaed on a coun ting  

r a t e  o f about 30 p er second, and a t o t a l  count of about 16,000 count®, 

in  o rd e r  to  m inim ise e r r o r s  due t© re s o lv in g  tim e and l im i t  th e  standard 

d e v ia tio n  o f counts p e r seconds to  about one p e rc e n t. Measurements made 

on th e  a lc o h o l c o u n te rs  were n o t as a c c u ra te  and, in  gen era l, were 

conducted o n ly  as a c o n tro l  experiment to  sup p o rt th e  r e s u l t s  o b ta in ed

w ith  m ethylene brom ide. The poor resu lt®  o b ta in e d  w ith  the  f iv e  p e rc en t
7a lc o h o l m ix tu res  a re  in  accord  w ith  r e s u l t s  o f f l ik e n in g  and Keane* who 

found th a t  counter® made w ith  l e e s  than  f iv e  p e rc en t a lco h o l showed 

alm ost no lo c a l i s a t io n  e f f e c t s .

The a b so rp tio n  measurements were rep e a te d  w ith  f i l l i n g s  o f  neon- 

methylen© bromide and heliusi-m eihylene brom ide. The r e s u l t s  w ith
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th ese  m ixtures v e r i f ie d  th e  co n c lu sio n s  t h a t  th e  a b so rp tio n  c o e f f ic ie n t  

i s  a fu n c tio n  of th e  gas a lo n e . For a te n  p e rcen t methylene brom ide- 

neon m ix ture  a t  10 cm. p re s s u re , th e  c o e f f ic ie n t  of a b so rp tio n  mm  

0*93 correspond ing  to  0 .1  p e r cm. o f neon* f o r  helium , th e  c o e f f ic ie n t  

was so sm all t h a t  a c c u ra te  d e te rm in a tio n  o f th e  slope  was n o t f e a s ib le .

C e rta in  co n c lu sio n s  may be d r  aim fro© thm m  d a ta ;

1 . The a b so rp tio n  p e r  u n i t  p re s su re  i s  c o n s ta n t , depending o n ly  

on th e  amount of argon p re s e n t ,  This d a ta  i s  overw helm ingly in  fa v o r  

of th e  assum ption th a t  a b so rp tio n  i s  eke to  th e  argon a lo n e .

2 . There a re  two d if fe r e n t  ab so rp tio n  constant®  in d ic a t in g  two 

d i f f e r e n t  ty p es  o f pho tons. v a rio u s  p e rcen tag es  of a t  ID cm,

t o t a l  p re s su re  bo th  c o e f f i c i e n t s  showed c le a r ly *  In  a lco h o l-a rg o n  

m ix tu res on ly  one c o e f f ic ie n t  was observed  from which I t  i s  concluded 

th a t  th e  s e p a ra tio n  u sed  d u rin g  measurement® was such th a t  one type  o f 

photon had been alm ost com plete ly  absorbed  when th e  se p a ra tio n  was 

s u f f i c i e n t  f o r  rea d in g s  to  fee ta k e n . The l a r g e r  va lue  of th e  a b so rp tio n  

c o e f f ic ie n t  i s  probably c h a r a c t e r i s t i c  o f th e  h ig h e r  energy  photon s in ce  

i t  appeared  more prominently as  th e  v o lta g e  was in c re a s e d .

i .  From th e  shapes o f the curves and t h e i r  in te r s e c t io n s  w ith  th e  

lo g  (1  -  w) a x is ,  i t  appear® t h a t  th e  number of e f f e c t iv e  photons in 

c reased  w ith v o l ta g e . As w il l  be shorn  l a t e r ,  th e  fu n c tio n  o f th e  vapor 

seems to  be to  i n h i b i t  th e  p ro d u c tio n  o f photons in  th e  d ischarge*

The d iam eter of th e  atom f o r  th e  ab so rp tio n  p ro c e ss , c , may be 

d e fin e d  fey

ft s  ^ ( § ) 2

where g  i s  th e  number of atoms p e r  e . c .  In s e r t in g  a v a lu e  of M -  1 .33/em . 

f o r  one a b so rp tio n  c o e f f i c i e n t ,  and ja s  0 .6>/cm , f o r  th e  o th e r  ab so rp tio n
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c o e f f i c i e n t ,  th e  r e s u l t in g  v a lu es f o r  th e  a to n ic  cross—ssc t lo n  of 

argon f o r  th e  tee  types o f photons a re

d iam ete r c, * s  0 .2 3  x 10*® cm. 
f  *>?

and c ... s  0 .16  x  10“*® cm.0 .6 a

O f TEli ggLATITC* *tUl'>,*5. OF Hi0T0!f3 XI OlFFOfwJII .aXXTtJEES

E quation  (2 ) in d ic a te s  th a t  th e  experim ent i s  w ell su ite d  f o r  th e  

d e te rm in a tio n  of |[ ,  th e  number o f photons causing  a p h o to e le c tr ic  e f f e c t  

in, th e  g a s . -Equation ( 2 ) ,  r e w r it te n  as 

( l )  lo g  (1  -  w) s  -AM

shows t h a t  f o r  a  f ix e d  s e p a ra tio n  between c o u n te r  c a th o d es , e~^x  i s  a 

con stan t, A, and lo g  (1  -  w) i s  d i r e c t ly  p ro p o r tio n a l to  th e  number of 

e f f e c t iv e  p h etoe leetron s. A ccord ing ly , p ro b a b ility  mefi*sure»ents were 

mMm on th e  double co u n te r w ith  f ix e d  sep a ra tio n . o f 1 .1  cm. as th e  

v o lta g e  was in c re a se d  th roughou t th e  p la te a u  re g io n , E p i c a l  r e s u l t s  

a re  shown g ra p h ica lly  in  F ig u re  th e  d a ta  in  Table I I  c le a r ly  show 

th e  e f f e c t  of th e  vapor on th e  number o f photons a v a i la b le  to  p ropagate  

th e  d isc h a rg e . The io n isa t io n  d a ta  were o b ta in ed  by m easuring th e  

average current flow in g  th rough  th e  c o u n te r  w hile the coun ts were being  

reco rd ed , and co n v e rtin g  to  io n s  p e r c a . p e r  d isch arg e  by d iv id in g  th e  

charge p e r count o b ta in ed  on one co u n te r by ? .>  cm, (O .y cm. allow ance 

being  made f o r  end e f f e c t s ) .  In  t h i s  experim en t, th e  s e p a ra tio n  ©f th e  

c o u n te rs  was such th a t  on ly  th e  it as 0 .6 ?  type  o f photon was in 

v o lv ed . More photons were produced in  alcohol-argon, m ix tu res  than  in  

e q u iv a le n t p ro p o r tio n s  of »*tt^X ene-bros& de-argon m ix tu re s . I f  th e  

t r a n s i t io n  from  th e  p ro p o r tio n a l  reg io n  to  th e  p la te a u  reg io n  depends 

on th e  number of photons a v a i la b le  f o r  p ropaga ting  th e  d isc h a rg e , then
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th e  r e s u l t s  predicted  t h a t  a lco h o l-a rg o n  c o u n te rs  should  have low er 

th resho ld® , la, agreement w ith  o b se rv a tio n . T his was a ls o  hom e o u t fey 

th e  g re a te r  slope of photon In c re a se  In  a lco h o l-a rg o n  c o u n te rs . This 

g r e a te r  in c re a s e  of slop® presum ably i s  r e la te d  to  th e  f a c t  th a t  

alcohol-argon counter® have a sm aller p la te a u  b e fo re  b reak in g  in to  a 

con tinuous d isc h a rg e , i t  was observed  th a t  th e  in c re a s e  in  r a te  of 

io n  fo rm ation  w ith v o lta g e  was alm ost a c o n s ta n t,  independent o f the  

type  of vapor o r p ercen tage  com position .

The d a ta  f o r  aleohol-*rgaa mixtures showed an in c re a s e  in  th e  

number of photons r e l a t i v e  to  ion® as th e  percentage o f a lco h o l vapor 

was in c re a s e d , A p o ss ib le  e x p la n a tio n  might be t h a t  in  a lc o h o l, s in g le  

io n is a t io n  and d is s o c ia t io n  o ccu r, w ith th e  e le c tro n  by -p roduct o f th e  

io n is a t io n  con trib u tin g  to  th e  f u r th e r  p roduction  of photons. However, 

th e  d a ta  f o r  a lc o h o l would n o t fee c o n s is te n t  with th e  f a c t  th a t  th e  

d isch a rg e  aey be h e a v ily  quenched fey th e  f u r th e r  a d d it io n  of a lc o h o l,

C0HCLU3I0N

To u n d ers tan d  th e  r o le  o f th e  o rg an ic  v s per and i t s  e f f e c t  on th e  

sp read  of th e  d is c h a rg e , l e t  ms f i r s t  c o n s id e r  th e  action, ta k in g  p lace  

in  th e  slow c o u n te r , i , e , , a c o u n te r  f i l l e d  w ith  smn&bomic g a s . In  the  

course  o f th e  d isc h a rg e , se v e ra l ty p es  of photons a re  c re a te d . The 

f i r s t  ty p e  c o n s is ts  o f photons derived p rim a rily  f r m  e x c ite d  neutra l 

atom s. These photons l i e  In  th e  v is ib le  and n e a r  u l t r a v i o l e t  re g io n , 

and h e lp  perpetuate th e  d isc h a rg e  by the e je c t io n  o f photoelectron®  a t  

th e  ca th o d e . These photons do n o t cams® io n iz a t io n  w ith in  th e  gas 

i t s e l f  because of t h e i r  low energy . The second type  of pbotom i s  

d e riv ed  from th e  e x c ite d  s in g ly  or doubly io n ise d  g m  atom, and may 

e i t h e r  e je c t  p h o to e le e tro n s  from th e  cathode c y lin d e r ,  o r  what i s  more
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probab le  , because or th e  o p a c ity  o f the gas in  th e  wave len g th  reg io n  

in v o lv ed , cause p h o to e le c tr ic  ©mission .in th e  gas i t s e l f .  The em itted  

e le c tro n s  then  se rve  to  t r i g g e r  the  fo rm atio n  of new Townsend A valanches, 

On th e  b a s is  o f p rev ious hy p o th eses , i t  was assumed th a t  th e  organic  

vapor served to  absorb  r a d ia t io n  in  the u l t r a v i o l e t ,  th u s  m in im ising  

p h o to e lec tr ic  a c t io n  a t  th e  cathode and in  the ga s, the experiment® 

conducted above in v a lid a te  th e s e  assum ptions.

Many o f  th e  photons from  e x c ite d  argon , o r ig in a tin g  in  th e

a v a lan ch es , l i e  in  th e  range o f 1 1 ,> t© 1 > .7 e , v . , co rrespond ing  to  
°  °

10/0  A to  /9Q A, The p h o to e le c tr ic  th re s h o ld  o f th e  cathode in  most 

c m m  i s  about A e . v ,  th u s ,  f o r  lo c a l is a t io n  of th e  discharge to  th e  

region in  th e  Immediate v i c in i ty  o f  th e  w ire , e i t h e r  th e se  photons m e t  

b# s tro n g ly  absorbed. In  th e  g m  m ixture, as hypothesised  by asmsey,® o r  

th e  .number o f photons produced should  be low ered to  the p o in t where 

p h o to e le c tr ic  a c tio n  a t th e  cathode has a s u f f ic ie n t ly  low p r o b a b ility .

The r e s u l t s  p re sen te d  here  show q u ite  d e f in i te ly  t h a t  th e  

mechanism of th e  sp read ing  d isc h a rg e , p re v io u s ly  shown to  be photo

e l e c t r i c  in  n a tu re , i s  a  fu n c tio n  of th e  r a r e  gas a lo n e . The experiments 

suggest t h a t  io n isa t io n  i s  a lso  produced a f t e r  th e  i n i t i a l  avalanche, 

by photon® o r ig in a t in g  from A4* e x c ite d  io n s ,  ly in g  in  th e  r m g e  o f 

(43*3 -  1>«7) e .v .  s  27.6  e . v .  The fu n c tio n  of th e  vapor i s  to  poison  

th e  p roduction  of photons in  th e  d isch arg e  and doe® n o t c o n tr ib u te  

a p p re c ia b ly  to  photon a b so rp tio n . This behav io r cou ld  be e x p la in ed  by 

th e  e lectron®  in  th e  avalanche lo s in g  t h e i r  energy through e x c i ta t io n  

and decom position of the organic vapor m olecules. T his i n te r p r e ta t io n  

i s  in  agreem ent w ith  th e  experiments of 3pats^*2 in  which i t  i s  shown

— ± jL > — ^ . P . A . t i £ . . „ . l h y & m _ _ j i e v .  6 1 , .  —  2 , 1 6  C l 9 . A ^ i . _ »



t h a t  th e  o rg an ic  vapor i s  r a p id ly  decomposed in  th e  course  o f a

d ischarge*  Hi a t  t h i s  p ro cess  i s  so e f f e c t iv e  i® due p r im a r ily  to  th e  

f a c t  t h a t  th e  energy  n e ce ssa ry  f o r  e x c i ta t io n  and decom position o f th e  

vapor i s  c o n s id e ra b ly  l e s s  th an  th e  energy r e t i r e d  f o r  th e  p roduction  

of s u i ta b le  photons to  sp read  th e  d isc h a rg e . F in a l ly ,  th e  f a c t  th a t  

th e  ab so rp tio n  c o e f f ic ie n t s  a re  dependent on ly  on th e  a b so lu te  amount 

o f  r a r e  gas in  th e  c o u n te r , d e f in i t e ly  p lac es  th e  p h o to e le c tr ic  a c tio n  

as a p ro cess  o c cu rrin g  in  th e  g m  a lo n e , and cannot be a t t r ib u te d  to  

th e  v ap o r.
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