
I f  th e  m a x im u m  v e lo c i ty  a t  e v e r y  p o in t  is  W , a n d  i f  a t  a n y  l a t i t u d e  th e  

a re a  of th e  la n d  is  a  t h i r d  t h a t  o f t h e  sea , t h e  m e a n  r a t e  o f d is s ip a t io n  o f 

e n e rg y  w o u ld  b e , f ro m  e q u a t io n  (2 6 ) ,

£ 7 rp W 2K 2.v / ( i d r )  j 2* c o s  cos \d X  =  7 rp W 2E 2y/(2v& )

w h e re  E  is  th e  r a d iu s  o f th e  e a r th .  H e n c e  fr o m  e q u a t io n  ( 3 3 )

_  E 6  x  1 0 *

7rJo E 2v / ( 2 r n ) ’

o r W  =  2 f e e t  p e r  se c o n d  =  1*2 k n o ts .

M y  th a n k s  a r e  d u e  to  S ir  J .  L a r m o r  fo r  th e  i n t e r e s t  h e  h a s  t a k e n  in  th e  

w o rk , a n d  to  D r .  P r o u d m a n  fo r  h e lp  a n d  a d v ic e  o n  m a n y  p o in ts  w h ic h  h a v e  

a r is e n .

Photo-electric Emission from Sodium-Potassium Alloy. 35 9

The Complete Photo-electric Emission from  the Alloy o f Sodium

and Potassiu. #

B y  W i l l i a m  W i l s o n , P h .D .

(C o m m u n ica ted  b y  P ro f . 0 .  W . E ic h a rd so n , F .E .S . E e c e iv e d  F e b r u a r y  17, 1917 .)

T h e  e x p e r im e n ta l  w o rk  d e s c r ib e d  in  t h e  p r e s e n t  p a p e r  s u g g e s te d  i t s e l f  to  

th e  w r i t e r  in  c o n n e c t io n  w i th  a n  e a r l i e r  in v e s tig a tio n -]-  o n  th e  la w  g o v e r n in g  

th e  t e m p e r a tu r e  v a r ia t io n  o f th e  c o m p le te  p h o to - e le c t r ic  e m is s io n  f ro m  a  h o t  

b o d y , i.e. th e  p h o to - e le c t r ic  e m is s io n  fro m  a  b o d y  in  e q u i l ib r iu m  w i th  th e  

fu ll  (b la c k  b o d y )  r a d ia t io n  c o r re s p o n d in g  to  i t s  t e m p e r a tu r e .  B y  m a k in g  

u se  of h y p o th e s e s  c o n ta in e d  in  th e  q u a n tu m  th e o r y ,  th e  w r i t e r  o b ta in e d  t h e  

fo llo w in g  e x p re s s io n  fo r  th e  c u r r e n t  p e r  u n i t  a r e a

C =  A T ( l  +  2&T/</> +  2&2 T 2/<f>2)e

w h e re  is  th e  w o rk  d o n e  in  r e m o v in g  a n  e le c t r o n  fr o m  th e  h o t  b o d y , a n d  is  

e q u a l to  hv, v b e in g  th e  lo w e s t f r e q u e n c y  o f t h e  r a d ia t io n  c a p a b le  of 

p ro d u c in g  a  p h o to -e le c t r ic  e m is s io n ,  a n d  h b e in g  P la n c k ’s c o n s ta n t .  T h e  

q u a n t i ty  k is  th e  g as  c o n s ta n t  ” re c k o n e d  fo r  o n e  m o le c u le , a n d  A  is  a  

q u a n t i ty  in d e p e n d e n t  of T , a n d  c h a r a c te r i s t i c  o f th e  s u b s ta n c e .  A s  th e  

e x p re ss io n  in s id e  th e  b r a c k e ts  in  th e  a b o v e  fo r m u la  d o e s  n o t  d iffe r  

a p p re c ia b ly  fro m  u n i ty ,  th e  l a t t e r  is  s u b s ta n t i a l ly  o f th e  s a m e  ty p e  a s  

E ic h a r d s o n ’s e q u a tio n

C =  A T Ae - ^ T, (1 )

*  I h e  e x p e n s e s  o f  t h i s  r e s e a r c h  w e r e  p a r t ly  d e f r a y e d  b y  t h e  a id  o f  a  g r a n t  fr o m

t h e  G o v e r n m e n t  G r a n t  C o m m it t e e  o f  t h e  R o y a l  S o c ie t y ,  to  w h o m  m y  t h a n k s  a r e  d u e .

+ W . W il s o n , ‘ A n n a le n  d e r  P h y s i k , ’ v o l .  4 2 , p . 1 1 5 4  (1 9 1 3 ) .
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3 60 D r . W . W ils o n . The Complete Photo-ele

fo r  t h e  th e r m io n ic  e m is s io n . R ic h a r d s o n *  h a s  a ls o  s h o w n  t h a t  i t  fo llo w s , 

f ro m  th e r m o d y n a m ic  c o n s id e r a t io n s ,  t h a t  t h i s  la w  g o v e rn s  th e  c o m p le te  

p h o to - e le c t r ic  e m is s io n . T h e r e  is  r e a s o n  to  b e l ie v e  t h a t  th e  th e r m io n ic  

e m is s io n  is  n o t  w h o l ly  p h o to - e le c t r i c  in  o r ig i n , f  b u t  i t  is  c le a r  t h a t  som e 

p o r t io n  o f i t  is  t h e  c o m p le te  a u to - p h o to - e le c t r i c  e m is s io n  o f th e  s u b s ta n c e  

c o n c e rn e d , a n d  t h a t  t h e  la w  g o v e r n in g  i t s  t e m p e r a t u r e  v a r i a t io n  s h o u ld  be 

th e  sa m e  a s  t h a t  fo r  t h e  w h o le  t h e r m io n ic  e m is s io n . W e  a r e  t h u s  le d  to  

e x p e c t  t h a t ,  w h e n  a  b o d y  is  e x p o s e d  to  a n  e x t e r n a l  s o u rc e  o f f u l l  r a d ia t io n ,  

th e  s a m e  la w  w i l l  g o v e r n  th e  v a r i a t i o n  o f  i t s  c o m p le te  p h o to - e le c t r ic  

e m is s io n  w i th  th e  t e m p e r a t u r e  o f t h e  s o u rc e  o f th e  r a d ia t io n .  T h is  

e x p e c ta t io n  lia s  b e e n  c o n f irm e d  b y  e x p e r im e n t s  o n  th e  a l lo y  o f s o d iu m  a n d  

p o ta s s iu m , t h e  d e s c r ip t io n  o f w h ic h  c o n s t i t u t e s  t h e  s u b je c t  o f t h e  p r e s e n t  

p a p e r .

Description of the Apparatus and Experimental Arrangements.

T h e  p a r t  of t h e  a p p a r a tu s  c o n ta in in g  th e  a l lo y  is  i l l u s t r a t e d  b y  figs. 1 

a n d  2. I t  c o n s is te d  o f a  g la s s  v e s s e l  c o m p le te ly  s e a le d  

u p  a n d  w i th o u t  t a p s ,  m a n y  p r e v io u s  a t t e m p t s  to  

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

c o n d i t io n ,  h a v in g  f a i le d  o n  a c c o u n t  o f t h e  g r e a t  

d if f ic u l ty  o f g e t t i n g  s u f f ic ie n t ly  g o o d  s to p -c o c k s . T h e  

s o d iu m  a n d  p o ta s s iu m , i n  a to m ic  p ro p o r t io n s ,  w e re  

in t r o d u c e d  in to  t h e  p o r t i o n  A  (fig . 1 ). T h is  w a s a f t e r ­

w a rd s  s e a le d  o n  to  th e  r e s t  o f t h e  a p p a r a tu s ,  w h ic h  

w a s  k e p t  i n v e r t e d  d u r in g  th e  p r e p a r a t io n  of t h e  a l lo y , 

a n d  n o t  a s  a c t u a l l y  s h o w n  in  th e  f ig u re . T h e  n a p h th a ,  

i n  w h ic h  th e  m e ta l s  w e re  im m e rs e d ,  w a s  r u n  o ff a s  f a r  

a s  p o s s ib le  b e fo re  t h e  a p p a r a tu s  w a s  f in a l ly  c lo se d . 

T h e  v e s s e l  w a s  th e n  e v a c u a te d  b y  a  T o e p le r  p u m p  a n d  

a  c h a r c o a l  t u b e  im m e r s e d  in  l iq u id  a ir . T h e  m e ta ls  

w e re  t h e n  m e l te d ,  a n d  th e  a l lo y  fo rm e d , b y  a p p ly in g  a  

B u n s e n  f la m e  to  t h e  e x t e r io r  o f th e  tu b e . A f t e r  th e  

a p p a r a t u s  h a d  b e e n  e v a c u a te d  a s  c o m p le te ly  a s  p o ss ib le , 

i t  w a s s e a le d  o ff fro m  th e  p u m p , a n d  th e  a l lo y  r u n  

th r o u g h  a  p lu g  o f g la s s  w o o l E ,  a n d  b r o u g h t  in to  th e  

p o s i t io n  B  (figs. 1 a n d  2 )  b y  in v e r t in g  th e  w h o le  

v e ss e l, so  t h a t  th e  l iq u id  f il le d  t h e  U _sh a P e d  p o rt io n . 

A b o u t  3  cm . a b o v e  th e  s u r fa c e  o f th e  a l lo y  w a s a 

h o r iz o n ta l  p l a t i n u m  w ire  D  (figs. 1 a n d  2 ), a b o u t  9 cm . in  le n g th  

*  ‘ P h i l .  M a g . , ’ v o l .  2 3 , p p . 6 1 9  a n d  6 2 0  (1 9 1 2 ) .

t  S e e  a  p a p e r  b y  O . W . R ic h a r d s o n ,  ‘ P h i l .  M a g . , ’ v o l .  3 1 , p . 1 4 9  ( 1 9 1 6 ) .
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a n d  0-2 m m . in  d ia m e te r .  T lie  e n d s  o f t h i s  w ire  w e re  fu s e d  o n , b y  m e a n s  o f 

g o ld , to  th ic k e r  p l a t in u m  le a d s  s e a le d  in to  m e r c u r y  tu b e s  F F  (fig . 2 ).

Emission from the Alloy of Sodium and Potassium. 361

F i g . 2.

S u r r o u n d in g  th e  w ire , b u t  n o t  a c tu a l ly  to u c h in g  i t ,  w a s  a  s h ie ld  o f s i lv e r  fo il 

C (figs. 1 a n d  2). T h is  w a s  s l ig h t ly  o p e n  a t  th e  lo w e r  s id e , to  a l lo w  th e  

r a d ia t io n  fro m  th e  p la t in u m  w ir e  to  r e a c h  th e  a llo y . T h is  a r r a n g e m e n t  o f 

s i lv e r  s h ie ld  a n d  p l a t in u m  w ir e  c o n s t i tu te d  a n  a p p r o x im a te ly  f u l l  r a d ia to r .

A  b a t t e r y  of 8  o r  10 a c c u m u la to r s  w a s  u s e d  to  h e a t  t h e  w ire  o f  t h e  

r a d ia to r ,  a n d , a t  th e  s a m e  tim e , t h e  c o n n e c t io n s  w e re  so  a r r a n g e d  t h a t  t h e  

w ire  a n d  i t s  le a d s  c o n s t i tu te d  o n e  a r m  o f  a  W h e a t s to n e  b r id g e  (s e e  fig. 3 ) , 

th e  r e m a in in g  a rm s  c o n s is t in g  o f a  r e s is ta n c e  R  o f 2 ’0 1 6  o h m s  o f th ic k  

e u re k a  o r  p la t in o id  w ire  im m e r s e d  in  p a ra ff in  o il, a n d  th e  tw o  la r g e  

re s is ta n c e s  (o f th e  o rd e r  o f 4 0 0 0  o h m s)  c o n ta in e d  in  a  g o o d  p o s t-o ff ic e  b o x . 

I n  a d d i t io n  to  th e s e  fo u r  re s is ta n c e s ,  a  f if th  o n e  w a s  c o n n e c te d  w i th  th e  

b rid g e . T h is  c o n s is te d  o f a  v e r y  s h o r t  p ie c e  o f  th e  s a m e  w ire  a s  t h a t  o f th e  

r a d ia to r ,  a n d  w a s f u r n is h e d  w i th  m e r c u r y  tu b e s  a n d  le a d s  e x a c t ly  s im i la r  to  

th o s e  of th e  r a d ia to r  w ire .

T h e  w h o le  a r r a n g e m e n t  is  s h o w n  in  fig. 3. B y  m e a n s  o f t h e  m e r c u r y  

c u p s , a , (3, a n d  7 , o n e  of th e  t e r m in a l s  o f  th e  b r id g e  g a lv a n o m e te r  c o u ld  b e  

c o n n e c te d  in  s u c h  a  w ay  t h a t  th e  s h o r t  w ire  a n d  i t s  le a d s  c o u ld  b e  in c lu d e d

F i g . 3.
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362 D r. W . W ils o n . The Complete Photo-ele

i n  t h e  r a d i a to r  a r m  of th e  b r id g e , o r, w h e n  d e s ir e d ,  in  t h e  a r m  c o n ta in in g  R. 

B y  t h i s  m e a n s  th e  r e s i s ta n c e  o f a  u n i f o r m ly  h o t  p o r t i o n  o f t h e  w ire  p f th e  

r a d ia to r  c o u ld  b e  fo u n d . I f  t h i s  r e s i s t a n c e  b e  d e n o te d  b y  x, a n d  t h a t  of th e  

le a d s  a n d  c o ld e r  e n d s  o f t h e  w ir e  b y  77, w e  c a n  d e te r m in e  x  f ro m  th e  

e q u a t io n s
CL R  /  v ' ' l

4 =  2 ^ ’ ( * 7 ) |

K  (2 )

(-87)
a!_

V

B  +  t;

7 )+ X  ’ J

w h e r e  a a n d  b a r e  t h e  r e s i s t a n c e s  i n  t h e  a r m s  A  a n d  B , w h e n  th

c u p s  a a n d  7  a r e  c o n n e c t e d ; a' a n d  b', t h e  c o r r e s p o n d in g  r e s i s ta n c e s  w h e n  

/3 a n d  7  a r e  jo in e d .

T h e  b r id g e  g a lv a n o m e te r  w a s  o f t h e  m o v in g  c o il ty p e ,  a n d  h a d  a  r e s is ta n c e  

of, a p p r o x im a te ly ,  1 0 0  o h m s . T h e  w h o le  a r r a n g e m e n t  w a s  v e r y  s e n s i t iv e  ; 

in  fa c t , s u c h  e r r o r s  a s  m a y  h a v e  e n t e r e d  in to  t h e  m e a s u r e m e n ts  c a n n o t  be 

a s c r ib e d  to  t h e  in d iv id u a l  b r id g e  m e a s u r e m e n ts ,  s in c e  a  c h a n g e  o f 1 i n  4 0 0 0  

o r  5 0 0 0  o f th e  a r m s  A  a n d  B  p r o d u c e d  a n  e a s i ly  d is c e r n ib le  g a lv a n o m e te r  

d e fle c tio n .

Measurement of the Photo-electric Current.

T h e  m e th o d s  e m p lo y e d  to  m e a s u r e  t h e  p h o to - e le c t r ic  c u r r e n t  f ro m  th e  

a llo y , w h e n  s u b je c te d  to  t h e  r a d i a t io n  fro m  t h e  h o t  w ire  r a d ia to r ,  a r e  s h o w n  

d ia g r a m m a t ic a l ly  i n  fig. 4 . T h e  l a r g e r  c u r r e n t s  w e r e  m e a s u r e d  b y  a  m o v in g

F ig . 4.
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c o il g a lv a n o m e te r  (fig . 4 , M ), w h ic h  g a v q  a  s c a le  d e f le c t io n  o f 1 cm . fo i 

1 -437  x  1 0 -8  a m p e re s , a n d  w a s  p r o v id e d  w i th  a  s h u n t ,  so  t h a t  i t s  s e n s i t iv e ­

n e ss  c o u ld  b e  re d u c e d , w h e n  d e s ir e d , to  o n e - e ig h th  o f th is .  O n e  t e r m i n a l  o f 

th e  g a lv a n o m e te r  w a s “ e a r th e d ,” a n d  t h e  o th e r  (fig . 4 )  c o u ld  b e  c o n n e c te d  

w i th  th e  a llo y  b y  m e a n s  o f a  p l a t i n u m  w ire  G , s e a le d  in  th e  g la ss .

T h e  r a d ia to r  w ire  (o r  o n e  e n d  o f i t )  a n d  th e  s h ie ld  C c o u ld  b e  m a in t a in e d  

a t  a  fix ed  p o s it iv e  p o te n t i a l  b y  m e a n s  o f a  b a t t e r y  o f 2 4 0  s m a l l  d r y  c e il s  

(fig. 4, H ),  th e  n e g a t iv e  p o le  o f w h ic h  w a s  “ e a r th e d .” T h e  s m a l le r  p h o to ­

e le c tr ic  c u r r e n t s  w e re  m e a s u r e d  b y  m e a n s  o f a n  e le c t r o m e te r  L  a n d  a  

c o n d e n s e r  K . T h e  c a p a c i ty  o f t h e  l a t t e r  c o u ld  b e  v a r ie d  fr o m  0 -0 0 1  m ic r o f a r a d  

to  0-3 m ic r o f a r a d  to  s u i t  t h e  r e q u i r e m e n t s  o f i n d iv id u a l  m e a s u r e m e n ts .

T h e  s e n s i t iv e n e s s  o f  th e  e le c t r o m e te r  a m o u n te d  to  n e a r ly  16  c m . s c a le  

d e fle c t io n  fo r  1 v o l t .  T h e  c u r r e n t s  w e re  m e a s u r e d  b y  t a k i n g  t h e  t im e  

r e q u ir e d  b y  th e  e le c t r o m e te r  a n d  c o n d e n s e r  to  c h a r g e  u p  to  t h e  p o t e n t i a l  

r e p r e s e n te d  b y  a  d e fle c tio n  o f 10 c m . on  th e  sc a le . T h e  s e n s i t iv e n e s s  o f t h e  

e le c t r o m e te r  w a s  d e te r m in e d  im m e d ia te ly  b e fo re  a n d  a f t e r  u se . T h e  c o n ­

d e n s e r , e le c tro m e te r ,  th e  p a r t  o f t h e  a p p a r a tu s  c o n ta in in g  th e  a l lo y  a n d  

r a d ia to r ,  a n d  a l l  th e  c o n n e c t io n s  w e re  e n c lo s e d  in  m e ta l  b o x e s  a n d  tu b e s ,  

w h ic h  w e re  a l l  c o n n e c te d  to  t h e  s a m e  “ e a r th  ” a s  th e  n e g a t iv e  p o le  o f th e  

h ig h - te n s io n  b a t te r y .

The Saturation of the Currents.

A  n u m b e r  o f m e a s u r e m e n ts  w e re  c a r r ie d  o u t  fo r  th e  p u rp o s e  o f a s c e r ta in in g  

w h a t  p o te n t ia l  w o u ld  s a t u r a t e  th e  c u r r e n t s .  T h e  fo r m  o f th e  a p p a r a tu s  a n d  

th e  c o m p a r a t iv e ly  la rg e  m a g n i tu d e  o f th e  c u r r e n t s  r e n d e r e d  i t  n e c e s s a ry  to  

u se  a r e la t iv e ly  h ig h  p o te n t i a l  fo r  t h i s  p u rp o s e . I n  f a c t ,  th e  u p p e r  l im i t  o f 

th e  p h o to -e le c t r ic  c u r r e n ts ,  w h ic h  c o u ld  b e  s a t i s f a c to r i ly  m e a s u re d ,  w as  la r g e ly  

d e te rm in e d  b y  th e  v o lta g e  a v a i la b le  fo r  s a tu r a t i n g  th e m .

T h e  d e p e n d e n c e  o f  th e  p h a to - e le c t r i c  c u r r e n t  o n  th e  t e m p e r a t u r e  o f th e  

ra d ia to r , w h e n  a n  in s u f f ic ie n t ly  h ig h  v o lta g e  w a s m a in ta in e d  b e tw e e n  th e  

a llo y  a n d  ra d ia to r ,  is  i l l u s t r a t e d  b y  fig. 5, w h ic h  is  p lo t t e d  fro m  a c tu a l  

m e a s u re m e n ts . T h e  o r d in a te s  r e p r e s e n t  th e  c u r r e n t s  in  a r b i t r a r y  u n i t s ,  a n d  

th e  abscissae a p p ro x im a te  te m p e r a tu r e s .  T h e  a p p l ie d  p o te n t i a l  w a s  1 0 0  v o lts .

I t  w ill be  see n  t h a t  th e  c u r r e n t  in c re a s e s  r a p id ly  w i th  th e  t e m p e r a tu r e  u p  

to  a c e r ta in  p o in t’, b e y o n d  w h ic h  i t  r is e s  le ss  a n d  le ss  r a p id ly ,  a n d  u l t im a te ly  

b e co m e s s ta t io n a ry .  T h is  p h e n o m e n o n  is  a l r e a d y  w e ll k n o w n , a n d  is  e x p la in e d  

b y  th e  fa c t t h a t  a t  th e  h ig h e r  t e m p e r a tu r e s  t h e  e m is s io n  is  v e ry  la rg e  a n d  

th e  a p p l ie d  p o te n t ia l  is  n o t  su ff ic ie n tly , h ig h  fo r  s a tu r a t io n ,  o w in g  to  th e  

m u tu a l  r e p u ls io n  of th e  e m i t te d  e le c tro n s . T h is  k in d  o f e ffe c t w a s f i r s t  

o b se rv e d  b y  J .  E . L ilien fe ld ,*  w h o  a c c o u n te d  fo r  i t  a lo n g  l in e s  s im ila r  to  

*  ‘ P h y s . Z e i t s c h r i f t , ’ v o l .  9 , p . 1 9 3  (1 9 0 8 ) .

Emission from the Alloy of Sodium and Potassium. 3 63
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th e  a b o v e . I t  h a s  a lso  b e e n  c o n s id e re d  b y  C. D . C h ild ,*  a n d  a t  g re a te r  

le n g th ,  m o re  r e c e n t ly ,  b y  I .  L a n g m u i r . f
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T E M P E R A T U R E  ( C . )

700

F ig . 5.

I n  fig. 6 is  s h o w n  th e  d e p e n d e n c e  o f  t h e  c u r r e n t  o n  th e  a p p l ie d  p o te n t ia l  

w h e n  th e  r a d i a t o r  t e m p e r a t u r e  w a s  5 7 3 °  C. T h e  absc issae  w i l l  r e p r e s e n t  v o l ts  

w h e n  m u l t ip l i e d  b y  1*46. T h e  c u r r e n t ,  a s  w il l  b e  s e e n  fr o m  th e  f ig u re , is 

p r a c t i c a l ly  s a t u r a t e d  w i th  2 0 0  v o lts . I n  t h e  a c tu a l  m e a s u r e m e n ts  d e s c rib e d  

b e lo w , t h e  a p p l ie d  p o te n t i a l  w7a s  3 5 0  v o l ts ,  so  t h a t  t h e  c u r r e n t s  o b ta in e d  

w fith  th e  t e m p e r a t u r e  s t a t e d  a b o v e , a n d  w i th  a l l  lo w e r  t e m p e r a tu r e s ,  w e re  

u n d o u b te d ly  s a tu r a te d .  H ig h e r  r a d ia to r  t e m p e r a t u r e s  w e re  e m p lo y e d , b u t  

th e  s a tu r a t io n  o f t h e  c u r r e n t s  w a s  le ss  s a t i s f a c to r y .

T h e  s a tu r a t io n  c u rv e  c o r r e s p o n d in g  to  a  r a d i a to r  t e m p e r a t u r e  o f 6 2 4 °  C. is 

s h o w n  in  fig. 7. I n  t h i s  c a s e  s a tu r a t i o n  a p p e a r s  to  b e  j u s t  r e a c h e d  a t  th e  

h ig h e s t  p o t e n t i a l  a t  m y  d is p o s a l,  n a m e ly ,  3 5 0  v o l ts .  ( T h e  absc issae  in  fig. 7 

h a v e  to  b e  m u l t ip l i e d  b y  1*46 to  g iv e  v o l ts .)  I t  is  p o s s ib le  t h a t  th e  c u r r e n t

*  ‘ P h y s .  R e v . , ’ v o l .  3 2 , p . 4 9 2  ( 1 9 1 1 ) .  

t  ‘ P h y s .  R e v . , ’ v o l .  2 , p . 4 5 3  ( 1 9 1 3 ) .
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m e a s u re d ,  w h e n  th e  h ig h e s t  r a d i a t o r  t e m p e r a t u r e  (6 6 9 °  C .) w a s  u sed , is 

s l ig h t ly  b e lo w  th e  s a t u r a t i o n  v a lu e ,  b u t  is  n o t  l ik e ly  t h a t  i t  is  m u c h  below , 

s in c e  th e  p o in t  c o r r e s p o n d in g  to  i t  in  fig. 9 is  n o t  m u c h  b e lo w  th e  s t r a ig h t  

l in e  o n  w h ic h  th e  o t h e r  p o in t s  m a y  b e  a p p r o x im a te ly  s a id  to  lie .

The Positive Emission from  the Radiator Wire.

T h e  e x p e r im e n ta l  m e th o d  d e s c r ib e d  a b o v e  p r e c lu d e s  a n y  p o s s ib i l i ty  of 

e r r o r s  d u e  to  a  n e g a t iv e  th e r m io n ic  e m is s io n  f r o m  th e  r a d i a t o r  w ir e , s in c e  th e  

d i r e c t io n  a n d  m a g n i tu d e  o f t h e  a p p l ie d  p o te n t i a l  w e re  s u c h  a s  to  e f fe c tu a lly  

p r e v e n t  a n y  n e g a t iv e  io n s , w h ic h  m i g h t  b e  e m i t t e d  f r o m  t h e  r a d i a to r ,  f ro m  

r e a c h in g  t h e  a llo y .  I t  is , h o w e v e r ,  o b v io u s  t h a t  a n y  p o s i t iv e  e m is s io n  w il l be 

in c lu d e d  in  t h e  c u r r e n t s  m e a s u r e d  b y  t h e  g a lv a n o m e te r  o r  e le c t r o m e te r .  T he  

s i lv e r  s h ie ld ,  a l th o u g h  i t  c o u ld  b e  in s u l a t e d  f r o m  t h e  w ir e , w a s  u s e le s s  as  a 

m e a n s  o f t e s t i n g  o r  a l lo w in g  f o r  a  p o s s ib le  r e m a n e n t  p o s i t iv e  e m is s io n  fro m  

th e  l a t t e r ,  s in c e  th e  h e a t i n g  p ro c e ss , n e c e s s a r y  to  g e t  r i d  o f t h i s  e m is s io n , w as 

a s s o c ia te d  w i th  s o m e  c o n d e n s a t io n  o f  m e ta l l i c  v a p o u r  o n  t h e  s h ie ld .  I t  w as 

th e r e f o r e  n e c e s s a r y  to  s u b je c t  t h e  w ir e  fo r  a  p r o lo n g e d  p e r io d  to  a  c o n ­

s id e r a b ly  h ig h e r  t e m p e r a t u r e  t h a n  th o s e  e m p lo y e d  fo r  t h e  m e a s u r e m e n ts  of 

t h e  c o m p le te  p h o to - e le c t r i c  e m is s io n . D u r i n g  t h i s  h e a t i n g  a  p o s i t iv e  p o te n t ia l  

w a s  a p p l ie d  to  t h e  w ir e ,  a s  th e  w r i t e r  a n d  o th e r  in v e s t ig a to r s *  h a v e  o b s e rv e d  

t h a t  t h e  r a t e  o f  d e c a y  o f t h e  p o s i t iv e  e m is s io n  is  d e p e n d e n t  o n  t h e  a p p l ie d  

p o te n t i a l .

W h e n  t h e  f in a l  m e a s u r e m e n t s  o f t h e  c o m p le te  e m is s io n  w e re  c a r r ie d  o u t, 

t h e  w ire  h a d  b e e n  h e a t e d  o n e  o r  tw o  h o u r s  a  w e e k  o v e r  a  p e r io d  o f a b o u t 

t h r e e  m o n th s ,  a n d  d u r in g  th e s e  m e a s u r e m e n ts  t h e  p h e n o m e n o n  o f  d e c a y  w as 

q u i t e  a b s e n t .  T h i s  f a c t  in d i c a t e s  t h a t  t h e  p o s i t iv e  le a k , in c lu d e d  in  th e  

m e a s u r e d  c u r r e n t s ,  w a s  o f  n e g l ig ib le  m a g n i tu d e .  B e f o re  t h e  p ro lo n g e d  

h e a t in g ,  t h e  d e c a y  c h a r a c t e r i s t i c  o f  t h e  p o s i t iv e  e m is s io n  w a s  v e r y  m a rk e d . 

A n  a c c id e n ta l  c i r c u m s ta n c e  e n a b le d  a n  u p p e r  l i m i t  to  b e  a s s ig n e d  to  a n y  

p o s i t iv e  e m is s io n ’ in c lu d e d  in  t h e  c u r r e n t s  w h ic h  a r e  r e g a r d e d  a s  p h o to ­

e le c t r i c  o n e s . D u r i n g  t h e  e a r l i e s t  h e a t i n g  o f t h e  r a d i a to r  w ire , t h e  l a t t e r  

e m i t t e d  a  s m a l l  q u a n t i t y  o f g a s .  T h is  s h o w e d  i t s e l f  b y  a  s m a l l ,  b u t  e a s ily  

o b s e r v a b le ,  m o v e m e n t  o f t h e  a l lo y  in  t h e  U - s h a p e d  b e n d , a n d  a lso  by  

a t t a c k i n g  t h e  a llo y . A  t h i n  la y e r ,  s h o w in g  th e  c o lo u r s  o f t h i n  f ilm s, fo rm e d  

o v e r  t h e  a l lo y  s u r fa c e .  T h is  h a d  th e  e ffe c t  o f g r e a t l y  r e d u c in g  th e  o rd in a ry  

p h o to - e le c t r i c  e m is s io n  f r o m  th e  a l lo y . W h e n  i t  w a s  in  t h i s  c o n d i t io n  th e  

c u r r e n t s  o b s e r v e d  w e re  m u c h  s m a l le r  t h a n  th o s e  u l t im a te ly  m e a s u re d  u n d e r  

th e  s a m e  c o n d it io n s ,  b u t  w i th  a  r e n e w e d  a l lo y  s u r fa c e ,  a n d  a f t e r  th e

*  W .  W i l s o n ,  ‘ P h i l .  M a g . /  v o l .  2 1 , p . 6 3 4  ( 1 9 1 1 ) .  S e e  a l s o  O . W . R ic h a r d s o n , ‘ T h e  

E m is s io n  o f  E l e c t r i c i t y  f r o m  H o t  B o d i e s , ’ p . 2 2 7  et seq.
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p o s it iv e  e m is s io n  a n d  d e c a y  h a d  b e e n  g o t  r id  of. I n  s o m e  o f t h e  e a r l i e s t  

s e r ie s  of m e a s u re m e n ts ,  c u r r e n t s  a s  lo w  a s  2 x  1 0 -8  a m p e r e s  w e re  o b s e r v e d  

w i th  a  r a d ia to r  t e m p e r a tu r e  o f  6 6 9 °  C . ; w h e re a s  w i th  t h e  s a m e  t e m p e r a t u r e  

a n d  a  c le a n  a l lo y  su rfa c e , a n d  a f t e r  lo n g  h e a t in g  o f t h e  r a d i a t o r  w ire , b u t  

o th e rw is e  s im ila r  c o n d it io n s , t h e  c u r r e n t  ro s e  to  4 8  x  1 0 -8  a m p e r e s .  T h e s e  

n u m b e rs  sh o w  t h a t  t h e  p o s i t iv e  l e a k  w a s  le s s  t h a n  1 / 2 4  o f  t h e  t o t a l  c u r r e n t  

o b se rv e d  d u r in g  th e  f in a l s e r ie s  o f m e a s u r e m e n ts ,  a n d  a s  t h e  r a d i a to r  w ir e  

w as h e a te d  t i l l  t h e  d e c a y  c e a s e d  to  b e  p e r c e p t ib le ,  i t  m a y  b e  s a f e ly  a s s u m e d  

t h a t  i t  w as p r a c t ic a l ly  a b s e n t .

I t  m a y  b e  m e n t io n e d  h e r e  t h a t  t h e  d i r e c t  th e r m io n ic  e m is s io n  f r o m  th e  

a l lo y ,  w h ic h  w a s  u n d o u b te d ly  h e a te d  to  so m e  e x t e n t  b y  th e  r a d ia t io n  f a l l in g  

o n  it , d id  n o t  c o n t r ib u te  s e n s ib ly  to  t h e  m e a s u r e d  c u r r e n t s .  T h is  w a s  

e s ta b l is h e d  b y  m a in ta in in g  th e  r a d ia to r  a t  th e  h ig h e s t  t e m p e r a t u r e  e m p lo y e d  

i n  th e  e x p e r im e n ts  fo r  a  s u f f ic ie n t ly  lo n g  p e r io d  to  g iv e  th e  a l lo y  a t  l e a s t  a s  

h ig h  a  t e m p e r a t u r e  a s  a n y  i t  c o u ld  h a v e  d u r in g  th e  a c tu a l  p h o to - e le c t r ic  

m e a s u r e m e n ts .  N o  e m is s io n  fro m  t h e  a l lo y  c o u ld  b e  d e te c te d  w i th  t h e  

g a lv a n o m e te r  a f t e r  t h e  c u r r e n t  in  t h e  r a d i a to r  w ire  h a d  b e e n  s w i tc h e d  off. 

H a d  t h e  th e r m io n ic  c o n t r ib u t io n  b e e n  o n ly  1 /1 5 0  o f  th e  t o t a l  e m is s io n  fro m  

t h e  a l lo y  i t  c o u ld  e a s ily  h a v e  b e e n  d e te c te d .

Final Measurements and Results.

T h e  m e a s u re m e n ts  o f t h e  c o m p le te  p h o to - e le c t r ic  e m is s io n  f ro m  th e  N a - K  

a l lo y  a re  g iv e n  in  T a b le  I .  F o u r  f id u c ia l t e m p e r a t u r e s  w e re  e m p lo y e d  fo r  

d e te r m in in g  th e  t e m p e r a tu r e s  o f t h e  r a d ia to r .  T h e s e  w e r e :—

M e lt in g  p o in t  o f p o ta s s iu m  s u lp h a te ,  1 0 7 0 °  G.

M e lt in g  p o in t  o f s o d iu m  c h lo rid e , 8 0 1 °  C.

M e lt in g  p o in t  o f le a d  c h lo rid e , 4 4 7 °  C.

M e lt in g  p o in t  of n a p h th a le n e ,  8 0 °  C.

I h e  c o rre sp o n d in g  “ p l a t i n u m ” t e m p e r a tu r e s  w e re  c a lc u la te d  b y  m e a n s  o f  

C a le n d a r 's  fo rm u la ,

t - t p =  T 5 { ( 7 /1 0 0 ) 2— £ /1 0 0 } ,

w h e re  t is  th e  t e m p e r a tu r e  (C e n t ig ra d e )  a n d  th e  “ p la t in u m  ” te m p e r a tu r e .  

A  sm a ll c ry s ta l  of e a c h  s u b s ta n c e  w a s p la c e d  o n  a  r a d ia to r  w ire , a n d  th e  

re s is ta n c e  of th e  w ire  ( le ss  le a d s  a n d  c o ld  e n d s )  d e te r m in e d  w h e n  i t  w as  j u s t  

h o t  e n o u g h  to  m e lt  th e  c ry s ta l .  T h e s e  r e s is ta n c e s  a n d  th e  “ p la t in u m  ” 

te m p e r a tu r e s  of th e  c o rre s p o n d in g  m e l t in g  p o in ts  a r e  g iv e n  in  T a b le  I I .

Emission from the Alloy of Sodium and Potassium. 36 7
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3 68 D r . W . W ils o n .  The Complete Photo-ele

T a b le  I .

C urrent.

in
( « r ) G a lv a n o ­

m e ter

E le c tr o m e te r  m ea su r e m e n ts .

ra d ia to r

w ir e . A . B . A . B .
d e fle c t io n s .

•

D e fle c t io n s . T im e . C apacity .

a m p eres . cm . cm . sec .

■---------

m f.

2 - 3 4 0 0 0 2 4 1 7 4 0 0 0 1 6 9 4 8 - 4 *

2 - 2 5 4 0 0 0 2 3 7 6 4 0 0 0 1 6 6 0 5  -05*

2 * 2 0 4 0 0 0 2 3 0 6 4 0 0 0 1 6 2 6 1 -90*

2  15 7 0 0 0 3 9 5 7 7 0 0 0 2 7 8 0 7  -40+

2 - 1 0 7 0 0 0 3 8 5 0 7 0 0 0 2 7 2 0 2 -2 0 +

2 * 0 5 7 0 0 0 3 7 4 4 7 0 0 0 2 6 6 0 0  -70+

2 - 0 0 7 0 0 0 3 6 5 0 7 0 0 0 2 6 0 0 — 1 0 7 8 0 - 3

1 -95 7 0 0 0 3 5 5 4 7 0 0 0 2 5 3 6 — 1 0 9 2  *5 o - i

1 -90 7 0 0 0 3 4 8 0 7 0 0 0 2 4 8 7 — 1 0 7 6 0 - 0 3

1 - 8 5 7 0 0 0 3 3 7 4 7 0 0 0 2 4 1 7 — 1 0 8 7  -2 o - o i

1 - 8 0 7 0 0 0 3 2 9 4 7 0 0 0 2 3 5 7 — 1 0 53 0  -003 j

#  1 cm . =  8  x 1 *437 x 1 0 “ 8 a m p e re , 

f  1 cm . = 1  *437 x 1 0 - 8  a m p e r e .

N o t e .— A n  e le c tr o m e te r  d e fle c tio n  o f  15  *55 c m . r e p r ese n ts  1 *02 v o lt s .  A  a n d  B  are tlie  

r e s is ta n c e s  in  o h m s  o f  th e  c o r re sp o n d in g  b r id g e  a r m s ( fig . 3 ) .  ( a y ) ,  ( £ 7 ) in d ic a te  th a t  th e

c o r r e sp o n d in g  m e rc u r y  cu p s  w e re  c o n n e c te d .

T a b le  I I . 0

S u b sta n c e . M e lt in g  p o in t . R e s is ta n c e .

P o ta s s iu m  s u lp h a te  . . . . .. . . . .. . . . .

1

9 1 4 0  -9 5 3 0

S o d iu m  c h lo r id e  . . . . . . . . . . . . . . . . . . . 7 1 7 0  -7 9 9 0

L e a d  c h lo r id e  . . . .. . . .. . . .. . . .. . . .. . . 4 2 5 0  -5461

N a p h th a le n e  . . . .. . . .. . . .. . . .. . . .. . . .. . . 8 0 0  -2 6 7 4

T h e s e  m e a s u r e m e n ts  a r e  v e r y  c o n s i s t e n t  w i th  o n e  a n o th e r ,  a s  w il l b e  seen  

f ro m  fig. 8. T h e  “ p l a t i n u m  ” t e m p e r a t u r e s ,  c o r r e s p o n d in g  to  t h e  m e a s u re ­

m e n ts  g iv e n  in  T a b le  I ,  w e r e  c a lc u la te d  b y  m e a n s  o f  th e  f o r m u la

ottp-\-ft—x  0, (3 )

w h e re  tp is  th e  “ p l a t i n u m  ”  t e m p e r a tu r e ,  a n d  x  t h e  r e s i s ta n c e  o f th e  w ire . 

F o r  th e  c o n s ta n ts ,  « a n d  /3, t h e  fo llo w in g  v a lu e s ,  d e d u c e d  f ro m  th e  f id u c ia l 

d a ta  in  T a b le  I I ,  w e re  e m p l o y e d :—

« =  0 -0 0 0 8 2 5 3 , /3 = 0 - 2 0 0 5 .

T h e  c a lc u la te d  r e s u l t s  a r e  g iv e n  in  T a b le  I I I .  C o lu m n  2 c o n ta in s  th e  

r e s is ta n c e  o f t h e  r a d i a to r  w ire  (c o r re s p o n d in g  to  d i f f e r e n t  te m p e r a tu r e s )  as 

c a lc u la te d  b y  e q u a t io n s  (2 )  f r o m  th e  m e a s u r e m e n ts  in  T a b le  I . I n  c o lu m n  3

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

4
 A

u
g
u
st

 2
0
2
2
 



Emission from the Alloy of Sodium and Potassium. 3 6 9

a re  th e  c o rre s p o n d in g  “ p la t i n u m  ” t e m p e r a tu r e s  o b ta in e d  b y  e q u a t io n  (3 )  a n d  

th e  v a lu e s  of « a n d  /3 g iv e n  a b o v e . T h e  C e n t ig r a d e  t e m p e r a t u r e s  c o m p u te d

PLATINUM" TEMPERATURE

F ig . 8.

b y  C a l e n d a r 's  fo rm u la  a re  in  c o lu m n  4. T h e  r e m a in in g  f o u r  c o lu m n s  

c o n ta in , re s p e c t iv e ly , th e  a b s o lu te  te m p e r a tu r e s ,  t h e i r  r e c ip ro c a ls ,  t h e  c o m m o n

T a b le  I I I .

H e a tin g

cu rren t

in

radiator

w ire.

R esista n ce  

o f  rad iator  
w ire , le ss  

th a t o f  
leads and  

co ld  ends.

tp. t . T . T " 1 x 1 0 4. lo g i0 C. lo g ic  C /T 2.

! am peres. 
2 3

o h m s.

0  -7062 6 1 2  -7 6 6 9 9 4 2 10 -615 7 -9849 12  -0368
2 25 0  -6874 ; 58 9  -9 6 4 2 9 1 5 10  -929 7 -7 6 3 9 13  -8411
2 -2 0 0  -6749 57 4  -8 6 2 4 8 9 7 11 -148 7 -3394 I S  -4338
2 -1 5 0 -6 5 4 4 5 4 9 - 9 5 9 4 8 6 7 11 -534 7 -0268 13 -1507
2 - 1 0 0  6401 5 3 2  -6 5 7 3 8 4 6 ! 11 -820 8  -5 0 0 0 11  -6452
2 - 0 5 0  -6258 5 1 5  -3 553 8 2 6 12 -107 8 - 0 0 2 6 1 1  16 8 7
2 -0 0 0  -6102 4 9 6  -4 531 8 0 4 12 -438 9  -3 9 9 0 15  -5885
1 -95 0  -5931 4 7 5  -7 507 7 8 0 12 -821 TO -8405 15 0 5 6 3
1 -90 0  -5802 4 6 0  -1 4 8 8  -5 7 6 1  -5 1 3 -1 2 3 10  -3848 16  -5215
1 -85 0  -5620 4 3 8  -0 4 6 3 7 3 6 13 -587 I I  -7696 18  -0358
1 -80 0  -5449 417  -3 4 4 0 7 1 3 14 -025 I I  -3166 17 -6104
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3 7 0 D r. W . W ilso n . The Complete Photo-e

lo g a r i th m s  o f t h e  p h o to - e le c t r ic  c u r r e n t s  a n d  th e  c o m m o n  lo g a r i th m s  of th e  

p h o to - e le c t r ic  c u r r e n t s  d iv id e d  b y  t h e  s q u a r e s  o f  t h e  a b s o lu te  te m p e r a tu r e s .

I n  o r d e r  to  t e s t  t h e  v a l id i ty  o f e q u a t io n  (1 ) ,  w h ic h  r e p r e s e n t s  t h e  e x p e c te d  

r e la t io n  b e tw e e n  th e  c o m p le te  p h o to - e le c t r ic  e m is s io n  a n d  th e  t e m p e r a tu r e  of 

t h e  r a d ia to r ,  i t  is  c o n v e n ie n t  to  p u t  i n  t h e  fo l lo w in g  f o r m :—

lo g  £  =  lo g  A - 1 ( 1 ) .  (4 )

f ro m  w h ic h  i t  w il l  b e  s e e n  t h a t  t h e r e  is  a  l i n e a r  r e la t io n s h ip  b e tw e e n  lo g  C / T A 

a n d  1 /T .  T h e s e  tw o  q u a n t i t i e s  a r e  p l o t t e d  in  fig. 9  f r o m  th e  r e s u l t s  g iv e n  in

T  X  10

1 4

F ig . 9.

T a b le  I I I  (A, b e in g  t a k e n  to  b e  2 ). T h e  p o in ts ,  a s  w ill  b e  se e n , l ie  v e r y  c lo se  

to  a  s t r a i g h t  l in e  o v e r  th e  w h o le  o f t h e  v e r y  w id e  r a n g e  o f t h e  p h o to -e le c t r ic  

c u r r e n t s  g iv e n  i n  t h e  T a b le . T h e  lo g a r i th m  o f t h e  la r g e s t  c u r r e n t  e x ce e d s  

t h a t  o f th e  s m a l le s t  b y  4 ‘6 6 8  a p p r o x im a te ly ,  so  t h a t  th e  e x t r e m e  v a lu e s  of 

th e  c u r r e n t s  d iffe r  b y  a  f a c to r  o f 4 6 6 0 0 .

T h e  t a n g e n t  o f t h e  a n g le , u n d e r  w h ic h  t h e  s t r a i g h t  l in e  in  fig. 9  m e e ts  

th e  h o r iz o n ta l  ( 1 / T )  a x is ,  is  to  a  c lo se  a p p r o x im a t io n  4 / 3 ,  a n d  th e re fo re ,  b y  

e q u a t io n  (4 )

4> __ 4  x  1 0 4

k 3 x  0  4 3 4 3 5

 D
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Emission from the Alloy of Sodium and Potassium. 371

w h e re  0 4 3 4 3  is  logio e.The e n t r o p y  c o n s t a n t  is  k n o w n  to  b e  1*34 x  1 0  

e rg s  p e r  d e g re e , so t h a t  w e  g e t

i.e , 

o r

*

</>

4  x  T 3 4  t o -12

3 x  0 -4 3 4 3

4 -02  x  1 0 “ 12 e rg s ,

e rg s ,

4 '0 2  x  10  19 jo u le s .

F o r  th e  p u rp o s e  o f c o m p a r is o n  w i th  th e r m io n ic  o r  o th e r  m e a s u r e m e n ts  of 

cp, i t  w ill  be  c o n v e n ie n t  to  g iv e  i t s  v a lu e  in  e q u iv a l e n t  v o l ts .  T h e  c h a r g e  o n  

a n  e le c tro n  is  v e r y  n e a r

1 - 5 7 x 1 0 “ 19 c o u lo m b s ,

a n d  th e r e f o r e  w e  f in d  fo r  t h e  d r o p  o f p o te n t i a l  e q u iv a l e n t  to

4 -09  v  1 0 ~ 19

V  =  1-57 x  i o '-~»j ° u le s  p e r  c o u lo m b > 

i.e. V  =  2-56 v o lts .

T h is  r e s u l t  is  in  s a t i s f a c to r y  a g r e e m e n t  w i th  t h e  c o r r e s p o n d in g  q u a n t i t y  

a s  d e te r m in e d  b y  R ic h a rd s o n  fro m  th e r m io n ic  m e a s u r e m e n ts  o n  s o d iu m ,*  h is  

v a lu e  b e in g  2-65 v o l ts . I t  s h o u ld  b e  s a id , h o w e v e r,  t h a t  P r o f .  R ic h a r d s o n  

c o n s id e rs  t h a t  h is  m e a s u r e m e n ts  m a y  b e  s u b je c t  to  c o n s id e ra b le  e r r o r s  

th r o u g h  la c k  o f  s a tu r a t io n  a n d  th e  p o s s ib le  o c c u r re n c e  o f c h e m ic a l  e ffec ts .

W e  c a n  d e d u c e  th e  th r e s h o ld  f r e q u e n c y  f ro m  t h e  v a lu e  o f <fi g iv e n  a b o v e , 

t h a t  is  to  sa y , th e  lo w e s t  f r e q u e n c y  o f t h e  r a d ia t io n  w h ic h  is  c a p a b le  o f 

c a u s in g  a  p h o to -e le c t r ic  e m is s io n . T h is  is  s im p ly  e ffe c te d  b y  th e  e q u a t io n

(f) — hv,

w h ic h  is  b a se d  o n  th e  q u a n tu m  th e o ry .  T h e  q u a n t i t y  h is  P l a n c k ’s  c o n s ta n t  

a n d  m a y  b e  t a k e n  to  b e

6-5 x  1 0 “ 27 e r g  x  sec.

T h e  re m a in in g  q u a n t i t y  v is  t h e  th r e s h o ld  f r e q u e n c y . W e  h a v e , th e r e f o r e ,

v
4 -02  x  1 0 “ 12 

6-5 x  1 0 “ 27 Se°- ’

o r  r  =  6-2 x  1 0 “ u  s e c . - 1.

T h is  c o rre sp o n d s  to  a  w a v e - le n g th  ( in  a i r )  o f

\  =  4 8 5  jifi •

a p p ro x im a te ly .  R ic h a rd s o n  a n d  C o m p to n f  f in d  fo r  s o d iu m  

\  =  58 7  fi/x o r  5*2 x  1 0 “ 14 se c .-1 .

*  O . W . R ic h a r d s o n ,  ‘ E m is s io n  o f  E le c t r o n s  fr o m  H o t  B o d ie s , ’ p . 6 9 .  

t  O. W . R ic h a r d s o n  a n d  K . T . C o m p to n , ‘ P h i l .  M a g . , ’ v o l .  2 4 , p . 5 8 5  ( 1 9 1 2 ) .
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3 7 2  Photo-electric Emission from  Sodium-Potassium Alloy.

M ill ik a n *  f in d s  f o r  t h e  s a m e  m e ta l

X =  6 8 0  /x/jb o r  v =  4 ’4 1  x  1 0 -14 se c .- 1 .

T h e re  is  n o  r e a s o n  to  s u p p o s e  t h a t  X is  s m a l le r  f o r  t h e  N a - K  a l lo y  th a n  

fo r  s o d iu m . T h e  e x p la n a t io n  o f th e  d i s c r e p a n c ie s  i n  t h e  n u m b e r s  j u s t  g iven  

lie s  in  th e  fa c t ,  i l l u s t r a t e d  b y  th e  c u r v e s  r e l a t i n g  to  s o d iu m , in  a  p a p e r  by 

R ic h a r d s o n  a n d  C o m p to n ,f  t h a t  </> ( a n d  th e r e f o r e  t h e  th r e s h o ld  f r e q u e n c y )  is 

a  f u n c t io n  o f  t h e  s t a t e  o f o x id a t io n  o f  t h e  s u r f a c e  o f th e  m e ta l .  T h e  w r i te r s  

j u s t  m e n t io n e d  ( l o c . cit.),although t h e y  w o r k e d  w i th  a  g o o d  

a  w e ll  m a r k e d  “ f a t ig u e .” T h e y  fo u n d , fo r  e x a m p le ,  t h a t  t h e  p h o to -e le c t r ic  

c u r r e n t s  m e a s u r e d  2 \  h o u r s  a f t e r  t h e  f o r m a t io n  o f t h e  f r e s h  so d iu m  

s u r fa c e  w e re  c o n s id e r a b ly  s m a l le r  t h a n  th o s e  m e a s u r e d  o n ly  o n e  h o u r 

a f te r w a r d s .  T h e  p r e s e n t  w r i t e r  a ls o  n o t i c e d  t h e  “ f a t ig u e  ” p h e n o m e n o n , 

w h ic h  is , o f c o u rs e , v e r y  w e l l  k n o w n . A f t e r  t h e  f o r m a t io n  o f a  n e w  a llo y  

s u r fa c e , t h e  p h o to - e le c t r i c  c u r r e n t  fo r  a  g iv e n  r a d i a to r  t e m p e r a t u r e  d im in is h e d  

fo r  s o m e  t im e , h u t  so o n  r e a c h e d  a  s t a t i o n a r y  v a lu e ,  so  t h a t  t h e  s a m e  c u r r e n t  

c o u ld  b e  m e a s u r e d  d a y s  a f t e r w a r d s ,  p r o v id e d  th e  s a m e  r a d i a to r  t e m p e r a t u r e  

w a s  e m p lo y e d . T h o u g h  t h e  a l lo y  s u r f a c e  a p p e a r e d  p e r f e c t ly  c le a n  a n d  

b r ig h t  ( a n d  r e m a in e d  so ) , t h e r e  is  n o  d o u b t  t h a t ,  d u r in g  th e  t im e  w h ic h  h a d  

to  e la p s e  b e fo re  a  s e r ie s  o f  m e a s u r e m e n t s  c o u ld  b e  c a r r i e d  o u t ,  a  v e r y  th in  

f ilm  o f  o x id e  f o r m e d  o v e r  t h e  s u r f a c e ,  so t h a t  </> a c q u i r e d  a  s o m e w h a t  g r e a te r  

v a lu e  t h a n  t h a t  c o r r e s p o n d in g  to  a  p e r f e c t ly  c le a n  s u r fa c e .

Conclusion.

T h e  la w  g o v e r n in g  t h e  v a r i a t io n  o f t h e  c o m p le te  p h o to - e le c t r ic  e m is s io n  

fro m  t h e  a l lo y  o f  s o d iu m  a n d  p o ta s s iu m , w i t h  t h e  t e m p e r a t u r e  o f th e  so u rc e  

o f r a d ia t io n ,  h a s  b e e n  e x p e r im e n t a l ly  in v e s t ig a te d ,  a n d  fo u n d  to  b e  w e ll 

e x p r e s s e d  ( a s ,  in d e e d , t h e o r e t i c a l  c o n s id e r a t io n s  s u g g e s t  i t  s h o u ld  b e )  b y  

R ic h a r d s o n ’s  f o r m u la  fo r  t h e  t e m p e r a t u r e  v a r i a t io n  o f th e  th e r m io n ic  

e m is s io n  f ro m  m e ta ls .

I  w is h  to  t a k e  th i s  o p p o r t u n i t y  o f  e x p r e s s in g  m y  t h a n k s  to  P r o f .  0 .  W . 

R ic h a r d s o n  f o r  h is  v a lu a b le  a d v ic e ,  a n d  fo r  t h e  i n t e r e s t  h e  h a s  t a k e n  in  th is  

in v e s t ig a t io n .

*  M i l l i k a n ,  ‘ P h y s .  R e v . , ’ v o l .  7 , p . 3 8 0  ( 1 9 1 6 ) .

t  O . W .  R ic h a i'd s o n  a n d  K .  T . C o m p t o n ,  ‘ P h i l .  M a g . , ’ v o l .  2 6 , p . 5 6 3  ( 1 9 1 3 ) .
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