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I n t r o d u c t i o n .
----------------------------

ifr
w a s  i n  F e b r u a r y  1926 t h a t  G. E . W y n n - W i l l i a m s  p u b l i s h e d  t h e  r e s u l t s  

t h e  f i r s t  s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  phen o m en o n  t e r m e d  t h e  

.'•’ t h r e e - p o i n t  e f f e c t " .  T h i s  p henom enon  w as  d e s c r i b e d  b y  h im  a s  f o l l o w s ,  

"A s p a r k  g a p  i s  c o n n e c t e d  t o  a n  i n d u c t i o n  c o i l  o r  o t h e r  i m p u l s i v e  

h i g h  p o t e n t i a l  a p p a r a t u s .  C o r r e s p o n d i n g  t o  an y  g i v e n  s e t  o f  c o n d i t -  

- i o n s ,  t h e r e  w i l l  b e  a  c e r t a i n  maximum l e n g t h  o f  g a p ,  d e p e n d i n g  on 

t h e  p e a k  v o l t a g e  o f  t h e  c o i l ,  t h e  d i m e n s i o n s  o f  t h e  e l e c t r o d e s  e t c . ,  

f o r  w h i c h  a  s p a r k  c a n  p a s s  r e g u l a r l y .  I f  t h e  g a p  i s  made  o f  s l i g h t l y  

g r e a t e r  l e n g t h  t h a n  t h i s ,  t h e  o t h e r  c o n d i t i o n s  r e m a i n i n g  t h e  sam e ,  

t h e  s p a r k  w i l l  n o t  p a s s .  I f ,  h o w e v e r ,  a  t h i r d  p o i n t e d  e l e c t r o d e  i s  

b r o u g h t  n e a r  o n e  o f  t h e  m a i n  e l e c t r o d e s ,  i t  i s  f o u n d  t h a t ,  u n d e r  

c e r t a i n  c o n d i t i o n s ,  t h e  s p a r k  w i l l  a g a i n  p a s s  r e g u l a r l y  i n  t h e  m a in  

g a p , "  P u t  i n  t h e  m o s t  g e n e r a l  t e r m s  t h e  e f f e c t  i s  t h a t  a  s h a r p  

m e t a l l i c  p o i n t  f a c i l i t a t e s  t h e  p a s s a g e  o f  a  s p a r k  a c r o s s  a  g a p  n e a r  

w hich  i t  i s  p l a c e d .

The e x p l a n a t i o n  g i v e n  b y  W y n n - W i l l i a m s  o f  t h e  p h e n o m en o n  i s  summar-  

- i z e d  a t  t h e  e n d  o f  h i s  c o m m u n i c a t i o n  a s  f o l l o w s ,  " I t  i s  t h e r e f o r e  

i n f e r r e d  t h a t  t h e  t h r e e - p o i n t  e f f e c t  i s  c a u s e d  b y  t h e  i o n i z a t i o n  o f  

the  g a s  i n  t h e  m a i n  g a p  b y  a  r a d i a t i o n ,  b e l i e v e d  t o  b e  a  fo rm  o f  

e n t l a d u n g s t r a h l e n ,  e m i t t e d  b y  t h e . p i l o t  d i s c h a r g e , "

The i n v e s t i g a t i o n  t o  b e  d e s c r i b e d  i n  t h e  p r e s e n t  t h e s i s  w as  i n i t i a t e d  

fo r  t h e  p u r p o s e  o f  s t u d y i n g  f u r t h e r  t h e  s o u r c e  a n d  p r o p e r t i e s  o f  t h e  

I r a d i a t i o n  r e f e r r e d  t o ;  i t  h a s ,  h o w e v e r ,  a l s o  l e d  t h e  w r i t e r  t o  a  

r a t h e r  d i f f e r e n t  e x p l a n a t i o n  o f  t h e  a c t i o n  o f  t h e  c h a r g e d  m e t a l l i c

P h i l ,  Mag,  v o l . i .  p . 355  ( 1 9 2 6 ) ,  i
.. .  .  -
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p o i n t .  C o n s e q u e n t l y  t h e  w o rk  can  c o n v e n i e n t l y  b e  d i v i d e d  i n t o  two 

s e c t i o n s ;  t h e  f i r s t  i s  c o n c e r n e d  w i t h  t h e  e x p l a n a t i o n  o f  t h e  e f f e c t ,  

and w i t h  some a l l i e d  q u e s t i o n s x x  r e g a r d i n g  t h e  m e c h a n i s m  o f  t h e  

s p a r k  d i s c h a r g e .  The s e c o n d  s e c t i o n  d e s c r i b e s  t h e  i n v e s t i g a t i o n  o f  

t h e  n a t u r e  o f  t h e  r a d i a t i o n s  t h e m s e l v e s .

S i n c e  t h e  r a d i a t i o n s  a r e  c a p a b l e  o f  i o n i z i n g  a i r ,  t h e y  m u s t  l i e  on 

t h e  X - r a y  s i d e  o f  t h e  Schumann r e g i o n  o f  t h e  u l t r a - v i o l e t ,  Wynn-
O

W i l l i a m s  s u g g e s t e d  t h a t  t h e i r  mean w a v e - l e n g t h  l a y  b e t w e e n  15A., and
e

lOOOA, T h i s  f a c t  p r e c l u d e s  t h e  p o s s i b i l i t y  o f  s p e c t r o s c o p i c  i n v e s t -  

- i g a t i o n  f o r  two r e a s o n s .  F i r s t ,  t h e  r a d i a t i o n s  are  t o t a l l y  a b s o r b e d  

by a b o u t  t h r e e  c e n t i m e t r e s  o f  a , i r  a t  a t m o s p h e r i c  p r e s s u r e ,  and  a r e  

no t  t r a n s m i t t e d  b y  a n y  n o n - g a s e o u s  s u b s t a n c e  e x c e p t  c e l l u l o i d  f i l m s  

t h i n  enough  t o  g i v e  i n t e r f e r e n c e  f r i n g e s  w i t h  r e f l e c t e d  l i g h t .  

S e c o n d ly ,  t h e  r a d i a t i o n s  a r e  n o t  r e g u l a r l y  r e f l e c t e d  b y  a  m i r r o r  

s u r f a c e ,  an d  c o n s e q u e n t l y  c o u l d  n o t  b e  i n v e s t i g a t e d  b y  t h e  u s u a l  

g^-ating.

Throughout  t h e  e x p e r i m e n t s  t o  b e  d e s c r i b e d ,  t h e r e f o r e ,  t h e  r a d i a t i o n s  

Were d e t e c t e d  a n d  u l t i m a t e l y  t h e i r  i n t e n s i t i e s  w e r e  m e a s u r e d  by 

e l e c t r i c a l  m e a n s ,  a d v a n t a g e  b e i n g  t a k e n  o f  t h e i r  i o n i z i n g  and  p h o t o 

e l e c t r i c  e f f e c t s .
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CHAPTER 1

The I n f l u e n c e  o f  Char g e d  M e ta l l i c  P o i n t s  on t h e  Spa r k  D i s c h a r g e .  

E x p e r i m e n t a l  A r r a n g e m e n t s .

I n  t h e  f i r s t  f i g u r e  a r e  shown t h e  p r i n c i p a l  a r r a n g e m e n t s  o f  t h e  

s p a r k - g a p  an d  m e t a l l i c  p o i n t  w h i c h  w e r e  u s e d  i n  t h e  e x p e r i m e n t s .  The 

a r r a n g e m e n t  known a s  t h e  " t h r e e - p o i n t  g ap "  i s  shown i n  P i g . l a ,  w h e re  

A,B a r e  t h e  m a i n  s p a r k - g a p  e l e c t r o d e s  an d  C i s  an  i n s u l a t e d  m e t a l  

rod  t h e  p o i n t  o f  w h i c h  i s  p l a c e d  v e r y  n e a r  one  o f  t h e  m a in  e l e c t r o d e s .  

Th is  i s  t h e  a r r a n g e m e n t  w h i c h  i s  u s e d  c o m m e r c i a l l y  i n  m a g n e to  g a p s ,  

and t h e  e f f e c t  i s  o n l y  p r o d u c e d  when s m a l l  s p a r k s  p a s s  b e t w e e n  C 

and t h e  m a in  e l e c t r o d e  a d j a c e n t  t o  i t .  The r o d  C n e e d  n o t  b e  p o i n t e d ;  

a b l u n t  end  i s  a l m o s t  e q u a l l y  e f f e c t i v e .

Fio'. 1 a.

Fig. 1 c.

0. c. -oo™

Fio-. 1 e.

Fig. 1 h.

B.

Fig. 1 d.

C. D.

Fig. I f .
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F i g s . l b  a n d  l o  show a r r a n g e m e n t s  w h i c h  w e r e  a l s o  u s e d  b y  Wynn- 

- W i l l i a m s  i n  h i s  i n v e s t i g a t i o n s .  The r o d  C i n  E i g . l b  i s  c o n n e c t e d  

t o  one  o f  t h e  m a in  e l e c t r o d e s ,  a n d  u n d e r  t h e s e  c o n d i t i o n s  n e e d  n o t  

b e  v e r y  n e a r  t h e  g a p  AB. The end  o f  C, h o w e v e r ,  m us t  b e  v e r y  s h a r p l y  

p o i n t e d ,  a n d  t h e  r a d i a t i o n  i s  b e l i e v e d  t o  o r i g i n a t e  i n  t h e  s i l e n t  

d i s c h a r g e  a t  t h i s  s h a r p  p o i n t .  I n  F i g . l c  t h e  p o i n t e d  t h i r d  e l e c t r o d e  

i s  r e p l a c e d  b y  a  s m a l l  m e t a l  s p h e r e  h e l d  n e a r  a n o t h e r  s m a l l  s p h e r e  

D a t t a c h e d  t o  t h e  end  o f  an  i n s u l a t e d  w i r e .  Owing t o  t h e  e l e c t r i c a l  

c a p a c i t y  o f  t h e  w i r e  an d  t h e  s p h e r e  D, a  s m a l l  s p a r k  p a s s e s  b e t w e e n  

t h e  l a t t e r  an d  t h e  s p h e r e  C. T h i s  s p a r k  w as  fo u n d  by  W y n n -W i l l i a m s  

to  b e  t h e  s o u r c e  o f  i o n i z i n g  r a d i a t i o n s  s i m i l a r  i n  t h e i r  p r o p e r t i e s  

to  t h o s e  p r o c e e d i n g  f ro m  t h e  s i l e n t  d i s c h a r g e  from C i n  F i g . l b .

The S p a r k - g a p s  E m p lo y ed  i n  t h e  P r e s e n t  E x p e r i m e n t s .

The w r i t e r  h a s  f o u n d  t h a t ,  i n  a d d i t i o n  t o  t h e  a r r a n g e m e n t s  o f  gap  

and a u x i l i a r y  c o n d u c t o r s  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e r e  

a r e  a  num ber  o f  o t h e r  s y s t e m s  i n  w h i c h  s i m i l a r  e f f e c t s  a r e  p r o d u c e d .  

Some o f  t h e s e  a r e  shown i n  F i g . l ,  F i g * I d  shows a  s y m m e t r i c a l  a r r a n g e -  

firent i n  w h i c h  two s h a r p  n e e d l e s  C ,D ,  a r e  c o n n e c t e d  t o  t h e  m a in  

e l e c t r o d e s .  I f  t h e  d i s t a n c e  b e t w e e n  t h e  p o i n t s  C and  D i s  j u s t  g r e a t  

Gnough t o  p r e v e n t  a  s p a r k  f rom  p a s s i n g  b e t w e e n  th e m ,  t h e  e f f e c t  on 

the  m a in  g a p  i s  v e r y  m a r k e d  i f  t h e  d i s t a n c e  b e t w e e n  AB and  CD i s  n o t  

Eiore t h a n  10 cm, (AB w as  1 c m . ) .  ï h i s  i s  t h e  a r r a n g e m e n t  w h i c h  was 

^sed  m os t  e x t e n s i v e l y  i n  t h e  e x p e r i m e n t s  t o  b e  d e s c r i b e d .

Another s y m m e t r i c a l  a r r a n g e m e n t  i s  shown i n  F i g , l e ,  i n  w h i c h  a  v e r y  

su a l l  s p a r k  p a s s i n g  b e tw e e n  0 a n d  D, t h e  a d j a c e n t  e n d s  o f  i n s u l a t e d

t a k e s  t h e  p l a c e  o f  t h e  s i l e n t  d i s c h a r g e .  T h i s  a r r a n g e m e n t  

a l s o  v e r y  e f f e c t i v e  up  t o  a  d i s t a n c e  o f  @ cm. b e t w e e n  AB and CD.
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I f  t h e  e n d s  L,M a r e  j o i n e d  h y a  a  c o p p e r  w i r e ,  t h e  e f f e c t  i s  s t i l l  

f o u n d  i f  t h e  s m a l l  a u x i l i a r y  g a p  CD i s  w i t h i n  1 cm. o f  A or B .  I n  

F i g . I f  C a n d  D a r e  t h e  p o i n t s  o f  two n e e d l e s  t h e  o u t e r  ends  o f  w h ic h  

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

I n  t h i s  a r r a n g e m e n t  t h e  e f f e c t  on t h e  m a in  gap i s  v e r y  marked,  even  

th o u g h  no s p a r k s  p a s s  b e t w e e n  A and  C o r  b e t w e e n  B a n d  D.

The S o u r c e  o f  t h e  R a d i a t i o n s .

W ith  t h e  arran gem en t  o f  F i g . I d  a  s e r i e s  o f  e x p e r i m e n t s  was made 

w i t h  t h e  o b j e c t  o f  d e t e r m i n i n g  t h e  e x a c t  s o u r c e  o f  t h e  r a d i a t i o n s .  

The s o u r c e  o f  p o t e n t i a l  w as  a  l a r g e  i n d u c t i o n  c o i l  ( 1 0  i n .  sp ark )  

u s e d  i n  c o n j u n c t i o n  w i t h  a m o t o r  m e r c u r y - j e t  i n t e r r u p t e r .  Such a  

s y s t e m  e n su r ed  t h a t  t h e  p e a k  p o t e n t i a l  a c r o s s  t h e  c o i l  r e m a i n e d  

v e ry  c o n s t a n t ,  when t h e  p r i m a r y  c u r r e n t  was  c o n s t a n t ,  and  t h u s  

c a u s e d  t h e  s p a r k i n g  t o  b e  v e r y  r e g u l a r  i n  any g a p s  w h i c h  w ere  em- 

- p l o y e d .  The p o t e n t i a l  a p p l i e d  t o  t h e  main g a p  b e i n g  a d j u s t e d  so 

t h a t  sp a rk s  j u s t  f a i l e d  to  a p p e a r ,  a  t h i n  p l a t e  o f  p a r a f f i n  wax 

h a v i n g  a  n a r r o w  a p e r t u r e  was  p l a c e d  b e t w e e n  AB and  CD, and moved 

a b o u t  u n t i l  t h e  e f f e c t  on t h e  p a s s a g e  o f  t h e  s p a r k  w a s  g r e a t e s t .  I n  

t h i s  way i t  w as  found t h a t  p r a c t i c a l l y  t h e  w h o le  o f  t h e  e f f e c t  

o r i g i n a t e d  i n  t h e  i m m e d i a t e  n e i g h b o u r h o o d  o f  one  o r  o t h e r  o f  t h e  

p o i n t s  C,D.

The e f f e c t  w as  m o s t  m a rk e d  when t h e  a p e r t u r e  a l l o w e d  a  s t r a i g h t  

p a t h  i n  a i r  f ro m  t h e  p o s i t i v e  p o i n t  t o  t h e  p o i n t  A on t h e  n e g a t i v e  

e l e c t r o d e ( F i g . 2 ) . T h i s  r e s u l t  was c o n f i r m e d  b y  a t t a c h i n g  a  narrow  

t u b e  o f  t h e  same m a t e r i a l  t o  t h e  wax p l a t e ,  a s  shown i n  F i g . 2 ,  i n  

o r d e r  t o  l i m i t  t h e  r a d i a t i o n  to  a  s t i l l  n a r r o w e r  p e n c i l .  The m o s t  

f a v o u r a b l e  p o s i t i o n  o f  t h e  s h i e l d  i s  shown i n  t h e  F i g u r e .  W i th  t h i s  

a r r a n g e m e n t  t h e  g r e a t e s t  d i s t a n c e ,  AC, a t  w h ic h  t h e  e f f e c t  c o u l d  be



p r o d u c e d  w as  8 c m . ,  t h e  w i d t h  o f  t h e  m a in  g a p ,  AB, "being a s  u s u a l  

1 cm. I f  t h e  s h i e l d  was  so  p l a c e d  t h a t  t h e  p e n c i l  f a i l e d  t o  s t r i k e  

e i t h e r  o f  t h e  m a in  e l e c t r o d e s ,  h u t  p a s s e d  d i r e c t l y  b e t w e e n  them ,  

t h e  e f f e c t  on  t h e  m a in  g a p  was much w e a k e r ,  b e i n g  o n l y  o b s e r v a b l e  

when t h e  d i s t a n c e  AC w a s  n o t  m ore  t h a n  4 cm.

I n  a n o t h e r  e x p e r i m e n t  o n e  o f  t h e  m a i n  e l e c t r o d e s , A , was  c o v e r e d  

w i t h  a  t h i n  l a y e r  o f  p a r a f f i n  wax e x c e p t  a t  t h e  p o i n t  n e a r e s t  t h e  

o t h e r  e l e c t r o d e .  The a u x i l i a r y  g a p  CD w as  t h e n  moved t o  one  s i d e ,  

a s  shown i n  B i g . 3 ,  so t h a t  no r a d i a t i o n  c o u l d  p a s s  d i r e c t l y  f rom  

0 o r  D on t o  t h e  u n c o v e r e d  p a r t  o f  A, W i th  t h i s  s y s t e m  t h e  e f f e c t  

on t h e  m a i n  g a p  w as  much m ore  m a r k e d  when B an d  D w e r e  n e g a t i v e  * 

t h a n  when t h e y  w e r e  p o s i t i v e .

Fig. 2.

fnfffrm
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P r a c t i c a l l y  i d e n t i c a l  r e s u l t s  w e r e  o b t a i n e d  when t h e  a p e r t u r e  i n  

t h e  wax s h i e l d  w as  c o v e r e d  w i t h  a  t h i n  f i l m  o f  c e l l u l o i d .  T h i s  

i n d i c a t e s  t h a t  t h e  e f f e c t  on t h e  m a in  g a p  i s  c a u s e d  by e l e c t r o -  

- m a g n e t i c  r a d i a t i o n ,  s i n c e  i t  i s  h i g h l y  i m p r o b a b l e  t h a t  p o s i t i v e  

o r  n e g a t i v e  i o n s  c a n  p e n e t r a t e  s u c h  a  f i l m  u n der  t h e  c o n d i t i o n s  

o f  t h e  p r e s e n t  e x p e r i m e n t s .  Such  p e n e t r a t i o n  w o u ld  b e  l i k e l y  t o  

o c c u r  o n l y  i f  t h e  c h a r g e d  p a r t i c l e s  w e r e  pro.i a c t e d  w i t h  h i g h  

v e l o c i t y  f ro m  t h e  p o i n t s ,  b u t  i n  o t h e r  e x p e r i m e n t s  s t r o n g  e v i d e n c e  

was fo u n d  ( a s  w i l l  b e  s e e n  l a t e r )  a g a i n s t  t h i s  s u p p o s i t i o n .

On t h e  w h o l e  t h i s  s e r i e s  o f  e x p e r i m e n t s  s t r o n g l y  s u g g e s t s  t h a t ,  

w h i l e  a  s m a l l  e f f e c t  a r i s e s  f ro m  a r a d i a t i o n  w h i c h  i o n i z e s  t h e  

a i r  i n  t h e  m a i n  g a p ,  a much g r e a t e r  p a r t  o f  t h e  e f f e c t  i s  p h o t o -  

- e l e c t r i c  i n  c h a r a c t e r ,  a r i s i n g  p r o b a b l y  f rom u l t r a - v i o l e t  r a d i a -  

- t i o n  p r o c e e d i n g  f rom  t h e  n e i g h b o u r h o o d  o f  t h e  p o s i t i v e  p o i n t .

T h i s  c o n c l u s i o n  seems t o  b e  b o r n e  o u t  b y  t h e  f a c t  t h a t  t h e  e f f e c t  

o f  t h e  m e t a l l i c  p o i n t  i n  f a c i l i t a t i n g  t h e  d i s c h a r g e  a t  t h e  m a i n  

gap  i s  v e r y  much l e s s  m a r k e d  i f  t h e  e l e c t r o d e s  o f  t h e  l a t t e r  a r e  

d i r t y  or o x i d i z e d .  I t  may b e  r e m a r k e d  t h a t  r e s u l t s  p r a c t i c a l l y  

i d e n t i c a l  w i t h  t h o s e  j u s t  d e s c r i b e d  w e re  fo u n d  when e i t h e r  o f  t h e  

m a in  s p a r k  e l e c t r o d e s  w kxs  was  e a r t h e d .

W i th  t h e  a r r a n g e m e n t  o f  B i g . 2 , i n  w h i c h  a  v e r y  narrow d i r e c t i n g  

tube  was a t t a c h e d  t o  t h e  wax s h i e l d ,  a s e r i e s  o f  o b s e r v a t i o n s  was 

made w i t h  t h e  o b j e c t  o f  d e t e r m i n i n g  m ore  e x a c t l y  t h e  s o u r c e  o r  

s o u r c e s  o f  t h e  r a d i a t i o n .  F i r s t  t h e  tu b e  was p l a c e d  so a s  to  b e  

i n  l i n e  w i t h  t h e  p o i n t  A a n d  v a r i o u s  p o i n t s  i n  t h e  l i n e  CD, th u s  

e x a m i n in g  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  p h o t o - e l e c t r i c  r a d i a t i o n  

f rom  d i f f e r e n t  p a r t s  o f  t h e  d i s c h a r g e .  The r a d i a t i o n  was found t o  

"be much more i n t e n s e  a t  t h e  p o s i t i v e  t h a n  a t  t h e  n e g a t i v e  p o i n t .
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w h i l e  an i m p o r t a n t  c o n c l u s i o n  w as  t h a t ,  i n  o r d e r  t o  o b t a i n  t h e

e f f e c t  t o  a  m a r k e d  d e g r e e ,  i t  i s  n o t  n e c e s s a r y  t h a t  C o r  D s h o u l d

be  i n  l i n e  w i t h  t h e  p o i n t  A* The a i r  n e a r  C o r  D i s  a l m o s t  e q u a l l y

e f f e c t i v e ,  an d  an  a p p r e c i a b l e  e f f e c t  i s  p r o d u c e d  by p o i n t s  i n  t h e

a i r  a t  2 mm* f ro m  C o r  D.  S i m i l a r  e x p e r i m e n t s  i n  w h i c h  t h e  m a in

e l e c t r o d e s  w e r e  s h i e l d e d  a l l o w e d  t h e  s o u r c e  o f  t h e  i o n i z i n g  r a d i a -

- t i o n  t o  b e  i n v e s t i g a t e d .  The e f f e c t  due  t o  i o n i z a t i o n  a p p e a r s  to

be  o f  a l m o s t  e q u a l  i n t e n s i t y  w h e t h e r  i t  p r o c e e d s  from t h e  n e i g h -

-bourhood o f  t h e  p o s i t i v e  o r  n e g a t i v e  p o i n t .  As b e f o r e ,  t h e  a i r

n e a r  t h e  p o i n t  seems t o  b e  t h e  s o u r c e  o f  t h e  r a d i a t i o n .

F o r  c o m p a r i s o n  w i t h  t h e s e  r e s u l t s  a  s e r i e s  o f  m e a s u r e m e n t s  was

made o f  t h e  p o t e n t i a l  i n  v a r i o u s  p o i n t s  i n  t h e  a u x i l i a r y  gap  CD.

Bor t h i s  p u r p o s e  a  w a t e r - d r o p p i n g  c o l l e c t o r ,  c o n s i s t i n g  o f  a  f i n e

g l a s s  c a p i l l a r y  t u b e ,  w as  p l a c e d  j u s t  a b o v e  t h e  l i n e  CD, so t h a t

w a t e r  f e d  i n t o  i t  b r o k e  i n t o  d r o p s  i n  t h i s  l i n e .  The w a t e r  was

c o n n e c t e d  t o  one  t e r m i n a l  o f  a K e l v i n  v e r t i c a l  v o l t m e t e r ,  t h e  o t h e r

t e r m i n a l  o f  t h e  i n s t r u m e n t  b e i n g  c o n n e c t e d  t o  D. The r e a d i n g  on t h e

v o l t m e t e r  i n d i c a t e d  t h e  R .M .S ,  v o l t a g e  b e t w e e n  D and  t h e  c o l l e c t o r .

The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  shown i n  B i g . 4 ,  t h e  o r d i n a t e

r e p r e s e n t i n g  t h e  R .M .S ,  p o t e n t i a l  d i f f e r e n c e  betw een  D and t h e

v a r i o u s  p o i n t s  o f  t h e  ga p  CD. The d e r i v a t i v e  c u r v e ,  r e p r e s e n t i n g

t h e  p o t e n t i a l  g r a d i e n t  a l o n g  CD, i s  shown i n  B i g . 5 .

The e l e c t r i c  f o r c e  i s  g r e a t e s t  n e a r  t h e  n e g a t i v e  p o i n t  D ( c a t h o d e

f a l l ) , a n d ,  on t h e  a s su m p t io n  t h a t  t h e  r a d i a t i o n s  a r e  g e n e r a t e d

"by t h e  im pact  o f  i o n s  on a i r  m o l e c u l e s ,  i t  i s  t o  b e  e x p e c t e d ,

a c c o r d i n g  t o  t h e  q u a n tu m  t h e o r y ,  t h a t  t h e  r a d i a t i o n  o f  g r e a t e s t

f r e q u e n c y  w i l l  b e  g e n e r a t e d  n e a r  D. I f V  i s  t h e  f a l l  o f  p o t e n t i a l  

i n  a  v e r y  s h o r t  d i s t a n c e  ( c o m p a r a b l e  w i t h  t h e  mean f r e e  p a t h  o f

th e  e l e c t r o n  i n  a i r  a t  a t m o s p h e r i c  p r e s s u r e ) ,  t h e  f r e q u e n c y  i s
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g i v e n  b y  t h e  q u a n tu m  r e l a t i o n  . A l t h o u g h  t h e  i m m e d i a t e

v i c i n i t y  o f  t h e  p o i n t  D may g i v e  r i s e  t o  r a d i a t i o n  o f  g r e a t e r  

f r e q u e n c y  t h a n  t h a t  f ro m  t h e  n e i g h b o u r h o o d  o f  C, a  g r e a t e r  vo lume 

o f  g a s  n e a r  C may g i v e  r i s e  t o  some r a d i a t i o n ,  owing t o  t h e  more  

g r a d u a l  r i s e  i n  t h e  e l e c t r i c  f i e l d .  T h a t  i s ,  i f  t h e  f i e l d  n e c e s s a r y  

t o  p r o d u c e  r a d i a t i o n  o f  f r e q u e n c y  0  i s  r e p r e s e n t e d  b y  t h e  o r d i n a t e  

DL i n  F i g . 5 ,  t h e n  w i t h i n  a  v e r y  s h o r t  d i s t a n c e  f rom D t h e r e  w i l l  

be  a  h i g h  p r o b a b i l i t y  o f  r a d i a t i o n  o f  t h a t  f r e q u e n c y .  B u t  a l t h o u g h  

t h e  f i e l d  n e a r  C i s  n e v e r  so h i g h ,  i t s  s t r e n g t h  i s  g r e a t e r  t h a n  

BL o v e r  a  l a r g e r  d i s t a n c e .  C o n s e q u e n t l y  t h e  q u a n t a  o f  r a d i a t i o n  o f
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f r e q u e n c y  V e rn a n a tè n g  f rom  t h e  v i c i n i t y  o f  C w i l l  h e  a s  n u m e r o u s ,  

i f  n o t  m ore  n u m e r o u s ,  t h a n  t h o s e  e m a n a t i n g  f rom  D.

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

e f f e c t  on t h e  m a i n  g a p  i s  n o t  t h e  r a d i a t i o n  o f  g r e a t e s t  f r e q u e n c y .

E x p e r i m e n t s  w i t h  a n  I o n i z a t i o n  C ham ber .

I n  o r d e r  t o  o b t a i n  f u r t h e r  i n f o r m a t i o n  a s  t o  t h e  p r o p e r t i e s  o f  

t h e  r a d i a t i o n s ,  t h e  m a in  g a p  AB w as  rem oved  and  r e p l a c e d  by  an 

i o n i z a t i o n  c h a m b e r  c o n t a i n i n g  two p a r a l l e l  m e t a l  p l a t e s ,  A, B, one 

o f  w h i c h .  A, w as  i n s u l a t e d  and  c o n n e c t e d  t o  an  o r d i n a r y  g o l d - l e a f  

e l e c t r o s c o p e .  The o t h e r  p l a t e ,  B, w as  a t  f i r s t  c o n n e c t e d  t o  t h e  

w a l l  o f  t h e  c h a m b e r .  The a r r a n g e m e n t  i s  shown i n  B i g , 6 , The p o i n t  

g a p ,  CD, c o n n e c t e d  t o  t h e  i n d u c t i o n  c o i l ,  was  p l a c e d  h o r i z o n t a l l y  

i n  f r o n t  o f  t h e  ch am b e r  a n d  2 cm, f rom  i t ,  and  b y  m eans  o f  t h e  

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

t h e  cham ber  t h r o u g h  t h e  a p e r t u r e  B, C w as  t h e  p o s i t i v e  and  D t h e  

n e g a t i v e  p o i n t .  The u p p e r  p l a t e  and  c o n s e q u e n t l y  t h e  e l e c t r o s c o p e ,  

w e re  c h a r g e d  t o  a b o u t  4 -6 0 0  o r - 6 0 0  v o l t s ,  and  t h e  r a t e  o f  d i s c h a r g e  

was o b s e r v e d  w i t h  C o r  D o p p o s i t e  t h e  s l o t .  The n u m b e rs  g i v e n  i n  

t h e  t a b l e  b e l o w  i n d i c a t e  t h e  a n g u l a r  movement o f  t h e  g o l d  l e a f  i n  

a  f i x e d  t i m e  ( a b o u t  10 s e c o n d s ) ,  a n d  a r e  a s su m e d  t o  b e  p r o p o r t i o n a l

Fig. 6.
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t o  t h e  c u r r e n t s  f l o w i n g  t o  o r  f r o m  A. The n o r m a l  l e a k a g e  o f  t h e  

e l e c t r o s c o p e  i n  10 s e c o n d s  w as  q u i t e  n e g l i g i b l e .  The r a t e  o f  

d i s c h a r g e  o f  t h e  e l e c t r o s c o p e  w as  c o m p a r a b l e  w i t h  t h e  n o r m a l  l e a k  

when p o i n t s  b e t w e e n  C a n d  D w e r e  o p p o s i t e  t h e  s l o t .

P o t e n t i a l  o f  A, P o i n t  S o u r c e ,  C u r r e n t  t o  A,
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T h e se  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  c u r r e n t  t o  t h e  p l a t e  A i s  

n o t  d u e  t o  i o n i z a t i o n  o f  t h e  a i r  b e t w e e n  A an d  B a l o n e ,  s i n c e  i n  

t h a t  c a s e  t h e  f i r s t  two r e s u l t s  i n  t h e  t a b l e  w o u ld  b e  e q u a l  and  

a l s o  t h e  l a s t  t w o .  To i n v e s t i g a t e  t h i s  f u r t h e r ,  a  W i l s o n  t i l t e d  

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

t h e  f o l l o w i n g  s e r i e s  o f  e x p e r i m e n t s  was  c a r r i e d  o u t : -  The e a r t h e d  

p l a t e  B o f  t h e  i o n i z a t i o n  c h am b e r  was  r e p l a c e d  by  a  s i m i l a r  

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

w h i l e  t h e  p l a t e  A was  c o n n e c t e d  t o  t h e  l e a f  o f  t h e  t i l t e d  e l e c t -  

- r o B c o p e ,  The a p e r t u r e  F was c o v e r e d  w i t h  g a u z e  c o n n e c t e d  t o  t h e  

e a r t h e d  w a l l s  o f  t h e  c h am b er  i n  o r d e r  t o  e l i m i n a t e  i n d u c t i v e  e f f e c t s  

on A due  t o  t h e  c h a r g e s  a t  t h e  p o i n t  g a p .  The e l e c t r o s c o p e  was f a x  

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

c h a r g e d  t o  a  p o t e n t i a l  ( w i t h  r e s p e c t  t o  t h e  e a r t h )  o f t  210 v o l t s ,  

t h e  l e a f  s y s t e m  and  p l a t e  A t o i  25 v o l t s ,  and  t h e  i n s t r u m e n t  t i l t e d  

t o  a b o u t  3 0 * .  The c a s e  o f  t h e  e l e c t r o s c o p e  was o f  c o u r s e  e a r t h e d ,  

and t h e  p o i n t  g a p  w i t h  s h i e l d  w as  a r r a n g e d  a s  i n  t h e  f o r m e r  e x -  

" p e r i m e n t .
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( a )  The p l a t e  A w as  c h a r g e d  t o  +  25 v o l t s ,  t h e  e l e c t r o d e  D ( n e g a t i v e )  

b e i n g  p l a c e d  o p p o s i t e  t h e  a p e r t u r e .  P l a t e  B was  c h a r g e d  t o  v a r i o u s  

p o t e n t i a l s  . The r a t e  o f  d i s c h a r g e  o f  t h e  e l e c t r o s c o p e  was fo u n d  

t o  v a r y  a s  w as  v a r i e d ,  a n d  t h e  g r a p h  o f  t h e  r e s u l t s  i s  shown

i n  P i g . 7 ,  C u rv e  a .  The o r d i n a t e  r e p r e s e n t s  t h e  r a t e  o f  d i s c h a r g e  o f  

A, t h e  a b s c i s s a  t h e  p o t e n t i a l  .

(b )  I n  t h e  n e x t  e x p e r i m e n t  t h e  p l a t e  A was c h a r g e d  t o  —25 v o l t s ,  

and  e l e c t r o d e  0 ( p o s i t i v e )  w as  p l a c e d  o p p o s i t e  t h e  a p e r t u r e .  The 

r e l a t i o n  b e t w e e n  t h e  r a t e  o f  d i s c h a r g e  o f  A and  i s  shown i n  S 

P i g . 7 ,  C u r v e  b .

I n  o r d e r  t o  i n t e r p r e t  t h e s e  r e s u l t s  i t  may b e  s u p p o s e d  t h a t  t h e r e  

a r e  t h r e e  c o n c e i v a b l e  w ays  i n  w h i c h  t h e  p o i n t  C o r  D m i g h t  c a u s e  

d i s c h a r g e  o f  t h e  e l e c t r o d e  A, v i z . ; -

( i )  By t h e  e m i s s i o n  o f  a n  e l e c t r o m a g n e t i c  r a d i a t i o n  w h ic h  i o n i z e s  

t h e  a i r  b e t w e e n  A an d  B,

( i i )  By t h e  e m i s s i o n  o f  i o n s  o f  t h e  same s i g n  a s  t h e  p o i n t ,  p r o -  

e j e c t e d  w i t h  a  c o m p a r a t i v e l y  l a r g e  v e l o c i t y  t h r o u g h  t h e  a i r  b e t w e e n  

A and B .

( i i i )  By t h e  p r o d u c t i o n  o f  i o n s  i n  t h e  v i c i n i t y  o f  t h e  a p e r t u r e  P ,  

b u t  n o t  i n  t h e  s p a c e  b e t w e e n  t h e  p l a t e s  A an d  B .

Fio-. 7.

2 0 3010-2 0 0-3 0 -10- 4 0



1 3 .

( i )  A c c o r d i n g  t o  t h e  f i r s t  h y p o t h e s i s ,  t h e  c u r r e n t  f rom  A t o  B 

s h o u l d  c l e a r l y  h e  z e r o  when A a n d  B a r e  a t  t h e  same p o t e n t i a l ,  

and  a s  t h e  d i f f e r e n c e  b e t w e e n  a n d  i n c r e a s e s ,  t h e  c u r r e n t  

s h o u l d  s t e a d i l y  i n c r e a s e ,  i . e .  t h e  c u r r e n t  v a r i e s  w i t h  -  (V^— V ç ) .

( i i )  I n  t h i s  c a s e  a l s o  t h e  c u r r e n t  w o u ld  b e  d u e  t o  t h e  e l e c t r i c  

f i e l d  b e t w e e n  A an d  B .  I f  t h e  p r o j e c t e d  i o n s  d i d  n o t  i o n i z e  t h e  

a i r  t h r o u g h  w h i c h  t h e y  p a s s e d ,  t h e n  t h e  c u r r e n t  w o u ld  i n c r e a s e  

a s  t h e  n e g a t i v e  p o t e n t i a l  o f  B i n c r e a s e d .  I f  t h e  p r o j e c t e d  i o n s  

i o n i z e d  t h e  a i r ,  t h e n  t h i s  c a s e  w o u ld  r e d u c e  t o  ( i ) ,  and  t h e  

c u r r e n t  w o u l d  v a r y  a s  i n  t h a t  c a s e .

( i i i )  On t h e  t h i r d  h y p o t h e s i s  t h e  c u r r e n t  t o  A w o u ld  d e p e n d  e n t i r e -  

" l y  on t h e  e l e c t r i c  f i e l d  b e t w e e n  t h e  edge  o f  t h e  e l e c t r o d e  A

and  t h e  e a r t h e d  g a u z e  o v e r  t h e  a p e r t u r e .  A c o n s i d e r a t i o n  o f  t h e  

d i s t r i b u t i o n  o f  e l e c t r i c  c h a r g e  i n  t h e  s y s t e m  w i t h i n  t h e  i o n i z a t i o n  

chamber  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  g a u z e  w i l l  h a v e  a. v e ry  

s m a l l  c h a r g e  when t h e  p o t e n t i a l s  o f  t h e  p l a t e s  A and B a r e  e q u a l  

b u t  o p p o s i t e .  On t h e  o t h e r  h a n d ,  when A and B a r e  c h a r g e d  t o  t h e  

same p o t e n t i a l ,  t h e  i n d u c e d  c h a r g e  on t h e  g a u z e  i s  v e r y  much 

g r e a t e r .  S i n c e  t u b e s  o f  e l e c t r i c  f o r c e  o r i g i n a t e  i n  c h a r g e s  on 

c o n d u c t o r s ,  an d  s i n c e  t h e  e l e c t r i c  f o r c e  i n  t h e  v i c i n i t y  o f  a  

c o n d u c t o r  i s  m e a s u r e d  b y  t h e  num ber  o f  t u b e s  o f  f o r c e  o r i g i n a t i n g  

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

p l a t e  A a n d  t h e  g a u z e  B i s  v e r y  much g r e a t e r  when A and  B a r e  a t  

t h e  same p o t e n t i a l  t h a n  when t h e y  a r e  a t  e q u a l  an d  o p p o s i t e  p o t»  

- e n t i a l s .  C o n s e q u e n t l y  i t  i s  t o  b e  e x p e c t e d  t h a t  a  much g r e a t e r  

c u r r e n t  o f  i o n s  w i l l  move f rom t h e  g a u z e  t o  e i t h e r  p l a t e  when t h e y  

a t  t h e  same p o t e n t i a l  t h a n  when t h e y  a r e  a t  o p p o s i t e  p o t e n t i a l s .  

A n o t h e r  vfay o f  l o o k i n g  a t  t h e  same p r o b l e m  i s  t o  c o n s i d e r  e x t r e m e
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c a s e s  o f  t h e  p o t e n t i a l  Vg . I f  i s  v e r y  l a r g e  and  o f  t h e  o p p o s i t e  

s i g n  t o  , t h e n  t h e  p o t e n t i a l  n e a r  t h e  gamze P w i l l  b e  o f  t h e  

same s i g n  a s  p o t e n t i a l  V3 , C o n s e q u e n t l y  i o n s  o f  t h i s  s i g n  w i l l  b e  

r e p e l l e d  t o  t h e  g a u z e ,  and  n o n e  w i l l  r e a c h  t h e  p l a t e  A. Now t h e  

c u r r e n t  m e a s u r e d  was  t h e  c u r r e n t  t o  A, and  t h i s  w as  due  t o  i o n s  

o f  t h e  o p p o s i t e  s i g n  f r o m  . T h e r e f o r e  , i f  Vg i s  l a r g e  and  o f  

t h e  o p p o s i t e  s i g n  f ro m  , no c u r r e n t  w i l l  b e  o b t a i n e d .  As t h e  

p o t e n t i a l  o f  t h e  p l a t e  B a p p r o a c h e s  t h a t  o f  t h e  p l a t e  A, t h e r e  

w i l l  come a  t i m e  when a  f a i r l y  l a r g e  c u r r e n t  o f  i o n s  w i l l  move 

t o w a r d s  A. Then i f  V3  i s  v e r y  l a r g e  and  o f  t h e  same s i g n  a s  , 

a l t h o u g h  i o n s  w i l l  b e  a t t r a c t e d  i n  l a r g e  n u m b ers  f rom  t h e  g a u z e  

i n t o  t h e  c h a m b e r ,  t h e y  w i l l  a l m o s t  a l l  f i n d  t h e i r  way t o  t h e  p l a t e

B, s i n c e  t h e  f i e l d  o f  f o r c e  b e t w e e n  A and  B w i l l  t e n d  t o  d r i v e

them t o w a r d s  B .  T h u s ,  a g a i n ,  when i s  v e r y  l a r g e ,  a  v e r y  s m a l l  

c u r r e n t  w i l l  b e  o b t a i n e d .  T h i s  i n d i c a t e s  t h a t  a  maximum c u r r e n t  

w i l l  o c c u r  when Vg i s  somewhere  n e a r  t o  ,

The c u r v e s  o f  F i g . 7 o b t a i n e d  e x p e r i m e n t a l l y  a g r e e  v e r y  w e l l  w i t h

t h i s  h y p o t h e s i s ,  and  a c c o r d i n g l y  i t  i s  c o n c l u d e d  t h a t  t h e  i o n s  

p r o d u c e d  b y  t h e  d i s c h a r g e  do n o t  r e a c h  t h e  a i r  b e t w e e n  A and B, 

u n l e s s  t h e y  a r e  a s s i s t e d  b y  t h e  a c t i o n  o f  an  e l e c t r i c  f i e l d .  I t  i s  

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

a t  w h ic h  i o n s  a r e  p r o d u c e d . T h i s  l i m i t ,  a s  shown by  t h e s e  e x p e r i -  

- m e n t s ,  i s  a b o u t  3 cm.

S i m i l a r  e x p e r i m e n t s  w i t h  A n e g a t i v e l y  e l e c t r i f i e d  and D o p p o s i t e  

t h e  a p e r t u r e ,  o r  w i t h  A p o s i t i v e l y  e l e c t r i f i e d  an d  C o p p o s i t e ,  

l e d  a g a i n  t o  t h e  c u r v e s  o f  F i g . 7 ,  S i n c e  i n  t h i s  c a s e  t h e  i o n s  

c a r r y i n g  t h e  c u r r e n t  w e r e  o f  o p p o s i t e  s i g n  t o  t h e  p o i n t  s o u r c e ,  

t h e  e x p e r i m e n t  shows t h a t  b o t h  k i n d s  o f  i o n s  a r e  p r o d u c e d  by  t h e
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i n f l u e n c e  o f  e a c h  p o i n t .

I n  o r d e r  t o  t e s t  t h e  m a t t e r  f u r t h e r ,  t h e  f o l l o w i n g  e x p e r i m e n t  was 

t r i e d .  The e a r t h e d  w i r e  g a u z e  a c r o s s  t h e  a p e r t u r e  F was  r e p l a c e d  

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

p o t e n t i a l s . .  W i t h  A a t  H- 25 v o l t s ,  and  B a t  + 2 0  v o l t s ,  i t  was  fo u n d  

t h a t  t h e  c u r r e n t  t o  A v a r i e d  a l m o s t  d i r e c t l y  a s  t h e  f i e l d  f rom  t h e  

g a u z e  t o  A, t h e  c u r r e n t  i n c r e a s i n g  a s  t h e  n e g a t i v e  p o t e n t i a l  o f  

t h e  g a u z e  i n c r e a s e d .  S i m i l a r l y ,  w i t h  A c h a r g e d  t o —25 v o l t s  and 

B t o  - 1 Ô  v o l t s ,  t h e  c u r r e n t  f r o m  A i n c r e a s e d  a s  t h e  p o s i t i v e  

p o t e n t i a l  o f  t h e  g a u z e  i n c r e a s e d .  No c u r r e n t  c o u l d  b e  o b s e r v e d  i n  

e i t h e r  c a s e  i f  t h e  g a u z e  a n d  A w e r e  a t  t h e  same p o t e n t i a l ,  o r  i f  

t h e  d i s t a n c e  o f  C o r  D f rom  t h e  g a u z e  was  m ore  t h a n  3 cm. These  

e x p e r i m e n t s  a l s o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  i o n s  a r e  p r o d u c e d  

n e a r  t h e  g a u z e ,  b u t  n o t  i n  t h e  s p a c e  w e l l  b e t w e e n  t h e  p l a t e s  A 

and B ,

A n o t h e r  e x p e r i m e n t  was  a r r a n g e d  t o  d e t e r m i n e  r o u g h l y  t h e  r e l a t i v e  

numbers  o f  i o n s  p r e s e n t  a t  v a r i o u s  d i s t a n c e s  from t h e  s o u r c e  o f  

t h e  r a d i a t i o n .  F o r  t h i s  p u r p o s e  a  s t r o n g  e l e c t r i c  f i e l d  was 

r e q u i r e d ,  an d  t h e r e f o r e  t h e  t i l t e d  e l e c t r o s c p p e  was r e p l a c e d  by 

t h e  u p r i g h t  t y p e ,  w h i c h  c o u l d  b e  u s e d  a t  p o t e n t i a l s  o f  a b o u t  600 

V o l t s  r e l a t i v e  t o  t h e  c a s e ,  w h i c h  was e a r t h e d .  The g a u z e  was 

removed f rom  t h e  a p e r t u r e  F ( F i g . 6 ) ,  an d  t h e  p o i n t  g a p  was a r r a n g e d  

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

and t h e  f a c e  o f  t h e  i o n i z a t i o n  c h a m b e r .  T h i s  a l l o w e d  t h e  d i s t a n c e  

f rom F t o  CD t o  b e  v a r i e d  an d  t o  b e  a c c u r a t e l y  m e a s u r e d .  The 

e x p e r i m e n t  c o n s i s t e d  i n  o b s e r v i n g  t h e  r a t e  o f  d i s c h a r g e  o f  t h e  

e l e c t r o s c o p e  f o r  d i f f e r e n t  v a l u e s  o f  x ,  w h i c h  was v a r i e d  f rom 4 cm. 

■̂0 6 cm. I n  a l l  c a s e s  t h e  r e l a t i o n  b e t w e e n  t h e  r a t e  o f  d i s c h a r g e
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an d  X was  f o u n d  t o  b e  r e p r e s e n t e d  b y  a n  e x p o n e n t i a l  e x p r e s s i o n  o f  

t h e  fo rm  6 - wh e r e  i  i s  t h e  r a t e  o f  d i s c h a r g e  o f  t h e  e l e c t -  

- r o s c o p e  an d  i s  some c o n s t a n t .

The e x p o n e n t i a l  d e c r e a s e  i n  t h e  c u r r e n t  m u s t  now b e  e x p l a i n e d  on 

t h e  a s s u m p t i o n  t h a t  no i o n s  a r e  p r o d u c e d  a t  d i s t a n c e s  g r e a t e r  t h a n  

3 cm. f r o m  t h e  d i s c h a r g e .  S i n c e  i o n s  d i d  r e a c h  t h e  c h a m b e r ,  t h e r e  

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

an d  t h e  a p e r t u r e  F .  T h i s  i s  n o t  s u r p r i s i n g  when t h e  h i g h  p o t e n t i a l  

o f  t h e  p l a t e  A i s  c o n s i d e r e d .  T h i s  p l a t e  ( p o s i t i v e )  w i l l  a t t r a c t  

n e g a t i v e  a n d  r e p e l  p o s i t i v e  i o n s ,  so t h a t  t h e  c u r r e n t  f l o w i n g  f rom 

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

o f  n e g a t i v e  i o n s .  L e t  t h i s  c u r r e n t  a t  a n y  p o i n t  b e  c a c r o s s  u n i t  

c r o s s - s e c t i o n ,  and  l e t  t h e  c u r r e n t  a t  t h e  p o i n t  b e y o n d  w h i c h  no 

i o n s  a r e  f o r m e d  (3  cm. f r o m  t h e  d i s c h a r g e )  b e  6̂ . The d e c r e a s e  i n  

t h e  c u r r e n t  m u s t  b e  d u e  t o  some fo r m  o f  d i f f u s i o n  o f  t h e  i o n s ,  No 

r e c o m b i n a t i o n  o c c u r s ,  s i n c e  t h e r e  a r e  a ssum ed  to  b e  no p o s i t i v e  

i o n s  p r e s e n t .  T h i s  d i f f u s i o n  i s  p r i n c i p a l l y  due  t o  t h e  m u t u a l  

r e p u l s i o n  o f  t h e  i o n s ,  c a u s i n g  th em  t o  move av/ay f ro m  one a n o t h e r .  

C o n s e q u e n t l y  t h e  d e c r e a s e  i n  t h e  c u r r e n t  I w i l l  b e  p r o p o r t i o n a l  t o  

t h e  number  o f  i o n s  p r e s e n t ,  o r ,  i f  t h e  f l o w  i s  b e i n g  c o n s i d e r e d ,  

w i l l  b e  p r o p o r t i o n a l  t o  t h e  c u r r e n t  i t s e l f .  T h u s ,  i f  /K. i s  t h e  

f r a c t i o n  o f  t h e  c u r r e n t  l o s t  a l o n g  1 cm. o f  t h e  d i s t a n c e  x ,  t h e  

i n c r e a s e  i n  t h e  c u r r e n t  a c r o s s  an  e l e m e n t  clx. w i l l  b e  r e p r e s e n t e d  

by  t h e  quanti ty-/fetc(ac* T h a t  i s

(plc = - â l o L-x: y
;  - / & ? c

g i v i n g  iy -

I t  i s  t o  b e  n o t e d  t h a t  t h i s  d i f f u s i o n  i s  n o t  t h e  same a s  t h a t  

o c c u r r i n g  when i o n s  o f  one  s i g n  a r e  p r e s e n t  i n  a  c l o s e d  c h a m b e r .
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T h e r e  t h e  d i f f u s i o n  c u r r e n t  i s  d u e  t o  t h e  a b s o r p t i o n  o f  i o n s  n e a r  

t h e  s u r f a c e  o f  t h e  c h a m b e r ;  t h e  e x p r e s s i o n  r e p r e s e n t i n g  s u c h  

d i f f u s i o n  i s  e n t i r e l y  d i f f e r e n t .

T h e r e  how r e m a i n s  t o  b e  i n v e s t i g a t e d  t h e  q u e s t i o n  o f  how t h e s e  

i o n s  a r e  p r o d u c e d  b y  t h e  a c t i o n  o f  t h e  p o i n t  d i s c h a r g e .  The e x p e r i -  

- m e n t s  made  w i t h  t h e  s p a r k  g a p  i n d i c a t e  t h a t  i o n i z i n g  r a d i a t i o n s  

em ana te '  f r o m  t h e  v i c i n i t y  o f  t h e  p o i n t .  None o f  t h e  e x p e r i m e n t s  

d e s c r i b e d  a b o v e  h a v e  g i v e n  an y  e v i d e n c e  to  c o n t r a d i c t  t h i s  v i e w .

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

t h e  i o n s  i s  b r o u g h t  a b o u t  e i t h e r  b y  f a s t  m o v in g  i o n s ,  p r o j e c t e d  

f rom  t h e  p o i n t s  and  c a p a b l e  by  r e a s o n  o f  t h e i r  v e l o c i t y  o f  i o n i z -  

" i n g  a i r ,  o r  by  a n  e l e c t r o m a g n e t i c  r a d i a t i o n .  They h a v e  a l s o  shown 

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

3 cm. f ro m  t h e  g a p .

A g a in  t h e  t i l t e d  e l e c t r o s c o p e  w as  e m p lo y e d ,  a n d  t h e  a p e r t u r e  F 

was s c r e e n e d  b y  an  e a r t h e d  w i r e  g a u z e .  I n  t h i s  e x p e r i m e n t , h o w e v eç ,  

t h e  a p e r t u r e  w as  a l s o  c o v e r e d  by  a  t h i n  f i l m  o f  c e l l u l o i d  s i m i l a r  

t o  t h a t  u s e d  i n  t h e  s p a r k - d i s c h a r g e  i n v e s t i g a t i o n s .  The e l e c t r o d e  

B was e a r t h e d ,  and  t h e  p o i n t  g a p  w as  a b o u t  1 cm. f ro m  t h e  a p e r t u r e  

F . O b s e r v a t i o n s  w e r e  t a k e n  o f  t h e  r a t e  o f  d i s c h a r g e  o f  A. I n  t h i s  

c a s e  t h e  n o r m a l  l e a k a g e  o f  t h e  e l e c t r o s c o p e  h a d  t o  b e  m e a s u r e d  

and d e d u c t e d .  The r e a d i n g s  v a r i e d  c o n s i d e r a b l y  w i t h  t h e  i n t e n s i t y  

o f  t h e  f i e l d  a c r o s s  t h e  g a p  CD, a  t y p i c a l  r e s u l t  b e i n g  g i v e n  i n  

t h e  f o l l o w i n g  t a b l e ; -
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P o t e n t i a l  o f  A R a t e  o f  D i s c h a r g e
S o u r c e ,

i n  v o l t s ,  o f  A.

+ 2 5  P o s i t i v e  p o i n t .  6

+ 2 5  N e g a t i v e  p o i n t ,  4

- 2 5  P o s i t i v e  p o i n t .  6

- 2 5  N e g a t i v e  p o i n t .  4

I n  e a c h  e x p e r i m e n t  t h e  r a t i o  o f  t h e  r a t e s  o f  d i s c h a r g e  o f  p l a t e  

A due  t o  C and  D d i d  n o t  v a r y  when t h e  p o t e n t i a l  o f  A was  c h an g e d  

f rom + 2 5  t o  - 2 5  v o l t s .  T h i s  m ean s  t h a t  w h a t e v e r  e m a n a t e s  f rom t h e  

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

- t i v e  and  n e g a t i v e  i o n s .  T h a t  i s ,  i n  t h i s  c a s e  t r u e  i o n i z a t i o n  o f  

t h e  a i r  i n  t h e  c h a m b e r  i s  t a k i n g  p l a c e ,  e i t h e r  b y  t h e  a c t i o n  o f  a 

r a d i a t i o n  o r  b y  t h e  i m p a c t  o f  h i g h - v e l o c i t y  i o n s  on a i r  m o l e c u l e s .  

I t  i s  h i g h l y  i m p r o b a b l e  t h a t  a n y t h i n g  o f  t h e  n a t u r e  o f  c a t h o d e  o r  

p o s i t i v e  r a y s  i s  g i v e n  o f f  by  a  p o i n t  d i s c h a r g e  i n  a i r  a t  a t m o s -  

- p h e r i c  p r e s s u r e ,  a n d  i o n s  o f  s m a l l e r  v e l o c i t y  t h a n  t h e s e  w ou ld  

be  s t o p p e d  ( o r  a t  l e a s t  l o s s  t h e i r  i o n i z i n g  s p e e d )  b y  t h e  i m p a c t  

w i t h  t h e  c e l l u l o i d  f i l m .  M o r e o v e r ,  t h e  p r e v i o u s  e x p e r i m e n t s  h a v e  

shown t h a t  i o n i z a t i o n  d o e s  n o t  t a k e  p l a c e  a t  d i s t a n c e s  g r e a t e r  t h a n  

3 cm, f ro m  t h e  d i s c h a r g e ;  m a t e r i a l  p a r t i c l e s  b r o u g h t  t o  r e s t  by  

3 cm. o f  a i r  w o u ld  c e r t a i n l y  b e  u n a b l e  t o  p e n e t r a t e  t h e  f i l m .  The 

c o n c l u s i o n  i s  t h e r e f o r e  t h a t  t h e  i o n i z a t i o n  i s  c a u s e d  by  an  e l e c t r o  

- m a g n e t i c  r a d i a t i o n .

A n o th e r  p o i n t  t o  b e  n o t e d  i s  t h a t  t h e  e x p e r i m e n t  d i d  n o t  a l l o w  any 

p h o t o - e l e c t r i c  r a d i a t i o n  w h i c h  m i g h t  b e  p r e s e n t  t o  b e  d e t e c t e d ,  

s i n c e  t h e  e l e c t r o d e s  A and  B w e r e  n o t  " v i s i b l e "  f rom  C o r  D. The 

numbers  g i v e n  a r e  t h e r e f o r e  m e a s u r e s  o f  t h e  r e l a t i v e  i n t e n s i t i e s  

o f  t h e  i o n i z i n g  r a d i a t i o n s  f rom  t h e  two p o i n t s ,  a s  d e t e c t e d  a t  3 

cm. f rom  t h e i r  s o u r c e s .  I t  c a n n o t  b e  s t a t e d ,  h o w e v e r ,  t h a t  t h e
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r e l a t i v e  i n t e n s i t i e s  a t  t h e  s o u r c e s ' a r e  i n  t h e  same r a t i o  , a s  t h a t  

a s s u m e s  t h a t  t h e  r a d i a t i o n s  f r o m  t h e  two p o i n t s  a r e  o f  t h e  same 

a v e r a g e  w a v e - l e n g t h  o r  " h a r d n e s s " ,  an d  t h e  e x p e r i m e n t s  on t h e  f i e l d  

o f  f o r c e  i n  t h e  p o i n t  g a p  i n d i c a t e d  t h a t  t h i s  was e x t r e m e l y  i m p r o b -  

- a b l e .

The n e x t  e x p e r i m e n t  w a s  i n t e n d e d  t o  d e t e c t  and  m e a s u r e  t h e  p h o t o 

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

B was  re m o v e d  a n d  A w a s  r e p l a c e d  b y  a  c l e a n  z i n c  p l a t e  Z, f a c i n g  

t h e  a p e r t u r e  F an d  a b o u t  1 mm. f r o m  t h e  w i r e  g a u z e .  Thus  r a d i a t i o n s  

from t h e  p o i n t  a c t i n g  a s  s o u r c e  a c t u a l l y  f e l l  on t h e  z i n c  p l a t e ,  

w h e r e a s  i n  t h e  p r e v i o u s  e x p e r i m e n t s  t h e y  d i d  n o t  f a l l  on any  m e t a l  

s u r f a c e  i n s i d e  t h e  c h a m b e r .  The a p e r t u r e  w a s  a g a i n  c o v e r e d  by  a 

c e l l u l o i d  f i l m .  The u s u a l  m e a s u r e m e n t s  o f  t h e  r a t e  o f  d i s c h a r g e  o f  

t h e  p l a t e  Z w e r e  t a k e n  w i t h  t h e  p o s i t i v e  p o i n t  C an d  t h e n  w i t h  t h e  

n e g a t i v e  p o i n t  D a s  s o u r c e .  The r e s u l t s  a r e  shown b e l o w .

P o t e n t i a l  o f  Z R a t e  o f  D i s c h a r g e
S o u r c e .

i n  v o l t s .  o f  Z . ___

+  25 P o s i t i v e  p o i n t .  6

+ 2 5  N e g a t i v e  p o i n t .  4 ,

—25 P o s i t i v e  p o i n t .  24

— - 2 5  N e g a t i v e  p o i n t . _________________ 4 ______

The r e s u l t s  w i t h  Z p o s i t i v e  a r e  a  r e p i t i t i o n  o f  t h e  r e s u l t s  i n  t h e  

p r e v i o u s  e x p e r i m e n t .  S i n c e  t h e r e  i s  no p h o t o - e l e c t r i c  e f f e c t  w i t h  

Z c h a r g e d  t o + 2 5  v o l t s ,  t h e  n u m b e rs  r e p r e s e n t  t h e  r e l a t i v e  i n t e n -  

- s i t i e s  o f  t h e  i o n i z i n g  r a d i a t i o n s  a t  1 cm, f rom  t h e i r  s o u r c e s ,  

t h u s  c o n f i r m i n g  t h e  r e s u l t s  a l r e a d y  o b t a i n e d .  W i th  Z n e g a t i v e ,  

h o w e v e r ,  t h e  r e s u l t s  a r e  d i f f e r e n t .  The r a t e  o f  d i s c h a r g e  w i t h  t h e  

n e g a t i v e  p o i n t  a s  s o u r c e  i s  a s  b e f o r e ,  sh o w in g  t h a t  l i t t l e  o r  no
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p h o t o - e l e c t r i c  r a d i a t i o n  e m a n a t e s  f ro m  i t ;  h u t  t h e  r a t e  o f  d i s -  

- c h a r g e  w i t h  t h e  p o s i t i v e  p o i n t  a s  s o u r c e  i s  a b o u t  f o u r  t i m e s  a s  

g r e a t  a s  b e f o r e .  T h i s  i n d i c a t e s  a  s t r o n g  p h o t o - e l e c t r i c  e f f e c t  

due  t o  r a d i a t i o n s  f r o m  t h e  n e i g h b o u r h o o d  o f  t h e  p o s i t i v e  p o i n t .  I t  

a l s o  shows t h a t  t h e  i o n i z i n g  e f f e c t  o f  t h e  r a d i a t i o n s  i s  much l e s s  

p o w e r f u l  t h a n  t h e  p h o t o - e l e c t r i c  e f f e c t ,  c o n f i r m i n g  t h e  r e s u l t s  

o b t a i n e d  w i t h  t h e  s p a r k  d i s c h a r g e .  I t  i s  p o s s i b l e  a n d  i n  f a c t  

p r o b a b l e  t h a t  some p h o t o - e l e c t r i c  r a d i a t i o n  e m a n a t e s  f rom  t h e  v i c -  

- i n i t y  o f  t h e  n e g a t i v e  p o i n t .  Our e x p e r i m e n t  m e r e l y  i n d i c a t e s  t h a t  

i t s  i n t e n s i t y  m u s t  b e  l e s s  t h a n  o n e - t w e n t i e t h  o f  t h e  i n t e n s i t y  o f  

t h e  s i m i l a r  r a d i a t i o n  f ro m  t h e  p o s i t i v e  p o i n t .  So f a r ,  d i r e c t  e x p e r -  

- i m e n t  h a s  g i v e n  no i n d i c a t i o n  a s  t o  v / h e t h e r  t h e  p h o t o - e l e c t r i c  

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

e f f e c t  o r  b y  o t h e r s  o f  d i f f e r e n t  w a v e - l e n g t h .  The s p a r k - d i s c h a r g e  

e x p e r i m e n t s ,  h o w e v e r ,  showed t h a t  a  p h o t o - e l e c t r i c  e f f e c t  c o u l d  

b e  p r o d u c e d  a t  t h e  g a p  when t h e  s o u r c e  o f  t h e  r a d i a t i o n s  was ( u n d e r  

f a v o u r a b l e  c i r c u m s t a n c e s )  15 cm. d i s t a n t .  The i o n i z i n g  r a d i a t i o n s  

u n d e r  no c i r c u m s t a n c e s  w i l l  p e n e t r a t e  m ore  t h a n  3 cm. o f  a i r .  

C o n s e q u e n t l y  i t  may b e  s a i d  t h a t  w h e t h e r  t h e  i o n i z i n g  r a d i a t i o n s  

do o r  do n o t  p r o d u c e  t h e  p h o t o - e l e c t r i c  e f f e c t ,  o t h e r  r a d i a t i o n s  

a r e  p r e s e n t  w h o se  a b s o r p t i o n  b y  a i r  i s  s m a l l e r  an d  w h i c h  a r e  

p h o t o - e l e c t r i c .

I t  i s  w e l l - k n o w n  t h a t  t h e  p h o t o - e l e c t r i c  e m i s s i v i t y  o f  a  m e t a l  i s  

a f u n c t i o n  o f  t h e  w a v e - l e n g t h  o f  t h e  i n c i d e n t  r a d i a t i o n .  The max- 

-imum e m i s s i o n  i s  due  t o  r a d i a t i o n  o f  a  c e r t a i n  f i x e d  w a v e - l e n g t h .

I t  i s  a l s o  known t h a t  t h e  w a v e - l e n g t h  c o r r e s p o n d i n g  t o  t h e  maximum 

e m i s s i v i t y  v a r i e s  f rom  m e t a l  t o  m e t a l ;  i n  g e n e r a l  t h e  more  e l e c t r o -  

- p o s i t i v e  m e t a l s  r e s p o n d  t o  l o n g e r  w a v e - l e n g t h s ,  and  t h e  more
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e l e c t r o - n e g a t i v e  t o  s h o r t e r  w a v e - l e n g t h s .  C o n s e q u e n t l y  t h e  e x p e r -  

- i m e n t  j u s t  d e s c r i b e d  c a n n o t  b e  s a i d  t o  g i v e  any  g e n e r a l  i n f o r n i a -  

- t i o n  w i t h  r e g a r d  t o  t h e  i n t e n s i t y  o f  t h e  r a d i a t i o n s .  The r e s u l t s  

m us t  b e  t a k e n  t o  f e f e r  t o  z i n c  o n l y  o r  t o  a l l i e d  m e t a l s .

The e x p e r i m e n t s  show t h a t  b o t h  i o n i z i n g  and  p h o t o - e l e c t r i c  r a d i a -  

- t i o n s  a r e  e m i t t e d  by  a  p o i n t  c h a r g e d  t o  a  h i g h  p o t e n t i a l .  P h o t o 

e l e c t r i c i t y  i s  i n  g e n e r a l  a s s o c i a t e d  w i t h  r a d i a t i o n s  o f  l o n g e r  

w a v e - l e n g t h s  t h a n  t h o s e  w h i c h  i o n i z e  a i r ,  and  t h e r e f o r e  i t  i s  r  

r e a s o n a b l e  t o  s u p p o s e  t h a t  t h e  r a d i a t i o n s  f rom  t h e  p o i n t  a r e  v e r y  

h e t e r o g e n e o u s  i n  c h a r a c t e r .  A r o u g h  s p e c t r a l  a n a l y s i s  m i g h t  b e  

p e r f o r m e d  b y  a  s e r i e s  o f  e x p e r i m e n t s  on t h e  v e l o c i t i e s  o f  p h o t o 

e l e c t r o n s .  W i t h  t h e  p o s i t i v e  p o i n t  a t  a  f i x e d  d i s t a n c e  f rom  t h e  

z i n c  p l a t e  a  d e t e r m i n a t i o n  m i g h t  b e  made o f  t h e  minimum w a v e - l e n g t h  

o f  t h e  i n c i d e n t  r a d i a t i o n s  , b y  t h e  u s u a l  m e th o d  o f  m e a s u r i n g  t h e  

p o s i t i v e  p o t e n t i a l  t o  w h i c h  t h e  p l a t e  r i s e s .  By m a k in g  s i m i l a r  

d e t e r m i n a t i o n s  w i t h  d i f f e r e n t  d i s t a n c e s  b e t w e e n  t h e  s o u r c e  an d  t h e  

p l a t e ,  a  c u r v e  m i g h t  b e  o b t a i n e d  g i v i n g  t h e  minimum w a v e - l e n g t h  

as  a  f u n c t i o n  o f  t h i s  d i s t a n c e .  Such a  c u r v e  w o u ld  i n d i c a t e  t h e  

t y p e  o f  s p e c t r u m  e m a n a t i n g  f ro m  t h e  p o i n t .  I t  w o u ld  o f  c o u r s e  b e  

n e c e s s a r y  t o  s e e  t h a t  t h e  i o n i z i n g  r a d i a t i o n s  w e r e  n o t  a l l o w e d  t o  

i n t e r f e r e ,  b y  u s i n g  s u i t a b l e  d i s t a n c e s  ( g r e a t e r  t h a n  3 cm.) b e t w e e n  

t h e  s o u r c e  a n d  t h e  p l a t e ,  an d  b y  u s i n g  t h e  c e l l u l o i d  s c r e e n .  The 

d i f f i c u l t y  i n  t h e  way o f  s u c h  e x p e r i m e n t s  i s  t h e  s m a l l  i n t e n s i t y  

o f  t h e  r a d i a t i o n s .

I b Gory o f  t h e  A c t i o n  o f  C h a r g e d  P o i n t s .

The r e s u l t s  r e c o r d e d  a b o v e  c a n  noŵ  b e  a p p l i e d  t o  t h e  e x p l a n a t i o n  

o f  t h e  a c t i o n  o f  a  t h i r d  p o i n t  o r  s y s t e m  o f  p o i n t s  on t h e  s p a r k
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d i s c h a r g e ;  b u t  b e f o r e  p r o c e e d i n g  t o  t h e  e x p l a n a t i o n  i t  may b e  w e l l  

t o  c l e a r  away a  p r e l i m i n a r y  d i f f i c u l t y .  T h r o u g h o u t  t h e  p r e s e n t  

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

" l o w e r i n g  o f  t h e  s p a r k i n g  p o t e n t i a l " .  I n  p r a c t i c e ,  w hen  an  i n d u c t i o n  

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

w ha t  o c c u r s .  B u t  t h e  t e r m  " s p a r k i n g  p o t e n t i a l "  h a s  a  t e c h n i c a l  

m e an in g  w h i c h  i s  n o t  i m p l i e d  h e r e .  The " s p a r k i n g  p o t e n t i a l "  a c r o s s  

a g a p  i s  t h e  p o t e n t i a l  d i f f e r e n c e  a t  w h i c h  a  s p a r k  w i l l  p a s s ,  

when t h i s  p o t e n t i a l  d i f f e r e n c e  i s  a p p l i e d  g r a d u a l l y ,  and  i s  c o n -  

- t i n u e d  f o r  an  i n d e f i n i t e  t i m e .  The e f f e c t  o f  t i m e  l a g  i s  t h u s  

e l i m i n a t e d ,  an d  i t  i s  q u e s t i o n a b l e  i f  a n y  e x t e r n a l  m e c h a n i s m  can  

c a u s e  a n y  l o w e r i n g  o f  t h i s  p o t e n t i a l .  I n  t h e  c a s e  o f  an  i n d u c t i o n  

c o i l  t h e  p e a k  p o t e n t i a l  d i f f e r e n c e  i s  a p p l i e d  f o r  a  v e r y  s h a r t  

t im e  o n l y ,  and  c o n s e q u e n t l y  t h e  " l a g "  c a u s e s  a n  a p p a r e n t  r i s e  i n  

t h e  " s p a r k i n g  p o t e n t i a l " .  The t r u e  a c t i o n  o f  t h e  t h i r d  p o i n t  m u s t  

be  d e s c r i b e d  a s  e l i m i n a t i n g  t h i s  " l a g " .  The p r e l i m i n a r y  i o n i z a t i o n  

o f  t h e  g a s  i n  t h e  g a p  t a k e s  p l a c e  more  r a p i d l y ,  and  t h e  c u r r e n t  

r i s e s  m ore  q u i c k l y  t o  t h a t  n e c e s s a r y  t o  p r o d u c e  a  s p a r k ,  " L o w e r in g  

o f  t h e  s p a r k i n g  p o t e n t i a l "  i s  t h e r e f o r e  a  v a g u e  d e s c r i p t i o n  o f  t h e  

a c t i o n  o f  t h e  p o i h t .  I t  i s  m e r e l y  a  c o n v e n i e n t  e x p r e s s i o n ,  and 

w h e r e v e r  i t  o c c u r s  i n  t h e  t h e s i s  t h e  a b o v e  r e s e r v a t i o n s  m u s t  b e  

k e p t  i n  m i n d .

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

f o l l o w i n g  h y p o t h e s i s ; -

1 .  The l o w e r i n g  o f  t h e  s p a r k i n g  p o t e n t i a l  i s  c a u s e d  i n  d i f f e r e n t  

ways by  d i f f e r e n t  a r r a n g e m e n t s  o f  p o i n t s ,  an d  t h e  e f f e c t s  o f  

d i f f e r e n t  c a u s e s  may v a r y  c o n s i d e r a b l y  i n  r e l a t i v e  i m p o r t a n c e  a s

n e  t y p e  o f  d i s c h a r g e  i s  v a r i e d



2 ,  The two m a i n  c a u s e s  a r e : -

( a )  P h o t o - e l e c t r i c  e f f e c t s  du e  t o  u l t r a - v i o l e t  r a d i a t i o n s  f rom  

s m a l l  s p a r k s  o r  t h e  a i r  n e a r  p o s i t i v e  p o i n t s ,

(h ) I o n s  p r o d u c e d  b y  t h e  i o n i s a t i o n  o f  t h e  g a s  b y  r a d i a t i o n s  w h i c h  

em ana te  f ro m  t h e  a i r  n e a r  p o s i t i v e l y  o r  n e g a t i v e l y  c h a r g e d  p o i n t s .

( a )  The p h o t o - e l e c t r i c  r a d i a t i o n s  a r e  m o re  p o w e r f u l  t h a n  t h e  i o n -  

- i s i n g  r a d i a t i o n s  i n  a n y  a r r a n g e m e n t  w h e r e  t h e r e  i s  a  p o s i t i v e  

p o i n t  a t  a  d i s t a n c e  g r e a t e r  t h a n  t h r e e  c e n t i m e t r e s  f ro m  t h e  m a in  

g a p .  At d i s t a n c e s  g r e a t e r  t h a n  t h r e e  c e n t i m e t r e s  t h e  i o n i z i n g  

r a d i a t i o n s  a r e  c o m p l e t e l y  a b s o r b e d  b y  t h e  a i r  b e f o r e  t h e y  g e t  t o  

t h e  g a p ,  w h i l e  t h e  p h o t o - e l e c t r i c  r a d i a t i o n s  c a n ,  i f  t h e  m a in  

e l e c t r o d e s  a r e  o f  c l e a n  z i n c ,  a f f e c t  t h e  s p a r k i n g  p o t e n t i a l  when 

t h e i r  s o u r c e  i s  a s  much a s  f i f t e e n  c e n t i m e t r e s  aw ay .  I f  t h e  e l e c t -  

- r o d e s  a r e  d i r t y  o r  o x i d i z e d ,  h o w e v e r ,  i t  i s  d i f f i c u l t  w i t h  t h e

sane  l e n g t h  o f  g a p  t o  o b t a i n  a n  e f f e c t  a t  more  t h a n  t h r e e  c e n t i m e t r e s  

d i s t a n c e .  S i m i l a r l y  t h e  s u b s t i t u t i o n  o f  c o p p e r  f o r  z i n c  r e d u c e s  t h e  

r a n g e  o f  t h e  e f f e c t  c o n s i d e r a b l y .  T h e s e  r e s u l t s ,  a l o n g  w i t h  t h o s e  

d e s c r i b e d  e a r l i e r  i n  t h e  p a p e r ,  show t h a t  t h e  p h o t o - e l e c t r i c  r a d -  

- i a t i o n s  a r e  o f  p r i m e  i m p o r t a n c e .

(b) The i o n i s i n g  r a d i a t i o n s  a l s o  a f f e c t  t h e  s p a r k i n g  p o t e n t i a l ,

bu t  t h e  r a n g e  o f  t h e i r  e f f e c t  i s  s m a l l e r .  A l s o  t h e i r  a c t i o n  a p p e a r s  

to  b e  somewhat c o m p l i c a t e d .  When t h e  d i s t a n c e  o f  a  c h a r g e d  p o i n t  

from t h e  s p a r k  g a p  i s  l e s s  t h a n  t h r e e  c e n t i m e t r e s ,  t h e  a i r  i n  t h e  

gap i s  d i r e c t l y  i o n i z e d .  T h a t  t h i s  i s  t h e  c a s e  i s  d e f i n i t e l y  shown 

by t h e  i o n i z a t i o n  ch am b e r  e x p e r i m e n t s ,  and  i t  i s  w e l l  known t h a t  a  

s p a r k  a p p e a r s  m ore  r e a d i l y  i n  a n y  g a p  a f t e r  p r e v i o u s  i o n i s a t i o n  o f  

t b e  g a s  i n  i t .  B u t  e x p e r i m e n t s  h a v e  shown t h a t  t h e  r a d i a t i o n s  c a n  

â - f fec t  t h e  a i r  i n  t h e  g a p  when t h e i r  s o u r c e  i s  a t  g r e a t e r  d i s t a n c e s .
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U s i n g  t h e  a u x i l i a r y  g a p  o f  F i g . I d  an d  s h i e l d i n g  b o t h  e l e c t r o d e s  

f ro m  p h o t o - e l e c t r i c  r a d i a t i o n s ,  u n d e r  c e r t a i n  c o n d i t i o n s  a  l o w e r -  

- i n g  o f  t h e  s p a r k i n g  p o t e n t i a l  i s  f o u n d  w i t h  t h e  d i s t a n c e  AB t o  CD 

e q u a l  t o  f o u r  c e n t i m e t r e s .  The f o l l o w i n g  two e x p e r i m e n t a l  f a c t s  

m us t  t h e r e f o r e  h e  r e c o n c i l e d :

( a )  Thé r a d i a t i o n s  c a n  a f f e c t  t h e  s p a r k  when t h e i r  s o u r c e  i s  f o u r  

c e n t i m e t r e s  d i s t a n t ,

(h )  The r a n g e  o f  t h e  r a d i a t i o n s  i s  t h r e e  c e n t i m e t r e s  a s  d e t e r m i n e d  

hy  t h e  t i l t e d  e l e c t r o s c o p e .

The w r i t e r  h a s  come t o  t h e  c o n c l u s i o n  t h a t  t h e  i o n s  p r o d u c e d  h y  

t h e  r a d i a t i o n s  c a n  a f f e c t  t h e  s p a r k i n g  p o t e n t i a l  e v e n  when t h e y  

a r e  n o t  i n  t h e  d i r e c t  l i n e  o f  t h e  s p a r k ,  and  s u g g e s t s  t h e  f o l l o w -  

" i n g  e x p l a n a t i o n : -

The i o n s  a r e  p r o d u c e d  w i t h i n  t h e  s p h e r e  w hose  c e n t r a l  s e c t i o n  i s  

i n d i c a t e d  h y  t h e  d o t t e d  c i r c l e  ( F i g , 8 ) •  I o n s  i n  t h e  s h a d e d  p o r t i o n  

o f  t h e  s p h e r e  move u n d e r  t h e  f i e l d  o f  f o r c e  t o  one  o r  o t h e r  o f  t h e  

e l e c t r o d e s ,  t h e  d i f f u s i o n  b e i n g  n e g l i g i b l e  owing t o  t h e  s t r e n g t h  

o f  t h e  f i e l d .  The e n e r g y  a c q u i r e d  u n d e r  t h e  f i e l d  o f  f o r c e  i n  t h e  

l a s t  f r e e  p a t h  o f  t h e  i o n  i s  l i b e r a t e d  when i t  s t r i k e s  an  e l e c t r o d e  

and t h i s  e n e r g y  t a k e s  t h e  fo r m  o f  p u l s e s  o f  e l e c t r o m a g n e t i c

Fig. 8.

AJ (l--
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r a d ia t io n  w h ich  a r e  p ro b a b ly  p h o t o - e l e c t r i c  in  c h a r a c te r .  T h is  

secon d ary  r a d ia t io n  u l t im a t e ly  p e n e t r a te s  to  th e  l i n e  AB and 

in c r e a s e s  th e  c o n d u c t iv i t y  o f  th e  g a s  th e r e ,  th u s  f a c i l i t a t i n g  

th e  p a ssa g e  o f  th e  sp a r k . Ih e  e x p la n a t io n  was s u g g e s te d  by th e  

r e c e n t  work o f  S ir  J . J .  Thomson^ on th e  a c t io n  o f  low  v e l o c i t y  

i o n s .

I f  t h i s  h y p o th e s is  i s  c o r r e c t ,  i t  sh o u ld  be p o s s ib l e  to  e f f e c t  a  

lo w er in g  o f  th e  sp a rk in g  p o t e n t ia l  even  when th e  r a d ia t in g  p o in t  

i s  ” i n v i s i b l e ” from th e  p a th  o f  th e  sp a rk , so lo n g  a s  some p a r t  

o f  a  sp h ere  o f  r a d iu s  3 cm. about th e  p o in t  a s  c e n tr e  i s  " v i s i b l e ” 

and w it h in  ab ou t 1 cm. from th e  spark  l i n e .  To i n v e s t i g a t e  t h i s  

th e  f o l lo w in g  exp erim en t was t r i e d : -

The p o in t  C ( F i g . 9 ) w as sh ea th ed  in  an open c y l in d e r  o f  c le a n  

paraffin -w suc and b rou gh t up to  th e  gap in  th e  p o s i t i o n  shown in  

th e  d iagram . C was " i n v i s i b l e  from any p a rt o f  th e  spark  AB, y e t  

a d i s t i n c t  e f f e c t  was o b se r v e d . T i  f o l lo w s ,  t h e r e f o r e ,  th a t  th e  

io n iz e d  a i r  in  th e  shaded p o r t io n  o f  th e  diaigram was a b le  to  

cau se a lo w e r in g  o f  th e  sp a r k in g  p o t e n t i a l .  I t  i s  to  be n o te d ,  

how ever, th a t  a  s t r a ig h t  l i n e  i s  n e c e s sa r y  from C to  w ith in  l e s s  

than 1 cm. from  AB. A s t r i k i n g  exam ple o f  t h i s  ty p e  o f  a c t io n  i s  

observed  when th e  p o in t  gap o f  F i g . I f  i s  u se d . H ere th e  e f f e c t  

w i l l  o n ly  o ccu r  i f  C and D a r e  so c l o s e  to  A and B th a t  no s t r a ig h t  

l i n e  can b e drawn to  th e  p a th  o f  th e  sp a rk , th e  r a d ia t io n  em anating  

from th e  s i l e n t  d is c h a r g e s  betw een  C and A and b etw een  D and B .

* P h i l .  a a g .  v o l . i i .  p . 675 (1 9 2 6 ) .
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-Fiff. 9.

E xperim ents w ith  th e  M e t a l l i c  P o in t  co n n ected  to  a  Source o f  

C onstant P o t e n t i a l .

When th e  m e t a l l i c  p o in t  C ( F i g . l b )  was con n ected  to  one p o le  o f  

a W imshurst m achine in s t e a d  o f  to  one e le c t r o d e  o f  th e  main gap , 

th e p o in t  w as found to  h a v e  o n ly  a s l i g h t  e f f e c t  in  f a c i l i t a t i n g  

the p a ssa g e  o f  th e  spark  a c r o s s  th e  main gap AB. The e f f e c t  was 

much s m a lle r  than  th e  u su a l th r e e -p o in t  e f f e c t .  I t  was a l s o  n o ted  

th a t no v i o l e t  g low  c o u ld  be d e t e c t e d  round th e  p o in t  in  th e  dark , 

and i f  two such  p o in t s  w ere co n n ected  to  th e  o p p o s it e  p o le s  o f  

the W im shurst, no spark  co u ld  b e  produced b etw een  them . No ev id en ce  

was found o f  r a d ia t io n  p r o c ee d in g  from th e  p o in t  under th e s e  con-  

- d i t i o n s ,  a lth o u g h  c a r e f u l  t e s t s  w ere made w ith  th e  io n iz a t io n  k 

chamber. The rea so n  p ro b a b ly  i s  th a t  th e  p o in t  n ev er  reach ed  a  

s u f f i c i e n t l y  h ig h  p o t e n t i a l ,  th e  ch arge  le a k in g  from th e  p o in t  

’’^ery r a p id ly  in  th e  form  o f  th e  e l e c t r i c  w in d .

Somewhat s im i la r  r e s u l t s  w ere found by D r.J.D .M organ . That w r it e r  

a lso  co n clu d ed  th a t  no r a d ia t io n  was g iv e n  o f f  by a m e t a l l i c  p o in t  

connected  to  th e  p o le  o f  a  W imshurst m achine, and th a t  any e f f e c t  

in  th e m ain gap in  t h e s e  c o n d it io n s  i s  due to  an io n iz e d  stream , 

p roceed in g  from th e  p o in t .  The ex p er im en ta l r e s u l t s  o f  Morgan a re  

th e r e fo r e  con firm ed  by th e  p r e se n t  e x p e r im e n ts , b ut a somewhat 

d if f e r e n t  ex p lsm a tio n  o f  them i s  now o f f e r e d .  I t  was su g g e s te d  by

^ i l .  Mag. v o l . i v .  p . 91 (1 9 2 7 ) .
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Morgan th a t  in  ord er  th a t  a p o in t  sh o u ld  em it an io n iz in g  r a d ia t io n ,  

i t s  p o t e n t i a l  sh ou ld  b e  o f  an im p u ls iv e  or t r a n s ie n t  c h a r a c te r .

The p r e s e n t  w r i t e r  a g r e e s  w ith  t h i s  v ie w , but i s  o f  th e  o p in io n  

th a t  th e  t r a n s ie n t  n a tu r e  o f  th e  p o t e n t ia l  i s  o n ly  n e c e s s a r y  in  

order th a t  th e  p o in t  sh o u ld  b e r a i s e d  to  a  s u f f i c i e n t l y  h ig h  p o te n -  

- t i a l .  W ith a  c o n tin u o u s  so u r ce  th e  p o t e n t ia l  o f  th e  p o in t  n ev er  

rea ch es a  v a lu e  h ig h  enough fo r  th e  e m iss io n  o f  r a d ia t io n .  I t  d oes  

not seem p ro b a b le  th a t  th e  e m iss io n  o f  r a d ia t io n  can depend , a s  

Morgan s u g g e s t s ,  on th e  tim e r a t e  o f  change o f  p o t e n t ia l  o f  th e  

p o in t ,  b u t i t  d o es d ep en d , a s  th e  p r e s e n t  ex p er im en ts  h ave shown, 

on th e  sp a c e  r a t e  o f  v a r ia t io n  o f  p o t e n t ia l  n ea r  th e  p o in t .

The I n f lu e n c e  o f  th e  S t a t e  o f  th e  C athode S u r fa c e  on th e  E f f e c t  o f  

the I o n iz in g  R a d ia t io n s .

A s e r i e s  o f  ex p er im en ts  was c a r r ie d  o u t w ith  th e  o b je c t  o f  d e t e r -  

-m ining w h eth er  th e  a c t io n  o f  th e  io n iz in g  r a d ia t io n  in  lo w er in g  

th e  sp a rk in g  p o t e n t ia l  o f  th e  m ain gap was a f f e c t e d  in  any way by 

th e  s t a t e  o f  th e  c a th o d e  s u r fa c e .  In  th e s e  ex p er im en ts  th e  two 

main e le c t r o d e s  w ere o f  co u rse  e n t i r e l y  s h ie ld e d  from any d ir e c t  

( p h o t o - e le c t r ic )  r a d ia t io n s  from th e  m e t a l l i c  p o in t s ,  th e  a i r  gap 

between t h e s e  b e in g  a lo n e  in  a  d i r e c t  l i n e  w ith  th e  d is c h a r g e .  

O therw ise th e  arrangem ent o f  F ig .I d  was u se d . In  t h e s e  c ircu m sta n ces  

i t  was found th a t  th e  s t a t e  o f  th e  s u r fa c e  o f  th e  ca th od e was an 

im portant f a c t o r  in  th e  a c t io n .  I f  th e  cath od e s u r fa c e  was d ir t y  

or o x id iz e d , th e  p o in t  produced no e f f e c t  i f  fu r th e r  than 2 .6  cm. 

from th e  m ain gap (AB»1 c m .) .  When th e  cath od e s u r fa c e  was c lea n ed  

by rubbing w ith  emery p a p er , th e  l im i t in g  d is t a n c e  o f  th e  p o in t  was 

s l i g h t l y  o v er  3 cm. When th e  ca th o d e  su r fa c e  was b r ig h t ly  p o l is h e d ,  

th e  l im i t in g  d is t a n c e  was over 4 cm# E xperim ents in  w hich d i f f e r e n t
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m e ta ls  w ere u sed  a s  m ain e le c t r o d e s  a l s o  le d  to  th e  same c o n c lu -  

- s i o n .  W ith a  b r a s s  c a th o d e  th e  e f f e c t  was s l i g h t l y  l e s s  than  

w ith  z i n c ,  w h i le  w ith  a  ca th o d e  o f  cop p er (w h eth er  p o l is h e d  or  

n ot) th e  l i m i t i n g  d i s t a n c e  o f  th e  p o in t  n ever  ex ceed ed  2 cm. These  

exp erim en ts show t h a t ,  even  when no r a d ia t io n  from th e  m e t a l l i c  

p o in t r e a c h e s  th e  s u r fa c e  o f  th e  ca th o d e  d i r e c t l y ,  th e  e f f e c t  o f  

th e  r a d ia t io n s  in  lo w e r in g  th e  sp a rk in g  p o t e n t ia l  depends on th e  

n ature o f  th e  ca th o d e  s u r f a c e .  I t  was d i f f i c u l t  to  d e term in e  

w hether th e  anode s u r fa c e  had any such  e f f e c t ,  b u t ,  i f  s o ,  i t  was 

c e r t a in ly  much s m a lle r  them th e  e f f e c t  o f  th e  ca th o d e  s u r fa c e .

Mechanism o f  th e  Spark D is c h a r g e .

One o f  th e  c h i e f  f a c t s  w hich  em erge a s  a  r e s u l t  o f  th e  ex p erim en ts  

d escr ib e d  i s  th a t  io n s  produced a t  some d is t a n c e  from th e  l i n e  in  

which th e  m ain spark  p a s s e s  can in  some way f a c i l i t a t e  th e  p a ssa g e  

o f  t h i s  sp a r k , and th a t  th e  i n t e n s i t y  o f  t h i s  e f f e c t  depends upon 

the n a tu re  and s t a t e  o f  th e  ca th o d e  s u r fa c e .  T hese r e s u l t s  seem to  

be in  e n t i r e  agreem ent w ith  th e  th e o r y  o f  th e  spark  d isc h a r g e  

r e c e n t ly  p rop osed  by J .T a y lo r ^  and b a sed  upon S ir  J.J.Thom son* s  

r e sea rc h e s  on th e  a c t io n  o f  low  v e l o c i t y  p o s i t i v e  io n s  • An e s s e n -  

- t i a l  f e a tu r e  o f  t h i s  th e o r y  i s  th a t  th e  p o s i t i v e  io n s  in  a low -  

p ressu re  d is c h a r g e ,  when n e u t r a l iz e d  a t  th e  ca th od e s u r fa c e ,  g iv e  

r i s e  to  u l t r a - v i o l e t  (Schumann) r a d ia t io n s ,  and th a t  th e s e  r a d ia -  

" tio n s , a c t in g  a s  an in te r m e d ia te  c a u s e , produce th e  l ib e r a t io n

if"
T a y lo r , P h i l .  Mag. i i i .  p . 763 (1 9 2 7 );  P r o c . R oy. S o c . A ,1 1 4 ,  

P .73 (1 9 2 7 );  ' D i s s e r t a t i o n ' ,  U tr e c h t  (1 9 2 7 ) .
f

F h i l ,  Mag. x l v i i i .  p . l  ( 1 9 2 4 ) ,  and l o o .  c i t .
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o f  p h o t o - e le c t r o n s .

In  th e  p r e s e n t  ex p e r im en ts  a  p o s i t i v e  io n  formed a t  P ( F i g . 1 0 ) ,  

a t some d is t a n c e  from th e  l i n e  o f  sp a r k , AB, i s  moved under th e

Fiof. 10.

in f lu e n c e  o f  th e  in t e n s e  f i e l d  to  n ea r  th e  p o in t  % o f  th e  ca th o d e  

su r fa ce*  T here i t  e x c i t e s  u l t r a - v i o l e t  r a d ia t io n  w hich  l i b e r a t e s  

e le c t r o n s  from th e  m e ta l in  th e  n eigh b ou rh ood . T hese e le c t r o n s  

t r a v e l  tow ard s th e  anode s u r fa c e ,  c a u s in g  io n iz a t io n  by c o l l i s i o n  

w ith  n e u tr a l  m o le c u le s  in  t h e ir  p a t h s .  The p r o c e s s  may re p e a t  

i t s e l f  many t im e s  b e f o r e  th e  d is r u p t iv e  d isc h a r g e  ta k e s  p la c e .  

F urther e v id e n c e  in  fa v o u r  o f  t h i s  th e o r y  i s  g iv e n  by th e  p o in t  

d isc h a r g e  i t s e l f .  As th e  ex p er im en ts  h ave  shown, e le c tr o m a g n e t ic  

r a d ia t io n s  o f  f a i r  i n t e n s i t y  em anate from th e  p a r ts  o f  th e  d i s -  

- charge p a th  n ea r  th e  p o i n t s .  T hese r a d ia t io n s  a r e  u n d ou b ted ly  due 

to th e  l i b e r a t i o n  o f  th e  k i n e t i c  en erg y  o f  th e  i o n s .  The d i f f e r -  

-en ces  b etw een  th e  d is c h a r g e  b etw een  p o in t s  and th e  d isc h a r g e  

between sp h e r e s  a r e  o f  d eg ree  r a th e r  than  o f  k in d . The f i e l d  o f  

fo r ce  in  th e  form er c a s e  i s  much more i r r e g u la r ,  and th e  s u r fa c e  

d e n s ity  o f  th e  e l e c t r i c i t y  i s  g r e a t e r  in  th e  c a se  o f  a p o in t  than  

in  th e  c a s e  o f  a s p h e r e , b u t th e  d is c h a r g e  m echanism  i s  s im ila r  

in  n a tu r e . C o n seq u en tly  i f  r a d ia t io n s  emanate from th e  p o in t  d i s -  

~ch arge, i t  i s  to  b e  e x p e c te d  th a t  r a d ia t io n s  o f  th e  same ty p e  but 

o f l e s s  i n t e n s i t y  w i l l  b e  p r e se n t  n ear  th e  s p h e r ic a l  e l e c t r o d e s .  

That th e  v i s i b l e  r a d ia t io n s  from a p o in t  d is c h a r g e  can a l s o  be
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o b ta in ed  from sp h e r e s  j u s t  b e fo r e  sp a r k in g  ta k e s  p la c e  was shown 

many y e a r s  ago by W a lter  • The l a t t e r  to o k  p h otograp h s o f  sp ark s  

on r a p id ly  m oving p l a t e s ,  and found th a t  each  spark  was p reced ed  

by a  f a i n t l y  lu m in ou s b ru sh  d is c h a r g e .  I t  i s  h ig h ly  p r o b a b le ,  

t h e r e f o r e ,  th a t  u l t r a - v i o l e t  r a d ia t io n s  a re  p r e s e n t  n ea r  th e  

s p h e r ic a l  e le c t r o d e s  when th e  p o t e n t ia l  ap p rox im ates to  th a t  

req u ired  fo r  a  spark  to  p a s s .

From t h e s e  c o n s id e r a t io n s ,  th e n , th e  c o n c lu s io n  may be drawn th a t  

th e a c t io n  o f  m e t a l l i c  p o in t s  on sp a rk in g  p o t e n t ia l s  i s  s im ila r  

to  th e  a c t io n  o f  th e  d is c h a r g e  i t s e l f .  The b eh a v io u r  o f  io n s  in  th e  

l i n e  a lo n g  w h ich  th e  spark  p a s s e s  m ust b e  s im ila r  to  th e  b eh a v io u r  

o f  io n s  o u t s id e  o f  t h i s  l i n e  b u t w ith in  th e  in t e n s e  f i e l d  o f  

e l e c t r i c  f o r c e .  I f  t h i s  i s  s o ,  th en  th e  cu rren t th rou gh  th e  g a s  

must depend on th e  n a tu r e  o f  th e  ca th o d e  s u r fa c e ,  and some s o r t  o f  

p h o t o - e le c t r ic  a c t io n  m ust b e  assum ed to  ta k e  p la c e .  T h is i s  th e  

c o n c lu s io n  to  w h ich  th e  ex p er im en ts  o f  T ay lor  h ave le d :  i t  i s  n o t a 

accou n ted  f o r  in  Townsend* s  th e o r y  o f  th e  spark d is c h a r g e ,  in  

which th e  p o s i t i v e  io n s  a r e  assumed to  produce o th e r s  by c o l l i s i o n  

w ith  n e u tr a l  m o le c u le s ,  b u t n o t a s  a  r e s u l t  o f  t h e i r  im pact on th e  

n e g a t iv e  e l e c t r o d e .

That Taylor* s  h y p o th e s is  le a d s  to  a  form ula  w hich g i v e s  a c c u r a te ly  

th e  cu rren t t h r o u ^  a  g a s ,  when reco m b in a tio n  o f  io n s  can be  

n e g le c te d ,  was shown by Townsend h im s e l f f ,  w h ile  in  1923 D ubois [jZ

V ied . Ann. I x v i .  p .6 3 6 ;  I x v i i i .  p . 7 7 6 .  

f ' E l e c t r i c i t y  in  G a ses* , p p .3 3 0 ,3 3 1 .

 ̂ Ann. de Ehys. t . x x .  p . 222 ( 1 9 2 3 ) .
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d er iv ed  a  form u la  w h ioh  a llo w e d  b o th  fo r  i o n iz a t io n  by th e  o o l -  

• l i e i o n  o f  p o s i t i v e  io n s  and f o r  p h o t o - e l e o t r i c  a c t io n  o f  th e  

l a t t e r  a t  th e  n e g a t iv e  e l e c t r o d e .  D u b o is' form u la  r e d u ce s  to  th o se

g iv en  b y  Townsend w h e n ^  or y  i s  made z e r o .  I t  i s

where D i s  th e  d is t a n c e  b etw een  th e  p a r a l l e l  p la t e  e l e c t r o d e s .  N,

Tig, cK and ^  h a v e  th e  u s u a l  m ean ings a s s ig n e d  to  them by Townsend, 

w h ile  y  i s  th e  a v e r a g e  number o f  e le c t r o n s  l ib e r a t e d  when one 

p o s i t iv e  io n  i s  n e u t r a l iz e d  a t  th e  ca th od e s u r fa c e .

I t  ap p ears to  th e  w r i t e r  th a t  th e  problem  o f  d e c id in g  b etw een  th e  

" io n iz a t io n  by c o l l i s i o n  o f  p o s i t i v e  io n s ” th e o r y  and a  "photo

e l e c t r i c ” th e o r y  o f  sp a r k in g  p o t e n t i a l s  r e s o lv e s  i t s e l f  in  g e n e r a l  

in to  th e  q u e s t io n  w h eth er  r a d ia t io n  or i o n iz a t io n  by c o l l i s i o n  

occurs f i r s t  in  a  d i s c h a r g e .  I t  i s  known th a t  a  c o l l i s i o n  betw een  

an io n  and a  g a s  m o le c u le  can g iv e  r i s e  to  a  p u ls e  o f  e le c tr o m a g n e tic  

r a d ia t io n .  I t  i s  a l s o  known th a t  a  c o l l i s i o n  betw een  an e le c t r o n  

and a m o le c u le  can  c a u s e  i o n iz a t io n  o f  th e  m o le c u le .  But even  

assuming th a t  th #  c o l l i s i o n  b etw een  a  p o s i t i v e  io n  and a  m o le c u le  

can ca u se  i o n i z a t i o n ,  i t  must s t i l l  b e  asked  w hether r a d ia t io n  or  

io n iz a t io n  w i l l  o ccu r  f i r s t  a s  th e  speed  o f  th e  p o s i t i v e  io n  i s  

g ra d u a lly  in c r e a s e d .  I t  w ould ap p ear r e a so n a b le  to  su p p ose th a t  

io s s  en ergy  i s  r e q u ir e d  to  move an e le c t r o n  from one o r b it  to  

another ( a s  when r a d ia t io n  i s  e m itte d )  than  to  remove an e le c t r o n  

from th e  m o le c u le  e n t i r e l y  (a s  when io n iz a t io n  o c c u r s );  c o n se q u e n tly  

i t  ap p ears r e a s o n a b le  to  co n c lu d e  th a t  r a d ia t io n  o ccu rs  b e fo r e

io n iz a t io n .

t h i s  v iew  i s  c o r r e c t ,  th e r e  can be l i t t l e  doubt th a t  th e  p h oto 

e l e c t r i c  th e o r y  i s  t r u e ,  s in c e  s u f f i c i e n t  io n s  can b e  g en er a ted
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by t h i s  means to  s a t i s f y  th e  req u irem en ts  o f  th e  sp a rk in g  c u r r e n t .  

I f ,  on th e  o th e r  h an d , io n iz a t io n  o cc u rs  f i r s t ,  th en  th e  p h oto 

e l e c t r i c  e f f e c t s  w i l l  b e  v ery  s u b s id ia r y  and o f  l i t t l e  im p o rta n ce .

I t  i s  a g a in  urged  th a t  th e  p o in t  d is c h a r g e  and 

th e  u s u a l  spark  d is c h a r g e  b etw een  sp h er e s  or  p la n e s  d i f f e r  o n ly  

in  d e g r e e .  What i s  found in  th e  one may be ex p e c ted  to  b e found in  

th e  o th e r  w ith  a p p r o p r ia te  m o d if ic a t io n s .  But th e  p o in t  d is c h a r g e  

g iv e s  e v id e n c e  o f  r a d ia t io n s  from  th e  v i c i n i t y  o f  th e  ca th o d e  

lon g  b e fo r e  a  spark  p a s s e s .  We may t h e r e fo r e  ex p ec t  th a t  th e  same 

occurs in  a  m o d if ie d  way in  th e  spark  d is c h a r g e  b etw een  p la n e s .

I t  may b e  remarked i n  p a s s in g  th a t  one o f  Tow nsend's o b j e c t io n s  to  

a th eo ry  o f  th e  d is c h a r g e  in  w h ich  th e  p o s i t i v e  io n s  o n ly  form  

o th ers  a t  th e  c a th o d e , i s  th a t  th e  cu rren t from a p o s i t i v e  p o in t  

to a  n e g a t iv e  p la n e  can n ot b e  e x p la in e d  on t h i s  h y p o t h e s is .  In  

v iew , h o w ev er , o f  th e  f a c t  th a t  a  p o s i t i v e  p o in t  i s  th e  so u r ce  o f  

e le c tr o m a g n e t ic  i o n iz in g  and p h o t o - e l e c t r i c  r a d ia t io n s ,  q u ite  

s u f f i c i e n t  to  a cco u n t f o r  th e  c u r r e n t  in  t h e s e  c o n d i t io n s ,  i t  would  

s c a r c e ly  seem n e c e s s a r y  to  assum e any io n iz in g  a c t io n  o f  th e  

p o s i t iv e  io n s  in  th e  p o in t  and p la n e  sy stem .
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CHAPTER 2 .

The U l t r a - V io le t  R a d ia t io n s  E m itted  by P o in t  D is c h a r g e s .  

I n tr o d u c to r y .

The fundam ental r e s u l t  o f  th e  in v e s t i g a t i o n s  d e s c r ib e d  in  th e  

p r ev io u s  c h a p te r  was made th e  s t a r t in g - p o in t  fo r  th e  secon d  s e r i e s  

o f e x p e r im e n ts . That r e s u l t  m igh t b e d e s c r ib e d  a s  f o l l o w s : -  

U l t r a - v i o l e t  r a d ia t io n s  o f  v ery  sh o r t  w a v e -le n g th  a re  e m itte d  by  

th e a i r  in  th e  v i c i n i t y  o f  m e t a l l i c  p o in ts  charged  to  a  h ig h  p o t -  

- e n t i a l .  T hese r a d ia t io n s  are  o f  such  freq u en cy  th a t  th e y  io n iz e  

a ir  th rou gh  w hich  th e y  p a s s .  They a r e ,  h ow ever, v e r y  e a s i l y  ab sorb -  

-ed  in  a i r  a t  a tm o sp h er ic  p r e s s u r e , a f a c t  w hich  i n d ic a t e s  th a t  

th ey  l i e  b etw een  th e  s o f t  X -ray  r e g io n  o f  th e  spectrum  and th e  

Schumann r e g io n  o f  th e  u l t r a - v i o l e t .

The ex p er im en ts  d e s c r ib e d  in  th e  p r e s e n t  c h a p ter  w ere u ndertaken  

w ith  a  v ie w  to  o b ta in in g  fu r th e r  e v id e n c e  reg a rd in g  th e  n a tu r e  o f  

th e se  r a d ia t io n s  and t h e i r  r e l a t i o n  to  th e  d is c h a r g e .  The e x p e r i-  

-m ents a r e  o f  a  p r e lim in a r y  n a tu r e , s in c e ,  a s  fa r  a s th e  w r it e r  

i s  aw are, no a ttem p t h a s  so fa r  been  made (w ith  th e  p o s s ib le  except*  

- io n  o f  M iss  L a ir d 's  work in  A m erica) to  i n v e s t i g a t e  any p a r t o f  Ac 

t h i s  r e g io n  o f  th e  spectrum  a t  p r e s s u r e s  com parable w ith  atm ospher- 

- i c .  The r e s u l t s  o b ta in e d , h o w ever , f u l l y  j u s t i f y  fu r th e r  stu d y  o f  

th e  phenomena e s d iib it e d .

A ü perim ental A rrstngem ents.

The f i n a l  form o f  th e  apparatus used in  th e  in v e s t ig a t io n  i s  

rep resen ted  d ia g r a m a tic a lly  in  F i g . l ,
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The tu b e  c o n ta in in g  th e  p o in te  S and F betw een  w hich  th e  d is c h a r g e  

was to  p a s s  was c y l i n d r i c a l  in  form , th e  p la tin u m  e le c t r o d e s  b e in g  

p la c ed  a lo n g  th e  a x i s  o f  th e  c y l in d e r .  The d e t e c t in g  and m easu rin g  

a p p a ra tu s was c o n ta in e d  in  a s id e  tu b e p la c e d  o p p o s it e  one o f  th e  

p la tin u m  p o in t s  S ,  w h i le  th e  o th e r  two s id e  tu b e s  w ere f i t t e d  w ith  

s to p -c o c k s  K ,H . One tu b e  was branched  betw een  th e  s to p -c o c k  K. and 

th e  d is c h a r g e  tu b e .

The d e t e c t in g  a p p a ra tu s  c o n s is t e d  e s s e n t i a l l y  o f  a p h o t o - e l e c t r i c  

c e l l ,  th e  in s u la t e d  e le c t r o d e  o f  w hich  was co n n ected  to  a t i l t e d  

e le c t r o s c o p e  or  to  a B o le z a le k  e le c t r o m e te r .  C and D w ere two h a l f 

c y l in d e r s  o f  b r a s s  o f  le n g th  20 mm., s e a le d  to  th e  w a l l s  o f  th e  

tu b e so  th a t  t h e i r  f a c e s  formed th e  s id e s  o f  a s l o t  o f  w id th  4 mm.

A p o t e n t ia l  d i f f e r e n c e  o f  560 v o l t s  was m a in ta in ed  b etw een  C and D 

d u rin g  th e  co u rse  o f  th e  e x p e r im e n ts . T h is s tr o n g  e l e c t r i c  f i e l d  

(X -1400 v o l t s / c m .)  was n e c e s sa r y  in  ord er to  remove any io n s  w hich  

m ight d r i f t  or b e p r o je c te d  down th e  s l o t  tow ards th e  p h o t o - e le c t r ic  

c e l l .  T h e o r e t ic a l ly  th e  e l e c t r i c  f i e l d  was s u f f i c i e n t l y  s tr o n g  to
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remove a  s im p le  p o s i t i v e  m o le c u la r  n it r ç g e n  io n  p r o je c te d  in to  th e  

s l o t  w ith  a speed  o f  3*10^c m ./ s e c .  E xperim ent showed th a t  a t  p r e s s *  

-u r e s  o f  5 cm. o f  m ercury and upwards no io n s  o f  any k in d  p é n é tr â t -  

-ed  to  th e  c e l l .

B was a  p ie c e  o f  f in e -m e sh  p h osp h or-b ron ze  w ir e  g a u ze  p la c e d  a c r o s s  

th e  tu b e  and in s u la t e d  from C and D by two h a l f - c y l i n d r i c a l  p la t e s  

o f  e b o n i t e .  T h is  g a u ze  formed one e le c t r o d e  o f  th e  c e l l .  P r e sse d  

a g a in s t  i t  was th e  b r a s s  c y l in d e r  L w hich  c o n ta in ed  th e  o th e r  

in s u la t e d  e le c t r è d e  A . T h is  e le c t r o d e  c o n s is t e d  o f  a  sm a ll r e c t -  

-a n g u la r  copper p l a t e  co v ered  on th e  s id e  fa c in g  th e  s l o t  w ith  a  

th in  f i lm  o f  cop p er o x id e .  The l a t t e r ,  though l e s s  s e n s i t i v e  to  

u l t r a - v i o l e t  l i g h t  th an  o th e r  s u b s ta n c e s ,  s u f f e r s  l e s s  from p h o to 

e l e c t r i c  f a t ig u e ,  and c o n se q u e n tly  co u ld  b e r e l i e d  upon to  g iv e  

r e s u l t s  w hich  w ould b e com parable over a lo n g  p e r io d . T h is  p la t e  

was p la c e d  a t  a  d i s t a n c e  o f  about 2 mm. from th e  g a u ze  and s o ld e r -  

-ed  to  a  t h in  cop p er w ir e  w h ich  was imbedded in  pure p a r a f f in  wax 

and le d  down th e  a x i s  o f  th e  c y l in d e r  L to  th e  e le c t r o s c o p e  or  

e le c t r o m e te r .  The l a t t e r  was p la c e d  a t  a d is t a n c e  o f  about 2 m etres  

from th e  tu b e i t s e l f .  I t  w i l l  b e  o b se rv ed , t h e r e f o r e ,  th a t  th e  

in s u la t e d  e le c t r o d e  and th e  le a d  (su rrou n d ed  by ea r th ed  tu b in g )  

from i t  to  th e  m easu rin g  in stru m en t w ere w e l l  s h ie ld e d  from e f f e c t s  

due to  in d u c t io n .  T h is  was t e s t e d  e x p e r im e n ta lly  b e fo r e  x x ^  

any m easurem ents w ere made. The in s u la t io n  a l s o  was t e s t e d  and 

proved to  b e o f  h ig h  q u a l i t y .  F in a l ly  th e  s id e  tu b e c o n ta in in g  

t h i s  a p p a ra tu s was c o m p le te ly  s e a le d  a t  M w ith  a m ix tu re  o f  b e e s -  

-wax and r e s i n .

The d e t e c t in g  c e l l  t h e r e fo r e  c o n s is t e d  o f  th e  gauze B , th e  c y l in d e r



3 6 .

L, and th e  in s u la t e d  p l a t e  A, w h i le  th e  s l o t  b etw een  C and D 

l im it e d  th e  r a d ia t io n  a f f e c t i n g  i t  to  a sm a ll p e n c i l  from th e  

W m ed iate  v i c i n i t y  o f  th e  p o in t  E . The c o n n e c t io n s  to  C, D and B 

w ere made by p la tin u m  w ir e s  s e a le d  in t o  th e  g l a s s  tu b e .

The o th e r  s id e  tu b e s  p ro v id ed  a  means o f  c o n t r o l l in g  th e  n a tu r e  

and p r e s su r e  o f  th e  g a s  in  th e  d is c h a r g e  tu b e . One tu b e  was oonn- 

- e c t e d  th rou gh  a  c a p i l l a r y  to  a g a s  c o n ta in e r ,  w h i le  th e  o th e r  was 

con n ected  to  an o i l  pump. The branch  in  th e  l a t t e r  tu b e  was s e a le d  

to  a v e r t i c a l  tu b e  d ip p in g  in to  c le a n  m ercury, so  th a t  th e  p r e s su r e  

o f  th e  g a s  c o u ld  b e m easured  a lm o st d i r e c t l y  a t  any t im e . S in c e  

p r e s su r e  m easurem ents d id  n o t r e q u ir e  to  b e v er y  a c c u r a te ,  such a  

gauge was s u f f i c i e n t  f o r  th e  p u rp o se . A l l  th e  c o n n e c t io n s  w ere  

s e a le d  w ith  th e  b eesw ax m ix tu r e  w h ich  w as found to  b e  v ery  s a t i s -  

-  f a c to r y  fo r  work a t  p r e s s u r e s  g r e a t e r  than  0 .1  mm. o f  m ercu ry .

The p o t e n t i a l s  r e l a t i v e  to  th e  e a r th  o f  th e  h a l f -  

c y l in d e r s  0 and D, and o f  th e  g a u ze  B and th e  c y l in d e r  L, depended  

on th e  p a r t ic u la r  n a tu r e  and p u rp ose o f  each ex p er im en t. When 

o b se r v a tio n s  w ere b e in g  made w ith  th e  t i l t e d  e le c t r o s c o p e  to  m easure  

th e  p h o t o - e l e c t r i c  or io n iz a t io n  c u r r e n t ,  th e  h a l f - c y l in d a r  C, th e  

gauze B and th e  c y l in d e r  L w ere a l l  a t  ea r th  p o t e n t i a l ,  w h ile  th e  

p la t e  A was ch arged  to  3:12 v o l t s .  In  th e  l a t e r  ex p er im en ts  in  w hich  

th e  D o le z a le k  e le c tr o m e te r  was em ployed, C, B , and L w ere m a in ta in -  

-ed  a t  3:250 v o l t s ,  w h ile  th e  p la t e  A was i n i t i a l l y  a t  e a r th  p o te n t -  

- i a l .

The cu rren t a c r o s s  th e  d is c h a r g e  tu b e  was su p p lie d  by a la r g e  

in d u c tio n  c o i l  ( 1 0 - in c h  spark) u sed  in  c o n ju n c tio n  w ith  a m otor  

m ercury j e t  in t e r r u p t e r .  Such an arrangem ent, when u sed  to  produce
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peak p o t e n t i a l  d i f f e r e n c e s  co rresp o n d in g  to  spark  le n g th s  o f  l e s s  

than  h a l f  an in c h  in  a i r  a t  a tm o sp h er ic  p r e s s u r e ,  g iv e s  a rem ark- 

-a b ly  s te a d y  mean c u r r e n t  through  th e  secon d ary  o f  th e  c o i l .  T h is  

cu rren t was m easured by a  G a if f e  m illia m p e r e m e te r , and co u ld  be  

c o n t r o l le d  to  0 .1  m il l ia m p e r e . In  o rd er  to  e l im in a t e  a s  fa r  a s  

p o s s ib le  any in v e r s e  c u r r e n t  t h r o u ^  th e  c o i l ,  th e  b a t t e r y  E .M .F . 

in  th e  prim ary c i r c u i t  was k ep t a s  sm a ll a s  p o s s i b l e .  E xperim ent 

in d ic a te d  th a t  th e  c u r r e n t  a t  "make” was n e g l i g i b l e .

Four g a s e s  w ere em ployed in  th e  ex p er im en ts  to  b e  d e s c r ib e d } - -  

oxygen , carbon d io x id e ,  n itr o g e n  and h y d r o g e n ,- - -  and o f  t h e s e ,  

o n ly  th e  two l a t t e r  w ere  u sed  in  q u a n t i t a t iv e  i n v e s t i g a t i o n s .  The 

hydrogen and oxygen w ere prep ared  by e l e c t r o l y s i s ;  th e  n itr o g e n  

was p rep ared  by th e  a c t io n  o f  ammonium c h lo r id e  on p o ta ss iu m  n i t r i t e  

in  c o n c e n tr a te d  s o lu t i o n ,  and was p u r i f ie d  by p a s s in g  i t  th rou gh  

c o n c e n tr a te d  su lp h u r ic  a c id  and o v e r  re d -h o t  cop p er f i l i n g s ;  th e  

carbon d io x id e  was p rep ared  by th e  a c t io n  o f  d i l u t e  h y d r o c h lo r ic  

a c id  on m arb le c h ip s .  Ho a ttem p t was made ( t o  b e g in  w ith )  to  dry  

any o f  t h e s e  g a s e s .

The in str u m e n ts  u sed  t o  m easure th e  p h o t o - e l e c t r i c  c u r r e n ts  kaxm 
and th e  i o n iz a t io n  c u r r e n ts  h a v e  a lr e a d y  b een  m en tio n ed . The t i l t e d  

e le c t r o s c o p e ,  b e in g  e a sy  to  a d j u s t ,  was u sed  in  th e  p r e lim in a r y  

i n v e s t i g a t i o n s ,  b u t a l l  th e  q u a n t i t a t iv e  ex p er im en ts  w ere perform ed  

w ith  th e  D o le z a le k  e le c t r o m e te r .  The su sp e n s io n  used  in  th e  l a t t e r  

was a f i n e  q u a rtz  f ib r e  w hich was th o ro u g h ly  p la t in iz e d  by p la c in g  

i t  n ear th e  p la tin u m  w ir e  ca th o d e in  a lo w -p r e ssu r e  d is c h a r g e . The 

c o n d u c t iv ity  o f  th e  su sp e n s io n  was th u s perm anently  en su red , and 

i t  was v e r i f i e d  th a t  th e  s e n s i t i v i t y  o f  th e  in stru m en t rem ained  

c o n s ta n t .  D uring th e  work to  b e  d e sc r ib e d  th e  d e f l e c t i o n  o f  th e
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n e e d le  due to  one v o l t  p o t e n t ia l  d i f f e r e n c e  b etw een  th e  q u ad ran ts  

corresp on d ed  to  960 mm. on th e  s c a l e ,  w hich  was 3 m. from th e  

in s tr u m e n t.

I o n iz a t io n  and P h o t o - E le c t r ic  C u rren ts  in  D i f f e r e n t  G ases a t  

A tm ospheric P r e s s u r e .

( l )  Oxygen. -  No r e s u l t s  w ere o b ta in e d  in  oxygen on accou n t o f  a  

p e c u lia r  phenomenan e x h ib i t e d  by th e  g a s .  As t h i s  phenomenon i s  

one w hich  m igh t in v a l id a t e  any i o n i z a t i o n  ex p er im en ts  c a r r ie d  out 

in  t h i s  g a s ,  i t  may b e w e l l  a t  t h i s  p o in t  to  d e s c r ib e  i t  b r i e f l y .  

With th e  a p p a ra tu s  d e s c r ib e d  in  th e  p r e v io u s  s e c t io n  and th e  t i l t e d  

e le c t r o s c o p e  a s  th e  d e t e c t o r  o f  i o n i z a t i o n ,  th e  norm al c o n d u c t iv ity  

o f  th e  g a s  a t  A was o b se r v e d . T h is  was v ery  s m a ll .  Then a  spark  

d isc h a r g e  a t  a tm o sp h er ic  p r e s su r e  was p a ssed  a c r o s s  th e  g a s  betw een  

E and F , a  c u r r e n t  o f  ab ou t 1 m ill ia m p e r e  f lo w in g  fo r  about one 

m in u te . The d is c h a r g e  was th en  d is c o n t in u e d , and a g a in  th e  le a k a g e  

o f th e  e le c t r o s c o p e  w as o b se rv ed . I t  was found th a t  th e  g a s  in  th e  

v i c i n i t y  o f  th e  in s u la t e d  e le c t r o d e  A had become c o n d u c tin g , th e  

r a te  o f  le a k a g e  o f  th e  e le c t r o s c o p e  b e in g  about one hundred tim e s  

as g r e a t  a s  b e f o r e .  The a p p a ra tu s was now a llo w e d  to  s ta n d , th e  

same g a s  b e in g  l e f t  in  th e  tu b e , and th e  r a t e  o f  le a k  o f  th e  

e le c tr o s c o p e  was read  a t  h a lf -h o u r  i n t e r v a l s .  The le a k a g e  g r a d u a lly  

and c o n s i s t e n t l y  d e c r e a s e d , u n t i l ,  tw e n ty -fo u r  h o u rs a f t e r  th e  

p a ss in g  o f  th e  d is c h a r g e ,  th e  r a t e  o f  le a k  was th e  same a s  th a t  

observed a t  th e  b e g in n in g  o f  th e  ex p er im en t.

On accou n t o f  th e  s tr o n g  e l e c t r i c  f i e l d  in  th e  s l o t  betw een th e  

h a l f  « c y l in d e r s  C ,D, i t  w as im p o s s ib le  fo r  any ch arged  p a r t i c l e s  

to p e n e tr a te  from th e  d is c h a r g e  bwtween E and F to  th e  p la t e  A . 

Hence i t  m ust be co n c lu d ed  th a t  th e  c o n d u c t iv ity  o f  th e  g a s  a t  A
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was cau sed  by i o n iz a t io n  w hich  to o k  p la c e  in  th e  v i c i n i t y  o f  A.

T h is c o n c lu s io n  was v e r i f i e d  by a n o th e r  exp erim en t perform ed in  a  

s p e c ia l l y  c o n s tr u c te d  tu b e , w here a l l  th e  io n s  d i r e c t l y  produced  

by th e  d is c h a r g e  w ere im m ed ia te ly  removed by a s tr o n g  e l e c t r i c  

f i e l d .  S p on tan eou s i o n iz a t io n  o f  th e  g a s  co n tin u ed  to  ta k e  p la c e  

fo r  some h o u rs  a f t e r  th e  d is c h a r g e  had p a sse d .

I t  i s  s u g g e s te d  th a t  t h i s  io n iz a t io n  accom panies th e  g ra d u a l change  

o f  th e  Og m o le c u le  (and p erh ap s o th e r s )  formed d u rin g  th e  spark  

d isc h a r g e  to  th e  norm al 0^ m o le c u le .  I t  i s  im m ed ia te ly  o b v io u s  th a t  

no ex p er im en ts  on th e  io n iz a t io n  produced  by e le c tr o m a g n e t ic  

r a d ia t io n  co u ld  b e perform ed in  t h i s  g a s  w ith  th e  a p p a ra tu s d e s c r ilH  

- e d .

(2 ) Carbon D io x id e . -  The io n iz a t io n  and p h o t o - e l e c t r i c  c u r r e n ts  in  

t h i s  g a s  w ere e x c e e d in g ly  s m a ll .  At a tm o sp h eric  p r e s su r e  th e  

cu rren t a t  A was com parable w ith  th e  norm al le a k a g e  o f  th e  ap p ar-  

- a t u s ,  and c o n se q u e n t ly  any o b s e r v a t io n s  tak en  w ould be o f  l i t t l e  

v a lu e . Even a t  th e  c o m p a r a tiv e ly  low  p r e ssu r e  o f  30 cm. o f  m ercury  

th e c u r r e n ts  w ere s t i l l  s m a ll ,  and i n v e s t ig a t io n  o f  th e  e f f e c t s

in  carbon d io x id e  was th e r e fo r e  p o stp o n ed  u n t i l  a  l a t e r  da&e.

(3 ) N itr o g e n . -  T h is  g a s ,  when p u r i f i e d ,  diowed no s ig n s  o f  th e  

phenomenon j u s t  d e s c r ib e d  a s  o c c u r r in g  in  oxygen , b u t a t r a c e  o f  

oxygen in  th e  g a s  was s u f f i c i e n t  to  g iv e  an o b se r v a b le  e f f e c t .  The 

n itr o g e n  was th e r e fo r e  p u r i f ie d  and r e p u r if ie d  u n t i l  a l l  t r a c e  o f  

th e  e f f e c t  had v a n is h e d . The f i r s t  experim ent was made fo r  th e  

purpose o f  o b ta in in g  a t a b le  o f  io n iz a t io n  and p h o t o - e l e c t r i c  

e f f e c t s  from th e  v i c i n i t i e s  o f  th e  anode and ca th o d e  in  th e  d i s -  

-ch a rg e  tu b e . I t  was hoped th a t  t h i s  t a b le  m ight be com parable
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w ith  th a t  g iv e n  6n th e  f i r s t  c h a p ter  ( p . 1 9 ) .

ÿhe tu b e  was t h e r e fo r e  f i l l e d  w ith  n itr o g e n  a t  a tm o sp h er ic  p r e s s -  

-u r e ,  a l l  o th e r  g a s e s  h a v in g  b een  e x c lu d e d . The d ir e c t io n  o f  th e  

cu rr e n t in  th e  prim ary o f  th e  c o i l  was arranged  so t h a t  S  was th e  

anode o f  th e  d is (% a rg e , and r e a d in g s  w ere tak en  o f  th e  r a t e  o f  

leaksLge o f  th e  e le c t r o s c o p e  when th e  l e a f ,  and t h e r e f o r e  A, w ere  

charged  to  + 1 2  snd  -1 2  v o l t s  r e l a t i v e  to  th e  e a r t h .  One m illia m p e r e  

was f lo w in g  from E to  F . Then th e  d i r e c t io n  o f  th e  cu r re n t in  th e  

c o i l  was ch an ged , S  becom ing th e  c a th o d e . The same r e a d in g s  w ere  

tak en  o f  th e  r a t e  o f  d is c h a r g e  o f  A when charged to  + 1 2  and - 1 2  

v o l t s .  A g r e a t  many d i f f i c u l t i e s  w ere met w ith ,  one o f  th e  m ost 

im p ortan t b e in g  th e  r i s e  in  tem p era tu re  o f  th e  g a s  due to  th e  

d is c h a r g e . F i n a l l y ,  th e  p ro ced u re  ad op ted  was to  a l lo w  15 m in . to  

p a ss  b etw een  each  rea d in g  o f  th e  i o n iz a t io n  c u r r e n t ,  and to  f lo o d  

th e  d is c h a r g e  tu b e  w ith  new g a s  b e fo r e  each r e a d in g . T h is a llo w e d  

th e  tu b e  to  c o o l  to  room tem p era tu re  b etw een  each d is c h a r g e , and 

a ls o  e l im in a te d  any e r r o r s  due to  change in  th e  ch em ica l n a tu re  

o f  th e  g a s  d u r in g  th e  p a ssa g e  o f  th e  sp a r k . The r e s u l t s ,  w hich  

have b een  v e r i f i e d  w ith  many sam ples o f  g a s ,  a re  shown below ; th e  

f ig u r e s  in  th e  l a s t  column a r e  a c c u r a te  to  about 1 0 # .

P o t e n t ia l  o f  A in  v o l t s .  N ature o f  S .  R ate o f  D isch a rg e  o f  A. 

+ 1 2  Anode. 4

+ 1 2  C athode. 5

- 1 2  Anode, 9

- 1 2  C ath od e. 9

Comparing these results with those obtained under different 
conditions and described in the last chapter, it must be concluded
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th a t  th e  r a d ia t io n s  in  th e  twé c a s e s  a r e  o f  th e  same n a tu re  and 

have th e  same o r i g i n .  B r i e f l y ,  th e  d i f f e r e n c e s  b etw een  th e  two 

t a b le s  a r e  e x a c t ly  such  a s  w ere a n t ic ip a t e d  from a  c o n s id e r a t io n  

o f th e  d i f f e r e n c e s  in  th e  c o n d i t io n s .  In  th e  exp erim en t j u s t  

d e sc r ib e d  a  c u r r e n t o f  one m illia m p e r e  was f lo w in g  in  th e  d isc h a r g e ;  

in  th e  form er exp erim en t th e  c u rren t was o f  th e  o r d e r  o f  one 

m icroam pere. The la r g e r  c u r r e n t  m ight b e  e x p ec ted  (a )  to  i n t e n s i f y  

th e  r a d ia t io n s  ( a s  s h a l l  b e  shown l a t e r ) ,  (b ) to  p a r t i a l l y  l e v e l  

out th e  e l e c t r i c  f i e l d  in  th e  g a p , and so cau se th e  i n t e n s i t y  o f  

th e  r a d ia t io n s  from th e  v i c i n i t y  o f  th e  ca th o d e to  in c r e a s e .  The 

f i r s t  exp erim en t was perform ed in  a i r ,  th e  second  in  pure n it r o g e n .  

T his ap p ears to  h a v e  ca u sed  l i t t l e  change in  th e  t o t a l  e f f e c t ;  and 

s in c e  th e s e  r a d ia t io n s  a r e  m o le c u la r  o r  atom ic p r o p e r t ie s ,  t h i s  i s  

j u s t  what m igh t b e  e x p e c te d .

(4) H ydrogen. -  P u reh yd rogen , l i k e  n it r o g e n ,  i s  f r e e  from th e  sp on -  

- ta n e o u s  i o n iz a t io n  e f f e c t  o b served  in  oxygen . The ex p er im en ts  

perform ed in  n it r o g e n ,  w hich  h ave j u s t  been  d e s c r ib e d ,  w ere r e p e a t -  

-ed  in  h y d ro g en , and th e  t a b le  shown b elow  in d ic a t e s  th e  r e s u l t s .

The c u r r e n ts  in  h ydrogen  w ere la r g e r  th an  th o se  in  n i t r è g e n ,  and 

th e  f ig u r e s  in  th e  l a s t  column can b e compared d i r e c t l y  w ith  th e  

co rresp o n d in g  f ig u r e s  fo r  n i t r o g e n .

P o t e n t ia l  o f  A in  v o l t s .  N atu re o f  S .  R ate o f  D isc h a r g e  o f  A. 

-}-12 A node. 4

4 -1 2  C athode. 8

—12 A node. 6

— 12 C athode. 16
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V a r ia t io n  o f  I o n iz a t io n  and P h o t o - E le c t r ic  C u rren ts w ith  P r e ssu r e  

in  D i f f e r e n t  G a se s .

The n e x t  s e r i e s  o f  ex p er im en ts  was d e s ig n e d  to  show how th e  e f f e c t s  

o f  th e  r a d ia t io n s  from each  g a s  v a r ie d  w ith  th e  p r e s su r e  o f  th e  

g a s . The e x p e r im en ta l arran gem en ts w h ich  h ave  a lr e a d y  b een  d e s o r ib -  

-ed  w ere u se d , th e  D o le z a le k  e le c tr o m e te r  b e in g  ad op ted  a s  th e  

cu rren t m easu rin g  in s tr u m e n t. R ea d in g s w ere tak en  o f  th e  io n iz a t io n  

and p h o t o - e l e c t r i c  c u r r e n ts  a t  A, th e  in s u la t e d  e l e c t r o d e ,  a t  

d i f f e r e n t  p r e s s u r e s ,  when one m illia m p e r e  was f lo w in g  a c r o s s  th e  

gas b etw een  E and P . Two s e t s  o f  r e a d in g s  w ere tak en : ( i )  when th e  

gauze B and c y l in d e r  L w ere a t  - 2 5 0  v o l t s  r e l a t i v e  to  A; ( i i )  when 

th e g a u ze  and c y l in d e r  w ere a t  + 250 v o l t s  r e l a t i v e  to  A. In  a l l  

c a s e s  E was made th e  c a th o d e , a s  i t  was found th a t  th e  c u r r e n ts  

from th e  anode w ere u n s te a d y .

In c a s e  ( i )  th e  c u r r e n ts  m easured by th e  e le c tr o m e te r  r e p r e se n te d  

the io n iz a t io n  c u r r e n ts  a t  A . Ho p h o t o - e l e c t r i c  e f f e c t  took  p la c e  

owing to  th e  la r g e  n e g a t iv e  p o t e n t i a l  o f  B; any p h o to - e le c t r o n s  

ssufatted by B t r a v e l l e d  to  D under th e  a c t io n  o f  th e  s tr o n g e r  

e l e c t r i c  f i e l d  b etw een  B and D. A lso  s in c e  th e  f i e l d  betw een  A and 

B was 1250 v o l t s / c m . ,  th e  c u r r e n t  m easured was th e  s a tu r a t io n  

cu rren t fo r  th e  g a s ,  and was d i r e c t l y  p r o p o r t io n a l to  th e  number 

o f io n s  formed b etw een  A and B .

In c a s e  ( i i )  th e  c u r r e n ts  m easured by th e  e le c tr o m e te r  r e p r e se n te d  

th e  sum o f  th e  p h o t o - e l e c t r i c  and io n iz a t io n  e f f e c t s ,  each  g iv in g  

i t s  s a tu r a t io n  c u r r e n t .  T h e r e fo r e , by s u b tr a c t in g  th e  r e a d in g s  

taken under c o n d it io n s  ( i )  from th e  r e a d in g s  under c o n d it io n s  ( i i ) ,  

i t  was p o s s ib l e  to  o b ta in  a m easure o f  th e  pure p h o t o - e le c t r ic
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e f f e c t s  o f  th e  r a d ia t io n s .

The p ro ced u re  w h ile  ta k in g  t h e s e  o b s e r v a t io n s  was im p o r ta n t, a s  

on i t  depended th e  r e l i a b i l i t y  o f  th e  r e s u l t s .  I t  was a s  f o l l o w s : -

(a ) W ith th e  in s u la t e d  quadrant o f  th e  e le c tr o m e te r  e a r th e d , and x  

a l l  th e  e l e c t r i c a l  c o n n e c t io n s  to  C, D, B , and L b ro k en , th e  

d isc h a r g e  tu b e  was e x h a u s te d .

(b) The tu b e  was f lo o d e d  w ith  th e  pure g a s  to  th e  r e q u ir e d  p r e s s u r e .

(c )  The c o n n e c t io n s  to  C, D, B , L w ere made, and th e  d is c h a r g e

a c r o s s  SF w as s t a r t e d ,  th e  c u r r e n t  b e in g  a d ju s te d  to  one m i l l i -  

- am pere.

(d) The p r e s su r e  o f  th e  g a s  was o b se r v e d .

(e )  The e le c tr o m e te r  quadrant was in s u la t e d ,  and th e  io n iz a t io n  

cu rren t was read  by n o t in g  th e  tim e tak en  by th e  im age to  move 

over 150 d i v i s i o n s  on th e  s c a l e .

( f )  The quadrant was e a r th e d , and th e  p r e s su r e  o f  th e  g a s  o b serv ed .  

The p r e s su r e  a t  th e  t im e  o f  r e a d in g  th e  io n iz a t io n  c u rr en t was th e  

mean o f  th e  two o b s e r v a t io n s .

(g ) The d is c h a r g e  was stop p ed  and th e  a p p a ra tu s a llo w e d  to  stan d

for 15 m in u te s .

This procedure was rep ea ted  w ith  every o b serv a tio n  o f  the current 

and p r e ssu r e .

Hydrogen. -  In  F i g .2 b e lo w  are  g iv e n  th e  cu rv es  o b ta in ed  in  hydrogen  

by th e  ex p er im en ts  j u s t  d e s c r ib e d .  The o r d in a te  r e p r e s e n ts  in  th e  

ca se  o f  cu rv e  (a )  th e  io n iz a t io n  c u r r e n t , in  th e  c a se  o f  cu rve (b ) 

the io n iz a t io n  c u rr en t p lu s  th e  p h o t o - e l e c t r i c  c u r r e n t .  Curve (c )  

has been  o b ta in e d  by s u b tr a c t in g  th e  o r d in a te  o f  (a ) from th e  

o rd in a te  o f  ( b ) ,  and t h e r e fo r e  r e p r e s e n ts  th e  p h o t o - e l e c t r i c  

cu rren t a lo n e .
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N itr o g e n . -  The c o r r e sp o n d in g  c u r v e s  f o r  n itr o g e n  a r e  sthown in  P i g . 3 

a b o v e . A ga in  ( a ) ,  ( b ) ,  ( c )  r e f e r  to  i o n i z a t i o n  c u r r e n t ,  i o n i z a t i o n  

c u rr en t p lu s  p h o t o - e l e c t r i c  c u r r e n t ,  and p ure p h o t o - e l e c t r i c  

c u rr en t r e s p e c t iv e ly #  The s c a l e s  in  P i g s . 2 and 3 a re  th e  sam e, so  

th a t  th e  r e l a t i v e  e f f e c t s  in  th e  two g a s e s  a r e  shown d i r e c t l y .

V a r ia t io n  o f  I o n i z a t i o n  C urrent w ith  D isc h a r g e  C u rren t.

The n e x t  e x p e r im e n ts  w ere  p erform ed  to  i n v e s t i g a t e  how th e  i o n i z -  

- a t io n  c u r r e n t  a t  A v a r ie d  w ith  th e  c u r r e n t  f lo w in g  b etw een  B and 

P, th e  p r e s s u r e  b e in g  k e p t c o n s t a n t .  These o b s e r v a t io n s  w ere maide 

in  th e  same manner a s  th o s e  a lr e a d y  d e s c r ib e d , v i z . ,  a  new sam ple  

o f  g a s  w as u sed  a t  ea ch  r e a d in g , and th e  g a s  w as k e p t  a t  room
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tem p era tu re  by a l lo w in g  a  15 m in u tes*  p au se a f t e r  each o b s e r v a t io n .  

The r e s u l t s  a r e  in d ic a t e d  by th e  cu r v e s  shown below  ( F i g ,4 ) ,  where 

th e  a b s c i s s a  m easu res th e  c u rr en t a c r o s s  EF in  mi H i  am peres, and 

th e  o r d in a te  th e  i o n i z a t i o n  c u r r e n t  in  a r b itr a r y  u n i t s .

Curves (a )  and (b ) r e f e r  to  n i t r o g e n ,  (a )  b e in g  tak en  a t  a p r e s su r e  

o f  25 cm. o f  m ercury and (b ) a t  a  p r e s su r e  o f  33 cm. C urves ( c )  

and (d ) r e f e r  to  h y d ro g en , ( c )  w as tak en  a t  37 cm. and (d ) a t  48 cm. 

A ll  t h e s e  c u r v e s  w ere o b ta in e d  w ith  th e  g a u ze  system  charged  to  

*250 v o l t s ,  so  th a t  no p h o t o - e l e c t r i c  e f f e c t  co u ld  ta k e  p la c e .

Fig". 4.
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V a r ia t io n  o f  Peak P o t e n t ia l  A cro ss  BF w ith  P r e s s u r e .

The arrangem ent u sed  fo r  d e ter m in in g  th e  peak p o t e n t ia l  a c r o s s  h 

th e  d is c h a r g e  tu b e  was a sp a rk -g a p  p la c e d  in  p a r a l l e l  w ith  th e  

d is c h a r g e .  The e le c t r o d e s  o f  th e  gap w ere z in c  sp h e r e s  o f  d ia m eter  

2 .5  cm ., c a r e f u l ly  c le a n e d  w ith  f in e  em ery-p ap er. The d isc h a r g e  

a c r o s s  £F w as m a in ta in ed  a t  one m ill ia m p e r e , and th e  p r e s su r e  o f  

th e  g a s  was o b se r v e d . Then th e  sp ark -gap  was s lo w ly  c lo s e d  u n t i l  

a spark  &ust p a s s e d .  The p r e s su r e  o f  th e  g a s  was a g a in  o b served  

and th e  d is c h a r g e  s to p p e d . The p a r a l l e l  gap was m easured to  .0 0 5  am. 

by means o f  a r e a d in g  m ic r o sc o p e . The p r e s su r e  o f  th e  g a s  was th e  

mean o f  th e  two r e a d in g s  ta k e n . The r e s u l t s  f o r  t h i s  s e r i e s  o f  

o b s e r v a t io n s  in  n itr o g e n  and hydrogen  a r e  shown above ( F i g .5 ) ,  

where th e  o r d in a te  r e p r e s e n ts  th e  peak p o t e n t ia l  a c r o s s  th e  gap  

in  k i l o v o l t s ,  and th e  a b s c is s a  th e  p r e s s u r e  in  cm. o f  m ercury.

D is c u s s io n  o f  E x p er im en ta l R e s u l t s .

The I o n iz in g  P o t e n t i a l s  o f  H ydrogen. -  The u l t r a - v i o l e t  spark s p e c tr a  

o f  hydrogen  a r e  w e l l  known. Under d i f f e r e n t  c o n d it io n s  th e  g as  

em its  two l i n e  s p e c tr a ,  s t r e t c h in g  from 1670 to  900 A .U ., and two 

c o n tin u o u s  s p e c t r a .  There i s  s t i l l  c o n s id e r a b le  doubt a s  to  th e  

lo w e s t  io n iz in g  p o t e n t ia l  o f  th e  g a s .  Many o b se r v e r s  reco rd  

io n iz a t io n  o c c u r r in g  a t  a  p o t e n t ia l  o f  11 v o l t s ,  b u t t h i s  v a lu e  

has b een  q u e s t io n e d  by H orton and D a v ie s^ , who su g g e s t  th a t  i t  i s  

due to  th e  p r e se n c e  o f  m ercury vapour in  th e  a p p a ra tu s . The m ost

P h i l .  Mag, v o l .  x l v i .  p .8 7 2  (1 9 2 3 ) .
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g e n e r a l ly  a c c e p te d  lo w e s t  v a lu e  i s  16 v o l t s ,  w hich i s  s a id  to  co rre  

-e sp o n d  to  th e  fo rm a tio n  o f  and H,“ from th a t  i s ,  to  i o n i z -  

- a t io n  p lu s  d i s s o c i a t i o n .  F .L .M oh ler  , on th e  b a s i s  o f  h i s  own 

e x p e r im e n ts , c o n c lu d e s  th a t  " th e r e  i s  no e v id en c e  th a t  hydrogen  

e m its  r a d ia t io n  w hich  i s  ca p a b le  o f  io n iz in g  th e  norm al m o le c u le ,"  

and, a s  h e  p o in t s  o u t , s in c e  no hydrogen  l i n e s  h ave b een  ob served  

beyond 385 Â .U .,  t h i s  ap p ears r e a so n a b le  i f  th e  lo w e s t  io n iz in g  

p o t e n t ia l  i s  16 v o l t s .  A l l  th e  ex p er im en ts  perform ed in  hydrogen  

and d e s c r ib e d  in  th e  p r e s e n t  t h e s i s ,  h ow ever , in d ic a t e  a s tr o n g  

io n iz a t io n  o f  th e  g a s  by i t s  own r a d ia t io n s .  The problem  a r i s e s -  

was th e  io n iz a t io n  o b serv ed  due to  th e  w a ter-v a p o u r  co n te n t  in  th e  

gas? At th e  t im e  o f  w r i t in g  t h i s  problem  i s  s t i l l  b e in g  in v e s t -  

- ig a t e d :  a l l  th a t  can be s a id  h e r e  i s  th a t  io n iz a t io n  s t i l l  ta k e s  

P la c e  when th e  h yd rogen  (p rep a red  from barium  h y d ro x id e  by e l e c t -  

- r o l v s i s )  i s  d r ie d  by l iq u id  a i r H n one experim ent th e  io n iz a t io n  

cu rren t a c t u a l ly  in c r e a s e d  a s  w a ter -v a p o u r  was removed from th e  

g a s .

I f  th e  o b serv ed  io n iz a t io n  was due to  th e  hydrogen i t s e l f ,  two 

c o n c lu s io n  a re  p o s s i b l e .  E ith e r  th e  g a s  p o s s e s s e s  a low er io n iz in g  

p o t e n t ia l  than  th e  a c c e p te d  one (16  v o l t s ) ,  or i t  i s  ca p a b le  o f  

o m itt in g  r a d ia t io n s  o f  s h o r te r  w a v e - le n g th  than th o s e  exam ined  

u n t i l  th e  p r e s e n t .  I f  th e  l a t t e r  c o n c lu s io n  i s  c o r r e c t ,  th e  r a d ia -  

• t io n s  a r e  m o le c u la r  in  o r i g i n ,  s in c e  th e  l i m i t  o f  th e  Lyman se r ie s^  

w hich  i s  th e  a to m ic  r a d ia t io n  o f  g r e a t e s t  fr e q u e n c y ,  

corresp on d s to  a  p o t e n t ia l  o f  1 3 .5  v o l t s .

P r o c . N a t . A cad . S c i .  x i i .  p . 494 (1 9 2 6 ) .
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V a r ia t io n  o f  th e  I o n iz a t io n  C urrent w ith  th e  D isch a rg e  C u rren t. 

th e  P r e ssu r e  b e in g  C o n s t a n t The o r d in a te s  o f  th e  cu r v e s  c o l l e c t e d  

in  F i g ,4 m easure th e  io n iz a t io n  c u r r e n ts  a t  A. S in c e  th e  p r e s su r e  

rem ained c o n s ta n t ,  and th e  c u r r e n ts  m easured w ere o f  s a tu r a t io n  

v a lu e ,  th e y  may he ta k en  to  r e p r e s e n t  th e  i n t e n s i t i e s  o f  th e  

i o n iz in g  r a d ia t io n s .  T h e r e fo r e  th e  cu r v e s  show th e  v a r ia t io n  o f  th e  

i n t e n s i t y  o f  th e  r a d ia t io n s  w ith  th e  cu rr en t f lo w in g  betw een  E and 

E, They in d ic a t e  q u i t e  d e f i n i t e l y  th a t  th e  i h t e n s i t y  o f  th e s e  

r a d ia t io n s  in c r e a s e s  l i n e a r l y  w ith  th e  d isc h a r g e  c u r r e n t .  T h e r e fo r e ,  

i f  i t  i s  assum ed th a t  th e  mean freq u en cy  o f  th e  r a d ia t io n s  d o es  k 

n ot change w ith  change in  th e  c u rr en t d e n s i t y ,  i t  may im m ed ia te ly  

he s t a t e d  t h a t ,  s in c e  th e  p o t e n t i a l  a c r o s s  EF rem ains c o n s ta n t ,  

th e  p r e s su r e  o f  th e  g a s  h e in g  c o n s ta n t ,  a c o n sta n t f r a c t io n  o f  th e  

en ergy  d i s s ip a t e d  in  th e  d is c h a r g e  ( f o r  th e  e n e r g ie s  in v e s t ig a t e d )  

i s  tra n sfo rm ed  in t o  io n iz in g  e le c tr o m a g n e t ic  r a d ia t io n .

W hether t h i s  rem ain s tr u e  fo r  v e r y  sm a ll or v ery  la r g e  c u r re n ts  

s t i l l  rem ains to  h e in v e s t ig a t e d ,  h u t c e r t a in  s i g n i f i c a n t  p o in t s  

emerge from a  c o n s id e r a t io n  o f  th e  c u r v e s  a lr e a d y  o b ta in e d . The

g r a d ie n ts  o f  th e  l i n e s  (a )  and ( c )  a re  d e f i n i t e l y  g r e a t e r  than

th e  g r a d ie n ts  o f  th e  l i n e s  (h ) and ( d ) ,  w h ile  th e  c u r v e s ,  i f  p ro -

"duced, cu t th e  d is c h a r g e  cu r re n t a x i s  a t  d i f f e r e n t  p o in t s .  The 

d i f f e r e n c e  b etw een  th e  two p a ir s  o f  cu rv es  i s  th a t  (a )  and (c )

Were tak en  a t  a low er p r e s su r e  than (h ) and ( d ) .

The f a c t  th a t  th e  g r a d ie n ts  o f  th e  cu rv es  (a )  and ( c )  a re  g r e a te r

than th e  g r a d ie n ts  o f  th e  cu rv es  (h) and (d ) i s  s u g g e s t iv e .  T h is  

means t h a t ,  a s  th e  p r e s su r e  d im in is h e s ,  th e  same in c r e a s e  in  th e  

c u rren t d e n s i t y  a t  E p rod u ces a  la r g e r  in c r e a s e  in  th e  r a d ia t io n s  

d e te c te d  a t  A . T h is  may h e due to  e i t h e r  or b o th  o f  th e  fo l lo w in g
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c a u s e s : -

( i )  Owing to  th e  in c r e a s e  in  th e  mean f r e e  p a th s  og  th e  g a s  io n s  

w ith  th e  d e c r e a s e  in  th e  p r e s s u r e ,  a g r e a t e r  p e r c e n ta g e  o f  th e  

t o t a l  number o f  io n s  c a r r y in g  th e  c u r r e n t  may e x c i t e  r a d ia t io n  in  

th e  g a s .  I f  t h i s  i s  c o r r e c t ,  th e  t o t a l  i n t e n s i t y  o f  th e  r a d ia t io n s  

at t h e ir  so u r c e  w i l l  in c r e a s e  a s  th e  p r e s su r e  i s  d im in ish e d , a  

c o n sta n t c u r r e n t b e in g  m a in ta in ed  a c r o s s  S F .

( i i )  The same change in  th e  i n t e n s i t i e s  o f  th e  r a d ia t io n s  may 

occur a t  th e  so u rce  a t  a l l  p r e s s u r e s ,  when th e  d isc h a r g e  cu rren t  

i s  changed by th e  same amount, b u t th e  change in  th e  i n t e n s i t y  a t  

A w i l l  b e  s m a lle r  th e  h ig h e r  th e  p r e s s u r e ,  owing to  th e  g r e a t e r  

ab sorb in g  power o f  th e  g a s .

Ho m a tter  what th e  c a u se  o f  t h e s e  v a r ia t io n s  i s ,  i t  i s  a t  l e a s t  

e v id e n t , a s  h a s  b een  shown, t h a t ,  fo r  th e  c u r r e n ts  in v e s t ig a t e d ,  

O^Li+M, w here C i s  th e  i o n iz a t io n  cu rr en t m easured a t  A, and t t tH  

i  i s  th e  c u r r e n t f lo w in g  a c r o s s  EF. L and M a r e  c o n s ta n ts  when 

the p r e s su r e  i s  c o n s ta n t ,  but L a t  l e a s t  m ust b e  a  fu n c t io n  o f  th e  

p r e s su r e , jg. Taking th e  s im p le s t  assu m ption  f i r s t ,  l e t

C ■=*. C .

Then

and t h e r e fo r e
h i

i c l
(jo*) __ C, W\ , 

Vv, ,
1 5 1
3 Ô J  ̂s. .

Where m, i s  th e  g r a d ie n t  o f  th e  l i n e  C-d^(jo,), and m^ i s  th e  g r a d ie n t  

of th e  l i n e  C -  But from th e  cu r v e s  o f  F i g s . 2 and 3 , ^  may be

d eterm in ed . For th e  c a s e  o f  h y d r o g e n — a 1*9, w h ile  p  - /‘7 fo r  c o r r e s -  

-ponding p r e s s u r e s .  T h ere fo re  £  i s  n o t o f  th e  form The

su p p o s it io n  th a t  < (̂ )̂ i s  no more t e n a b le ,  f o r  a g a in

£ •  ]  2:11
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I t  i s  t h e r e f o r e  e v id e n t  th a t  th e  t r u e  form o f  th e  fu n c t io n  must be

c  = <-    (I).

s i  =  <1%  ̂
s .  .
>W». Ca.

c .■V>7, -s.

Then 

and 

I f

in  g e n e r a l

The grap h s o f  F i g .4 in d ic a t e  th a t  ^y(j50, and a re  t h e r e fo r e  in  

agreem ent w ith  t h i s  h y p o t h e s i s .  I t  may b e remarked a t  t h i s  p o in t  

th a t  i t  i s  p rop osed  in  l a t e r  work to  e v a lu a te  fo r  many d i f f e r -  

-e n t  v a lu e s  o f  jg by o b s e r v a t io n s  s im i la r  to  th o se  shown in  F i g . 4 .

In t h i s  way i t  i s  hoped  th a t  th e  form s o f  b o th  fu n c t io n s  w i l l  be A  

e x h ib i t e d .  R easons w i l l  b e  g iv e n  l a t e r  w hich su g g e s t  th a t  th e  

form o f  2̂ .  sh o u ld  b e  i n t e r e s t i n g .

I t  must b e  o b serv ed  t h a t  th e  th e o r y  w hich h a s  j u s t  b een  g iv e n  o n ly  

a p p l ie s  to  a  l im i t e d  ran ge o f  d is c h a r g e  cu rr en t ( 0 .4  to  1 .5  m i l l i -  

-a m p e r e s ). I t  i s  v e r y  im probable gh at th e  l i n e a r  r e la t io n  betw een  

£  Sind 4  w i l l  h o ld  fo r  v ery  sm a ll c u r r e n ts ,  a s  £  w ould th en  be zero

when P o s s ib ly  th e  com p lete  form o f  th e  £ ,  1  cu rve  i s  a s

shown b e lo w  in  F ig . 6 .

Fig-. 6.

I

I

OZm.a.
D is c h a rg e  C u r r e n t
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V a r ia t io n  o f  I o n iz a t io n  and P h o t o - E le c t r ic  C u rren ts w ith  P r e ssu r e  

in  D i f f e r e n t  G a se s . -  F i g s . 2 and 3 r e p r e s e n t  th e  v a r ia t io n  w ith  

p r e ssu r e  o f  th e  c u r r e n ts  a t  A in  hydrogen  and n itr o g e n  r e s p e c t i v e l y .  

The p r e s s u r e  was v a r ie d  from about 76 cm. o f  m ercury to  about 30 cm. 

as t h i s  r e g io n  was th e  m ost d i f f i c u l t  to  i n v e s t i g a t e  (ow ing to  th e  

sm all v a lu e s  o f  th e  c u r r e n ts )  and a t  th e  same tim e th e  m ost i n t e r -  

- e s t i n g .

The c u rv es  in  n itr o g e n  a re  e n t i r e l y  d i f f e r e n t  from th o s e  in  h yd rog-  

-e n , e x c e p t  p erh ap s in  th e  c a s e  o f  th e  cu rv es  g iv in g  th e  pure  

p h o t o - e le c t r ic  e f f e c t s ,  w hich  a r e  a t  l e a s t  s im ila r  in  form . The 

cu rren ts  in  h ydrogen  c o n t in u a l ly  d e c r e a s e  w ith  in c r e a s e  o f  p rea su re ;  

both ex p e r im e n ta l c u r v e s  in  n itr o g e n  e x h ib i t  a d ec id e d  minimum a t  

about 60 cm. o f  m ercu ry .

As th e  problem  o f  in t e r p r e t in g ,  and , i f  p o s s i b l e ,  e x p la in in g  th e s e  

r e s u lt s  i s  e x c e e d in g ly  c o m p lic a te d , i t  may b e w e l l  to  s t a t e  a t  th e  

o u tse t in  th e  m ost g e n e r a l term s th e  v a r ia b le s  in  th e  ex p e r im en ts .  

Broadly sp e a k in g , th e  v a r ia t io n  w ith  p r e s su r e  o f  any r a d ia t io n s  

d e te c ted  a t  A m igh t b e due to  th r e e  f a c t o r s ,  w hich  a r e  a s  f o l l o w s ; -

( i )  Change in  th e  t o t a l  a b so r p t io n  o f  th e  g a s  betw een  E and A,

( i i )  Changes in  th e  i n t e n s i t i e s  o f  th e  r a d ia t io n s  a t  t h e i r  so u rce  S .

( i i i )  Changes in  th e  fr e q u e n c ie s  o f  th e  r a d ia t io n s  e m itte d  a t  B .

Of th e s e  f a c t o r s  ( i )  i s  l i k e l y  to  b e o f  th e  g r e a t e s t  and ( i i i )  o f  

ibe l e a s t  im p o rta n ce , w h ile  ( i i )  and ( i i i )  may be grouped to g e th e r  

^8 changes in  th e  c h a r a c te r  o f  th e  r a d ia t io n s  from B .

Concerning th e  a b s o r p t io n  o f  th e  g a s  betw een  B and A, i t  i s  n e c e s s -  

"^ry to  c o n s id e r  f i r s t  how a m onochrom atic u l t r a - v i o l e t  r a d ia t io n  

of c o n s ta n t  i n t e n s i t y  a t  i t s  so u r ce  w ould vary  in  i n t e n s i t y  a t
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À a s  th e  p r e s su r e  o f  th e  in te r v e n in g  g a s  i s  ch an ged . I t  i a  w e l l -  

known t h a t ,  fo r  th e  v i s i b l e  spectrum  and a l s o  fo r  th e  X -ray  r e g io n ,  

th e  i n t e n s i t y  a t  A m igh t be r e p r e s e n te d  by th e  e x p r e s s io n  ,

w here jg d e n o te s  th e  p r e s s u r e  o f  th e  g a s ,  and a  i s  a  fu n c t io n  o f  

th e  freq u en cy  o f  th e  r a d ia t io n .  But fo r  th e  r e g io n  w ith  w hich  

th e s e  ex p er im en ts  a re  co n cern ed , nam ely th a t  r e g io n  prod u cin g  

in t e n s e  io n iz a t io n  o f  th e  g a s ,  t h i s  e x p r e s s io n  h a s  n o t been  

v e r i f i e d ,  w h ile  fo r  c e r t a in  a n a lo g o u s  c a s e s  concerned  w ith  th e  

a b so r p t io n  o f  u l t r a - v i o l e t  l i g h t  by s o lu t i o n s ,  i t  i s  known th a t  pL 

i s  a l s o  a fu n c t io n  o f  th e  c o n c e n tr a t io n  o f  th e  a b so rb in g  medium.

L et i t  b e  assum ed, h ow ever, th a t  th e  a b so r p t io n  o f  th e  

r a d ia t io n  o ccu rs  a c c o r d in g  to  th e  normal la w . L et th e  l o s s  o f  

energy a c r o s s  a  d i s t a n c e  obc o f  th e  t o t a l  d is t a n c e  EA b e p r o p o r t io n a l  

to

( i )  th e  i n t e n s i t y  o f  th e  r a d ia t io n  a t  th a t  p o in t ,  1 ;

( i i )  th e  d e n s i t y  o f  th e  g a s  a t  th a t  p o i n t ,^  .

A lso , l e t  th e  c o n s ta n t  o f  p r o p o r t io n a l i t y  ( th e  a b so r p t io n  c o e f f i c -  

- i e n t )  b e  a fu n c t io n  o f  th e  w a v e - le n g th  o f  th e  l i g h t , .

Then c t l  =  -  <|>0)yO I

and

Where

But th e  i o n iz a t io n  c u r re n t £  i s  p r o p o r t io n a l to  th e  l o s s  o f  e n e rg y , 

us th e  r a d ia t io n  p a s s e s  through  2 mm. o f  th e  g a s  n ea r  A.

:  .  t W .
Where d i s  th e  d i s t a n c e  EA.

T h erefore, i f  th e  r a d ia t io n  from th e  v i c i n i t y  o f  E w ere monochrom-
/* I “- u t i c ,  th e  c u rr e n t £  w ould b e a  fu n c t io n  o f  2  o f  th e  form 6  ,



53.

h a v in g  a maximum w here

H e ed le ss  to  s a y , th e  r a d ia t io n s  from A a re  n ot m onochrom atic, and 

th e  s im p le  th e o r y  g iv e n  above m ight be e x p ec ted  to  b e  in a p p l ic a b le  

to  th e  e x p e r im e n ta l r e s u l t s  on t h i s  ground a lo n e .  I f ,  fo r  exam ple , 

th e  g a s  i s  sup p osed  to  em it a c o n tin u o u s  spectru m , th e  a b so r p t io n  

c o e f f i c i e n t  in  th e  above a n a ly s i s  w i l l  n o t ta k e  a mean v a lu e  fo r  

the sp ectru m . As th e  p r e s s u r e  i s  d im in ish e d , th e  r e l a t i v e  in t e n -  

- s i t i e s  a t  A o f  th e  d i f f e r e n t  p a r t s  o f  th e  spectrum  w i l l  v a r y ,  

owing to  th e  d ep en d en ce o f  oc upon A .  I f  th e  law  o f  v a r ia t io n  o f  

spectrum  i n t e n s i t y  a t  th e  so u r c e  i s  F^) , th en  th e  i n t e n s i t y  o f  

the spectrum  a t  A w i l l  be g iv e n  by

and i f  th e  spectrum  i s  c o n tin u o u s  b etw een  th e  l i m i t s  A and A = 

(a n a lo g o u s to  an X -ray  im p u lse  sp ectru m ^  w here th e  i n t e n s i t y  a t  A j 

i s  very  s m a l l ) ,  th e  t o t a l  e f f e c t  a t  A in  term s o f  io n iz a t io n  

cu rren t i s

C * K

Any a tte m p ts  to  e v a lu a te  <j)̂ ) and Fl^)at t h i s  s ta g e  o f  th e  in v e st& g -  

-a t io n  must n e c e s s a r i l y  b e p u r e ly  h y p o th e t ic a l ;  b u t i f  i t  i s  

assumed th a t  th e  g a s  i s  a  s im p le  r e s o n a to r  o f  r e s o n a t in g  w ave

len g th  A© I th e n , w here no damping c o e f f i c i e n t  i s  in tr o d u c e d ,

S im ila r ly ,  i f  i t  i s  assum ed th a t  th e  c o n tin u o u s  spectrum  i s  e x a c t ly  

analogous to  th e  X -ray  spectru m , b e g in n in g  a t  A -A , and d yin g  away 

towards A=zAe,,

F» f e ' ......................................(3).

FlX) -
2 Ao"-A)6A- A©y

%
o

%
C.T.TJlrey, P h y s . R ev. i i .  p . 401 ( 1 9 1 8 ) .
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c = |  .......................

N e ith e r  e q u a tio n  (3 )  n or  (4 )  can be u sed  u n t i l  more i s  known 

co n c er n in g  th e  v a r ia b le s  in v o lv e d , and u n t i l  th ey  can be com bined  

w ith  th e  v a r ia t io n s  in  i n t e n s i t y  due to  changes in  th e  e m is s iv e  

power o f  th e  g a s ,  f o r  b o th  a re  con cern ed  w h o lly  w ith  a b so r p tio n  

e f f e c t s .

Q u a l i t a t iv e ly ,  h ow ever , th e  r e d u c t io n  o f  p r e s su r e  m ight b e e x p e c t -  

-e d  by th e  ab ove th e o r y  to  in c r e a s e  th e  cu rren t C. C e r ta in ly  no 

minimum i s  to  b e e x p e c te d  in  th e  c u r v e , a lth o u g h  a maximum i s  

p r e d ic te d  by e q u a tio n  (2 )  a t  a  p r e s su r e  p rob ab ly  much below  th o s e  *  

in v e s t ig a t e d  in  th e  p r e s e n t  e x p e r im e n ts . The hydrogen cu rve (a )  i s  

n o t in c o n s i s t e n t  w ith  such a  th e o r y . The in c r e a s e  in  th e  c u r re n t  

w ith  d im in u tio n  o f  p r e s s u r e  i s  a p p ro x im a te ly  a cco rd in g  to  th e  

form ula  ,

C - A j = e - " ' ’ ...........................................   , ( « .

a sm a ll b u t c o n s is t e n t  in c r e a s e  in  th e  c o e f f i c i e n t  o< b e in g  e v id e n t .

ï i g . 7  e x h ib i t s  th e  v a r ia t io n  o f  lo g ^  w ith  p r e s su r e  f o r  cu rve (a )
P

o f  F i g .2 .

Fig. T.

30 50 70 804 0 6020
Cm. o f  M ercury.
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So fa r  th e  v a r ia b le s  ( i i )  and ( i i i )  in  th e  ex p er im en ts  h ave been  

n e g le c te d .  The shape o f  cu rv e  (a )  F i g . 2 h as b een  exam ined w h o lly  

from th e  p o in t  o f  v iew  o f  th e  a b so r p t io n  o f  th e  g a s ,  and i t  h a s  

been i m p l i c i t l y  assum ed th a t  th e  e f f e c t s  o f  v a r ia t io n s  in  ghe 

i n t e n s i t i e s  o f  th e  r a d ia t io n s  a t  t h e i r  so u r ce  w ere n e g l i g i b l e  

compared w ith  th e  a b s o r p t io n  e f f e c t s .  I t  now rem ains to  be seen  

whether t h i s  a ssu m p tio n  i s  j u s t i f i a b l e  or n o t .

T h e o r e t ic a l ly  th e  r e d u c t io n  in  p r e s s u r e  m ight b e e x p ec ted  by in -  

-c r e a s in g  th e  mean f r e e  pathd o f  th e  io n s  to  in c r e a s e  th e  probab- 

- i l i t y  o f  e x c i t a t i o n  o f  th e  s h o r te r  wave r a d ia t io n s .  On th e  o th e r  

hand, th e  d e c r e a s e  in  th e  p o t e n t ia l  n e c e s sa r y  to  ca rry  th e  d i s 

charge w h ich  accom panied  th e  d e c r e a s e  o f  p r e s su r e  m ight ca u se  a 

corresp on d in g  f a l l  in  th e  p o t e n t i a l  d rops a c r o s s  th e  f r e e  p a th s  

of th e  i o n s .  As th e  mean f r e e  p ath  A i s  in v e r s e ly  p r o p o r t io n a l  to  

the p r e s s u r e , and th e  p o t e n t i a l ,  a s  shown from F i g .5 ,  i s  ap p rox-  

- im a te ly  p r o p o r t io n a l to  th e  p r e s s u r e ,  th e  p rod u ct X A  m ight be  

expected to  rem ain c o n s ta n t ,  on th e  assu m p tion  th a t  th e  f i e l d  X  

in th e v i c i n i t y  o f  E i s  p r o p o r t io n a l  to  th e  p o t e n t ia l  a c r o s s  EF.

I f ,  h ow ever, th e  f i e l d  a t  S i s  th a t  due to  th e  normal ca th o d e  f a l l ,  

and i s  in d ep en d en t o f  th e  p r e s s u r e ,  th e  p r o b a b i l i t y  o f  r a d ia t io n  

accompanying th e  im pact o f  io n s  m ust be in v e r s e ly  p r o p o r t io n a l to  

the p r e s s u r e .  A g a in , i f  th e  r a d ia t io n s  are  due to  th e  im pact o f  

ions on n e u t r a l  m o le c u le s ,  a n o th e r  p o in t  m ust b e  c o n s id e r e d . For z g  

a g iv en  i o n i c  cu rren t th e  number o f  m o le c u le s  in  th e  gap EF and 

th er e fo r e  th e  p r o b a b i l i t y  o f  r a d ia t io n  w i l l  b e  p r o p o r t io n a l to  th e  

p ressu re . I f  th e  r a d ia t io n s  a re  due to  b oth  io n ic  and m o le c u la rI
c o l l i s i o n s ,  th e  e x p r e s s io n  fo r  th e  i n t e n s i t y  a t  th e  so u rce  w i l l  be  

the sum o f  two fu n c t io n s  o f  th e  p r e s s u r e .
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In th e  p r e c e d in g  in v e s t i g a t i o n  i t  was found th a t  th e  cu rren t a t  

A was g iv e n  by e q u a tio n  ( i ) :

c * i f(p -  ......................
where ^  was n e g a t iv e .  T h is  in d ic a t e s  th a t  an im p ortan t f r a c t io n  

o f  th e  r a d ia t io n  i s  due to  th e  im pact o f  io n s  on n e u tr a l m o le c u le s ,  

s in c e  no o th e r  h sr p o th es is  co u ld  e x p la in  th e  e x i s t e n c e  o f  I f

th e  s im p le s t  p o s s ib l e  in t e r p r e t a t io n  b e g iv e n  to  th e  v a r ia t io n  

w ith  p r e s s u r e  o f  th e  i n t e n s i t y  I^  o f  th e  r a d ia t io n s  a t  t h e ir  

source

Then, assu m in g th e  th e o r y  le a d in g  to  eq u a tio n  ( 2 ) ,

c = Qa i'if>-
and = A j o e - ^ ^  ^

No m a tter  what fu n c t io n s  o f  jg a r e  u sed  in  th e  e x p r e s s io n  fo r  I ^ ,  

s in c e  i t  i s  q u i t e  r e a s o n a b le  to  assum e th a t  th e  a b so rp -

- t io n  term  6  w i l l  b e  th e  m ost im p ortan t; t h i s  e x p la in s  why th e  

a b so r p tio n  e f f e c t s  c o u ld  be c o n s id e r e d  a lo n e  in  th e  c a se  o f  

hydrogen .

To r e tu r n  to  th e  a b so r p t io n  o f  th e  r a d ia t io n s ,  in  th e  c a s e  o f  curve  

(a) fo r  n i t r o g e n ,  th e  th e o r y  w h ich  h a s  been sk e tch ed  d oes n ot  

supply* The a b so r p tio n  o f  n itr o g e n  cannot f o l lo w  th e  s im p le

laws w hich  appeared to  f i t  th e  c a s e  o f  h yd rogen , or e l s e  th e  

q u a lity  o f  th e  r a d ia t io n s  from th e  d isc h a r g e  m ust vary  w ith  th e  

p ressu re  in  a p e c u l ia r  m anner. I t  h a s  c e r t a in ly  been  ob served  th a t  

the v i s i b l e  r a d ia t io n s  from th e  d is c h a r g e  in  hydrogen a re  e n t i r e ly  

d i f f e r e n t  from th o s e  in  n i t r o g e n .  The g r e a te r  p a rt o f  th e  spark  

in  hydrogen  i s  b lu e  in  c o lo u r , a n d A its  c o lo u r  d o es  n ot a l t e r  a s  

the p r e s su r e  i s  d im in is h e d . The spark  in  n itr o g e n  a t  a tm osp h eric
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p r e s su r e  em its  r a d ia t io n s  o f  a l l  c o lo u r s ,  and c o n se q u e n tly  ap p ears  

w h ite ,  bfat a s  th e  p r e s su r e  i s  reduced  th e  d isc h a r g e  becom es a lm o st  

e n t ir e ly  r e d . T h is  may mean a s h i f t  o f  th e  maximum i n t e n s i t y  o f  th e  

r a d ia t io n s  tow ard s th e  red  end o f  th e  spectrum ; i t  may mean th a t  

th e  a b so r p t io n  o f  th e  g a s  h a s  changed in  such a way a s  to  cu t o f f  

th e  b lu e  l i g h t .  N e ith e r  e x p la n a t io n  ap p ears p r o b a b le , but e i t h e r  

i s  c o n s is t e n t  w ith  cu r v e s  (a )  and (b ) o f  F i g .3 .

That th e  maximum i n t e n s i t y  o f  th e  r a d ia t io n s  sh ou ld  s h i f t  tow ards  

th e  red  end o f  th e  spectrum  a s  th e  p r e s su r e  i s  d im in ish ed  i s  con -  

- tr a r y  to  th e  r e s u l t s  o b ta in e d  by L.Hamburger"^ who found th a t  fo r  

th e  v i s i b l e  spectrum  th e  maximum o f  th e  e m itted  l i g h t  from n i t r o -  

-gen  s h i f t e d  tow ards th e  u l t r a - v i o l e t  a s  th e  p r e s su r e  was d im in -  

- i s h e d .  H is  ex p er im en ts  w e r e , h ow ever, perform ed a t  a very  much 

low er p r e s su r e  than  th o s e  d e s c r ib e d  in  th e  p r e se n t  t h e s i s .  I t  must

a ls o  b e o b serv ed  th a t  th e  cu rve  ( c )  F i g . 3 , w hich  g iv e s  th e  v a r ia -

- t io n  w ith  p r e s s u r e  o f  th e  i n t e n s i t i e s  o f  th e  r a d ia t io n s  p rod u cin g  

th e  p h o t o - e l e c t r i c  e f f e c t s  e x h ib i t s  no minimum. A lthough  th e  cu rve  

i s  n ot by any means e x p o n e n t ia l ,  th e r e  i s  a s te a d y  in c r e a s e  in  th e  

i n t e n s i t y  a s  th e  p r e s s u r e  i s  red u ced . T h is d i f f e r e n c e  betw een  th e  

i o n iz a t io n  c u r r e n t  cu rve  and th e  p h o t o - e l e c t r i c  c u rren t cu rve must 

be s i g n i f i c a n t .  I t  in d ic a t e s  th a t  i f  th e  anom alous v a r ia t io n  in  

c u rv e (c )  i s  due to  a b s o r p t io n , th e  anom alous a b so r p tio n  a f f e c t s  

o n ly  th e  s h o r te r  wave r a d ia t io n s ,  and th en  i t  i s  d i f f i c u l t  $o s e e

why th e  ap p earan ce o f  th e  d is c h a r g e  sh o u ld  a l t e r  a s  th e  p r e s su r e

i s  red u ced . On th e  o th e r  h an d , i t  a g r e e s  w e l l  w ith  th e  h y p o th e s is  

th a t th e  maximum i n t e n s i t y  o f  th e  r a d ia t io n s  moves tow ards th e

•JirK. Akad. Amsterdam, x x .  P r o c .7 ,  p . 1043 (1918)
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in f r a - r e d ,  f o r  th en  th e  p h o t o - e l e c t r i c  e f f e c t ,  b e in g  due to  

r a d ia t io n s  o f  lo n g e r  a v era g e  w a v e - le n g th  than th o se  ca u s in g  th e  

i o n iz a t io n  e f f e c t s ,  w ould s u f f e r  l i t t l e  ch an ge. On th e  w h o le , th e  

e v id e n c e  in d ic a t e s  th a t  th e  d i f f e r e n c e  betw een  th e  cu rv es  fo r  

n itr o g e n  and h ydrogen  i s  n o t due to  th e  g a s e s  o b ey in g  d i f f e r e n t  

a b so r p t io n  la w s , b ut i s  due r a th e r  to  th e  d i f f e r e n c e  betw een th e  

modes o f  v a r ia t io n  w ith  p r e s su r e  o f  th e  r a d ia t io n s  e m itte d  by th e  

g a s e s .


